ISSN 1343-2230

S CNS-REP-66
August, 2005

Annual Report
2004

Center for Nuclear Study,
Graduate School of Science, the University of Tokyo



Editors
T. Kawabata
H. Ayabe

Center for Nuclear Study

CNS Reports are available from:

Wako-Branch at RIKEN

Center for Nuclear Study,

Graduate School of Science, the University of Tokyo
2-1 Hirosawa, Wako

351-0198, Japan

Tel: +81-48-464-4191

Fax: +81-48-464-4554



Annual Report
2004

Center for Nuclear Study,
Graduate School of Science, the University of Tokyo






Preface

This is the annual report of the Center for Nuclear Study (CNS), Graduate School of Science, the
University of Tokyo. This report includes activities during the fiscal year 2004 (April 2004 through
March 2005).

During this period, the position-sensitiveray detector array, CNS GRAPE, was successfully oper-
ated for in-beamy-ray spectroscopy experiment for neutron-rich nuclei arotiktty usingo induced
reactions in inverse kinematics. In order to obtain better position determination, the R&D of pulse
shape analysis based on an artificial neural network algorithm was also performed. A prototype
BGO Compton suppressor for GRAPE was made. In addition, a development of CdTe detectors is in
progress.

The mass range of Rl beams at CRIB was expanded to the regidn-ofi0. An 3°Ar beam was
successfully separated from the primatar beam by the Wien filter. One of the key astrophysical
reactions'Li( «,n)!' B was successfully investigated using the high quality beathidgfom the CRIB
together with monolithic Si detectors. Some other reactions relevant toptipegocess were also
investigated.

The polarized proton solid target was improved after detailed studies on optical pumping by Ar-ion
lasers and studies on microwave resonators. A high-statistics measurement of the analyzing power
for thep + %He elastic scattering is being planned with the polarized target. A polarimeter for GeV-
energy polarized deuterons is being constructed at the internal target station of Nuclotron at Dubna,
for a collaboration program of CNS and Joint Institute for Nuclear Physics.

The Hyper ECR ion source was improved to providétLions by using a LiF-rod method. To
improve beam injection efficiency, a metal alloy RF cavity was tested. A new project of charge
breeding ECR ion source (CBECR) aiming at an intense and a high-charge state metal ion beams has
started.

The PHENIX experiment at Relativistic Heavy lon Collider (RHIC) at Brookhaven National Labo-
ratory made a steady progress toward the understanding of hot and dense matter created by smashing
energetic nuclei. The CNS group has been playing major roles in the various data analysis, subjects
of which includes highp; charged and neutral hadron production, single photon production, single
electron production,//« yields inp + p, d + Au and Au + Au collisions. The development and
study of basic characteristics of gas electron multiplier (GEM) was performed. GEM is a new type of
gaseous detector and is to be used in the future PHENIX upgrade.

Theoretical studies have been carried out by large-scale nuclear structure calculations in collabo-
ration with RIKEN. Shell-model calculations, in particular, those by the Monte Carlo Shell Model,
have produced crucial results to clarify exotic structure of nuclei far feostability line. Many of
such theoretical studies have been made in collaboration with various groups over the world.

The 3rd CNS International Summer School (CISS04) has been organized in August 2004 with many
invited lecturers including three foreign distinguished physicists. There were 107 participants from 6
countries mainly from Asia. The 4th summer school will be held this August.

The RIKEN RI beam facility (RIBF) which is under construction will deliver very exotic Rl beams
in 2007. Matching with the construction, we are currently promoting two future projects, the upgrade
of the AVF cyclotron and the construction of the high resolution spectrometer SHARAQ.

The upgrade plan of RIKEN AVF cyclotron is to provide high-intensity and low-energy RI beams
of about10® pps. In 2004, power suppliers for the main and trim coils were upgraded, which have
increased the K-value to 78. All other parts such as the RF system were also re-tuned to increase the
Dee voltage.

The SHARAQ spectrometer is exclusively designed for high resolution spectroscopic studies with
RI beams at 200-400 MeV/nucleon. We have determined the basic specification of the SHARAQ
spectrograph and started to design the ion-optical configuration including the high resolution beam



line. Construction of the superconducting quadrupole doublet started in 2004.

In February 2005, our research activities since the establishment of CNS in 1997 were reviewed by
the international review committee appointed by the dean of the Graduate School of Science, the Uni-
versity of Tokyo. The committee members are Prof. M. Inoue, Prof. H. Orihara, Prof. R. H. Siemssen
(chair), Dr. T. J. Symons, Prof. B. M. Sherrill and Prof. H. Toki. We appreciate the committee for the
precise and detailed review report. We are highly encouraged by the recommendation that our current
research activities should be expanded, future projects should be pursued and eventually a center of
excellence in heavy-ion physics should be created.

The previous director, Professor Hideyuki Sakai, has resigned as he was assigned to the deputy dean
of science. We are very grateful to his invaluable contributions to the Center while his directorship.

Takaharu Otsuka
Director of CNS
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1. Introduction will provide better information for estimating the reaction

The nuclear structure 8#Mg nucleus has received great intate of thelg_Ne(a, P)QlNa reaction.
terests in recent years both by experimentalists and by the¥Ve have investigated proton .resonfmt states g us-
orists because of its role in determining the astrophysi#a@ the resonant elastic scattering of'&a Rl beam on a

reaction rates relevant to the production?&ia in explo- thick hydrogen target.
sive stellar scenariod{2]. 2. Experimental measurement

It is known that?’Mg shows a two-particle feature andl_ . . o
. . : he experiment was performed using the CNS radioactive-
its levels are populated substantially in two-nucleon trans-

fer reactions such &Mg(p, t)*2Mg [3/4/5]6]. The nuclear I8n-beam separator (CRIEZI2Z]. An 8.1-AMeV *'Ne™*

levels above the proton threshold (Q = 5.508 MeV) hatljc? am bombarded a water-cooléttie gas target (0.36

: X ) mg/cn?). A 2'Na beam was produced by tRele°Ne,
been studied using many reactions, such as'thie(’He, 21ﬂla)x)reaction The secondap?ﬂfNa beamywas SSparated
ny) [7,/8,19], the 2?Mg(®*He, ®He) [10], the 2*Mg(*He, :

6He) [11], and the!2C(150 5He) [Z]. In addition, the nu- and used in the experiment as described elsew[28/24]

_ in detail.
clear levels above the threshold (Q = 8.14 MeV) had also A thick (CHy),, foil of 7.9 mg/cn? was used in the ex-

; X 21 .
been studied via thENe(w, p)*Na reaction13[14] up to eriment. A carbon target of 9.3 mg/émwas also used in a

11.13 MeV. Furthermore, the resonant properties of staPes . L
just above the proton threshold have been investigated eparate run for evaluating the background contribution. At

the (p, v) measurements using the DRAGON recoil sep;[?v—agssi?(Té?rygﬁirgi?soa’?tﬁné thjriz;\veorfa g%&te?ﬂ?x{;aﬂ
rator at TRIUMF [L5,16]. Additionally, the resonant states ' P punty e

in 22Mg had also been investigated by the resonant elgo gy was 4.00 MeV/nucleon with a width (FWHM) of

S: 1 ; .
tic and inelastic scattering 8 Na+p using a thick target%'m MeV/nucleon. Thé!Na particles were stopped in the

method[L7,[18]. In Ref. [18], four resonant states were Ob'garget, and'only the recoiled .prOdl.“'.CtS were measured using
oo S . e AE-E Sitelescopes. The identification of beam particles

served in*?Mg at excitation energies of 6.332, 6.590, 6.61 . . .

and recoiled protons was also described in B[

and 6.795 MeV. The 6.332-MeV state decays to the groundThe center-of-mass energieE,(,) were deduced using
state o?'Na and other three states decay to the first excitﬁ:]de elastic scattering kinematics?%Na +p with correction

state as well as to the ground state'ihla. Based on theseof the energy loss of particles in the target. Any contribu-

previous studies, the astrophysical implications were djs- ; : : . 1
cussed. The conclusion is that the resonandg,at 5.714 tion from inelastic scattering'Na(p, p'7(0.33 MeV)F'Na

. is not considered in the present report. @A, ~ 172,
Me\f dominates at nova temperaturfs and the resonanc%gr& typical energy resolutions are approximately 20 keV at
E, =6.332 MeV dominantes aboe= 1.1 GK. E. =05MeVand 45 keV af.. = 3.5 MeV in EWHM

In arecent reporfl[9], the authors claimed that no furthel:l_rc]:j syst'ematic uncertainties acr’g app.roxim atelyp keV a't
measurements of thié Na(p, +)??Mg are needed to deter-E ~10MeV ands 20 keV ath... = 3.5 MeV
mine resonant reaction rates under nova conditions. Theré™ ™ emo '

fore, we would like to investigate the resonant properties f Results and Discussion

those high-energy proton resonant states’{Mg) which Figure[l shows an experimental proton spectrum for the
contribute to the higher temperature astrophysical phenonMg+p scattering at an averaged scattering angt gf~

ena, such as X-ray burst or supernova. Especially, the re§og;. e. atd.,, ~ 172, covering 170 ~ 180°). The data at
nant states above thethreshold are relevant to the stellafhe dead layer region (betweenE and E) were removed
'®*Ne(a, p)*'Na reaction which is probably one of the keyrom the figure. After correction for the number ¥fNa
reactions for the break-out from the hot CNO cycle in X-rayeam particles and the stopping power (dE/dx) of the beam
burst 20]. In the present experiment the scan of the excitgdticles in the target material, the differential cross sections
states in**Mg was extended up to about 9 MeV, and thigis/dQ) of 2'Na+p elastic scattering were deduceZB].
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Figure 1. Experimental center-of-mass energy spectrum for
2INa+p elastic scattering &.,,=172 (Dead-layer region is
removed).

The excitation energies indicated on the figure are calcu-
lated fromFE, = E, + 5.50 MeV, where the resonant ener-
gies E,. are deduced roughly from Gaussian fits and their
precise values should be derived from tRematrix anal-
ysis. The arrows indicate possible proton resonances ob-
served in the present experiment. The region investigated
by the TRIUMF group is shown, and those two resonant
states well observed &, = 6.64, 6.84 MeV are correpond-
ing to the 6.615 and 6.795 MeV states within the energy
uncertainties. In addition, some resonances were clearly
seen above the threshold, which could be very difficult
(or even impossible) to be observed by tAble(q, p)2!Na
reaction. The resonant properties of these states are of great
interest for calculating the reaction rates.

The experimental differential cross sections are being
analyzed by theR-matrix code SAMMY-M6-BETA €],
which enables multi-levelR-Matrix fits to neutron and
charged-particle cross-sectional data using Bayes' equa-
tions. The resonance properties suctkasl’, andJ™ can
be deduced from the analysis. The data analysis is still in
progress.
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1. Introduction

The stellar>?Mg(p, 7)?3Al reaction is an important reac-

tion in the Hot NeNa-cycle, because it possibly influences

the production of?Na in nova ejectad,2]. The higher

energy proton resonant states?itAl may also contribute

to the X-ray burst and supernova events. In addition, in

nuclear physics point of view the nuclear structure data in

23l are very scarce. Although several excited states have

been observed, the properties are not known [2¢3, 4].

Due to a small proton separation energyiAl (S, = 0.123

MeV [2]), possibly*?Mg (S, = 5.502 MeV B]) can be con- " Fon (;ﬁv) 0

sidered as a very good inert core, and it will help us to Utgre 1.Experimental proton spectrum f8Me + p scattering

derstand the nuclear structure in this loosely bound nucleus.,g, . ~4° (i.e, 6... ~ 172°). The C background spectrum is
In the present study, we investigated proton resonant 45, shown for comparison.

states in?3Al directly by resonant elastic scattering of a
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22Mg RI beam on a thick hydrogen target. The experimen- 7398
tal method, the setup and procedures had already been de- 196
scribed previouslyd,7,8/9]. This report will only show the T—— 100 ars

recent results.

2. Results and Discussion

Figure[d shows the experimental proton spectrum for the
22Mg+p scattering at averaged scattering anglé,gf ~ 4°

(i. e. atf.,, ~ 172, covering 170 ~ 180C°). As shown

in the figure, the C background contribution is almost flat

in energy region of 1.6~ 3.5 MeV. Data in the dead layer oAl _
region (betweem\E and E detectors) were removed as int'9ure 2. Level scheme of*Al proposed by the present experi-
dicated. The identification of excited states%tAl con- ment.

structed by the elastic and inelastic scattering events W(sa&fered as a constant in the whole enerav region. The dead-
discussed in Refl9]. As a conclusion, the 3.00-MeV stat gy region.

decays to the ground state #Mg, while all other states%me and detection-efficiency corrections were made for the

mainly decay to the first excited state2tMg. A new level guantities,N andi,. A2 is the solid angle of Si telescope,
scheme of3Al is proposed in Figd ' N, is the number of target nucleus per unit area, which is

The differential cross sectiondd/ds2) for 22Mg-+p scat- proportional to the energy-dependent target thickness per

. energy bin {z/dFE) [11]. Only statistical uncertainties are
tering were deducef.0] from the proton spectrum by equainCIuded in the followingio/d<2 plot.

1.37:2" ¥

0.12; 0"
:zMg+p

0

tion (1). The differential cross sections were analyzed byRan
do B N 1 matrix [12] code SAMMY-M6-BETA [13], which enables
E( em) = IoN,(AQ)’ @ multi-level R-Matrix fits to neutron and charged-particle

cross-section data using Bayes' equations. The Reich-
where V' is the proton counts within a specific energy revioore approximationlZ4] is used in the codei. e., ne-
gion of dEcp, (at Ecm). Io is the total number of?Mg  glecting the level-level interference for the capture chan-
beam particles bombarded the (9} target, and itis con- nels. Here, we assume that the gamma widifiy) @re



negligible comparing to the particle widthEy,), and the O] o L LN R N BN B I

R-matrix takes the form of E o0 ;7 izz Z e ]
0.3 x3/N=1.25 : Jo= —

YAV Ae! L 2 3iomm R =1/2% (s- i

Ree = Z —_. (2) L 22N=2.93 : JE=1/2" (s-wave) ]

w Ex—E r : N

/dQ(b/sr)

Here the subscripts and ¢’ represent only particle chan-
nels. The sum ovek includes an infinite number of levels <
(i. e., resonances), and limiting this to a finite number is
one approximation irk-matrix theory.E is the resonance

r 0, ~147°

cm

‘117 \\\\‘\\\\‘\\

energy, and the particle channel width is defined'as= 0.0 2.8 TR 28 3.0
23 P, and wherey,. is referred to as reduced particle Eem (MeV)
width amplitude. The Coulomb penetrabiligy is given by Figure 3. SAMMY analysis for resonant elastic scattering of
kR ZMg+p at E, = 3.00 MeV at two scattering angles. The
Py = ) d-wave fits with.J™ = 3/2" (solid line) andJ™ = 5/2F (dotted

(Fe2JFG§)|R7 . L .
line) are shown, together a fit with aawave (dashed line).

wherek is the wave numbety; andG, are the regular and

irregular Coulomb functions, respectively. The channel (@3'] ‘é ';'I Cr;ll(ggtia?cezt zli:I)hPhyAs?,SR?evlgCg? (2231) 025802.
interaction) radius is defined big = ro(A}/*+45/%), and [3] B. Blanketal, Z. Phys. (1997) 247.

A, A, are the mass numbers of the target and project(ir'] T Gom.i etal, Nucl. Phys. A718(2003) 508c.
respectively. Although the penetrability depends sensitiv %} G. Audiand A. H. Wapstra, Nucl. Phys. 365(1993)
uponrg, the deduced proton partial width is only slightl
dependent upony [15]. Herery = 1.25 fm was used in
calculating penetrabilities and level phase shifts, and
1.40 fm was used in calculating potential scattering ph
shifts.

Since the spin-parity of proton ig"™ = 1/2* and that o
the ground state id?Mg is 0, the channel spin is deter-
mined uniquely to be = 1/2. As for the resonant state a
E, =3.00 MeV, the SAMMY analysis was performed an (1958) 257.

only d-wave fits can reproduce the experimental data VGT%]N M. Larson, A Code System for Multilevel R-
well as shown in Fig3 An s-wave fit is also indicated in M.atri>; Fits to l\’leutron Data Using Bayes’ Equations

the figure for comparison. Thewave fits are impossible ORNL/TM-9179/R5 (Oct. 2000).

due to their negative-peak (dip) shapes. In the calculatio .
the Bayes’x?/N (IV is the number of data points in the fit—[ﬁ]W' C. Reich and M. S. Moore, Phys. Ré1(1958)

)f6] S. Kuboneoet al, Eur. Phys. J. AL3(2002) 217.
[7] T. Teranishiet al, Phys. Lett. B556(2003) 27.
8] J.J. Heet al, CNS Annual Report 2002 (2003) 51.
% J. J. Heet al, CNS Annual Report 2003 (2004) 34.
f [10]S. Kubono, Nucl. Phys. £93(2001) 221.
[11]J. F. Ziegleret al, The Stopping and Range of lons in
Solids(Pergamon Press, New York, 1985).
2]A. M. Lane and R. G. Thomas, Rev. Mod. Phyf

ted region) is useful for comparing results of different fit 929.
As shown in Fig[3, the calculatedy?/N values are 1_09T15]I(?1.935)I\I1<;I830net al, Nucl. Instrum. Methods. £236

and 1.25 forJ™ = 3/2+ andJ™ = 5/2* fits, respectively, and
this small difference indicates that both of the assignments
are possible. On the contrary, thé/N value (=2.93) of
the s-wave fit is much larger than those of thevave fits.
Therefore, a spin-parity of (5/2 3/2") is assigned to this
state. InJ™ = 3/2" case, the proton partial width is deter-
mined to bel', = 32+ 5 keV, whileI', = 17 £ 3 keV in

J™ =5/2" case. The excitation energy is determined to be
3.00+ 0.02 MeV, whose uncertainty include both system-
atic and fitted uncertainties. The further SAMMY analysis
for the states at 3.13, 3.26 and 3.98 MeV (via the inelastic
decays) is still in progress.

As a conclusion, the states at 3.00 and 3.98 MeV are the
newly observed excited states 4MAl, and one of the ex-
cited states at 3.13 and 3.26 MeV could correspond to the
previously observed state at 3.204 M&Y (possibly a dou-
blet). The shell-model calculations are being performed to
interpret the deduced nuclear structuré¥l nucleus, and
the nuclear astrophysical implications are being evaluated.
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1. Introduction 7.77 A
We have studied resonance levels'f© using a'*N+p oo @l o 71—-}
elastic resonance scattering. Figliieshows the energy g%; 3
level diagram of'*O. The properties of low-lying reso- 5'17 1-
nances in*0 above thé3N+p threshold are important to ' 4.63

study the stellat>N(p,y)'*O reaction rates and the nuclear = 13N +
structure of'*O. It is known that the 5.17-MeV level in P

140 dominates thé3N(p,y) rates in the hot CNO cycld[. 0 0"

However, information on some low-lying resonances is in- 140

complete. For example, the spin and width of the 6.79-MeV

level are not determined yet and widths of 5.92 and 6.5%igure 1. Energy levels of“O. Energy, spin and parity values

MeV levels are given only as the upper limij.[Determi-  are shown with the levels. The energy values are in MeV and

nation of these values help understand the nuclear structurge|aive to the ground state &fO.

and may modify the scenarios of hydrogen burning involv-

ing the'3N(p,y) reaction at high temperatures. The Ecy and center-of-mass anglécf) were determined
by measuring the energy and angle of protons.

2. Experiment 3. Results

The 1?N+p experiment was performed in inverse kinemat- The analysis is in progress to evaluate new information
ics with a secondary®>N beam and a proton target. The, E,, T, andJ" of the '>N+p resonances. In the prelim-
'“N beam was produced by théC(p,n}*N reaction in jnary spectra of*N+p, there were peaks corresponding to
inverse kinematics. The primaryC beam was acceler-yhe jevels at 5.17, 6.27, 6.79, and 7.77 MeV. The spin and
ated using an upgradgd AVF cyclotron at RIKEN up t0_6\9idth of the 6.79-MeV level were newly deduced from the
MeV/nucleon with an intensity of 400 pnA. The productiognecira. The spectral shapes for the 5.17, 6.27, and 7.77-
target was a hydrogen gas with a thickness of 0.33 M8/Ciiye\/ |evels were consistent with their knowf,, T, and

The gas was confined in a cell with a pressure of 1 atm By y4yes. The signature of the 5.92 and 6.59-MeV levels
two Havar window foils of 2.2um. After the CRIB Sep- \yere not clear in the spectra, indicating that their widths are

13
arator B], the *°N secondary beam had an energy of 3.f,,ch smaller than the present experimental resolution of
MeV/nucleon and an intensity 8f2 x 10 particles/sec. about 30 keV (FWHM).

A thick-target method4, /5] was used to measure the
excitation function of the3N+p scattering efficiently. A References
polyethylene sheet of 8.2 mg/émvas set as a proton tar{1] P. Decrocket al, Phys. Lett. B304 (1993) 50, and ref-
get. Due to the energy-loss process of the beam in the target,erences therein.
a wide center-of-mass energ¥y) range was scanned?] F. Ajzenberg-Selove, Nucl. Phys.223(1991) 1.
without changing the beam energy before the target. WHi# Y. Yanagisawaet al, Nucl. Instrum. Methods. /439
the beam particles were completely stopped in the target, (2005) 74.
most of the recoil protons went out from the target witfa] K.P. Artemovet al, Sov. J. Nucl. Phys52 (1990) 408.
small energy losses. The recoil protons were detected by[le S. Kubono, Nucl. Phys. 93 (2001) 221, and refer-
three sets of silicon detectors at laboratory angles af ences therein.
=0°, 16°, and 24. Each set consisted & F and E layers
with thicknesses of 75 and 15Q0n, respectively. Protons
were identified with the information ak £, E/, and timing.
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1. Introduction (C.M.) system for the proton-incident excitation function.

Gamma-rays from the space which are measured '[Jg;e energy resolution of the detector system in the C.M.
satelites provide important knowledge of nucleosyntheéidme was influenced by energy straggling of protons in the
occuring in the universe. Recently, the space telescoffet2)n material, the detector geometry, and the intrinsic
COMPTEL, onboard CGRO has updated the 1.809-Mmd\gtector resolution as well. To get a realistic energy res-
~-ray sky map. It shows that in the Galaxy, nucleosynthe§kition, a Monte Carlo method was used by including beam
is going on very actively based on the fact that 1.809 Mme¥psitions and directions on the target measured during the
gamma-rays are still observed even in the much shorter fgP€eriment in addition to those effects. It gave the over-
time of an emitter26Al (r = 1.04 x 10° y), compared to all energy resolution of 34 keV (FWHM) af@nd 52 keV

the age of the universe. To complete the evolution modelGWHM) at 17, respectively. Also, to estimate the con-
massive stars regarded as dominating sources, one shiifytion of carbon in the (Ch), target, the carbon-target
know the production rate 3fAl inside the stellar sites. Forfuns were carried out and their proton spectra were used in
the production rate, all nuclear reaction channels aroupRckground subtraction.

26Al in the thermonuclear runaway should be taken into

account. In this work, the proton resonance state¥'ih 3. Results and discussion

which play an important role in the resonant capture reage proton spectra after subtraction of the carbon back-
tion Of%?'(pz’g),wp have been studied by using elastic scjtond were converted into the cross section in the C.M.
tering of "H(*"Si, py°Si and the thick target methodPl. frame where the solid angle of each detector system was
In the previous workd], only two levels above the protoncgicylated by using the Monte Carlo method and was 103

threshold were reported. msr for @ and 160 msr for 17in the C.M. frame. These ex-
) citation functions have been analyzed by the R-matrix the-
2. Experimental procedure ory. We have determined the resonance parameters such as

A radioactive beam®Si was obtained by the CNS radioacresonance energy, proton decay width, orbital angular mo-
tive ion beam separator (CRIBY,[5]. As a production mentum (L), and spin-parity of the resonance state, taking
target, a®He gas target of a thickness of 0.32 mgfcninto account all combinations of different parameters in fit-
was used and irradiated by a primary bean?fg®* at ting. A fitting code, SAMMY M6-beta®] was used. Figure
7.434A MeV with an intensity of 500 enA. Th&Si beam 1 is a fitting result showing a good agreement with the ex-
selected by adjusting the magnetic fields of CRIB weperimental spectrum with a smallest redugédvalue. Ex-
through two PPACs and bombarded a secondary targetratted values from the fitting are summarized in Table 1.
(CHy),, of a thickness of 8.137 mg/chat 3.964 MeV with  In the code used in sorting data, we assumed every proton
an intensity of 1.6 kcps. The recoiled protons from inverggent to be elastic and thus for an inelastic peak, its position
elastic scatterings between hydrogen targets containedhould be changed with different angles. With the com-
(CHy), and?8Si beam particles were detected by tixd@ parison between two spectra, peak (a) could be regarded as
- E telescope systems, each of which consists of a tlin inelastic transition from the Peak (d) which corresponds
PSD(Position-sensitive silicon detecter) of A% thickness to E, = 3.453 MeV seen in J. A. Caggiarei al. [3] to

and a thick Si detector of 1500m thickness. They cov-E, = 1.796 MeV in2%Si because of its significant change,
ered scattering angular range of 446 4.6° with an an- which was not involved in fitting. The peak (b) was fitted
gular resolution of 1.36(FWHM) and 11.4 ~ 23.2 with with an assumption that it consists of two peaks in view of
an angular resolution of 1.3{FWHM). Trajectories of the its asymmetrical shape and the comparison with the mir-
beam particles and recoiled protons were obtained from tvas nucleus?”Mg. Also, this peak has been seen in other
PPACs and PSD.They were used in conversion of the specrk [7] that used a Coulomb dissociation method that de-
tra in the laboratory system to those in the center-of-massd a spin-parity of 5/2 or 3/2+, which is in agreement
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Figure 1.The proton-incident excitation functions compared with
R-matrix calculation (solid line): The upper one was obtained
from the 0 measurement and the lower one was obtained from
the 17 measurement.

with the present work. In near future, the contribution of
newly found levels to production rate #fAl will be calcu-
lated and presented.

F  E,JMeV] T,keV] L Ref [3]
(0)* 72+ 3.040(35) 7.580.55 4

3/2+ 3.084(35) 20512 2
(c) 3/2- 3.253(37) 30219 1
(d) 5/2- 3.499(35) 10.320.67 3 3.453(22)

*See text and figure for details.

Table 1. The resonance parameters extracted fromRhmatrix
analysis by SAMMY M6-Beta code, whet, = 0.859 MeV
+ ER [31
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The half-life is one of the basic properties of nuclei; conskng to obtain its decay curve. For example, in the case of
quently, it is well known for the majority of isotopes. How=2Si (T,/2=170y), a measurement of four years was nec-
ever, there are many questions not only for isotopes far fr@ssary to give a result. Since argon is a noble gas, the AMS
the valley of stability, but also for isotopes having half-livegechnique is also difficult to apply, because a negative ion
of around a hundred years or more, in which the deterrsburce is needed.0,[11]. The implantation method, how-
nation of the decay curve is getting difficult and the meaver, is suitable for th&’ Ar half-life measurement, because
surement should be very long. Alternative methods suiths not necessary to determine the decay curve, but only
as accelerator mass spectrometry (AMS) and half-life de-detect the activity of the implanted isotopes. As a first
terminations based on geochemical considerations impretep towards the determination ¥Ar half-life, the pro-

the situation, but also have limitations. Recently, we hadection of3?Ar was tested at the CNS low-energy in-flight
developed a novel, fast and absolute implantation methtyhe RI beam separator, CRIB. TH®Ar particles were pro-

by which the isotope in question is produced as a radioaiced by {He*He) reaction in inverse kinematics using a
tive beam, and implanted into a stopper, and its specific 45 MeV/nucleon'Ar with a *He gas target. ThéAr
tivity is measured after the irradiation. The advantage of theoducts were separated at charge states ofdrid 16
implantation method is that it allows absolute half-life désy the CRIB separator, and further separation was provided
termination with minimum systematic error and maximutoy a Wien filter. Two PPACs and a silicon detector served
versatility. It is also important that the measurement givas detectors for particle identification and position determi-
reasonable error without years of data gathering. The fingition. The*Ar particles were completely separated from
measurement with this technique aimed at the half-life $fAr at a beam rate of T@ps, and thé®Ar content was

44Tj and the resultg1,2] confirmed the recent data. around 500 cps. In summary, the achieved intensity allows
the preparation of? Ar samples by implantation to investi-
half-life  error method reference  gate its half-life.

265y 30y mass spectr. +activity  [5][

325y ? relative ta” Ar [7]

269y 3y relative to'” Ar [6]

269y 3y compilation ) References

268y 8y re-evaluation ofg] [ [1] Zs. Rilopet al, in Proceedings Nuclei in the Cosmos V,

edited by N. Prantzos and S. Harissopulos (1998) 281.

Table 1.Half-life measurements and compilations f3Ar [2] T.Hashimoteet al, Nucl. Phys. A686(2001) 591.

[3] T. Florkiwski, J. Phys. @7 (1991) S513.

39Ar is a 100% beta-decaying isotope with a half-life g#4] R. C. Reedyet al. Science219(1983) 127.
269 years. It can be produced by tHK(n,p)*°Ar reac- [5] H. Zeldeset al, Phys. Rev86 (1952) 811.
tion underground3] and by cosmic-ray-induced spallatiorjé] R. W. Stoenneet al,, Sciencel48(1965) 1328.
reactions 4]. The determination of thé?Ar concentra- [7] R.W. Stoenneet al,, J. Geophys. Re$5 (1960) 3025.
tion in rocks and groundwater gives valuable data for gg@] P. M. Endt, Nucl. Phys. £21(1990) 1.
chemical studies. By comparing the concentratiod’@fr [9] N. E. Holden, Pure Appl. Cheng2 (1990) 941.
(T1/2=35d) with that of*?Ar in meteorites, the cosmic[10]W. Kutschera, Annu. Rev. Nucl. Part. Sd0 (1990)
ray distribution in the solar system can be estimadld [ 411.
As shown in Tabldll, apart from an early studyg] with [11]l. Ahmadet al, ANL Annual Report 2001, ANL-02/15
large errors, there is only one measurement on the half- (2002) 79.
life of 39Ar. Stoenneret al. [6] determined the half-life
by mass spectrometry and activity determination and gave
a result of 269t 3y, upgrading their preliminary value of
325y [7]. This value is widely accepted and cited in com-
pilations [8]. It should be noted, however, that according
to Holden [B] the error in the original data is underesti-
mated by a factor of three and having reanalyzed the er-
rors, 268+ 8y was proposed. The half-life 6PAr is too
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1. Introduction m
The3Li(«,n)!B reaction has recently been identified a: al 1
one of important reaction paths for passing through the ve 4tte
ley of A=8 in the synthesis of>?C and heavy elements in ' = Plastic/Scintilaior
the early stages of Big Bang. Similarly, the inclusion of the i = 1 Bion st oMt
pathway that involves th&Li( «,n)'' B reaction in r-process . [
nucleosynthesis changes the final heavy nuclei abundant - /
according to full network calculationg]. Liquid | —
Various experiments in the past decade have attempt s L

. . . 11
to determine the reaCt.Ion cross section %j(a’n) B F(i]gure 1.Schematic diagram of the experimental setup at CRIB.
[3)4,56]. However, previous measurements have produce

inconsistent resultg and have been unaplgz to 'study the _"R‘{Ybugh 7um Mylar foil, two tracking detectors (PPACS),
est resonances of interest due to the difficulties of partiglgy the entrance window of gas cell (@ thick Mylar
identification of low-energy'B ions from the background o) were decreased to 0.25 0.05 MeV/u corresponding
particles, which mainly consists of elastically scatteted to the E,,, of ~ 0.5 MeV. The incidenfLi beam and re-
ions, andx particles as well as the decay productSiaf  action products in the 6 cm He gas cell were detected by
A new approach for exploring the low-energy nuclear rgg sets of monolithic silicon detectors in the downstream.
actions using ultrathin silicon detector has been investigatggk intensity of the’Li beam was about 82 x10° nu-
in the simulation code GEANT4/[8]. Our studies show clides/s after the gas cell window. In addition, the He gas
that application of monolithic detectd®][consisting of five cell were surrounded by an array of neutron detectors and
ultrathin silicon padsAE) of 1 um thickness supported by,-ray detectors to measure any coincident neutrons as well
508-:m-thick silicon detector (E) enables us to measure thg they-rays corresponding to the decay of excited states in
low energy nuclear reactions in the gas target. The pé&rB. Figure fjshows a schematic view of the experimen-
formance of the monolithic silicon detector itself has beeal setup. Data is gathered using beam-triggering mode by
studied using low-energy B and”Li ions from an acceler- PPAC without requiring extra detector biases as a primary
ator together withy particles from a sourceé{*Am) [10]. experiment.
Our result shows that the monolithic silicon detector has
an excellent capability for identifying the low-energyB 3. Results
from the “Li ions anda particles down to the energy of Figure 2(a) and (b) show the preliminary results obtained
0.11 MeV/u, which corresponds to the lowest separatiasing the monolithic silicon detectors, where the different
energy of this detector as determined by the stopping rarspectra were obtained between thte gas pressures of 0
of the incident'' B ions within the firstAE layer. Here, our and 100 Torr. Since the incidefiti are directly implanted
first attempt ofLi(«,n) ! B reaction measurement using th# the monolithic silicon detectors, large amountbffions
monolithic silicon detector array will be reported. is seen in theAE below 2000 ch. The data is collected
with minimum bias data. The cluster in largeE region

2. Experiment indicates thé !B from the8Li( «,n)!! B reactions.

The 5Li(,n)''B reaction was measured in the inversg summary
kinematics at CRIB, where the primary b'eanfdli ions We have performed the first experiment for the
were accelerated up to §4_Mev_and were 'mp'”ged on d%ﬂi(a,n)ﬂB reaction using the ultrathin monolithic silicon
tron gas target at the FOLi nuclides produced via the re-yg0010rs. The results show that the monolithic silicon de-
gctlon d(l._|,pl) Li were then monmentum—flltered from th?tector array enables us to identify thei(a,n)''B reactions
intense’Li primary beam by an aperture inserted at the digyen at the E,, around 0.5 MeV efficiently. The analysis
persive focal plane at F1. In addition, a Wien filter in conss the neutron and the-ray measurements is in progress
junction with the time-of-flight information among the Rk, the evaluation of possible reaction trigger for the future

and two PPACs enabled us to extract ptik@ions at the experiments with higher beam intensities abové difs.
detector section of F3. The energies®i ions passing
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Figure 2. (a) Comparison ofAE spectrum between the empty
target runs andHe target runs. (b) Correlation between the
energy deposited il\AE and E layers. There are clusters at

large AE area where the reaction products of thB are ex-
pected from théLi( o,n)"' B reactions.
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Simulations on the~-ray Detection in the "Be + p Scattering Experiment
G. Amadio, H. Yamaguchi and S. Kubono,

Center for Nuclear Study, Graduate School of Science, University of Tokyo

Despite much effort has been mad#-[[6] to improve the 601
measurements of theBe(p,~)®B reaction cross section, it

still remains as one of the experimental challenges in the F3 chamber | F
road to a better understanding of the nature of our Uni-

verse. Once it produces, mostly, the high energy neutri- Nal|detectors

nos to which experiments on earth, like Super Kamiokande
(Kamioka, Japan) and SNO (Sudbury, Canada), are sensi-

tive, it plays an important role in testing the existing solar 60

models, thus helping to solve the solar neutrino problém [ B =
.. . . o o o‘

Not surprisingly, the structure ¢fB itself is not yet well @ boac Ng

known to certain extent, and also deserves some attention
from experimentalists. For instance, the parameters for a
suggested broad state (possibly) &t about 3.8-3.5 MeV

in excitation energy, that could have some influence in the Figure 2.Side view of experimental setup
S17(0) factor are not precisely determined. Spin-parity as-
signment can also be thought as somewhat doubtful, once
data from existing Be-+p elastic scattering experiments are
either poor (8] or do not cover this energy regio®][ in
which case the assignment depends on the effects of this
state at lower energies. Taking these considerations as a
motivation, we thought it would be interesting to study the
"Be+p elastic scattering with a broader energy range, to im-
prove confidence of assignments for the parameters of this
state. In addition, there are some interesting analog states —
that may be seen in the experiment, as they are also not well
known in3Li.

target

Figure 3.Top view of experimental setup
1/2- ————420.1133 F§
Ll Al plate, which is attached to the bottom of the flange by a

3/2- 0.033.22D0 €:100% ring and screws. The calculated bending due to pressure is
roughly 6mm.
E;Bea To calculate the total detection efficiency for this setup,
Monte Carlo techniques were used, and the results are pre-
Figure 1.Diagram showing the decay 6Be sented. The simulations of crystal efficiency were made us-

The thick t t method has the advant that ing the EGSnrc codelD) and the XCOM databasel]].
€ thick target method has the advantage ha eXC'ECSan consists basically of a FORTRAN-like program-

tion funtion can be measgred at once, decre_asmg the t%ﬂlug language in which the user is requested to provide a
time needed for the expenr_nent. Itis n0t. po_SS|bIe, howevﬁfnction describing the geometry of the system. Total ef-
to know the total energy, since stops |nS|de.the. targetﬁciency (solid anglex crystal efficiency) for a distance of

Therefore, one of the natural concerns that arise is the COB:m is 16.3%. From this value we should subtract the
tribution of inelastic scattering to the cross section we we]Bgs due to .abs;)rption in the Al plate and detector cover

to measure. In the_en_e_rgy region _Of |_nterest, only th_e flﬁ terials, which varies with incident angle, and is roughly
excited state has significant contribution, and detectlond) ~ 1.2% (absolute value). The solid angle alone is pre-

the 7-_rays.fro_m the depay to the ground stafe, (= 429 ented in Fid@las a function of distance for the cases where
keV) in coincidence with proton should be enough to ma%:ne and ten detectors are used

elastic and inelastic scatterings distinguishable. this setup, we should also consider the background due

2 [
As Nal detectors cannot be used inside vacuum, we n gﬁﬂeﬂ-decay of Be deposited in the polyethylene target to

some other way to bring them close to the target. Int ) : . .
L2 . e first excited state diLi (E., = 470keV). If we consider
current setup (shown in Fig&andp) this is done by us- tl : Xt HE, OkeV). It w I
B

) N e decay law equation, adding the beam as a source for
ing a cylindrical flange placed at the top of F3 chamber rticles, we get the following differential equation

CRIB. The surface that separates Nal detectors from vac- '
uum should have minimum-ray absorption and hold 1atm

pressure without a large bending. We chose a 2mm thick dN =1— AN
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Figure 4.Solid angle as a function of the distance from the bottom  Figure 5.Simulation for 2% background contribution
of detectors to beam line

) ) ) 80000 ‘ Si_mulatio‘n 1
wherel is the beam intensity an)d:.ln(Q) /Tl_ j2thedecay ;q4, | '”e'ggtc'lc(gr‘gﬂgg ,,,,,,,,,, I
constant for Be. The solution for this equation is I H
60000 I
N(t) = (I/A\)(1 —e ). H H
50000 / |
If we takel = 10° particles per second; ,»("Be) = 53 4 f 1
. . 0000 |
days,I' = 10.52% (branching ratio of these decays to the J
first excited state ofLi), and the ratioo;,, /o, = 1/4, we 30000 |
get a value 0f~0.5% of inelastic counts as background. ; LH
Figs.B and@ show examples of simulations with 2% and°%° ]
6% background contribution, with a gaussian fit to tBe* 10000 { H&
~-ray peak, to show the small contribution of the back- ff H\\
ground. The expression for the background (for 1 tRg () S T— - S S
0.2 0.25 0.3 0.35 0.4 0.45 0.5

accumulation) is
Figure 6.Simulation for 6% background contribution

el % Tgate(ps)
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Development of a High-Precision Method for Alpha Resonant Scattering
Measurements for Nuclear Astrophyics

H. Fujikawa®, S. Kubon& A. Saitd H. Yamaguch®, G. Amadid, J. J. H& L. H. Khien®,
S. Nishimur&, H. ohtd, A. 0zawd, Y. TagishF, Y. Wakabayas/®€ M. YamagucHi and
T. Yasun

acCenter for Nuclear Study, Graduate School of Science, University of Tokyo
binstitute of Physics and Electronics, Viethum
CRIKEN (The Institute of Physical and Chemical Research)
dnstitute of Physics, University of Tsukuba
€Department of Physics, Kyushu University

1. Introduction duced from the energy of the recoil particle, the position

The a-induced reactions such as,p), (a,n) are impor- of detector and the energy loss in the gas. Fi@ishiows
tant in astrophysical nucleosynthesis. For instance, in #8€ acceptance (the rangesaf andd;™ covered by the
vae and X-ray bursts, the rapid proton-capture (rp-) préetector) of a 5@50 mn¥ detector located atcente:=0
cess is considered to start with nuclear reactions of f&d Zcente:=50 mm. Each dotted line corresponds to dif-
breakout process from the hot-CNO cycle. One of tf@rent strips atrsuip=3, 6, 9, 12, 15, 18, 20, 25, 40, 50,
breakout reactions for X_ray bursts is thEO(a,p)"F re- 70, 75, 80 and 100 mm. Dashed lines show the relation
action [, partly because the hydrogen burning’4p is Petween the kinetic energy and the angle of reagplarti-
inhibited since'®F is proton unbound. Another examplé&les fromz=150 mm(E7™) andz=230 mm(E5™). The
is the®Li(a,n)!B reaction|P], recognized as an importamdash—dotted line shows the detection limit, since recoil par-
reaction to pass through the valley 4£8 in the primor- ticles with lower energies would stop in the helium gas, be-
dial nucleosynthesis. Thus, propertiescofesonances es-fore reaching the detector. The spectrum of each strip along
pecially in unstable nuclei are important for nuclear astriiese dashed lines shows the angular distribution of the scat-

physics. tered particles at certain center-of-mass energy.
We have been working to establish an experimental

method to measure suehresonances with high precision. recoil Hmmd

This method should be useful for studies of astrophysical incident ym/v

(ov,p) reaction andw-clustering aspects in nuclear struc- particle x=0 -

tures. A gaseous helium target cooled down to 30 K con- e

fined in Havar windows was used in our previous experi- ! 2 detector

ment [1]. In the present study, a helium gas target at room z=0 2=360

temperature was used for theresonant scattering with the Figure 1.The schematic view of the experimental setup
thick target method3]. The silicon detectors for recoil par-

ticles are set in the gas to minimize the energy loss and

the multiple scattering of the incident and recoil particles 25 Fx 0 5 5B different Bam ]
in confining foils. We aimed at measuring the energy and e / ~ Xstrip -position -
N . . 20 ki \. * detection limit —---
the scattering angle of recail particles. _ ‘ .
g 15 Fii .
. = 150 (E5™)
2. Experimental Method 510 b i
In order to obtain information on the scattering angle:of 5 _i X a2 ()
particles, the position where the corresponding elastic scat- &23 ~—
tering occurred has to be determined precisely by taking o= — e
. . . 6] 30 60 90
into account the energy loss of theparticles in the gas 6= [deg]

and the kinematics in addition to the hit position at the tele-

scope. FigurBlshows a schematic view of the experimentaT'gure 2.The acceptances of a 560 mnt detector are shown.
setup. It was assumed that an incident particle goes into he-Heavy lines show the edges of the detector when located at
lium gas with a pressure of 500 Torr at0 mm and goes ~ Zeenter=0 aNdzcente;=50 MM,

along thez axis with decreasing its kinetic energy. Then,

an elastic scattering could occur at-@osition with a cor- 3. Experiment

responding center-of-mass energy, anchaparticle could  The experiment was performed for a development on the
be recoiled with some scattering angle toward an positigiethod to measure resonant scattering. The elastic scat-
sensitive detector which is located a360 mm. Then, tering of a+'°0 was chosen since the properties of the
the position where the elastic scattering occurred can be @gsonances iR°Ne are well known. Figur® shows the
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schematic view of the experimental setup. K@ beam at
40 MeV was supplied by the 12UD Pelletron tandem ac-
celerator at the University of Tsukuba Tandem Accelerator 120 I
Center (UTTAC). In the beam-monitoring section, the beam . ‘(\Q&\ﬂ
was collimated by a double-collimator system. A carbon . “\\ I
foil with a thickness of 10Qug/cn¥ was set after the colli- AQ\\

mator. A silicon detector was set at 12 deg. relative to the 80 ‘Q‘

beam direction in order to monitor the beam current using . Iﬂ |

l
the 10+!2C elastic scattering. N
40

counts

beam-monitoring section target section

X
O Il
Havar T 10 20 30
12 / telescope Ea [MeV]

| [ ‘\%’ | emesmnell z . . .
\% Figure 4.Energy spectrum of recail particles measured at 0 deg.

col limator

beam moni tor He gas 4. Summary

Figure 3.The schematic view of the experimental setup An experiment was performed for a development on an
experimental method that enables to measure heavy ion +
The setup for measuring the resonant scattering isresonant scattering. The excitation functionnsf'®O res-

shown in the target section in F@. A helium gas at room onant scattering was measured with the thick target method

temperature was used as a target. The gas was confinethByyused a helium gas at room temperature and the silicon

a Havar foil whose thickness and areal size were;m2 detector set in the gas. Further analysis to improve resolu-

and 20 mmi, respectively. In order to use the thick targdtons of the energy and the angle is in progress.

method, the pressure of helium gas was adjusted so as to

stop the beam particles fully before the telescope in the gas.

The energy of théﬁQ beam decreased down to 32.5 MeWaferences

after the carbon foil in the beam-monitoring section a

the Havar foil. The thickness of the helium gas to full

stop the beam particles at 32.5 MeV was calculated to

3.22 mg/cm. A telescope which consisted of two positio%
P

] M. Notani,et al, Nucl. Phys. A738(2004) 411.
(]3 M. K-Nishimura, et al, CNS Annual Report 2003
(2004) 42.

sensitive silicon detectors (PSD1, PSD2) and a pad sili S. Kubpllno,et al.i NUCI'l Ph%/s. AB93(2001) 2221‘
detector (SSD) was set on the rotatable table to cover a _D. R. Tilley, et al, Nucl. Phys. A636(1998) 249.
tain range of scattering angle inside the gas. The telescope
can be set at an arbitrary angle from the beam direction
(0° < Brelescope < 45°). The recoila particles were identi-
fied by jtheA E-E method. The thickness of PSD1, PSD2
and SSD were 0.02, 0.074 and 1.5 mm, respectively. The
active areas of them were all 580 mn?. PSD1 and PSD2
were segmented to 16 strips. PSD1 has strips in horizontal
direction, and PSD2 has in vertical. The distance between
the Havar foil and the telescope at 0 deg. was 310 mm.
The measurements were performed at several settings of
the gas pressure and the angle of the telescope summarized
in Tabledl Figurddlshows a energy spectrumefparticles
measured by the strip at 0 deg. in the 470 Torr helium gas.
Several peaks were observed which correspond to known
levels in?°Ne [4].

pressure [Torr] Oielescope [d€Q.]

600 0,7,15,22,30,37.5,45
500 0, 20, 40

470 0

450 0, 20, 40

Table 1.The gas pressure and the angle of the telescope for each
measurement.
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1. Introduction A parallel plate avalanche counter (PPAC) was set at a

High-spin isomers are known iN=83 isotones system-dispersive focal plane (F1) for the tuning of secondary beam
atically [1]. These isomers are of stretch coupled configurefore the Wien Filter. In order to identiiBe+*°0 reac-
tions of valence nucleons excited across the neutron 82 sHeft products, a PPAC (F2-PPAC) and a Si detector of 1.5
gap as well as the proton 64 shell gap. They are considef@# thick (F2-SSD) were installed at an achromatic focal
to be shape isomers caused by sudden shape changes W8Re (F2). A®Se secondary target of 4.9 mg/twas
near spherical to oblate shapes. In order to search for higlfced at an final focal plane (F3). A PPAC (F3-PPAC)
spin shape isomers in other mass regions, we sel@ctéd  and a 72um thick Si detector (F3-SSD) were also placed
isotones which have one neutron outside the magic 50 cit@ upstream and downstream of the secondary target, re-
and proton numbers close to the semi-magic 40 core. spectively, to separate the secondary fusion reaction prod-

Configurations of the isomers iN = 51 isotones are UCts from the secondary beam. Two clover Ge detectors
expected to be{(ds/znghn/z)wgé/gl39/2— for odd nuclei were set to measurg rays emitted from nuclei produced

and b(d- h 2 for odd-odd nuclei. by the secondary fusion reaction. These Ge detectors were
b (/2072 11/2)7T(p1/299/2)]2°+ surrounded by paraffin, cadmium and lead to reduce back-

2. Experimental procedure ground~ rays from thermal neutron capture reaction prod-

We developed @7N secondary beam using the lowYcts. Another PPAC was placed downstream of the sec-

energy radioisotope beam separator (CREB)F the Cen- ondary target position in order to monitor the non-interacted
. secondary beam.
ter for Nuclear Study (CNS), Graduate School of Sciencg;, S R
y( ) Particle identification of the secondary beam was made

University of Tokyo, in order to search for high-spin isol;) . . ¢ " ducts and time diff
mers inN = 51 isotones. Since the nuclei with < 40 >Y USING ENEIGIES OTTeaction products and Ume difterences

_ ; TN+
of N = 51 isotones are close to the line of stability, it igetween RF and F2-PPAC signals. Energy 0" was

difficult to produce high-spin states in these nuclei using f etermined to be 1042 MeV. As F2-SSD was moved out

; _ TO7+
sion reactions by combinations of stable beams and targ {érr.':%hthﬁ'v\l;iy r_pﬁ asilritrerr:\inﬂ, foth was r:]%t fe%arart:]ad ¢
Therefore, it is very effective to use radioisotope beams. € ) € intensity of the seconaary béam o

. L N7++1707+ was 2.1x 10° particles/s. And the purity of
means of they spectroscopy method, high-spin isomers C%Hat beam was 28% o?total gecon dary beams aFF 5 y
be searched for the nucl&ly, 8Sr, 88Rb produced by the y '

a5n, ap5n, 243 channels of thé2Se+7N reaction, re- Data acquisition was trlggered when F3-PPAC and one
spectively. Ge detector were hit. A signal of F3-SSD was used to veto

A 17N secondary beam was produced by using CRfBe accidental events during the secondary beams reached

which consists of two dipole (D1, D2), three quadrupofg'thom making a secondary reaction.
(Q1, Q2, Q3), small correction magnets (M1, M2) and a
Wien Filter. 3. Experimental results

An experiment for isomer search was performed in Dec.In this experiment, some rays from nuclei, such as
2004. A self-supportBe target of 2.3 mg/cihwas bom- ?3Nb, produced by thé2Se+"N reaction were observed
barded by at®O** primary beam at 126 MeV to obtain an the energy spectra of Ge detectors, as shown irfllFig.
17N beam. The beam current of th&0%+ was 0.55 pA at  The spectrum (a) shows they prompt projection spectrum
the primary target position. which was made by setting a gate only on a prompt peak of
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the time spectrum of-~ coincidence. The gate width of the
prompt timing of they-y coincidence was set to 200 nsec.
The spectrum (b) shows a delaygd, projection spectrum.
The delayed time condition was set in a range of 100 to 300
nsec apart frory-y prompt timing peak. The spectrum (c)
shows another delayeg~ projection spectrum whose de-
layed time was set in a range of 1 tqu8ec from prompt
timing.

o
By 3 90. 93
Nb 2 98Ny Zr Nb 90,
o Nba ) Y 93, * Y ()
: ; I o ~ Mo
= o o o 93
i N < )
35 = 3 —

150

1097
-

98 5
-,
Q
[}
[}
2

1000 1200 1400 1600 (keV)

Figure 1. Projection spectra of-y coincidence in various time
conditions. Time conditions of spectra (a), (b) and (c) are
given in the text.

A candidate of ay ray deexciting through a new high-
spin isomer was found Y, as a known 1535-keV tran-
sition in °°Y was observed in the spectra (a), (b) and (c) of
Fig. 1. This nucleus is one of the relevant nucleiN51
isotones. The further data analysis will be performed opti-
mizing various gate conditions to prove the existence of a
relatively long lived isomer if°Y.
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High-spin isomers were reported in N=83 isotones sys-
tematically ], namely *3Nd, *4Pm, *°Sm, 46Eu,
147Gd, 148Th, 149Dy, 159Ho and '*'Er. Their lifetimes
range from 10 ns to a few sec. The excitation energies are Ex (MeV)
close to each other ranging between 8.5 and 9.0 MeV, and
their spin-parity is the same witli"=49/2+ and 27 for
odd-A and odd-odd nuclei, respectively, except for those in
150Ho and!'Er.

The decay scheme and the characteristics of the high-spin 7 - — 1l
isomer in'47Gd were studied in detail experimentally and 1904 056
theoretically [P]. This high-spin isomer has been known to 1401
be the 49/2 state at 8.6 MeV and has a 510 ns half life. The 6 o e
deformation parametet of this state was determined to be 7 374
-0.19 based on the measurements of the static quadrupole L = = 28
moment. The configuration of this isomer was found to be : 5308
[u(f7/2h9/2i13/2)®7r(h§1/2)]49/2+ based on thg-factor ob-
tained experimentally. These results indicate that high-spin
isomer may be caused by a sudden shape change from near
spherical to oblate shape. Therefore, these isomers could 2141
be described as high-spin shape isomers. Recently the same 4 |
type of isomer observed V=83 isotones was reported in
93Mo which is a member ofV=51 isotones3]. In order
to study the existence of the isomers of this type in other

7644

901
596

4711

1545

member ofN=51 isotones, the high-spin state$iZr were 3 & %

studied. 13/2- 2857
Experiments were performed at Cyclotron and Ra- ase ©

dioisotope Center (CYRIC) in Tohoku University. Ex- 152 “gggz

cited states in°'Zr were populated using the reaction 24 e
825e(%0,a3ny°'Zr. The®?Se target of 5.2 mg/cfrwas en-
riched to 9% and a target foil was backed by 5p@/crm?
Au for a mechanical support. For theray detection, four
clover type Ge detectors with anti-Compton shields were 1
used. The clover detectors were operated in the add-back
mode forv-v-t coincidence measurement. The distances
between the target and the surfaces of the Ge detectors were
about 13 cm. The total detection efficiency pray was o1
0.73% at 1.3 MeV in the singles mode. A total of 1:010° Zr
coincidence events was recorded in event by event mode
The level scheme of' Zr is known up to the 21/2 iso-
mer at 3167 keV/4]. The lifetime of this isomer is 4.3sec.
In our investigation, high-spin states above Z1f2omer
were identified using delayegty coincidence technique.
Figurelll shows representative-ray spectrum obtained by
gating on the transitions below the 21/&Bomer. Four tran-
sitions which belond' Zr were clearly identified. These de-

2170
2131

0 - 512+

Figure 2. The proposed level scheme f8fMo. The width of
the arrows indicatey-ray intensities, while the numbers are
the energies given in keV units. The transitions above 21/2
isomer are new ones.
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Figure 1. Gamma-ray energy spectrum obtained by gating on delayed transitions belowigdizer.

E,keV) I, E — B
1544 100 4711 3167
901 99 56124711
2141 50 5308 3167
304 88 56125308
128 84 5740- 5612
596 6 5308 3167
1904 17 7644- 5740
1401 8 71415740
374 11 61145740
936 11 7150- 6114

Table 1. Measuredy-ray energies and intensities above 21/2
isomer in®' Zr. Relative intensities are normalized to the 1544
keV ~-ray intensity.

layed transitions are identified by requiring-t1 pusec. in
the time spectrum. The level scheme above the 2148-
mer was constructed from the spectra gated by eacty
peak which is seen in Figland sum of those spectra. Ten
~ rays and 8 levels were newly found above 21i2mer.
Intensities and placements in the level scheme of-allys
observed in this work are given in Talfig Figurep]shows
proposed level scheme ofZr.

The high-spin states were studied here up to 7.6 MeV
excitation energy. Based on these high-spin data, we will
continue to perform an experiment to search for the high-
spin isomer.
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The structures of nuclei close t§°Sn have received in-E, cube. Angular distribution and directional correlation
creasing attention in recent years. Excited states of n€DCO) analysedd] were also performed for the observed
tron deficient nuclei with 250 are expected to be predomgamma rays in order to determine the multipolarities of the
inantly of single-particle nature due to the presence oftransitions in'°7In.
spherical shell gap for protons. However, recent experimenHigh-spin states int°”In were previously studied up to
tal and theoretical investigations have elucidated additiotia¢ (I = 33/2) state at 6.989 MeV excitation ener@d.
important excitation mechanisms, such as magnetic rotde spin-parity of the ground state is 9/2arising from
tion [1] and deformed rotational bands exhibiting smooits 7gy,» hole character. Above the isomeric 19/Rvel,
band termination2,/3]. The wealth of excitation modes intwo sequences of magnetic dipole transitions have previ-
these nuclei make them particularly interesting systemsatasly been observed to connect negative parity states up
study. In this report a study of high-spin states{fln is to 33/Z2~) [10]. In our data, the gamma transitions pre-
presented. viously reported were confirmed and, in addition, a rota-
The experiment was performed at the JYFL accelerat@mnal gamma-ray cascade consisting of the 514, 659, 822,
facility at the University of Jysiskyk, Finland. The2Cr 933, 1054, 1218, 1386, 1571, and 1786 keV transitions was
ions, accelerated by the JYFL K130 cyclotron to an energiserved as shown in Fifl A 1972 keV transition was
of 187 MeV, were used to bombard a target consisting tehtatively placed on top of the band. Another gamma-ray
two stacked self-supporting foils of isotopically enrichettansition at 2334 keV, which is in coincidence with the in-
(99.8%)°®Ni. The targets were of thickness 58@/cn? band transitions, was also observed.
and 640ug/cn?, respectively. The average beam intensity 30000,
was 4.4 pnA during 5 days of irradiation time. High-spin 1000
states in'°In were populated by the fusion-evaporation re- 50
action °8Ni(°2Cr, 3p)°"In. Prompty-rays were detected 3 500
at the target position by the JUROGAMray spectrome- § 20000 |
ter consisting of 43 EUROGAM type escape-suppressed 5
high-purity germanium detectors. The germanium detectorg
were distributed over six angles relative to the beam direc;’
tion with five detectors at 158ten at 134, ten at 108, five
at 94, five at 86, and eight at 72 In this configuration,
JUROGAM had a total photopeak efficiency of about 4.2%
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933

10000 -
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2334

at 1.3 MeV.

The fusion-evaporation products were separated in flight Ofmwwm 5OW v s s 200
from the beam particles using the gas-filled recoil separator £, (keV)
RITU [5,16] and implanted into the two double-sided sili-
con strip detectors (DSSSD) of the GREA] focal plane
spectrometer.

The signals from all detectors were recorded indepen-
dently and provided with an absolute “time stamp” with The 933 keV transition has a larger intensity than the
an accuracy of 10 ns using the total data readout (TD&er neighbouring in-band transitions, 822 and 1054 keV
[8] acquisition system. The multifold event data wasince it is a self-coincident doublet. The 2334 keVvay is
sorted offline into a E-E, correlation matrix and a EE,- in coincidence with the assigned in-band transitions as well

as the low-lying transitions, 150, 438, 413, and 1413 keV

Figure 1. Sum of gamma-ray energy spectra gated by the 514,
822, 1054, 1386, 1572, and 1786 keV transitions.
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(see Figl). Since thisy ray is strongly in coincidence with 0 !
the lowest-lying member of the band, itis assigned as alink- B
ing transition which connects the lowest level of the band E
with the 19/2" state. However, we can not rule out that < - 3
other, unobserved, transitions take part in depopulating the =
band. = esf .
[anl
‘ ‘ ‘ ‘ ‘ ‘ S 3.0— —
2 s
S 2334 keV gate |
1000 — —
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Figure 2.Gamma-ray spectrum gated by the 2334 keV transition. g
. R R 0.2 ‘ 0.4 e 0.6 — 0.8 e 1.0 1.2
The results of the angular distribution and DCO analy- fiw (MeV)

ses are in consistent with the multipolarities of the in-band

transitions being of stretched E2 character. However, d&&ure 4. Comparison of experimental and calculated energy

to lack of statistics, the multipolarity of 2334 keV transition values (panel a ) as a function of rotational frequency. A

was not deduced. rigid-rotor reference energy has been subtracted from each en-
In order to investigate the presence of deformed config- ergy value. In panels b) and c) experimental and calculated

urations at high spin ih°7In, total Routhian surface (TRS) spin and %’ values are plotted as a function of rotational fre-

calculations were performed. Deformed minima in the to- quency. In the ¥ plot, the values for band 2 in the isotone

tal energy surfaces were found ak () ~ (0.20,6°) for 1985n have been included for comparison.

both signatures at positive parity +1/2) and at §3, ) ~

(0'26’ 8°) for the negative _parity, negative signature COnﬁﬂa’tther than the absolute energies are of interest here since
uration (-,-1/2) as shown in FB‘ the uncertainty in the calculated absolute excitation ener-
=072 MeV, (++1/2) 02=0.72 MeV, (-1/2) gies is significant. Since the multipolarity of the 2334 keV
. linking transition was not measured, the spin-parity of the
M

7% band could not be determined. We have assumed the spin
®)) of the lowest level of the band to be 21/2. As can be seen
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properties of the rotational E2 cascade than the other pre-
dicted deformed configurations (e.g., ()=(+,+1/2)).

The experimental data exhibit a band crossingat~
0.45 MeV. It might correspond to a two-particle excitation
of gg/2 protons across th& = 50 spherical shell gap into
the g7/2ds /2 subshell. For thex(, a)=(-,-1/2) configura-

. . ) tion, the lower spin states correspond targ h
Figure 3. Calculated total Routhian surfaces at a rotational fre- P P B/2M1/2 ®

67,2 T
quency of 0.72 MeV. The lowest positive parity configuratioH(gW?’ ds/2)°hi, 5 Quasiparticle structure, where the an-
with signature +1/2 is shown in the left panel while the lowe§U1ar momentum vectors of i, ; neutrons are aligned

negative parity, signature -1/2 configuration is plotted on tf4th the rotational axis. This Configura'[_ign, with the pos-
fight hand side. sible addition of the above mentlone@g/Q(g7/2,d5/2)2

two-particle two-hole excitation, is predicted to be yrast in
Fig.W shows a comparison between the experimental ahé high-spin region where the band structure is populated.
calculated energies, angular momenta and dynamical rderestingly, the observed rotational band has strong sim-
ments of inertia (). The excitation energies are giverlarities with two of the deformed intruder bands (bands 2
relative to a rigid rotor reference. The relative behavioand 3) observed if®®Sn [11]. A band crossing occurring

>

W

™

=

N

4
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at a similar rotational frequency to what is found'f{In

was also observed i#®Sn, band 2 where it was tentatively
suggested to be due to an accidental level interaction. Since
a similar alignment effect is observed also'ifiln a more
likely scenario would be a band crossing, possibly due to
a7rg9_/22(g7/2, d5/2)2 two-particle two-hole excitation or a

Similar7r(g7/2)2 quasiparticle alignment. This point will be
addressed by more detailed calculations.
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1. Introduction F2 and transported to the final focal plane (F3), where a thin

In-beam gamma-ray spectroscopy by using fusiok0-+m thick 9Be secondary target was placed for the fu-
evaporation reactions is one of the most efficient methotign reaction. The energy of the secondary beam was mea-
for the study of the nuclear structure at high-spin sinéred event-by-event by the TOF deduced from the timing
large angular momentum can be brought into the systdiftween the plastic scintillator at F2 and a PPAC (Paral-
However, nuclei produced by the fusion reaction using stgl Plate Avalanche CounterB[at F3. The mean energy
ble isotope beams are limited in many cases to the prot@Rd an intensity of the beam were 4.0 MeV/nucleon and
rich side relative to the line of-stability. In order to in- 1.0 x 10° pps at the secondary target, respectively.
vestigate high-spin states of neutron-rich nuclei by the fu-Gamma rays emitted from the high-spin states of fusion
sion reaction, it is necessary to use neutron-rich secondafgducts were detected by the CNS-GRAPE (Gamma-Ray
beams. In the nuclé’Ti and its neighbors, onsets of dedetector Array with Position and Energy sensitivitd].[
formed collective states due to the presence of defornl8dhis experiment the CNS-GRAPE was composed of 17
shell gaps inZ = 22 and N = 28 are expected at high-spinGe detectors and each detector has two cylindrical-shaped
states likewise the recently observed superdeformed b&#ar crystals that share a common anode. Cathode sides
in 4°Ca [1]. In this report, study of the high-spin states iR'® divided into nine segments. The segmentations make
neutron-rich Ti isotopes by the secondary fusion reactidhpossible to determine interaction points of the detected

9Be (*6Ar, zn) 55-*Ti, is described. gamma rays using pulse shape analySi§][ These detec-
tors were placed around the secondary target to cover the
2. Experiment angular range between 6@nd 120 relative to the beam

direction. With a trigger condition of two or more Ge de-

The experiment was performed at RIKEN Accelerator o o2 . .
Research Facility. AAAr secondary beam was produce%ecmrs firing in coincidence with the plastic and the PPACs,

by a projectile fragmentation reaction of a 63 MeV/nucIeo"’htOtal of1 x 107 events was collected in one day measure-
48Ca beam incident upon a 1.0-mm thidBe target. ent.
The fragments were separated by the RIKEN Projectile-
fragment Separator (RIPS2][ An aluminum wedge de- 3. Analysis and Results
grader with a mean thickness of 221 mgfcptaced at the A Doppler-shift correction was performed based on the
momentum dispersive focal plane (F1) was used to achidaam position at the target, velocity of the outgoing particle
a clear isotope separation and to lower the energy of #mad hit positions of gammarays on the CNS-GRAPE. These
secondary beam to30 MeV/nucleon. The particle identi-information was deduced from the position and the timing
fication of the fragments was performed by measuring timaf-two PPAC counters installed at up-stream and another
of-flight (TOF) and energy losgXE). The TOF and\E in- PPAC placed down-stream of the target. After the Doppler-
formation were obtained from the timing of a plastic scircorrection, previously known cascade gamma transitions of
tillator relative to the RF signal of the cyclotron and from?—51Ti [[7,8,9] were clearly observedL[].
the energy loss in a 0.5-mm thick silicon detector placed atin 4°Ti four gamma transitions from the high-spin states
the achromatic focal plane (F2), respectively. The purity wfere previously reported at the energies of 1543, 963, 785
the “Ar beam was measured to be 90%. and 1093 keVI[T]. To search for higher spin states;y

The “6Ar beam was further lowered in energy using agoincidence analysis was carried out. Figilrshows a
aluminum rotatable degrader of 0.5-mm thickness placedsatn of spectra gated on the known gamma ray4’®f.
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In the figure gamma peaks froffiTi and *°Ti are marked With that it is emitted fron?"Ti.

by closed and open circles, respectively. Coinsidence redn fig.[3, normalized gamma-ray yields 6fTi relative
lation between known gamma rays are comfirmed andiathat of the lowest gamma transition at 1437 keV were
new gamma peak at 2370 keV was observed. Since fetted as a function of the beam energy. As incident beam
2370 keV gamma ray is not coinsidence with gamma raggergy increases, larger angular momentum can brought to
of 5Ti, this new peak is identified a gamma ray fréfTi. the system and consequently a relative population of higher
spin states will increases. The behavior of relative gamma-
ray yields of the known transitions support the previously
reported order of the cascade decay. Since the newly ob-
served 761 keV gamma transition is largely populated in
higher incident beam-energy region than the other tran-
I A ke o sitions, it is assigned as the transition above the known

500 1000 1500 2000 2500 3000 3500 4000 (13/2,17/2) state at 3644 keV.
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Figure 1.A sum of gated spectra with known transitions3Ti. 10:0

Gamma rays fromi°Ti and °°Ti are marked by closed and
open circles, respectively.

761 keV
761

7.0 (13/2,17/2)| 3644

890 keV
5.0
890

15/2 2754

ma-—ray yield

3.0
11/2 3410 2344

For °'Ti we observed known gamma peaks at the energ
gies of 1437, 907, 410 and 890 ké&¥]] In fig.[2 gamma- 2
ray spectra gated by 890, 907 and 1437 keV are shown. C@-
incidence relations between known gamma rays were com
firmed. In addition a new gamma peak at 761 keV was ob- 05
served, which is in coincidence with all gamma transitions ~ *® ,%° 35 40 45 = 50 Sy
below 3644 keV state (see fig. 3). Ar beam energy [MeV/nucleon]
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Figure 3.Relative gamma-ray yields &f Ti as a function of the
incident beam energy.
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excitation function measurement and the, coincidence
analysis were performed. The new gamma transitions from
high-spin states irft°Ti and > Ti were observed. Further
analysis is in progress.
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A picture of the evolution of the shell structure is beinfTOF)-AE method. The TOF was obtained from the timing
obtained based on the experimental resiilP] about the information of two plastic scintillator of 1 mm thickness
magicity loss in theN = 8, 20 neutron rich nuclei. The shelplaced at two foci of F2 and F3 amdE was measured by
structure formed by the mean-field depends on the nucl&udetector of 10Q:m thickness. The position of the frag-
deformation, the isospin of the nuclei, and/or the occupatiorents at F2 was measured by a PPAC in order to check
number of the single particle orbits. To clarify the changbat RIPS was tuned to be optimal f&iMg. The energy of
of the shell structure, the systematic studies on the singtélg beam at F3 wag0 + 2 MeV/nucleon.
particle states as functions of the numbers of protons and’he 32Mg beam bombarded a liquid helium targéf &t
neutrons is important. F3. The thickness of the liquid helium target was estimated
Near the*3Al, the N = 20 nucleus?Mg is known to have to be about 150 mm/ctnfrom the velocity difference of
large quadrupole collectivity and to be of large deformautgoing particles in the measurements with and without the
tion [2] while otherN = 20 nucleus*Si is believed to be liquid helium. The target was kept below 4 K and around
spherical in its ground state. The property of the grouddatm and monitored the temperature and pressure during
state in33Al have been studied by Mortogt. alvia beta the experiment.
decay measuremer@][and the decay of?Al is described  Three PPAC's were placed upstream of the target for
well by ansd shell model calculation. The candidate of enonitoring incident particles and two PPAC’s were placed
2p-2h state of the spin and parity same as the ground stide/nstream for outgoing particles. The position informa-
5/2* is found and its energy was 73050 keV [4], which tion of the reaction point and the scattering angle of out-
is consistent with the shell model prediction, 672 keV (Reajoing particles are obtained from the vertical and horizon-
in [4]). These two different experiments suggest that thotsg position measured by these five PPAC's. To improve
two states i*>Al may be normally spherical. But the shelthe position resolution at reaction point for the sake of bet-
structure of other excited states is not clear since the singdecorrection to Doppler-shift of gamma-ray energy, these
particle orbits may be affected by the deformed mean fidddPAC’s were located nearby the target and apart from each
by the32Mg core. In the present study we aim at findingther as far as possible.
new excited states and assigning their spins, parities andiVe had a new focus (F4) after the liquid helium tar-
spectroscopic factors it?Al identified by the energies of get by using Super-conducting Triplet Quadrupole magnets
de-excited gamma-rays and measuring the angular distritsi¥ Q) [7] in order to unspread the outgoing particles, which
tions of the differential cross sections of the proton transf@ade the size oAE- andE-detectors smaller and the flight
reaction*He(®>Mg,?3Aly). length longer. For the\E and E-detector, 4 silicon detec-
The experiment was performed with RIKEN Projectilgors with 10 cmx 10 cm x 4 active area located after STQ
fragment Separator (RIPS][at RIKEN Accelerator Facil- and 36 Nal(Tl) detectors with 3 crm 3 cm x 36 active
ity. Table[dl lists apparatuses placed along the beam lireeeas located after Si detectors, respectively.
A 32Mg beam was produced by projectile fragmentation Outgoing particles were identified event-by-event using
of the primary beam of’Ar at 63 MeV/nucleon bombard- TOF-AE-E method. The TOF was obtained from the timing
ing the primary target of 1 mm-thick carbon and separatedormation of two plastic scintillators of 300m thickness
by RIPS. The*?Mg beam was contaminated with otheplaced at downstream of the target with 3.8m flight length
neutron-rich isotopes such 8%34Al and 3°36Si. These andAE andE were measured by Si and Nal(Tl) detectors,
isotopes were identified event-by-event using time-of-fligrgspectively.
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Apparatus Thickness Note [8] M. Niikura et al. RIKEN Accel. Prog. Rep37 (2004)

FO  Carbon 1 mm (c) 155.
F1 Al 221 mg/cm Degrader [9] H. Kumagaiet al, Nucl. Instrum. Methods. A470
F2  PPAC (a) 100 mm x 100 mm  (2001) 562.
SSD 100um 50 mm x 50 mm [10]S. Shimoureet al., CNS Annual Report 2001 (2002) 5;
Plastic 10Qum 50 mm X 50 mm CNS Annual Report 2003 (2004) 87.
F3 PPACa €)) 100 mm x 100 mm
PPACb €)) 100 mm x 100 mm
Plastic 10Qum 50 mm x 50 mm
PPACc (a) 100 mm x 100 mm
Lig. He 150 mg/cri (b) (d)
GRAPE (e)
PPACd €) 100 mm x 100 mm
Plastic 10Qum 150 mm x 150 mm
PPACe (a) 150 mm x 150 mm
STQ
F4 PPACa (@) 150 mm x 150 mm
Plastic 10Qum 150 mm x 150 mm
PPACb (a) 100 mm x 100 mm
SSD 100um 50 mm x 50 mm
X 4 pieces
Nal(TI) 50 mm 31 mmx 31 mm
x 36 pieces

Table 1. The list of apparatuses placed along the beam line. (a)
PPAC's were operated withs€Es gas at 10 Torr pressure. (b)
An estimated value as described in the body. (c) A rotational
primary target of carbon. (d) A reaction target with@®-thick
Havar windows 030 mm diameter. (e) Array of Germanium
detectors with 306 outputs.

For detection of gamma-rays from the excited states in
the in-flight 33Al, Gamma-Ray detector Array with Posi-
tion and Energy sensitivity (GRAPELQ] surrounded the
target. It consists of 17 pairs of segmented planar Germa-
nium detectors. The gamma-ray detection point is obtained
from the pulse shape analysis of outputs from GRAPE.

The transfer reaction to the ground state in &l was
also measured with other trigger condition, which was pre-
pared based on the velocity shift after the stripping reaction.
The velocity shift was about TOk 1/A~ 1.5 ns @A = 30)
and larger than the time resolution of plastic scintillators
so that the transfer rection products could be distinguished
from the non-interact beam particles.

Data analysis is in progress.
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1. Introduction written in ref. [7].

The nuclear shell structure is mainly interpreted by single-

particle motion in a mean-field including a spin-orbit poters. Results and Discussions

tial. Recent findings of the disappearance of conventioRgh n5ve obtainedy-ray spectra in?*F from the pro-
magic numbers and/or the appearance of new magic Nygk transfer reactiofHe(20,2°Fy), the inelastic scat-
bers in the neutron-rich nuclei may indicate that the MeaBring ‘He@3F23Fy) and the neutron knockout reaction
field changes as a function of neutron/proton numbers. 4|Iqe(24F,23F7). In order to determine the energies of excited
this respect, neutron-rich fluorine isotopes locate in a stimyz eg 73 F, we reconstructed the cascagdecay scheme
lating region connecting the exotic nuclear phenomena: ed ony-y coincidence data. FigufBshows a proposed
new magic number oV = 16 [1] and an island of inver- o e| and~-decay scheme and relative cross sections to
sion [2]. Inthe present work, we have studied excited statggyjate excited states. The two measurements have per-
in 2°F by y-ray spectroscopy with one-proton transfer g meq so far for searching excited stateg3r [8,9]. The
action. A one-proton transfer reaction is a good probe f@e| scheme obtained in the present experiment is consis-
investigation on proton shell structure, because this reactigR; it that of the previous works. Additionally eight new
selectively populates s_ingle-p_article st_ates. Furthermoggsited states were found at 3385(10), 3887(19), 3985(40),
we have meas_ured an melastl(_: scatterlng and a n(_autrogf63o(17)’ 4756(3), 5545(23)’ 5564(27) and 6872(36) keV.
knockout reaction to reach excited statéif. Comparison gryors shown with the energies are statistical ones estimated
of popula_mon strquths in the different reactions demogy an accuracy of maximum likelihood fitting. System-
strates single-particle nature of observed states. We gfie errors for they and level energies were estimated to

mainly interested in a difference between energies of thg 1 76 9 from known~-decays in oxygen and fluorine
proton single-particle states #iF and in'7F, since these isotopes.

nuclei are full and empty of thé; /, orbitals with neutrons,  pqonjation strengths of excited states are sensitive to
respectively. If there is a difference, it is considered to "Bompatibility between the nature of the states and the re-
flect a change of mean-field, especially spin-orbit splitting.i;n mechanism. The proton transfer reaction mainly
of protonds 5-ds/» due to the occupation number of neUsqn lates proton particle states. Thénelastic scattering
trons in thed; /, orbitals. induces core excitations and non-spin flip proton single-
) particle excitation, while the neutron knockout reaction
2. Experiment populates neutron hole states. The 4.061-MeV state, which
The experiment was performed at the secondary beam hivees strongly populated by the transfer reaction but hardly
RIPS B] in RIKEN Accelerator Research Facility. The seddentified in the inelastic scattering, is therefore a candidate
ondary beam was a cocktail of unstaBi®, 23F and?*F for a proton particle state on thkorbital.
nuclei, which were produced by a projectile-fragmentationIn order to deduce the angular momentum of the 4.061-
reaction of‘CAr with a “Be target. The secondary beambleV state, we used an angular distribution of outgditig
bombarded a liquid helium targed][ The reaction prod- for the state by the transfer reaction. Figlrehows the an-
ucts of a secondary reactions were detected by a telesagplar distribution together with predictions by a distorted-
consisting of 9 SSDs and 36 Nal(TI) detectdskdnd de- wave Born approximation (DWBA) calculation to transfer
excitedy rays from the reaction product were detected layproton into thes, d and f orbitals. The DWBA curves
an array of 150 Nal(Tl) scintillators DALIZ6] surround- shown in the figure are obtained using optical potentials de-
ing the secondary target. In order to measure scattersagibed in refs.[10,[11]. The adopted optical potentials for
angles of the reaction products, three PPACs were locatied initial and final channels were listed in tallleThe mea-
on the beam line. The two PPACs were placed before th&ed angular distribution is found to agree with the 2
secondary target and the other PPAC was placed after tilamsition, and we assigned the 4.061-MeV state to have
target. Further details about the present experiment wefe = 3/2% or 5/2%. The previous worksg 12,13 re-
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The optical potential parameters are listed in tEble

Figure 1. Level andv-decay scheme iR*F observed in the
(*202Fy), (**F2*Fy) and @*F2*Fy) reactions. The level Set V rv ay w W ayw
energies with underlined bold style show newly observed ex- [MeV] [fm] [fm] [MeV] [fm] [fm]
cited levels in the present experiment. Shown errorswityy Al 70.690 1.277 0.728 13.179 1.885 0.426
and excited energies are statistical errors obtained by fittingd2 63.343 1.389 0.702 14.564 1.844 0.485
of ~v-ray spectra with simulated response functions of DALI2. T1 69.652 1.253 0.760 17.220 1.714 0.674

The bars in the right side of the excitation energies show rela-
tive cross sections to these state. Table 1. Optical potentials for DWBA calculations. Sets Al

and A2 were used f&?O+a channel, and set T1 was used for
23F+t channel, respectively.

ported that the ground state%#F to have5/2*. Therefore,

the state at 4.061 MeV is considered reasonably to have

3/2* as a proton single-particle stateds,,. The analy- [6] S. Takeuchetal, RIKEN Accel. Prog. Rep36 (2003)

sis is now in progress to extract the spectroscopic factor of 148.

the single-particle state. [7] S. Michimaseet al, CNS Annual Report 2003 (2004)
We discuss here the energies of the single particle state 3.

in 17F and®*F. The single particle state iF to have3/2+ [8] N.A. Orretal, Nucl Phys. A491(1989) 457.

was reported to locate at 5.00 MeV in réf4]. The present [9] D. Guillemaud-Mueller, Eur. Phys. J. 23 (2002) 63.

result naively suggests that the six neutrons indhe or- [10]A.Ingemarsoret al, Nucl. Phys. A676(2000) 3.

bitals attract a proton in thé; » orbital. However, the state[11]A.Ingemarsoret al, Nucl. Phys. A696(2001) 3.

was observed to be more excited than the prediction by {fA€]D-R. Goosmaret al, Phys. Rev. Q0(1974) 756.

USD shell-model calculatiofiF], which was that a single- [13]E. Sauvaret al, Phys. Rev. B9 (2004) 044603.

particle state to havd/2" located at 3.497 MeV. There-[14]M. Yasueet al, Phys. Rev. G16 (1992) 1242.

fore, the 4.061-MeV state may indicate the monopole inté#5]B.H. Wildenthal, Prog. Part. Nucl. Phykl (1984) 5.

action between the isospin-spin partners inddierbitals is

slightly weaker than the prediction.
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1. Introduction was identified event-by-event by the time-of-flight (TOF)

Intermediate energy Rl beams enable us to investigate #@asured by two 0.5 mm thick plastic scintillators placed
excited unstable nuclei using secondary reactions in inveps@ M apart. The incoming angle and position of secondary
kinematics. As a probe for excitation, inelasticscatter- Peam on the target were measured using two sets of Paral-
ing is useful for exciting isoscalar states, and the best té@)| Plate Avalanche Counters (PPACs) installed upstream of
to investigate the isoscalar monopolgd) and dipole 1) the target. The outgoing particles were detected in coinci-
excitation. They are compressional excitation called tgnce by a plastic scintillator hodoscope with & 1L m?
“breathing mode” and the “squeezing mode” and are r@ctive area, which was located at 3.9 m downstream from
evant to the incompressibility of the nuclear matter. F#te secondary target. The hodoscope was installed in a vac-
light stable nuclei, isoscalar electric multipole strength hdlgm chamber and consisted of a 5 mm thick’ plane and
been systematically studied,2] by using inelastic scat- tWo 60 mm thickE planes €1, E2). The AE plane was
tering of 604 MeV « and discussed about compressionéivided horizontally into 13 slats, and tii&l andE2 planes
responses. In order to open the studies of isoscalar céposisted of 16 and 13 scintillator bars set perpendicular to
pressional responses in unstable nuclei, we performedtAE slats, respectively. The momentum vectors of the
experiment of inelastic scattering of 60MeV « on light decay particles were determined by combining their veloc-
unstable nucleus*O in inverse kinematics. The energyties and hit positions on the hodoscope.

spectrum of'“O shows a semi-double-closed-shell naturg Analysis and Results

since the first excited state is not dut 1~ with a rather hi K following d h | g
high excitation energy. This characteristic is the samela this work, following decay channels were measured:
9 - BO* s BN+ p, 12C +p +p, 12CF + p + p, 1°C +q, and

. ) 4 S
that of its mirror nucleus*C and indicates that both thelOC1k + . The excitation energy was deduced from the mo-

nuclei are to be spherical and to have essentially the SaM&htum vectors of decay products with the invariant-mass
nuclear structure. Difference between tH® and the'‘C y P

S . . . method. Angular distribution of differential cross-section
nuclei arises from a break of the isospin symmetry mam\}yas also deduced from the momentum vectors of deca
due to the Coulomb interaction, which leads that th@ y

products.
has no bound states whereas tHe has 6 bound states. In order to obtain the multipole strength distributions, we

This fact may affects isoscalar responses, since not only tre]l?ried out the multipole decomposition (MD) analy& [

discrete resonant states but also the continuum states Wﬁ'%ﬂ the distorted wave Born approximation (DWBA). In

start frpm the threshold energies may _be exc[ted byO’th%his work the DWBA calculation was carried out using the
inelastic scattering. The present experiment aimed at mega-

. . o single-folding model with a density-dependent nucleon-
f:r:gg the isoscalal) and £'1 strengths in wide ENe"Y interaction. The details of this calculation were described

in Ref. [5].

2. Experimental Procedure In the MD analysis, the cross—sectiohg‘%)EX P are

The experiment was carried out at RIKEN Accelerator R8XPressed as a sum of the contributions from the various

search Facility. A 1351 MeV primary beam of 60 was Multipole components:

used to bombard on e production target of 1.3 g/én 2 EXP P2 DWEBA

thickness. The reaction products were selected by the( _¢ 9_ - (E) g (1)
it dQdE o dQdE ’

RIKEN projectile-fragment separator (RIPS). A 80MeV I3

secondary beam df O was transmitted to a liquitHe tar-

get 3] of 120 mg/cnt thickness. Ant*O secondary beamwhereE, ar (E), and(d‘z;;E)DWBA are the excitation en-

28



5 ;‘ T T 1 ‘ T T 1 ‘ T T 1 ‘ e I [ [ ]
4E- L=0- ®I (a) E0 EWSR B
3E- H5.92 MeV BE = 1
R ;7 \L 7; (] o ]
1 B — r 7

§ ‘ L | | M 5 [ ]
5 :7‘ T 11 T T ‘ T 17T ‘ T{ N 577 1
4 B L=1+ ~ L 1

—~ 35017 MeV — S o[ fall

= 2E- d — S r ! | \ 1

> ! — W ° E

S 53 ‘ | m I E Ccé [ (b) L1 EWSR ]

\ 16 iﬁ‘ T 11 1 T 1 ‘ 1 11 ‘ T‘!i [ L 4

C _ 7 10— ]

& 100 659 MeV L=zc - o | :

S E = o- :

~— £ 3 r

- i}wwwmﬂﬁwﬁré of
10 = —

S '8E6.27 MeV 7,=33 5 10 15 20 25

E 6 -3 E (MeV)

4 E— —

T 2 2 T Figure 2. Decomposed EWSR fractions @0 and E1 re-
3= A B BN sponses. The strengths were fragmented in wide excitation
4= L=4 — energy range without massive peaks.
3E- —3
RE- —
1E | M I iment. Nevertheless, thB0 and E1 strength in'*O and

4 8 8 10 light stable nuclei of2C and!®O are in some agreement

for their strength distributions. Therefore, this fragmented
E (MQV) distribution without massive peak may be common in light
nuclei, regardless stable or unstable.
Figure 1. Decomposed cross-sections for low excitation en- In Fig. 2, additionalEO an.d.El strengths to the l_(nown
ergy range. Four known discrete states and unknown contiflia@nd 1~ states were identified d = 6-9 MeV. This en-
ergy region corresponds to the bound states in the mirror
nucleus'“C where neither ® nor 1~ state was found, these
strengths may come from the continuum. This strengths
ergy, fraction of the energy-weighted sum rule (EWSRghould arise from effect of lower proton threshold energy,
and the DWBA cross-sections exhausting the full EwSpecause of these appreciable strengths®andE1 transi-
for the transfered angular momentunfolded with the de- tion were observed just above the threshold energy. Similar
tector resolution, respectively. The fractions of the EWSRW energy isoscalak0 and E'1 responses have been pre-
for various multipole components were determined by miflicted in neutron drip line nucleiO [6,7]. In addition
imizing x2. In this work multipole components were take#P soft-dipole mode, this low-lying isoscalar compressional
into account up td. = 4 in the fitting of the MD analysis. response is the new characteristic transition in unstable nu-
FigurefT shows the decomposed cross-section distributigHgus.
for low excitation energy range. Using the MD analysi§aferences

these low-lying known states of 5.17 MeV 15.92 MeV
0™, 6.27 MeV 3 and 6.59 MeV 2 were clearly decom- [1] B. Johnetal, Phys. Rev. G58(2003) 014305.

posed with some continuum components. This sugge%s L"\Avl'(.l‘z'sﬁ?g"arhgfkgﬁ\ggggl(iﬂgl) 224328'200 1
that the MD analysis is capable to decompose any overldp- | lyoshi ? ' 9. Rep34( )

. . . 193.
E:r?grgzglé: or continua to eae‘.h:omponent even in |nverse[4] M. ltoh et al, Phys. Lett. B549 (2002) 58.

. H. Babaet al, CNS Annual Report 2003 (2004) 5.
For measured decay channels the integrated EWSR ia
ues up to 25.0 MeV deduced from the MD analysis wi |. Hamamoto and H. Sagawa, Phys. Revs¥(1996)

. . - R1492.
DWBA calculations were identified as 431 and 6314%
of the isoscalai®0 and £'1 EWSR, respectively. The ob-m |. Hamamotcet al, Phys. Rev. (7 (1998) R1064.
tained EWSR fractions which are shown in FHjwere
fragmented in the wide excitation energy range and massive
resonance peaks above EWSR50% were not found. The
experimental results can not strictly compare with other ex-
periments higher than 13.8 MeV excitation energy, because
of the decay channel af + o« + a + p + p which have
13.8 MeV threshold energy was not measured in this exper-

strength forL = 0, 1 were seen.
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Cluster structure in neutron-rich beryllium isotopes is o1fi6]. Remaining contaminants were rejected in the analysis
of the most interesting phenomena in unstable nuclei. kming the time-of-flight (TOF) and energy losses measured
12Be, recently observed highly excited states wittr4t by two plastic scintillators separated by 5.3 m each other. A
to 8" above®He+He threshold are considered to form gypical intensity of the secondary beam vas10* particles
rotational band with a developetHe+°He cluster struc- per second. Th&Be beam bombarded a liquid helium tar-
ture [1]. These excited states have been reasonably get, which was confined in a cell with a;8n-thick Havar
produced by several theorietical calculations. The micneindow of 24-mm diameter. The direction and the hit po-
scopic coupled-channels calculation predicted that sevesitibn of each beam particle at the secondary target were
rotational bands with different couplings, such asx®*, measured by two sets of Parallel Plate Avalanche Counters
appear at high-excitation energy regi@®j.[ Strong mix- (PPAC's) installed upstream of the secondary target. The
ing between®He+°He anda+®He was predicted by theenergy of the'?Be secondary beam was &MeV in the
microscopic cluster model calculatio]] The Antisym- middle of the secondary target.
metrized Molecular Dynamics reproduced the experimen-The reaction products of two helium isotopes were mea-
tally observed rotational band][ The deduced density dis-sured and identified using a hodoscope of a plastic scintil-
tribution showed a developed cluster structure in highly eetor array with an active area ofxil m? located 3.9 m
cited states. Therefore several excited states with develogednstream of the target. the thicknesses ofAlfg, F1,
cluster structure are expected to overlap each other abamdE2 layers were 5 mm, 60 mm, and 60 mm, respectively.
the®He+%He ora+®He thresholds. The resolutions (in sigma) of the TOF, horizontal, and verti-
We aimed at searching for excited states with low spioal positions were 0.15 ns, 0.9 cm, and 1.3 cm, respectively.
such a®)* and2*, which may lie just above thtHe+°He The decay energy fd#Be—°He+He was extracted by the
decay threshold. The-inelastic scattering at 60 MeV invariant-mass method. The resolution of the decay energy
with the inverse kinematics using a liquid helium targetas estimated using Monte Carlo simulations taking reso-
[5] was used to populate these excited states. Since litteons of the detectors and the multiple scattering effects
(a,a’) reaction has the advantage of well-known reactiari the beam and the reaction products into account. The
mechanism, and here it is possible to determine spinsdnergy resolution was proportional to a square root of the
angular distributions of the inelastic scattering comparddcay energy\{Ey) asAEpwiuy = 0.34 x /Eq MeV.
with Destorted Wave Born Approximation (DWBA) calcu- The MDA based on DWBA calculations has been used
lations. In the present work, the angular correlations bay including angular correlations of decay particles as well
tween decay particles are also compared with DWBA pras the angular distribution of the inelastic scattering. In
dictions. Since the density of levels is rather high, the muhis analysis, the DWBA calculations fer-inelastic scat-
tipole decomposition analysis (MDA) with the DWBA wagering were performed using the computer code TWOFNR
used. [7]. A single-folding model with density-dependent effec-
The experiment was carried out at RIKEN Acceletive nucleone interactions was used in the DWBA calcu-
ator Research Facility. A primary beam 6fO at lations [8]. The details of the transition densities are de-
100 MeV/nucleon was supplied by RIKEN Ring Cyscribed in Ref.[9]. Figurelll shows the excitation energy
clotron accelerator. The intensity of the primary beam wapectra for multipoles oA L=0, 2, and 4 deduced by the
150 pnA. A radioactive?Be beam was produced using #DA. Figure[2 shows angular distributions of (a) the dif-
projectile-fragmentation reaction of th2O beam on &Be ferential cross section of the inelastic scattering, (b) the an-
target. The'2Be beam was separated from the other fragular correlation between breakup products respect to the
ments using RIKEN Projectile-fragment Separator (RIPBgam axis, and (c) the one respect to the transfered momen-
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tum, corresponding to the excitation enedgy=12.4 MeV. touching each other with radii given by = 1.5 x A/3,

The black dashed, dotted, and dash-dotted curves coiffige first and the second lowest Gind 2 levels may be
spond toAL=0, 2, and 4, respectively. The gray dashethembers of the rotational band with a develofee+°He
dotted, and dash-dotted curves are interferenceszd, O cluster structure int?Be [1]. By assuming each rotational
04, and 24, respectively. The calculated angular coband has moment of inertia closed to each other, the third
relations show good agreements with the data by includilagvest 0- and 2" states may be connected to previously
the contributions of the interference between different mubserved & state at 18.6 Me\].

tipoles. In Figsll(a) and (b), the peaks indicated by arrows
are newly observed ones f&x.=0 and 2, respectively. For
AL=4 spectrum, no distinctive peaks are observed because
of large statistical errors.

Bohlen et al.
80 $ Freer et al.

J, () J=4

J(J+1)

Figure 3. Energy-spin systematics foFBe. Closed circles are
levels observed in the present work. Open circles and open
triangles are data of Refél][and [10], respectively.

do/dE, [ub/MeV]

In summary, thea-inelastic scattering of?Be with
the inverse kinematics was measured using the liquid he-
lium target. The multipole decomposition analysis was
performed using the angular distributions of the inelastic
Figure 1.Decay-energy spectra for (8L=0, (b) AL=2, and (c) Scattering and the angular correlations of decay particles.

AL=4, for the*He(2Be *He He) reaction. Newly observed excited states with” Gand 2" may be
members of rotational bands with large moments of inertia
corresponding to the developé&Hie+He cluster structure

" 2000 T TR 80 in 2Be.
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The energy-spin systematics is shown in Bg Closed
circles are new levels observed in the present work. Open
circles and open triangles are data taken from Réfsarid
[1Q], respectively. The moment of inertia of the solid lines
correspond td? /27=139 keV, which is close to that 6He
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It is well-known that Einstein, Podolsky and Rosen _ Polarimeter |
(EPR) [1] asserted quantum mechanics is incomplete in
terms of local realism, which has been a basic view on
nature of classical theories. According to the local realis-
tic theories, objects should have definite properties whether
they are measured or not (reality), and there is no action-at-
a-distance in nature (locality). Some attempts were made
to explain quantum mechanical phenomena from a view of
the local realistic theories. Bell, however, showed quantum
mechanical correlations between entangled systems can be
stronger than those by the local realistic theoiBlsince  Figyre 1. lllustrative experimental setup to measure
Bell's proof was given by an inequality which can be tested gpin_correlations between two protons.

experimentally, many experiments have been devoted to

test the inequality by measuring polarization correlations

between entangled two photons and have yielded results

wh|chfarhe con5|steqt with q_uantum mgchgr.uci\; g bne(; h‘?hus one cannot conclude that the two protons were in the
tory of these experiments is summarized in ReB.an entangled state even though Bell’'s inequality was violated.

[4]. . In this article, we report a spin-correlation measurement
It should be noted, however, that most of such eXPeLi o protons produced by tHeH(d,2He)n reaction. Here
ments used entangled systems produced by electromag '

int " he® by L hi-Racht and M.ttwgdenotesapairofprotons coupled to tl5g state. Mak-
Interaction except for one by Lamehi-rachli an ' 'ﬁ1g use of this reaction, our experiment has a distinguished

(LRM) [5]. LRM used strong interaction to test the BeII?eature that the directions of the spin-measuring axes are

inequality. Since the strong interaction is a short range Iy pre-fixed by the experimental setup, which enabled us
teraction, entangled particles are produced with extrem? Solve the problem in LRM's experimerylt

shor_t coherence length. It is of considerable interest tq N explain the principle of the spin-correlation measure-
vestigate whether an entanglement between two particles . ; . e .
s : : ment, let us utilize an illustrative setup shown in BlgThis
are robustly maintained even if the two particles are spa- . . ; .
. . etup consists of a pair of polarimeters, each of which has
tially separated from each other by a distance extremely be- ) .
) an analyzer target and a pair of detectors L and R. A pair
yond their coherence length.

LRM measured spin-correlations between two protoofprotons are injected into the analyzer targets. In each po-

S
in the spin-singlet(S,) state which was produced by tht:‘[]arlmeter the scattered protons are detgctgd by Qetectors L

; ; or R. If the beam of proton 1 has a polarizatjg® with re-
proton-protonS-wave elastic scattering. They prepared a

X : : ; . spect to the direction of the scattering normal of polarimeter
pair of polarimeters which measured signs of spins of t

1) i .
protons after the scattering. Each polarimeter had a speg’l)al' there appears an asymmetry in the counts by detec

_ = (1AW
direction along which the spins of incident protons werg. Ly ar(l?) R as(Np1 — Np1)/(Nii + Ni) =p A
where AV is the effective analyzing power of polarimeter

measured. Although they obtained results which show : . . ;
violation of Bell's inequality, we consider there is a cruf' hus each polarimeter is sensitive to the spin component

cial weak point in this experiment. In their setup, one of t of the incident protons along the directioniét) (i = 1, 2).

: . X ; i in- i etz 7(2)
spin-measuring axes of the polarimeters was fixed along %rg;(wgc(::t];gf\?;fénofc?r:;eI?ggﬂ;?gfcg?;ﬁ:i r{snof t)waos -
normal of the scattering plane of the-scattering. In this P P 9 P

case, even if the two protons after the scattering were 'tl?eg)spmsh\_/vlth respectlto_ the Spin-measuring ads ancll f
in the 15, state described by So) = (| 1 )| | ) — | | nf . In this §etup, po arlmgter 1 is rotated by an angle o
. . . X rom polarimeter 2. If the incident protons are in thg,
)1 >)/_‘/§ but in a different state given by a faCtorlze(g)tate, the quantum mechanical predictioncafi(?), 77(2))
expressionof 1 )| | )or| | )| T ) with respect to the scat-ig given byCou (), 7®) = (71 . 71 o) . 7)) =

tering normal, they would have obtained the same resuliséosq)_ ExperimentallyC(#(), #(®) (= C(®)) is given

Proton2 ],
z
Polarimeter 2
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Figure 2. Schematic view of the polarimeter EPOL to measure ‘ L ‘ .
the spin-correlations of two protons from thel(d,2He)n re- 0 q 6 90
action. ® (deg)
by [5] Figure 3. Obtained spin-correlation functiof., (®). The er-
ror-bars show the sum of the statistical and systematic errors.
Coxp(P) = Since all the data points were derived from the same data set,

1 Npp+Ngr—Npr— NgL (1) each point is not statistically independent to each other.

AWA®) Np, + Ngpr + N+ Nri’ .

, o tive angle betweem") and#i(?). To compare the results
whereN,  is the number of coincidences between the dgyy, gejl's inequality, we calculated a correlation func-
tector Ly and R.. tion of CHSH type:Sexp(®) = 2Ceyp(®) + Coxp(—P) —

Bell's inequality of CHSH typef] states that any IocaICex (3®). Bell's inequality of EqL®) is equivalent to
realistic theories must satisfy the following inequality fqrs((%” < 2. The results 0B, (®) are presented in Hig
arbitrary directionsi, b, a’ andb”: The data are in excellent agreement with the quantum me-

|C(@,b) — C(@,b)| + |C(@,b) + C@, b)) <2 (2) ch_anical predictiorbqn (P) = 3 cos ® — cos 3®. We ob-
tained a value 05y, (7/4) = 2.83 £ 0.245¢at = 0.075ys.

Our experiment was carried out using a magnetic spetris shows the violation of the inequality by a confidence
trometer SMART '] at RIKEN Accelerator Research Fatevel of 99.3%. The systematic error was mainly caused by
cility. A deuteron beam of); = 270 MeV from the ring uncertainty in the determination of the effective analyzing
cyclotron was injected into a liquid hydrogen target. Twgowers of EPOL.
protons emitted af., = 0° by the 'H(d,’He)n reaction  we have thus demonstrated the violation of Bell's in-
were simultaneously momentum-analyzed by the spectrasguality with entangled protons produced by strong inter-
eter and were injected into a focal-plane polarimeter EPQjgtion. Although the accuracy of verification is comparable
A schematic view of EPOL is presented in Ej. EPOL ith that of LRM’s experiment, our results are more signif-
consisted of a spin-analyzer target (graphite slab), plasgignt than LRM's since we analyzed the spin-correlations
scintillation counter hodoscopes and multi-wire drift chanysitn spin-measuring axes which were freely defined by
bers (MWDCs). For each event, the incident two protoggftware and randomly rotated. The further detail of this

were simultaneously scattered by the graphite slab. Thgiheriment will be published elsewhere.
trajectories before and after the graphite slab were mea-

sured with the MWDCs. By selecting proton pairs whose
relative energies were less than 1 MeV, a pure ensemble of
the spin-singlet proton pairs were obtained. The purity Beferences
the ensemble is better than 98%. [1] A. Einstein, B. Podolsky and N. Rosen, Phys. REw.
Cexp(®) can be derived by analyzing the correlations of (1935) 777.
the scattering angles of two protons at the graphite slgt]. J. S. Bell, Physic4 (1964) 195.
EPOL did not have a pair of polarimeters as those shoy@& J. F. Clauser and A. Shimony, Rep. Prog. Ph4s.
in Fig.@, but it was equipped with MWDCs instead which  (1978) 1881.
recorded trajectories of two protons event by event. TR A. Aspect, Nature398(1999) 189.
spin measuring axeg!) andii(?) can be freely determined[5] M. Lamehi-Rachti and W. Mittig, Phys. Rev. 04
by software after the experiment. (1976) 2543.
The effective analyzing powet(Ywere calibrated by in- [6] John F. Clauser, Michael A. Horne, Abner Shimony and
jecting a polarized proton beam into EPOL and measuring Richard A. Holt, Phys. Rev. Let23 (1969) 880.
the left-right asymmetry of the scattering at the graphifg] T. Ichiharaet al, Nucl. Phys. A569(1994) 287c.
slab. The value ofA( varied in a range of 0.17 - 0.23,
depending on the kinetic energy of the incident proton.
We derivedC,, (®) at different angles op in a range of
—m < ® < 7 from the same data set by changing the rela-
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Determination of Vector and Tensor Analyzing Powers in Deuteron-Proton
Elastic Scattering via the'?C(d, )1°B*[21] Reaction
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H. Kubok®, Y. Maeda, J. G. Messchend&s. Sakaguchi, H. Sak3jiN. Sakamotb, Y. Sasamoto,
K. Sekiguchf, Y. Takahasm, T. Uesaka and K. Yak

Center for Nuclear Study, Graduate School of Science, University of Tokyo
8Kernfysisch Versneller Instituut (KVI)
bDepartment of Physics, University of Tokyo
CRIKEN (The Institute of Physical and Chemical Research)

An experimental program has started at KVI aiming #te ion source. The tensor polarization is obtained from
the study of three-nucleon forces. Analyzing powers attis equation.
spin-transfer coefficients in '[hé—p elastic and breakup re- The calibration experiment was performed at RIKEN Ac-
actions will be measured d,; = 100—180 MeV. To ob- celerator Research Facility using polarized deuteron beam
tain accurate data is crucial for a better insight of the thres-180 and130 MeV. Three polarization modes of deuteron
nucleon forces. The incident beam polarization must beam(Pz, Pzz) = (0,0),(1/3,—1),(1/3,+1) were used.
known with high accuracy in order to determine these obhese modes were switched every few seconds to reduce
servables. At KVI and RIKEN, polarization of deuteroisystematic uncertainties. THéC(cZ a)'°B reaction was
beams at intermediate energies is determined by using beaeasured a = 0° by using SMART spectrograph in or-
line polarimeters which applies thiep elastic scattering asder to deduce beam polarization. A thin polyethylene film
a polarimetry[[L2]. The vector and tensor polarization ofvith a thickness o6 mg/cn? was used as a carbon target.
the deuteron beam are deduced from the measured asynBeaitered particles were momentum analyzed by the ana-
tries of thecf—p scattering and the known analyzing power$yzing magnets of the SMART and detected at the second
At intermediate energies, the vector and tensor analyziegal plane. Figur8ll shows an excitation energy spectrum
powers for thei—p elastic scattering have been experimeffor the 12C(d, )!°B reaction atE, = 180 MeV. The2*
tally measured with a sufficient precision only for a few irstate of interest &t.59 MeV is well separated from adjacent
cident energies. In order to use tﬁep elastic scattering levels. The deduced angular distribution of the asymmetry
for the measurement of beam polarization extensively at (o~ — ) /0o for the 2™ state is shown in Fi@d The beam
termediate energies, more data on vector and tensor g@arization is extracted by extrapolating asymmetries at fi-
lyzing powers are needed. Particularly for the experimentaie angles t@ = 0°. The extrapolation is performed by fit-
program at KVI, reliable calibration data &; = 100— ting a second order polynomial function to data. The mag-
180 MeV are essential to investigate the dependence on tiikeide of the vector polarizationz can be deduced mul-
beam energy. Such data can be provided by a calibrattgolying tensor polarization by one third. This relation is
measurement performed at RIKEN. fairly robust since it is not affected by the efficiency of the

The 12C(d, a)'°B reaction atd = 0° has been pro- RF transition of the polarized ion source. Simultaneously
posed as a calibration standard at intermediate energisg the same beam with tl(lé: «) measurement, thép
and its usefulness is demonstrated by the measurememladtic scattering was measured by using the D-room po-
RIKEN [3]. It can be shown that the tensor analyzing pow&arimeter to determine the vector and tensor analyzing pow-
Ty is 1/+/2 due to the parity conservation if the final staters. A thin polyethylene film with a thickness ®ing/cn?
of 19B has natural parity except for0 Therefore, by using was used as a hydrogen target. Scattered deuterons and re-
this reaction the tensor polarization of the deuteron beawil protons were detected in kinematical coincidence. The
is unambiguously determined. Among the levels'®®, detector configuration was the same as that in F3pfex-
the 2" state at 3.59 MeV is advantageous because enecgypt for the measured angles (Talije The detectors were
differences between adjacent levels are more than 1 MeV.
Moreover, even if the tensor polarized beam has a compo-

nent of vector polarization, it does not influence on the mea- Oc.m. (deg) 01, (deg) 6, (deg)
surement of the tensor polarization becadse= 0 at °. 83.2 24.8 47.3 (47.6)
In case the spin axis is normal to the scattering plane, the 89.1 26.2 44.3 (44.6)
cross section for the (, o) reaction at = 0° is written as 95.2 27.3 41.3 (41.6)
1 101.2 28.4 38.3 (38.6)
_ _ 111.2 29.6 33.3(33.6)
7o {1 \/éTZOPZZ} ’ 118.7 (119.2) 30.0 29.7

whereoy, is the cross section for unpolarized beam &g . _ _
is the tensor polarization of the deuteron beam. The polafable 1. Measured angles for thé—p elastic scattering at
ization axisZ is defined by the rotation symmetry axis at a4 = 180(130) MeV.
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Figure 1.Excitation energy spectrum for tHéC(d, «)'°B reac-
tion at E; = 180 MeV. The2™ state of interest &8.59 MeV
is well separeted from adjacent levels.

Figure 2. Asymmetry for the'2C(d, a)'°B[2] reaction at

detectors (except for the oneff;, = 29.7°) to maximize
energy loss of proton in scintillator and to increase signal-
to-noise ratio.

The spin axis of the deuteron beam was also measured
after the (f, «) measurement at each energy. As reported in
Ref. [3], spin axis can be inclined by several degrees after
acceleration. Since it may determine the accuracy of the
calibration data, it is necessary to measure spin gxig)

The measurement was performed by using the same method
used in Ref[J]. The swinger dipole magnet of the SMART
spectrograph was rotated to°9@nd the precession of the
spin axis was measured by using two polarimeters, the D-
room and swinger polarimeters. The swinger polarimeter
was placed just after the swinger magnet, and it had the
same configuration with the D-room polarimeter, but only
one angle can be measured. The advantage of this method
is that the spin axis can be determined even without any
information on the analyzing powers.

The vector and tensor analyzing powers forﬁwelas-
tic scattering are determined from the magnitude of beam
polarization obtained from thel, o) measurement and the
spin axis, and the asymmetry of tkfép elastic scattering.
Further analysis is in progress.
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FE; = 180 MeV. The data for the second and third polar-
ization modes are shown by open circles and filled triangles,
respectively. The solid lines represent the results of the fitting

by using second order polynomial function.

designed to measure asymmetries of the scattering at six an-
gles at the same time. It is because the cross section of the
(cf, «) reaction is hundreds of times smaller than that for
the d—p elastic scattering and it takes several hours to ob-
tain sufficient statistics of the beam polarization, even with
a beam intensity of 100 nA. Asymmetries were measured
by using four sets of plastic scintilaltion detectors placed
around the beam axis in the directions of Left, Right, Up,
and Down. One set of detectors consisted of one deuteron
detector and six proton detectors. The deuteron detector

was 5 mm in thickness and coverégd, = 23°-29°. Each

of proton detectors was) mm in thickness. The angular

spread was set to b&6,,, = 1.0°, which determines the

solid angles of the measurement. The proton detector set
at0,,, = 29.7° detected both deuterons and protons scat-

tered tod..,,,. ~ 120°, and deuterons t@. ,,, = 111.2°. A

wedge-shaped iron degrader was placed in front of proton
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1. Introduction proportional to proton polarization. Polarization measure-

We have recently succeeded in constructing a polariZ8gnts for spin “up/down” were carried out for compensa-
solid proton target which has a unique capability of opfon of spurious asymmetry. The target was polarized in
ating in a low magnetic field of 80 mT at a high temperdbe “up” direction from¢ =0 to 29.2 h. The polarization
ture of 100 K [l]. The target was used, for the first timeWas once broken, and then built up in the “down” direction
in an experiment to measure the spin-dependent asymm&@{n ¢ =33.1 t0 52.6 h. Polarization measurements using
of 7+%He elastic scattering in 2002][ During the scatter- 4He beam were carried out during periods shown as shaded
ing experiment, proton polarization was monitored with n€gions in Figlll Decrease in polarization was observed
clear magnetic resonance (NMR) measurement. The NWith the beam irradiation. This effect is considered to de-
signal is usually calibrated by measuring a polarization upend on beam intensity per unit area of the targpt The
der thermal equilibrium (TE), which is a function of temdecrease in polarization will be much smaller in RI beam
perature and magnetic field. For our target, however, th&geriments, since typical spot size of Rl beam is almost
is difficulty in measuring the TE signal, primarily becaus@ne order of magnitude larger than that'éfe beam used
of the small TE proton polarization in a low magnetic fiell this experiment.
of 80 mT at a high temperature of 100 K, and secondar-
ily because of the limitted NMR sensitivity due to the tar-
get design specialized to scattering experiment. It is thus
impractical to relate the NMR signal to the absolute polar-
ization using TE measurement technique. As an alterna-
tive method, a nuclear reaction was used for determination
of the absolute value of proton polarization. Accordingly,
spin-dependent asymmetry of tfie-*He elastic scattering
at the energy of 80 MeV/nucleon was measured. Polariza-
tion P, is obtained as

4He beam 4He beam

%ié'z i
SHT t
60 ia pt 3Py
v /
40 maximum
polarization
(t=14.3h)

20 |4
H
hiGasd
1 Np — Ng -20

Pp=——] 1 0 10 20 30 40 50
Y AyNL+NR ( )

0
(=}

T

NMR signal amplitude (arb. units)

Time (hour)

whereA, is the analyzing power, aml;, /Ny are left/right  Figure 1. Time development of proton polarization measured by
yields. The analyzing powet, of this reaction at the same  pulsed NMR. The vertical axis denotes the NMR signal am-
energy has already been measured by Togeva&[3]. De- plitude, which is proportional to the proton polarization. The
tails of the experiment are reported in this article. origin of the horizontal axis denotes the time when proton po-

2. Experiment lariation was started in the “up” direction.

The experiment was performed in the E3 experimentalrigurel2 shows a schematic view of the experimental
area of RIKEN Accelerator Research Facility. The energgp, ScatteretiHe particles were detected with a mul-
and the typical intensity dfHe beam were 80 MeV/nucleonyyire drift chamber (MWDC) and three layers of plastic
and 200 keps, respectively. The beam size on the target Wasytillation detectors placed downstream of the MWDC.
3 mmp (FWHM). ) ) The MWDC provides the scattering angle*éfe. TheAE

The target material was a single crystal of naphthaleggq i information is given by three-layers of plastic scin-
doped with 0.01 mol% pentacene. The cross section gfidiion detectors, whose thicknesses are 5 mm in the first
thickness of the target were 14 mnand 1 mm, respec-l%yer and 30 mm in the other.

n

tively. Protpns in the target were polarized at 8.8 mT a . Recoiled protons were detected with a pair of counter
100 K making use of a spontaneous electron allgnmenttm . . .

. . ; elescopes placed left and right sides of the beam axis. Each
the photo-excited triplet state of aromatic molecules a elescope consists of two layers of position sensitive silicon
of the cross-polarization method][ Figure[ll shows the P y P

time development of the NMR signal amplitude, which getectors (X-PSD, Y-PSD) and plastic scintillation detec-
I velop 9 pHtuce, whi Itors. The PSD has a 50 50 mn? active area divided into
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larizations are “up” and “down”. Here, indicd9 R repre-
sent the direction of scattering left/right afnfl represent

10 strips on the front face. Two PSDs with an orthogonalth direction of th larization un/down. Averaaed polar-
strip direction located at 120 mm and 140 mm from the tar-. © ction ot the po ation upidown. Averaged poia

get, respectively, provided scattering angles arid infor- ization P, is obtained as
mation of recoiled protons. ThE information of protons T )
B _ 1 \/NLNR_\/NRNL

was given by the plastic scintillation detectors.
y )
recoiled Ay \/N[TINI% + \/N]T{N[L/

proton % o —
beam
polarized \ monitor

proton target \ & stopper

)

/

canceling spurious asymmetry due to imbalance of detec-
tion efficiency and instrumental geometry.

Results obtained in X-PSD stripg7-10 ¢, = 62.1-
70.3°) are shown in Tabl&. The averaged proton polariza-
tion is observed to be[Z481.9 %. NMR signal amplitude is
e calibrated using this value. The maximum polarization dur-

/ scattered ing the experiment was then determined talbe + 6.3 %
vacuum chamber @ e corresponding to the point=14.3 h in Fig.1. The offline
30 & 55-mmthick MWOC 5 & 30-mm-thick maximum polarization, achieved 20 haiirs before the beam
pleste sent. plastc seint irradiation, wa23 + 9.1 %.

L ] L l
proton detectors “He detectors

IHe -

b

cooling chamber

\

X-PSD strip ID P, AP,
#10 ¢, =68.3-70.8) 2.9% 3.2%
#9 (0, =66.2-68.3)  4.0% 3.5%
#8 (9, =64.2-66.2) 7.5% 4.9%
#7 (0, =62.1-64.2)  6.1% 9.6%

#7-10 ¢, =62.1-70.8) 4.8% 1.9%

Figure 2. Schematic view of experimental setup. The distances
from the target to plastic scintillators féHe and protons are
approximately 1 m and 180 mm, respectively.

3. Results

The pt+“He elastic scattering events are identified by re-
quiring kinematical consistency to identified protons and
4He particles. Proton identification is mainly carried out
with the AE data from the PSDs antl data from the plas-
tic scintillation detectors. About half of the protons recoiled
to backward angle of 68—70do not fire plastic scintilla- 4. Summary
tor, since they have low energy of 10-20MeV. Part of these We have constructed a polarized solid target which can
protons can be identified by the energy loss correlation bebe operated under a low magnetic field of 80 mT at a high
tween X-PSD and Y-PSD. The overall efficiency of protontemperature of 100 K. The absolute value of the proton po-
detection and identification in the most backward strip (strigarization was measured via thie-*He elastic scattering.
#10) was about 7% while those in other strips were al- The averaged and the maximum value of the proton polar-
most 100:. Scattered'He particles were identified using ization were4.8 &+ 1.9% and 15.5 + 6.3 %, respectively.
the AE andE data from three-layers of plastic scintillation This target will be used in thg+°He elastic scattering ex-

Table 1. Averaged proton polarization obtained in X-PSD strips
#7-10.

detectors. periment where analyzing power is to be measured with im-
left-hand right-hand proved resolution and accuracy from the previous measure-
scattering scattering

X-PSD ment ]

Strip ID (Op)

#10 (68.3-70.3° )

#9 (66.2-68.3° ) References

#8 (64.2:66.2° ) 0 [1] T. Uesakeet al, Nucl. Instrum. Methods. A£26(2004)
#7(62.164.2° ) v - ‘ 186.

-15° -10° -5° 0° 5° 10° 15°

[2] M. Hatanoet al,, Proc. of 4th International Conference

Figure 3.The correlation between the proton recoiling angle and on Exotic Nuclei and Atomic Masses (ENAM 04), to
the*He scattering angle. Proton recoiling angle is represented be published.
by X-PSD strip ID. The broad lines in the left and right shoy3] H. Togawaet al, RCNP Annual Report (1987) 1.
the kinematically calculated angular correlation. [4] T.Wakuiet al,, Nucl. Instrum. Methods. A (in press).

[5] T. Wakuiet al, CNS Annual Report 2004 (2603Y.

Figure@ shows correlation between the scattering angle

of “He measured by the MWDC and the recoiling angle

of proton, represented by X-PSD strip ID. Clear peaks are

observed corresponding te-pHe elastic scattering events.

Yields N}, N}, Ni, andN}, are obtained by integrating the

peaks of left and right detectors in both cases where the po-
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One of the interesting problems for the few-nucleon systemThe measurements for the forward angular regiop, (<
is the three-nucleon force (3NF) properties. 60°) were carried out at the neutron time-of flight (NTOF)
Recently, highly precise measurements of dpeelastic facility [4] at RCNP. The polarized neutron beam was also
scattering for the deuteron energiesiif = 140, 200 and produced by the'Li(7, 7i) reaction. The produced neu-
270 MeV have been performedl][ The calculations with trons bombarded the deuteron target which was located 2
NN forces only fail to reproduce the data of cross sectionsdownstream froniLi target. The deuterated liquid scin-
and vector analyzing powers, but these discrepancies tiltaetor BC537 was used as the deuteron target and the co-
filled by adding the 2 exchange 3NFs. These results sufncidence measurements were performed. To remove the
port the prediction that théVd elastic scattering at inter-background events originating from the gamma rays, we in-
mediate energy is a good probe to study the 3NF effedt®@duced thewy discrimination method. The scattered neu-
However, it should be noted that all discussions are madetins run through 70 m distance and detected by NPOL II.
the comparison between the precigedata and the rigor- The energy of the detected neutron was determined by the
ousnd Faddeev calculations because performing the thr8@®F technique.
body calculation with the long-range Coulomb repulsion is The results of the differential cross sections and vector
extremely difficult. analyzing powers are shown in F[f.by solid circles and
To study the 3NF effects in a Coulomb-free system, veguares with statistical errors only. Dark (light) shaded
have carried out theld elastic scattering at 250 MeV atbands represent the results of Faddeev calculations with
the Research Center for Nuclear Physics (RCNP). We méaithout) the Tucson-Melbourne 3NE][ Solid and dotted
sured the differential cross sections and vector analyziimes represent the calculations with AV18+UrbanalX-3NF
powers ford,.,,, = 10° — 180°. To cover such a wide angularand CD-BONN+TM-3NF respectively. Concerning about
region, we applied two kinds of technique to perform the differential cross sections, it can be seen that the cal-
forward and the backward measurements, respectively. culations including 3NF better reproduce the data but still
underestimate largely at backward region. These discrep-
The Measurements for the backward angular regiancies may be an indication of the relativistic effed@k [
(0.m, > 60°) were carried out at then(p) facility [[2] which are not taken into account in these calculations. The
at RCNP. The nearly mono-energetic polarized neutrdata of the vector analyzing powers contain large statistical
beam was produced by thei(7, 7)"Be(g.s.+0.4 MeV) re- errors but these are consistent with fiiedata within the
action at 250MeV. We used the self-supporting deuterat®tstematic error of th&d data. We can see that the calcu-
polyethylene (CB) sheets3] with a thickness of 100 — 220lations fail to reproduce the angular distribution of the data
mg/cn? as the deuteron targets. The deuteron targets até.,, =110° ~14(C.
mounted in the multi-wire drift chamber (MWDC). In this As predicted in Ref.[{], the effects of the 3NF are ex-
work, we have also measured the scattering for the nor- pected to be relatively large at higher energy. On the other
malization. Then we used the polyethylene (ldheets hand, a precise measurement of thitotal cross section
with a thickness of 90 — 190 mg/énas proton targets. The[8,[9] revealed that the corrections resulting from relativis-
recoil deuterons or protons were momentum analyzed timykinematics are comparable in size with the 3NF effects at
Large Acceptance Spectrometer (LAS). higher energy. Very recently, the relativistic Faddeev calcu-
lations have been performed for thée elastic scattering at
250 MeV [1Q]. In Fig. 2 we show the non-relativistic (solid
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Figure 2. The differential cross sections for thel elastic scat-
n+d tering at 250 MeV (solid circles and squares). The solid line
at 250 MeV is the prediction with CDBonn only and the two kinds of rela-
tivistic predictions with different approximations (dashed and
dotted lines) are also shown.
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Figure 1.Differential cross sections and vector analyzing powers

for therid elastic scattering at,E= 250 MeV. The solid circles 0.6—

and squares (open circles) are the resul8d{pd) measure- F % |

ments. The statistical errors are shown in the figures. The 0.4 oo oo a0

Faddeev calculations including various NN potentials with Ocm. [deg]

(dark shaded band) and without (light shaded band) TM-3NFigure 3.The ratio of the cross section pfl to that ofnd. The cir-
AV18+UrbanalX (solid line) and CD-BONN+TR3NF (dot- cles shows the results deduced from the data of this work and
ted line) are also shown. the pd data. The solid line shows the theoretical predictions

. N . - deduced by including the Coulomb interaction approximately.
line) and relativistic (dashed and dotted lines) predictions. y g PP y

It should be noted that all relativistic calculations inclqu] Y. Maedaet al, Nucl. Instrum. Methods. 490(2002)
no 3NF. We can see that the fully relativistic calculations 518,
improve the fit to the data &t,, >160° but improvements [4] H. Sakaiet al, Nucl. Instrum. Methods. 869 (1996)
are not enough. 120.

We have also carried out th& measurements at 25Q5] S.A. Coonet al, Nucl. Phys. A317(1979) 242.
MeV [17] and these results are shown by open circles. Tf{l@'ﬁ H. Witataet al, Phys. Rev. 72111 (1998)
allows us to compare thed andpd data directly. In Fig. [7] H. witata, W. Gbckle, J. Golak, A. Nogga, H. Kamada,
[3 the ratio of the cross sections are plotted with open cir- R skibiiski and J. Kuré-Zotnierczuk, Phys. Rev. 63
cles. The solid line represents the theoretical prediction at (2001) 024007.
250 MeV [12] which is based on the CDBonn. In the calig] w.p. Abfalterergt al, Phys. Rev. Lett81 (1998) 57.
culation of thepd elastic scattering, the Coulomb force isg] H. witata, H. Kamada, A. Nogga, W. Gtkle, Ch. EI-
included in an approximate wajit§|. The magnitudes of  gter and D. Hiber, Phys. Rev. 69 (1999) 3035.
the discrepancies from unity are much larger for the dat@)H. witata, et al, Phys. Rev. 71 (2002) 054001.
than for the prediction. However the angles where the d@{a k. Hatanakeet al, Phys. Rev. G6 (2002) 044002.
cross unity around..,,= 110° are well reproduced by the[12]H4. Kamada, private communication.

theoretical prediction. [13]P. Doleschalkt al, Nucl. Phys. A380(1982) 72.
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It is well known that many light nuclei possess a prominenthere 7, is the isospin Pauli matrix defined by |p) =
cluster structure and the particle plays an important role—|p) andr.|n) = |n).
as a constituent of the cluster state. Such cluster structureSor light self-conjugate ¥ = Z) nuclei, it is expected
are generally observed near thedecay threshold energythat the neutron transition strengths are similar to the pro-
as expected in the lkeda diagradj.[ For example, it has ton transition strengths under the assumption of the charge
been suggested that the 7.65-M8Y state in'2C has an symmetry. Thus, the isoscalar quadrupole strengths are ob-
3a-cluster configuratiorid]. This state located at 0.39 MeVtained only from the proton transition strengths. For the
above the @-decay threshold energy has a structure whesther nuclei, however, the neutron transition strengths could
3« clusters interact predominantly in relatiSevaves|B].  be different from the proton transition strengths, and the
Recently, the Gamow-Teller (GT) and spin-flip/1 isoscalar strengths must be determined by different mea-
strengths in'!B were successfully measured and it wagirements.
found that the3 /25 state in''B is not described by the shell One possible method to obtain the isoscalar transition
model calculationsq]. This state is located &, = 8.56 strengths is to measure tl#2 strengths for mirror nuclei.
MeV where it is just 100 keV below tha-decay thresh- However, since mirror nuclei of stable nuclei are gener-
old. This3/2; state is, therefore, inferred to be a cluslly unstable, it is difficult to measure decay properties of
ter state. For further clarification, it is necessary to mesuch unstable nuclei. Especially, for nuclei with non-zero
sure quadrupole excitation strengths. The quadrupole exgibund-state spin, the extraction of ti#2 strengths be-
tations are one of the most fundamental excitation modesomes difficult because not only the quadrupole transition
nuclei, and the excitation strengths are closely related to the also the other multipole transitions are allowed. In case
nuclear structure. of the A = 11 system, the2-decay strengths were mea-
The quadrupole excitation strengths were extensively exied for several low-lying states in stabl® nucleus, but
amined by means of-decay measurements. However, theo E'2 strengths were known for the excited states in unsta-
electromagnetic probes are sensitive only to protons but bte ' C nucleus.
to neutrons. Most of the cluster states in nuclei are excitedAnother possible method to obtain the isoscalar transi-
by the isoscalar transitions in which both protons and neien strengths is to measure the hadron scattering. Hadron
trons carry the transition strengths. Therefore, the isoscaaattering provides a good probe for excitation strengths be-
guadrupole transition strengths should be measured.  cause there is a good proportional relation between the cross
The electric quadrupole F2) strength [B(E2)] and sections and the relevant excitation strengths. Since both
isoscalar quadrupole strendtB(E2; 1.5)] are described by the isoscalar and isovector strengths coherently contribute
to the excitation strengths iV£Z nuclei with non-zero
B(E2) = 1 |M(p)|2 o2 ground-state isospin, isoscala}r probes Iike.deyterdm-ler
2J;+1 ’ should be used to extract the isoscalar excitation strengths.
1 In the present work, the elastic and inelastic deuteron
27, + 1 scatterings from!B were measured to obtain the isoscalar
guadrupole excitation strengths'itB.
where J; is the spin of the initial stateM (p) and M (n) The experiment was performed at the Research Center
are the proton and neutron quadrupole transition matrix & Nuclear Physics, Osaka University, using a 200-MeV
ementsM (p) andM (n) are given by polarized deuteron beam. The detailed explanations for the
experimental procedures have been given in Réjfahd
references therein. THéB(d, d’) cross section is given by
an incoherent sum over the cross sections for the different
multipole transitions. Since the angular distribution of the
cross section for each multipole transition changes depend-

B(E21S) = M (p) + M(n)[?.

M(p) = S0 = 7)Y i),

M) = {10+ 7)r2Ya ),
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Experiment Shell model AMD-VAP
J" E. B(E2;1S) B(E2) B(E21S) B(E2) B(E21S) B(E2)

(MeV) (fm*) (e*fm*) (fm*) (e*fm*) (fm*) (e*fm*)
1/27 2.12 11+2 26+04 12.0 1.8 11.9 2.0
5/27 4.44 56 + 6 21+6 495 16.5 67.5 194
3/245 5.02 4.7+1.5 <13 14.2 1.7 2.9 0.05
/27 6.74 38+4 3.7+ 0.9 42.9 4.4 35.8 3.9
3/2; 856 <35 4.0 0.5
5/2, 892 04403 16+£12 0012 0.014 1.1 0.3

Table 1. Measured isoscalar quadrupole strengB{$2; I.5) for several transitions in*B compared with the electric quadrupole
strengthsB(E2) taken from Ref.[B]. Theoretical predictions by the shell modé] knd AMD-VAP calculations are also listed.

ing on its transfered angular momentum, it is possible ¢arried by the cluster and shell-model-like components, re-
decompose the cross section into each multipole comgpectively. In the other words, the cluster component carries
nent by measuring the angular distribution. The isoscaldmost no spin-fliph/ 1 strengths while the shell-model-like
guadrupole strength is obtained from the cross section émmponent carries almost no quadrupole strengths . This
the AJ™ = 2% transition. AMD-VAP prediction is consistent with the fact that the
The obtained isoscalar quadrupole strendgBi&'2; 7.S) shell model calculation reasonably well estimates the spin-
are tabulated together with the(F2) values taken from flip M1 strength but not the quadrupole strength for the
Ref. [B] in Table[ll Although the3/2; state atE, = 5/2; state. Both the shell-model-like and cluster structures
8.92 MeV can be excited by thAJ™ = 01,17, 2" and3™ are, therefore, necessary to explain the experimental result
transitions, the main part of the transition is due¥d™ = on the5/2; state. As a conclusion, the present result sug-
0*. Since the observedJ™ = 07 transition strength is gests coexistence of the two different structures irbjes
much stronger than the expect&d/™ = 2+ strength, the state.
AJ™ = 2% component of the transition strength can not be In summary, we measured the cross section for the
reliably extracted for th8/25 state. 11B(d, d') reaction to study the isoscalar quadrupole excita-
The experimental values are compared with the recéioh strengths. The obtained isoscalar quadrupole strengths
shell model calculation by Suzuki, Fujimoto, and Otsuksere compared with the shell model calculation with the
(SFO) B] and the variational calculation after spin-parit$sFO interaction and the AMD-VAP calculations. It was
projection (VAP) under the framework of the antisynmfound that thed/2; state has a well-develope@d + ¢ clus-
metrized molecular dynamics (AMDJ]. Since the shell ter structure while thé/2; state has both the cluster and
model prediction with the bare electric chargespf= 1 shell-model-like structures.
ande,, = 0 underestimates the experiment by a factor of 2—
3, the effective charges are introduced to improve the the-
oretical prediction. The shell-model values in Tallare
calculated using the effective chargesegf/ = 1.24 and
e¢/7 = 0.22. On the other hand, no effective charges a
used in the AMD-VAP calculation.
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1. Introduction tion to understanding of few-nucleon systems and many-

RI beams have a variety of isospif’), internal energy nucleon forces which are to be tested by precbeini-
(mass excess) , and spifi)( while light stable beams sucHio calculations with modern nucleon-nucleon interactions.
as proton, deuteron, afddHe haveT, S < 1 and the min- The systems are also interesting from the viewpoint of the
imum internal energies among isobars. Due to the propéfits in the nuclear system beyond the neutron dripline
ties, RI-beam induced reactions can have a unique poter¥{figre correlations in multi-body scattering states play an
to be used t@robenuclear many body systems. essential role.

RI beams produced in RI beam factory (RIBF) at RIKEN There are several theoretical works on the existence of
will have an energy ranging 100-300 MeV/A which is modhe three- and four-neutron states, where neither bound
appropriate for spectroscopic purposes. It is well knov@fates nor resonant states are predicted by using modern
that, at these energies, nucleon-nucleon interaction is wecleon-nucleon interactiori$,P]. Experimentally, no evi-
est and thus a nucleus is most transparent. As a nat@@nce has been found in the direct reactions between heavy
consequence of this, absorption or distortion effects shoiff@s and ¢~,7 ) reactions until a few years ag8][ How-
be smaller than at lower or higher energies. Particular eBYer, possible candidates of neutron clusters have been re-
phasis should be also placed on additional advantange®@fted recently in breakup reactions of neutron-ricBe
100-300 MeV/A beams that the spin-isospin modes gt@amsil, where correlating neutron cluster(s) in neutron-
most strongly excited relative to the spin-isospin indepefich nuclei is considered.
dent ones. The spin-isospin excited states are most clearl{f) the SHARAQ project, we plan to approach four neu-
observed in this energy region. tron final states via the double charge exchange (DCX) re-

Full use of these unique properties of Rl beams frof¢tion (He Be) on‘He , where the momentum transfer is
Radio-Active Quantum beanis SHARAQ. CNS has de- €nergy of the®He nucleus. Information on the final states
cided to concentrate its major resources on the SHARAZYeduced from the missing mass spectra of the DCX reac-
project and to construct a high resolution magnetic spé@n- This DCX method is also argp;led for the heavy hydro-
trograph, SHARAQ spectrograph. Physics investigation @§n isotopes such &§H by using®” Li targets. N
the SHARAQ project are described in the next section. InGiant resonances which have been hardly within the

section 3, overview of SHARAQ spectrograph is presentdgach of conventional probes can be effectively populated
by RI-beam induced single and double charge exchange

. . reactions. They are isovector spin monopole resonance
2. Physics with SHARAQ (IVSMR) and do)L/JbIe Gamow-TeIIepr resonanrt):e (DGTR).
2.1. Charge exchange reactions IVSMR is a compressional mode with an operator of
Charge exchange reaction is a tool to probe larger (sorges-2 and its excitation energy and width are related to the
times smaller) isospin states. It is also useful to deduggn compressibility of the nuclear matter. Only one ex-
spin-isospin responses of nuclei. The reactions inducedd¥fimental evidence was reported in then) reactions
light stable nuclear beams have been proven to be effectiyegoo MeVv B] indicating its excitation energy of 20—
to investigate excited states at low excitation energies. 50 MeV for the 3~ direction. In order to establish the
However, when extended to higher excitation energiegsMR, exothermal heavy-ion charge exchange reactions
they are sometimes less effective than at lower excitati Fbbing the spin-isospin strength at nuclear surface around
energies. This is mainly due to large momentum transtgso MeV/nucleon are the best tool. Since the transition den-
which necessarily accompanies the reaction. Since staf@p of I\VSMR changes its sign inside a nucleus, the surface
of interest here can be most clearly observed at small m@nsitivity is indispensable property of the probe to avoid
mentum transferg ~ 0, a new method to approach th@ndesirable cancellation of the strength. TH&N, 12C)
highly excited states should realize~ 0 and largew si- and (12B, 12C) reactions for thed~ and 3+ directions, re-
multaneously. This can be uniquely achieved by exothernagctively, are the best tools due to their large positive Q-
charge exchange reactions induced by Rl beams. By usggfjes.
the reactions, we will be able to produce states which haveDGTR, which is of particular importance in relevance to
been hardly obvserved so far, for example, multi-neutrg@uple beta decay, is still unobserved experimentally, while
systems, isovector spin monopole resonance, and doyiger multi-phonon giant resonances, such as double iso-

Gamow-Teller resonance. o baric analogue and double giant dipole resonances, have
Multi-neutron systems attract much attention in connec-
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been observed via ther™, 7~) reactions. Attempts to findthe new spectrometer is designed to change the bending di-
double Gamow-Teller strengths via the heavy ion doubiection between two dipole magnets (back-beding configu-
charge exchange reactions have been made at GANIL aaiibn) as shown in Fidll

at RCNP by using th¢'®0, 18Ne) and the(!!B, !!Li) re-  The new spectrometer consists of three quadrupole mag-
actions, respectively. No clear evidence has been foundhets and two dipole magnets. Horizontal trajectories are
far. The(?°Mg, 2°Ne) reaction is a suitable tool to probeschematically shown in Fidll Particle trajectories are
the double Gamow-Teller states in several respects. In trawn forAz = £2 mm, A = £30 and 0 mr,Ap/p =
reaction, an energy used to excite the target nucleus, typB%, as a result of a third-order ion optical calculation.
cally £, ~ 20-30 MeV for the double Gamow-Teller resAccording to the third-order calculation, the angular accep-
onance states, is provided from the internal energy of ttace is60 mr x 200 mr = 12 mSr and the momentum bite
20Mg neucleus. As a result of this, momentum-transfer 6%, which satisfy our design goal.

measurement can be kept as smalk&MeV/c at 0 and at
E/A = 300 MeV. This exhibits a striking contrast to the the |
(80, '®Ne) and the(*' B, ''Li) reactions where larger mo- |\
mentum transfers is necessarily accompanied. It should bg
also emphasized continuum background is expected to be\ /|
considerably suppressed in tfiéMg, 2°Ne) reaction due
to the recoilless condition af ~ 0.

e}
e}
1=

2.2. Multi-nucleon transfer reactions
Another application of SHARAQ is a measurement of

nuclear mass in the vicinity of the r-process. Interesting

reactions for the present purpose include massive neutron

transfer reactions liké'®C, 1°C) (+8n), massive proton rigyre 1.Schematic view of the magnet layout. Particle trajecto-
pick-up reactions likg(**C,*°Si) (—8p). Although these ies are drawn forz = +2 mm, A9 = 30 and 0 mr, and
reactions involve many-nucleon transfers, the reaction Q- A/, = +3% as a result of a third-order ion optical calcula-
values are very favorable, because the reaction Q-values argjyp,
nearly zero or positive. The latter reaction, however, is less
feasible because of the energy matching conditions due td\ resolving power ofAp/p = 1/15000 can be expected
the large charge change. If there is some coherent trandfaérbeam position is detemined with a accuracy\of = 1
process of paired protons, the cross sections m|ght be Mea. The horizontal and vertical Scattering angles can be
so small. Itis an interesting subject to be investigated, a#@termined from the horizontal angle and vertical position
could be a unique probe for investigation of the r-procedtthe focal plane.
nuclei. It may be difficult to discuss the reaction mechanism!n the measurement using a high resolution spectrometer,
for these reactions, but they are useful to identify the nucl@afomentum spread of the beam usually limits the result-
levels and also to determine the nuclear masses. This stii@yenergy resolution. This is much more serious when we
enables us to study the levels not only of bound states B§€ secondary radio-active beams. A dispersion matching
also of neutron resonant states. The particle identificatidBghnique or an event-by-event monitoring of the beam mo-
would not be so serious, but the cross sections need toTgntum will be introduced for the purpose to compensate
investigated carefully. the momentum spread of the Rl beam. Effectivenesses of
One of the crucial mass regions that we try to investhe two methods depends on the beam intensity. The beam-
gate is the waiting point regions of the possible r-procesdifie needs to have a large dispersion at the SHARAQ target,
N = 82 and 126. The r-process pathways predicted diféd detailed investigation is in progress.
strongly depending on the mass formulae used. The Wajlstarences

ing points there are roughly 7 — 12 protons away from t

. L ; : L A. Hemmdan, W. Gicle, and H. Kamada, Phys. Rev.
I f stability. Thus, I I th t ' ’ '

ine of stability. Thus, some crucial nuclei near the waiti C 66 (2002) 054001.

points can be reached by the multi-proton pickup reactio .
- ; N.K. Timofeyuk, J. Phys. @9 (2003) L9.
These studies are very useful for learning the shell clos% D.R. Tilley, H.R. Weller and G.M. Hale, Nucl. Phys. A

in th [ f -rich le h
in the region of very neutron-rich, unstable heavy mass 541(1992) 1.

gion even if the transfer reaction really does not reach t&? Marqeset al, Phys. Rev. 5 (2002) 044006

i int nuclei.
waring point nuclel [5] D.L. Proutet al, Phys. Rev. B3 (2000) 014603.
3. Design of Spectrometer [6] R.G.T. Zegersgt al, Phys. Rev. Lett90(2003) 202501.

SHARAQ spectrograph is designed to achieve a momen-
tum resolution ofp/p = 1/15000 for particle with mag-
netic rigidity of Bp = 6.8 Tm at maximum. Normal-
conducting dipole magnets with an orbital radius of 4.8 m
are needed to meet the design criterion. Since the availale
space of the experimental area in RIBF building is limited,
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Progress of the PHENIX Experiment in the Year 2004
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N. Kurihara, S. X. Oda, Y. Morino, S. Saito, J. Kiku@hl. YamagucHt and Y. Tanak8,
for the PHENIX Collaboration
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1. Introduction lision data both at,/syy = 200 GeV and.,/syy =

Experimental studies at the Relativistic Heavy lon Collidd2-4 G&V. In RUN-5, Cu + Cu collisions instead of Au +
(RHIC) of Brookhaven National Laboratory, USA, has beeft collisions were employed, in order to have controlled
producing many interesting results since the first succesd@fe for collisions between light-mass nuclei. 8.6 G events
collisions between Au ions in June 2000. The goal of tH¥ere accumulated af’syy = 200 GeV, and 1.1 G events
studies at RHIC is to find evidence of the QCD phase tran&L/0OWer energy,/sy ' = 63 GeV. After the heavy ion runs,
tion from normal nuclear matter to deconfined quark matté,Polarized proton run ay/syy = 200 GeV is continued
called quark-gluon plasma (QGP), and to study the prop&-the next fiscal year.

ties of the hot QCD matter. 3. Activities of the CNS group

engﬁmCel\rf V%L?gﬁ i:?)iebsfe tr;g;r;l%l Fzgngr;;g;ssthgm he CNS group had several distinct activities in the JFY
P ’ ) P 004. Only brief introductions are provided in this article,

A schematic view of the the PHENIX experimental setu

is shown in Figll It consists of two central arms (Easélrgl detailed descriptions will be found in the separate arti-
and West), two muon arms (North and South) and innér

detectors for event trigger and event characterization. Thé- RICH and AEROGEL operation _
PHENIX experiment aims to address as many signaturesl&$ RICH (Ring Imaging CHerenkov) subsystem, which
possible for QGP formation, by having a very unique capl§- & Cherenkov counter using ¢@s a radiation gas, is
bility to measure photons, electrons and muons as well&gnain device for electron identification of the PHENIX
hadrons. experiment. The CNS group has been responsible for its
In this article, progress of the PHENIX experiment angnaintenance, operation during the run, and calibration for

the activities of the CNS group in the Japanese fiscal yé#@ta analysis. The RICH subsystem worked without serious

PHENIX has unique capability of identifying charged

- 'f.’ e [ 4 hadrons in a wide momentum region, with the high-

(- resolution TOF and RICH. With increase of interest to the
hadron production in the medium to high momentum re-
gion, extension of particle identification (PID) was made
by adding an AEROGEL Cherenkov counter with refractive
indexn ~ 1.01. The AEROGEL project, carried out by the
collaboration of Tsukuba, BNL, Russia and CNS, was com-
pleted in this year, and was successfully used in the RUN-5.
Performance of the AEROGEL counter and preliminary re-
sults are described in Refl]|

3.2. Data analysis and results

Four physics papers were published from the PHENIX col-

laboration in JFY 2004, as listed in the publication list of
~= this annual report. Several others have been submitted and

stz = (S are in different stages before final publication.

Major efforts of the CNS group has been on the physics
Figure 1.Layout of the PHENIX experiment. with photons and leptons, and various achievements were

made as described below.
Single photon is considered to be a sensitive probe of var-
2. Year-5 RUN at RHIC ious stages of collision processes, with its property of pen-
In the JFY 2004, the latter half of the fourth physics rumtration through dense matter. Detecting single photons is
RHIC RUN-4, and the first half of the fifth physics runchallenging because of very low production rate and com-
RHIC RUN-5, were successfully executed. In RUN-feting backgrounds. The PHENIX succeeded in measuring
PHENIX collected a significant amount of Au + Au coldirect photons from pQCD hard process in Au + Au col-

45



lisions. The result clearly demonstrates ti\t,;; scaling foils, was originally developed at CERN. The CERN-GEM
holds well for pQCD hard photon production, as describéas an intrinsic problem of gain variation due to charge-up,
in Ref. [2]. The result also provides strong support to thend a new method of piercing the holes was recently estab-
interpretation that the jet quenching is a final state effectlished to reduce significantly the variation. Current status is

Systematic studies of jet quenching effect is neededpesented in Reflg].
understand better the energy loss mechanism and propertigsmicro-TPC (Time Projection Chamber) prototype with
of dense matter. For that purposé,productionin Au+ Au GEM'’s for electron multiplication were developed and
collisions was investigated at a lower energy,8fxyy = tested using the unseparated beams from KEK-PS. Perfor-
62.4 GeV taken in the RUN-4, and preliminary results ammance of this prototype is presented in R8J. [
presented in Ref3]. 3.4. R&D of ALICE TRD

Single electron production in p + p, d + Au, and Adhe CNS group has being involved in the R & D effort for
+ Au collisions has been investigated. Sources of singlfe development of TRD (transition radiation detector) in
electrons are categorized into two; ‘photonic’ and ‘nomhe ALICE experiment at CERN-LHC, which is planned
photonic’. Main ‘non-photonic’ sources at the RHIC enefp start operation in 2007. The TRD, when installed, will
gies are leptonic decay of charm and bottom mesons, whigfavide unique capability of electron identification to the
are considered to be good probes of hard processes. ‘PRAQCE experiment.
tonic’ sources, majority of which comes from Dalitz decay The CNS group participated in the test of TRD large-
of neutral mesons and external conversion of photons, gkgle prototypes using secondary beams from CERN-PS in
severe background sources for measuring ‘non-photonjge fall of 2004. The prototypes have the same size with the
sources. Converter method was employed to estimate ghgduction ones, with prototype electronics installed. Per-

subtract the photonic background sources, which is c@grmance of TRD performance are currently under investi-
sidered to have smaller ambiguity compared to a Cockigétions [LJ).

method which depends heavily upon the simulation. Cur-
rent status of analysis efforts are described in F@f. [ 4 Summary and Outlook

Suppression off /¢ yield has been considered to be i the year 2004, the PHENIX experiment had two suc-
direct evidence of deconfinement. Recently, possible @gssful runs, RUN-4 and RUN-5, and had archived large
hancement of the yield has been proposed by theorigigount of data for Au + Au and Cu + Cu collisions at
which is due to coalescence production/gi) from charm /sy~ = 200 GeV and,/syn = 63 GeV, as well as polar-
and anti-charm quarks in QGP phase or in the hadronizatié@d p + p collisions.
stage. The CNS group has been taking leading roles in thdhe major activities of the CNS groups are presented,
analysis of.J /1 productions through electron-positron dewhich includes data analysis efforts, R & D efforts related
cay channel. Thd /4 production in d + Au collisions from to GEM, and ALICE TRD.
RUN-3 is in its final staged], whose result should serve agaferences

a reference to.thz_at in heavy ion coII|S|on§. T,J_ﬁ;éz/}_weld [1] N. Kuriharaet al, CNS Annual Report 2004 (2005}
as well agpr distribution for a few centrality bins in Au + ] T. Isobeet al, CNS Annual Report 2004 (20058
Au collisi has b limi btained from the RUN=1 _~
4T6(J:0 ISI1ons has been prefiminary obtained om the KUB3) 1 sakaguchiet al, CNS Annual Report 2004 (2005)
I tant h subjects still left t RHIC .
mportant research stibjec's St 1eft over a 213 F. Kajiharaet al., CNS Annual Report 2004 (200B2

low-mass vector mesons and low-mass lepton-pair coni@L )
uum. Measuring vector mesons via lepton-pair decay ch Kametaniet al. CNS Annual Report 2004 (2005)

nel is crucial in order to extract information relevant to chj- .
5] T. Gunjietal, CNS Annual Report 2004 (20058

ral symmetry restoration. Importance of low-mass lepto
pair continuum originated from thermal sources cannot K. Ozawaet al, CNS Annual Report 2004 (20063

over-emphasized. Huge combinatorial background ma Y. L. Yamaguchiet al, CNS Annual Report 2004

L : : . 2005)93
it impossible to deduce clear signals of light-mass vec (
mesons. Current status of analysis of low-mass electrgL S. X. Odaet al, CNS Annual Report 2004 (20083

pairs are presented in re¥][ HBD (hadron blind detector), O]Y. Morino et al, CNS Annual Report 2004 (20081

which is the gaseous Cherenkov counter with a UV-photon
detector, is the most promising yet ambitious detector for
reducing background sources, and the current status of its
development for the PHENIX experiment is also mentioned
in the report.

3.3. R & D efforts

GEM (gas electron multiplier) has been a central subject of
detector development and application of our group in the

last few years. GEM (gas electron multiplier), which has a

very simple structure having regularly arrayed holes pierced
through a Kapton sheet coated at both sides with copper
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1. Introduction ergy distributions, and correcting for hadron contamination

The suppression of high transverse momentups) ( @nd PID efficiency. The photon PID is realized by con-

hadrons in central Au+Au collisions called as "jet quenchisting likelihood functions from several quantities mea-

ing” has been of great interest since its first discovery Byred by EMCal such as shower shape or ratio of ener-

the PHENIX experiment at RHIGI]. The question has 9/€s among towers, and by applying thresholds to them. It

been asked' however, whether or not the phenomenon |§%$.U|ted in a Significant reduction of hadronic clusters in

tributed to energy loss of hard-scattered partons in a hot &A@ sample. Since the ratio ofto 7° cancels their com-

dense medium (final state effect). mon systematic errors, the excess of the measured pho-
Photons are excellent probes for extracting the dirdef over the estimated background photon is evaluated in

information of where they are produced because they @8MS Of R, = (7/7°)measured/(7/T°)estimatea (double

not interact strongly with medium once produced. Thu&tio). The direct photon spectra are extractedas..: =

they are expected to provide hints to answer questidis— By ') - Ymeasurca- The final systematic errors on the

of whether the jet quenching is due to initial or fina$Pectra are at the level 6f15-20 % B.

state effect. The leading process of photon productign Results

is dominated by compton scattering of quarks and gluons_, . :

(@(@)g — q(g)7) and the annihilation of quarks and anti- Fig. [ shows they/=° double ratios over various cen-

quarks 7 — g7), and the next leading process is domF_ralities in Au+Au collisions together with next-to-leading

nated by bremsstrahlung and fragmentation. order (NI.‘Q) pQCD cal_culatipn .scaled by the number of bi-
In this report, the latest results on direct photon me32" collisions shown in solid line¥]. The shaded bands

surement from the PHENIX experiment are shown, and the
source of photons is discussed.

- 10-20%

A

: 20-30%  30-40%

E - E

3 A 3 +’
— ceceseasete® T o ;

60-92% MinBias

 0-10%

2. Detector and Analysis

The description of PHENIX detector can be found in the
literature P]. In this analysis, electromagnetic calorime-
ter (EMCal) was used for measuring the energy of pho-
tons. The EMCal consists of six lead-scintillator sandwich
type calorimeters and two lead-glass homogeneous type
calorimeters. The drift chambers and pad chambers were
used to track charged patrticles to estimate charged hadron T ___,,,-»//
contamination in EMCal clusters. e b
The analysis of direct photons requires determining back- Py (Gevic) Py (Gevic)
ground photons decaying from known hadronic sources  Figure 1.7/7° double ratios in Au+Au collisions.
such as7® and . PHENIX has measured the;
spectra of 7 up to 13GeV¢ in Au+Au collisions at on the data points show the systematic errors, and the bars
V/snn=200GeV [B,4]. The momentum spectra ef and are the statistical errors. The shaded bands around the lines
other hadronic sources were estimated by using a fit"to show the uncertainty of the pQCD calculation. The magni-
pr spectrum and applyingwr scaling: pr — (pr? — tude of the excess at and abgve~4 GeVik increases with
M,? + Mh2)1/2. The normalization factor of./7° at increasing centrality of collisions, and is consistent with the
pr = oo is obtained either from simulation or measuresalculation. Figl2shows the direct photon spectra extracted
ment. In case of), /7 was measured to be 048.05. as described in the previous section. The lines show the
The number of photons decaying from known hadronsame NLO pQCD calculation scaled by the number of bi-
sources are then obtained from these spectra. nary collisions. It is clearly seen that all nine centralities
The inclusive photon spectra were reconstructed by apeluding minimum bias are well described by the calcu-
plying several photon ID cuts on the measured cluster éation. Fig.[3 shows nuclear modification factdt44 as a

(y/T[O)Measured / (V/T[O)Backg round

ORNWAUIOORNWAUID OFRNWNUTOD
T LA |
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secondary interaction of a lyard scattered parton with ther-

102F ) . . . .
L ® 200 GeV Au+Au Direct Photan mal partons in the mediun8]. In this plot, hard process is
10_1: — <N,,>scaled NLO pQCD
= . PHENIX data (0-10% Au+Au 200 GeV)
- -1
N’; 10'47 o 5 NS\]'O E All Photons (Fries et al.)
() = MinBias x 10 8 F
% 10_7 : . \\01102 ? Jet-Photons (Fries et al.)
& L 0-10% x 10 ng_ E LO pQCD Direct-Photons (Fries et al.)
ZT%:— 10_10: 10-20% x 102 U,_u-fba? rrrrrrrrr Bremsstrahlung-Photons (Fries et al)
z E
he]i=X - F
=3 13 L 20-30% x 10 10
> 1o E
z 10 - ! 30-40% x 10° i
& ek 10°;
- E 1076 40-50% x 10° F
o~ F 100
10°19E 50-60% x 107
L 7
2 L 60-70% x 1072 10
107 i
= 70-80% x 10 1085 b b b s
i 0 2 4 6 8 10 12 14
107 80-92% x 10° pr (GeVic)
Db b beed b b e b be Figure 4. Comparison of the same data with a model including
0 2 4 6 8 10 12 14 16 18 jet-photon conversion process.

pr (GeVic) calculated in leading-order pQCD with primordia}, and
Figure 2.Direct photon spectra over centralities. the next-leading-order contribution is partly compensated
i , . by bremsstrahlung process indicated in dotted lines. Al-
function of centrality, represented BY,q.. The Raa IS 6,gh the pQCD calculation does not take full NLO pro-

defined as: cesses into account, and therefore there is a possibility of
(1/NAAE”t)d2NAA/dedy underestimating the hard process contributions, the result
Raa= < Neow > Joinel - dsa,, [dprdy’ suggests that the amount of the signal seemqimegion of

4-6 GeVt is related with the existence of QGP.

The dotted lines show the uncertainty on the number_of .
5. Conclusion

Direct photon measurements in Au+Au collisions at

2R ® 200 GeV Au+Au Direct Photon /Snn=200GeV from the PHENIX experiment at RHIC
i O 200 GeV Au+AuT® are presented. The yields fpr>6 GeVk are found to

be consistent with NLO pQCD calculation scaled by the
number of binary collisions. The result confirmed that the
— photons observed are produced through a hard scattering
process in the initial stage, and the suppression of high
hadrons is attributed to a final state effect.

Raa(pr > 6.0 GeVic)

oll References
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Figure 3.Nuclear Modification Factor 4 4) for integrated yield 469.
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¢From these results, we conclude that the hard scat@l-R-J- Fries, B. Miller and D.K. Srivastava, Phys. Rev.
ing process at the initial stage follows the number of binary Lett. 90(2003) 132301.
collisions scaling, and a large suppression of highr® is
attributed to the final state interaction with a dense medium.

4. Beyond hard process photons

There have been several theoretical predictions on photon
contributions on top of hard process. Figshows a com-
parison of 0-10 % central PHENIX data-with a model in-
cluding jet-photon conversion process. The jet-photon con-
version is expected to occur, in the existence of QGP, by a
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1. Introduction Minimum Bias (MB) trigger information is generated us-

Heavy-quark (charm and beauty) measurements prowig@ two Beam-Beam Counters (BBC) which are placed at
valuable information for testing perturbative QCD (pQCD¥145 [cm] from the center of the PHENIX along beam axis
predictions [[]. The measurements should impose striz)- The BBC provides measurement of centrality and ver-
gent limitations on uncertainties in the Leading Order (Ld§X Position, too. The DC measures charged particles trajec-
and the Next-to-Leading Order (NLO) pQCD calculatioriries inr — ¢ directions to determingr of the particles.
of heavy-quark productions which considerably depend dRe PC provides 3-D spatial point measurement for track-
the gluon distribution function because heavy quarks aR§ of charged particles and longitudinal momentum recon-
mainly producedvia gluon fusions(?]. In heavy-ion col- struction in combination with the DC hit information. The
lisions, non-pQCD effects, such as cold nuclear effects d3H-H and EMCal are main detectors to identify electrons in
also modify the gluon distribution. Since such nuclear ¢he PHENIX. The RICH detects th@erenkov light which
fects are unknown in high-energy region, it is important @y electrons produce in its GQradiator (1 atm) below
investigate these influences on the heavy-quark yield. 4.9 GeVE (Cerenkov threshold momentum of charged pi-
Heavy-quark production also has an important role in tR8s). The EMCal can measure deposited energy and spacial
investigation of the hot and dense matter created in heaRpsitions of the electromagnetic showers by electrons. The
ion collisions. The heavy-quark momentum spectrum mBJCH and EMCal form an electron trigger system, called
be affected by final state interactions such as its energy 183 EMCal-RICH Trigger (ERT)d]. To evaluate the ERT
in the dense medium. On the other hand, energy lossédfciency for electrons, a trigger simulator was developed
heavy quarks with a certain momentum is predicted to iethe PHENIX simulation framework.
smaller than that of light quarks with the same momentum o
due to the larger quark mas3§]. The measurement ofS:  Converter Subtraction” Method
heavy quarks with momentum will verify the flavor depenFo extractnon-photonicelectron yieldN (pr) by subtrac-
dence of energy loss. For precise measurements, it is es§en-of photonicelectron yield P(pr) from the total, the
tial to estimate properly the contributions from the abovéconverter subtraction” method is appli€d][ In the Run-
mentioned nuclear effects. Data from the RHIC-PHENIR, special runs were performed with a photon converter,
experiment ofd+Au collisions at,/syny = 200 GeV in made of a brass sheet (1.68 % radiation length) around
2003 (called Run-3) is suited to study the cold nuclear éVD (see the referenceb]). The photon-converter can
fects, since no high-energy-density matter is formed. ~ enhanceP(pr) by a certain factorR, since the inter-
The measurement of single electrors (or e~) from nal (virtual) and external (real) photon conversion from
semi-leptonic decays of heavy quarks is a useful way (b and (2) above have a similar form factor with a depen-
study heavy-quark production. Inclusive electrons caence of radiation length. Her&, means the ratio gho-
be categorized into two groups. The first group consig@hic electron yields with and without the converter. The
of "photoni¢ electrons mainly from (1) Dalitz decays ofmeasured inclusive electron yieldpr) can be expressed
mesons £°, 7, etc) and (2) the photon conversion. ThasI(pr) = P(pr) + N(pr) without the converter and
second is termedribn-photonit electrons. The decays ofl’(pr) = R, P(pr) + N(pr) with the converter.N (pr)
charm and bottom are the dominant sources of the secéghdiven by these two equations.
group. This report presents the status of lo@-photonic

electron measurements in the Rud-3\u experiment. 4. Photonic Electron Simulation
_ In the converter subtraction method, the evaluatiorof
2. Electron Measurement in the PHENIX is the most important issue. A GEANT based Monte

In the PHENIX experiment, electron measurements wetarlo simulation is used to estimate how much -
performed using two central arm spectrometers. Each aonic electron yield is increased by the photon converter
is composed of a Drift Chamber (DC), Pad Chambers (P@hd determine,. The simulation was performed using
a Ring-ImagingCerenkov counter (RICH) and Electrothe PHENIX-CCJ (Computing Center in Japan) and RIKEN
Magnetic Calorimeters (EMCal), covering pseudo-rapidi§uper Combined Cluster (RSCC).

|n] < 0.35 and7/2 in azimuth ¢) [5]. The PHENIX  The source ofphotonicelectron in real data is a mix-
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ture of mesons®,n,n’,w and ¢) decaying into real or R, was checked within 0.5 % flactuations. The value was
virtual photons with their differenpt slopes. However, assigned as a systematic error.

contributions fromr® andn account almost all of them (Ta-
ble[D). Therefore photonicelectrons from onlyr® andx
were studied in the simulation.

5. Non-photonic Electron Yield

Figure[2 shows Run-3i+Au N(pr) (close square) which
is calculated based on the resultpsfotonicelectron sim-

Decay Mode Branching Ratio of Each Meson ulation. Each error bar indicates only statistic error and
70 — 2y 98.798+ 0.032 % each square in background shows systematic error as de-
70 — yete~ 1.198+ 0.032 % scribed in Figld. The yield is fully corrected for the trig-
n — 2y 39.43+ 0.26 % ger efficiency, the geometrical acceptance, the reconstruc-
n — yete~ 0.60+ 0.08 % tion and elD efficiency (se@]). The spectrum is normal-
w(782) — mVete~ (5.9+£1.9) x 10~* ized with the binary collision cross section by scaling with
7' (958) — vete™ <9x107* opp/(Neoll = 8.5) for MB triggered event to compare
¢ — nete” (1.15 4 0.10) x 10~4 with the non-photonicelectron spectrum in the Run2 p+p.

The spectra in Figd show no strong nuclear modification.
Table 1.Main electron decay channels of light mesol@. [ The d+Au spectrum is slightly enhanced aroupg = 1.0

0 GeVle, which might indicateCronin effect in charm pro-
The R, of 7° (R7) and theR, of n (RZ) were deter- gyction.

mined separately. Then, tli¢, can be determined by com-
bination of theR™ and RY, which are discussed below.

For the originalw% andn spectrum, we used the MBr
distributions measured in Run<B+Au collisions (ther®

spectrum was published ifi(]). Figure[ shows com-
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Figure 2. The non-photonidnvariant cross sections as a function
of pp per binary N-N collision cross section by scaling with
opp/(Ncoll = 8.5) for MB triggered event in d+Au collisions
(closed square: Run-3 d+Au, closed circle: Run2 p+p).
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Figure 1. CombinedR,, (closed circle) ofRQU (open square) 6. Su . ary and O_Ut 00 . ) .
andR’ (closed square). The solid line is a fitting curve of thEhotonicelectron simulations were performed with high

combinedR. . stgtistics to deterrrjin@7 and Fhe ungertainty. _The anal-

. ysis of non-photonicelectrons in the highyr region & 5
bined ., (closed circle) fromR] (open square) an®? GeVie) is in progress, which is important for the studybof
(closed square). Since themass is larger than® mass, quarks. We started to analyze data in the Run4 Au+Au at
the phase space gfDalitz decay is slightly larger than that, /sy y = 200 GeV. The statistics is more than 20 times as
of #° Dalitz decay. The relative branching ratio: (Dalitzhat used in Run2 Au+Au analysig][ Significant reduction
decay) (two-y decay) is 1.2 % forr® and 1.5 % fon. This of statistical error is expected with these data.
difference makes? smaller thanR;TO. The combined?,,
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can be determined by following expression: [1] S. Frixioneet al, hep-ph/9702287
. Frixi . - .
R;ro .NT 4 R7- N7 [2] R.Vogtetal, Z. Phys. C71(1996) 475.
Ry = N© + N7 [3] S.S. Adleret al,, Phys. Rev. Lett91 (2003) 072301.
o /io [4] Y. L. Dokshitzeret al., Phys. Lett. B519(2001) 199.
_ Ry +RY-€ 1) [5] K. Adcoxetal, Nucl. Instrum. Methods. 499(2003)
14 eV 469,.
/™ = N1/NT'. (2) [6] F.Kajiharaetal, CNS Annual Report 2003 (2004) 49.

[7] S. S. Adleret al, Phys. Rev. Lett94 (2005) 082301.
In the above expressiond;™ is a number of electrons from[8] K. Hagiwaraet al, Phys. Rev 066 (2002) 010001.
70 decays. N7 is a number of electrons from decays. [9] F. Kajiharaet al, CNS Annual Report 2003 (2004) 51.
"/ is a ratio ofy andx” particle compositions. Since thd10]S. S. Adleret al, Phys. Rev. Lett91 (2003) 072303.
uncertainty ofn/x ratio (0.45+ 0.1) is not small, three
kinds of spectra were calculated for the caseg bf’ =
0.35,0.45 and 0.55. They/7° dependence of the combined
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1. Introduction tion (elD) was performed for Year-3 data. The cut parame-

The measurement of bulk properties of the relativistic heal®fs were well tuned so as to minimize S/N ratio. The total
ion collisions attracts a lot of interests for the studies 1D efficiency of more than 90 % was achieved.
QCD properties. For the side of the nuclear structure, ond-igurell(a) shows invariant mass spectrum for the oppo-
can suggest the issue on the modification of parton distrit§ile sign electron paire('e~) and the same-sign electron
tion in the nuclei. When a nucleon is a component of a ne@ir (e ore~e™). The combinatorial background in the
clei, the parton distribution of the nucleon is different frofiPPOSite-sign pair spectrum was estimated from the same-
that when a nucleon is isolatéjpJ3]. However, there is no Sign pair spectrum. As a result of combinatorial background
universal explanation for that modification. The studies §4btraction, the//+ peak was obtained as shown in Fig-
heavy flavor production in heavy ion collision can give irid"ell{b). For d+Au run, total count of /4» was 400 and the
sights for models suggested] [ The production of//+ in peak width in sigma was 100 Me¥/. However, the result
the hadronic reaction is dominated by the hard prodgjsst[ Of momentum resolution analysis usingK, p requires the
initial collision. Therefore, the//+ yield is a useful probe J/¥ — e*e” width to be 45MeVé?. This is still a un-
to compare heavy ion collision with the superposition of ttf@lved underlying problem.
nucleon-nucleon collisions.

Meanwhile, the Cronin enhancement of heavy flavor by
the multiple gluon scattering in the nuclel} is suggested

as an issue on the dynamics of soft process in the gluon rh@h\m (@) somiesanpar | 1°F (D) }
field. This effect has been observed as a broadening-of ;[ ™., =~ , oo o fy
distribution in the past experimen(g|[8]. 'y - 407H | g

Also, the produced//+) can interact with nucleons of 1 : ”**ﬁ”%w " 22+ Wt s
projectile and can break intb D. This absorption is small 1 [ T WTW THTH 20F + fi :

but not negligible to reduce the cross section off from lin-s—5 %5 3 35 4 25 5 2 25 3 35 1
earA dependenceg]9]. This effect is well understood but Invariant mass (Gev/c"2) Invariant mass (GeV/c"2)
continuous study for higher energy region is expected.

th;—hfuitUd¥ [;)ur;kthegeD mz)dlz(r:t?etlon'lpﬁat\tocr;)r: ;?r:;[ri)beu?e;%gure 1. (a)Invariant mass spectrum of the opposite-sign elec-
siudy o Q prop S S tron pair (open circle) and the same-sign pair (square). (b)

.Cated ?S a bas?“ne StLljlqy 0 undherstand]th pro?ﬂﬁtlon Opposite-sign pair spectrum subtracted by the same-sign pair
in nucleus-nucleus collisions, where a suppressidh ¢r spectrum. Statistical errors are also shown.

an enhancement]] has been predicted due to the forma-

tion of the Quark Gluqn Plasma. Acceptance calculation was performed using GEANT
The PHENIX experiment had a very successful electrog, ation, The detector response was well tuned to repro-

pair measurement for d+Au collisions and p+p collisiongce the experimental data. Systematic error which derives
at\/syy =200 GeV in the RHIC Year-3 run. The analqom ;.. smearing, z-vertex resolution, etc, were well esti-
ysis overview and some results df'y) measurements atmated. Fine studies on trigger to estimate total cross section
PHENIX achieved for the RHIC Year-3 run are describeghy triggering efficiency off /¢ is also performed.J /4

on this report. yield is determined by applying these corrections.

2. Experiment and analysis

The experimental setup and method of electron identifi
tion are described on the previous repd?][ The recon-
struction of.J/¢» — e*e™ was performed on electron trig-
ger events. The number of used in the analysis3uyas 10°
for d+Au collision and5.4 x 108 for p+p collision. Sys-
tematic error concerned with run-by-run fluctuation were
reduced to 8.7 %. Ry = Yarw  _ YdA"L/N“‘"ll7 (1)
Revised study on track selection for electron identifica- Ypp X Neott Yop

3. Results

CI%- understand the yield modification between the super-
position of each nucleon-nucleon collision and nuclear-
nuclear collision, an “invariant yield ratio* valug 4., is
introduced in the form of
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Figure 2. (&) Raa. (Ratio of yield per binary collision of each 1!
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whereYy 4, is J/1 yield in d+Au collision andY),, is the
J/v yield in p+p collision. Here, the Glauber mod&B] is
adopted for counting the number of nucleon-nucleon colli-
sion at d+Au collision N,y Also, pr distribution of.7/+ in d+Au collision and in p+p
As nuclear effects appear strongly in central (small irgpllision is shown.
pact parameter) events, the impact parameter dependence Résults shown in this report is still work in progress.
modification factor reveals the nuclear effects more cleanlyore elaborate studies are to be made. The final result is
However the impact parameter cannot be observed diredaidybe published in conjunction with large rapidity observa-
the estimation of the impact parameter from the forwatin with PHENIX muon arm in near future.
multiplicity is possible[L4].
All the events analyzed was categorized into four bh%eferences
called centrality by forward multiplicity:0-20 %, 20-40 %/1] J. J. Auberet al, Phys. Lett. B123(1983) 275.
40-60 % and 60-88 %Y, is calculated for each central{2] P. Amaudruztal, Nucl. Phys. B441(1995) 3.
ity. The meanN,,; for each centrality is also estimated3] M- R. Adamsetal, Phys. Rev. Let68 (1992) 3266.
with a Monte Carlo simulation based on the Glauber modé] S- R. Klein and R. Vogt, Phys. Rev. Le@1 (2003 )
FigureX(a) shows forR, 4., at each centrality. 142301.
As the multiplicity in p+p collision is much smaller tharf>] P- Nasoretal, Nucl. Phys. B327(1989) 49.
that in d+Au collision, the trigger condition is different belS] J- Hifneretal, Phys. Lett. B215(1988) 218.
tween d+Au run and p+p run. To remove systematic errofs J- Badieretal, Z. Phys. C20(1983) 101.
for this difference,R,, value for each centrality is intro-[8] M. J. Leitchetal, Phys. Rev. Leti84(2000) 3256.

duced as standalone valuable for d+Au run analyBis.is [9] R.L.Anderson et. al., Phys. Rev. Le38(1977) 252.
[10]T. Matsui and H. Sats, Phys. Lett.1]5#8(1986) 416.

Figure 3.pr distribution of.J /1) — eTe™ for d+Au collision and
p+p collision. Only statistical error is shown.

defined as
[11]M. Gazdzichki and M. I. Gorenstein, Phys. Rev. Lett.
R Riaui Yiau.i/Neolii @ 83(1999) 4009.
ep-i Ranuperif  Yaauperif/Neoliperif [12]?.5 Kametaniet al, CNS Annual Report 2003 (2004)

whereR4,_; is Rqa, of each centrality bin anfj4.,_peris  [13]R. J. Glauber, in Lectures in Theoretical Physics, edited
iS Rqa. Of the least central bin, called most peripheral, by W. E. Brittin and L. G. Dunham (Interscience, N.Y.,
where the minimum nuclear effect is expected. Fig@(® 1959), Vol. 1, p. 315.
shows forRz.,, at each centrality. Assumingy/y yield is not [14]S. Kametaniet al, CNS Annual Report 2002 (2003)
modified in most peripheral events, absorption cross section 47.
which corresponds t&,,, at most central was calculated as
~4.5mb.

Figurel3d showspr distribution of.J /¢ for d+Au run and
p+p run. Small suppression at lgw can be seen.

4. Summary and outlook

To understand nuclear effects on the) production in high
energy heavy ion collisions, &/¢) measurement was per-
formed for the d+Au collisions.

The measurement of th&/«) yield from di-electron de-
tection in the d+Au and p+p collisions is described. The
normalized J/v yield as a function of the number of
nucleon-nucleon collisions is shown for d+Au collision.

52



J/1¢ — eTe” Measurements in,/syn = 200 GeV Au+Au collisions at
RHIC-PHENIX

T. Gunji, H. Hamagaki, K. Ozawa, S. Kametani, F. Kajihara, Y. ARpA. Lebede® and
C. L. Silve®, for the PHENIX collaboration

Center for Nuclear Study, Graduate School of Science, University of Tokyo
8RIKEN (The Institute of Physics and Chemical Research)

biowa State University, USA
CuUniversidade de & Paulo, Instituto de Bica, Brazil

1. Introduction 3. Data analysis

Lattice QCD calculations predict that there might b&1. Electron identification at PHENIX
a phase transition from ordinary hadronic matter to de-Electrons and positrons are measured with PHENIX cen-
confined quarks and gluons, called quark-gluon-plasmatratl detectors, which are composed from two arms with the
extremely high temperatur&,. > 160 MeV. High energy pseudo-rapidity coverage ¢f| = 0.35 and azimuthal cov-
heavy ion collisions are the only tool in the world to realizerage ofA¢ = 90° in each arm(@)].
such a high temperature and to provide the characteristic&lectrons are identified by requiring the following cuts.
of the quark-gluon-plasma. Relativistic Heavy lon CollidéFhe charged tracks were associated with a RICH ring (
(RHIC) at Brookhaven National Laboratory is a dedicat&ihit PMT’s in a ring) and with a EMCal § 20 position
facility for the study of heavy ion collisions at relativistiassociation, energy-momentum matching witku).
high energies. . .
Measurements of heavy quarkonia has been long conéd’z—' Invariant mass spectra for 3 centrality classes

ered as one of the most promising probes to study the for/\fter ¢~ ande™ were identified as described above, in

; ) o i ache™ pair. The re-
mation of quark-gluon-plasma and its proprieties. Su ré@”am mass was ca!culated for eache™ pair. - .
d g P prop PP s are shown in Fidgll The solid line is the invariant

sion of heavy quarkonia yield was suggested as a signat%h’

of the deconfinement long ago, where the quark and amass Speftrflj_';] f(éﬁt? dplglrs.cotrrrlun.g ”0!’“ tthe same colltl-
qguark pair are screened by the color Debye poteriijl [S|on event. The dotted fin€ 1s the nvariant mass spectrum

Nuclear absorption and comover scattering also would | %l&tt\altlmed irom dm'i(EdCeV?m?t’ where therz 'St n?hco'rrelau?n
to suppression of the heavy quarkonia yield at RHIC e gtweenc ™ ande . entrality corresponds fo the impac

ergies as observed in the several earlier experiments Vﬁﬁ{ameter between two nuclei.
lower collision energiesd).
A new idea has been proposed wherg yield could be
enhanced due to the incoherent recombination mechanisi [ "% L T 20 round
involving uncorrelated ande quarks since abundantand ' \"j, ------ mixed back ground T mixed back ground
¢ quarks are produced in the early stage of collisi@d][ : k
It is important, threfore, to study<J/yield for various
collision systems to understand the Jfroduction mech-
anisms. RHIC has carried out p+p (2002), d+Au (2003)
Au+Au (2002, 2004) and Cu+Cu (2005) collisions for re-

cent five years. The collision system dependence ©f J/ EEeE T SIS
yield has been investigated to clarify these competing sc B
. . . 1
nario of J{) formation mechanism&]. central 40-90% cantral 0-90%
fore-ground fore-ground
------ mixed back ground 107 --=--- mixed back ground

2. Au+Au collisions at 2004

Au+Au collisions at,/syn = 200 GeV were performed
at RHIC in 2004. During the period, PHENIX recorded whill
1.6 billion events, which corresponds to the integrated IL {1 I L * (]
minosity of~ 240 ub~!. This is~ 30 times larger than the 52 ] R PR TR I M[Gw]
number of events which were used in thigy) analysis in R
2002. The data reconstruction has been done for 0.650 bil-

. . . .
lion events and 0.350 billion events were used in this anal9u"® 1. ¢ "¢ Invariant mass distribution for centrality of
0-20%(upper left),20-40% (upper right), 40-90% (lower left)

ysis after the good runs were selected by looking at the de- _ e S
and 0-90% (lower right). The solid line is the invariant mass

tector acceptance for electrong/t invariant mass spectra foai 4 dotted lme is the back 4 i
and invariant yield for 3 centrality classes will be shown in ot pairs and dofted ine Is the background from event mixing.

this article.
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3.3. J/4 efficiency calculation centrality eqmpeq (Stat. err.)

The formula of.J /v invariant yield is written as follows: 0-20% 0.675+ 0.022
N 20-40% 0.805t 0.024
AN _ Nypy 1 (1) 40-90% 0.938t 0.017

Ty B Nevt AyGacceembed’

whereB is the branching ratio af e~ decay mode (5.93% Table 1. embedding efficiency for 3 centrality classes with its
from PDG[7]), N/, and N, stand for the number of/) statistic uncertainty

counts and number of analyzed event, respectivAly.in
Eq.([D is the rapidity coverage. The correction factqg,.,
is the acceptance far~ ande™ pair from .J/1), where de-
tection efficiency ofe™ ande~ pairs and run-by-run fluc-
tuation of the detector acceptance are taken into accou
The correction factore,,,pcq, IS the efficiency, which has
a centrality dependence. In more central collisions, rate «
track mis-reconstruction becomes higher due to higher
occupancy.

To calculate the acceptance ef e~ pairs from .J/4,
€ace, SingleJ /¢p — eTe™ simulation was performed by us-
ing the Phenix Integrated Simulation Application (PISA),%| > | ;
which is a GEANT-3 based simulation code. Singl¢ J/ o s {' + |
events with a flat transverse momentum@f< pr < ofit ‘\5,:5\0‘ S 1%0 ST ‘3‘3(‘)0‘ ST
5.5 GeVle, aflat rapidity ofly| < 0.5, a flat azimuthal angle Number of Participants
of 0 < ¢ < 27 and a flat vertexz| < 40 cm are generated
andet ande~ from Jf) are thrown into the PHENIX de- Figure 3. JA invariant yield as a function of number of partic-
tector acceptance. Then the same analysis codes and theants. Error is statistic error only. 90% CL evaluated from
calibration parameters as used in real data were used in thevear-2 data are shown as dotted arrow: yield with 1o from
reconstruction chain. The acceptancg, is defined to be  p + p collisions are shown as dotted line.
the ratio of number g/'s whosec™ ande~ are satisfied with
the same elD cuts as used in real data analysis to the nf}@f-been taken into accounty/Jproduction mechanisms in

ber of generated ¥/s. FigurelZ shows the acceptance ofpu+Au collisions can not be discussed at this stage. The
Jhp as a function op of .J /1. evaluation of the systematic error is on going.

shown with its 1o error. Since the systematic error has

I
X
fiay
(=}

sion

. PHENIX Year 4 (stat err only)
—————————— 90% CL from PHENIX Year 2
p+p results +- 1 sigma

35

3

25

=
Sl N
T[T T[T T[T TI T[T T[T IT T TTTT

o per Binary Colli

y=i
-

5. Summary and Outlook

J /v analysis has been done for40% of all the data and
Jhy invariant yield as a function of centrality was shown.
Reconstruction of rest of the data set is in progress and
—— the analysis will be done for upcoming reconstructed data.
. As the next step, g/invariant yield and 34 pr distributions
e will be evaluated for finer centrality binning.

acceptance
[
o
S

L References

[1] T. Matsui and H. Satz, Phys. Lett. B#8(1986) 416.
10°) bl [2] B. Alessandroet al,, Phys. Lett. B553(2003) 167.
PT [Gevic] [3] Robert. L. Thews,et al, Phys. Rev. C63 (2001)
054905.
Figure 2. Acceptance of 3 — eTe™ calculated from simula- [4] A. Andronic,et al, Phys. Lett. B571(2003) 36.
tion. [5] S. Kametanigt al, CNS Annual Report 2004 (2005)

The centrality dependent efficiency,.peq, Was evalu- 1
ated by embedding simulated Slngf¢1p events into real [6] K. Adcox, et al, Nncl. Instrum. Methods. M99(2003)
events. e.mpeq IS defined to be the ratio of the number 489. )
of J/4's reconstructed after embedding to that before ehf] K- Hagiwaraet al, Phys. Rev. 166 (2002) 010001.
bedding. Tabl&.Jis the results ot,,,;.q for 3 centrality
classes.

4. J/+ yield calculation

For the comparison of thed)ield between Au+Au col-
lisions andp+p collisions, Ji yield calculated from Eq[I)
is scaled by number of binary collisions. The results are
shown in Fig[d Jk) yield from p + p collisions is also
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1. Introduction P T ]

The PHENIX experimentl] has been carried out at A4 [ ®Measuredx’ Aut Au 0-10% PHENIX ]
the Relativistic Heavy lon Collider (RHIC) at Brookhaven 15 [ _—%I;X b
National Laboratory (BNL) in order to find evidence of Tt ....Wan§ (incl. absorption) 1
phase transition from normal nuclear matter to Quark Gluon [ i
Plasma (QGP). QGP is a new phase of matter consisting of I No quenching: Cronin + shadowing |
de-confined quarks and gluons. e .

One of the most intriguing observations at RHIC is that
the yield of 7% at high transverse momentumy() in cen- [
tral /syn=200 GeV Au+Au collisions compared to the 0.5

yield in p+p collision scaled by the number of underly- [ &)
ing nucleon-nucleon collisions in Au+Au is suppressgid | - ’%
The observed suppression is interpreted as a consequence 0 I H I U
of jet-quenching effect, that is, hard-scattered partons pro- 0 5 10
duced in the initial stage suffer large energy loss while p (GeV/c)
traversing the hot and dense matter. T

There are models that provide quantitative predictions ofigure 1. Comparison of R4 predictions from suppres-
the amount of suppression. Each model involves various sion models /8, [6] against the PHENIX result in central
effects: initial state effects, Cronin effe@][and nuclear /5N n=200 GeV Au+Au collisions. Itis compared to a model
shadowing, or strong hadronic final state effects, and energywithout jet-quenching effect, a parton energy loss calculation

loss in a dense matter. _ _ . based on the GLV approach, the calculation without gluon ab-
The amount of suppression can be quantitated with nu- sorption and from including gluon absorption.

clear modification factor (R4). Nuclear modification fac-

-
-

T

&

\

\

\
\
\
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tor is defined as following: of 7.3 GeV/fm in dense nuclear matter. However, the calcu-
o AA IaFion fails to Qescribe ther dependence of the data. This

Roaa(pr) = d*N“4/dprdn (1) Might be the indication that the thermally produced gluons

Taa(b)d?aNN /dprdn’ and the stimulated emission of gluons in the QGP phase in

addition to the induced gluon radiation in the QGP need to

where the numerator is invarianf yield in unit rapidity be consideredd]. With the employment of gluon absorp-
and denominator is expected yield in p+p collision binaﬁ i

scaled by the number of underlying nucleon-nucleon col ?lpn’ the suppression can be reproduced wel.
y ying In order to reveal the parton energy loss mechanism in the

sions Ca4(b)) in Au+Au. Ty 4(b) is defined as following: ;.0 matter, it is important to measufequantitatively in

Ts(b) = Neottision (b) @ different system angr region.
ONN 2. ¥ measurement at PHENIX Year-4 Run

where Neouision(b) is the average number of binary In RHIC Year-4 run PHENIX recorded the integrated lu-
nucleon-nucleon collisions with an inelastic cross sewinosity of 0.24 nb! in |/syy=200 GeV Au+Au colli-
tion oy n. The number of collision Neoiision (b)) is cal- sions and 9.4b~! in V3nn=62.4 GeV Au+Au collisions,
culated via a Glauber Monte Carlo calculation as a functiarhich allows us to extend the measurementrdfto high
of impact parameter. Figurellshows nuclear modificationtransverse momentum as well as to meastireat a low
factor for 7%s in central,/syy=200 GeV Au+Au events CMS energy.
compared to different theoretical calculations. Itis seenthatr’ is measured with the PHENIX electromagnetic
the calculation consists only the known cold nuclear effecglorimeter (EMCal)[I] via two-photon decay mode. EM-
Cronin effect and nuclear shadowing. Large suppressiorCial is used to measure position and energy of photons.
seen when comparing to cold nuclear matter. There are two types of calorimeters at PHENIX. One is a

The order of magnitude of the suppression andjthe lead-scintillator sampling-type calorimeter, and another is
dependence above 3 GeMs well reproduced by the cal-a lead-glass Cherenkov calorimeter. The lead-scintillator
culations as shown in Fifl The GLV model calculation calorimeter is used in this analysis.
considers parton energy loss in a dense matter, and the coldeconstruction efficiency to correct the raw yield is
nuclear effect3,5]. Other employs the parton energy lossalculated using computer clusters at RIKEN-CCJ. The ge-
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Figure 4. Comparison ofr® R44 PHENIX results, and predic-
tion of Raa using the GLV model in,/syn = 62.4 GeV
and 200 GeV Au+Au collisions. Triangles and circles are
PHENIX result in\/syny = 62.4 GeV and 200 GeV, respec-
tively. The gray band represents the perturbative QCD expec-
tation for the suppression af’. Enhancement from cold nu-
clear effect without energy loss is given for comparison.

Year-2 200 GeV resultz® will be measured in/syn =
200 GeV Au+Au collisions from Year-4 data. It is expected
that thepr region is extended up to 18 GeMh minimum
bias events.
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Centrality is obtained from the Beam-Beam counters a
the Pad Chamber itysyy = 62.4 GeV Au+Au collisions.

Figure2 shows the fully corrected’ invariant yield as a
function of transverse momentum for each centrality of cc{g
lision. From fully correctedhr spectra, the nuclear modifi-
cation factor (R, 4) as a function op is obtained as shown
in Fig.[3 For comparing with binary scaled p+p results, the
CERN-SPS experimental resultsf cross section in p+p
collision are usedd,9]. There is discrepancy among the
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each CERN-SPS results and systematic error is assigned as
25 %. While Cronin enhancement seems to be much more

prominent than 200 GeV resutt’ measurement i/syx
=62.4 GeV p+p and d+Au collisions is needed for detailed
study.

7Y nuclear modification factor is compared with pre-
diction which employes the GLV model as shown in
Fig. @ [10. The gray band represents the perturbative
QCD expectation for the suppressionsdf. This predic-
tion has reasonable agreement with PHENIX resyiyat-
4 GeVk. But there is larger Cronin contribution pf <
3 GeVik according to the data.

4. Summary and Outlook

The 7° measurement is allowing to study the medium
modifications of hard scattered particle$.is measured in
V/Snn =62.4 GeVin RHIC Year-4, and it is compared with
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1. Introduction thus TOF is used as PID device. Another technique for PID

In high energy heavy ion collisions at RHIC, a Iarg@ measuring a correlation between a Cherenkov light yields
excess in the yield of protons (anti-protons) over pofld momentum. Higp particles can be identified by the
yield was found in the medium to high transverse momefCC with measuring Cherenkov light emissions. _
tum (p7) region fl]. p/= ratios increase gradually up to In this analysis, the ACC is used as a PID device for pi-
2.5 GeV/c and stay almost flat. Top valuegp@f+ is about ONS, while the TOF is used for protons. Preliminary results
1 andp/= is about 0.8 in most central collisions. This phef charged hadrons analysis by TOF can be se€§]in [
nomenon was not expected from a general picture of hadroACC is a new detector subsystem which was installed
production through the jet fragmentation procés High before Run-4. The performance is reporteddh [
pr particles are generated from a hard process at an e%flyAnaIysis
time of collisions. Thus, it is believed that particles over
2 GeV/c of transverse momentum follow the fragmentation
model. However a barion excess has occurred argynd
2 ~ 4 GeV/crange.

To explain this phenomenon, a new idea of particle ge
eration has been proposed, which is called a quark recc
bination modeli8/4]. In this model, a high-momentum par-
ton picks up some other partons from the abundant sou
of hot and dense deconfined matter, and they form mes
and baryons. The numerical calculations show that the p
cess favors the baryon production in the momentum rar
between 2~ 4 GeV/c.

It should be interesting to see the results at different col
sion energies, in order to investigate more deeply the had
formation process. There is a low energy collision run at t ;
PHENIX experiment /sy = 62.4 GeV in Run4. ;' g Lo
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2. Measurement of charged hadrons at PHENIX Momentum (GeV/c)

The PHENIX detector has a pair of central-arm spec-
trometers, called as East-arm and West-arm, each of whielgure 1. Particle identification range of pion and kaon for Aero-
covers mid-rapidity region from -0.35 to +0.35. gel Cherenkov counter.

Measuring incoming particles to the beam axis is re-
quired to determine a centrality and vertex points. Beam-38 M of minimum biased events were collected in the
Beam Counter (BBC) and Zero Degree Counter (ZDC) artJN4 Au+Au collisions at,/syn =62.4 GeV.
located at near the beam line and these devises measufithe centrality is distinguished in 4 centrality bins (O-
the centrality and the vertex point in each collision. Drift0%, 10-30%, 30-60% and 60-83.7% ) at this RUN period.
Chamber (DC) serves as a device for particle tracking aBtlarge sum of BBC with corrections of multiplicity and
momentum determination. Also Pad Chambers (PC) aksrtex points are used to determine the centrality. How-
located in each arms to rise a precision of tracking. Rikger A basic technique to obtain a centrality which used at
Imaging Cherenkov counter (RICH) and Electro Magnetm = 200 GeV can't be applied for 62.4 GeV analy-
Calorimeter (EMC) are fully installed in each arms. sis, because energy deposit at the ZDC is too small to get a

A main difference between West-arm and East-arm dérrelation between BBC and ZDC. Currently the most pe-
that the West-arm has Aerogel Cherenkov Counter (ACfpheral (60-83.7%) has some background events, therefore
and the East-arm has a Scintillation counter of Time gfsults of this centrality are not be shown. This centrality

Flight (TOF). One of the scheme of particle identificatiogetermination is commonly used among the PHENIX col-
(PID) is measuring particle momentum and time of flightaborations.
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Tracking selections and the the PID method are explain
in following. At First, all of charged tracks are measured b
DC, and good qualified tracks are selected. Furthermc
PC responses at projection points of tracks are checked ¢
good tracks are selected. The particle identification h
been done by ACC and EMC time-of-flight. Figllishows
a correlation between momentum and number of count
photo-electrons (p.e) at the ACC. Solid lines in Eigre
expected mean value of p.e for charged pion and kaon. Al
dot-lines show® ¢ range from mean value for each parti-
cles. The range betweeéns lines are used for the PID se-
lection. However an overlap region of pion and kaon aboy
3.5 GeV/c are exclude from charged pion analysis.

In order to determine the overall detector efficiency, sir
gle particle simulation data are generated. Total number
generated data are 4 M events. Collection factors for a ¢
tector inefficiency are calculated from the simulation dal

ratio

ratio

ratio

. . . .. 0.5 ootes ¢ L)
using a particle selection conditions same as the real d s < N T AR S
analysis. R T R
4. Results Figure 3. p/7 ratios for each centrality.
S 1? 5 -
) (o) E %o . .
Sk e, SASETEMOE M SAGETEMC| at the region above 2.5 Gevic. One difference between
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5 1L L @ . .
: *oe . T ere,, start increasing from more lower- than 200 GeV/c. One
= 3 g 7 i i
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Figure 2. Charged pion spectra for each centrality.
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to 4.5 GeV/c, however more detail study is needed to show
more highpr region.

p/mt andp/7~ ratios in three different centrality bins
are shown in Figd. In this case proton and anti-proton
spectra are refer from a TOF analystg. [It is clearly seen
from the figure that an excess of proton (anti-proton) yield
over pion yield become prominent with increase of central-
ity.

The proton excess is consistent 16y v = 200 GeV data
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1. Introduction

Since the first Au+Au collisions were observed at tk% 70000
Relativistic Heavy lon Collider (RHIC) at Brookhaven Na 8
tional Laboratory (BNL), many new phenomena related
hot and dense nuclear matter have been discovered. In %%
ticular, the PHENIX experiment produced many new resu  sgo00
on a wide range of physics subjects, including charged &
neutral hadron production, single electron production, eve
isotropy, and many other topic|[ 20000

In spite of these fruitful results, in the first three yeal
of RHIC operation, there are still remaining questions to | e
answered to further characterize the state of matter forn T4 T2 o 2 a4 6
at RHIC. In particular, chiral properties of the dense matte: (E-ppyio
produced has not been obtained, and should be provided. In
particular, measurements using electromagnetic probes
needed, since they carry direct information about conditions
and properties of the medium at all stages of the reaction.

Of many vector mesons(1020) is an interesting me-

. . . z| < 30 cm.
son because the restoration of approximate chiral symrjn

. A ) PHENIX has an excellent electron identification capabil-
try at high temperature may modify its mass and wi@h [ . b

Th dificat be sh in the li h ity that is necessary to separate electrons from the much
€s€ mo ||ca_|ons can be shown In the fiine s/ ape[ﬁ/gre abundant charged pions. The RICH provides a thresh-
the ¢ — eTe™ peak. Also, the branching fraction o

old selection for electrons and the EMC confirms the match-
N to—
2 (Eaf/(s iﬁ( mggiﬁwaiNZt;thg??:}g:}?er;?ne]g erfrl;h |ng of the tracked momentum and electromagnetic energy

fm/c is longer than the expected lifetime of the coupled ¢ (£/p). Since electrons deposit all of their energy in the
lision system, and thus only a fraction of produgedmay MC, £/p for electrons should be approximately unity.

decay in the hot fireball. It has also been hypothesized t%‘?tm Shows(E' — p)/p/o distribution. Here ther stands

. . X he standard deviation ¢ — p)/p. A background of
final state mteract!ons of k_aon_s frafrdecay may lower the less than 10 %, caused by accidental association of tracks
measured branching fraction in the kaon charidejVhen

the final state interaction is taken into account. only hadra with RICH hits, still remains in electron identification. In
. »only O analysis, the background is evaluated and subtracted as
generated in the last stage can be observed.

In this paper, the current results on— ete~ in Au-Au 2 combinatorial background.
1 thiS paper, ¢ € ¢ e Analisis of Run4 data is underway and the first results is
collisions in Run4 are reported. Resultspr— KK : . T
) o appeared using a part of data. Figufeshows theete
in Au-Au collisions are quoted fronb]. Also, an upgrade . : o . .
o . invariant mass distribution after combinatorial background
plan for the PHENIX detector is briefly discussed. . .
subtraction. There is an excess of counts around tinass
with a signal strength 0840 + 120(stat) and a signal to
2. ¢ meson measurements at PHE_'_\”X _ background ratio of 1/40. Within relatively large errors, the
The PHENIX experiment is specifically designed to megass peak and width values agree with the values from the
sure Iovx{-mass lepton pairs. The current PHENIX deteparticle Data Group and experimental mass resolution. The
tor consists of two central spectrometer arms for measghalysis of low mass di-electron pairs is underway. We can
ing electrons. Each central arm covers pseudo-rapidityrigasure the yield of meson in electron decay mode and
n| < 0.35, transverse momentum pf: > 0.2 GeV/c, and compare results in the Kaon decay mode. Thus, hot nuclear
azimuthal angle of¢=n /2. Further details of the detectoimatter effects o meson production can be extracted.
design and performance are given|@j [
During the fourth running period (Run4), RHIC delivered. Hadron Blind Detector
a luminosity of approximately 1400b~" to the PHENIX  There are several measurements which are beyond the
intersection region within a vertexrange (z| < 45 cm). scope of the present PHENIX detector. To extend the capa-
PHENIX successfully recorded Au-Au events on order @flity of the measurement of lepton pairs, several upgrade
1.5 billion at,/syy = 200 GeV after a vertex selection Ofprojects of the detector are currently underway.

——e*e candidate
60000
""" background

30000

10000

ure 1. (E — p)/p/o distribution. A background of less than
10 %, caused by accidental association of tracks with RICH
hits, still remains.
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Figure 2.e™ e~ invariant mass distribution after mixed event sub-':Igure 3.Conceptual dg&gr_l of hadrqn blmq detector. Large gas
. . . - vessel as a gas radiator is shown in the figure. The center tube
traction for minimum bias (0-90% central) Au-Au collisions . . .
at /s — 200 GeV in Rund is placed around the beam pipe. Eight stacked GEM plates are
NN ' placed on the inside of the gas vessel wall. The CSI coated
first GEM is shown in the figure .

- . 4. Summary
The difficulty of the measurement of low mass dileptons . 4o
Invariant mass spectra @f — eTe~ are measured for

comes from the large combinatorial background, Whichtiﬁ

mainly contributed to byr® Dalitz decays and external con+ © first time in Au-Au collisions a{/syy = 200GeV in
Run4. Within relatively large errors, a mass peak is found

version of photons. Thus, for this measurement, a Dalit arounds meson mass region. The mass peak and width
rejector with a large rejection power covering a large sol . gon. P
angle is needed. values agree with the va!ues from the Particle Data Group
The proposed Dalitz rejector is composed of two essea}{ll?]%pir'rtn?ntal rl-?sglruaolgl'in d Detector will be installed
tial elements; zero magnetic field, and improved electron € 'uture, a Hadro etecto € Instafe

identification. Electron positron pairs from Dalitz decaﬂg PHENIX that will enhance our capabilities of rejecting

and gamma conversions have a very small angle. Th%ternal photon conversion and Dalitz pairs, and will result

these pairs produce very close hits in the electron identifida-2 significant reduction of the large combinatorial back-

tion detector under zero field conditions. The zero magnegi(:ound' This will open up the possibility of studying chiral

field is realized by canceling the magnetic field produced Bymmetry restoration as well as thermal di-electrons.
the outer coils of the PHENIX central magnet with the r&References

verse magnetic field produced by a set of inner coils. [1] K.Adcoxetal, nucl-ex/0410003, PHENIX whitepaper
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The detector consists of a 50 cm long radiator, directly COU] S. Johnsort al, Eur. Phys. J. (18 (2001) 645.

pled in a windowless configuration to a triple GEM detect ] S.S. Adleret al, nucl-ex/0410012.
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The R&D phase to demonstrate the validity of the HBEy) o kozlov et al, Nucl. Instrum. Methods. £23(2004)
concept is nearly complete. A test of a prototype detec- g5

tor was performed at KEK using electron and charged
meson beams. The preliminary result of the test showed
that chargedr mesons produce only very small numberof
photoelectrong~ 3 — 5). A subsequent test will be done
at BNL to evaluate the total performance of the prototype.
Construction of the final detector will start soon and the de-
tector is expected to be installed in PHENIX in 2006.
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1. Introduction

A Kaufman-type ion source is well known as a large cur- Magnet
rent ion source. A large volume of plasma chamber, a fil-
ament for electron emission, medium gas pressure and
magnetic electron confinement are the structural features
of the Kaufman-type ion source. These features can in-
clude the performance that was excellent in the existing ion ——
source, and can be progressed in the ion source that had tr . I~ /
completely different feature by adding the new functions. e L
To produce At ion beam with an intense beam current, :?”f _______
a proto type of the ion sourcd][for producing the vari-
ous kinds of the ion beams has been modified. The pro- Filsiiiet oL Extraction
duced Af* ion beam was injected into a high-temperature Vacuum pump electrode
super-conducting material for the purpose of studying an
ion beam etching. The second purpose of the one is appli- _ _ _
cation into a primary ion source of a charge-breeding Ecﬁgure 1. Cross-sectional view of a small-sized Kaufman-type
ion source (CBECR). Using the Af ion beam, the injec- '™ SOUrce.

tion efficiency, the charge state multiplication rate and the: gischarge current is depending on a gas pressure and
optimization of the CBECR will be studied. A productiony, glectron emission rate from the filament at the constant
rate of a negative hydrogen ion beam was confirmed by Usz gischarge voltage. A loss of arc discharge on the inner
ing the assembly of the proto type. In the present study, Qigace of the source body is absorbed by a water-cooling
extraction energy, the beam emitance and the beam Cu”éﬁ)%‘tem. A water-cooling pipe is welded on the outer sur-

10

|~ Teflon

—> Beam

o108

i Av

are measured. face of the source body. An external gas inlet pipe is made
) of a 1/4-inch stainless pipe. Using a needle valve, which is
2. Kaufman-type ion source located near the gas supplier, the gas pressure in the plasma

Plasmas are generated in the modified Kaufman-type mramber is controlled. Whole system including the power
source, as shown in Fifll The size of the cylindrical supplies is mounted on a high voltage terminal. An isolation
ion source is 105 mm in diameter and 110 mm in lengttnansformer performs separation of the grounding potential
Twelve rows of Nd-Fe-B magnets are attached on the siddthe ion source from the earth potential. A vacuum pump
wall of a plasma chamber and produce the multicusp mamprt for an evacuation of the plasma chamber is attached
netic fields for plasma confinement (indicated by dotted limgth an isolation valve.
in Fig.[D). The mean field strength of each magnetis 1 T ] )
at the surface. The extraction system consists of a plasinaEXtraction of Arion beam
electrode and a Pierce-type extraction electrode. The figThe extracted Ar ion beam current is shown in Fzi.
ure shows cross-sectional view of the one with the 4-m@s a function of extraction voltage together with calculated
diam holes. A plasma electrode with concave structuresigace charge limitf,, of the ion beam current. It is ex-
set in front of the Pierce-type extraction electrode. To opected that the measured ion beam current is smaller than
timize the beam emittance, structure of the both electrodae calculated one due to a restriction of the beam aperture
has been determined with the aid of the computer simutietermined by the inner diameter of beam transport line.
tion code. The extracted ion beam without the restriction of the aper-

The source body is connected to a potential of the acdglre is to be estimated at 1 mA for an extraction voltage of
eration power supplyVac., varies over 0-15 kV. Using a10KkV because of the relationshifpx 1%/ , from the Child-
Teflon ring the source body and downstream the beam lisgngmuir law. The Ar ion beam current depends on the gas
are insulated. A surface distance of the Teflon ring in atmi-essure under the same conditions of the filament current
sphere is 13 mm in length. A filament power supply is 750d extraction voltage. Gas pressure was changed between
W with the regulation system of the output electric pow@rto 6 x 10~* Torr. We found small current deviation due
to make thel-V constant. A filament for electron emisio change of gas pressure. The extraction current is affected
sion is made of tungsten wire of 0.8 mm in diameter amy the change of filament current. The optimized filament
100 mm in length with the shape of hairpin. Maximum areurrent should be searched to obtain maximized ion beam
discharge power is estimated to be 375W. An arc dischafygrent. In our case, the filament voltage of 6.97 V and
circuit is composed of the filament and the sidewall. THéament current of 39.9 A were the best conditions at the
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5. Summary

To extract the intense ion beams from a small-sized
Kaufman-type ion source, configuration of the beam ex-
traction electrode was studied. On the basis of numerical
study, determined structure of the extraction electrode was
adopted to the ion source. The Pierce-type electrode was
compared from the viewpoint of beam properties. The Ar
beam current of 300.6A was extracted from the slit of 4
mm in diameter at the extraction voltage of 5 kV. This re-
sult fulfills the requirements for a primary ion source of the
charge breeding ECR. The parallel extraction electrode was
studied for the negative hydrogen ion source. The details of
negative hydrogen ion source will be discussed elsewhere.

Figure 2. lon beam extraction from a small-sized Kaufman-type

ion source.
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discharge voltage of 100 V and current of 0.2 A, respe@-]
tively. The filament surface temperature was about 2773 K.
The plasma electrode potential of 36.2 V and the current
of 0.23 A were set so as to extract the maximum ion beam
current.

4. Extraction of negative hydrogen ion beam

The production rate of the negative hydrogen ion beam
was confirmed by using the present Kaufman-type ion
source. In case of the negative hydrogen beam, an addi-
tional magnetic filter is attached on the 2nd chamber be-
tween the plasma and the extraction electrodes. The ex-
traction electrode is changed from the Pierce-type to the
parallel-plate type. First, production of the negative hydro-
gen ions has to be demonstrated in a volume production
mode before to discuss Cesium or Xenon injection or other
improvement(?]. The volume production mode requires
a volume source consists of two chambers, which are con-
nected by the magnetic filter. In the high temperature cham-
ber, the plasma chamber as shown in Bigenergetic elec-
trons hit H, molecule, which become vibrantly excited. Ex-
cited molecules are also produced at the chamber walls out
of Hy and H. Electrons from the high temperature cham-
ber move by diffusion through a perpendicular magnetic
field into a second chamber. Whereas high-energy electrons
are effectively blocked, slow electrons collect in the second
chamber. In this low energy chamber, those electrons with
a low temperature of 1 eV attach to thg Hroducing H
ions. As mentioned before, multi cusp magnets are used
to confine the plasma in the high temperature chamber. In
other words, extracted negative ions and electrons have to
be separated by means of a magnetic dipole. To do that
preliminary magnetic calculations have been performed to
design the magnetic filter in the second chamber. In[Eig.
the magnetic filter provided by the two Nd-Fe-B magnets
is exclusively not indicated because of Ar ion beam extrac-
tion. Otherwise, the axial magnetic field to reach the plasma
extraction area close to plasma electrode has also been cal-
culated as well as the iron shielding. The preliminary study
showed that 50,@A of H™ could be extracted from this ion
source.
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Measurement of Longitudinal Bunching in an MA Cavity Driven HIECR
Beam Line
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1. Introduction

Purpose of the HIECR beam lind][is to provide a
beam monitor’s test bench. Bunched beams are needed for
calibrations of non-destructive beam monitors such as DC
Current Transformer (DCCTJ2]. These monitors will be
very sensitive current sensors having a dynamic range large
enough to measure the full circulating current with a reso-
lution and long-term stability of better than 10 nA. Calibra-
tion of the prototype DCCT, which is adapting high temper-
ature superconductivity SQUID technology, was performed
on this test benchB]. The DCCT should measure both of
DC beam current and bunched beam current correctly. Al- Figure 1. Photo of RF buncher in the HIECR beam line.
though the off-line calibration of the beam DCCT is made
with a wire current, on-line calibration should be made yeam absorber is cylindrical block similar to an inner con-
using a Faraday cup. The feature of the wide band senlictor of a coaxial transmission line. The beam absorber is
tivity is also indispensable for evaluating the longitudin@hade of copper with the diameter of 20 mm and the length
bunching with an RF buncher. As for this Faraday cup, abf 70 mm, and measured the beam current with(5ter-
solute measurement of the time structure of the ion beamimation. A repelling grid is placed in front of the beam
from Hydrogen to Argon becomes research subjects.  absorber. The space for installing a magnetic core is avail-

able in this structure. The emission rate of secondary elec-
2. RF buncher tron needs to be evaluated, which is determined by the ion

A survey of the RF buncher was made for a composipecies, the number of charge states and the incident en-
tion, electric specification, bunching factor, and a voltagegy. An electric chargé). from the repelling grid (po-
generating system. It takes up about existing RIKEN-AVHRrity is negative), and); from the beam absorber give
AGOR cyclotron and CNS-SF cyclotron. The RIKEN-AVRhe total electron yieldy = z[—Q./(Q: + Q.)] []. It
provides a saw tooth buncher, which is driven by a hybréhould be noted that the grid-absorber assembly is used as
sine wave combiner. The saw tooth buncher of AG@BRY the Faraday cup. The electric charge of ion beam is given
driven by a saw tooth oscillator. The sine wave buncher Wag Q;., = Q: + Q.. A coefficientz is a given charge state
used in the CNS-SF cyclotron. A new RF buncher was stugf-ion. The electric insulator supporting the beam absorber
ied [5], and R&D for HIECR beam line was performeg][ conducts the heating energy to the ground material. The
As a magnetic alloy (MA) material installed into the cavstructure for preventing invasion of noise was examined. To
ity for the RF buncher (Fidl), Finemet of Hitachi Metals prevent scattered particles from the upstream, the aperture
(FT-3M) was adopted. The Finemet is an amorphous tapéwindow frame of the beam absorber is smaller than the
like metal wound many layers into the shape of a doughnatea of beam absorber. The area of beam absorber is wider
It has a big permeability from DC to the higher frequencthan focused ion beam. These structure is result in prevent
The cut core with a 0.5 mm gap width is put in the cavity.the noise in the measured current.

The MA cavity is designed so thay4 of standing wave  The numerical specification of the Faraday cup is as fol-
length may stand with reentrant type. Therefore, as colows; observation frequeney DC-100 MHz,Z;, = 50 ,
pared with core volume, low resonance frequency is real¥SWR ~ 1.2, and a beam diameter, = 20 mm. The
able with large permeability. Two-mesh type metal platespelling grid is made of a #50 tungsten mesh &qg, =
are attached to an accelerating gap of the MA cavity. Eael0 ~ —500 V whereVy,;, is bias voltage applied to the re-
mesh has a nest type section of a bee in 2 mm pitch, gquadling grid. The beam power recommended into the Fara-
beam transmission efficiency through the mesh plates is day cup is 10 W. The VSWR is a coefficient deduced from a
signed to be 87%. Distance of the accelerating gap is detatio of a forward power to a reflection power, in which the
mined from a viewpoint of both an electrostatic capacitanBaraday cup is used in the measurement of bunched beam.
and a passing time of the beam. This Faraday cup was installed in the end of beam line.

3. Faraday cup 4. Beam bunching experiments

The Faraday cup was designed as shown in[Eigrhe 10 keV hydrogen beam (DC 2@A) was extracted from
central part of the Faraday cup is a beam absorber. The HIECR. An example of bunched beam signal measured
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Figure 2. Cross-sectional view of the Faraday cup.

quency rage from DC to 100 MHz.
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Figure 3.Typical bunched beam measured by the Faraday cup.

by the Faraday cup is shown in Hg. The RF cavity was
operated at the 30 MHz sine wave with a peak voltage of
150 V.

The ion species used in the bunching experiment were
Ht, Ar2T, Artt, A6+ A8t O, O+ and Gt. The
extraction energies were 11 keV (for Ar and O) or 10 keV
(for HT). The beam conditions for whole experiments were
as follows; beam current was 10-304e (DC), bunching
frequency was 18—-45 MHz, bunching voltage waveform is
sine-wave, bunching voltage is 30-240 V (it depends on ion
species and the number of charge state), and the bunching
factor (BF), which is a ratio of DC current to a bunched
current, was+3 in general. Although the bunching voltage
is adjusted so as to establish the optimum BF, it was looked
out that influence of the space charge effect could not be
eliminated and resultant BF brought was deteriorated.

5. Summary

The MA cavity has been installed in the HIECR beam
line so as to evaluate the beam instrumentations. The fre-
guency band of the MA cavity is a non-tuning type in 18—
45 MHz. Velocity modulation was applied to H, O and Ar
beams using the MA cavity, and the bunching characteris-
tics of the beams were measured. The bunched beam sig-
nals were measured using the Faraday cup within the fre-
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Upgrade of the RIKEN K70 AVF Cyclotron
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1. Introduction 17 kG and the extraction radius of 71.4 cm, which gives the

Researches on nuclear structures of unstable nuclei as W&humber of 70.
as nuclear astrophysics, using low energy radio-isotope(RI® '°N ion beam at energies more than 9 MeV/u and in-
beams, will be extended by increasing primary beam intdgDSity over 10 particlg:A, is required for production of
sities, expanding the acceleration energy range and imprgyeams used in the astrophysics research. In the present
ing the beam quality. In order to enhance the capability 8¥F cyclotron, the energies dfN>* and'“N°* ions are
the RIKEN AVF cyclotron facility [l], some improvements”mited to 7.6 and 9.1 MeV/u, respectively. The beam inten-
of the cyclotron itself2,3], the ECR ion sourcéd] and the Sity of the 9.1 MeV/u'®N°* ion beam is estimated to be 1
beam lines for CRIBJ] and PA, have been phased over thearticlepA after extracting from the cyclotron. The inten-
last five years. The flat-top acceleration system of the Agity Of the 7.6 MeV/u'>N>* ion beam is expected to reach
cyclotron ] and the Hyper-ECR ion sourd@][are utilized more than 10 particlg:A. The practical beam intensity is
to provide the low energy RI beams with high intensity artinited mainly by the performance of an ECR ion source
high quality for the nuclear astrophysics experiments. and a beam transmission efficiency from the ion source
The present program for the RIKEN AVF cyclotron upthrough the cyclotron. An extensive improvement of the
grade is focussed on an expansion of the energy rangdd8fsource is required to produce a high intensity ion beam
accelerated ions. In order to increase the maximum acd¥ith & higher charge state. In contrast, the maximum accel-
eration energy, the K-number, expressing the nominal &kation energy can be increased by enhancing a maximum
ergy factor called a bending limit of a cyclotron, will bemain-coil current of the AVF cyclotron magnet. The K-
increased from 70 to around 80 by modifying power Suﬁumber is required to be around 80 to acceleraté tN& "
plies of the main and trim coils8]. A N5+ jon beam I0ns up to 9 MeV/u.

will be accelerated up to 9 MeV/u, required for RI beam The power supply of the main coil has been modified to

The RIKEN AVF Cyc'otron was Origina”y designed tdated values of 1100 Aand 170 V to 1200 A and 190 V. Ca-

accelerate light and light-heavy ions in the acceleration hBacities of a main transformer and a chalk coil for a ripple
monic mode of H = 2. In order to derive heavy ions dtter circuit were replaced by new ones of higher current
very low energies aswell as h|gher energies7 other harmomee, and an additional transistor bank was installed. The
modes of H = 1 and 3 are required by changing the shdg€€iving capacity of the power supply has been increased
and the geometrical arrangement of electrodes in the celi¢BS KVA to 310 KVA.

region of the AVF cyclotron. In principle, the beam orbits in I order to generate an isochronous field for acceleration
the center region are different among the three accelera@$he 9 MeV/u'°N°* ions, the rated current and voltage of
harmonic modes, and both electrodes of an inflector anéhg trim coils, C5 and C6, have been increased from 70 A
puller are necessary to be exchanged every time the ac@8d 8 V t0 200 A and 29 V for C5, and from 150 A and 13
eration harmonic mode is changed. Feasibility of desigh-0 250 A and 22 V for C6, respectively.

ing new electrodes common to the three acceleration h§1_r-
monic modes will be explored, which enables one to aVQi,(ij1
the time-consuming electrode exchange.

Expansion of the Energy Range
e kinetic energy of the accelerated ions is expressed as

2. Increase of the Maximum Acceleration Energy ) 1
The maximum energy of accelerated ions is given by EfA =moc V1 = (27 frp Rext/cH)? 1)

_ 2
Bmaz/A = K x (Q/A), wherefrr is a radio-frequency for an acceleration voltage.

The availablefrr range is 12 to 24 MHz. The AVF cy-
clotron accelerates light and light-heavy ions, ideally, in the
energy range from 3.8 through 15.4 MeV/u using the ac-
(O.BBRm)2 celeration harmonic mode of H = 2. The energy range can
be expanded to 1.7 through 66.6 MeV/u by using the accel-
eration harmonic mode of 1 or 3. A diagram of operation
whereB is the magnetic field averaged at an extraction rparameters, estimated for the expansion of the energy range
dius of R...+, mo the mass unit andthe speed of light. The by enhancing the maximum magnetic field and using the
RIKEN AVF cyclotron has the maximum magnetic field ofcceleration harmonic modes of 1 and 3, is shown in[Eig.

where A is a mass number ar@ a charge state of the ac
celerated ions. The K-number is expressed as

K =
2m062
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Optimum beam orbits in the center region of the AVF cy-
clotron, to achieve a high beam-transmission efficiency and
a precise beam-phase control, are different in each acceler-
ation harmonic mode. The beam orbits are determined by
configuration of electrodes, such as an inflector, a puller,
beam phase defining slits, the tip of a Dee electrode and
an RF shield, generating the electric field in the first accel-
eration region. In a conventional cyclotron, the design of
the electrodes in the center region was optimized individu-
ally for each acceleration harmonic mode. Usually, a costly
electrode changing system without vacuum breaking needs
to be developed to reduce a time for switching the acceler-
ation harmonic mode.

The design of a new center region, hopefully common
to all acceleration harmonic modes, is in progress to avoid
substantial modification of the cyclotron.

Maximum field

1 73, _ : i 'SL o

Magnetic Field (T)

01 : :\\\:\\\‘ : \\\:\H
1 10 100

Kinetic Energy (MeV/u)

Figure 1.A diagram of cyclotron operation parameters estimated
by increasing the maximum magnetic field and using the ac-
celeration harmonic modes of H=1, 2 and 3.
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Development of Long Lifetime and High Intensity Boron Nano-cluster lon
Source
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Although boron ion implantation is one of the most im- Rectangular Waveguide
portant processes ingunction formation on semiconduc-
tor, there are some problems with boron monomer ion im: Coaxial Microwave
plantation for shallow junction in fabricating deep submi- Line Input
cron devices. Because boron is light atom, shallow aton f \ 12.45GHZ Monomer
implantation is very difficult. It is attributed to the signif- Coaxial ions or atoms

icant beam current drop due to the limitation imposed by Plie

the space charge effect at low implantation energy. An _!
other problem in boron monomer implantation is transientGas Flow—

enhanced diffusion (TED) during annealing process. (He, Ar)g

Aggregation
Cell

Recently the boron nano-cluster ion implantatidf2] 13MHz
has become more acceptable as an innovative alternatir ~asgw
to the monomer ion implantation, because very low energ; l
per atom can be realized. By using boron nano-cluster iol L
beam, it is possible to obtain high current beams with low
energies per ion. Additionally, it is reported that TED of
boron atoms is suppressed in the case of boron nano-clust Wivsgride
implantation [L]. Plunger

For such application, we need the ion source, which cai
produce intense beam of boron nano-cluster ions. Plasnfigure 1.Schematic of waveguide-surfatron type nano-cluster ion
gas-aggregation is a very effective method to produce largesource.

nano-clusters. Recently we have developed a magnetron ) )
type nano-cluster ion source using this mett@ddnd suc- stable plasma independent of a shape or properties of the

cessfully produced boron nano-cluster ion beam. Althou§fid sample, and additionally it can produce a large size
the magnetron type nano-cluster ion source is a very usélPlasma. Consequently whole area of the sample is sput-
tool for studying the basic characteristics of nano-clustéfred: Therefore, we can expect very intense, stable and
there are a few drawbacks. The lifetime of the sourd@Nd life plasma source. It is expected to produce very in-
which is the continuous running time to supply nano-clusti§nSe beam of more than 10mA per atoms, and long life-
ion beam, is very short, e.g., about a half day. And the be e, of more than 2 weeks. ,

intensity is low, e.g., below ten microamperes. These probWVe have developed a new time-of-flight (TOF) mass
lems are caused that just a tiny fraction of the sample cRfcirometer for measurement of the masses of produced
be sputtered in magnetron plasma source, and that the n%pn nano-cluster ions. Figufshows a schematic draw-

netron plasma is thrown into confusion in short time due {89 Of our developed TOF system. Since the first report by
change of the target shape by sputtering. Stephensd], TOF mass spectrometry has become popular

To obtain longer lifetime and more intensive beam v\';g the nano-cluster science because of its coverage of large

are developing a new type of nano-cluster ion source [Jass range and compqctness. .For mass identification, we
ing another plasma source for sputtering. We adopted’saed a reflectron technique, wh|ch'o'r|g|nally Pr°p°~°’ed by
waveguide-surfatron type plasma source based on surf:M@-my”r‘ [ The reﬂectron was originally devised to fo-
wave plasmal], for producing ions and neutral particles. cus the ions onto a micro chanqel plate .(MCP) detector, and
Figure [ shows a schematic drawing of the Waveguidgpn_sequently the mass resolution was |mproved._ :
surfatron type plasma source. This source consists of pyre;?“gh voltages _apphed to several elgctrodes of ion optics
tube inside a rectangle waveguide. The injected microwdV& controlled with two MOSFET'SW'tCheS. synchronized
frequency is 2.45GHz. At the waveguide-surfatron, vi:ch the start pulse. The total flight length is about 80cm.

plasma is ignited by applying very intense electric voltagg € putput S|gna! from the MCP detgctor Is used as the
on the gapd]. And the plasma can be ignited in low vac: top input of multi-stop TDC. The estimated mass resolu-

uum of 0.1-2 Torr. Such pressure is required to obtaini@" (Am/m) is 1600.
sufficient high collision rate for nano-cluster growing.

The solid sample is sputtered by the gas ions, which are
ionized in plasma and accelerated in electric field between

plasma and its sample. This source can produce dense and
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Figure 2. Schematic of the reflectron TOF system for measure-
ments of masses of boron nano-clusters
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Beam Focusing and Separation Test of the Wien Filter for CRIB
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1. Introduction of the 3-inch beam duct. With these quadrupoles, the beam
CRIB (CNS Radioactive lon Beam separatdf)2] is can be transported to the F3 focal plane without changing
a facility at which low-energy and pure radioactive ioftS €mittance.
(RI) beams can be produced by in-flight separation method!n case the beam width is much larger than a few millime-
Many fruitful results of nuclear and astrophysical interest@rs order, the edge of the beam touches the inner wall of the
have been obtained at CRIB,H]. In the recent few years, beam duct mainly around Q6, and gets lost. In the real mea-
we have developed a Wien filter system for CRIB, in ordékrements, the transmission between F2 and F3 was mea-
to have a better separation power for the Rl beams. ~ sured as 30-70%, due to this effect.

2. Focusing Test

Although the optics of the Wien filter was designed as the
one-to-one focusing between the focal planes F2 an@Ji-3
the focal point can be moved to downstream by weakening
the magnetic fields of Q6 and Q7. This feature is useful
when we want to place the target and detectors distant from
the original focal position. A test measurement of this fo-
cusing function was performed with 4hAr beam.

Figure 1.Side view of the Wien filter. Lengths are in mm. F2 and

F3 are focal planes, and Q4-Q7 are quadrupole magnets. focus at PPAC-A (default focusing position)

80F PPAC-A 80- PPAC-B

The Wien filter system consists of a pair of high voltage . 4o?veqic;! 40}
electrodes, a dipole magnet, and four quadrupole magnets E M 0 @
(see Figurél). Two electrodes producing a static electric T .a0f a0t
field were installed in the central vacuum chamber (the part % 8ol “ posaion | g0 F A
indicated as “E x B field”). Positive and negative DC high S 8040 0 40 80 80 40 0 40 80
voltages are applied for each of the electrodes, using power € focus at PPAC-B (0.72 m downstream
supply modules (Glassman Inc., PS/PG200) with maximum g from PPAC-A)
voltages of-200 kV.The two electrodes are 1.5 m-long and T 80 PPACA 80} PPACB
160 mm-wide plates, made of an aluminum alloy (A5052). £ 40 40
They are placed 80 mm distant from each other, perpendic- =~ ©%» i 0, o
ular to the ground. Therefore, the applicable electric field -40¢ -40¢
is 50 kV/cm at maximum. To avoid discharges, the vac- s | o Je0p A
uum inside the central chamber is kept at a relatively high -80 -40 0 40 80 80 -40 0 40 80
vacuum of fewl0~? Pa. The insulators for separating the Horizontal beam position (mm)

high voltages from the ground were made by alumina (pu-

rity 99%), and they were proved to be durable for high voltgigure 2. Beam profiles and their horizontal and vertical pro-

ages near 200 kV. jections measured by two Parallel Plate Avalanche Counters
A dipole magnet is installed around the central chamber, (PpACs), for two focusing conditions. PPAC-A was located at

to make a vertical magnetic field. The magnet is water- the original focal plane, and PPAC-B was 0.72 m downstream

cooled, using hollow conductor coils, and having a pole ajong the beamline.

gap of 400 mm. When the maximum current of 450 A is

applied, it produces a magnetic field of 0.29 T at the centerFigurelZ shows the measured beam profiles at two detec-

of the beam orbit. tor positions with two focusing conditions. The electric and
The quadrupole magnet pairs were installed at both entiisole magnetic fields were not applied during this test. The

of the velocity separation part, and each magnet can pstrengths of the quadrupole magnets for the focusing were

duce magnetic field gradients of 10-20 T/m, in the centestimated by a transfer matrix calculation.
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When the beam was focused onto PPAC-A (shown in thetween thé®Ar'>* and the’ Ar'>+ beams was 12 mm at
top two panels), the width (full width at half maximum) of3, and we adjusted movable slits which lie just upstream
the beam profile was 1.8 mm, which is consistent with tiséde of F3 to shut thé’Ar!5>+ beam away. Consequently,
observation at F2. At PPAC-B, located at 0.72 mm dowthe major part of thé®Ar'5+ beam was screened out, and
stream from PPAC-A, a diffused beam profile is observeithally we obtained a purity of 20%, which is one order of
On the other hand, when focused to the PPAC-B positioragnitude better than the secondary beam at F2.
(bottom two panels), the beam width was observed as 7 mmThe result is shown in Figuf@ In Figurd3(a), the num-
by PPAC-B. This was far narrower than the case focusibgr of the detected particles is plotted against the horizontal
at PPAC-A, and narrow enough for typical measuremenpgsition of the beam, measured by a PPAC at F3. The dotted
The slender beam profile observed at PPAC-A in this cdse indicates the original profile of the dominafar!>+
is due to the optics (horizontally-parallel beam inside theam, when the screening slits were fully open. This part
chamber) and the large vertical angle dispersion of the imas successfully separated out by the Wien filter. The re-
coming beam. maining part is the observed beam, including thar!5+

) component, which is explicitly indicated in the figure. The

3. Separation Test particle identification betweefP Ar'®>+ and3Ar'>+ was

3Ar, mainly produced by cosmic-ray spallation properformed by the time-of-flight method. The ordinate of
cessesd] in nature, has a half-life of 269 years. The lifeFigure[3 (b) shows the time of flight between the PPAC
time is important for geophysics with respect that it enablgad the production target. Here we had a clear separa-
us to make chronological studies on rocks and waters, bgh betweer?Ar'5*+ and3°Ar'®t. The remaining parti-
it is not known very precisely. We performed a feasibitles shown above in the figure were not identified, but they
ity study on implanting théAr beam into an aluminum are possibly*! K15+ or 38CI14+,
foil. If that implantation process is possible with an accu- The velocity dispersion in this measurement was 0.43
rate knowledge of the number of implanted particles, veen/%. If we will be able to apply the maximum electric
will be able to determine the lifetime 67 Ar by an activa- field (50 kVv/cm), we have a twice larger separation, which
tion measurement of the alminum foil. enables us to observe tAgAr'®>+t as a distinct peak. For

We performed a beam seperation test of ther beam this kind of experiments, a stable operation of the Wien fil-
from the*°Ar primary beam. ThéHe(*°Ar, 3°Ar)*He re- ter at higher voltages is awaited. To have a good stability
action with the primary beam energy at 4.5 MeV/nucleait high voltages, we have been performing “aging” of the
was used for the secondary beam production. Here, we glectrodes toward the maximum voltage200 kV.
lected*He gas (about 0.25 mg/énthick) for the production
target in order not to produc€Cl, which cannot be sepa-4' Summary
rated from3?Ar even by the Wien filté}. It was extremely A Wien filter was newly developed for the CRIB system.
difficult to obtain a pure secondary beam. Even after th&e focusing and beam separation functions were tested us-
Bp was severely constrainedvp/p < 0.5% ) to maximize ing heavy-ion beams. By changing the focusing condition,
the number of?Ar'>*, the primary*°Ar'5+ beam is still the focal plane was successfully moved to 0.72 m down-

dominant, while thé°Ar'5+ beam is only about 2% of thestream from the original position, keeping the beam width

total beam. fairly small. The separation function was tested for a sec-
‘ o , o ondary RI beam of?Ar from the primary beamt®Ar. A
(a) Horizontal projection of the beam profile (b) Particle identification . . .
after the Wien filter by the time of flight beam purity of 20%, which was one order of magnitude
R 1208 better compared to the beam upstream of the Wien filter,
N3 1AM onr beam rofe g”o’ was attained. The Wien filter was stably operated at high
S0 ooty b, =% 9 electric fields of 24 kV/cm during the measurement, giving
S L coan domnam) £ 9 woprs a velocity dispersion of 0.43 cm/%.
g 10 39AF15 beam S 80 @ ' W P
g E purity=20% g 70k @wArm
10% =
~ 60f References
507740730 20 40 0 10 20 30 40 50 3072671601620 30 [1] S. Kuboncet al,, Eur. Phys. J. A3(2002) 217.
horizontal position of the beam (mm) horizontal position of the beam (mm)

[2] Y. Yanagisawaet al, Nucl. Instrum. Methods Phys.

: . o . Res., Sect. £39(2005) 74.

Figure 3. (a) Horizontal projection of of the beam profile, L
The shaded area was identified as®&r'>" beam by the E} 'I\I'/.lTNe(r)?gﬁztle;fl INEEIy spr:‘yestt A???E? ((22(;)(;)‘%)42171
time-of-flight method (see text). (b) The time of flight be-5] T .Teranish'et él CN'S AnnL.JaI Report 2003 (2'004) 81
tween the production target and F3 (with an arbitrary offset) i ' X ’

shown for the same data. é] R. Reedyet al,, Science219(1983) 127.

In this beam separation measurement, the Wien filter was
operated at an electric field of 24 kV/crd:95 kV), and
a corresponding magnetic field of 0.08 T. The separation

I The reactior?He (*Ar, 39Cl)“Li is energetically prohibited.
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Since year 2000, we have been developing a pd
sition sensitive germanium (Ge) detector array, CN
GRAPE GammaRay detectorArray with Position and

Energy sensitivity) for high-resolution in-beam gamma-ra
spectroscopy using RI beams. In order to correct for t
Doppler broadening effect from the moving gamma-ra
emitters, the array was designed to have position sensitif
ities in the Ge crystal. The total array consists of 18 d
tectors and each of which contains two Ge planar crystag,
with effective radius of 3 cm and thickness of 2 cm. Thd
outer side of each crystal hag 3 segmented electrodéH |
The planar structure and the segmented electrodes enablq
to extract the position information based on a pulse-shaj
analysis. The resolution of less than 1% for v/c = 0.3 ca
be achieved after Doppler shift correction. Total efficiency

of 5 % for 1 MeV gamma ray is expected. Figure 1.GRAPE with liquid helium target and TOF spectrome-

In this year we have performed following physics exper- ier.

iment and developments. ,
BGO Shield

GRAPE detector

e Experiment on studies of single-particle structures
of the neutron-rich nuclei in the island-of inver-
sion (N~20 and 2-12). By using®2?Mg as a sec-
ondary beam and nucleon transfer reactiong) énd
(a,®He) in inverse kinematics, excited states’®Al
and?3*Mg were investigatedZ]. In the experiment a
liquid helium target] as well as a TOF spectrome-
ter [4] was used combining with the GRAPE (see Fig.

.
e As a second-phase data acquisition, pulse-shape data

;/r\:]aesn?cqmred by using flash ADC in the above exper- Figure 2.A prototype BGO shield for GRAPE.

e R&D of pulse shape analysis based on an artificial

neural network algorithm was performes).[ neutron-rich RI beams.

e Design of BGO Compton suppressor for GRAPE was

made. It covers top and button as well as side of the formance evaluation of the prototype BGO shield.

states produced by fusion reactions with low-energy

e Construction of test bench for BGO shield and per-

detector surface with mean thicknessd@ cmBGO RgD of the digital signal processing and analysis
crystal as shown in Fig2 A prototype BGO shield system for the three-dimensional position determina-

for one segmented Ge detector was constructed. Its  jon.
energy resolution for the 662 keV gamma-ray of
137Cs is~14%.

In 2005, we plan to perform following physics experi-
ment and detector developments. References

e Study of high-spin states in the~\8 and 2 20

region by in-beam-ray spectroscopy of excited[2] S. Otaetal, CNS Annual Report 2004 (ZOO%

71

[1] S. Shimourat al, CNS Annual Report 2001 (2002) 5.



[3] H. Akiyoshietal, CNS Annual Report 2000 (2001) 73.
H. Akiyoshiet al., RIKEN Accel. Prog. Rep34 (2001)
193.

[4] N. Aoi et al, RIKEN Accel. Prog. Rep38(2005) 176.

[5] T. Fukuchiet al, CNS Annual Report 2003 (2004) 90.

72



Development of 3-Dimensional Position Sensitive Germanium Detector

T. Fukuchi, S. Shimouf E. Ideguch®, M. Kurokawd, H. Bab®, S. Ot&, M. Tamakf and
M. Niikura2

Department of Physics, Rikkyo University
acenter for Nuclear Study, Graduate School of Science, University of Tokyo
bRIKEN (The Institute of Physical and Chemical Research)
CDepartment of Physics, Kyoto University

1. Introduction . . .
) a scanning of the whole region of the detector requires a
We have been developing Gamma-Ray detector Arfgyy time. In order to reduce period which needs for pulse

with Position and Energy sensitivity (GRAPE) which ihape sampling, we have performed a sampling by inject-
optimized for detectingy ray from fast moving nuclei.jng two independenty rays from mutually perpendicular
GRAPE consists of 18 high-purity Germanium (Ge) detefirections. This method based on a principle that signal
tors, each of which consists of a pair of stacked planar-tyg@iation of positions in perpendicular with electrodes have
Ge crystals (60 mm in diameter and 20 mm thickness). Tique definition. In particular, (1) gamma ray is injected
electrode of a Ge crystal is segmented in 3. These Geinto the detector in parallel to electrodes, (2)gamma ray is
detectors were manufactured by Eurisys Measures. Hiufgected in perpendicular to electrodes, and (3)the sampling
shows a schematic view of the Ge detector used in GRAR&a of a particular point are chosen from the data set (1)
Presently;y-ray interaction position of the depth directiopy gating on the data set (2). This measurement was au-
in respect to the electrode is extracted from time differenggated. Summed as well as of each of 9 segment signals
between the anode and the cathode of signal rise-time ugieg: taken. The signals from the crystal are amplified by
analogue moduledl]. charge-sensitive pre-amplifiers, after which operational am-
For more precise correction with the so-calledray plifiers were used for matching the pre-amplified signals to
tracking, the Ge detector system with three-dimensional e dynamic range of flash-ADCs. The pulse shape cover-
sition sensitivity is under development. For the extractimig the rising time range of s are acquired. A data set of
of three-dimensional interaction positions, transient signasdifferent positions produced 145 sampled data positions.
which are induced at neighbor segmentsyafay hit seg- Figureﬂhows the sampled data positions and the example
ment are also used with intrinsic signal. Artificial Neuraf the pulse shape at the center position of 10 mm depth.
Network (ANN) algorithm is employed to deduce theay
interaction positions from these signals. In addition, a pulse ...
shape sampling method for training of the ANN is being
developed.
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Figure 1.Schematic view of the Ge detector using inthe GRAPE. % P t
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2. Pulse shape samplin
P ) pling Figure 2. The sampling data positions and the example of the
In order to train ANN, a pulse shape sample at each po-

i ) ) ulse shape at center position in 10 mm depth.
sition in the detector is needed as a supervisor. One methodj
of three-dimensional pulse shape sampling is to measure
a position in the detector using a collimator together with Determination algorithm of the y-ray-interaction po-
another detector with a slit. In this method, for theay sition
which is incident in the collimated direction, the position Then we have applied the ANN algorithm, which is based
measurement can be made from the Compton scatteredaamthe Kohonen’s method]| to determine the/-ray inter-
gle selected by the slit of the other detector. Howevetion positions. In this algorithm, firstly, a variance be-
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where i and j are th&h sampling point of the flash-ADCs
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the deduced position and the sampling position as Event number
5 5
b
wigt 1) = vy @) —ws@), @ g T IREIT ) g O e
<3 gg /\/\/\/\/\W
whereg is a gain parameter. In this modification, the pa- § RS 5,0 e, ]
rameters of the circumference are also modified. Fiflre = . g,
shows an example of the ANN results. For the input, sam- .

pling data were arranged in a random order of each detector ‘o 2o o s w0 w0 0 zm w0 e 1o
positions Event number Event number

The result of center position is shown in Bp). The Figure 3. The example of the ANN results. The ANN training
vertical axis is a difference between the interaction posi- IS Started form random parameter for (a), and average pulse
tions, which are derived form the ANN algorithm, and the Shape parameter for (b) and (c), respectively. Tested positions
sampling position. The horizontal axis is the number of &€ also shown by circles.
event. The solid line indicates results using ANN algorith eferences
The dashed line indicates an averaged pulse shape methad.

In this method, pulse shape is compared with average p M. Kurokawaet al, IEEE 50 (2903.) 1309. i
_T. Kohonenet al, Self Organization and Associative

shape of each position using the equation (1). The paral M hird edit Spi Verlag 1990
ter of averaged pulse shape is a constant. The ANN result emory, third edition, (Spinger-Verlag )-

inB(a) is from a random parameter at the start, while those
shown in Fig.[3(b) and (c) are started with the averaged
pulse shape. The case of starting from the random param-
eter and averaged parameter needs about 8000 events and
3000 events to converge, respectively. The ANN method
produces a good result for some positions.

4. Future developments

In the future developments, we plan a more effective
sampling method using the Compton scattering, in which
the energy of the scattering andlés related to the energy
of the incident photon g£and the energy of the scattered
photon g via

Ey= FE; + Es, cos@zl—i—mecQ(Eio—EL2 . 3

In this method, the event which is scattered in one crystal
and deposited full energy in another crystal is stored. This
sampling is performed by a minimum search of variance

in Eq.(1) through all possible combinations of the interac-
tion positions based on the scattering angle. Here we plan a
two-step sampling with (1) about 5 mm interval using a col-
limated~ ray on a test-bench and (2) the sampling with 1-2
mm resolution by the Compton scattering (starting from the
parameter made by the sampling(1)). Complete all process
of the pulse shape sampling by just placing a standgamaly
source on the target position would be an ultimate objective

of the present development.
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Development of Thick CdTe Detectors
M. Tamaki, M. Niikura, S. Ot& H. Baba, T. Fukuchi, E. I[deguchi and S. Shimoura

Center for Nuclear Study, Graduate School of Science, University of Tokyo
@ Department of Physics, Kyoto University

We started a development of Cadmium telluride (CdTe) CdTe Si Ge
detector for one of the candidates of the next generatioAtomic numberZ 48, 52 14 32
~ detectors with high efficiency and high energy resolu-Density [g/cni] 6.02 2.33 5.32
tion. Among several semiconductors availablefamy de- ~ Dielectric constant (rel- 11 12 16

tection CdTe is one of the promising because of its higrﬁtiV_G)T_ o _
density and the large atomic numbers of its component§trinsic resistivity >2x 107 2.3 x10° 47
(Zca=48, Z1.=52), as well as a large band-gap (1.5 eV).(300K) [2cm]

The former properties gives a high efficiency per unit vol-Energy gap (300K) 1.5 11 0.7
ume and the latter enables its operation in room tempefeV]

ature. Recent progress in the technology of producing &verage energy per  4.43 3.61 2.98
high-quality single crystal of CdTe provided a possibility electron-hole pair [eV]

of high-resolution room temperature detectors ferays.  Electron mobility (300 1000 1350 3900
However, since small mobility of charge carriers especiallyK) [cm?/Vs]

for the holes and trapping effects due to the defects in &lole mobility (300K) 70 480 1900

crystal yield incomplete charge collection, a thick detectofcm?/Vs]

with a good energy resolution was thought to be less feasi-

ble. In order to gain efficiencies with keeping good resolufable 1. Some physical properties of CdTe, Si, and G&aken
tions, a stack of a large number of thin CdTe detectors were from ref. ]

developed fory-ray astronomyl]. ) )
Another possibility to improve the energy resolution of §UTrents of the detectors as a function of the bias voltage.

thick detector is a correction depending on the interactid® total leakage current including that of the guard rings
point derived from the pulse shape. In order to use possifif the 10-mm thickness detector was about 400 nA at 1000
techniques to extract position information, such as usage\efhich corresponded to the resistivity of SXxm. The
small pixel effectp], analog timing pickoff[84], and dig- ratio of the Ieakggg currents of the strips apd guard rings
ital pulse-shape analysis, we have chosen planar-type C§#@e found to (;0|nC|des thelr_areas. This indicates the Ieak-
detectors having double-sided strips (Pt) with guard ringd3€ currents via th_e s_u_rface is much smaller than those via
active sizes of which are 1@ 10 x 5 (10) mn# (see Fig. Pulk. The large resistivity of 5 Gecm corresponds to small
). The crystals (p-type) were produced by Acrorad Cdmpurity density of 2<107/cn®, which is 100 times smaller
Ltd. and were mounted by Clear Pulse Co. Ltd. In thi1an that of Ge detector.
report, basic properties of the CdTe detector, typical pulseThe small impurity density in the CdTe detector results
shapes, and a possible pulse-height correction using a f&f2ost uniform electric field in the detector and almost con-
slow shaping method are presented. stant drift velocities of the electrong and holesy,. Since
Some physical properties of the CdTe semiconductor dft¢ mobilities of the electrons and the holes are different,
shown in Tabl€ll It is noted that the resistivity of the CdTethe charge pulse from the CdTe detector is characterized
is 100 times larger than that of Si, whereas the hole mobil-

A: 280ns A E.90mV

ity is 7 times smaller than that of Si. We measured leakage ‘ ‘ 3 i@ “360ns @ 5.50mv
a{ . : : :3*‘“‘ T : : : : 4
G\ o ' '
TN T ;
) Gl iy o
G2 h .’ "
G3 N :
S\ 52 ;
\ ~ 3
4

M1.00us A Ch4 £ 7.30mVv

®EE] 5.00mV"y
: : L 139.40%

Figure 1. Top and bottom views of the CdTe detectors. Size of
each strip is 2.45< 10 mm. The structure of the electrodes
are identical for two types of detectors with 5Smm and 10mrfrigure 2.Typical pulse shape from the CdTe detector (5Smm). The
thicknesses. bias voltage was 800 V.
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Figure 3. Two dimensional histogram for &7Cs source as a
function of pulse heights of the fast- (0.58; abscissa) and the
slow- (3 us; ordinate) shaping. The bias voltage was 800 V.

by a sum of the fast and the slow components with al-
most constant slopes as seen in Egwhere an output
from the charge-sensitive preamplifier (CP-528A) is shown.
Here, all the electrodes including guard rings on each sur-
face were connected together. The timings of the vertex
points in the pulse shape correspond to the arrival times
of electrons and holes to the electrodes, which depend on
their path lengths. The pulse height is affected by the trap-
ping effect resulting incomplete charge collection. The in-
completeness may be characterized by the ratio of the path
lengths to mean free paths which are denotedvby or
vpTh, respectivelyl®]. Since it is known that the lifetimes

7. andr, are the same order, the incompleteness is larger
for the holes than for electrons.

In order to study the above-mentioned characteristics of
the CdTe detector in a conventional analog pulse shaping
technique, pulse heights after a fast (0s5 A1) and slow (3
us: A3) shaping (ORTEC 571) of the output of the pream-
plifier were measured via ADC (Hoshin C008). The fast
shaping corresponds to the integration of the fast rise time
component which mainly comes from electrons. The total
charge including hole component was to be measured by
slow shaping. Figuri@ shows a two dimensional histogram
for a '37Cs source. The locus in the figure corresponds
to the full-energy peak (662 keV). It is seen that the total
charge decreases as the fast component coming from elec-
trons decreases. The ratio of Al to A3 (A1/A3) is almost
unity for the position near the cathode and decreases as the
position becomes away from the cathode. The amount of
the incomplete charge collection is obtained as a function
of A1/A3, where the pulse height becomes about 70% near
the anode comparing to that near the cathode. Quantitative
analysis of the position and the original charge and their
resolution by using A1 and A3 is now in progress.
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Relaxation of Proton Polarization in Polarized Solid Target

T. Waku®, H. Saka®P, T. Uesak& and S. Sakaguchi
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bDepartment of Physics, University of Tokyo

1. Introduction diation was obtained as 0.288.015 hr! in the same man-

A polarized solid proton target fgi-RI scattering exper- Ner. In the experiment, the target material was irradiated by
iments has been developed using a crystal of naphthal@nkle beam of 80 MeV/u with a total dose 0k20° mm~=,
doped with pentacene as a target matelihl [The polar-

ized proton target was used for an experiment wittHa _ 04 ' ' '
beam at the RIKEN projectile fragment separator (RIPS) in "5 03k *Hebeam _+
July 2003[P/3] and also for an experiment with'&le beam @
at E3 in September 2004][ The polarization procedure is g 02t |
described in Refl§] and the target system is described in 9
Ref. [2]. g ol |
An attainable proton polarizatio#,, can be written as 2 e beam
A & B % 2 4 6 8

= P,
A+T, @ Total dose[10° mm?|

whereP, is the average population difference between two

sublevels in the photo-excited triplet state of pentacépe,

the total relaxation rate of proton spins, aAdhe polariza-  Although the experimental conditions such as the beam-
tion buildup rate, which is proportional to the laser powegpot size on the target material and the beam energy are dif-
The proton polarization is a result of the competition béerent in each experiment, we tried to plot the relaxation rate
tweenA andl',,. The relaxation ratd,, is thus an impor- due to the ion-beam irradiation against the total dose. Fig-
tant factor to assess the target performance. ure 1 shows the relaxation rate as a function of total dose.
In the previous report, we described the relaxation causHaee relaxation rate seems to increase almost linearly with
during the polarization buildup proce&].[ The contribu- the total dose in the range of the experiments. The propor-
tions to the relaxation rate are the intrinsic relaxation duetionality constant was (4.670.04)x 102 h—1/10° mm~2.
the fluctuating field produced by paramagnetic impuritieg, Comparison of relaxation Sources
the relaxation caused by the interaction between proton arid P . o
triplet spins, and the relaxation due to the cumulative effectT0 evaluate the effect of the ion-beam irradiation on the
of laser irradiation. In addition to the relaxation proced¥larization destruction during a scattering experiment, we
due to these sources, we found the relaxation causedégjmated the dependence of the relaxation rate on time.
ion-beam irradiation. The relaxation rate measured withidure 2 shows the result of the estimation. In this es-
out laser irradiation increased after the experiment with tHg1ation, we assumed that the intrinsic relaxation rate is
SHe beam. This effect may cause destruction of the protg?> T 1. the laser power is 200 mW, the beam intensity
polarization during a scattering experiment. In this repof$, 2<10°, and the beam-spot size on the target material is
we describe the relaxation due to ion-beam irradiation apd Mmp- The proportlonalltly constants used for the es-
a comparison of the contribution of each source to the fnation were 0.26:0.06 W="h~" for the relaxation rate

Figure 1.Relaxation rate due to ion-beam irradiation.

laxation rate caused by the interaction between proton and triplet spins
B _ o and (1.1£0.5)x10~3 W~th~2 for the relaxation due to the
2. Relaxation due to ion-beam irradiation cumulative effect. From this figure, we can see that the re-

An increase in the relaxation rate measured without lad@xation rate due to ion-beam irradiation increases with time
irradiation was found after thg~%He scattering experi- and becomes as large as the sum of the relaxation rate due
ment. The measured relaxation rate increased from Ole@ther sources at the irradiation time of 5 days.
to 0.;3 !, From the measur.ed rgla}xation rate, 'Fhe re- Annealing effect
laxation rate due to ion-beam irradiation was obtained as . . . - -
0.065£0.11 hr! by subtracting the intrinsic relaxation rate The relaxation rate due to ion-beam irradiation will in-

and the relaxation due to the cumulative effect of laser {fr35€ More rapidly for a higher beam intensity. Since the
radiation. In the experiment, the target material was irrg[oton polarization decreases with increasing the relaxation

diated by a®He beam of 71 MeV/u with a total dose oirate during a scattering experiment, the relaxation rate due
1.5x 10° )r/nm_Q to ion-beam irradiation should periodically be reduced by

changing or by annealing the target material. The anneal-

A similar phenomenon was observed in fit¢He scat- ing effect was then investigated after tiie'He scattering

tering experiment. The relaxation rate duéitte beam irra-
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or by annealing the target material. The annealing effect
was clearly seen at 200 K.
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experiment. The investigation was conducted by measuring
the relaxation rate without laser irradiation after annealing
at different temperatures. Figure 3 shows the relaxation rate
plotted against time. The relaxation rate was obtained by
subtracting the intrinsic relaxation rate from the measured
relaxation rate. The relaxation rate due to the cumulative
effect of laser irradiation was smaller than the error bars.
The target material irradiated BiHe beam was maintained

at 100 K for the first 63 hours. The relaxation rate remained
constant at around 0.3 h during the first period. The an-
nealing effect could not be seen at 100 K. The temperature
of the target material was then increased and maintained at
150 K for the next 6 hours. The relaxation rate seemed to
decrease slightly at 150 K. For the last 16 hours, the temper-
ature of the target material was increased and maintained at
200 K. The relaxation rate clearly decreased at this temper-
ature. From the result, the temperature of the target material
should be increased to higher than 200 K to obtain the an-
nealing effect.
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Figure 3. History of relaxation rate due to ion-beam irradiation
during annealing.

5. Summary

We found the relaxation of proton polarization due to ion-
beam irradiation. The relaxation rate seemed to increase al-
most linearly with the total dose. The proportionality con-
stant was (4.020.04)x10~2 h=1/10° mm~2. We also es-
timated the dependence of the relaxation rate on time. The
result of the estimation suggested that the relaxation rate
due to ion-beam irradiation should be removed by changing
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Polarization Calibration of Polarized 3He Target via 3He(p, +)*He Reaction.

K. Itoh, Y. Shimizi, T. Uesak®, T. WakuP, T. Kawabat®, Y. Tameshig8, Y. Sakemf® A. Tamii®,
K. Fujita®, T. Wakas&, H. P. Yoshid§, T. Kudotf, H. Ohird® and K. Hatanak&

Department of Physics, Saitama University
8Research Center for Nuclear Physics, Osaka University
b center for Nuclear Study, Graduate School of Science, University of Tokyo
CDepartment of Physics, Kyushu University

Spin-exchange-type polarizétfe target apparatuses were The excitation energy spectrum is shown in Eliig.The
developed at CNS/Riken and RCNE/2]. In these target
apparatuses, the cell containifge gas has the so-called
“double-cell” structure. This structure consists of a target
cell and an optically pumping cell, connected to each other 800
through a pipe with an inner diameter of 10 mthie nuclei

in the pumping cell are polarized via spin exchange with
polarized Rb atoms. The polarizéHe nuclei diffuses into 600

900

700

the target cell. E

The polarization ofHe nuclei in the target cell is mon- % 500 80keVv
itored by the adiabatic-fast-passage(AFP)-NMR method, £ 400 |- — || —
which provides a relative polarization value. On the other S 00 | T

hand, the polarization ofHe nuclei in the pumping cell is
obtained by measuring the frequency shift of the Rb elec- 200

tron spin resonance (ESR3][ The ESR method provides
the absolute polarization value. If the differencé e po- 100 }JWJWM,J WW«\
larization between the pumping cell and the target cell is 0 | | |

sufficiently small, the AFP-NMR signal can be calibrated
by measuring the ESR frequency shift. To compare the po- Ex (MeV)
larization in the target cell with that in the pumping cell,
the absolute polarization 8He in the target cell was mea- Figure 1. Excitation energy spectrum at a beam energy of
sured via théHe(p, 7+)*He reaction, simultaneously with 392 MeV. The sharp peak around, = 0 is due to the
the ESR measurement. SHe(p, 7*)"He reaction.

The 3ﬁe(ﬁ, 7T)*He reaction measurement has recently
been performed to calibrate the AFP-NMR signal. For the

case ofg+ + g+ — 0~ + 0%, one can show from the parfeak aroundv,=0 was due to théﬁe(ﬁ, 7T)*He reaction.
ity conservation that the polarization correlation coefficiefmall peaks at negative excitation energies and continuum
takesC, ,=+1 [4]. In this case, the target polarizatid?,f were background events mainly due to the cell materials.
is written as Spin-dependent cross sections were deduced after subtract-
ing background.The absolute target polarization was ob-
(1) tained from the spin-dependent cross sections usindllEq. (
The direction of the beam polarization was reversed every
Wherepf is the beam polarization andis the cross sec- second, and the direction of the target polarization was re-
tion for respective combinations of the spin direction. TH&rsed every 2 hours. The polarization of tiée target
first and second subscripts indicate the spin directionsVés measured by the AFP-NMR method once per hour. The
the beam and the target, respectively. Thus, the absoffi@an ratio of the polarization to the amplitude of the AFP-
3He polarization in the target cell can be directly deduced¥MVR signal was deduced to be (6:68.58)x10~* mV~".
the beam polarization is known. The result of3He(p, 77)*He measurements is shown in
The experiment was performed at the Research Cerftig.[2by the opened triangle.
for Nuclear Physics (RCNP), Osaka University, using aThe calibrations of the polarization obtained from the
polarized proton beam. The beam energy was 392 MaﬁRIrequency shift have been performed before and after
the beam intensity was 20 nA, and the beam polarizatitre 3He(p, 71)*He reaction. The mean coefficient of pro-
was (70:2)%. The beam polarization was monitored ugortionality was deduced to be (4.850.03)x 1074 mvV—!.
ing beam-line polarimeters. The pions were momentuhe polarization deduced by the ESR measurement is
analyzed using the high-resolution magnetic spectrometbown as a function of the AFP-NMR amplitude in F&).
Grand Raiden, and detected using two plastic scintillatiosing the opened and closed circle.Detail of the ESR mea-
counters and two vertical drift chambers (VDCs). surement is shown in Ret].
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Figure 2. Correlation of the AFP-NMR amplitude and the abso-
lute value of*He polarization. Solid and dashed lines show the
fitting results for the ESR an%ﬁe(@ 77)*He measurements,
respectively.

The results of the two different calibration measurements
do not agree with each other, and the polarization in the
target cell is higher than the polarization in the pump-
ing cell. Re-examination of the systematic error in the
ESR frequency measurements which is caused by so-called
“hot relaxation”, and the background estimation of the
3ﬁe(ﬁ, 71)*He measurement are in progress.
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Construction of Deuteron Polarimeter at Internal Target Station of Nuclotron
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1. Introduction get. The proton and deuteron detectors were plastic scin-

Spin physics programs with GeV-energy polarized deuterdfption detectors of 14 mifix20 mnt'x20 mnt and
beams are proposed at JINR in Russia and RIBF 348 mni"x20 mnt'x20 mnt, respectively. The detectors
Japan. In the investigations, an established measurenyé®fie placed 60 cm from the target. The beam intensity was
of deuteron polarization is required to deduce values of gout 1-310” particles/spill.
larization observables reliably.

Among possible candidates of deuteron polarimetrie®s, Results of Test Measurement

the d-p elastic scattering at forward angled].[the d-  |n Fig.[I a spectrum of time difference between proton
p quasi-elastic scatterin@?] and the deuteron inclusiveand deuteron detectors at 800 MeV is shown. An emi-
breakup] have been used as polarimetries in the GeV efent peak corresponding to thlep elastic scattering was
ergy region. observed.

The latter two pOlarimetries do not suffice the require' Figure presents energy loss correlation between pro-
ment of vector-tensor mixed polarimetry, becausedhe ton and deuteron detectors, gated by the time difference,
quasi-elastic scattering has no tensor analyzing power whilgicated in Figll A clear locus due to the-p elas-
the deuteron inclusive breakup at zero degree has no Vegitokcattering is observed & F o100 ~ 700 channel and
analyzing power. On the other hand, @ elastic scat- AE,.i.on ~ 750 channel. It has been proved that contri-
tering at forward angles requires a two-arm spectrometebi@ions from accidental coincidences and carbons are small
identify the scattered deuteron from those from other regGrough at the energy.
tion channels or other particled][ The contributions from accidental coincidences and from

The proposed polarimetery, thep elastic scattering atcarbon in polyethylene increase with the deuteron energy.
backward angleg(., > 70°) at energies 0.88-2.0 GeV, hagjgures3 andd present results of measurementZat =
several advantages as a beam-line polarimetry over the qtg-Gev. In the time difference spectra between the proton
ers. Firstly, both vector and tensor analyzing powers for thq deuteron detectors (F@), a distinct peak due to true
reaction can have large values$,6,[7]. Secondly, a kine- coincidence is observed at 0 ns. Ratio of the true coinci-
matical coincidence measurement of deuteron and protRihce rate to the accidental one is around 2.5 for a beam
with simple plastic scintillation counters suffices for evefitensity of 1.0<10° /spill.
identification. This is mainly due to a small baCkgrOUnd Figure@ shows ADC Spectra of the proton detector. A
event rate, Compared with the forward angles. The USEF@ak Corresponds td_p elastic Scattering appears at
this reaction as a deuteron polarimetry at 140-270 MeVgi0 channel on a broad bump. A part of the bump is due
large angles is established at RIKE8|9,10). to the accidental coincidence and can be subtracted by use

Overview of the polarimeter setup and results of a test &fTDC information in Fig3, as shown in top panel of Figl.
periment with an UnpOIarized deuteron beam are describﬁemaining background Originates from carbon in p0|yethy_

lene target and can be subtracted by use of spectra for car-
2. Experimental Setup bon target (middle panel of Fig). The resulting spectrum

The polarimeter was installed at the Internal Target Sia-sshown in the bottom panel. Itis experimentally confirmed
tion (ITS) of Nuclotron, a superconducting synchrotrotiat thed-p elastic scattering events by polyethylene target
constructed at Veksler-Baldin Laboratory of High Energiesn be clearly extracted by subtracting accidental coinci-
of JINR. This target station is composed of a spherical hudence events and carbon events. It should be noted that,
a beam duct and the target stage where the target holtethe higher energies, carbon contribution, mainly from
carrying up to 6 different targets is located. guasifread-p scattering, may have a large analyzing power

For the polarimeter use, a polyethylene sheet qirmi0 as freed-p elastic scattering and may be used for the pur-
thickness is used. Details of the ITS can be found in Rgbse of polarization analysis. Experiment to measure the
[11]. analyzing powers for the carbon target to clarify the useful-

A test measurement was carried out in February-Marshss of the quasifreé-p scattering as polarimetry will be
2005 with unpolarized deuteron beams. Here, one paiade in the calibration run planned in June 2005.
of proton and deuteron detectors were used to meaThe experiment demonstrates that event-identification of
sure singles rates of the detectors, accidental coincidetieed-p elastic scattering at ITS is feasible. Measurement of
rate, and contribution from carbon in polyethylene taanalyzing powers for thé-p elastic scattering atthe ITS po-
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Figure 1. Time difference between proton and deuteron detec-
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Figure 4. ADC spectra of the proton detector. TOP: spectra for
polyethylene target for true+accidental and accidental coinci-
dences. MIDDLE: polyethylene and carbon spectra. BOT-
TOM: d-p spectra after subtractions of contributions from ac-
cidental coincidences and carbon.

larimeter will be performed with polarized deuteron beams
in June 2005. The expected results here will be essen-
tial both for future operation of new polarized ion source
CIPIOS and for the spin physics programs with polarized
deuteron beams at Nuclotron.

4. Summary

For the purpose to establish a beam-line polarimeter for
GeV-energy deuterons, we are constructing a polarimeter at
the internal target station of Nuclotron. In the test measure-
ment, it has been clearly demonstrated that it is feasible to

Figure 2.Energy loss correlation of proton and deuteron detectddentify the d-p elastic scattering events with pulse height
gated by the t|me difference_ A IOCUS Correspondingj{p and tlmlﬂg InfOI’matIOﬂ from p|aStIC SCIntI”atlon deteCtOFS

elastic scattering can be seen clearly.
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Calibration measurement with polarized deuteron beams of
300 MeV-2.0 GeV will be performed in June, 2005.
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1. Introduction we can determine the mass with the ordet@f® accuracy,

Precision mass measurements of neutron-rich nuclei fafe measuré, and B, with the order ofl0~°® accuracy.
from the stability-line are indispensable for understandingFor Rl beams with different mass-to-charge ratios
the rapid neutron capture process (r-process). The r-prodé&s /¢)=mo/q+A(mo/q)), isochronism is not fulfilled. In
is a nucleosynthesis process where elements from heatf#s case, mass-to-charge ratio can be expressed as
than iron to uranium is instantaneously generated under ex-
plosive astrophysical conditions. From the nuclear physics my_ mo 11 Yo _ mo Ty 1— 7 (5)
point of view, the r-process is only discussed based on the- q qg Tom g To\/1- (%ﬁ1)2’
oretical model, such as nuclear mass formidja hecause
it passes over unknown neutron-rich nuclei region. In othehere T is circulation time for nuclei withm,/q and
words there are no experimental precise data exists for sgeh= 1/1/1 — 5. In order to evaluate the mass of nuclei
region, up to now. Therefore, it is important to measure théth non-isochronism, correction of velocity is required.
mass of such unknown nuclei in order to study the nucl€he relative differential ofn, /g is expressed as
osynthesis process.

In the near future, a lot of new nuclide, including the r- 6(ma/q) _ d(mo/q) 4 6(11/To) k% 6)

process region, will be generated with the Rl Beam Factory mi/q mo/q 11 /To B’
(RIBF) in RIKEN by using projectile fragmentation pro-

cess and/or uranium fission. Thus, we plan to construct an b— B3 B (Q 9 B3
isochronous ring, which specializes in the mass measure- S 1-62 Ty 1—(Th/To)26%

ment, in RIBF. Accuracy of the mass depends on the accuracy of the ve-
2. Principle locity. If we require the order of0—¢ mass accuracy, the
In general, the cyclotron frequencf can be expressedthird term in Eq. (6) should be less thag™°. Since10~
as difference of the mass (i.eA(mo/q)/(mo/q) ~ 1072)
£ = 14B 1) corresponds te- 10~ difference of circulation time and
c 2rm’ k ~ 1072, if we determine velocity withl0—* accuracy,

wherem/q is mass-to-charge ratio of particle afds mag- the third term in Eq. (6) amounts to arounai°.
nftic field. The circulation timel() in the ring is the inverse 3. Experimental devices
of fe:

()

3.1. Overview
2 A schematic drawing of the mass measurements system
is shown in Fig. 1. The Rare RI, which related to r-process,

m 1 mol
T=2r——=21——
7TqB 7TqB’}/,

wherey = 1/4/1 — 32, 8 = v/c andc is the light velocity.

In the isochronous ring3,~ takes the place aB at certain . C
mo/q. Therefore, the circulation tim&¥) for certainmg/q BigRIPS + Injectionline

is expressed by N— I | |

I
1 ~180m RING
Ty =200 ©) Vs
q Bo .
. . Production
In this case, if we measurg, and B, accurately, we can Target
determine the massi/q) accurately. It is noted théf, is Timin v
common even for different velocity (momentum). Since the Detect%rs .
relative differential ofing/q is expressed as [Pﬁerttég'tgrs
dmo/a) _ o 4 250 (4)  Figure 1.Schematic drawing of th
mo/q TO BO ) igure 1.Schematic drawing of the mass measurements system.
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is produced as secondary beam by using Ring-Cyclotron . injection

and Production-Target in RIBF. As a typical example, it !

is assumed that it was accelerated to about28@&V. In

order to measure the velocity witth—* accuracy, as de-

scribed in Sec. 2, we need a long injection line180 m),

which corresponds to a long flight time- (1 s). We intend

to recycle the TARNII] as the injection line. | ‘ ‘ |
According to Eq. (4), accuracy of the circulation time in ' ~100ns ~100ns

the ring directly affects accuracy of the mass. Thus, the ! ! ! !

circulation time should be more than 103 to achieve

the 10~ accuracy of the mass, if we suppose that timerigure 2. Ideal waveform of magnetic field for injection kicker

resolution in conventional timing detectors is 100 ps. We magnet.

propose the ring circumference is around 60 m in or-

der to fulfill the condition of 350 ns/turn for the RI withReferences

0[T]

2004 MeV, so more than 300 turns is necessary. [1] H. Koura, et al, Proc. of the Symposium on Nuclear
_ Data, JAERI, Japan (2002) and private communication.
3.2. Isochronous ring [2] A. Noda, et al, Proc. of the 11th. Int. Conf. on Cy-

The isochronous ring, which is the main device for preci-  clotrons and their Applications, Tokyo, Japan (1987).
sion mass measurements, is designed based on the prin¢g)leB. Franzke, Nucl. Instrum. Methods. B4/25 (1987)
of a separate sector ring cyclotron. The isochronous field 18,
are created by the combination of main coils and trim cojl§] T. Ohkawasgt al., Proc. of EPAC, Paris, France (2002).
mounted on the pole surfaces. We propose a eight or ten
separated sector ring. We also locate another sector magnet,
which has the same specification as the others, in order to
monitor the magnetic field of the ring. Main feature of this
ring design, unlike the experimental-storage-ring (ESR) at
GSI [3], is not using any quadrupole magnets. Since itis not
necessary to care about chromatic abberation at quadrupole
magnets, our isochronous ring becomes possible to acquire
larger momentum acceptance than that of ESR. From the
mass measurement of Rare RI point of view, this is an ad-
vantage of the proposed system.

Accuracy of the mass depends on not only accuracy of
the circulation time, but also accuracy of the magnetic field
mentioned in Eq. (4). Therefore, high precision, which does
not yet exist once, is required of the magnetic field of the
ring, and is should be become the orden6f® accuracy.

This is a substantial technical object for the detailed design
of the isochronous ring.

3.3. Kicker magnet

A kicker magnet is one of the most important devices,
because it is used for beam injection to and extraction from
the isochronous ring. It must be generated high magnetic
field with rapid rise and hall time, and make a uniform flat-
top in order to efficiently inject and extract.

Concerning our system, an ideal waveform of magnetic
field for injection kicker magnet is shown in Fig. 2. The
rise and fall time of waveform would be achieved at less
than 100 ns. The flat-top time should be 200 ns at the most,
because a incidence Rl passes the same place after 300ns,
as described in Sec. 3.1, it is necessary to adjust the mag-
netic field to 0 T completely at that time. Furthermore, the
response time of start-up device for kicker magnet is crucial
point for our system. The response time of less than 300 ns
is needed in our system.

Itis said that these values can fundamentally be achieved,
but we should empirically confirm it by using model kicker
magnet].
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Performance of SAMURAI spectrometer in the QQQ-D mode
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A large acceptance spectrometer SAMURA] s planned bending angle 53.7

to be installed at RIBF. It is a superconducting dipole mag- (z|x) -0.47

net with a circular pole of 1-m radius. The pole gap is 80 (x|9) 2.25m

cm and the maximum magnetic field is 3 T. The spec- (yly) -19.2
trometer will be mainly used for spectroscopic studies of (y|b) —4.26 m/rad
unstable nuclei with radio active beams. Several experi- Resolving Powet 4.79m
ments concerning few body physics using a 880-MeV pri- Angular acceptance (horizontal) +20 mr
mary deuteron beam are also proposed. Such experiments Angular acceptance (vertical) +90 mr
require high momentum resolution &fp/p ~ 3x10~4, an- Solid angle (ellipse) 5.7 msr

gular resolution ofAd ~ 3 mr, and solid angle cAQ2 ~ 6
msr for 880-MeV deuterons, whose magnetic rigidityiB

* Resolving Power —E;B'

6.7 Tm. o ) Table 1.lon optical properties of the SAMURAI spectrometer in
In the original operation mode of SAMURAI, only the 16 QQQ-D mode obtained from the first order calculation.
dipole magnet is used to analyze charged particles emitted

from the reaction target. Itis, however, difficult in this mode —

. . ; L Q1 0.083 T/cm
to achieve the high resolution required in the few-body ex- Q2 —0.0912 T/em
periments because the horizontal focus can not be achieved Q3 0.108 T/cm
at the detector position for particles wittpB 6.7 Tm. To SAMURAI ' 30T

improve the momentum resolution, a new operation mode
of.the SAMURAI spectrometer Is StUd'e(_j' In the neW_OperTabIe 2.Magnetic field strengths of the SAMURAI spectrometer
ation mode, a triplet quadrupole magrigltih the beam line in the QQQ-D mode.

is used in combination with the dipole magnet to analyze

charged particles emitted from the target. The quadrup@d The focal plane is 2.8 m downstream from the center
triplet consists of superconducting magnets with the warfi e dipole magnet

bore radius is 12 cm. '

The computer code GIOS]is used to calculate the par-

08 0. ticle trajectories in the magnet system in the first order. Fig-

m m

————+— | ure[d shows the layout of the spectrograph in the QQQ-D
{ H m ] . operation mode. The particle trajectories obtained from the
[ D m ' first order calculation are also shown there.
Many combinations of three quadrupole fields are exam-
target QI Q2 Q3

n

0.8 0.5
m 6.35m

ined to achieve both good resolution and large acceptance
simultaneously. One of the realistic solutions is shown in
T { M | — Fig.[d. The ipn optical prope_rties _obtained fr'om the first or-
lmJ [ m [ %Q‘ der_ ca]culaﬂon are summarlzed_ in TdAlewhile the mag-
netic field strengths are shown in Td@leThe angular ac-
Figure 1.Schematic Iayout of the SAMURAI spectrometer in th@eptance is limited by the aperture of the quadrupo|e mag-
QQQ-D mode. Q1, Q2 and Q3 are quadrupole magnets, whiigts, In Tablgl, the acceptance is estimated by an elliptical
SAMURAL is a dipole magnet. The particle trajectories witkhape not a rectangle shape. From the present calculation, it
x=41lmm,y =+1mm,0 = +£20and 0 mrp = £90 and 0 s found that the momentum resolutiondp/p ~ 2x 104,
mr, andé = £3% are drawn.The top figure shows trajectorieghe angular resolution aké ~ 5 mr, and the solid angle of
on the horizontal plane, while the bottom figure shows thoge() ~ 6 msr are expected if the beam spot size is assumed
on the vertical plane. to be 1 mm.
In the first order matrix calculation described above, the
In the present study, the exit of the third quadrupole magffect of the fringing field is neglected since a sharp cut-
net (Q3) is located at 6.35 m upstream from the centeraf magnetic field is assumed. In order to obtain precise
the dipole magnet. The target position should be closepmperties of the spectrometer, the more realistic calculation
the entrance of the first quadrupole magnet (Q1) as muchsamdispensable.
possible to obtain large acceptance. The target position isTherefore, a ray-tracing calculation using the OPTRACE
therefore, fixed at 0.8 m upstream from the entrance of % code is performed with a realistically calculated mag-

SAMURAI
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Table 3. Coefficients used in the ray-tracing calculation (see 200 -
text). 2501
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't Figure 3. Particle trajectories in the SAMURAI spectrometer in
o5l the QQQ-D mode obtained from the ray-tracing calculation by
the computer code OPTRACE. The trajectories witk +1
oF L mm,y = +1 mm,f = +20 and 0 mrgp = +90 and 0 mr, and

A I N AN AR
-120 -100 -80 -60 -40 -20 O 20 40 60

' (cm) 60 = £1% are drawn. The top figure shows trajectories on the

horizontal plane, while the bottom figure shows those on the
Figure 2. Vertical component of the calculated magnetic field vertical plane.

of the dipole magnet on the median plane. The center of the

dipole magnet is located at= —112 cm. bending angle 53.6

(x]z) —0.48

netic field of the dipole magnet. The vertical component of (x]0) 2.25m

the calculated magnetic field on the median plane is shown (yly) —15.7

as a function of- in Fig.[2 Ther axis is defined along the (y|b) —3.77 m/rad

radial axis of the dipole magnet. The effective field bound- Resolving Power 4.69m

ary and the center of the dipole magnet are located-a0 Angular acceptance (horizontal) 420 mr

and —112 cm, respectively. For convenience in the ray- Angular acceptance (vertical)  +90 mr

tracing calculation, the magnetic field shown in F@.is Solid angle (ellipse) 5.7 msr

parametrized using the following function
Table 4. lon optical properties of SAMURAI spectrometer in

= Bo 1) QQQ-D mode obtained from the ray-tracing calculation.
Cl+es’

By
References
wheres = ag + ai(r/D) + as(r/D)? + as(r/D)3 + [1] T.Kobayashetal, Proposal to RIBF International Ad-

as(r/D)*+as(r/D)?, Dis the pole gap of the dipole mag- _ Visory committee 2004.
net and B is the magnetic field at the center of the dipoleZ] T. Kubo, Nucl. Instrum. Methods. B0497 (2003).
magnet. The coefficients; (i = 0 ~ 5) in Eq. (I) are tab- [3] H.Wollnik etal, Proc. 7th Int. Conf. on Atomic Masses
ulated in Tabl&3 For the quadrupole magnets, the same and Fundamental Constants (AMCO-7), Darmstadt-
field gradients with the previous calculation are used and Seeheim, Germany, 1984-9, edited by O. Klepper
the fringing field is neglected. (Lehrdruckerei, Darmstadt, 1984) pp. 705; GSI| Report,
The particle trajectories obtained in the ray-tracing cal- THD-26, 679 (1984).
culation are shown in Figd The focal plane is located af4] S. Morinobu, private communication.
2.8 m from the center of the dipole magnet. It is found that
the ray-tracing calculation gives almost same position of the
focal plane with the previous calculation even if the fring-
ing field of the dipole magnet is taken into account. The ion
optical properties obtained from the ray-tracing calculation
are summarized in Tabl@
In order to improve the calculation, it is necessary to
take the fringing field of the quadrupole magnets not only
the dipole magnet into account. Such a calculations is in
progress.
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1. Introduction

Recently, digital pulse shape analysis is going to be used
to obtain energy and timing information, to identify charged
particle, and to discriminate neutron and gammalt;2,B]
in place of the classical analog circuits such as shaping am- 8259
plifiers, constant fraction discriminators (CFD) and peak
sensitive analog-to-digital converters (ADC). By convertin)q\ 8000
analog pulse to digital pulse using flash ADC (FADC), we:
can apply rapidly evolving industrial technologies of digitatl- 7750
signal processing using the digital signal processor (DSB)
and the field programmable gate array (FPGA). Conversigh 7500
of detector signal to physical values, such as energy, timing,
and position within a microsecond, can be realized. Algo- 7250
rithm of extracting the interacting position of gamma rays
using the digital pulse shape analy fias studied, and 7000
has started development of implementing this algorithm on
the FPGA. For the next generation of nuclear physics exper- Time (ns)
iments such as experiments at RIKEN RIBF, we propose
a new dead-time free data acquisition system. In order fdgure 1. The obtained digital pulse shape of Nal(Tl) scintilla-
archive almost dead-time free system, digital pulse shapetor with a*’Na gamma-ray source. The SIS3301 100 MHz /
analysis using FADC and DSP/FPGA will be applied to ob- 14 bit FADC was used. The loci of 1275 keV and 511 keV
tain physical values. As a first step of studies of the digital were found.
pulse shape analysis to obtain physical values, performance
of FADC required to obtain enough energy resolution of a
Nal(Tl) scintillator from the digital pulse shape analysis is
reported in this article.

8500
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2. Measurement

As areference for the digital pulse shape analysis, resolu-
tion of the Nal(TI) scintillator was measured usinga CAEN  15.0f
V792 charge sensitive analog-to-digital converter (QD r
and gamma-ray source of’aNa. The gate width for the = 125]
QDC was 1us. From this measurement, resolution was ol r
tained to be 5.9 % at 1275 keV. S ool

In order to obtain pulse shape of the Nal(Tl) scintillag f
tor, a SIS 3301 FADC and a Technoland N-TM231 photds ., 5©
multiplier amplifier (PMAMP) were used. The SIS 3301 is -
eight channel ADC/digitizer with 100 MHz sampling rat% sol
and 14 bit resolution in an input range &f2.5 V. Since L
pulse height of the Nal(Tl) scintillator was too small for in-
put range of FADC, PMAMP to amplify the pulse height ten
times. Figurdll shows the obtained pulse shapes of Nal(TI)
scintillator with a?2Na gamma-ray source. Pulse shapes _ . -
were accumulated into this 2-dimensional histogram everﬁ'—gure Z.The obtained resolutlon.s- of Nal(Tl) scintillator at 1275
by-event. The darkness corresponds to the occurrence rate'fev with several FADC condition. The darkness represents

Maximum pulse height of 1275 keV gamma ray was about deduced resolutions. The area enclosed by dasheq-llne indi-
03V cates enough performance of FADC to obtain resolution equal

to analog circuits.

L

Frequency (MHz)

3. Analysis and Result

Energy of a gamma ray was calculated from numerical
integration of digital pulse height which was obtained by
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FADC from 0 to 1us. With 100 MHz / 14 bit FADC condi-
tion, resolution was obtained to be 5.9 % at 1275 keV, and
this value is equal to the resolution obtained by analog cir-
cuits. In order to discuss required performance of FADC
to obtain enough resolution, we measured energy resolu-
tions with several FADC conditions of 100, 50, 33.33..., 25,
16.66... 10, 5, and 2 MHz frequencies and 14, 12, 10, 8, and
6 bit resolutions witht-2.5 V input range. These results are
shown in Fig2l The darkness represents deduced resolu-
tions. For<20 MHz / 6 bit and 2 MHz / 8 bit conditions, the
1275 keV peak was not able to be identified. From the re-
sults, required performance of FADC to obtain enough reso-
lution is obtained to be aboxt50 MHz / 8 bit or>25 MHz /

>10 bit. And these area is enclosed by dashed-line iFig

4. Summary

We have studied performance of FADC required to obtain
enough energy resolution of the Nal(TI) scintillator from
the digital pulse shape analysis. Even the simple numeri-
cal integration for obtaining energy spectrum, the required
performance of FADC was deduced to be abe60 MHz
/ 8 bit or >25 MHz / >10 bit with £2.5 V input range.
For the next step, we will study the methodology of obtain-
ing timing information for the Nal(TI) scintillator from the
pulse shape analysis.

The present study was partially supported by the CNS
director’s fund for young scientists.
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1. Introduction diffusion gas, such as GF The field cage consists of 115

Relativistic heavy ion collision experiments are performétpld-plated copper strips connected with T2Vesistors in

to study hadronic matter under high temperature and h@ﬁies on FR4 boards. At the end of the resistor chain, resis-
density condition. The central tracking detectors of the réf's are added to adjust the voltage of the field cage end to
ativistic heavy ion collision experiments have special dittat of the surface of the top GEM. The signals, amplified
ficulty due to high event rates and high particle multipli¢iSing charge sensitive preamplifiers, are transmitted to 8-bit
ity. In /syy = 200 GeV Au+Au collisions at the Rel- and 100-MHz FADCs through 8-m shielded twisted cables.
ativistic Heavy lon Collider (RHIC) at Brookhaven Na-

tional Laboratory, the average charged particle muItipIigl Performance Test
ity is (dN.n/dn|,—0) = 170, the average charged partiln order to evaluate the fundamental performance of the

cle density is 0.03 cm? and the charged particle rate i$$EM-TPC, a beam test was performedr test beam
~300 cps/crh at a point 30 cm away from the verte$|[ line of the 12-GeV Proton Synchrotron at KEK (KEK-

Since a relatively low transverse momentum ran %>). Evaluation items of the GEM-TPC were detection ef-
(pr ~ 0.2-20 GeVé) to be covered for the study of rel- iciency, spatial resolution in the pad-row direction and
ativistic heavy ion collision, the magnetic field should pide drift direction, particle identification capability using
kept low (~1 T). However high momentum resolution oftlE'/dxz and double track resolution. Their dependence
Spr/p3 ~ 1073 (GeVic)~! is desired in future experi-On 9as (Ar(90%)-Ch(10%), Ar(70%)-GHs(30%) and
ments, e.g. to resolve th¥ states at RHIC-11[Z]. To CF(100%)), drift length (20-290 mm), readout pad shape
achieve this resolution with a magnetic field of 1 T andrectangle and chevron), beam momentum (0.5-3.0 GeV/
for example, a 1-m radius solenoidal tracker, spatial resofiid gain of GEM T x 10°-2 x 10*) is also evaluated. The
tion of 200um is needed. High double track resolution dfiPle GEM made by CERN was used for the measurement.
~1 cmis also required. 4. Results

Under this high multiplicity and high rate condition, the ) o
double track resolution of the existing wire chambers is lirf-1- Detection Efficiency
ited by the space of wires. A TPC using micro-patteﬁ%etec“on efficiency was measured as a function of gain of
gas detectors (MPGDs), such as gas electron multipli&§M with 3 kinds of gases. FigufEshows the efficiency
(GEMs) [3], for signal amplification is a strong candidat€urves, which have the plateaus-o99.3%, with two kinds
for the central tracking detector because the novel struct@fgases.
of MPGD may achieve both excellent spatial resolution and
high rate capability with a low material budget.

1

e

1
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©
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o
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2. GEM-TPC Prototype

1
A GEM-TPC prototype, which consists of an end cap cham- /4
ber, a field cage and a gas vessel, was develogi&ild].
The field cage is a rectangular parallelepiped (cuboid) with 075 ‘
dimensions o086 x 17 x 17 cn?. Either a triple GEM (the w ' Gain
effective area i40 x 10 cnm?) or an MWPC is used for the
end cap chamber on readout pads. Two kinds of readout  Figure 1.Detection efficiency of the GEM-TPC.
pads with different shapes, rectangle and chevron (zigzag),
were made, in order to study the dependence of the sp&. Spatial Resolution
tial resolution on shapes. Since chevron pads may incre8patial resolution in the pad-row direction and the drift di-
the number of hit pads by charge sharing, chevron pad is estion was evaluated for the drift length of 20-290 mm is
pected to have better spatial resolution than rectangular @tegwn in Figl2l The best resolution is 78m in the pad-row
The rectangular pad and chevron one, which are madedaection and 313:m in the drift direction with Ar-GHg
gold-plated copper, have the same area @ x 12.0 mm?. gas and rectangular pads for 20-mm drift. Spatial resolu-
Narrow strip pads are required for charge sharing with smédin is similar between the two kinds of pads.

Detection Efficinecy

Ar(90%)-CH,(10%) chevron pad

o
©

A Ar(70%)-C,H,(30%) rectangular pad
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; 4.5. Beam Rate Dependence

One of the advantages of GEM-TPC is ion feedback sup-
pression. The effect of the ion feedback on the GEM-TPC
was studied by measuring beam rate depenrgence of detec-
tion efficiency and spatial resolution. (see Fy. Although

the detection efficiency and the spatial resolution worsen by
factors of 3% and 10% respectively at the maximum beam
rate of 4800 cps/ch they still indicate high performance
R of the GEM-TPC. The beam rate exceeds the rates of RHIC

//744' and LHC.
/ /‘_//"

———— Ar(90%)-CH,(10%) chevron pad
——— Ar(90%)-CH,(10%) rectangular pad
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4.3. Particle Identification Capability

Particle identification capability was studied with electrons,
muons, pions, protons and deuterons. The beam momen-
tum range is 0.5-3.0 Ge¥/ FigureBlshows the mean en-
ergy loss for 5 kinds of particle species. Energy resolution
of pion and the pion rejection factor with 99% proton effi-
ciency are expected to be 9% and 200 for 1-GegMdrticle

and 50-cm drift by a truncated mean method.

R

%

Spatial Resolution [pum]

Pad-row Direction, Ar(90%)-CH,(10%) chevron pad

———x——  Drift Direction, Ar(90%)-CH,(10%) rectangular pad

[
o
[=)
TITTTTTT T

| | | | |
0 1000 2000 3000 4000 5000 5
Beam Rate [1/s/cm’]

Figure 5. Dependence of the detection efficiency (top) and the

400 . .
spatial resolution on the beam rate.
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5. Summary

A GEM-TPC prototype has been constructed toward a

tracker which works under high rate and high multiplicity

condition.

Momentum [GeV/&] In order to evaluate the performance of the GEM-TPC,
a performance test has been performed at KEK-PS. De-

Figure 3. Measured energy loss for 5 kinds of particle specid€ction efficiency, spatial resolution, particle identification

Energy Loss [A.U.]

=]

=)

-
=)
-

The curves are Bethe-Bloch formula. capability and double track resolution were studied. The
_ GEM-TPC held high detection efficiency and good spatial
4.4. Double Track Resolution resolution with a high particle rate of 4800 cpsfgwhich

In order to study double track resolution, the measured digeeeds ones of RHIC and LHC.

tribution of distance of two tracks were compared with the The results indicate that the GEM-TPC meets the require-
simulated distribution. Double track resolution was evalments for use as a central tracking detector in the next gen-
ated by the distribution of distance between two tracksdration of relativistic heavy ion collision experiments.

the drift direction. The ratio of the measured diStribUtiOIQeferences

to the simulated distribution is shown in Fig} Two tracks

with distance of 12 mm can almost be distinguished. ~ [1] B.B. Backetal, Phys. Rev. ®5(2002) 031901.

[2] P. Steinberget al., nucl-ex/0503002.

Ing
kS

5 M l [3] F. Sauli, Nucl. Instrum. Methods. 386(1997) 531.

é 1'215 ESI R ﬁ [t Hﬂ [4] T.Isobeet al, CNS Annual Report 2002 (2003) 39.
o HCTSITUREIE AR [5] T.Isobeet al, CNS Annual Report 2003 (2004) 63.
g %% . t [6] S.X. Odaet al, CNS Annual Report 2003 (2004) 69.
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Figure 4.Double track detection efficiency.
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Electron Identification Capability of Real Size, Six Layer Transition Radiation
Detector for ALICE

Y. Morino, S. Saito, T. Gunji, H. Hamagaki and K. Ozawa,
for the ALICE TRD Collaboration

Center for Nuclear Study, Graduate School of Science, University of Tokyo

1. Introduction

It is predicted from lattice Quantum Chromo Dynamic s| |real sizg g sman | [6 ﬁ o
(QCD) calculation that a phase transition from hadron|cherenkeov Q i IE\)@; H TRD Q S H phetl 3
matter to a plasma of deconfined quarks and gluons, call 11 4 H 4layer| |© P H 3
quark-gluon plasma (QGP) may occur at high energy de U U

sity. ALICE experiment is one of the experiments at Larg s2

Hadron Collider (LHC) at CERN ,planned to start operatic..

in 2007. The physics goal of the ALICE experiment is to o

study such a QCD phase transition in heavy ion collisiorfg9ure 1. A schematic view of the beam test setup. TRD, two

at center of mass energy ofsvy = 5.5 TeV [1]. scintillators (S1,S2), Cherenkov detector, Pb-glass calorimeter
The Transition Radiation Detector (TRD) of the ALICE ~(PPG!) and four Si-strip detectors (SSD).

is designed to provide electron identification and tracki QASA) is mounted on each MCM, and signal digitization
capability of charged particles. For electron identification,% :

. b o e i 10—bit,10 MHz sample frequency) is also performed on the
is necessary to minimize misidentification of pions as ele&iard 2.

trons. For measuring quarkonia, which is one of the mosty;q4qrements were carried out with electron-pion mixed
crucial observables for QGP studies, it is required for the - \with momentum of 1 to10 GeV/Figure [shows a
ALICE TRD to achieve the pion misidentification probabilychematic view of the test experimental setup. Scintillators
ity of less than 1% at 90% electron efficiency, which cof;q\ided beam trigger. The Cherenkov detector and the Pb-
responds to pion rejection factor of more than 100, at M@yss calorimeter were used for separating electron events
menta in excess of 2 Gev[2]. and pion events. Four Si-strip detectors were used for pre-

2. Real size TRD and test experiment cise beam position measurements.

Transition radiation (TR) is emitted when a charged partic

crosses the boundary between two media with different 2 ]

electric constants3]. More than one TR photons, typically %m’ = 5

soft X-rays, are produced if Lorentz factgiof the charged *°- | - L oo

particle is larger than about 1000. This Lorentz factor corr *=-| - _ | " | ~ i

sponds to electron momentum of about 0.5 GeAfid pion - | T 1ol | 4| L
momentum of apgut 140 Ge&[_/So detecting tran.sitior.] ra- |12/ 34|56 “ 1|23 4|5 6_—__%
diation can be utilized to identify electrons effectively inth el ol el el

momentum region from 0.5 Ge¥fo 140 GeV. fime bingto.1us) fime b 01w
The ALICE TRD consists of six detector layers, where

each layer is composed of a radiator and a drift chambeérgure 2.Average pulse height in one detector layer as a function

The radiator consists of polypropylene fiber mats (fiber di- of drift time at the beam momentum of 4 GeMleft panel

ameter 1om), sandwiched between two Rohacell HF71 shows electron events and right one shows pion events.

sheets. A total thickness of the radiator is 4.8 cm.The drift

chamber has a drift region of 30 mm and an amplification Analysis

region of 7mm, and is operated with Xe-(B5%-15%)

gas mixture.

After several test experiments with small prototypes aﬁtg

rototype readout electronicd][the design of TRD and
P yb Il g Brge, marked as “1” in Fi% originates from the amplifica-

readout electronics were fixed and the real size TR . d the plat fer th Kis f the drift
and prototype readout electronics were developed and C%?lr-]. region, and the plateau after In€ peax 1s from the dn
egion. In the case of electron events, TR photons are ab-

structed. A first beam test of six layered TRDs with produE bed at th ¢ f the drift chamb dth i

tion size (93%1070x 105 and 98% 1070x 105 mn¥) was 50;_ eda ele” Iranceo € gthc amd e}[’ da_r][t ; eselcor: -

performed at the CERN PS accelerator in October ZO?E'WS are clearly seen around the end of drift ime clearly.
k-

One eadout board (ROE) i was mourted on e badf CrlTon canbe e o ecton entfaton. or
end of the TRD, was used for each detector layer to re(%l 19 o . . - S
[{ft region was split into six sections, as indicated in Eig.

out the signals from 288 detector pads. ROB consists_[%e distribution of measured enerav deposit at each Ssction
16 Multi Chip Modules (MCMs). A Preamplifier/Shaper IStrioutt u gy deposi :

Figurez shows the average measured pulse height for pions
d electrons as a function of drift time in one layer at the
am momentum of 4 Ge¥/ The peak at the small drift
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= - Figure 5. The inverse of pion misidentification probabilit ion
S fg g 9 p p y (P
£ [oB 3 208 4 rejection power) as a function of beam momentum
p
> o So A o DOOO
o o' OO . . ipe . .
vt gl %%, of the line are identified as electron events, pion events in
o doop % D_QEBSP o ° . . .. . . .
R oo, 5 0 0afe" this region are misidentified pion events. The ratio of these
E ' o il |
Oy O 10* .. .pe . . . .
s A SRR——] b misidentified pion events to pion events sample is defined
Energy Deposit(A.U.) Energy Deposit(A.U.) . . . . .
as pion misidentification probability.
5[5 5 | 3 DE%O 6 Figure§ shows the inverse of evaluated pion misidenti-
M S PR fication probability (pion rejection power) as a function of
[e) .
wi ol w5 %, beam momentum. Compared to earlier results from small
i D““j;‘t’;gg%o S P prototype TRDs4], this result gives slightly worse pion re-
RO -1 SOOI 1= jection. It may come from the poorer signal-to-noise ratio
Energy Deposit(A.U.) Energy Deposit(A.U.) for readout electronics in these measurements and increas-

ing d-ray due to larger material budget (ROB and radiator’s
grossbar) behind the detectors, compared to the earlier mea-
surement. By requiring the track matching feray rejec-

tion, an improvement of pion rejection by a factor of 1.5 is
achieved. It is important for pion rejection to exploit the

is shown in figuré3 for electron and pion in one layer. Itd_rift time dependence of pulse height from TR contribu-

is clearly seen that TR contribution becomes large at Iar%%n' as described before. This work is not straightforward

drift time section in Fig3 ecause there is a strong correlation between drift ime and
A bi-dimensional likelihood analysis method was use‘&“_'se helght.. Im.provements_ in cancellation out this corre-

for evaluating electron identification capabilitg]] The lation and rejection of remaining effect 6fray are under

likelihood ratio is defined for each event as the ratio of ele8tUdy-

tron probability to pion probability. These probability i1, Summary

determined from energy deposit distribution at each sectixme ALICE TRD project is now in detector production

n ea_ch layer as showq m_F{&. F|gqre[§] shows the dis- stage, and a first beam test of real size TRDs was performed
tribution of calculated likelihood ratio for electron eventg

) ) . . ccessfully. Electron identification capability has been
and pion events. In the figure, the vertical line correspongljJ died usi likelihood method. Pi acti
to 90% electron efficiency. Since events in a right regio(sgﬁi;eac#izl\?g d?itltheel bce)(;mmm%moen'ta O'?Z g;;]g)rrgvpzwer

ments are under study for further improvement of electron
identification capability.

Figure 3.Energy deposit distribution of electron (open circle) an
pion (open square) in one layer at each section at 4 Ga\We
number of each panel corresponds to the number of Fig.2

_ ; References
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Figure 4.Log likelihood ratio distribution of electron events and
pion events at 4 GeV/ A line in this figure corresponds to
90% electron efficiency
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Measurements of Stability of Gas Electron Multiplier (GEM)
Y. L. Yamaguchi, H. Hamagaki, K. Ozawa, S. X. Oda and M. Inufuka

Center for Nuclear Study, Graduate School of Science, University of Tokyo
& National Research Institute for Cultural Properties, Tokyo

1. Introduction is characteristic of the chemical etching of the polymer (

- . i Fig_m)_
The Gas Electron Multiplier (GEM), which was originally . .
invented by F. Sauli at CERN, consists of a metalized polr\;-on the other hand, the CNSTGEM IS fabricated by the
mer foil with holes[[]. Mechanism of signal amplification asma etching method. at Fuchlggml Micro CO., Ltd. The
ina GEM is as follows. The metal layers play a role of ele&ENS-GEM has holes with a cylindrical shape (B2).
trodes and a few hundred volts are applied between them.
When a drift electron passes through the hole on the GEM,
strong electric field inside the hole induces the cascade of
electrons. The GEM is expected to be capable of high rate
operation while maintaining good spatial resolution. In fact,
the GEM is used in some rate-critical high-energy experi-
ments P).

The GEM made at CERN (CERN-GEM) is fabricated by
the chemical etching method and has holes with a double-
conical shape. However, the CERN-GEM has room of im-
provement because it has been reported that the CERN- _ )
GEM could not maintain its gain stablé3][ With better Figure 2.The cross section of a hole of the CNS-GEM
gain stability attained, the GEM will be used in more Varb.Z. Charging-up

eties of appllcatlon§. _— It has been reported that the gas gain of the CERN-GEM
We succeeded in fabrlcatlng_a new type of the GE . oqqes (or decreases) as a function of illumination time.
gEI\II\/? higl\r?glgi twhﬁhp;a;ﬂ? di:gg:ns%;:)eeth@. [The CNS- One possible reason for this is charge up of the Kapton in-
) sulator surface inside the holes. The charging-up is thought

In this report, the result of measurements for gain sta- i )
bility of the CNS-GEM compared with that of the CER tt% be due to double-conical shapes of holes of the CERN

: ! GEM.
GEMis described. The CNS-GEM which has holes with a cylindrical shape
2. Fabrication of GEM is expected to have better gain stability than the CERN-

GEM since the CNS-GEM in whose holes there are no

2.L. Fabrlcf_atmn l_Jy t_he plasma_ etc_hmg method Ige has a better electron transmission and less probability
The essential point in the fabrication process of the GE0 charging-up

is the choice of technology for piercing metalized polymer
foils. 3. Measurements of time dependence of GEM

The standard GEM consists of @ pum-thick Kapton 3.1 GEM setup
coated with5 um-thick copper, and the pitch and diamerigure[d shows the schematic view of the GEM setup.
ter of the holes are40 xm and70 xm, respectivelyd]. In peasurements were carried out with three GEM foils

- 55
/N re
HV]l— e eo0e0ceccccocccccce Mesh
3mm
L GEM 3
| 2mm
' GEM 2
I2m1n
. ! GEM 1
2mm
——

I 1
=" [CAMAC ADC}.{Prefinp}

Figure 1.The cross section of a hole of the CERN-GEM Figure 3.A schematic view of the GEM test setup
the case of the CERN-GEM, after making the holes on capunted in a chambeE[. The distance between neigh-
per layers by conventional photo-lithography, the foil is imhoring GEM's is2 mm. The high voltages to the GEM
mersed in a specific solvent, which dissolves Kapton. TBRctrodes are supplied from a single HV source applied to
CERN-GEM has holes with a double-conical shape whielyy2 in Fig.[d. ThelV2 is equally divided using the chain
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of 10 MQ resistors and sub-divided voltages are provided

to individual electrodes. A drift plane, which is a metal- £000p

lic mesh, is mounte® mm above the uppermost GEM. oo | -5 CERN-GEM

The high voltage HV1' is given to the drift plane.HV1 g i e

is 200 V higher thanHV?2 during our measurements. The 3000 CNS-GEM TEBEHEBQ

electrons created inside the drift region between the drift 2500 yz/“)z%

plane and the uppermost GEM are transferred to the GEM :

layers. When cascade electrons produced in the GEM holes . ® Sininink ikt b

approach by copper readout pads, positive charges are in- 1500?

duced on the readout pads and negative charges flow intoa ot . . . L
charge-sensitive pre-amplifier,consisting @& MHz am- ° ) o)

plifier with the feedback of pF capacitor, and are recorded

using a VME ADC module. Figure 5. The illumination-time dependence of the gain. The
3.2. Measurements open and the closed symbols show the result of CERN-GEM

In our measurement®Fe (X-ray,5.9 keV) standard source ~ @nd CNS-GEM, respectively.

with intensity 0f370 kBq is used. The chamber is filled Witq9 ' .

. ! ect. As clearly seen from the figure, the gain of the CNS-

Ar(70%)—-CG;(30%). The flow rate of the gas is adjust y g g

each measurement, the voltage applied to each GEM is iéﬁ‘f%tct significantly to a gain stability

365 V. Each measurement is carried out for abbuhours. ’
5. Summary and Outlook

4: Results . . Measurements for illumination-time dependence of gain of
Figureld shows a typical spectrum obtained for three laygfe CERN-GEM and the CNS-GEM are carried out. Gain

of GEM's. In Fig [, a higher peak corresponds to the pegkthe CNS-GEM is found to be more stable than that of the
of 5.9 keV and a lower peak corresponds to the peak @ERN-GEM.

the escape peak of Ar. THe9 keV peak is fitted with @  The absolute value of the gain is very sensitive to the
Gaussian. ¢From the mean valfé,can), the gain(G) gas density. The variation of the gas pressure and/or tem-
perature affect the gair?. It is necessary to take data of

the gas pressure and temperature during measurements for a
g 60 gas gain in order to study for the gas density dependence of
3 5o gain. An environment for measurements is being prepared.
© L
S w0
2
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Figure 4. An "Fe X-ray charge spectrum with7] A. Kozlov et al, Nucl. Instrum. Methods. £23(2004)
Ar(70%)—-CG;(30%) at the voltage applied to each GEM, 345.

Veem = 365 V.

Charge (fC)

is calculated a$? = (Smean/C) - (1/¢ene), Whereg. is
the electron charge, and. is the number of electron-ion
pairs created by the absorption @b keV X-ray: n. =
212 for Ar(70%)-CG,(30%) [6]. The coefficient,C, was
determined to b&6.53 fC~! from the calibration of the pre-
amplifier and the ADC.

Figure[ shows the measured gain as a function of the
illumination time, where the illumination time means atime
while the voltage is applied to the GEM’s. The open and the
closed symbols show the results for the CERN-GEM and
the CNS-GEM, respectively. Gain of both GEM’s increases
in the first few hours, which will be interpreted as an aging
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1. Introduction shots (AMD triple-S) is used to show the cluster-shell com-

The CNS has started theoretical studies since the yBgHtion of these nuclei.
2001. One of its major activities is the project of large-scale Furthermore, we have proposed a simple model to de-
nuclear structure calculation. This project has been carrf&dibe the cluster-shell competitios]{ By introducing
out based on a collaboration agreement between CNS 8Aly one parameter/() to the wave function, describing
RIKEN Accelerator Research Facility (RARFLP]. Be- an asymptotic transition of two valence neutrons'iBe
cause we require a large amount of numerical computg+e+n+n) from a di-neutron to independent particles is
tion to study the nuclear structure theoretically as a qudssible when the contribution of the spin-orbit interac-
tum many-body problem, massive parallel computers hiien is taken into account. Similarly i*C, a transition
been installedd]. The introduction of the computers hadrom a 3x configuration to a+4N configuration is repre-
been almost finished until 2003, and various achievemef@ited, and we show a strong contribution of the spin-orbit
were produced under this project in the fiscal year opdnateraction in the ground state. We investigate further this
We briefly show the overview of the achievements in thigansition from the cluster state-{'°O) to the shell-model

report. state (*O+four nucleons) irf’Ne. In these examples, the
wave functions for cluster-breaking states are prepared in
2. Physical Achievement the same general way.

We describe various physica| achievements respective|y’SGCOnd|y, we have studied the structure of unstable nuclei
classified mainly according to the mass regions of nucleiin the sd-shell on the basis of large-scale shell-model calcu-

First, we studied cluster structure of light neutron-rickgtion, whose model space consists of hetkshell andp f-
nuclei. For examp|e' an equi|atera|_triangu|ar Shape Qj]e” The disappearance of the magic structure of neutron-
3a surrounded by excess neutrons has been suggestedi¢drN = 20 nuclei is investigatedd], and the structures of
14C, based on the molecular-orbit mod8.[ It is found 'S and*'Mg are also discussed.[]. In addition, anoma-
that the attractive interaction between an excess neutl@#s magnetic moment JfC is discussed in terms of the
and ana-particle stabilizes thes™ = 0 and 3~ rota- nhuclear shell modeB].
tional bands, which demonstrates an equilateral-triangular hirdly, we have studied the structure of unstable nu-
symmetry. ThisKk™ = 3~ band at 3 MeV below the clei in the pf-shell on the basis of the large-scale shell-
10Be+n, threshold energy Corresponds to the experimdﬁDdel calculations with our effective interaction GXPF1
tally observed band built on top of the secosd state. [10]. On the proton-rich side, new experimental data of
A positive-parity rotational band)(, 2+, 4*) arises sim- B(E2;0" — 27) values for Fe and Ni isotopes were found
ilarly. These two bands suggest a molecular structuretgfbe basically in good agreement with the shell-model re-
3a’s stabilized by the excess neutrons and can be viewdts [L11,12/13], demonstrating the predictive power of the
as a realization of the crystallization in the dilute nucleareffective interaction in this mass region. On the neutron-
medium. rich side, the new data ofCr show deviations from the

We have demonstrated whether the cluster structure @Bell-model predictions, indicating the insufficiency of the
solves or remains, when the shell-model-like model spdedl pf-shell model spacell]. Also, it has been shown
is introduced in addition to the cluster model space, in lightat the N = 32 shell-closure develops in Ti and Cr iso-
nuclei ‘4-] A|th0ugh the bmdmg energies (§|Be, 1OBe, topes, while definite evidence of the predictdd = 34
and'°B become larger by about 1-2 MeV by adding shelghell gap has not been observed experimentally in these iso-
model-like basis states to thera+N+N+- basis states, topes|L5/16].
essentiallya-a structure is a dominant configuration of Fourthly, the ground and low-lying collective excited
the ground states. Howevet-breaking wave functions states of neutron-rich Te isotopes are studied using the
strongly mixes in'2C, and the decrease of the energy frofiiclear shell model and the MCSM{. The observed
the 3» configuration by about 6 MeV is a clue to resolve @anomalously smalB(E2; 0] — 27) value of *%Te is de-
|ong-5tanding pr0b|em of the bmdmg energiesl& and scribed using the nuclear shell model as a Simple micro-
160. The improved version of Antisymmetrized Moleculagcopic framework. The{ state is mainly contributed by
Dynamics (AMD), AMD Superposition of Selected Snaghe proton excitation. The nuclear structures of2festate
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of 136Te and other isotopes are also discussed. [13]K. L. Yurkewicz et al,, Phys. Rev. Z0(2004) 064321.
Fifthly, the mechanism of the dominance (preponddt4]S. J. Freemast al,, Phys. Rev. G9(2004) 064301.
ance) of the & ground state for random interactions is prd15]S. N. Liddicket al,, Phys. Rev. 70 (2004) 064303.
posed to be the chaotic realization of the highest rotatiofid]B. Fornalet al,, Phys. Rev. Z0(2004) 064304.
symmetry [L8]. This is a consequence of a general princj17]N. Shimizu, T. Otsuka, T. Mizusaki and M. Honma,
ple on the chaos and symmetry that the highest symmetry Phys. Rev. (70 (2004) 054313.
is given to the ground state if sufficient mixing occurs in[d8]T. Otsuka and N. Shimizu, AIP Conf. Prot26 (2004)
chaotic way by a random interaction. Under this symmetry- 43.
realization mechanism, the ground-state parity and isosfif]T. Mizusaki, Phys. Rev. @0 (2004) 044316.
can be predicted so that the positive parity is favored over
the negative parity and the isospgih= 0 state is favored
over higher isospin. It is further suggested how one can en-
hance the realization of highest symmetries within random
interactions. Thus, chaos and symmetry are shown to be
linked deeply.
Lastly, we newly developed an extrapolation method to
solve large-scale shell model calculations with deformed
basis [L9. The extrapolation is based on a scaling prop-
erty of energy and energy variance for a series of system-
atically approximated wave functions to the true one. For
such systematically approximated wave functions, we use
variation-after-projection method concerning the full angu-
lar momentum projection. For a numerical test, we per-
formed a shell model calculation whose dimension is about
1 billion and found this new extrapolation method can solve
it with enough accuracy.

3. Summary

Various works are published and some are prepared under
the project of the large-scale nuclear structure calculation.
In the fiscal year 2004, we performed not only investiga-
tion of nuclear structure of various nucl& #.5,16,7,18,19,
11/12/13/14,15/16,[17], but also the accompanying works
about quantum chaod.§] and the new numerical method
for quantum many-body problerd9].
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The Third CNS International Summer School (CISS04)
S. Shimoura, T. OtsulaY. KoikeP and H. Sak&

Center for Nuclear Study, Graduate School of Science, University of Tokyo
@ pepartment of Physics, Graduate School of Science, University of Tokyo
C Department of Physics, Hosei University

The 3rd CNS International Summer School (CISS04) was held at the Wako campus of the Center for Nuclear Study
(CNS), the University of Tokyo, in the period of August 17-20, 2004.

This summer school is the third one in the series which aimed at providing graduate students and postdocs with basic
knowledge and perspectives of nuclear physics. Topics of this year aigiiaitio calculation”, “mean field calculation”,

and “spin-isospin excitation” of nuclei. Short lectures on recent progress in unstable nuclear physics were also presented.
Addigionally, special lectures on experimental and theoretical studies of penta-quark were given.

The list of lecturers and the titles of lectures are shown below.

D. Frekeres “The Facets of Nuclear Charge-Exchange Reactions”
(Munster, Germany)
P. Navratil (LLNL, USA)  “Nuclear Structure from First Principles”

W. Nazarewicz “Towards the Universal Nuclear Energy Density Functional”
(Tennessee/ORNL)

Y. Fujita (Osaka) “High-Resolution Study of Gamow-Teller Transitions”

K. Hagino (Tohoku) “Heavy-lon Fusion Reactions around the Coulomb Barrier”

T. Otsuka (Tokyo) “Evolution of Shell Structure and Spin-Isospin Interaction”

H. Sakurai (Tokyo) “In-Beam Gamma Spectroscopy on Unstable Nuclei with Fast Radioactive

lon Beams”
T. Nakano (RCNP, Osaka) “Experimental Study of the Pentaquarks”
M. Oka (Titech) “Theoretical Overview of the Pentaquarks”

This year, 107 attendances were gathered together from 6 countries: Among them, 10 attendances were from Asian
countries, China, Vietnam, Myanmer, Indonesia. Domestic attendances were from 15 universities and 2 institutes over the
country.

The lectures were given from 10:00 in the morning to 17:20 in the evening. After dinner on Wednesday and Thursday,
student sessions were held in a relaxed atmosphere. Ten talks were given by graduate students and active discussions
about the topics followed.

All the information concerning the summer school, including lecture notes, is open for access at the following URL:

http://www.cns.s.u-tokyo.ac.jp/summerschool/

The organizers thank all the attendances and all the members of the CNS who supported the summer school. They are
also grateful to RIKEN for their supports in the preparation of the school. This school was supported in part by the
International Exchange Program of Graduate School of Science, the University of Tokyo.
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Nuclear Scattering Experiments for Education of Undergraduate Students

K. Yako, T. Kawabatd, S. Sakaguchi H. Sakai and S. Shimofa

Department of Physics, University of Tokyo, Tokyo
8Center for Nuclear Study, Graduate School of Science, University of Tokyo

Nuclear scattering experiments were performed for edué#Ba, and3"Cs. The moment of inertia and the defor-
tion of undergraduate students of the University of Tokymation parameters of the excited states were discussed by
as a part of the curriculum of experimental physics. Thising a classical rigid rotor model and a irrotational fluid
program was aiming at providing undergraduate studenisdel. It was found that the reality lies between the two
with an opportunity to learn how to study the world oéxtreme models. The initial population among the levels of
< 10~'* m by using an ion beam from an accelerator arhle rotational band was also discussed by taking account of
basic experimental equipment. the effect of internal conversion.

In this year 32 students participated in four beam times.We believe that this program helped the students to grasp
They used arx beam atE, = 6.5 MeV/A accelerated vivid pictures of nuclei and basic concepts on physics re-
by the AVF cyclotron and the CRIB beam line in the Elated to accelerators.
experimental hall at RIKEN. In each experiment, studente

were divided into two groups and took one of the followin 1.2 T T i " L o
two subjects; e | : @ta v
©° 1.0 T A -
1. Measurement of elastic scatteringeooparticles from  + 3 a+Au Ea =26 MeV
197 Ay nucleus. i \
° .
2. Measurement of gamma-rays emitted in the casce qg 0.6 ’ Ve = 450 e
decay of the rotational bands i Gd and'®*Osnu- @ 4 ! ror =1.20 fn, ar = 0.60 fn |
: =] Vi = -33.5 MeV,
clei. > \\ roi = 1.45 fm, ai = 0.69 fm
. . 0.2 e |
Before the experiment, they learned the operation of t e |
se(;nlc_onducftor detectors gtléhEeNHongo campus and toc 0. 00 50 40 60 80 100 120 140 160
radiation safety course at . CM Scattering Angle (deg)

In thea + 197 Au measurement, the particles scattered
from a 1.42 mg/cr thick Au foil were detected by a sil-
icon PIN-diode with a thickness of 50m located 11 cm
away from the target. A plastic collimator with a diam-
eter of 6 mm were attached on the silicon detector. The
energy spectrum of the scatteradparticles was recorded
by a multi-channel analyzer (MCA) system. The beam was
stopped by a Faraday cup in the scattering chamber and the
charge was measured by a current integrator. The cross sec-
tion of the reaction was measured typically in the angular
region of 0, = 25-150°. The obtained data were com-
pared with the Rutherford scattering cross sections. The
size of gold nucleus was discussed by taking account of the
nuclear potential. Some students obtained radiusldf fm
by using a classical model where the trajectory ofcpar-
ticle in the nuclear potential is obtained by the Runge-Kutta
method. Others tried to understand the scattering process
by calculating the angular distribution by the distorted wave
Born approximation with a Coulomb wave function and a  Figure 2.A snapshot during preparation of Ge detector.
realistic nuclear potential (see Fig. 1).

In the measurement of the rotational bands, excited
states in'**Gd and '¥*Os nuclei were populated by the
1528m (o, 2n) and®2W(a, 2n) reactions, respectively. The
gamma-rays from the cascade decay of the rotational bands
were measured by a high purity germanium (HPGe) detec-
tor located 50 cm away from the target (see Fig. 2). The
gain and the efficiency of the detector system had been cal-
ibrated with standard gamma-ray sources“dfa, %°Co,

Figure 1.Data and analysis af + '°7 Au scattering by a student.
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Symposium, Workshop, Seminar, PAC and External Review
A. Symposium

The International Symposium on “Correlation Dynamics in Nuclei” was held at the Sanjo Kaikan, the University
of Tokyo, from the 31st of January till the 4th of February, 2005. This symposium was organized on the occasion of
the 50th anniversary of the Configuration Mixing theory of Arima and Horie. It was hosted by the University of Tokyo,
and supported by the Inoue Foundation for Science, the Japan Atomic Energy Research Institute and the Ministry of
Education, Cultute, Sports, Science and Technology.

The purpose of the symposium was to discuss on theoretical and experimental developements and future prospects in
physics of correlation dynamics in nuclei, including topics such as effective interactions, shell model studies of configu-
ration mixing and spin-isospin modes in nuclei. It was shown in many ways and angles that the Arima-Horie theory has
been the starting point of a variety of developments of the studies in these fields over many decades. This was accom-
panied by the expansion of the computational abilities and the recent progress in accelerators, detectors and radioactive
beam facilities.

We enjoyed excellent and lively 28 invited talks and 30 oral presentations in the symposium with about 90 partici-
pants.

The proceedings will be published by the Institute of Physics.

The organizing committee was comprised of Takaharu Otsuka (chair), Toshio Suzuki (Nihon Univ., chief editor of
the proceedings), Munetake Ichimura, Naoyuki Itagaki, Tohru Motobayashi, Kengo Ogawa, Hideyuki Sakai, and Toshio
Suzuki (Fukui Univ.).

B. Workshop

CNS Workshop on “Interdisciplinary Developments of Shell Model Study — Astrophysics and Condensed Matter
Physics -
March 3-5, 2005, CNS Wako Campus, Saitama, Japan.

The purpose of this workshop was to show recent developments of the shell model and some of the methods for
studying nuclear physics and to discuss possibilities of applying those methods to other research fields such as condensed
matter physics. The number of participants was about 50 including 4 speakers from abroad.

Organizers: T. Kajino (NAOJ), T. Mizusaki (Senshu), T. Otsuka (Tokyo), S. Shimoura (CNS), S. Fujii (Tokyo)

C. CNS Seminar

1. “The nuclear physics reason that your laptop crashes when you are flying”,
Jan Blomgren (Dept. of Neutron Research, Uppsala Univ.), Oct. 5, 2004.

2. “Progress of Nuclear Astrophysics Experiments in CIAE”,
Zhaihong Li (China Institute of Atomic Energy), Oct. 15, 2004.

3. “Electron Screening Effects in Fusion Reactions at Low Energies”,
Gang Lian (China Institute of Atomic Energy), Oct. 15, 2004.

D. CNS Program Advisory Committee

The 5th CNS PAC meeting
Dec. 6, 2004.

The CNS Program Advisory Committee considered 4 proposals for 27 days of beam time. The PAC recommended
allocation of 18 days for the 4 experiments.
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Approved Proposals

1. A. Chen: Measurement 8F Al + p resonances through elastic scattering with CRIB
(3 days)

2. Zs. Rilop: Measurement of the half-life 6 Ar (2 days)
3. H. Yamaguchi: Proton resonance scatteringdé (6 days)

4. C. S. Lee: Study of astrophysically important resonance staté§imsing a high-resolution spectrograph at CNS
(7 days)

E. The External Review

The first external review meeting
Feb. 7-8, 2004.

The CNS external review was held at the request of the dean of the Graduate School of Science, in order to review the
scienetific achievements, management and operation, and future plans. The review went quite well, and the CNS activities
were rated quite high by the committee. The committee report was delivered to the dean in May 2005, and was publicized
by CNS in June 2005.

The Committee Members

M. Inoue Ritsumeikan University, Kyoto, Japan

H. Orihara Tohoku Institute of Technology, Miyagi, Japan

R. H. Siemssen (chair) Groningen University, Netherlands

T.J. Symons Lawrence Berkeley National Laboratory, California, USA

B. M. Sherrill Michigan State University, Michigan, USA

H. Toki Research Center for Nuclear Physics, Osaka University, Osaka, Japan
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CNS Reports

#61 “CNS Annual Report 2003”,
edited by T. Kawabata and N. Suzuki, Aug. 2004.

#62 “Low-Energy Radioisotope Beam Separator CRIB”,
Y. Yanagisawa, S. Kubono, T. Teranishi, K. Ue, S. Michimasa, N. Notani, J. J. He,
Y. Ohshiro, S. Shimoura, S. Watanabe, N. Yamazaki, H. lwasaki, S. Kato , T. Kishida,
T. Morikawa and Y. Mizoi, Aug. 2004.

#63 “Study of Stellar Reactions in Expolosive Hydrogen Burning with CRIB”,
S. Kubono, T. Teranishi, M. Notani, H. Yamaguchi, A. Saito, J.J. He, M. Wakabayashi,
H. Fujikawa, Y. Amadio, H. Baba, T. Fukuchi, S. Shimoura, S. Michimasa, S. Nishimura
M. Nishimura, Y. Gono, A. Odahara, S. Kato, J. Y. Moon, J. H. Lee, C. S. Lee, J. C. Kim,
K. L. Hahn, T. Ishikawa, T. Hashimoto, H. Ishiyama, Y.X. Watanabe, M. H. Tanaka,
H. Miyatake, Zs. Elop, V. Guimages and R. Lichtenthaler, Aug. 2004.

#64 “CNS/RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its applica-
tion (Gamma04)”,
March 18-19, 2004, RIKEN Campus, Wako, Japan, Nov. 2004.

#65 “Proton Polarizing system with Ar-ion laser fgrRI scattering experiments”,
T. Wakui, M. Hatano, H. Sakai, T. Uesaka and T. Tamii, Dec. 2004.
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R. G. T. Zegers: “Structures and decay of deep-hole states in light nuclei populated by the (p,2p) reactions”, Proc.
of International Conference on Nuclear Structure and Related Topics (NSRTO03), Sep. 2-6, 2003, Dubna, Russia,
Phys. Atom. Nucleb7 (2004) 1810-1817.

37. K. Kobayashi, Y. Itow, M. Shiozawa, M. Yosoi, H. Toyokawa, H. Akimune, H. Ejiri, H. Fujimura, M. Fujiwara,
K. Hara, K. Y. Hara, T. Ishikawa, M. Itoh, T. Kawabata, M. Nakamura, H. Sakaguchi, Y. Sakemi, H. Takeda,
M. Uchida, T. Yamada, Y. Yasuda, H. P. Yoshida and R. G. T. Zegers: “Detection of nuclear de-excitation gamma-
rays in water Cherenkov detector”, Proc. of 3rd International Workshop on Neutrino-Nucleus Interactions in the
Few-GeV Region (Nulnt04), March 17-21, 2004, Assergi, Italy, Nucl. Phys. B (Proc. Suppl.) (2005) 72-76.
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M. Kurokawa, T. Minemura, T. Motobayashi, M. Notani, H.J. Ong, S. Ota, A. Saito, H. Sakurai, E. Takeshita,
S. Takeuchi, Y. Yanagisawa and A. Yoshida: “Gamma-ray spectroscap¥ afith proton transfer reaction”, Proc.
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K. Shimada, S. Emori, G. Kato, A. Odahara and Y. Gono: “g-Factor measurements of high-spin isomers and
condensed matter studies using spin-aligned isomeric beams” Proc. of 5th Japan-China Joint Nuclear Physics
Symposium, March 7-10, 2004 Fukuoka, Japan, ed. by Y. Gono, N. Ikeda and K. Ogata, Kyushu University (2004)
235-243.
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H. S. Xu, T. Zheng, H. Kudo, K. Sueki, K. Katori and I. Tanihata: “Status of Heavy Element Research Using a
Gas-Filled Recoil Separator at RIKEN”, Proc. of Symposium on Nuclear Clusters, Aug. 5-9, 2002, Debrecen,
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T. Kubo, M. Kurokawa, S. Michimasa, K. Miyakawa, K. Morimoto, T. Ohnishi, S. Ota, A. Ozawa, S. Shimoura,
T. Suda, M. Tamaki, |. Tanihata, Y. Wakabayashi, K. Yoshida and B. Cederwall: “Study of High-Spin States in
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2004, KEK, Tsukuba, Japaf, 0 0 O O 49 (5) (2005) 33-38.

C. Theses
1. M. Niikura: “Production of High-Spin States it?~>2Ti using Fusion Reactions of Rl Beams”, Master’s Thesis,

University of Tokyo, March 2005.

2. S. X. Oda: “Development of a Time Projection Chamber Using Gas Electron Multipliers (GEM-TPC)”, Master’s
Thesis, University of Tokyo, March 2005.

D. Other Publications

1. Y. Akiba and H. Hamagaki: “The Beginning of High Energy Nucleus-Nucleus Collision Experiment at RHIC”,
BUTSURI59 No. 5 (2004) 291-299.
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2. T. Hirano and H. Hamagaki: “Analysis of Quark Gluon Plasma in Relativistic Heavy lon Collisions through Jet
Quenching”, BUTSURBE9 No. 12 (2004) 862—870.
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Talks and Presentations

A. Conferences

1.

10.

11.

12.

13.

14.

15.

16.

T. Otsuka (invited): “Chaos and Symmetry”, International Conference on Microscopic Studies of Collective Phe-
nomena, April 19-22, 2004, Cocoyoc, Mexico.

. M. Imanaka, H. Arai, T. Nakagawa, Y. Ohshiro, S. Watanabe and T. Katayama (poster): “Development and In-

dustrial Application of Boron-Nanocluster lon Source”, 2nd Meeting on Society of Nano Science and Technology,
May 9-11, 2004, Tokyo, Japan.

. T. Sakaguchi for the PHENIX Collaboration (invited): “High- particle Measurement from the PHENIX exper-

iment”, 2004 RHIC & AGS Annual Users’ Meeting, May 10-14, 2004, Brookhaven National Laboratory, Upton,
New York, USA.

. T. Otsuka (invited): “Nuclear Forces and Shell evolution in Exotic Nuclei”, International Workshop on Blueprints

for the Nucleus: From First Principles to Collective Motion, Feza Gursey Inst., May 17-23, 2004, Istanbul, Turkey.

. T. Otsuka (invited): “Chaos and Symmetry”, 8th International Spring Seminar on Nuclear Physics “Key Topics in

Nuclear Structure”, May 23-27, 2004, Paestum, Italy.

. Y. Maeda: “Study of three nucleon force effects via the n+d elastic scattering at 250 MeV”, The International

Nuclear Physics Conference (INPC2004), June 27-July 2, 206tébGrg, Sweden.

. T. Otsuka, T. Suzuki, R. Fujimoto, T. Matsuo, D. Abe, H. Grawe and Y. Akaishi (invited): “Shell structure of exotic

nuclei and nuclear force”, International Symposium on Exotic Nuclei (EXON 2004), July 5-12, 2004, Peterhof,
Russia.

. S. Shimoura (invited): “In beam spectroscopy of exotic nuclei via direct reactions of Rl beams”, International

Symposium on Exotic Nuclei (EXON 2004), July 5-12, 2004, Peterhof, Russia.

. S. Kubono: “Study of Stellar Reactions in Explosive Hydrogen Burning with CRIB”, 8th International Symposium

on Nuclei in the Cosmos, July 19-23, 2004, Vancouver, Canada.

T. Otsuka (invited): “Effective Interactions in the Shell Model”, Workshop on New perspectives on p-shell nuclei —
the nuclear shell model and beyond, July 22—-24, 2004, East Lansing, Michigan, USA.

E. Ideguchi, M. Niikura, C. Ishida, T. Fukuchi, H. Baba, N. Hokoiwa, H. lwasaki, T. Koike, T. Komatsubara,
T. Kubo, M. Kurokawa, S. Michimasa, K. Miyakawa, K. Morimoto, T. Ohnishi, S. Ota, A. Ozawa, S. Shimoura,
T. Suda, M. Tamaki, |. Tanihata, Y. Wakabayashi, K. Yoshida and B. Cederwall: “Study of High-Spin St&t€ain
Region Induced by Secondary Fusion Reactions”, International Conference on Nuclei at the Limits, July 26-30,
2004, Argonne, lllinois, USA.

T. Otsuka (invited): “Evolution of Single-Particle Structure and Nuclear Force”, International Conference on Nuclei
at the Limits, July 26—30, 2004, Argonne, lllinois, USA.

T. Otsuka (invited): “Evolution of Shell Structure and Spin-Isospin Interaction”, International Summer School on
Subatomic Physics, Aug. 25-30, 2004, Beijing, China.

T. Otsuka, T. Suzuki, R. Fujimoto, T. Matsuo, D. Abe, H. Grawe and Y. Akaishi (invited): “Shell structure of
exotic nuclei and nuclear force”, International Symposium Atomic nuclei at extreme values of temperature, spin
and isospin XXXIX Zakopane School of Physics, Aug. 31-Sep. 5, 2004, Zakopane, Poland.

T. Fukuchi, Y. Gono, A. Odahara, E. Ideguchi, H. Watanabe, W. Wakabayashi and H. Sagawa: “Study of High-spin
Shape Isomer”, RIBF Physics Workshop on Mean Fields and Collective Motions in Unstable Nuclei, Sep. 5-7,
2004, RIKEN, Wako, Japan.

M. Imanaka, H. Arai, T. Nakagawa, Y. Ohshiro, S. Watanabe and T. Katayama (poster): “Development of Long
Lifetime and High Intensity Nano-Cluster lon Source by Plasma-Gas-Aggregation”, 12th International Symposium
on Small Particles and Inorganic Clusters (ISSPIC12), Sep. 6-10, 2004, Nanjing, China.
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17

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. E. Ideguchi, M. Niikura, C. Ishida, T. Fukuchi, H. Baba, N. Hokoiwa, H. lwasaki, T. Koike, T. Komatsubara,
T. Kubo, M. Kurokawa, S. Michimasa, K. Miyakawa, K. Morimoto, T. Ohnishi, S. Ota, A. Ozawa, S. Shimoura,
T. Suda, M. Tamaki, I. Tanihata, Y. Wakabayashi, K. Yoshida and B. Cederwall: “Study of high-spin states in
the “8Ca region by using secondary fusion reactions”, 4th International Conference on Exotic Nuclei and Atomic
Masses (ENAM 04), Sep. 12-16, 2004, Pine Mountain, Georgia, USA.

S. Michimasa, S. Shimoura, H. lwasaki, M. Tamaki, S. Ota, N. Aoi, H. Baba, N. lwasa, S. Kanno, S. Kubono,
K. Kurita, M. Kurokawa, T. Minemura, T. Motobayashi, M. Notani, H.J. Ong, A. Saito, H. Sakurai, E. Takeshita,
S. Takeuchi, Y. Yanagisawa and A. Yoshida: “Study of single-particle staté§insing a proton transfer reaction”,

4th International Conference on Exotic Nuclei and Atomic Masses (ENAM 04), Sep. 12-16, 2004, Pine Mountain,
Georgia, USA.

A. Odahara, Y. Wakabayashi, T. Fukuchi, Y. Gono and H. Sagawa (poster): “High-Spin Shape Isomers and the
Nuclear Jahn-Teller Effect”, 4th International Conference on Exotic Nuclei and Atomic Masses (ENAM 04), Sep.
12-16, 2004, Pine Mountain, Georgia, USA.

S. Kubono (invited): “Experimental Study of theProcess”, Sep. 21-23, 2004, TRIAC Workshop, Japan.

S. Kubono (invited): “Recent Development in Nuclear Astrophysics”, Annual meeting of the High-Energy Astro-
physics Societies, Oct. 1-2, 2004, Metropolitan University, Tokyo, Japan.

T. Otsuka (invited): “Lessons from shell model to effective interactions”, Workshop on Nuclear Forces and the
Quantum Many-Body Problem, Oct. 4-8, 2004, Seattle, Washington, USA.

T. Kawabata, H. Akimune, H. Fujimura, H. Fujita, Y. Fujita, M. Fujiwara, K. Hara, K .Y. Hara, K. Hatanaka,
T. Ishikawa, M. Itoh, J. Kamiya, S. Kishi, M. Nakamura, K. Nakanishi, T. Noro, H. Sakaguchi, Y. Shimbara,
H. Takeda, A. Tamii, S. Terashima, H. Toyokawa, M. Uchida, H. Ueno, T. Wakasa, Y. Yasuda, H. P. Yoshida and
M. Yosoi: “Isovector and isoscalar spin-flip/1 strengths in''B”, 16th International Spin Physics Symposium
(SPIN2004), Oct. 10-16, 2004, Trieste, Italy.

Y. Maeda, H. Sakai, T. Kawabata, K. Suda, K. Yako, M. Hatano, T. Saito, H. Kuboki, M. Sasano, K. Hatanaka,
Y. Sakemi, A. Tamii, J. Kamiya, Y. Shimizu, K. Fujita, H. Okamura, T. Wakasa, T. Kudoh, Y. Hagiwara, Y. Nagasue,
K. Sekiguchi, K. Itoh, M. B. Greenfield and H. Kamada: “Measurements of the n+d elastic scattering at 250 MeV
and the three-nucleon forces”, 16th International Spin Physics Symposium (SPIN2004), Oct. 10-16, 2004, Trieste,
Italy.

K. Suda, H. Okamura, T. Uesaka, R. Suzuki, H. Kumasaka, T. Ikeda, K. Itoh, H. Sakai, A. Tamii, K. Sekiguchi,
K. Yako, Y. Maeda, M. Hatano, T. Saito, H. Kuboki, N. Sakamoto, Y. Sato: “Tensor analyzing power of the
160(d, 2He) reaction at 0 degrees and structure of the spin-dipole resonances”, 16th International Spin Physics
Symposium (SPIN2004), Oct. 10-16, 2004, Trieste, Italy.

Y. Ohshiro, S. Yamaka, S. Kubono and S. Watanabe: “Development of An ECR lon Source At CNS”, 17th Interna-
tional Conference on Cyclotrons and Their Applications (Cyclotrons 2004), Oct. 17-22, 2004, National Olympics
Memorial Youth Center, Yoyogi, Tokyo, Japan.

T. Watanabe, S. Watanabe, T. Ikeda, Y. Sakai, T. Kawaguchi and M. Kase: “Development of highly sensitive current-
position monitor with an HTS SQUID and HTS magnetic shield”, 17th International Conference on Cyclotrons and
Their Applications (Cyclotrons 2004), Oct. 17-22, 2004, National Olympics Memorial Youth Center, Yoyogi,
Tokyo, Japan.

M. Watanabe, Y. Chiba, T. Koseki, T. Katayama, Y. ohshiro and S. Watanabe: “A Broad-band RF Buncher Cavity
using FINEMET Cut Cores for lon Beams”, 17th International Conference on Cyclotrons and Their Applications
(Cyclotrons 2004), Oct. 17-22, 2004, National Olympics Memorial Youth Center, Yoyogi, Tokyo, Japan

S. Kubono (invited): “Experimental Approach to Experimental Nuclear Astrophysics”, Korea-Japan Workshop on
Nuclear Physics, Oct. 21-22, 2004, Jeju Island, Korea.

T. Otsuka and N. Shimizu (invited): “Quantum Chaos and Symmetries”, Nuclei and Mesoscopic Physics Workshop,
Oct. 23-27, 2004, East Lansing, Michigan, USA.

T. Fukuchi, S. Shimoura, E. Ideguchi, M. Kurokawa, H. Baba, S. Ota, M. Tamaki and M. Niikura (invited): “Devel-
opment of Position Sensitive Ge Detector” 5th Italy-Japan Symposium on Recent Achievements and Perspectives
in Nuclear Physics, Nov. 3—7, 2004, Naples, Italy.
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32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

. S. Kubono (invited): “Experimental Study of Explosive Hydrogen Burning with CRIB”, 5th Italy-Japan Symposium
on Recent Achievement and Perspectives in Nuclear Physics, Nov. 3-7, 2004, Naples, Italy.

H. Hamagaki (invited): “Is QGP found at RHIC?”", 5th Italy-Japan Symposium on Recent Achievements and Per-
spectives in Nuclear Physics, Nov. 3—7, 2004, Naples, Italy.

S. Shimoura (invited): “In-beam spectroscopy of exotic nuclei using direct reactions”, 5th Italy—Japan Symposium
on Recent Achievements and Perspectives in Nuclear Physics, Nov. 3-7, 2004, Naples, Italy.

H. Hamagaki (invited): “Development of GEM at CNS”, Workshop on Micro Pattern Gas Detector, Dec. 9-10,
Kyoto University, Kyoto, Japan.

S. Kubono (invited): “Experimental Approach to Nuclear Astrophysics”, Japanese-German Nuclear Structure and
Astrophysics Workshop, Dec. 16-18, 2004, Darmstadt (GSI), Germany.

T. Otsuka (invited): “Mean Field Calculation with Spin-Isospin NN Interactions”, Japanese-German Nuclear Struc-
ture and Astrophysics Workshop, Dec. 16-18, 2004, Darmstadt (GSI), Germany.

S.Watanabe (papers)J'0 000 0000000000000 O0OOCOO",0000O00O0oOooOoOag, Dec.
21-22, 2004, KEK, Tsukuba, Japan.

Y. Maeda: “Study of three nucleon force effects via the n+d elastic scattering”, Workshop on Few-Body physics,
Dec. 23-25, 2004, RCNP, Osaka, Japan.

S. Shimoura (invited): “In-Beam Nuclear Spectroscopy Using Rl beams”, WorkshggRay Detectors, Dec. 27,
2004, Saitama University, Saitama, Japan.

S. Shimoura (invited): “Single Particle States in Exotic Nuclei via Nucleon Transfer Reactions at 30460",
International Conference on the Interface between Nuclear Structure, Astrophysics and Reactions (NUSTAR’05),
Jan. 5-8, 2005, Guildford, UK.

H. Hamagaki (invited): J/¢ and open quark production at RHIC”, The XXXIII International workshop on gross
properties of nuclei and nuclear excitations (Hirschegg 2005), Jan. 16—22, 2005, Hirschegg, Kleinwalsertal, Austria.

T. Kawabata, H. Akimune, H. Fujimura, H. Fujita, Y. Fujita, M. Fujiwara, K. Hara, K. Y. Hara, K. Hatanaka,
T. Ishikawa, M. Itoh, J. Kamiya, S. Kishi, M. Nakamura, K. Nakanishi, T. Noro, H. Sakaguchi, Y. Shimbara,
H. Takeda, A. Tamii, S. Terashima, H. Toyokawa, M. Uchida, H. Ueno, T. Wakasa, Y. Yasuda, H. P. Yoshida
and M. Yosoi: “Isovector and isoscalar spin-flig1 strengths int'B”, International Symposium on Correlation
Dynamics in Nuclei (CDNO5), Jan. 31-Feb. 4, 2005, Tokyo, Japan.

T. Sakaguchi for the PHENIX Collaboration: “Direct Photon Measurement at RHIC-PHENIX”, 21st Winter Work-
shop on Nuclear Dynamics, Feb. 5-12, 2005. Breckenridge, Colorado, USA.

H. Hamagaki (invited): “Electromagnetic measurements at RHIC”, 5th International Conference on Physics and
Astrophysics of Quark Gluon Plasma (ICPAQGP 2005), Feb. 8-12, 2005, Salt Lake City, Kolkata, India.

T. Otsuka, T. Suzuki, R. Fujimoto, T. Matsuo, D. Abe, H. Grawe, Y. Akaishi, M. Honma, T. Mizusaki and
B. A. Brown (invited): “Shell structure of exotic nuclei and NN force”, INFN Workshop on Reactions and Structure
with Exotic Nuclei. Feb. 24-26, 2005, Pisa, Italy.

T. Kawabata, H. Akimune, H. Fujimura, H. Fujita, Y. Fujita, M. Fujiwara, K. Hara, K. Y. Hara, K. Hatanaka,
T. Ishikawa, M. Itoh, J. Kamiya, S. Kishi, M. Nakamura, K. Nakanishi, T. Noro, H. Sakaguchi, Y. Shimbara,
H. Takeda, A. Tamii, S. Terashima, H. Toyokawa, M. Uchida, H. Ueno, T. Wakasa, Y. Yasuda, H. P. Yoshida and
M. Yosoi: “Isovector and isoscalar spin-fliZ 1 strengths in'!B”, CNS Workshop on Interdisciplinary Develop-
ments of Shell Model Study, March 3-5, 2005, CNS, Wako, Saitama, Japan.

S. Michimasa, S. Shimoura, H. Iwasaki, M. Tamaki, S. Ota, N. Aoi, H. Baba, N. Iwasa, S. Kanno, S. Kubono,
K. Kurita, M. Kurokawa, T. Minemura, T. Motobayashi, M. Notani, H.J. Ong, A. Saito, H. Sakurai, E. Takeshita,
S. Takeuchi, Y. Yanagisawa and A. Yoshida : “Proton single particle stafé&inCNS Workshop on Interdisci-
plinary Developments of Shell Model Study, March 3-5, 2005, CNS, Wako, Saitama, Japan.

H. Hamagaki (invited): “Quark Gluon Plasma at RHIC”, KEK Theory Meeting 2005 “Particle Physics Phenomenol-
ogy” March 3-5, 2005, KEK, Tsukuba, Japan.
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50.

T. Otsuka, T. Suzuki, R. Fujimoto, T. Matsuo, D. Abe, H. Grawe, Y. Akaishi, M. Honma, T. Mizusaki and
B. A. Brown (invited): “Structure issues of exotic heavy nuclei”, International Workshop on Neutron-Rich Ra-
dioactive lon Beams —Physics with MAFF—, March 29—April 1, 2005, Kloster Banz, Germany.

B. JPS Meetings

1.

10.

11.

12.

13.

14.

15.

16.

T. Fukuchi, S. Shimoura, E. Ideguchi and M. Kurokawa: “Development of Position Sensitive Germanium Detector”,
JPS Autumn Meeting, Sep. 27-30, 2004, Kochi University, Kochi, Japan.

. T. Gunji for the PHENIX Collaboration:.J /¢ — e*e~ Measurements iAu + Au Collisions at RHIC-PHENIX”",

JPS Autumn Meeting, Sep. 27-30, 2004, Kochi University, Kochi, Japan.

. T. Isobe for the PHENIX Collaboration: Measurements of the neutral mesoAs it Au collisions at RHIC-

PHENIX, JPS Autumn Meeting, Sep. 27-30, 2004, Kochi University, Kochi, Japan.

. F. Kajihara for the PHENIX Collaboration: "Single Electron Measurement in the PHENIX RufBExperiment”,

JPS Autumn Meeting, Sep. 27-30, 2004, Kochi University, Kochi, Japan.

. N. Kurihara for the PHENIX collaboration: “Measurement of singele particle spectrum with Aerogel Counter at

RHIC-PHENIX" JPS Autumn Meeting, Sep. 27-30, 2004, Kochi University, Kochi, Japan.

. M. Niikura, E. Ideguchi, T. Fukuchi, H. Baba, N. Hokoiwa, C. Ishida, H. Iwasaki, T. Koike, T. Komatsubara,

T. Kubo, M. Kurakawa, S. Michimasa, K. Miyagawa, K. Morimoto, T. Ohnishi, S. Ota, A. Ozawa, S. Shimoura,
T. Suca, M. Tamaki, |. Tanihata, Y. Wakabayashi and K. Yoshida: “High-Spin Staté€Siiia Fusion Reaction of
Secondary Beam”, JPS Autumn Meeting, Sep. 27-30, 2004, Kochi University, Kochi, Japan.

. S. X. Oda, H. Hamagaki, K. Ozawa, M. Inuzuka, T. Sakaguchi, T. Isobe, T. Guniji, S. Saito, Y. Morino, Y.L. Ya-

maguchi, S. Sawada, S. Yokkaichi: “Reseach and Development of a Time Projection Chamber Using Gas Electron
Multipliers (GEM-TPC)”, JPS Autumn Meeting, Sep. 27-30, 2004, Kochi University, Kochi, Japan.

. A. Odahara, Y. Gono, S. Motomura, Y. Isozumi, T. Kikegawa, Y. Mochizuki, T. Fukuchi and Y. Wakabayashi:

“Change of decay constant 6fK under ultra high-pressure”, JPS Autumn Meeting, Sep. 27-30, 2004, Kochi
University, Kochi, Japan.

. S. Shimoura: “High Resolution Spectrometer and Physics Perspectives”, JPS Autumn Meeting, Sep. 27-30, 2004,

Kochi University, Kochi, Japan.

Y. Wakabayashi, A. Odahara, Y. Gono, T. Fukuchi, S. Kubono, T. Teranishi, S. Ota, H. Yamaguchi, A. Saitoh,

E. Ideguchi, S. Nishimura, J. J. He, H. Fujikawa, G. Amadio, M. Notani, Y. Yanagisawa, S. Michimasa, S. Shi-

moura,H. Watanabe, T. Kishida, H. Baba and M. Nishimura: “Search for high-spin isomers in N=51 isotones”, JPS
Autumn Meeting, Sep. 27-30, 2004, Kochi University, Kochi, Japan.

A. Odahara, Y. Gono, S. Motomura, Y. Isozumi, T. Kikegawa, Y. Mochizuki, T. Fukuchi and Y. Wakabayashi:
“Change of decay constant 8K under ultra high-pressure”, JPS Kyushu Branch Meeting, Dec. 4, 2004, Kyushu
Institute of Technology, Fukuoka, Japan.

T. Isobe for the PHENIX Collaborationz® measurement in Au+Au collisions at RHIC-PHENIX, JPS Spring
Meeting, March 24-27, 2005, Tokyo University of Science, Noda, Japan.

F. Kajihara for the PHENIX Collaboration: "Single Electron Measurement in the PHENIX Experiment”, JPS Spring
Meeting, March 24-27, 2005, Tokyo University of Science, Noda, Japan.

Y. Morino, S. Shota, T. Gunji and H. Hamagaki for the ALICE Collaboration: "Electron Identification Capability
of real size TRD for ALICE”, JPS Spring Meeting, March 24-27, 2005, Tokyo University of Science, Noda, Japan.

A. Odahara, Y. Gono, T. Fukuchi, Y. Wakabayashi, Y. Gono and H. Sagawa: “Experimental pairing energies at
high-spin states”, JPS Spring Meeting, March 24-27, 2005, Tokyo University of Science, Noda, Japan.

S. Sakaguchi, T. Wakui, T. Uesaka, K. Itoh, T. Kawabata, H. Kuboki, Y. Maeda, H. Sakai, Y. Sasamoto, M. Sasano,
K. Sekiguchi, K. Suda, Y. Takahashi and K. Yako: “Performance evaluation of polarized proton solid target by
beam irradiation”, JPS Spring Meeting, March 24-27, 2005, Tokyo University of Science, Noda, Japan.
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17. T. Sakaguchi (Invited): “Heavy-ion collisions at RHIC”, Invited talk at symposium “30 years of QCD current status
and prospect”, JPS Spring Meeting, March 24-27, 2004, Tokyo University of Science, Noda, Japan.

18. Y. Wakabayashi, A. Odahara, Y. Gono, T. Fukuchi, S. Kubono, T. Teranishi, S. Ota, H. Yamaguchi, A. Saitoh,
E. Ideguchi, S. Nishimura, J. J. He, H. Fujikawa, G. Amadio, M. Notani, Y. Yanagisawa, S. Michimasa, S. Shimoura,
H. Watanabe, T. Kishida, H. Baba and M. Nishimura: “Search for high-spin isomers using unstable nuclear beam
7N”, JPS Spring Meeting, March 24-27, 2005, Tokyo University of Science, Noda, Japan.

C. Lectures

1. S. Shimoura: “Special Lectures on Structure of Unstable Nuclei”, May 26-28, 2004, Osaka University, Osaka,
Japan.

2. S. Shimoura: “Special Lectures on Structure and Reactions of Nuclei far from the Stable Line”, June 10-11, 2004,
Osaka City University, Osaka, Japan.

3. S. Shimoura: “Special Lectures on Nanometer-scale Quantum Physics”, June 21-23, 2004, Tokyo Institute of
Technology, Tokyo, Japan.

4. S. Kubono: “Nuclear Astrophysics”, Feb. 14-19, 2005, Canpo de Jordan, Brazil.
D. Seminars
1. H. Hamagaki: “Development of GEM at CNS”, March 2, 2005, Seminar at the Kamioka Observatory Group, ICRR,

University of Tokyo, Kashiwa, Japan.

2. T. Kawabata: “Isovector and isoscalar spin-flifl strengths irt'B”, March 15, 2005, Nuclear Physics Seminar at
Kernfysisch Versneller Instituut (KVI), Groningen, Netherlands.
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