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Preface

This is the annual report of the Center for Nuclear Study (CNS), Graduate School of Science, the
University of Tokyo which includes activities during the fiscal year 2003 (April 2003 through March
2004).

In this year, the Ge-detector array GRAPE consisting of 18 position sensitive Ge detectors was
completed as a system. The first experiment using the full set of the GRAPE was carried out success-
fully for the fusion reactions of neutron-rich nuclei for the study of high-spin states in nuclei around
the *8Ca region. In-beam-ray spectroscopy with direct reactions of unstable nuclei using a liquid-
helium target is being planned. It is expected to provide new information on isoscalar responses as
well as proton single-particle states in the unstable nuclei.

The polarized proton-target project has got into shape. The polarized solid proton-target developed
at CNS can be operated under a high temperature 800 K and a low magnetic field of 0.1 T
while the conventional dynamic-nuclear-polarization target requires a low temperataré Kfand
a high magnetic field of> 1 T. This polarized proton target was applied for the first time to the
radioactive-ion beam experiment. The analyzing power foptiéle elastic scattering at 71 MeV/u
was successfully measured. CNS and Joint Institute of Nuclear Physics, Russia concluded a treaty of
the research collaboration agreement for the promotion of spin physics.

A Wien filter system was installed for the radioactive-ion beam separator CRIB. The radioactive-
ion beam extracted from the CRIB is typically a mixture of the several kinds of ions with the same
magnetic rigidity. The Wien filter system is cable to separate the ions by the mass-to-charge ratio
A/q and consequently improves the purity of the radioactive-ion beam. Its performance as a velocity
separator was tested by using th@ and'*N ions, and it was confirmed that &0 beam with almost
100% purity was obtained.

The Hyper ECR ion source was improved to provide metal ionstkég™ and“Li%*, which
enabled experiments for nuclear astrophysics at CRIB. The beam-bunching system for the HIECR ion
source, which was intensively used for the ion source research and R&D of new ion beam monitors,
was introduced to increase the beam intensity. A cluster ion source was also improved to give an
intense beam, and the first observations of Ti and Cu cluster-ion beams were made.

The PHENIX experiment at Relativistic Heavy lon Collider (RHIC) at Brookhaven National Labo-
ratory shows steady progress toward understanding of the collision process and finding of the evidence
of Quark Gluon Plasma (QGP). Major contributions of the CNS group were the first observation of di-
rect photons in heavy ion collisions and systematic study/aef productions in various combination
of colliding nuclear species. Several new types of detectors are being developed for future PHENIX
upgrade in an in-house laboratory of CNS.

The theory group in CNS organized the 2nd CNS International Summer School (CISS03) in
September 2003. There were 84 participants from 8 countries mainly from Asia. The 3rd summer
school will be held in this August.

A lecturer Eiji IDEGUCHI joined CNS from RIKEN and started working on in-beam gamma-ray
spectroscopy to study high-spin states of neutron-rich nuclei. A research associate Takashi TERAN-
ISHI left CNS to the Department of Physics at Kyushu University as an associate professor. As his
successor, a research associate Hidetoshi YAMAGUCHI joined CNS from the Department of Physics
at University of Tokyo.

Since we moved into the RIKEN Wako campus from the Tanashi campus of the University of
Tokyo in 2000, we have made even greater efforts of collaboration with RIKEN and indeed made
various scientific achievements. In April 2004, The University of Tokyo and RIKEN concluded the
comprehensive collaboration agreements. This agreement will certainly reinforce the collaboration
between CNS and RIKEN. We are currently planning to establish new organization, the international
research center for the heavy-ion nuclear physics, which will be operated jointly by CNS and RIKEN.



The RIKEN RI beam facility (RIBF) which is under construction will deliver various exotic Rl
beams in 2007. Matching with construction, we have initiated two projects, an upgrade of the AVF
injection cyclotron and a construction of the high resolution spectrometer SHARAQ. The upgrade
plan is to provide high-energyi{ = 78) and intense ion beam (for example, 10Apfor °N5%).
Presently available maximum beam energy is limited’te- 70 and 1 p:A for 1*N°*. The SHARAQ
spectrometer is exclusively designed for the high resolution spectroscopic studies with Rl beams of
200-400 MeV/nucleon. It will be installed in the new experimental hall of RIBF. The proposal of
SHARAQ will be completed in this fall.

Hideyuki Sakai
Director of CNS
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1. Introduction a Nal(Tl) array (6<6 matrix) [7]. The telescope has an ac-

The spectroscopy of neutron-rich oxygen isotopes has @&pPtance of 6 degrees in the laboratory system. The excited
tracted much attention, since information on nuclear strigates ir">O were identified by de-excitatioprays which

ture such as single-particle nature and collectivities can'¥gre detected by the DALI(II) syster@][ which consists
studied as a function of neutron numbers in proton-magit150 Nal(Tl) crystals surrounding the secondary target.

nuclei. In the previous experimental studies’®® nucleus, 3. Analysis and Results

measurements of de-excitatigmays from inelastic scatter- _. .

: . . . Figure 1 shows a Doppler-shift corrected energy spectrum

ing with a Au target(f], and from a fragmentation reaction >~ 99 ; .
o of v rays from the*He(*20,220) reaction. In Fig. 1, two

of both stablelZ] and radioactive beamS[have been per- eaks are clearly observed at 3.21 and 1.37 MeV. The 3.21-

formed. The excitation energy of the first Ztate and the P y ) ’ : '

i .
B(E?2) value indicate a presence of sub shell cIosurB/’atMeV v ray (_:orre_sponds to the knovv_n_LZH 0 transition.
=14, In order to identify a cascade transition, we examined a

In order to obtain more spectroscopic information Orrz]ay spectrum coincident with the 3.21-MeMay as shown

220, we have performed an experiment withinelastic In Fig. 2. Itis clear that the 1.37-MeY ray is a member

o ; . . ..of a cascade transition through th& &tate as reported in
scattering in inverse kinematics by measuring de-excnanﬁn

2 : o : . ef. [3]. This fact indicates the existence of a 4.58-MeV
~ rays coincident with thé?O ejectile. Here thex inelastic .

) . . tate as well as the well-known 3.21-MeV state. Since an
scattering on a spin-0 nucleus can populate excited stastes i oo om
having natural paritiesd5]. The transferred angular mo- 500 He(*0,%°0y) E=,=354 MeV
menta can be determined by the analysis of angular distri-
butions of differential cross sections.

400

keV

2. Experiment

The experiment was performed at the RIKEN Acceleratedp 300 H
Research Facility. A20 beam was produced by fragmentag
tion of a 63-MeV/nucleori®Ar primary beam incidentona #
beryllium target of 180 mg/cithickness. Fragments were g
separated by the RIPS separator. Th@® beam particles o
were identified event-by-event using the TQ® method. & 100
the TOF was the flight time between two plastic scintillators

at the second (F2) and third (F3) focal planes of the RIPS.

200

i A I B IR I

The AE was measured with a 325 Si detector installed 1 é 3 4
at F2. The average intensity of tA&O beam was 210
pps, and its purity was 37%. THO beam bombarded a E7 [MeV]

liquid helium target of 100-mg/ctnthickness sealed by 6-

pm havar foils with 30-mm diametel6]. The energy of Figure 1.Doppler-shift corrected energy spectrumafays from
the*?0 beam was 35 MeV/nucleon at the center of the Sec- the “He(*20 220-) reaction. The dashed line represents the

ondary target. The scattering angles of outgoing particles 3 21-meV transition, and the dash-dotted line denotes the cas-
were determined by three PPACs. Two of them were in- cade transition. Other dashed lines represents the contribution
stalled upstream and the other was installed downstream ofyf 210 The solid curve represents the best fit.

the secondary target. The particle identification of outgo-

ing particles from the secondary target was performed usignelastic scattering excites natural parity states, we may
TOF, AE and E information measured using a telescopsxclude a speculation that the 4.58-MeV state hag3.
consisting of 9 SSD (83 matrix) of 0.5-mm thickness and  The population yields of the two states were deduced by
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ing and the angular distribution of the de-excitedays will
be analyzed based on DWBA calculations.
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Figure 2. The v ray energy spectrum coincident with 3.21-MeV
~ ray. They ray of 2O at 1.2MeV was seen together with the

peaks 0?0 due to the limited resolution of particle identifi-

cation.

fitting the observed ray spectrum with a sum of response

functions for the de-exciteg rays , those from possible

contaminants and the background as shown in the lines in
Fig. 1. A response function for each state was calculated
by a Monte Carlo simulation code GEANT3. The inelastic

cross sections were deduced from the yields to be 13.3
0.6 mb for the 3.21-MeV state and 243 0.2 mb for the

4.58-MeV state, respectively.
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Figure 3. Angular distributions of differential cross sections for
the 3.21-MeV state iR*O is plotted versus center-of-mass an-

gle.

The same fitting procedures were applied for theay

spectra under the conditions that the scattering angles of the
220 ejectile were sliced in every 0.5 degrees step. Figure 3
shows a preliminary angular distribution for the 3.21-MeV

state.

In order to determine the spin and the parity of the 4.58-
MeV state, the angular distribution of the inelastic scatter-
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1. Introduction Secondary Beam 220 BE 2F
The nuclear shell structure is mainly interpreted by single- Energy AMeV] 35 415 36
particle motion in a mean-field including a spin-orbit poten- Intensity [particles/s] 2 x 10° 6 x 10 3 x 102
tial. Recent findings of the disappearance of magic num-
bers and/or the new magic numbers in the neutron-rich nu-

clei may indicate that the mean-field changes as a functidgble 1. Average intensities and mean energies of the secondary
of neutron/proton numbers. In this respect, neutron-rich P€ams.

fluorine isotopes locate in a stimulating region connecti ht (TOF), energy depositXE) and energy E), which
thefxotlclnuclgzar phleznc:jme;na: th? nQe-wlmar?lc number re measured by a telescope consisting of 9 SSDs of 0.5-
N T( 16 [hJ an ar:j_lsdan 0 |(;1ver5|()sg%ri[F. bn the present ., thickness and 36 Nal(TI) detectoB).[ The telescope
work, we ‘f’“r/]e studied excite ?tate Oy 7yray SPeC- pag an acceptance 6f— 6 degrees in the laboratory sys-
troscopy with one-proton transfer reaction. A one-protqQy, ToF was the flight time between the secondary target

transfer reaction is a good probe for investigation on PrOAd the Nal(Tl) scintillator, an\ E and F were obtained

ton shell structure, because this reaction selectively polﬂlgg] energy loss in the SSD and the Nal(Tl) scintillator, re-
C

Iat_es smgle-pamcl_e states. Furthermore, we have measuyf tively. In the present experiment, resolutions of atomic
« inelastic scattering and neutron knockout reaction, agﬂd mass numbers for fluorine isotopes were Oc)gand

compared population strengths by the transfer reaction Wil ©), respectively. Scattering angles of reaction prod-

ones by these reactions to demon;tratt_a smgle-pqrﬂcl_e (&s were measured by three parallel-plate avalanche coun-
ture of observed states. We are mainly interested in diff

; X . ®rs (PPACs). The two PPACs were placed before the sec-
.e”gfs betvv_eel? energies Qf the proton smgle-_partlcle St%tﬁaary target to determine the direction and the hit point of
in *°F and in™F. These _dlﬁerences_, are C(_)n5|de_red _to_ "fie beam. The other PPAC was placed after the target to
flect a change of mean-field, gspemally spin-orbit Spl't_t'nlg\easure the direction of the reaction products. The resolu-
for protons due to the occupation number of neutrons in the, ¢ < itering angle were was estimated to be 0.5 degrees
ds /2 shell; theds /; shells in these nuclei are full and emptxa) in the laboratory flame. Excitation energies of reaction
of neutrons, respectively. products were identified by de-excitedays from reaction

) products. Fory-ray detection, we used a Nal(TI) detector
2. Experiment array DALI (1) [6]. The array consisted of 150 Nal(TI)
The experiment was performed at the secondary beam Kntillators and surrounded the secondary target in an an-
in RIKEN Accelerator Research Facility. The secondagular range o0 — 160 degrees with respect to the beam
beams were produced by a projectile fragmentation reactixis. In the present experiment, the detection efficiency was
of 63-MeV/nucleon?®Ar beam impinging on dBe target 17.6% for 1.33-Me\A rays, and the energy resolution after
of 180-mg/cnd thickness. Fragments were analyzed by tioppler-shift corrections was 8.2%)for the de-excited,
RIPS separato(3]. The secondary beam was a cocktail atiys at3.2 MeV from 220 moving with3 ~ 0.27.
220,23F and?*F and these particles were identified event-
by-event byA E-TOF method. Energy losseA ) were 3. Results and Discussions
measured by a silicon detector, and TOF was the timeWé have obtainedy-ray spectra in?*F from the pro-
flight between two plastic scintillators set 5 meters apaton transfer reactiorfHe(*?0,22F+), the inelastic scat-
The average intensities and the mean energies of the $edng *He3*F23Fy) and the neutron knockout reaction
ondary beams are listed in Talfle The secondary beams'He(**F**Fy). Figuresi3(a), (b) and (c) show Doppler-
bombarded a liquid helium targ&][of 100 mg/cn?, which correctedy-ray spectra measured by these three reactions.
was contained an aluminum cell with two windows ofi6* Population strengths of excited states are sensitive with
havor foils. The window size was 30 mm in diameter. Reacempatibility between the nature of the states and the reac-
tion products were identified from a combination of time dfon mechanism. The proton transfer reaction mainly popu-
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Figure 1. Gamma-ray spectra of three different reactions.
Spectrum (a), (b) and (c) were of proton transfer reaction
‘He(?0,%*F~), of inelastic scattertinéHe(BF,%Fy), and of vy oy y 0
neutron knockout reactiotHe(**F,23F~), respectively. 23F

Figure 2. Level andy-decay scheme ii*F observed in the
lates proton particle states. Theénelastic scattering makes  (*20,2®Fy) reaction. Closed circles in the figure show new
core excitations and non-spin flip proton particle states, and excited levels deduced in the present experiment. Relative in-
the neutron knockout reaction populates neutron hole statestensity ofy decay from the 3.378-MeV state is also shown in
Taking these relations into account the 2.3-MeV and 4.1- italics.

MeV ~ rays which were identified only in the transfer re-

acti(?n are candidates for de-excitatipmays from proton 4 ne two-step decay wa$0 to (7.5 + 3) by the fitting for

particle states. _ _ _ the reproduction of the-ray spectra.

! order to determine the energies of excited states in the next step of the analysis, we are to deduce the spec-
F, existences of cascadedecays were examined Withyroscopic factors and the angular momenta of these candi-

multiple y-detection events in the proton transfer reactiogates for single-particle states. In the near future, we will

Cross sections for excited states were determined by regirsh all the analysis to reveal the proton shell structure in
ducing both they-ray spectrum and the-energy summed 23,

spectrum by response functions of DALI(II) for identified

~-ray cascades. The response functions were simulated¥gjerences

the code GEANT3. Figuld shows a reconstructed leve[1] A. Ozawaet al, Phys. Rev. Lett84 (2000) 5493.
scheme it3F and de-excited rays observed in the transfef2] E.K. Warburtoret al, Phys. Rev. Gl1 (1990) 1147.
reaction. We found new excited states at 3378, 3774, 46(8, T. Kubo et al, Nucl. Instrum. Methods. B70 (1992)
4697, 4923, 5664, 6393 and 7005 keV, which are shown in 322.

the figure with closed circles, as well as the known stati¥d H. Akiyoshiet al, RIKEN Accel. Prog. Rep34(2001)
reported in Refs4,g]. Errors shown in the figure are sta- 193.

tistical errors estimated by an accuracy of maximum likef®] M. Tamakiet al, CNS Annual Report 2002 (2003) 76.
hood fitting. We identified that the 2.2-MeV and 4.1-Me\6] S. Takeuchet al., RIKEN Accel. Prog. Rep36 (2003)
~ rays were produced by de-excitation from the 2.249-MeV 148.

state to the ground state and the 4.067-MeV state to groliild N-A. Orr et al, Nucl. Phys. A491(1989) 457.

state, respectively. We therefore consider the 2.249-M&I D. Guillemaud-Mueller, Eur. Phys. J. 73 (2002) 63.
and 4.067-MeV states as the candidates for single particle

states. Furthermore, we identified two paths fodecay

of the 3.378-MeV state, and determined its branching ra-

tio. The one of the paths was a direct decay to the ground

state, and the other was two-stegecawiathe 2.919-MeV

state. We preliminarily deduced the ratio of the direct decay

4



Isoscalar Electric Excitation in 140

H. Baba, S. Shimoura, T. Minemd@aY. U. Matsuyam8, A. Saito, H. Akiyosh®, N. Aoi®,
T. Gom®, Y. Higurash® K. lekiP, N. Imaf, N. was&, H. Iwasakf, S. Kannd, S. Kubono,
M. KunibuP, S. Michimas#, T. MotobayasH, T. Nakamur§, H. Sakuraf, M. Serat®,

E. Takeshitd, S. Takeuct, T. TeranisHi, K. UeC, K. Yamad& and Y. Yanagisaw

Center for Nuclear Study, University of Tokyo
aThe Institute of Physical and Chemical Research (RIKEN)

bDepartment of Physics, Rikkyo University
CDepartment of Physics, University of Tokyo

dDepartment of Physics, Tohoku University
€Department of Applied Physics, Tokyo Institute of Technology

Department of Physics, Kyushu University

150\\\\‘\\\\‘\\\\‘\\\\‘\\\

1. Introduction

Intermediate energy radioactive isotope (RI) beams enable
us to investigate the excited unstable nuclei by using inverse
kinematics and by measuring decaying particles. Coulomb
dissociation andy(, p") reactions for unstable nuclei have 100
been successfully investigated for thid and F2 excita-

tion in these decades. As another probe for excitation, the
inelastica scattering is useful for isoscalar electric excita-
tion. Recently, isoscalar electric multipole strength for light
stable nuclei of2C [1] and 'O [2] have been obtained via
the inelastic scattering of 68 MeV « patrticle.

In order to measure the inelastic scattering reactions 25
in inverse kinematics, we developed a liquid helium tar-
get 3]. Here, we report a measurement of inelastiscat-
tering on the unstable nuclétO. The present experiment
aimed at measuring the excitation energy spectrum and the
isoscalar multipole strength in wide energy range by usin
the invariant-mass method for various particle decay chaf%gure 1. Excitation energy spectra of théO (. = 4.6 —

nels and the multipole decomposition (MD) analy&is [ .25.0.MeV) that constructed by every decay channel via the
invariant-mass method.
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2. Expenme.ntal Procedure i .Ples were detected by hit positions in the hodoscope.

The experiment was performed at the RIKEH projectile 9 gbtain de-excitation-rays from the outgoing parti-
fragment separator (RIPS). A beam ofﬁ(]x/le\{(} Owas cles, an array of sixty-eight Nal(TI) scintillators were set
produced by the fragmentation of a 133VleV "0 beam 4y0und the secondary target. The segmentation of the array

in a *Be target with a 1.3-g/cfnthickness. The*O par- gjiowed us to correct for any Doppler shifts from moving
ticles were identified event-by-event by the time-of-flightaction products.

(TOF) measured by two 0.5-mm thick plastic scintillators

placed 5.3 m apart. AHO beam bombarded a 120-mg/&m3- Analysis and Results

thick liquid-helium secondary target. The incoming anglEhe excitation energy were constructed from the momen-

and position on the target were measured using two seit® vectors of decay products with invariant-mass method.

of Parallel Plate Avalanche Counters (PPAC’s) installed up/e have measured decay channels'@f* — 13N + p, 12C

stream of the target. +p+p, 19C+q, 12Cf +p +p, 1°CI + a and!!C + 3He.
Outgoing particles were identified using &E-E1-E2 In case of'?C* and!°C* particles, they emit de-excitation

plastic hodoscopéd] located at 4-m downstream from they-rays of 4.4389@] and 3.354 MeVY], respectively.

target. The hodoscope consisted of three layaR, (E1 Excitation energy spectra of th#O* (£, = 4.6 —

and E2 walls) of 5-, 60- and 60-mm thickness, respectiveBb.0 MeV) are shown in Fidfl

The AE wall was divided horizontally into 13 plastic scin- In order to obtain the multipole strength distributions, the

tillators. The E1 and E2 walls were divided vertically intdD analysis with the distorted wave Born approximation

16 and 13 plastic scintillators, respectively. The momer(@WBA) method has been extensively used. In this analy-

of outgoing particles were determined by measuring TG#5, the DWBA calculations for inelastie scattering were

between the target and the hodoscope. The scatteringerformed using the computer code ECIS8[Afith exter-



nal optical and transition potentials. We employed a single-
folding model with a nucleonr interaction of the density-
dependent Gaussiaf][in the DWBA calculations. Within
the folding model approach, the optical potenfialr) is
given by:

U= [dV (el D m e @
whereV (|r — r'|, po(r')) is the nucleonx interaction, and
po(r’) is the ground-state density. The ground-state density
was obtained by TIMORAIQ] which provided the proton
and neutron densities with the relativistic mean field calcu-
lations. The transition potentidlU (r, F) is given by:

oU (r,E) = /dr'dpL (r', E)

[vur— Yl po ()

IV ([r —'|, po ("))
dpo (1) ’

wheredpr(r, E) and E are transition density and the ex-
citation energy, respectively. The details of the transition
densities were described in Ref81]12]

Figure[@ shows the multipole strength distributions of
L = 0-4 obtained from the MD analysis. The sum of
each strength were identified corresponding to 48.5,
61.2+8.2, 19.5-1.9, 9.742.2, and 20.8&4.6% of the
isoscalarE0, FE1, F2, E3 and E4 energy weighted sum
rule (EWSR) inFE, = 4.6-25.0 MeV, respectively. The
obtained isoscalar electric multipole strength distributions
were fragmented in the wide excitation energy range, and
the sum of strength were not exhausted 100% of EWSR in
E, < 25.0 MeV. Same aspect has been observed in light
stable nuclei in Refs1}[2]. The details of discussion are in
progress.

&)

+ po (1)
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1. Introduction 4000

Studies of high-spin states in atomic nuclei by in-beam 3500
gamma-ray spectroscopy have provided detailed informa- i
tion on the nuclear structure. In such studies, high-spin

states are achieved mostly through a fusion reaction using a
combination of a stable-isotope beam and a stable-isotope
target, since large angular momentum can be brought to the
nucleus of interest in the reaction. However, nuclei pro-

duced in the fusion reaction are limited, in many cases, to |
the proton-rich side relative to thiestability line. By utiliz- 1000 L
ing a neutron-rich beam in the fusion reaction, neutron-rich L
nuclei will be produced and the region available for high- 500 |-
spin studies will be largely expanded. I

3000 |-
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2. Experimental procedures and results

In order to actualize the method, experiments to produce
low-energy secondary beams§MeV/nucleon), which are Figure 1. TOF-AE plot of 7P at F2.
indispensable for inducing the fusion reaction, were per-
formed at the RIKEN accelerator research facility. Two e)((:%_;ll plane (F2). The energy of the beam was optimized by

periments were carried out. In the first experiment, a IOve\:/fdjusting the rotation angle of the degrader relative to the

energy37P beam was produced for the feqsibility study Peam direction By operating RIPS at the maximum values
lowering the energy of secondary beam using Al degrader: )

In the second experiment, a low-enef§r beam was pro- oFmomentum acceptance and solid angle, a typical inten-

duced order o mesigteh-spinsesvisec. o0/C1%00 0 SO e sseond o e bearues oo
ondary fusion reaction. ' y

was carried out by the time-of-flight (TOR-F method,
2.1. Production of3”P beam and it was found that an almost puifé® beam was obtained

A neutron-rich secondary-beanf,P, was produced at theas shown in Fig. 1. The TOF amdE information was ob-
RIPS Facility [I] in RIKEN by the fragmentation reaction.tained from the timing of the plastic scintillator relative to
The primary!°Ar beam with an energy of 63 MeV/nucleorthe RF signal of the cyclotron and from the energy loss in
was provided by the RIKEN Ring cyclotron with a typthe 0.5-mm-thick silicon detector placed at F2, respectively.
ical intensity of 60 pnA, and it was impinged on“8e The 37P beam was transported to the final focal plane
target of 1.5 mm thick. An aluminum wedge with &F3) and irradiated on the seconddBe target of 10um
mean thickness of 221 mg/énplaced at the momentum-thick in order to induce the secondary fusion reaction,
dispersive focal plane (F1) was used to achieve a clear i$Be(®"P,xzn)*6~*K. The intensity of thé”P beam at F3 was
tope separation and to lower the energy of the fragmentaigout 1.0 10° counts per second. Two PPAC countéip [

26 MeV/nucleon. The energy of t#éP beam was further were placed up stream of the secondary target in order to
lowered to~6 MeV/nucleon by placing an aluminum roprofile the image and the incident angle of the beam on the
tatable degrader of 0.425 mm thick at the achromatic f@arget, as well as to determine energy from TOF information

F2plastic - RF



which was optimum to produc®Ti via secondary fusion
reaction,°Be(*5Ar,5n)°°Ti. Beam spot size of théSAr
beam on the secondary target was measured to be 16.5 mm
17 and 8.0 mm in horizontal and vertical direction, respec-
_|tively. The beam intensity of 3:210° cps was obtained

1 atthe secondary target. Details of the analysis of high-spin
study in®%Ti are shown elsewhere in this CNS repeti [

60000 [—

40000 [—

Arbitrary unit

_| 3. Summary

Productions of the low-energy secondary secondary beams,

37P and*SAr, were demonstrated. Beam energies were low-

T L ered by Al degrader to-62 MeV/A and 4.3t1.2 MeV/A

o 2 10 15 and the intensities were xA0° cps and 3.210° cps for

Energy of "'P at secondary target (MeV/A) 37p and*®Ar, respectively, at the secondary target. These

, low-energy secondary beams were irradiated to the sec-

Figure 2. Energy spectrum of th&’ P beam at secondary tar9&indary target’Be and the--rays due to the secondary
position deduced from TOF information. fusion reactions were successfully observ8g4]. This

relative to the plastic timing at F2, event by event. BeanpnethOd will prow'de new regions of high-spin studies which

) - were not accessible so far.

spot size on the secondary target extrapolated by using po-

sitions in two PPACs was 18 mm and 7.6 mm for horizonfa¢ferences

and vertical direction, respectively. Another PPAC counfel T. Kubo et al., Nucl. Instrum. Methods. B61(1992)

was also placed downstream of the target to detect recoil nu-309,

clei produced in the secondary reaction and to measure[#feH. Kumagaiet al, Nucl. Instrum. Methods. AM70

TOF. Figure 2 shows the energy spectrum of tiie beam (2001) 562.

at the secondary target position. Details of the gamma{3ly C. Ishidaet al., CNS Annual Report 2003 (200@

analysis is reported elsewhere in this CNS refi@t [ [4] M. Niikura et al, CNS Annual Report 2003 (2004@

2.2. Production of46Ar beam

Low-energy*®Ar beam was produced in a similar proce-

dure as’”P case. A primary®Ca beam with a maximum

intensity of 100 pnA and the energy of 64 MeV/A was used.

It was impinged on the 1.0 mfBe target to produc# Ar

beam by the fragmentation reaction. In tiér case, thick-

nesses of the wedge at F1 and rotatable degrader at F2 were

221 mg/cnd and 0.5 mm, respectively. Purity of tHeAr

beam was found to be 90by TOF-AFE method as shown

in Fig. 3.
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Figure 3. TOF-AE plot of “5Ar at F2.

After passing through the rotatable degrader at F2, en-
ergy of the*®Ar beam was lowered to 4431.3 MeV/A
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1. Introduction

A secondary?”P beam was produced using RIFE ft DI
RIKEN in the fragmentation reaction of a primary beam of
40Ar impinging on a’Be target/P]. The secondary beam

of 37P was used to initiate fusion reactions at the secondary
9Be target according tdBe(”P, zn)*6—*K. The recoil ve-
locity of the reaction products in experiments using inverse
kinematics is large. These large recoil velocities will in-
duce large Doppler shifts of the emitted gamma rays. For
good Doppler correction it is important to know the direc-
tion of the emitted gamma rays. The CNS Ge detector array
was used in the experiment and the segmentation of the de-
tectors in the array enables good Doppler correction. Eﬁ}gure 1.Schematic overview of the detector from the front and
using pulse shape analysis the interaction depth of individ- the side. The cathode is divided into nine segments. Two crys-
ual gamma rays in the Ge crystals was deduced and the relals are putin the same cryostat and share the anode.

sulting improvement of the Doppler broadening was inves- . L . .
tigate?j P PP 9 ment signals. The rise time of the pulses is extracted using

their zero cross timings after a (CRJRC)* shaping. The
2. CNS Ge Detector Array (GRAPE) zero cross timings of the net charge signal and of the total

The CNS Ge detector array was surrounding the second@igp@l have previously been calculated in 1 mm steps from
target B] In this experiment the array consisted of 14 se =0 mm to z=20 mm for different interaction locations in
mented Ge detectors. Each detector comprises two plaiigrcrystal (Fig) [4]. In this way the zero cross timings
crystals that share a common anode. The cathode sidesCafebe related to the interaction depth. To relate the ex-
divided electrically into nine segments (Fi). The detec- perimental zero cross timings to the interaction depth the

tors are aligned so that their side surfaces face the targiinals have to be identified in pairs. This means that there
as to be one net charge signal and one total signal from

the same crystal in the same event in order to enable com-
3. Analysis parison with the calculated data. If the photon is Compton
The segmentation of the detectors make it possible to $sattered between the segments in the same crystal so that
pulse shape analysis to obtain information on the interaie event contains several hits in the same crystal, these
tion points of gamma rays. The rise time of the signal fromignals can not be used for interaction depth determination
different segments contains information on the interactiém this way. This is because the calculated data assumes
point. In this experiment the net charge signal and the totiaét the photon only interacts once in the same crystal. By
signal were used for pulse shape analysis. The net chadgjéng this into account, zero-cross timing of the total sig-
signal is the signal from the segment containing the interax&l was plotted against that of the net-charge signal minus
tion point and the total signal is the sum of the signals froaero-cross timing of the total signal for a corner-, side- and
the nine segments. The total signal is obtained by usiegntral segment in Fig@ Data shows very good agreement
a sum amplifier which gives the analogue sum of the segith the simulations as can be seen in the figure.
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Figure 2.Simulation result for side, center, and corner segment of

the zero cross timings for different interaction points. Pointq:igure 3. Zero cross timing of the total signal plotted against
connected with the same line correspond to the same pand  he zero cross timing of the net charge signal minus the zero

location in the segment. The timings were calculated in 1 mm . 4gg timing of the total signal for a corner-, side- and center
steps fromz = 0 mm toz = 20 mm. The upper left points in segment.

the graph correspond to= 0 mm and the upper right points

correspond ta = 20 mm. 1850 151 .
% 5 699.1 keV
Table 1.Width of the 570 keV peak. 1ooo 4408
Doppler correction using:| Peak width | Error .
center of the detector 20.88 keV | 0.88 keV % 750 1440 . 258.3 keV
center of the segment 16.40 keV | 0.64 keV z Lo - P s e
interaction depth 13.16 keV | 0.48 keV é soo . 421066 o ey
K
4. Analysis Results eer
The spectrum in Figjshows that?K [B] was produced in
the secondary fusion reaction. Only single-hit events inthe 9, 200 00 500 00 to00 1200
detector were used to increment this spectrum. The 106.8- E, (keV)

keV peak should have a high relative intensity but can not be

seen in the spectrum. The reason for this is the rather higigure 4.Peaks originating frof?K can be seen in the spectrum.
discriminator thresholds used to reduce noise triggering in

the present experiment. The peak at 570 keV most proba@fid much data were therefore lost since the photon is of-
originates from the transition between the energy levelstaf Compton-scattered between different segments. Further
1948 keV and 1376 keV if?K [5]. In order to evaluate the developments are in progress, aiming at including in the
improvement of the Doppler broadening the width of tH@oppler correction procedure also gamma rays that Comp-
peak at 570 keV is examined using three different Doppfé& scatter between crystal segments.

corrections (tabl@). The Doppler broadening is improvetkeferences

.by 21% in case the centre'lll position of the segment is UT_?; T. Kubo et al, Nucl. Instrum. Methods. B161, 309
instead of the central position of the detector. When usi (1992).

the interaction depth information for the Doppler correc: .
tion, the broadening is improved by 20% compared to t‘% E.1deguchet al., RIKEN Accel. Prog. Rep37 (2004)

. - S. Shimoureet al., CNS Annual Report 2000 (2001)
case using the central position of the segment. 15

[4] M. Kurokawaet al.,IEEE Trans. Nucl. Sci50 (2003)
5. Summary 1309

Gamma rays from the decay dfK were observed us-(5] M. Moralleset al., Phys. Rev. G8(1998) 739.
ing the CNS Ge detector array in the secondary fusion re-

actionBe("P, 4n)*?K. The data analysis shows that our
pulse shape analysis using analogue electronics improves
the Doppler broadening by 20% compared to the case us-
ing the central position of the hit segment. However, in
the analysis only single hits in the detectors were included
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1. Introduction grader with a thickness of 0.5 mm placed at the achromatic

Since the discovery of superdeformed band¥ipa [1] focal plane (F2). The beam energy was optimized to pro-
and 36Ar [2], high-spin studies in this mass region havauce® Ti with the maximum cross section which was pre-
attracted much attention. These observations suppoii¢ied by CASCADE code§]. The low-energy secondary
presence of superdeformed shell gaps\inZ = 18 and beam was transported to the final focal plane (F3), where a
20. Because similar deformed shell gaps were predictedp 10-:m °Be secondary target was placed for the fusion
N = 28andZ = 22, an onset of collective rotational band§eaction,’Be (*°Ar, 5n) *°Ti.
due to the large deformation is expected in high-spin statedWo parallel plate avalanche counters (PPACH)fere
of 50Ti. Excited states ifi®Ti were previously studied us-Placed upstream of the secondary target to monitor the pro-
ing the*8Ca («, 2n) ®°Ti reaction, and high-spin levels urjile and incident angle of the beam on the target. The
to 11* state at 8.8 MeV have been reported in Ré3s4]. PPAC’s were also used to measure the incident beam en-
No rotational bands were, however, observed. In order&y from the TOF information relative to the timing of the
search for the rotational bands3iTi, it is necessary to in- Plastic scintillator placed at F2 event by event. The other
vestigate higher spin states using heavy ion fusion reactiB?PAC was put downstream of the target to detect outgoing
but the lack of beam and target combinations with statfl@rticles produced in the secondary reaction and measure
isotopes have prevented the experimental studies thus 3. TOF information. )

A usage of neutron-rich radioactive-isotope (RI) beams carfGamma rays from the high-spin states’#Ti were de-
relax this experimental constraint and allowed investigatié#¢ted by GRAPE (Gamma-Ray detector Array with Po-

of high-spin states iA°Ti with the secondary fusion reac-Sition and Energy sensitivity) syster][ In this experi-
tion, Be (6 Ar, 5n) 5°Ti. ment the GRAPE system was composed of 17 detectors,

each of which contains two planar germanium crystals and
) each germanium crystal is electrically segmented to nine
2. Experiment and Result pieces. These-ray detectors were placed around the sec-
The experiment was performed at RIKEN Accelerat@hdary target to cover at the angle between 60 degrees and
Research Facility. A secondafjAr beam was produced120 degrees. With a trigger condition of two or more Ge
by the fragmentation using &Ca primary beam acceler-detectors firing in coincidence, a total b x 107 events
ated up to an energy of 63.36 MeV/u by the RIKEN Ringas collected.
Cyclotron (RRC) incident upon #Be production target of |n order to correct the energy of Doppler-shiftedays
1.0-mm thickness. The maximum intensity of the primaemitted from moving nuclei, it is necessary to obtain the
5Ca beam was 100 pnA. hitting position of the beam on the target, direction of the
The “°Ar was separated by a RIKEN Projectilerecoil out of the target, energies of the beam and reaction
fragments Separator (RIPS] [using an aluminum wedgeproducts, and the polar angle of theay hit position in the
degrader with mean thickness of 221 mgfcat the mo- GRAPE detector with respect to the direction of the reaction
mentum dispersive focal plane (F1). A particle identificgroducts. Energies, positions, and directions of the beam
tion of the fragments was performed by measuring time-@fnd the reaction products were extracted from the TOF and
flight (TOF) and energy lossX£) information, enabling a the deduced position information using the PPAC’s. In the
selection of almost uniquefifAr. current analysis, we took the center of each segment for the

For the fusion reaction, the energy of the second&y  information on the interaction points of the incidentays.
beam was lowered 6.3 + 1.3 MeV/u using a rotatable de-
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Figure 1.Doppler-corrected-ray energy spectra. The known 87]

rays reported in Refs3[d] were marked by open circles. Newl9] C. Ishidaet al, CNS Annual Report 2003 (200@
~ rays observed in this work were marked by closed circles[10]M. Kurokawaet al, IEEE Trans. Nucl. Sci50 (2003)

1309.

Advanced analysis to extract the position information from
the pulse shape analysis, reported in R&fL0)], is now in
progress.

Figure 1 shows a Doppler-correcteeray energy spec-
trum. Previously reported rays from?°Ti of 232, 407,
522, 803, 1117, 1223, 1546, and 2928 keV, were confirmed
in the present study. By gating on theseays to check the
coincidence relations between them, cascade sequences for
known~ rays were also confirmed. Intensity distributions
of the individual transition was consistent with the ordering
of the gamma transitions in the level scheme of REEA][

By gating on the fold ofy-ray coincidence, the-ray yields
from the higher spin states were indeed enhanced in the high
multiplicity spectrum (Fig. 2). This fact also supports the
reported level scheme.

We have identified three new transitions with 900-, 964-

, and 1432-keVyy rays, which were in coincidence with
known~ rays of°°Ti. Gamma rays originating from other
evaporation channels were not observed. This result was in
accordance with the optimal secondary beam energy pre-
dicted by the CASCADE calculations.

Further analysis to extend the level scheme based on the
observedy-ray coincidence relations are now in progress.
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1. Introduction 3. Result

Recently, thé2Be nuclei has been found to lose the regul&n excited state i 3B is identified by the energy of de-
neutron magic numbel[2,[3,/4]. The magicity loss may excitation~ ray. A Doppler-shift corrected energy spec-
be caused by the unbalance between the number of protioas of v rays measured in coincidence with scatteY&sl
and neutrons. The neutron shell structure is affected by theshown in Fig[ll There are peaks corresponding to the
proton number so that the shell gap disappear. On the otkieown excited states. The intensities of these states are ob-
hand, the proton shell structure may also be affected by thaed by fitting simulated/-ray energy spectra to the ex-
neutron number or shell structure. In order to investiggterimental one described as follows.
the relationship between the proton shell structure and the\ response functionf («)] of the detector array for each
neutron magicity loss, we have studied the excited statesl@excitationy ray of i-th excited state is simulated with a
the '3B by using proton transfer to théBe. A differential Monte Carlo simulation code, GEANTA]], taking into
cross section of the reaction may provide the informati@ecount the energy resolution and the angular resolution of
on the angular momentum of the excited state. S&*iis each detector. The simulated energy spectrum,[(z)] is
studied via several reactions, where the energies and paritggsesented as the linear combinatiorygf:) and an expo-
of the excited states are determin&(b[[7,/8] but their spins nential background,
have not been assigned except for a few suggest®BE [

Since the {He}) reaction has relatively large cross sec- Ysim(2) = Z Aifi(x) + Bexp(—Cu). (1)
tion in the energy ragion of a few tedd/eV, we chose the ‘
proton transfer reactiotHe(!2Be,'*B~). We measured de- The fitting parameters are the normalization factéy) for
excitation+ rays in coincidence with the scattered particledach response function and heigB} and slope €) of the
138 produced via the proton transfer reaction. An angulaackground term. The energy of eaghay is fixed to be
distribution of the'>B was extracted from the observed the known one. By fittind’s;., (z) to the experimental spec-
ray yields for each scattering angle'éB. trum, we obtain the intensities.

The obtained relative intensities are listed in Té@bl&he
. 3.71-MeV and 4.83-MeV excited states are more strongly
2. Experiment populated than the other states. In the other reactions,
The experiment was performed at RIKEN Accelerator R@here neutron states or proton-particle neutron-hole states
search Facility. A'’Be secondary beam of 58MeV  are more populated, these states are not strongly populated.
was produced by a projectile-fragmentationt¥D primary S0, these two states may be of a single particle nature.
beam Of 100AMeV. The Secondary beam bombarded a SeC'We extract the angu'ar distribution b?B by decompos_
Ondal’y target Of |IQUId helium, in Wh|Ch the eXCitéaB |ng Eq ED with the Scattering ang'@as be'ow'
nucleus was produced and de-excitatioray was emitted

3 e
;rom the moving B nucleus_. De-exmt:_:ltlory rays were Yiim () = 277/ [Zai(e)fi(x)
etected with an array of six Germanium detectors (one

third of GRAPE [9]) at 140 degrees with respect to the beam
direction. The outgoind>B was detected with &\AE-E + b(@)exp(—ca)]dcod.  (2)
plastic scintillator hodoscope located at 4.3-m downstredihe intensities is obtained by fittings;,, () to the spec-
of the secondary target. trum of v ray measured in coincidence with théB scat-

Detail of experimental setup is written in RE(J]. tered in the § = Af/2) angular region. Assuming the

i
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Vo rv ay Wo rw aw
(MeV) (fm) (fm) (Mev) (fm) (fm)
| THe+!2C 75.680 1.277 0.728 13.880 1.885 0.425
I 3He+2C 108.47 1.020 0.828 18.483 1.171 0.594

-
& Il 3He+2C 85.580 1.253 0.760 18.354 1.714 0.674
g
§ Table 2.0Optical potentials used in DWBA calculations. Potential
3 I [[12] is for entrance channel. Potential Il and [IIJ] are for
exit channel.
S0 s G0 as ‘5‘0 4.829 MeV
E.,(MeV) 10.07Hv‘vmv‘vmwvm

Figure 1.A Doppler-shift corrected gamma-ray energy spectrum
obtained in coincidence with’B. Solid curve shows the sim-

ulated spectrum including exponential background. i
L
E
Ex Present %
(MeV)  “*He (12Be,'3B~) a b c 5
3.48 0.00£ 0.16 0.06 0.6
3.53 0.03+ 0.08 0.19 1
3.68 0.43£ 0.15 0.38 1
3.71 0.76+ 0.16 0.25 \
4.13 0.42+ 0.10 1 004 01} éﬁofs ‘20
4.83 1 0.03
Oem (deg)

Table 1. Excitation energies of the known states'itB and . o g .
L - 9 . __Figure 2.An angular distribution of®B with DWBA calculation.
relative intensities of those states measured via four reactions? _ . . .
Solid and dashed curves are fo= 0 with potential I-Il and

The error is only statistical one. i
a: '1B(.p) "B, b: °Be('B.SB)X, c: Be(3n) I-111, respectlvely. .Dotted and da_sh-dotted curves ard fer2
and 3 with potential I-11, respectively.

isotropic distribution of they ray for each scattering an-References

A 156
gle, the angular distributiodZ (¢) of 1*B is deduced from [1] A. Navinet al, Phys. Rev. Lett85 (2000) 266.

The experimental angular distribution obtained for t é} E :a:z:t:g: Z:" Eﬂﬁ tg:: 3318888; ;

highest excited state with0,,;, = 0.5° is shown in Figl2 {4] S. Shimourat al, Phys. Lett. B560(2003) 31

by closed circles. A forward peaking distribution may ind : )
cate that the transfered angular momentls(zero. In ] E.zgzenberg Seloveet al, Phys. Rev. C17 (1978)

order to confirm that, we performed DWBA calculation L
assuming = 0, 1 and 2 with DWUCKS5 code. The opti-é] \N/ GAglin;?'ZleS::])?ls" I;Z?/S'CBR: 2/2.(%;)((2)33%)0264609.

.Ca'Tp%tle'a'S “iﬁd for et'.“”a?ce dar;d.lex'tTChha””e'S are "t R. Kalpakchievzt al, Eur. Phys. J. A7 (2000) 451.
in Tableld (see the caption for detail). The experimen ] S. Shimourat al, CNS Annual Report 2003 (2008Y

angular distribution is well reproduced by the DWBA ca 10]S. Otaet al, CNS Annual Report 2002 (2003) 14,

culation with1=0. Small variation of optical potential pa_[ll]GEANT4 (http:/Awwwasd.web.cern.chiwwwasd/geant4
rameters does not change the tendency. ' ' ' '

o . . /geant4.html).
We assign/™=1/2+ to the 4.8-MeV excited state, conS|d[12]A_ Ingemarsoret al, Nucl. Phys. A676(2000) 3.

ering J™ of 12Be(g.s.) is0t and the isotropic distribution
of they ray from J™=1/2" state. [13]A. Ingemarsoret al, Nucl. Phys. A696(2001) 3.

4. Summary

We measured the proton transfer reactiéte(!?Be,'3B~)

at 50 MeV per nucleon. From the analysis on the angu-
lar distribution of the'B for the 4.83-MeV excited state,
we assigned™=1/2" to the excited state for the first time.
Analyses on the other states are in progress.

The present study shows that tH&l€) reaction in the
inverse kinematics at intermediate energy becomes one of
the powerful tools for the spectroscopy of neutron-rich nu-
clei.
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1. Introduction 2. Experimental Procedure

Structure of the neutron-rich beryllium isotopes is an iff-he experiment was carried out in RIKEN Accelera-
teresting subject in the studies of unstable nuclei. Esper Research Facility. A primary beam dfO at
cially the cluster structure d#Be is one of the mostimpor-100 MeV/nucleon was supplied by RIKEN Ring Cy-
tant phenomena. The recent experimental study by Frekatron accelerator. The intensity of the primary beam was
et al. [1] stimulated researches on highly excited states 180 pnA. A radioactivé 2Be beam was produced using a
12Be, They measured inelastic scattering'Be on pro- projectile-fragmentation reaction of th20 beam on 4Be
ton and carbon targets at 378 MeV. Several peaks were tavget. The'?Be beam was separated from the other frag-
served in the excitation-energy spectrum obtained for theents using RIKEN Projectile-fragment Separator (RIPS)
invariant mass of tw§He’s. The angular correlations forf7]. Remaining contaminants were rejected using the time-
some of these peaks were analyzed to determine their spifiglight (TOF) and energy losses measured by two plastic
The excited states with spin-parities in the rangel dfto  scintillators separated by 5.3 m each other. A typical inten-
8+ were identified. By the energy-spin systematics, the neity of the secondary beam was 10* particles per second.
excited states were expected to form a rotational band oflze 2Be beam bombarded a liquid helium target, which
SHe-SHe cluster structure. A multi-nucleon transfer reagvas confined in a cell with a Gm-thick Havar window of
tion of “Be(*>N,'2N)'?Be at 240 MeV was performed by24-mm diameter. The direction and the hit position of each
Bohlenet al.[2]. The observed levels in the missing-madseam particle at the secondary target were measured by two
spectrum were classified as members of the other rotatiosetis of Parallel Plate Avalanche Counters (PPAC’s) installed
band by assuming their spins. Several theoretical calcul@stream of the secondary target. The energy of {Be
tions reasonably reproduced these excited statd$Be, secondary beam was 60 MeV/nucleon in the middle of the
e. g.the Antisymmetrized Molecular Dynamics (AMOB]] secondary target.
the microscopic coupled channel calculati@j, [and the  The reaction products of two helium isotopes were mea-
microscopic cluster model calculatioB]] The AMD cal- sured and identified using a hodoscope of a plastic scintilla-
culation predicted existence 6f and2* states above thetor array with an active area ofdl n? located 3.9 m down-
6He+%He threshold. stream of the target. the thicknesses of&, £'1, andE2

We performed two experiments to search for excitéalyers were 5 mm, 60 mm, and 60 mm, respectively. The
states with low spins, such @8 and2*, which may lie resolutions (in sigma) of the TOF, horizontal, and vertical
above thé?He+He decay threshold. The first experimemnositions were 0.15 ns, 0.9 cm, and 1.3 cm, respectively.
was for a two-neutron removal reaction witH4Be beam The decay energies fdPBe—°He+’He anda+3He were
on a carbon targelf]. Some peaks were observed in thextracted by the invariant-mass method. The resolution of
decay-energy spectrum of twidde’'s. The second experi-the decay energy was estimated using Monte Carlo simula-
ment was for inelastic scattering &Be on a liquid helium tions including the resolutions of the detectors and the mul-
target. The inelastic-alpha scattering reaction has the tgle scattering of the beam and the reaction products. The
vantage of well-known reaction mechanism, and here itasergy resolution was proportional to a square root of the
possible to determine spins by angular distributions of tdecay energy\(Eq) asA Epwan = 0.34 X /E4 MeV.
inelastic scattering compared with DWBA calculations.
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12Be obtained in (@)  11.3 MeV. The solid, dashed, andand excluding the 6 state at 18.6 MeV, which has a large
12C(“BeSHe+°He)X,  dotted curves denote the predicnoment of inertia corresponding o /22=140 keV. The

(b) tions of DWBA calculations withrotational band is good agreement with the assumption of
‘He(*?BeSHe+°He), AI=0, 2, and 4, respectively. the®He-%He cluster structure it?Be
?:2(1286,(1+8He) © 4. Summary
reactions. Inelastic-alpha scattering reaction &fBe was measured
using the liquid helium target. New excited states at
3. Results and Discussions 10.9 MeV (0") and 11.3 MeV (2) were observed in the

The excitation-energy spectra &fBe were obtained for decay-energy spectrum bHe+°He decay channel. These
three different reactions. Figurg(a) shows a spectrumspins were determined by the angular distributions of the
obtained in thé2C(**Be SHe®He)X reaction 6. Figure I inelastic scattering compared with the DWBA calculations.
(b) and (c) are the results for tHéle('?BeSHe®He) and These excited states may be members of the rotational band
‘He(12Be®Hen) reactions, respectively. In the presentith the developedHe-°He cluster structure i Be.
experimen_t, new peaks were observed at 10.9 Me\/ ‘wgferences

11.3 MeV in the spectrum dfHe+°He decay channel (in-

dicated by solid arrows in Figtj(b)). These peaks arell] M. Freeretal, Phys. Rev. Lett82 (1999) 1383. _
also seen in the+*He spectrum (Figiy(c)). The bump [2] H. G. Bohlenet al, Proc. Intr. Symp. on Exotic Nuclei
around 11.8 MeV in Figf(b) indicated by dotted arrow (2002) 453 . , o .
may correspond to the peak in the previous data of the tdL Y- Kanada-En'yo and H. Horiuchi, Phys. Rev.
neutron removal reaction (Figq(a)). The peak at around (2003) 014319. .

10 MeV observed in tha+*He decay channel (indicated byl M- Itoand Y. Sakuragi, Phys. Rev.&2 (2000) 064310.

a dashed arrow in Figh(c)) may correspond to the excited®] P- Descouvemontand D. Baye, Phys. Leth®(2001)

state observed in the inelastic-proton scattering?8e by T

Korsheninnikowet al. [8]. [6] A. Saitoet al, Suppl. Prog. Theor. Phy446 (2002)
The angular distributions of the excitéddBe for the 557.

peaks at (a) 10.9 MeV and (b) 11.3 MeV are shown [z] T. Kubo et al, Nucl. Instrum. Methods. B0 (1992)

Fig.2 The distribution for the 10.9-MeV peak has a for- o

ward peak, then the spin-parity of this peak is expected[gcl A. A. Korsheninnikovet al,, Phys. Lett. B343(1995)

be 0. The one for the 11.3 MeV peak has a flat distribu-

tion at forward angles, then this peak is expected to have J- Raynal, coupled-channel code ECIS97 (unpub-

a larger spin. The solid, dashed, and dotted curves denote!iShed).

the predictions of the DWBA calculations by ECIS%,

with Al = 0, 2 and 4, respectively, which is folded with the

angular resolution. By comparing the angular distributions

with the DWBA calculations, the spin-parities of the 10.9-

MeV and 11.3-MeV states were determined to bedhd

27, respectively.
Figureé shows the energy-spin systematics of excited

states in=Be. The dotted line is the ground state band.

The open squares are the excited states measured by Bohlen

et al, using the multi-nucleon transfer reaction, which may
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1. Introduction 1.7 x 10° s71, respectively.

For the purpose to investigate polarization phenomena in
nuclei far from the stability line, a polarized proton solid tar-
get has been constructed at the Center for Nuclear Stijdy [g ol |
In the design of the target system, special attentions ha?em, FWHM
been paid to facilitate detection of recoiled protons. Since, - 10mm |
under the inverse kinematics condition, the recoiled protors ™~ | |
have low energies of~10 MeV at forward angles in theE
center-of-mass system, they can be easily blocked by ma-*[
terials or magnetic field around the target. Complicated °s
cryogenic apparatus and high magnetic field>of1 T,
therefore, have to be excluded from the target region. OH.r
polarized target which works under a high temperature o%g
~ 100 K and a low magnetic field ok 0.1 T can suffice

the requirements, exhibiting a good contrast to conventional
dynamic-nuclear-polarization targets which necessarily re-

quires a low temperature ef 1 K and a high magneticfield  The target was a single crystal of naphthalne doped with a

of > several Tesla. small amount of pentacene. The cross section and the thick-
In 2003, the polarized proton solid target was appliggess of the target were 14 rgrand 1 mm, respectively. An

to the radioactive isotope beam experiment for the firgi-ion laser is used for the optical pumping p]. Details

time [3]. In the experiment, the vector analyzing power fopf the target system are described in ReZsahd [7].

thep + °He elastic scattering was measured at 71 MeV/u in Scattered®He particles were detected with multiwire

the angular range of 4678 in the center of mass system.drift chambers and three-layers of plastic scintillation de-

tectors. The first layer consisting of 5-mm thick plastic
2. RI Beam Experiment scintillation detecters provideAE information. The fol-

The experiment was carried out at RIKEN AcceleratdPWing 30-mmx2 thick layers giveF information. From
Research Facility. AHe beam was produced by bom-th_e AEE correlation,’He part_lcles were re_asonabl!y dis-
barding a 92-MeV/u'2C primary beam on &Be target criminated from th(_a_other nuclides. Scattering an_gIéH}f
of 1.39 g/cn?. The intensity of the primary beam wasgand the ve_rtex position on the target were deter_mlned by the
600 pnA throughout the experimerftte ions with an en- data of dr_lf_t chamber_s with an ang_ular resolution of Q.18
ergy of~ 72 MeV/u were selected with RIKEN Projectileand a pc_)smon resolution of 1.3 mm in _FWHM, respectively.
Fragment Separator, RIPS. To achieve a small beam-s oIieeconed protons were detected with counter telescopes

size of < 14 mmy, an aluminum wedge-degrader as thi cated left and right sides of the beam axis. Each telescope

as 316 mg/crhwas used for the charge selection Beai:onsists of two layers of position sensitive silicon detectors

emittance was limitted by the rhombic slit at the final foc PSD) and plastic scintillation detectors. The PSD has a

position (F3) of RIPS. The polarized target was plaeced 50 x 50 mn active area devided into .10 s.trlps.on the front
1 m downstream from the F3. The beam-spot size on tL ce. Two PSDs with orthogonal strip directions located

trget positon was 10 mm(FWHN). The angular spread 0, 0 S0 GO G0 1 o B e
of the °He beam was 18 mr (FWHM). The measured posi- i

tion and angular profiles of tH&le beam in the horizontal rections, respectively. The strip width of 5 mm corresponds

plane are shown in Figdland2l The purity and the inten- tc;rrcetigggular span of 2.42.0°) in the vertical (horizontal)
sity of the %He target at the target position were 95% ang '
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ure 1.Position profile of the  Figure 2.Angular profile of the
®He beam in the horizontal ~ %He beam in the horizontal
plane. The width was found  plane. The width was found
to be 10 mm (FWHM). to be 18 mrad (FWHM).
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3. Results [2] T. Uesakeet al,, Nucl. Instrum. Methods 526 (2004)

Figure@shows the correlation between the scattering an- 186- ) ) )
gle of °He and the PSD channel. The PSD strip ID 1-1@] M. Hatano, Ph. D Thesis, University of Tokyo (2004).
corresponds to the proton scattering angle 6£50° (78°— [4] H. W. van Kesteren, W. T. Wenckebach, J. Schmidt,
40°) in the laboratory system (the center-of-mass system). Phys. Rev. Lett55(1985) 1642.
The position of prominent peaks in the figure are consi®! T- Wakuiet al, Nucl. Instrum. Methods /426 (2004)
tent with the kinematics of the + ®He elastic scattering at 182. )
71 MeV/u. Small background events at sray;, are ob- [6] T. Wakuiet al, CNS Annual Report 2003 (2008%.
served for PSD strips of 9 and 10. These are attributed t&/h M- Hatanoet al, CNS Annual Report 2002 (2003) 72.
leak of \H(SHe, “Hep)nn events due to the imperfection of8] A. A. Korsheninnikovet al, Nucl. Phys. A616(1997)
the particle identification. Since the background peaks are 45.
well isolated from the peaks of interest, these background
events have negligible effects on the cross section and the
vector analyzing power.

The cross section are obtained with a statistical uncer-
tainty of (A42) /42 = 1.5%-7.5% depending on the an-
gle [3]. The data are found to be consistent with the pre-
viously measured data at the same eneRjywithin the
statistical uncertainty, in the overlapping angular range of
f.., = 40°-5C. In the angular range, the energies of re-
coiled protons are 12—-38 MeV. This results clearly demon-
strate that the detection of recoiled protons with energies of
~ 10 MeV is possible in the CNS polarized target system.
Data analysis to obtain the vector analyzing power is now
in progress.

250+
200-
150+
100+

50

Figure 3.The correlation between the scattering angl&ldé and
the PSD channel. The PSD strip ID 1-10 corresponds to the
proton scattering angle of 5870° in the laboratory system.

4. Summary

The first measurement of the elastic scattering between
a polarized proton and a radioacti¥He isotope has been
carried out with the CNS polarized proton solid target. The
p+%He elastic scattering events are clearly identified by the
angular correlation betweéiile and a recoiled proton. The
cross section data at forward angles are consistent with the
previously measured ones, which clearly demonstrates the
capability of the target system to facilitate the detection of
recoiled protons.

References
[1] T. Wakuiet al,, AIP Conf. Proc675(2003) 911.
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1. Introduction x10°
400 T T T T T
It is well known that Einstein, Podolsky and Rosen (EPR) rer T
presented a paradox by which they concluded that quan- 350 |— X 5
tum mechanical description of nature is incompléfe To 300 | 270 MeV 'H (d,’He) n _|

reach the conclusion, EPR used some classical assumptions
such that objects should have definite properties whether
they are measured or not, and that there is no action-at-a- 200 |-
distance in nature. Some attempts were made to explain
guantum mechanical nature from classical assumptions by
introducing 'hidden variables’ outside the scope of quan- 100 |-
tum mechanics. Bell showed, however, if two particles are
in anentangledstate, the correlation of the two particles can
be stronger than that allowed by any hidden variable mod- ° 5
els [2]. Since Bell's proof was given by an inequality which Ex (MeV)
can be tested experimentally, many experiments have been
performed and have given consistent results with quantufyre 1. Excitation energy spectrum &t (d, 2He)n reaction at
mechanics3]. E, =270 MeV.

It should be noted that Bell's inequality (Bl) was origi-
nally derived from a consideration on a two s@rparticle 2. Experiment

system in the spin singlet stateSy >= Z5(| 1> | |> e measured theH(d, 2He)n reaction at RIKEN in 2003.
—| 1> ] 1>). However, most of the experiments performefihe beam of 270 MeV was injected into a liquid hydro-
so far have used two photon systems. It is of consideraljien target] of 100-mg/cn? thick. The proton pairs scat-
interest to show that such two-particle correlations arisifgred at © were momentum analyzed by a spectrometer
from entanglement are not limited to photons, but also SMART [8] and detected with a proton polarimeter EPOL
hadoronic systems. placed at the second focal plane of SMART. Typical beam
There is only one experiment that tested Bl by measititensity was 0.3 nA and we detectéHe at the rate of 1 -
ing correlations of two hadrons. Lamehi-Rachti and Mittig.5 kcps. An example of the energy spectrum is shown in
(LRM) measured spin-correlations of proton pairs producegly.[Il The distribution of the relative energy,.; of the
by 13.5-MeV pp-elastic scatterindq]. Although their re- two protons is presented in Fi@. A simulation study has
sults agree with quantum mechanics and violated the claggiown that selecting the events Bf,; < 1 MeV enables
cal limits of BI, there are some problems in their estimatiags to increase the purity of tHes, state more than 98%.
of systematic error<6[5]. A schematic view of EPOL is presented in Hy.EPOL
We are interested in testing Bl by measuring spigonsists of three multi-wire drift chambers (MWDCs), two
correlation of proton pairs produced by thé *He) reac- sets of plastic scintillator hodoscopes and an analyzer target
tion. Here we define &He as a pair of protons coupled tq5.0-cm thick carbon block). The incident pairs of protons
the'S, state by the final state interaction. Use(df>He) are simultaneously scattered from the analyzer target.
reaction has following advantages: (1) In the case of LRM’s
experiment, the relative energy of the two protons was fix8d Spin-correlation function
kinematically, while the(d, *He) reaction enables us to seThe strength of the correlation of the two protons in the
lect as small relative energy as possible. Hence we can prg; state can be expressed by a spin-correlation function
duce high purity of' Sy-state proton pairs. (2) Since the klc(¢) =< G @y - b >, whered andb are the direc-
netic energy of the protons in the Iaboratory frame is hlgfbng of meaguring axes of each proton Spm, and the
the proton polarizations can be measured easily. angle betweed andb. C(¢) corresponds to the expecta-

250 — —
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| | Figure 4.Virtual spctors for the derivation @f'(¢).

0
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Erel (MeV) we can verify the violation of Bl by an accuracy of 4t

¢ = 45°. Data analysis is now in progress.

Figure 2.Distribution of the relative energy of two protons.

0.4}
tion value of the product of the signs of each spin. If the C(¢)
classical assumptions are correct, Bl gives following limits:

IC(2)| < 2,|C(%)] < 3 and|C(3)] < 3. Note that s S
these limits are on a liNECgen(¢)| = |24 — 1|. These 0.2} ]
inequalities are violated by quantum mechanical prediction _, 4| * oM
Cqm(¢) = —cos ¢. 06l ?

To derive C(¢) experimentally, we define two pairs of ’
virtual sectors {1, R;) and (L2, Ry) on thea3-plane (see 08} *

Figl). Here,a and 3 are the scattering angles at the an- -1 ¢
alyzer target in the horizontal and vertical planes, respec-

0 20 40 60 80

tively. Then we calculate
Y d(deg)
1 LL+RR—-LR—-RL
Cexp() = A2LL+RR+ LR+ RL’ Figure 5.Preliminary results of the spin-correlation function.
Yy

where LR is the number of coincidence events such thRé&ferences

proton 1 entered the sectbi and proton 2 entered the setp] A. Einstein, B. Podolsky and N. Rosen, Phys. REX.
tor R, and so on. A4, is the effective analyzing power o ’ '

(1935) 777.
EPOL. [2] J.S. Bell, Physicg (1964) 195.
4. Preliminary results [3] F.Lalog, Am.J. Phys69(2001) 655, and the references
Figure[§ shows preliminary results of (¢), which were __ therein. _ .
deduced by a brief analysis of 5% of the total data. Af ggzn;m-Rachtl and W. Mittig, Phys. Rev. D4 (1976)

though the statistical accuracy is poor, we can clearly see :
spin-correlations of the two protons. If we analyze all thal T. Saitoetal, CNS Annual Report 2002 (2003) 23.

data, statistical errors () will reduce to 0.05, by which (6] Téfakaiet al, J. Phys. Soc. Jpr.2 Suppl. C (2003)

[7] T. Ikedaet al, CNS Annual Report 2003 (200@
[8] T.Ichiharaet al, Nucl. Phys. A 569 (1994) 287c.

Figure 3.Schematic view of the proton polarimeter EPOL.
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1. Introduction 2. Experiment

Short-range structure of nuclei has a close connection td'he experiment was carried out at the E4 experimental
the high-momentum behavior of nuclear interactions whielea of RIKEN Accelerator Research Facility. A cryogenic
can not be fully described, for the moment, neither by mé&He gas target4] placed in the scattering chamber was
son exchange theories nor by non-perturbed quantum cloosled down to~ 6 K. The target density and thickness
modynamics. Information on the short-range structure, egere 8.1 mg/crh and 4.3 mg/cr, respectively. Polarized
pecially spin-dependent one, is crucial to establish a betteuteron beams with energies of 140 and 270 MeV were
understanding of nuclear interactions. used to bombard the target. particles emitted at forward

‘He nucleus, which has a large binding energy @ngles in the laboratory system were analyzed in the mag-
28.3 MeV and a small root mean square radius pétic spectrograph SMARE] and detected with multiwire
(r)rms/AY? ~ 1 fm , is considered to be an object apdrift chambers and three-layers of plastic scintillation coun-
propriate for the study. Spin-dependence of the short-ranges located in the focal plane. Timing and pulse height in-
structure ofk-shell nuclei can be characterized by its D-stafermation of the plastic scintillation counters was used to
admixture to the wave functiori The D-state admix- identify the particle. Momentum and scattering angle of the
ture in “He was studied via the radiative capture reactigrarticle were reconstructed from the particle trajctory de-
dd — ~*He and the(cf, «) pick-up reactions on medium-termined from the timing data of drift chambers with a help
mass targets at low energi€d].[ These studies, howeverof ion-optical parameters of SMART. The energy resolution
have been made only in the asymptotic region, that is,vias obtained to be 800 keV (FWHM), which is high enough
the region where low momentum components$ it con- to resolve thel + o backward events fromn — o events.
cern.

The extension to the higher momentum region wgs
attempted by using a radiative capture induced by anFigure 1 shows the preliminary results of the differential
intermediate-energy polarized deuteron be@jn [How- Cross sections for thé+« backward scattering at 270 MeV.

ever, it was found to be difficult to extract the information Ne statistical uncertainty of each data point is 1%—5% de-

Results

on“*He structure from the radiative capture data. This is be- 100.0
I ; . . T

cause E1 transition is forbidden for thHe(, dd) reaction 50.0 E E
due to the isospin selection rule. Thus the partition in T .,0".
“He is diffcult to access with electro-magnetic probes. Z I o® T
Measurement of the + o backward scattering, which g 10.0F o000’ 3
is thed + « elastic scattering &t ~ 180°, at intermedi- “— 5.0 F o’ 3
[ X J .

ate energies can be an alternative candidate as a probe (o [ e® |
the D-state admixture ifiHe. Since the reaction is consid- O 10k _
ered to be dominated by two-nucleon transfer processes i~ 0'5 3 d+a elastic Scattering—s
the backward region, the polarization observables as weI,Ld I t F.,=270 MeV ]

- itive faI [ a a= e
as the cross sections are expected to be sensitive tdithe

N P B B R

form factor ofd-d or d-pn partition. In particular, tensor an- 0.1
alyzing powersA,, and A,,, can provide an information 130 140 150 160 170 180
on the D-state admixture.

Oom [deg]

We have recently measured the cross section and ana-
lyzing powers,A,, A,,, andA,,, for thed + o backward
scattering afv; =140 and 270 MeV. In addition, data for theFigure 1.Differntial cross section for the + « elastic scattering
“He(d, *He)>H reaction was measured in the same experi- at backward angles.

mental conditions. The latter data is used to estimate the

contribution from the sequential transfer of two nucleonRending on the angle and is smaller than the symbol in the
d+a — 3He+3H — a + d. figure. The data obviously exhibits a T8peak distribution

which is typical for the nucleon transfer processes.
Tensor analyzing powers4,, and A,, are shown in
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Fig.2 BothA,, andA,, take large values ot,,,, = +0.2—
+0.7 andA,, = —0.7—+0.2, respectively. These are, at
least partly, due to the D-state admixture in th nucleus.
Contributions from the D-state of deuteron and the reaction
mechanism, for example, effects due to couplings to contin-
uum states, will be evaluated through theoretical analysis of
the d + « elastic scattering and tHéle(d, *He)*H reac-
tions.

1.00 77— 3
0.75 evececy, =
0.50 F

025 A
0.00 &

0.577##‘;#;;[;###‘;#;,77

F °
0.0F 4 .
_ o i
0'5:..0.00. ]

fl.oiw\””\””\‘”m
150 160 170 180

O.m [deg]

Figure 2.Tensor analyzing powers for thkt « elastic scattering
at backward angles.

4. Summary

In summary, we have measured the cross sections and
analyzing powersA,, A,,, andA,,, for thed + o back-
ward scattering and theHe(d, 3He)?H reaction at 140 and
270 MeV. Thed + « backward scattering data at 270 MeV
exhibit a 180-peak angular distribution which is typical for
the nucleon transfer processes. Measured tensor analyz-
ing powers are a clear manifestation of D-state admixture
in “He at finite momenta.
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1. Introduction 5-40 mg/cd was used as a targd@,[7]. Scattered protons

The spin-dipole resonance (SDR) is a spin-coupled aM{ere momentum analyzed by the spectrograph and detected
log state of the well-known giant dipole resonance. TIé the large acceptancAa() = 13.1 msr) focal plane with
spin-dipole states have spin-pariff = 2—,1~ and0—, tWo multi-wire drift chambers and trigger scintillator ho-
when excited from the ground states of even-even nucipscopeld]. The momenta and scattering angles of two
The understanding of SDR is still limited partly due to thBrotons were deduced from reconstructed trajectories and
difficulty of identifying three different spin-parity statesthe optical property of the spectrograph.

The (@, 2%He) reaction is one of the most effective tooI? Results and Discussion
to study SDR statedl]. Recently, a model-independent™

spin-parity determination method using the tensor analyzgurell shows the energy spectra and the tensor analyzing
ing powerA.,, at O was proposed?]. For reactions having POWer A for the 1°0(d, ?He)'°N reaction ab ¢ ,. = 0°—

a spin-parity structure of* + 0¥ — 0+ + J~, the tensor 1°. In the upper panel, the energy spectra for two polar-
analyzing power ., shows extreme values &t= 0° and

10 T T T T
180° for someJ™ residual states solely by the requirement 607 2 (a)
_ i _ o8l , '°0(d,’He) "]
of parity-conservatiorig,3]: I~ \ 5, =270Mev
S o6f | fem=0°-1° 4
o, i JT=0-, P —
A..(0°,180°) = _ (1) S 04} VA o 10,
+1, if 7= (—)J. g
= 0.2
This is the case for thel(2He) reaction on even-even tar- Z 0.0
gets. By using Eq[d)), we can determine two of three spin- 3
) : ) S 0.4
dipole states unambiguously. This method was successfully o
applied to'2C target, where &~ state in'?B residual states 02
was identified af,, = 9.3 MeV [2]. 0.0
The'%0 nucleus is particularly interesting since the spin-
dipole states are predominantly excited by tig?He) re-
action. In this double-magic nucleus wifi = Z = 8, 4,, 0
the excitation involves primaril AL = 1 transition since a _1
particle crosses the shell-gaplip-1h configuration. Con-
sequently, Gamow-Teller transitioA{. = 0) is suppressed —Rr ‘ ‘ ‘
to the first order, and the spin-dipole states are mainly ex- 0 5 10 15 20
cited. In addition to this interesting feature, the spin-dipole "N excitation energy [MeV]

states in'®O recently receives attention as a possible de-

tector material for the supernovae neutridh [A detailed Figure 1. Energy spectra of the°0(d, °He)'°N reaction at

study of the'®O nucleus is desired for this purpose. 0c.m. = 0°—1° for two tensor polarized beams (a), the peak
. fitting result of the spectrum wit®,. = —0.35 (b), and the

2. Experiment corresponding values of .. for each peak (c).

The experiment was performed at the RIKEN Accelerator

Research Facility. Th&O(d, 2He)!°N reaction was mea- ization modes of the deuteron bea.{ = —0.35 and

sured atE; = 270 MeV by using the magnetic spectro-0.56) are shown. The lowest four states with the spin par-

graph SMART [B]. The solid oxygen with a thickness ofity of 2~ (0.0 MeV),0~ (0.12),3~ (0.30) andl~ (0.40) 9]
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are not resolved. The energy resolution are estimateddté and 0.4 forl, = 0 and 7.7 MeV, respectively. At both
be about 700 keV at FWHM. A prominent peak is obexcitation energies, the, . data are systematically smaller
served atF, = 7.7 MeV. In order to extract the ten-than the calculation fo2~ states by 0.2- 0.5. However, a
sor analyzing poweH. ., a Gaussian peak fitting is permonotonous distribution of thd ., data att), = 7.7 MeV
formed. The non-resonant continuum background causgdvell reproduced by assuming tBg state rather than the
by the quasi-free scattering is subtracted by using the seiji-state. Thus, we confirmed the above suggestion.
phenomenological functiofLl0]. In the middle panel, the Figureld compares the energy spectrum with the calcu-
fitting result of the energy spectrum for one of the polarizkated strength af.,,, = 3.5°. The calculated strengths
tion modes P,, = —0.35) is shown. In the lower panel,are smeared by Gaussian function with the width of the ex-
the deduced tensor analyzing powky, corresponding to perimental resolution. The overall strength is well repro-
each peak is shown.

At E, = 7.7 MeV, theA., value is nearly equal to zero,
and is significantly different from-2 and +1 which cor-
respond toJ™ = 0~ and1~, respectively [see Eq].
Thus, theA, ., result suggests th&~ states are dominant
atE, = 7.7 MeV. In order to confirm thi@~— dominance,
we performed the adiabatic coupled-channels Born approx-
imation calculation/11] and compared the angular distri-
butions of the cross sections ard, at very forward an-
gles. In the calculation, the one-body transition densities
were obtained from the wave functions of Millener and Ku-
rath [14] for negative-parity states by using the shell model ) .
code OXBASHL5]. The shell model calculation was per- ° & 10 15 =0
formed within1 xw configuration space. N excitation energy [MeV]

Figure 2 shows the angular distribution of the cross _
section andA,, for the spin-dipole states af, Figure 3. Comparlsoh of.the energy spectrum and the calculated
7.7 MeV (right panel) as well as &, = 0 MeV (left panel). strength of the spin-dipole stateséat. = 3.5°. The upper

The calculated cross sections are normalized by factors ofPanel shows the experimental result. The lower panel shows
the calculated spectra f@&, 1~ and0~ states as well as a

sum of them. The calculated strengths are smeared by Gaus-

1.0 T T T

T
180(d,?He) N ]
E,=270MeV
ec.m.: 3°—4°

0.8

0.8

0.4

Millener & Kurath J
x 0.45

Sum

d?/dQdE [mb/sr MeV]
o
o
F

180(d,?He)'®N at Ey=270MeV sian function with the width of the experimental resolution.
2.00 [ 2,00 e e The overall strength is normalized by a factor of 0.45.
7.7 MeV  x 04
1.00¢ E 23 1 duced normalized by a factor of 0.45. The observed peak
050k 1 osof-, o ° 3 at £, = 7.7 MeV corresponds to the calculated one at
_ I ] L7 ] E, = 5.7 MeV. In contrast, att’, ~ 12.6 MeV, no con-
i 0.20 = 020 - centration of the strength of &~ state are observed. This
F s | L - missing strength of thé~ state may be attributed to the
0.10[=" - 1 0.10} 13 . I .
. F 0 ] : higher-order effects such as the mixing @f3h configura-
3 005 * 0.05 - B tion or the tensor correlatioi§].
b Lo, NI L. |
® 002l - o002F - 4. Summary
0.01 prretfrrcherrseetbien] 0,01 preerbretherirert g We have measured the tensor analyzing pawer for the
Ee E ] 160(d, 2He)'®N reaction at @ and E; = 270 MeV for the
first time. The prominent peak was observedrgt= 7.7
MeV, and was found to be dominated By states rather
than1~ states. The shell-model calculation reasonably re-
sk 3 E produced the energy and strength. In contrast, th(_e pre_dicted
N TR RPN SR TR AT I: 1~ state atFl, = 12.6 MeV was not observed. This miss-
o1 2 3 4 o1 2 3 4 ing strength of thd — state may be attributed to the higher-
Oem. [deg] Oem. [deg] order effects such as the mixing of-3h configuration or

the tensor correlatiofiLg].
Figure 2. Cross sections and tensor analyzing powder for
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The M1 transition strengths provide important informatiotine cross section of the different multipole contributions,
on the nuclear structure because they could be a good mea-

sure to test theoretical nuclear models. Recently, the M1 do — do
transition strengths are of interest from a view of not only dft 4= dQ

the nuclear physics but also neutrino astrophysics because . .
the spin part of the M1 operator is identical with the relevalft Order to determine the spin-M1 strengths, the cross sec-

operators mediate neutrino induced reactions. tion for eachAJ transition must be given to extract the
Raghavaret al. pointed out that thé!B nucleus can &7/ = 1 contribution.

be used as a possible neutrino detector to investigate stel-

lar processed]]. High-energy neutrinos from the stellar

processes like the proton-proton fusion chain in the sun

and the supernova explosions excite low-lying statedih

(AJ).

“BCHet) @ 10 E
0.00 MeV (3/2)

“BCHet) (D)
2.00 MeV (1/2)
--A)=1

e AJ=2

N, — Sum

-
T

do/dQ (mblsr)

and''C by M1 and Gamow-Teller (GT) transitions via the ? %ga o \

neutral-current (NC) and charged-current (CC) processes, BTN TN
. . 115 3, 115 3,

respectively. Such neutrinos can be detected by measur- ¢ fed )| 10 Ao A

--A=1 --A)=1

ing emitted electrons from the CC reaction andays from
the de-excitations of the low-lying states. Since there is an
isospin symmetrical relation between thé and''C and
both the NC and CC reactions can be measured simultane- L
ously in one experimental setup, the systematic uncertainty 10 [ U8 (He)
in measuring a ratio of the electron-neutrino flux to the en-
tire neutrino flux is expected to be small. Since the isospin
of the ground state of'B is 7' = 1/2, low-lying states in
1B are excited by both the isovector and isoscalar transi-
tions. Therefore, both the isoscalar and isovector spin-M1
strengths are needed for estimating the CC and NC cross
sections. Figure 1. Cross sections for thE'B(*He) reactions compared
The cross sections of hadronic reactions provide a good with the DWIA calculation. The dash-dotted, dashed, and dot-
measure for the weak interaction response since the rele-ted curves showdJ = 0, AJ = 1 andAJ > 2 contributions,
vant operators in the hadronic reactions are identical with respectively. The solid curves are sums of the all multipole
those in3-decay and neutrino capture processes. Thus, contributions.

we recently measured cross sections for'tig(*He t) and ers _ ,
11B(d,d") reactions to determine the isovector and isoscalar OF the’ 'B(*Hey) analysis, the cross section for the each

spin-M1 strengths if!B. AJ transition was calculated by the distorted wave impulse
The experiment was performed at Research Center #Proximation (DWIA) as seen in Fidl Since the GT
Nuclear Physics, Osaka University using 450-M#{é and strength B(GT) for the ground-state transition is known
200-MeV deuteron beams. The measured cross sectiffh€0-345 & 0.008 from the j-decay strength, the cross
were shown in Fig&landZ Since the ground state bfB sections for thedJ = 1 transitions to the excited states in

: : 1 C can be related to th8(GT) values by assuming the
has non-zero spin, the cross sections for'ti{*He¢) and i . .
b /) ear proportional relation. The obtaind8i GT) values

11B(d,d') react described by an incoherent sum ok : j .
(dd') reactions are described by an incoheren Sumoare compared with the previous,%) result 2] in Table [

The present results are consistent with the) result al-

-
T

e A)=2+3
N — Sum

\ o A)=2+3
XN, — Sum

do/dQ (mblsr)

By

(e 10 £

| KN
HglHe ()
8.42 MeV (5/2)
--A)=1

810 MeV (3/2)
--AJ=1

do/dQ (mblsr)

26



E, JT B(GT)

(MeV) Present ) osh Exp. GT (AT=1) Exp. AT=0
0.00 3/2~ 0.345 £ 0.008 osk 140 40r
2.00 1/27 0.402 £ 0.031 0.399 £ 0.032
432 5/2° 0.454 + 0.026 120~ _ 20F
480 3/2° 0.480 4+ 0.031 } 0-961 = 0.060 \ a9 g
8.10 3/2- < 0.003 Cobeniuran © = = OB ConenKkur
= 444 01 ohen-Kurath =B Cohen-Kurath
8.42 5/27 0.406 £ 0.038 } 0-444+0.010 7403% @ 40
06
Table 1.MeasuredB(GT) values compared with the ) result 0.4 120 20
[2. 02 I
0 1 | | O 0 1 | |
0 gdd) @ 10 L (b) 2 4 6 8 2 4 6
212MeV (12) R E, (MeV) E, (MeV)
7 71l
Zé, E, £ gy *""'-\, Figure 3.MeasuredB(GT) (B(cT.)) andB(c) values are com-
3 gm AT (512) ) pared with the shell model predictions using the Cohen-Kurath
1ot we wave functions 41/ The open bar in the right-upper panel
ol Saad) ©| 0L @ shows theB (o) value for the 4.44-MeV state estimated from
_ SOMN 2| et B(GT) (see text).
21 31k ™
E £ e
Sk g1l UBEd - ) )
B |8 eTMeom ‘ member of the ground-state rotational band. Since the ob-
N servedAJ™ = 2% transition strength is much larger than
ol n@ad) ‘© w0l Ta@d) ‘(f,) the expected\J™ = 11 strength, theAJ™ = 1+ compo-
. P P nent of the transition strength can not be reliably extracted
g Tl N 2 | =2 for the 4.44-MeV state. The transition strength for the 6.74-
S S MeV (7/2]) state is also dominated by theJ™ = 2+
w01 I T component, but the\J™ = 1 transition to this state is

o Ll not allowed. The isoscalar spin-M1 strenditio) for the
a0 a(m) transition to the 2.12-MeV1(/27) state is deduced to be
Figure 2. Cross sections for thé B(d,d') reactions. The dashed,0-037 = 0.008 from the~-decay widths of the mirror states
dotted, and dash-dotted curves shaw’ = 0, 1 and 2 con- @nd theB(GT) value BJ; Using this value, the cross sec-
tributions, respectively. The solid curves are sums of the 8PN for the AJ = 1 transitions to the other excited states
multipole contributions. can be related to th8(c) values. Since thé\J = 1 cross
section for the 4.44-MeV state was not reliably obtained in
though several states are not separately resolved due taltlee(d,d’) analysis, the isoscalar spin-M1 strength was de-
poor energy resolution in the,(z) measurement. Assumingtermined from the measurdgl(GT) value and the relative
isospin symmetry is conserved, the GT strengths are easiiength of the isoscalar transition to the isovector transi-
related to the isovector spin-M1 streng®for. ), tion calculated by using the Cohen-Kurath wave functions
(CKWF) [4}:
B(GT) _ 87 (T3, Tz, 1, £1|T, Ty.)* The obtainedB(GT) (B(o7.)) and B(s) values are
B(or.) 3 (T3,Ti, 1,01y, Tf2)? compared with the shell model predictions using the CK-
Fs in Fig.3- The CKWFs reasonably explain the exper-

Although the isospin-symmetry breaking changes this ratW, .
the variation is usually small. Therefore, the GT strengt ental resu excep'; the quench_mg by a factor of 0.5-0.7.
obtained from the charge exchange reaction are still use present. result \.N'" be useful in the measurement of the
to study the isovector spin-M1. strengths. stellar neutrinos using the NC and CC reactions ‘@

For the ''B(d,d’) analysis, the cross section for each
AJ transition was determined from théC(d,d’) reaction.
Since the ground state 6fC has a zero spin, transitionsReferences
to the discrete states ii¥C are expected to be good reff1] R.S. Raghavan, Sandip Pakvasa and B.A. Brown, Phys.
erences for the angular dependence of the cross sectionsRey, Lett.57 (1986) 1801.
for certainAJ transitions. As shown in Fig; the cross [2] T.N. Taddeuccet al, Phys. Rev. @2 (1990) 935.
section for the!'B(d,d’) reaction was successiully decomz] J. Bernabu, T. E. O. Ericson, E. Heamdez and J. Ros
posed into the eacJ contributions. Although the 4.44- Nycl. Phys. B378(1992) 131.
MeV (5/2) state can be excited by both the/™ = 1" [4] S. Cohen and D. Kurath, Nucl. Phy&3 (1965) 1.
and2* transitions, the main part of the transition is due to
AJ™ = 2%, This result is explained by the fact that the
strong coupling between the ground and 4.44-MeV states
is expected since the 4.44-MeV state is considered to be a
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1. Introduction

The high resolution magnetic spectrograph (FA) lad 600 —
been installed at the E2 experimental hall of the RIKEN
accelerator research facility. The first beam test experiment 500 —
was performed in 2002 using anbeam from the ring cy- 5’
clotron impinged on gold and CHargets[@]. The momen- <
tum resolution for the scattered helium nuclei was measuredg
to be 0.1% in FWHM, although the intrinsic momentum ©
resolution of PA is 0.01% calculated by the code TRANS- > 200 |-
PORT. This poor resolution was considered to be caused by

400 —

300 —

the energy spread and finite spot size ofé¢Hgeam from the 100 —
ring cyclotron. To achieve the excitation energy resolution o LS \ b
of 100 keV in FWHM in the tHe He) reactions with a 135 0.999 0.9995 1 1.0005 1.001

MeV « beam, the dispersion matching operation is neces-

sary. In this article, the result of a study of the dispersion
matching of PA is reported. Figure 1. Relative momentum spectra. The solid curve and the

dashed curve with the hatch denote momentum distributions
in achromatic beam transportation and in dispersion matching
transportation, respectively. Note that in dispersion matching

transportation, the momentum was selected to be 0.01% using
a dispersive focus in the beam transport and Iniole.

Relative Momentum

2. Experimental Setup

A helium beam at 104 MeV accelerated by the ring cy-
clotron was transported to PA. 3. Results

The beam was achromatically focused on the target. Thee solid curve in Fig. 1 shows relative momentum spectra
PA setup was checked usingparticles elastically scatteredn ABT. The momentum resolution in ABT was measured
at 10 from a gold target with a thickness of dm. The to be 0.03% in FWHM which is better than the resolution of
solid angle was set to 0.1 msr. Momenta of scattered0.1% measured at 2Qvith the 1.um thick gold target. The
particles were measured by a position-sensitive gas propapmentum spread caused by the energy straggling in the
tional counter (GPC)J with an active area of 40& 35 gold target was measured to be 0.03% which agrees with
mm? placed at the focal plane of PA. The energy and tintlee energy straggling of 0.054 MeV calculated by the en-
of flight (TOF) were measured by a plastic scintillator witergy loss code ATIMA developed at GSI. This momentum
a thickness of 2 mm placed behind GPC. Momenta wespread can be reduced using a thinner target. The remain-
calibrated using the particles with four different magneticing momentum spread of 0.08% caused by PA setting at
field settings of PAAB/By = —0.746%, 0%, 0.898% and10° and using a higher-intensity beam is not understood.
1.804%. The momentum resolution was measured to $@ce the 0.1-msr slit was used in PA, the momentum spread
0.1% in FWHM which is the same as the previous expedaused by the kinematics is neglected. It is probably due to
ment. the higher order effect which could be corrected by further

Dispersion matching was studied with a hole target witlnalysis.
1mmyp, a faint beam, and PA setting at.OThe position of ~ The dashed curve with the hatch in Fig. 1 shows rela-
the hole in the target can be selected tedig 0, and +5 mm tive momentum spectra when the beam was focused disper-
in the horizontal direction from the optical axis. The targsively at the target. The momentum resolution was mea-
hole at 0 mm was used during this experiment. The msured to be 0.02% in FWHM. Note that the momenta of
mentum spread af particles on GPC in dispersion matchthe beam was selected to be 0.01% (full width) by a disper-
ing transportation (DMT) was compared to that in achrsive focused beam on the target and a 1drmole. This
matic beam transportation (ABT). Several parameters foeasured momentum resolution is slightly larger than the
the beam transport line for DMT were tested. calculated intrinsic momentum resolution 0.01% of PA.
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In the case of DMT, the shape of the momentum spectra
should not be changed although the position of the hole was
changed. However no beam was observed at the target hole
of +5 mm. Further investigation will be made without the
target to confirm DMT.

4, Summary

A possible parameter for beam transfer line in the disper-
sion matching transportation was tested. The momentum
resolution was measured to be 0.02% in FWHM when the
momenta of the beam were selected to be 0.01% by the dis-
persive focused beam and the hole target. However, this
momentum resolution 0.02% is the best resolution mea-
sured in the RIKEN accelerator research facility. The fact
encouraged us to study the dispersion matching of the spec-
trograph PA.

Further checks for dispersion matching are necessary be-
fore studying the {He 2He) reactions, because their cross
sections are so small. However, the present test results indi-
cate that the spectrograph PA can be used for measurement
of reactions that have relatively large cross section, for ex-
ample ¢(HeSHe) reactions, with a limited target size.

References

[1] S.Kato, M.H. Tanaka, and T. Hasegawa, Nucl. Instrum.
Methods.154(1978) 19.

[2] N. Yamazakiet al, CNS Annual Report 2000 (2001)
14.

[3] M.H. Tanaka, S. Kubono and S. Kato, Nucl. Instrum.
Methods.195(1982) 509.

29



Development of a'”’N Secondary Beam |l

Y. Wakabayashi, A. Odah&aY. Gono, T. Fukucﬁ?, N. Hokoiwa,

M. Kibe, T. Teranishi, S. KuborP) M. Notanp, Y. Yanagisaw$,
S. Michimas§, J.J. H®, H. Iwasakfl, S. Shimour8, H. Watanab®, T. Kishide,
E. Ideguch?, H. Bab®, S. Nishimur&, M. Nishimur&, J.Y. Moorf and S. Kath

Department of Physics, Kyushu University
@ Nishinippon Institute of Technology
b Center for Nuclear Study, Graduate School of Science, University of Tokyo
¢ RIKEN (The Institute of Physical and Chemical Research)
4 Department of Physics, Graduate School of Science, University of Tokyo
¢ Chung-Ang University, Korea
f Yamagata University

1. Introduction to identify reaction products, a PPAC and a Si detector of
High spin isomers are known iV = 83 isotones sys- 1.5-mm thick were installed at an achromatic focal plane

tematically []. These isomers are of stretch coupled cofF2). These detectors were located at 681 and 731 mm
figurations of valence nucleons excited by the breaking @wnstream of Q3, respectively. &Se secondary target
neutron magic 82 and proton semi-magic 64 cores. Thely4-9 mg/cnt was placed at 1251 mm downstream of Q3,
are considered to be shape isomers caused by sudden sWajsd was closer to a focal plane than that position in the
changes from near spherical to oblate shapes. In ordeP¥gVious experiment, 1921 mm, to get the smaller spot size
search for high-spin isomers in other mass regions, we 862 ‘"N secondary beam within 20 mgm Two clover Ge
lected N = 51 isotones which have one neutron outsidedgtectors were set at 40 mm apart from the secondary tar-
magic 50 core and proton numbers close to semi-magic3f} to measure-rays emitted from nuclei produced by the
core. secondary fusion reaction. Plastic scintillator was placed at
High spin isomers ofV = 51 isotones stem from stretch®97mm down stream from the secondary target position in

coupled configurations similar to those df= 83 isotones Order to detect the secondary beam.

[1]. Configurations of these anticipated isomers\in= 51 Pa_rticle identification_ was _achieved by using energies of

isotones are expected to he(¢5/2g7/2h11/Q)ngm]gg/? reaction products and time differences between RF and F2-
PPAC signals. Energy df N"+ was deduced to b4 + 2

MeV. As the Si detector was moved out during theay

measurement,’N”*+ + 170"+ could not be separated. The

2. Experimental procedure and results intensity and fraction of "N"* in the cocktail beam were

5 i 0, i
We developed a'’N secondary beam using the w1 * 107 particles/s and 24%, respectively.

energy radioisotope beam separator (CRE})f the Cen-
ter for Nuclear Study (CNS), Graduate School of Sci-
ence,University of Tokyo, in order to search for high-spin
isomers inN = 51 isotones. Since the nuclei with < 40
of N = 51 isotones are close to the stability line, it is diffi-
cult to produce high-spin states of these nuclei using reac-
tions by combinations of stable beams and targets. There- 100
fore, it is very effective to use the radioisotope beam. By
means of they spectroscopy method, high-spin isomers can A
be searched for the nucl&ly, 8Sr, 88Rb produced by the
abn, apbn, 2a3n channels of thé2Se+7N reaction, re-
spectively. 0
A "N secondary beam was produced by using Ci{B [ 200 400 600 800 1000 1200 1400 1600 1800
which consists of two dipole (D1 and D2), three quadrupole Energy [ keV ]
(Q1, Q2 and Q3) and small correction magnets (M1 and
M2). A ?Be primary target of 2.3 mg/chrwas bombarded
by a 808t primary beam of 126.4 MeV to obtain ‘dN
beam. The beam intensity was 04%at the primary target  The total events .1 x 108 were stored in the measure-
position. ment during 2.4 days. Data acquisition was started when
A parallel plate avalanche counter (PPAC) was set aFa-PPAC and one Ge detector were hit. A plastic scintil-
dispersive focal plane (F1) for beam monitoring. In ordéaitor signal was used to veto the secondary beams reached

for odd nuclei and L[(d5/297/2h11/2)7T(p1/293/2)]20+ for
odd-odd nuclei.

200

Counts
328 %Nb
385 s3Nb
511
92Np+ 93
761 Nb
950 %Nb
1038 9Nb

1498 93Nb

Figure 1.Projection spectrum of~ coincidence
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without making a secondary reaction. Only data with signal
of cocktail beam of "N and'7O at F2 position was accu-
mulated. Although the background level originated from
the thermal neutron capturerays was 200 times higher
than counts of peaks coming from secondary fusion reac-
tion, seveny-rays from?2Nb and®>Nb produced by the
7n and6n channels of thé2Se+7N reaction, respectively,
were observed, as shown in EQ.

3. Summary

A "N secondary beam was produced by using CR2IB [
in order to search for high-spin isomersih= 51 isotones.
By means of they spectroscopic method, we measured
rays emitted from nuclei produced by the secondary fusion
reaction.

As a result, de-excited-rays of 22Nb and?3Nb from
secondary fusion reactions were observed.
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1. Introduction 14 F (a) : (b)

E 50
It is well-known that the stellafBe(p, v)®B reaction plays 12 E w0 E L
an |mportan_t role in the "solar qeutnno puzzlelR,3]. < F 2 [%Q ‘eg
Many experimental and theoretical works had been peg 8 [ - g b -
formed to investigate this reactiodB,6,7,8,9,101112 “ ® [ = "L E
13. In order to calculate the solar neutrino flux the cross * £ @’ o b
sectionoy7(E) of the "Be(p, 7)®B reaction should be de- z_llll S
duced better than 5%lJ13]. Thus astrophysis, nuclear O 20 40 60 8 10 0 20 40 60 80 100
physics, and particle physics meet in addressing the solar RF (n9) RF (n9)

neutrino problem.
So far, the derived astrophysical factors,; S= Figure 1. Plots of particle identification without using the de-

lim EeQT”’(E)oN(E) are not converging well, although grader at F1. RF is related to the particle time-of-flight (TOF)
E—0 between FO gas target and the second PPAC at F2. (a) RF vs

Energy measured by the Si detector, (b) RF vs TOF between
the two PPACs.

they mostly agree within the uncertainti€sd] which are
not small enough to discuss precisely the solar model. The
traditional direct measurements to date suffered from sys-
tematic uncertainties from the radioactivity of Be target, At the achromatic focal plane (F2), two delay-line type
and the indirect method® g, Coulomb dissociation andPPACs and one Si detector (1.5-mm thick) were installed.
ANC method) have many physical limitations as well. WitfThe beam profile was monitored by the position information
the advent of radioactive beam facilities extensive invesgifthe PPACs. ThéBe particles were identified in an event-
gations of reactions between radioactive and stable nugjgievent mode by using the TOF information obtained from
have become possible. At Naples, a direct measuremgiet PPACs, the RF signal provided by the AVF cyclotron
with a “"Be radioactive ion (RI) beam bombarding a hydrand the energy signal in the Si detector.
gen target, followed by a separator to detecttBeecoils A particle identification plot is shown in Fig. 1. In the
was attempted4,5,/6,[7]. However, low beam intensity case without the degrader at F1 [see Fig. 1(b)], the main
limited the statistical precision of the cross section (abatintaminants weréLi3* particles which however were
25%). So far it was the first attempt to study this reactigtopped in the second PPAC, and therefore only e
by using the inverse kinematics method. The advantagepafticles were detected in the Si detector with a purity of
this method is that the detectors do not face the radioactatsout 100% [Fig. 1(a)]. In the case of using a6 My-
target, and it is much easier to detect the recdiBdparti- lar degrader at F1, all particles had very low energies after
cles at the forward angle as well. two PPAC's, so one of the PPACs was moved out. In this
Recently, a low-energy and high-purite Rl beam has case, the purity ofBe** beam was about 90%, with the
been developed with CRIB. In this report, the beam produsantaminant of Li+ particles at very low energies.

tion and the beam properties are presented. The properties of théBe*T RI beam produced under
) three different experimental conditions are presented in Ta-
2. Experiment ble 1. The extrapolate intensities were calculated by a 100-

The "Be radioactive ion beam has been developed by wA intensity of primary beam. TH&Be' ™ beam spot sizes
ing the CNS RI beam separator (CRIBB[. A “Li%* pri- at the second PPAC position are listed in Table 2. The 4.1-
mary beam was accelerated up to 3.42 MeV/nucleon by eV "Be*+ beam had a very large beam spot size because
RIKEN AVF cyclotron. A full intensity of 100 pnA was at- of the low-energy particles having the larger energy strag-
tenuated by a factor of>210* during the experiment. By gling in the materials.
bombarding a CH gas target (1.3 mg/ct) the "Be sec-
ondary beam was produced by the("Li,”Be)n reaction 3. Summary
in the inverse kinematics. After the FO gas target, the meArlow-energy, high-purity’Be secondary beam has been
energy of thé Be particles was 2.31 MeV/nucleon. developed with CRIB. An intensity on the order of’lar-

At the momentum-dispersive focal plane (F1), amé- ticles/s was achieved by a 100-pnA primary beam inten-
thick Mylar foil was used to eliminate the light-ion backsity. It would provide a chance to investigate the stellar
ground from the secondary beam. In addition, an apert(e(, 7)*B reaction with CRIB if we improve the exper-

was set tot 10 mm corresponding to a momentum spred@ental conditions. According to the previous experiments,
of (Ap/p) = & 0.63%, to select the aimed particles. the very small reaction cross-sections were deduced at low
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Table 1.Properties of théBe** Rl beam. The intensities are in
units of aps. (The condition of "w/o deg.; 2 PPACs” means
that the degrader was not used at F1, and two PPACs were

used at F2.)
E (MeV) | Purity | Intensity Conditions
4.1 100 % | 4.5x10° | w/o deg.; 2 PPACS
10.9 50% | 4.7x10° | w/o deg; 1 PPAC
8.6 90 % | 7.2<x10° | with deg.; 1 PPAC

Table 2. Typical beam spot size for theBe** RI beam (@2nd

PPAC).
E (MeV) | X (FWHM) | Y (FWHM)
4.1 26 mm 22 mm
10.9 11 mm 7 mm
8.6 16 mm 13 mm

energies, for example, only about Qb and 0.25ub at
E... =1.0and 0.5 MeV, respectively. Therefore, a lot of
preparation work is needed to investigate this reaction. Re-
cently the experimental conditions are being considered and
prepared.
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1. Introduction Q20N Beam

M
The stellar?2Mg(p, v)**Al and 2'Na(p, v)>2Mg reactions PO PPACa PPACH AE-E
play an important role in the hot Ne-Na cycle during the ‘He Target [10x10em*  10x10em? ' §F
early stage of the rp process and possibly influence the prog F1 Degrader i D B --{llsors)
duction of ay emitter’Na in Ne-rich novaed,2/3/4]. The &Aperture RI Beam 1

16° (SET3)

reaction rate of the capture process is determined by the Target (CH),

contributions of direct capture and resonance capfbfe [

T N Y B A A
25 5

75 100 cm
The resonant capture rate is related to the properties of khe&eam
relavant resonant states, such as resonant erdgrgyeso- Aperture
nant widths,I',, andI', and spin-parity/”. The research ‘ o om
status of the excited states3hAl and 22Mg nuclei was de-
scribed in the previous repol@ Figure 1.Experiment setup in the scattering measurement.

In the present work, the proton resonant state$* il
and?2Mg were investigated by using resonant elastic scat-
tering of the??Mg and?!Na radioactive beams on a thiclof the scattering angle (FWHM) was 2,0..4° and 1.3 at
hydrogen target. As described in refereriég the excita- three cases, respectively.
tion functions of*?Mg+p and?!Na+p can be obtained by In order to identify the proton resonant states in the
measuring the energies of recoiled protons by a thick tafAl and 22Mg nuclei, the center-of-mass energg.(...)
get method for a certain energy range simultaneously. lfvas reconstructed by taking into account the kinematics of
resonant state exists with a sufficiently large width, it c#AMg+p (or 2!Na+p) and the energy loss of particles in the
be identified as an interference pattern of potential and resrget. The overall energy resolution &f ., was deter-
onance scattering in the excitation function. The resonamaied by the energy resolution of tieE-E detector sys-
energies, widths and the spin-parity information can be dem, the angular resolution of the scattering angle, the en-

duced from the R-matrix analysis. ergy width of the secondary beam and the particle strag-
) gling in the target material. The energy resolution of the
2. Experimental method detector system was the main source in all three SETs. The

The experiment was carried out with the CNS radioactieserall energy resolution (FWHM) of. ,,,. in SET1 was

ion beam separator (CRIBB[9]. The experimental pro- about 20 keV (at 0.5 MeV) to 45 keV (at 3.5 MeV). While
cedure and setup (Fig. 1) were described in the previdhese in SET2 and SET3 were about 20 to 70 keV because
report ] in detail. The new results are presented in the the larger scattering angles resulted in the larger kinetics
following parts. shifts.

On the secondary target [(GM,], the beam spot sizes Experimental data with a C target (9.3 mgfmwas also
(FWHM) were 15 mm horizontally and 11 mm verticallyacquired in a separate run to evaluate the background con-
the mean energies 6fMg and 2!Na beams were 4.37tribution from the reactions dMg and?!Na with C atoms
MeV/nucleon and 3.92 MeV/nucleon respectively, with an the (CH,),, target. The proton spectrum with the C target
energy spread of 0.20 MeV/nucleon (FWHM). had a wide bump shape but no sharp structure. The yield

To facilitate the following description, thA E-F tele- ratio of these two proton spectra (with (€} and C tar-
scopes at angles 6f,;, = 0°, 16° and—23° are referred to gets) was normalized by the number of beam particles and
as SET1, SET2 and SET3, respectively (Fig. 1). In SETdy the target thickness per unit beam energy loss in the cor-
a double-sided-strip (2616 strips)AE was used to deter-responding target. Finally, the spectrum of a pure proton
mine the two-dimensional positions, while f&rE’ in SET2 target was obtained by subtracting the spectrum of normal-
and SET3 only horizontal strips were used. The resolutied C-target from that of (CH,,-target accordingly.
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Figure 2. Experimental proton spectrum for théMg+p scatter-  rig e 3. dentification of excited states induced by elastic and
ing (elastic and inelastic) #., = 0° (SET1). inelastic scattering.

_ ) tively. Detailed studies of resonant energies, spin-parities

3. Results and Discussion and widths for these excited states are being made with an
Figure 2 shows an experimental proton spectrum for tRématrix code SAMMY-M6-BETA [L1].
22Mg+p scattering abia, = 0° (f..m. = 18C°). After cor-
rected by the number 32Mg beam particles, and the stopReferences
ping cross sectionsi{/dx) of the beam particles in the[1] I lyudin et. al, Astron. Astrophys300(1995) 422.
target material, the excitation functiods/d of differen- [2] L. VanWormeret. al, Astrophys. J432(1994) 326.
tial elastic scattering fof?Mg+p can be deduced]. The [3] H.Herndlet. al, Phys. Rev. G2(1995) 1078.
proton threshold ir?3Al is known to be 0.123 Mevd. [4] H. Schatzt. al, Phys. Rev. Lett79 (1997) 3845.
Therefore, the excitation energy Al can be calculated [5] C.E. Rolfs and S. Rodneyauldrons in the Cosmos
by E, = E.m.. -+ 0.123 MeV. The arrows in the figure  the University of Chicago Press (1988).
indicate the energies of excited states?#l. It should [6] J.J. Heetal, CNS Annual Report 2002 (2003) 51.
be pointed out that the figure was obtained by assumingldh S- Kubono, Nucl. Phys. 230(2001) 221.
elastic scattering case. Therefore, in an inelastic scatterith S- Kubonoet al, Eur. Phys. J. A13 (2002) 217.
case, thell, ., energy in the figure needs to be correctet?] T. Teranishiet al, Phys. Lett. B556(2003) 27.
Comparing the experimental scattering data at three diffe¥01J-A. Caggianet. al, Phys. Rev. G4 (2001) 025802.
ent SETSs, inelastic scattering contributions were evaluat€dlIN-M. Larson, A Code System for Multilevel R-
As shown in Fig. 3, theZ, .., energies for the excited states Matrix Fits to Neutron Data Using Bayes’ Equations
at3.13, 3.29 and 3.98 MeV were shifted in SEXZ(0 keV) ORNL/TM-9179/R5 (Oct. 2000).
and SET3{130 keV), but that of the state at 3.00 MeV was
only shifted within the error. This fact indicates that three
peaks are due to inelastic scattering. In Fig. 3, the bold line
indicates the kinematics calculation for the inelastic scatter-
ing case, where the excited statetil de-excites into the
excited?2Mg nucleus (the first excited state at 1.25 MeV)
by a proton emission. The black dot indicates the experi-
mentalE. ,,,. energy, together with the systematic error bar.
The rectangular box indicates tli ., energy range of the
elastic scattering case, and its width equals to the systematic
error of the deduced. ,,,. energy. It can be seen that the
theoretical calculations are in good agreement with the ex-
perimental results within the errors. A conclusion is drawn
that the excited state at 3.00 MeV decays to the ground state
of 22Mg by a proton emission, while the excited states at
3.13, 3.29 and 3.98 MeV all decay to the first excited state
in 22Mg by a proton emission. According to the prelimi-
nary analysis, the 3.00-MeV state is a new proton resonant
state in?3Al, which was not observed in the previous exper-
iments.

A preliminary R-matrix fit was performed for the reso-
nant state at’, = 3.00 MeV, and a d-wave fitting repro-
duces the experimental data very well. Therefore, we as-
sign this state with the spin-parity of (3/2 5/2+) tenta-
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1. Introduction S

Gamma rays from the sky can be observed by gamma- 5 [
ray telescopes, like COMPTEL aboard CGRO (Compton i
Gamma-Ray Observatory). Recently, the nine-year survey s |-
of COMPTEL has updated the all-sky map of the 1.809- r
MeV gamma ray, which is produced by the decay Al 50
to the first excited state 8°Mg, followed by de-excitation N
to its own ground state. Knowledge of its sources is notyet & *

clear though massive stars, novae, and X-ray busters are as-+

sumed to be its sources. Therefore, spectroscopic informa-  “
tion on resonance states, such as energy, spin, and parity, is

very crucial to the reaction rate for each reaction contribut- a3
ing to the production of the gamma-ray emitt&al(g.s.) w [

at the stellar condition. In a thermonuclear runaway un- i
der the explosive hydrogen burning, tFeAl(p, +)?¢Si re- o Llovii v
action hinders production GfAl(g.s.). In spite of previ- I
ous measurements on resonance staté$3i some states
could not be clearly identified. Especially, the astrophysigure 1.Secondary beams are shown. ¢&Mg; (B) 2°Al; (C)
ically important 3 state withEr = 0.427 MeV above 26g;j

the proton threshold could be neither segjmjor definitely

identified P]. On the other hand, th&Si(p, 7)*"P reaction Table 1.Specifications of secondary beams (averaged)
prevent$™Al from being produced. It has been suggested

that higher temperature novae ( 0.4 GK) may be hot "Beam  Energy (A MeV) Intensity (kcps)  Purity (%)

enough to establish an equilibrium betwe€Al(g.s.) and —z54; 344 9325 4.72

26m Al [3]. Thus, study on resonance states'i® should  26g; 395 1573 0.7

be needed to determine the reaction rate of proton capture

on 26Si. Until now, only one state at 1.199 MeV above

the proton. threshold has been repor{éd [n thi; exp;ri- 1H(26Si)20Si, respectively. The secondary beams were

ment, we investigated the resonance sggtééfﬂggnd P identified by using TOF (Time of Flight) between the two

Lsing the verse elastic scattering'1(**Al,p)**Al and ppacg (Parallel Plate Avalanche Counters) on the achro-
H(*Sip)™Si together with the thick target method.  aic focal plane (F2), the beam energy, and TOF between

] the production target and a PPACb on the F2 plane. With

2. Experimental procedure the slit on the momentum-dispersive focal plane (F1), the

The radioactive beams used in this experiment were @urities of secondary beams were enhanced. Additionally,

tained by the CNS radioactive ion beam separator (CRIBh energy degrader made of 206 mylar was used to pro-

A 2*Mg®* primary beam, accelerated by the RIKEN AVFide another particle separation. Figure 1 and Table 1 show

cyclotron (K = 70), bombarded dHe gas target at 7.434 Athe secondary-beam identification using the two TOF sig-

MeV. The thickness of théHe gas target was 0.32 mg/ém nals and the specification of each beam, respectively.

With two primary reactions ofHe(**Mg,n)?6Si*(p)??Al The secondary beams were bombarded on a polyethylene

and *He(**Mg,n)?Si, two different kinds of secondary(CH,) target of 8.24 mg/c/ and fully stopped in the tar-

beam,?°Al and ?°Si, were produced and used for meaget. To detect the recoiled protons, two sets of the silicon

surement of the elastic scattering Gi(*>Al,p)?>>Al and counter telescope which consists of PSD (Position-sensitive

-5 0 5 0 15 20
RF1 (ns) HistogramID = 101
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Figure 2.Excitation functions are shown for (A)Al + p and (b)
26si + p, where the arrows indicate tA&Si states with uncer-
tain spin-parity in (a) and th& P candidate states unknown so
far in (b), respectively.

Silicon Detector with the thickness of 7&m) and SSD
(Surface-barrier Silicon Detector with the thickness of 1500
1m) were installed at Oand 17. They were also used as

a AE-E telescope to identify protons from other recoiled
particles such as and heavy ions. In the second set at,17
an additional SSD was added to reject high-energy protons.
In this experiment, we used the thick target method to exam-
ine a wide range of excitation energy4tsi and?”P, where

the incident beam can have different energies in the target
and interact with the target until its energy is fully absorbed.
The secondary beams had energies of 3.4407 A MeV for
25 Al beam and 3.9575 A MeV fot®Si beam on the target,
respectively. With these energies, we could scan up,to

= 8.8243 MeV for?8Sj andE, = 4.7109 MeV for?"P, re-
spectively above the proton threshold. A carbon target was
used for subtraction of a contribution by carbons in the,CH
target from the proton spectrum of Gltarget. The energy
calibration of the detectors was done with protons whose
energies were determined by the CRIB magnetic setting.

3. Preliminary results

As shown in Fig. 2(a), we observed some resonance states
in the2Al + p spectrum. In this experiment, we could not
identify the 3" unnatural parity state with'r = 0.427 MeV
because the target was too thick for the recoiled protons to
escape. Determination of their spin-parities and energies is
underway by using the R-matrix analysis. For #i&i +

p spectrum shown in Fig. 2(b), we have also seen several
peaks though with low counting statistics. These peaks are
unknown so far and probably belong?d. Further analysis

iS in progress.
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1. Introduction were determined by the hit positions at the two PPACs. The
Levels in2*Al above the proton threshold d, = 1.871 beam nuclides of*Mg and **Mg were identified by the
MeV may play important roles in the astrophysical reactidﬁgg'(’f'f”ght b2e4tween the two PPACs to make the spectra
of 25Mg(p, 7)2*Al, which is one of the breakout paths fronPf ~*Mg+p and**Mg-+p, respectively.

the Ne-Na cyclel]. Values of.J™ are not precisely deter- A thick-target techniquelg; [7] was used to measure
mined yet for many of these levels. There are almost te excitation function efficiently. The thickness of the
experimental data df for resonance levels Al [2]. We Polyethylene target was chosen to be 8.2 mg/cwhich
performed an experiment of tHéMg+p elastic resonanceWwas a little thicker than the stopping range for the beam

scattering, aiming at deducing new information.fhand Particles. Utilizing energy-loss process of the beam in the
T for the24Al levels. target, a wide range of center-of-mass enety,{.) was

scanned without changing the beam energy before the tar-

2 Experiment get. While the beam particles were completely stopped in
- =P ) o ~ the target, most of the recoil protons went out from the tar-
The 23Mg+p experiment was performed in inverse k'”eget with small energy losses.

mat|2cgs with a secondary’Mg beam and a pzrfton target. The recoil protons were detected by the two sets of sil-

The**Mg beam was produced by _tﬁﬁvlg(d, t)*"Mgreac- jcon detectors at laboratory angles &f, = 0° and 17.

tion in inverse kinematics. The primary bean?okMg was Each set consisted ok and E layers with thicknesses

accelerated by an AVF cyclotron up to 7.5 MeV/nucleog 75 and 150qum, respectively. Protons were identified

W|th_ an intensity of 60 pnA. The de_utenum gas target hadn the information ofAE, E, and timing. TheF. ... and

a _th|cknes_s of 0.33 mg/chtonfined in a cell by two Havar center-of-mass anglé .. ) were determined by measuring

window foils of 2.2um. After the CRIB separatoB[4], the ¢ energy and angle of proton. &t;, = 0°, the proton en-

*Mg secondary beam hid an energy of 4.0 MeV/nuclegpyy is roughly four times of. .., . An E. .., resolution of

and an intensity 08.2 x 10% particles/sec, whichwas %2 30 ke (FWHM) was achieved because of this kinematic

of the total intensity. A major contaminant in the beamctor and a silicon detector resolution of about 100 keV

was 2*Mg with an energy of 3.5 MeV/nucleon ongmatettFWHM)_

from scattering of the primary beam at beam pipes and in-p carhon target was also used to measure the background

ner walls of the separator magnets. THiblg contaminant contrinution to the proton spectrum from C atoms in the

was utilized to measure a spectrum of known resonance I@Hz)n target. The proton spectrum with the C target was

SPES in the*!Mg+p (**Al) system simultaneously with theg iracted from that with the (G, target to deduce the
Mg-+p data of interest. _ excitation function of proton elastic scattering.

_The setup for the elastic scattering measurement conp, the excitation function, a resonance level can be iden-
sisted of two parallel-plate avalanche counters (PPARIS) {ifieq as an interference pattern of potential scattering and
as beam counters, a polyethylene ((JF) sheet as a pro- resonance scattering. The enerfly,and J™ of the level
ton target, and two sets of silicon detectors for recaoil P'fiay be deduced from an R-matrix analysis for the inter-
tons. The PPACs were set upstream of the proton targgtnce pattern. The angle 6f.,, = 0° corresponds to

and used to tag beam particles on an event-by-event ba@i?ﬁ. — 180°, where the Coulomb-potential scattering am-
The beam incident angle and reaction position on the target
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Figure 1. Preliminary excitation functions fof*Mg+p at

time.

The2*Mg+p data, taken simultaneously with thtMg-+p
data, is useful to check the energy calibration of the silicon
detectors and analysis procedures. Figure 2 shows the re-
sult of 2*Mg+p excitation function, covering, = 2.7-5.6
MeV in 25Al. The spectrum clearly shows resonance shapes
due to two known levels id°Al at E, = 3.823 and 5.285
MeV with T" = 0.036 and 0.185 MeV, respectivel§i] The
solid curve in Fig. 2 represents a tentative result of R-matrix
analysis and agrees with the experimental data.

4. Summary

The excitation function of thé&3Mg+p elastic scatter-
ing was measured by using a low-enefgivg beam and
a thick proton target. The resonance patterns seen in the
excitation function are under analysis and will provide new
information onJ™ andI" of the resonance levels fiAl. To
extract the resonance contribution to tHég(p, v)>*Mg

fiar, = 07 and 17. The solid curves represent cross sectiopsyction rates, one has to know the gamma widths, which
deduced by the Coulomb and hard-sphere scattering amgls ynaple to be deduced from the present experiment.

tudes.

6000 [

5000 [~
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1000 [
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Figure 2. Excitation function for**Mg+p at 6,.,=0°. The solid
curve represents a tentative result of R-matrix analysis.

plitude is minimum. Therefore, angles arouf\g,, = 0°
are suitable for observing resonance contributions.

3. Results
Preliminary spectra of*Mg+p at 6, = 0° and17° are

However, the information from the present experiment will
help further study on this stellar reaction. The validity of
the 23Mg+p data was proven by the calibration spectrum
of 2*Mg+p, which was measured simultaneously with the
same experimental setup. Measurement and analysis of
other resonance-scattering experiments on proton-rich un-
stable nuclei are in progress or being planned with interests
in nuclear astrophysics and nuclear structure.
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shown in Fig. 1. The solid line represents cross sections de-
duced from the Coulomb and hard-sphere scattering ampli-
tudes. Deviation of the experimental cross sections from the
solid line is seen in aregion d. ,,,, > 1.6 MeV both at 0

and 17. Those deviation patterns &t @nd 17 are similar

to each other and indicating presence of several resonance
levels. A small bump af. ,,,., = 1.6 MeV and two peaks

at 2.0 and 2.2 MeV may be attributed to three levels. The
spectral pattern abovE. ,,, = 2.4 MeV is possibly due to
three or more resonance levels. Some of the peaks seem to
be consistent with the latest compilation?6Al levels [2].
Quantitative analysis of these patterns is in progress. Some
J™ values will be newly determined by an R-matrix analy-
sis. Thel for these levels will be also evaluated for the first
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1. Introduction Q

Explosive hydrogen burning may be the main source of en-

ergy generation in novae and X-ray bursts, and provides

an important route for nucleosynthesis up to the mass 100

region via the rapid proton-capture (rp-) process. The rp-F1
process is considered to start with nuclear reactions of the Degrader
breakout process from the hot-CNO cyclg.[One of the & Slit
breakout reactions is tHéO(o, p)' “F reaction, because hy-

drogen burning of*O is inhibited sincé®F is proton un-

CHa4 target
He(30K) DE-E
PPAC'S target detectors

bound. Significant amount fO may be accumulated due 140 Beam F2
to the relatively long half-life of the beta decay; , = Degr_ader
71 sec) in the hot-CNO cycle. The rate of tH®(«, p)'"F & Slit

reaction determines the ignition process of the astrophysi-

cal events. Thus th&O(q, p)!"F reaction is essential for Figure 1.Schematic view of the experimental setup used for the

understanding the breakout process. measurement of th&O(a, p)' “F reaction cross section.
However, this reaction was studied only via indi-

rect methods and time-reverse reactions so far. The Experiment

14 0O(a, p)'F reaction rate at low temperatures is believ

to be dominated by a resonance corresponding to stite

atE, = 6.15 MeV in '®Ne. Several states &, = 7.0-7.5

MeV may also contribute to the reaction rate at higher te

peratures up to 810° K, and this topic motivated a novel

: . 4 X .
research via ;hﬁet;':‘nezrz‘ieriﬁfs(p;ggctignreﬁg&zsev;"tgn? 8.4 A MeV in the RIKEN AVF cyclotron withK = 70. The
s ’ » OMY aximum intensity of the beam was 300 pnA. The primary

ptrot\lldei}Eespartla::]mdthts fo(; prou?[n ;ecfay tto thi %Egyz@eam bombarded a GHyas target with a thickness of 1.3
states of . since the proton decayto the Tirst-excite mg/cn?. The target gas was confined in a small chamber

- - )
state in™F at Em o 0.495 MeV would a_Iso contribute to ith entrance and exit windows. The gas pressure was one
the astrophysical yield, these proton widths have to be ‘?r'nosphere and Havar foils of thickness of 2.2 were

termmgd experimentally. . used for the windows. A secondary beam't® was pro-

A direct measurement of the cross section for t'?ﬁlced by thé H(14N, 14O}y, reaction
14O.(O"p)fl7': rea}ctictj)n hlas bde?n carried qutf?yhthglck?mbl- The secondar&flO, particles were separated in the CRIB.
nation of a newly-developed low-energy in-flight €21 energy degrader of 10m thick Mylar foil was installed

separator a_nd a helium gas target.cooled fo SO K. the momentum dispersive focal plane (F1) to remove

report the first measurement of a direct measurementbc‘:glfCkground light ions from the secondary beam. A holi-
i 14 17 H i '

Lﬁztr?gglneasrj reactioiHe("O, p)'"F with the thick target .1 it was set to select tHéO particles at a mean en-

ergy of 6.404 MeV after the degrader with the momentum
acceptance of 1%.

e'che experiment was performed using the CNS radioactive
ion beam separator (CRIE®], which was recently installed

rk%)_/ CNS, in the RIKEN accelerator research facility. Fig-
ure 1 shows the experimental setup of the measurement. A
primary beam of'“N was accelerated up to an energy of
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E,..,(F70+a)[MeV] tion of these resonances. The rate for the breakout reac-
tions is dominated by the resonance parameters fot the
state at 6.15 MeV at around the temperatiise= 1, while

the contributions from the three higher-lying resonances at
¢+ 7.05,7.37 and 7.60 MeV start to dominate the reaction rate
in the temperature rangg > 3 [10]. Compared with

the previous experiments using time-reversed reaction, we
observed these astrophysically important resonances with
good statistics.

In addition, we newly observed a resonance at around 1.5
MeV of the O-a center-of-mass energy, where no states
in '®Ne were expected. ThE&Ne states in the energy re-

, gion have been investigated by nmeans of indirect method,
however, no resonances between 6.15 and 7.05 MeV were
reported. This resonance would be a transition to the ex-
cited state in'”F. The first excited state df F is located
R at excitation energy of 0.495 MeV from the ground state.
1.0 15 2.0 R.5 3.0 3.5 The newly observed resonance was located at the excita-
Eem(**0+a)[MeV] tion energy to be 0.5-MeV lower than the 7.10-MeV level.
Thus one could understand it to be tH®(«, p)'"F* reac-
Figure 2. Spectrum of measured cross sections for thion leading to the 1/2 first-excited state ih”F, which goes
10(a, p)'"F reaction. The asterisk mark is the new peak. through resonances at 7.05 and 7.12 MeV.
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At the achromatic focal plane (F2), a series of detectdts Summary
and a secondary target were installed in a vacuum chambée astrophysical*O(«, p)'“F reaction, which is impor-
The setup consisted of two parallel-plate avalanche cotant in various hot and dense stellar environments, has been
ters (PPAC’s)[f], a cold helium gas target, and a siliconmeasured directly for the first time, by using a low-energy
detector stuck with thicknesses of 0.02, 0.07, 1.5 and tdlioactive'*O beam. We observed these astrophysically
mm. The secondary beam was monitored with two PPAGrsportant resonances with better statistics, compared with
during the data taking. Particle identification was pethe results of previous experiments using time-reversed re-
formed for each event on the basis of time of flight (TORction. Furthermore, we newly observed a decay from the
between the two PPAC’s. The purity of thtO beam was ®Ne levels atF, = 7.05 and 7.12 MeV to the first-excited
85% at F2. state in'”F. These results would suggest an increase for

The cold helium gas target was bombarded by'th@ '“O(a, p)'"F reaction rate and might affect the scenario of
beam. The He gas was confined in a 50-mm thick cell wiigmition phase of X-ray burst.
two windows of 2.2um thick Havar foils. It was kept at ap
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the final state ot”F is ground state, the cross sections were

obtained in the energy region &f. ,,, (1O+a) = 0.8-3.8

MeV. The measured cross sections are presented in Fig. 2

as a function of the center-of-mass energy. Eight reso-

nances are evident in the data which correspond to pre-

viously observed states it¥Ne at 6.15, 6.29, 7.05, 7.12,

7.35, 7.62, 7.95 and 8.30 Me8,9]. The eight arrows with

the labels of excitation energy in Fig. 2 indicate the loca-
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1. Introduction =18 |

>
The standard big bang modéel, 2] is known to pre- Z
dict observed abundances of light elements up-to 7 amu & | ¥
with fairly good agreement, but to predict small abun- @ | ‘
dances of heavier elements. In contrast to this model, 12 -
the inhomogeneous big bang model (IM) has succeeded
making reasonable accurate prediction of heavy element i
abundances3][4]. In the IM, a path*He(t,~)"Li(n,7) 8 [
8Li(a, )1 B(n, v)'?B(3, v)'2C is considered to be a domi-
nant flow path to explain the synthesis'éC and heavy el-
ements in the very early universe. Recently, ithas alsobeen 4| ... -
discovered by the full network calculatid§] [that this path o b L !
plays an important role in r-process nucleosynthesis occur- 1 ! |
ring in supernova explosions. In both environments, it is OF P
claimed that the reaction cross section should be determined 0 20 40 60 80 100
in a direct reaction with the center of mass energy less than Time of Flight [ns]

1 MeV. In that sequence, tiki(a, n)''B is recognized as

a particularly important reaction and the reaction cross sdgigure 1. Particle identification ofLi. Horizontal axis and ver-
tion should be measured experimentally at the low-energy tical axis indicate time of flight between two PPACs and the
region below 1 MeV in the center of mass. Some previ- €nergy deposit in the SSD, respectively. Two clusters in the
ous experiments were conducted to determine this reaction’Li region are known to be caused by the problem of double
cross sectiorid[7,18,9]; however, the results of these exper- timing triggers. Some ions shows zero energy deposit on SSD
iments were not in qualitative agreement with each other. due the relatively small acceptance of SSD.

Moreover, measurements of the low-energy cross section

below 1 MeV, which is the most important energy regiok an energy of 3.14 MeV/nucleon by the RIKEN AVF cy-
have not been conducted yet due to difficulty of detectifptron with the beam current of 100 pnA. The primary
low-energy ions. beam was focused at FO where a deuteron gas target of 0.39

An |n_f||ght |ow_energy radioisotope beam Separat@ﬂglcn? was located. A removable aluminum foil with a
(CRIB) [10,11,12] constructed at CNS is suitable for studthickness of 4Qum was placed upstream of the gas target
ies of unstable nuclear structures and nuclear reactions@el in order to reduce the beam energy. The prodited
astrophysics. A thick degrader is, however, still neededi@ams were separated frothi in the D1 magnetic field,
be inserted in the beam line to reduce the secondary bdgadeling to a momentum-dispersive focal plane (F1). The
energy down to 1 MeV/nucleon. Due to thick materials ¢®ns passing through a F1 slit were transported to the second
the energy degrader, an energy straggling and beam prdfieal plane (F2) where two delayed-line PPACs and SSD
degeneration will be a crucial problem for the measuremewegre installed to identify ions and to measure the energy
In this article, we will report results of an experiment to depread and beam profile. Mylar foil degraders with thick-
velop a low-energyLi beam in CRIB. ness of 0, 10, 29 and 50n were changed by a stepping mo-

In addition, we propose an new experimental method for in front of the PPACs. For the purpose of estimating the
the measurement dfLi(«, n)!'B cross section with lessneutron background level, four liquid scintillation counters
than 1 MeV inE. ,,. using a monolithic silicon telescopewere prepared; three were placed near the F2 chamber and
(MST) [13]. The feasibility study of this system is also rethe other was placed 6 m downstream from the F2 chamber.
ported. The particle identification without any degrader is shown
in Fig.14. The®Li ions are clearly separated frophi ions.

The maximumPLi beam intensity of 5.1x 10° counts per

g : ) second (cps) was obtained for a 100 pAA beam. The

'76‘”_ unsgal_ole Li beam was creat(_e;j by a reaction ofgntamination of low energjLi was removed completely
Li(d, p)°Li. The primary beam of Li** was accelerated by the energy degrader placed in the F2 chamber. Atlthe

2. 8Li Beam Production Experiment
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energy of 1.57 MeV corresponding to 0.52 MeV iR ..

for the®Li( o, n)'' B reaction, théLi beam purity of 99.5%
and the intensity of 4« 10 cps is obtained. The energy
straggling and beam profile could be improved by adapting
a degrader at F1 and adjusting the slit size at F1 and F2.
The beam property for each energy degrader configuration
is summarized in the referenc].

11B(g.9)

11B

10

Energy Deposit in the First Layer (MeV)

3. Detector Study with Simulation

We have performed a feasibility study of the MST for the
measurement ofLi(a, n)!'B reaction cross section using
GEANT4 simulation codel5]. We adopt an experimen- 02 |
tal approach to deteéLi as well as'!B with precise par-
ticle identification. The''B identification is necessary to 0 el
reduce a systematic error caused by a contaminatiéhiof O ety Depost in the Second Layer(Mev)
scattered elastically. An ordinary means of identifying low-

energy ions is thé\ E-F method. AAFE detector, however,
must be as thin as possible so as not to stop ions in this
tector. A gas detector is conventionally used for such a thin
detector. Recently, the MST has been developed in collab-
oration between STMicroelectronics and INFN(the Italian
institute for nuclear physics). This detector consists of 1
um pad SSD and 508m thick SSD. Signals from the first
and second layers could be used to meagufeand a to-

tal energy deposit, respectively. Such a thin SSD has been
produced only recently.

In the GEANT4 simulation code, a gas target is filled
with helium gas at a pressure of 100 Torr, at 3 cm in length.
The 8 MSTs are placed at the end cap of the gas target. A
8Li beam with an energy of 0.2 MeV/nucleon reacts with 400 -
helium nuclei along the beam axis ahi® is emitted. I

The result of this simulation is shown in F@. In the o * ‘!
upper part of the figure, the'B detected by the MST is ) | RIS skl ]
shown. In the GEANT4 simulation code, the same amount ey Depout at the Setond Layer [eh]
of 11B in the ground state and from the first, second and
third excited states are generatétB in the ground and the rigyre 3. The scatter plot of energy deposits at two layers. The
first excited states are clearly separated, while those in the jipration alpha source is used.
second and third excited states are impossible to be distin-
guished. At the same time, elastic scattering is also sinBJ-Summary
lated in the code as is seen in the lower part of the figure
The8Li and « nuclei are also clearly identified in this plot
This simulation result indicates that MST is can be use
inclusive measurement in a low-energy reaction.

=

0

Crigure 2. AF and E detected by monolithic silicon telescope
& simulated forLi( o, n)''B reaction
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We have succeeded in producifig beam at CRIB for

the first time. The results show that the purity and in-

dtl{:‘nsity of this beam satisfy our requirements. We pro-
posed a new method using the MST for the determination
of 8Li(«, n)''B cross section at the low-energy. It is con-
cluded that the MST effectively work even at 0.5 MeV in

4. Detector Study with an Alpha Source ) E. ., according to the results of the GEANT4 simulation
The performance of the MST has been experimentaljiyq the alpha source calibration.

studied using a calibration alpha source. Signals from both

layers were amplified using AMPTEK 250 placed in a va®eferences

uum chamber. These signals were re-shaped by a shapingr.v. wagoneet al, Astro. J.148(1967) 3.

amplifier of Seiko-EG&G 671. A trigger for data takingp] p.N. Schrammet al, Ann. Rev. Nucl. Part. Sci27
was generated by a signal from the second pad. A scatter(1977) 37.

plot of energy deposits in two layers are shown in Bg. [3] M. J. Balbeset al, Phys. Rev. Lett71 (1994) 3931.
Three clusters corresponding to alphas fi6#Np, **'Am  [4] N. Hataet al, Phys. Rev. Lett75(1995) 3977.
and**Cm are identified clearly. The excellent energy regs; M. Terasawat al, Astro. J.562(2001) 470.

olutions was obtained for the first and the second pad [g} X. Guetal, Phys. Lett. B343(1995) 31.

about 26 keV and 46 keV in FWHM, respectively. [7] R.N. Boydet al, Phys. Rev. Lett68 (1992) 1283.
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1. Introduction end of March. In total~ 1.6 billion of min-biased Au +
Since the first successful collisions between ultr&U collisions events were accumulated, which is about 30

relativistic Au ions in June 2000, Relativistic Heavy lofiMmes larger than those from the Year-2 run.

Collider (RHIC) of Brookhaven National Laboratory, USA, After Au+ Aurun at,/syy = 200 GeV, a short Au +

has been the central place for the study of hot QCD mattél! 'Un at lower energy,/syy = 63 GeV, was performed.
The CNS group has been participating in the pHEN/&fter these successful runs, beam study of polarized protons

experiment, which is one of the major experiments at RHI¥€re performed for several weeks, and the RHIC Year-4 run

The goal of the PHENIX experiment is to find evidence d¥as completed in May 14, 2004.

the QCD phase transition from normal nuclear matter to dg- Activities of the CNS group

confined quark matter, called quark-gluon plasma (QGPI')here were several distinct activities in the CNS group in

an: to studytyhe_prop?mesﬂ?f rﬁgﬁESCD m_atter.t | set the JFY 2003. Only brief introduction is provided in this
_ Aschematic view of the the expenmental se u5.’rticle, and detailed descriptions will be provided in the fol-
is shown in Figldl It consists of two central arms (Eas

- "lowing separate articles.
and West), two muon arms (North and South) and inner g sep

detectors for enent trigger and event characterization. 'I"f*lt% RICH operation . K : .
PHENIX has a very unique capability of being able to meJ— e RICH (Ring Imaging CHerenkov) subsystem is a main

sure photons, electrons and muons as well as hadrons. gyice for electron identification. The CNS group has been

this capability, the PHENIX experiment aims to address 5%sponsible for its maintenance, Qperation "_’md calibration.
many signatures as possible for QGP formation. The RICH subsystem worked without serious problems

In this article, progress of the PHENIX experiment an@rothOUt the Year-4 run.

the activities of the CNS group in the Japanese fiscal yea?- Development of AEROGEL Cherenkov Counter
(JFY) 2003 are briefly summarized. PHENIX has been unigue to have capability of identifying

~charged hadrons in a wide momentum region, with the high-
cerecron 4 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 planned.
Idea was to install AEROGEL Cherenkov counter with re-
fractive indexn ~ 1.01. PID capability of identifyingr,
K andp up to~ 7 GeV/c can be achieved, when operated
together with TOF and RICH.

The AEROGEL project was carried out by the collabo-
ration of Tsukuba, BNL, Russia and CNS. The CNS group
took responsibility of constructing readout electronics.

The first half of the AEROGEL counters were installed
in the West central arm before the Year-4 run, and was suc-
cessfully commissioned during the run. The rest will be as-
sembled and installed in the summer of 2004. Performance

-,
7 e

o] L of the AEROGEL counter is described in RE].[
] ] 3.3. Data analysis and results
Figure 1.Layout of the PHENIX experiment. Eleven physics papers as well as a set of PHENIX detec-

tor papers were published from the PHENIX collaboration
in JFY 2003, as listed in the publication list of this annual
2. Year-4 RUN at RHIC report.
In the JFY 2003, the fourth physics run, RHIC Year-4 Major efforts of the CNS group has been on the physics
RUN, was performed, where mainly Au + Au collisions awith photons and leptons, and various achievements were
VSN~ = 200 GeV were employed. The experimental rumade as described below.
began in the beginning of January 2004, and ended in th&ingle photon is considered to be a sensitive probe on
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the early hot stage of the collisions, and efforts have bemadout pads was constructed firstly, and performance was
continued to deduce single photon yield from the EMCA&tudied [LO]. Last year, TPC with GEM chamber readout
data. The PHENIX succeeded in measuring direct photamas devised, and performance study is in progiggfs [

from hard process in Au + Au collisions, as described 15, R & D of ALICE TRD

Ref. [2]. This is the first observation in high-energy heavyFhe CNS group has being involved in the R & D effort for

ion collisions. the development of TRD (transition radiation detector) in
Investigation on single electron production in d + Athe ALICE experiment at CERN-LHC, which is planned

collisions has been initiated. Majority of single eleqop start operation in 2007. The TRD, when installed, will

trons comes from ‘photonic’ background sources, such @®vide unique capability of electron identification to the

Dalitz decay of neutral mesons and external conversionQf|CE experiment.

photons. Leptonic decay of charm and bottom mesonsthe CNS group participated in the test of TRD proto-

are currently considered to be the main ‘non-photonigpes using secondary beams from CERN-PS in the fall of

sources, which are obtained after subtracting major ‘phEa02. A new analysis method based on neural network was

tonic’ sources. Charm and bottom quarks are considegfleloped for identifying electrons, and TRD performance

to be a good reference probe of hard processes. The fjfat studied1?].

step of the investigation is to study performance of 1st-level

electron trigger, used for measuring electrons in d + Au cdl- Summary and Outlook

lisions [3]. Current status of single electron measurementsthe year 2003, the PHENIX experiment had an extremely

is presented in Ref/4]. fruitful Year-4 run with Au + Au collisions at/syy =
The J /4 production has been thought to be a key proB80 GeV and,/syy = 63 GeV.

of QGP formation. Suppression of/v yield has been The major activities of the CNS groups are presented,

considered to be a direct evidence of deconfinement, aWgich includes development of AEROGEL, data analysis

possible enhancement of the yield is proposed by theorigf®rts, R & D efforts for PHENIX upgrade and for ALICE

which is due to coalescence production/gfy from charm TRD.

and anti-charm quarks in QGP phase or in the hadronizaThe Year-5 RUN is planned to start in the fall of 2004,

tion stage. The CNS group has been taking leading ro&f various plans are currently under consideration.

in the analysis of//v¢ productions. The yield in Au + Au References
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pairs fromr® Dalitz decay and external conversion of phdg] K. Ozawaet al, CNS Annual Report 2003 (20041
tons over large solid angl@]. Huge combinatorial back-[9] M. Inuzukaet al, CNS Annual Report 2003 (20081
ground of these sources makes it impossible to have cl¢a@|T. Isobeet al, CNS Annual Report 2003 (20083
signals from light-mass vector mesons for study of Chirfl1]S. Odaet al, CNS Annual Report 2003 (20088
symmetry restoration. [12]T. Gunijiet al, CNS Annual Report 2003 (20088
HBD (Hadron Blind Detector), which is the gaseous
Cherenkov counter with a UV-photon detector, is the most
promising yet ambitious detector for such purpose. A key
R & D issue of HBD is how to make insensitive to charged
particles, while keeping good efficiency for UV photons.
Development of new detectors is thought to be indispens-
able. A candidate is GEM (Gas Electron Multiplier), which
have drawn strong attention because of its structural sim-
plicity and expected high performance. GEM may have a
wide variety of applications, and basic performance study
have been performed. Development of GEM is under way,
and current status is described in R&. [
Another candidate is the micro-TPC (Time Projection
Chamber) which uses CF4 gas. CF4 is chosen as a can-
didate because of small diffusion and high drift velocity. A
conventional TPC with an anode wire plane and cathode
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1. Introduction realized with silicon detectors with large acceptance. The

Since the first Au+Au collisions were observed at the R&fertex resolution is estimated to be less than60and the
ativistic Heavy lon Collider (RHIC) in the BrookhaverAcceptance of the detectordsp = 27 andAn = +1. A
National Laboratory (BNL), many new phenomena of hg€tector system which consists of silicon strip detectors and
and dense nuclear matter are discovered. Especially i@ inner layers of pixel detector is being proposed.
PHENIX experiment produces many results for a very com- )
prehensive physics subjects, including charged and neu?’ral"o"\"mass Dileptons
hadron production, single electron production, jet quench?® measurements of lepton pairs is a key measurement
ing, event isotropy, and so fortf] in the study of chiral symmetry restoration. The difficulty
In spite of these fruitful results in the first three yea@f this measurement is from the large combinatorial back-
of the RHIC operation, there are still remaining physi@ound which is mainly caused by’ Dalitz decays and
questions to be answered to further characterize the sgtternal conversions of photons.
of matter formed at RHIC. In particular, direct information The calculated invariant mass spectrum of electron-
for deconfinement of quarks and gluons and chiral prop@@sitron pairs is shown in Fidll In this figure, invariant
ties of the matter should be provided by the study of pene-
trating probes. Penetrating probes here contain hard prok
and electro-magnetic probes. Hard probes are created at
very early stage of the collisions which propagate throug="
the medium. The main observable are high transverse m=
mentum particlesd] and open and hidden charnd /[y § 10
production [B]. Electro-magnetic probes are created by th¢—
medium and leave the medium without final state interacs
tion. Thus, they can carry direct information about condiE L
tions and properties of the medium. The main observabl=
are low-masste~ pairs and the thermal radiation of the 10°
medium H]. The PHENIX experiment is specifically de-
signed to address these probes with current and upgrad
capabilities. 10
Measurements off /¢ production and identified parti-
cle spectra in the high transverse momentum region will b
done using the improved statistics in run 2003. Toexten qp Lol bl i iliial il Aottt
the capability of the particle identification in the high trans- el L B [1(;'1“]2
verse momentum region, an Aerogel counter is installed i
2003, Figure 1. Invariant mass spectrum of electron-positron pairs is
Some measurements are beyond the scope of the preseﬂ . .
PHENIX detector. To extend the capability of the measure- shown. The solid line represents the summation of all cor-

. . related signals. Plus symbols represent the all combinatorial
ment of lepton pairs and open charms, upgrade projects of L )
background, which include gamma conversions, charm de-
the detector are underway.

cays, and meson decays. Star symbols represent the combi-
natorial background which comes from charm decays. Cross

2. Charm Production .
o . ) . ) symbols represent the correlated charm signals.
Open charm production is an interesting subject to inves-

tigate production mechanism itself and nuclear shadowing

effect. Moreover, charm enhancement might be expectathss is calculated with all combination all opposite sign

since charm can be produced thermally in hot and dergectrons in one event. Electrons from Dalitz decays%bf

matter. n, andn/, decays of vector mesons and open charm de-
For tagging of decays of charm mesons, the precise days, gamma conversion, and miss-identifiesl are took

termination of displaced vertex points of charm decaysascount into the calculation. In Fif, the solid line repre-

needed. The vertex determination with high precision g¢ents the summation of all correlated signals. It means this

T xllllgl{{
§><
%
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line will appear after the subtraction of the combinatoridl. Summary
background. Plus symbols represent the all combinatorfdle PHENIX data set from RHIC Runs from 2000 to 2002
background. After applying Dalitz rejection, backgroungrovides an extensive set of measurement to understand
is suppressed by two order of magnitude. The remainipgoperties of hot and dense matters. In spite of these results,
background is the combinatorial background from charmuch remains to be done to further characterize the state of
decays. Itis represented by the star symbols in[Big. matter formed at RHIC. Study of the collisions using hard
The Dalitz rejector is composed of two essential eprobes and electro-magnetic probes is important. Among
ements; zero magnetic field, and electron identificatiomhese probes, measurements.bf:) production and iden-
Electron positron pairs from Dalitz decays and gamma catified particle spectra in the high transverse momentum re-
version has a very small angle. Thus, these pairs prodygién will be done using the improved statistics in run 2003.
very close hits in the electron identification detector under The upgrade aims of the PHENIX experiment address
zero field condition. The zero magnetic field is realized Ryfime physics questions beyond the scope of the present
adding the second coil, which is installed in 2002. PHENIX detector. To measure open charm production,
There are two ideas to realize electron identification negsrtex silicon detector is proposed. To measure low-mass
the vertex region. One idea is to use a hadron blind dglectron-positron pairs for the study of the chiral symme-
tector (HBD), which is a threshold-typ@erenkov counter try, large combinatorial background fronf Dalitz decays
using Ch gas as a radiatob]. Another idea is dE/dx mea- and external conversions of photons cause a problem. As
surements by using Time Projection Chamber (TPC). TheDalitz rejector, Hadron Blind Detector (HBD) and Time
details of TPC will be described in the another manuscriptojection Chamber (TPC) are proposed. After applying
in this report[p]. the Dalitz rejection, the background is suppressed by two
The conceptual design of HBD is shown in Fi@. The orders of magnitude. The R&D phase to demonstrate the
validity of the HBD concept is nearing completion. The
HBD construction will start soon and the detector will be
installed before run 2006.
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Figure 2.Conceptual design of hadron blind detector

detector, operated in pure GFeonsists of a 50 cm long ra-
diator directly coupled, in a windowless configuration, to
a triple GEM detector which has Csl photo cathode evapo-
rated on the top face of the first GEM foils and pad read out
at the bottom of the GEM stack]. Eight pieces of GEM
stacks are shown in Figl

The R&D phase to demonstrate the validity of the con-
cept is nearing completion. The final test of the detector
prototype is performed at KEK using electron and charged
m meson beam. The very preliminary result of tests shows
that electron produces about 20 photo-electrons with the
prototype. The detector construction will start soon and the
detector will be installed before run 2006.
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1. Introduction programmable threshold can be set at 63 different value

The PHENIX is a unique experiment that can identify ind(PAC) for each tile separately. If the trigger tile produces
vidual electrons ( the word "electron” represents bothof NOisy signal and the trigger rejection factor becomes low, it
ande~ in this report ) produced in the gold-gold (Au-Au)jS possible to mask off the tile. The RICH FEM is capable
deuteron-gold {-Au) and (polarized) proton-protorp{p) f© trigger an electron when the measured number of photo-
collisions which are provided by the Relativistic Heav9lectrons from th€erenkov ring is over a threshold in each
lon Collider (RHIC) in the Brookhaven National Laboralrigger tile. The RICH has 5120 PMTs which form non-
tory (BNL), U.S.A. The measurement of electrons frofdverlapping 256 trigger tiles (45 = 20 PMTs). The RICH
leptonic decay of heavy flavor quarks (charm and bottonRgrt is described in Refs3[4,5,/6]. The electron trigger is
thermal di-electrons, and electron pairs from decays of liginstructed by requiring geometrical coincidences between
vector mesons are very powerful tools to investigate tHte¢ EMC and RICH tiles so as to confirm that the tracks
properties of hot and dense matter, and to verify the reBgnetrate through the same geometrical region.

ization of the Quark Gluon Plasma (QGP) in the RHIC-

PHENIX Au-Au experiment. Their measurementspip 3 The ERT Operation Status in the Run3
andd-Au collisions are crucial to understand the basic pro-

duction mechanism and nuclear effects. In the polariz altrr:ngftlgfciuisé sog%&%sitzngl])ger t'lﬁ S were _f[oqnd for
p-p experiment, the measurement of electrons from he 0 " al? d (RICH: 11y70£}— mEeMmC(?néoZr(l)r;/g. f
flavored particles is expected to provide the polarized glu ey were all masked ( = LT ) 2.£U7 O

distribution function for the elucidation of spin structure o?aCh total). The tngg_er file status n Run3 is summarized
nucleons. In Ref. [6]. Table[d gives an overview of the EMC and

H thresholds used duriniAu andp-p runs. The EMC

o R %
For the above measurements, the special trigger has b§>% DAC was set to 24-0400 MeV), 29 (600 MeV) and

developed in the PHENIX experiment. The Ring-Imagin
Cerenkov counter (RICH) and Electro-Magnetic Calorim 4 (~800 MeV). RICH 45 ADC was set to 920+ 3.0

ter (EMC) are the main devices for electron identificf—hmoelecmns)'
tion [1] and were used to construct the EMC-RICH Trig-

ger (ERT). The requirement of trigger performance is sum- Run Number | EMC2x2 [ RICH4x5
marized in Ref.[2]. CNS group has developed the RICH 66304 (-Au) 34(34) 920
part of the trigger system since 1998. This report presents 67219 (-Au) 29(29) 920
the performance of the ERT electron triggerdsu and 78312 (-Au) 34(34) 920
p-p collisions at the RHIC Year-3 run (Run3), which were 86768 p-p) 34(34) 920
performed from January to May in 2003. 87618 p-p) 24(24) 920
2. The EMC-RICH Trigger (ERT) System 89463 (-p) | 34(34) 920

The ERT performs a coincidence between trigger informa&able 1. The EMC and RICH trigger thresholds in Rud3Au
tion of the EMC and RICH, which is produced in each Front andp-p experiment. The DAC for the PbSc (PbGl) and the
End Module (FEM) of them. The EMC FEM is capable ADC for RICH threshold are shown.

to trigger an electron when the measured deposit energy is

over a threshold in each trigger tile. The non-overlapping Two types of triggers were used for electron trigger in the
tile consists of 36 units of 22 = 4 Photomultipliers (PMT) Run3. The first one is named "ERHlectron&BBCLL1”
(the trigger tile is called a "super-module”, and the unit dfigger in which ERT is combined with the PHENIX Min-
2x2 PMTs is called a "tower” in the PHENIX). The FEMimum Bias (MB) trigger. The MB trigger is constructed
collects signals from a super-module and has six daughtgrthe PHENIX Beam-Beam Counter (BBA)[ The sec-
cards (ASIC cards) which hold six MONDO chifjg[The ond one is called the "ERElectron” trigger without the
chip performs energy summation for 4 PMTs of a towe¥iB trigger coincidence. Tab[@shows the total number of
The total number of super-modules is 172 at present. Tdwents which were recorded by each trigger in the Run3.
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Trigger Name | Run3d-Au [ Run3p-p
BBCLL1 110,874,637| 41,282,805
ERT_Electron&BBCLL1 | 67,789,443 | 16,338,345
ERT_Electron Disabled 16,443,788

old. It agrees with the simulation result.

The trigger efficiency is defined by the number of trig-
gered events divided by thi@ number of MB events in-
cluding electrons. Figur& shows the example for the

Table 2.The number of recorded trigger events in the Rdnsu ERT_Electron&BBCLL1 trigger in a particular region (East

andp-p experiment.

4. The PHENIX Electron Trigger Performance

Sector 2, one-eighth of the PHENIX central detector’s ac-
ceptance). Each data point in the figure is fitted with the in-
tegrated Gaussian function multiplied by a factor which is

There are two factors which characterize trigger perétatermined by the fit. The factor can be regarded as the flat
mances; the rejection factor and trigger efficiency of ekfeiency in the highPr region > 1.8 GeV/c)rThe errors
trons. The rejection factor is given by the MB raw trigdicated by bars are statistical only. Talléncludes the
ger rate divided by the raw electron trigger rate. Hagtor's average of all the E’ﬁht sectors at each EMC thresh-
ure[l shows the run dependence of rejection factor onalldein d-Au runs. Table4 shows it for the ERTElectron
ERT_Electron&BBCLL1 ind-Au runs and Figur® showstrigger in the case op-p runs. It is found by the off-line

it on the ERTElectron trigger inp-p runs. Table& andd analysis that the main source of loss of these efficiencies is
attributed to appearance of noisy trigger tiles of the RICH

or EMC.
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Figure 1. The run dependence of rejection factord#u runs. . L
9 P ) Figure 3. The example of Pr distribution of the

Only ERT_Electron&BBCLL1 trigger (circle) was used. A

. . - ERT_Electron&BBCLL1 trigger efficiency ini-Au runs with
0.25 mm thick photon converter was installed for the indicated 99 y

runs.
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the EMC 600 MeV threshold (at the East Sector 2).

Run Type (EMC Threshold) Rejection| Efficiency

Run3d-Au (600 MeV)

64.48

73.5%

Run3d-Au (800 MeV)

148.1

76.4 %

Table 3.

The rejection factor and flat efficiency of the

ERT_Electron&BBCLL1 trigger ind-Au runs.

Run Type (EMC Threshold) Rejection| Efficiency

Run3p-p (400 MeV)

66.20

73.1%

Run3p-p (800 MeV)

504.1

78.5 %

Table 4.

The rejection factor and flat efficiency of the

Figure 2.The run dependence of rejection factopip runs. The

ERT_Electron trigger inp-pruns.

ERT_Electron&BBCLL1 (circle) and ERIElectron (squire)
: References
trigger were used. 0.25 and 1.00 mm photon converters were

installed for the indicated runs. [1] é.oé;l)cgéget AL., Nucl. Instrum. Methods. A199
show the average of rejection factors. The simulation stu )
estimates the ideal rejection facto~§00 at the EMC 800 &\I ;’.SMatsumotoet al, CNS Annual Report 1999 (2000)
MeV threshold inp-p runs. The actual value got smalle[ T Matsumotoet al, CNS Annual Report 2000 (2001)
because of appearance of noisy trigger tiles. According % 4'3 ? P
the simulation studyd], the rejection factor is considerably, M .Tamaiet al, CNS Annual Report 2000 (2001) 45
sensitive to changing of the trigger thresholds, especial E .Kajiharaet a:I CNS Annual Report 2001 (2002) 3'7
the EMC deposit energy threshold. In the Run3, brass p é% F. Kajiharaet al., CNS Annual Report 2002 (2003) 41'
ton converters were installed around the Multiplicity Vert ] hit W, ornl., ov/sci/enaineerinsciencetechnolo /
Detector (MVD) [1] (a 0.254 mm thick converter of 1.70% ms% /Perso.nal /c.:%ritton | clpgpers /SC’?(? odf gy
radiation length vvas installed i+Au runs. 0.254 mm and [8] https:/Awww.phenix.bnl gov/WWW/p}draft/xiewei/
1.00 mm thick converters were installedzfp runs). Fig- EMCéI-RICH-TriggérldAu/eﬁana html
uresl and2 show that the effect of conversion electron en- '
hanéémentis much smaller than tuning of the EMC thresh-
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1. Introduction Beam Counters (BBC) which are placeddat45 cm from
Heavy flavor quarks (charm or bottom) are notable probi® center of the PHENIX along beam axis) (accep-
to investigate the mechanism and characteristics of deace:3.1 < |n| < 4.0 and 27 in azimuth). The BBC
confined quark-gluon system in extremely hot and densevides measurement of centrality and vertex position, too.
matter, created by the relativistic heavy ion collisions. Théihe DC measures charged particles trajectories-inp di-
production yields will provide better understanding of thection to determiner of the particles. The PC provides
initial gluon density. The charm and bottom are main§-D spatial point measurement for tracking charged parti-
produced through gluon-gluon fusion in the initial stage afes and longitudinal momentum reconstruction in combi-
the heavy ion collisions, therefore the yields are sensitimation with the DC hit information. The RICH is a thresh-
to such a gluon density. Recently, strong modification ofd gasCerenkov detector and detects tBerenkov light
high pr light quark meson was observet].[ Energy loss which only electrons produce in its GQadiator (1 atm)
of heavy flavor quarks, which propagate through hot abélow 4.9 GeV¢ (Cerenkov threshold momentum of pion).
dense medium, is also predicted and the measurement Wik EMCal is composed of lead scintillator calorimeter
extend our knowledge of energy loss dependence on flavarsd lead glaséerenkov calorimeter, and measures the de-
Besides, especially charm measurements provide an imgmsited energy and spacial position of the electromagnetic
tant base of/ /¢ measurement. shower. Information obtained from the RICH and EMCal
The heavy quark production can be determined fromne used for electron identification (elD) in the off-line anal-
measurement of single leptons which are produced via {rsés. They also compose the PHENIX electron event trigger
semi-leptonic decay of charm or bottom mesons. So faystem, the EMCal-RICH Trigger (ERT) which is described
single electrons were measured in the PHENIX experimémtRefs [3,4,5,16,[7]. The trigger efficiency was about 70 %
for /syn = 200 GeV Au-Au collisions with the Rela- in Run3d-Au experimenti]. The hit information of each
tivistic Heavy lon Collider (RHIC) in the Brookhaven Na-ERT unit tile is also utilized to provide a tag for elD in the
tional Laboratory (BNL), U.S.A.[2] (In this report, the off-line analysis.
word "electron” expresses both eft ande™, e.g, the

number is always counted M). Not only
heavy ion collisions, but also basiep andp-A collisions
are needed to study the modification due to nuclear mat-
ter effects. The RHIC can provide very high luminosity in
proton-proton g-p) and deuteron-nucleug-A) collisions.

The RHIC-PHENIX has performed thEAu experiment at
Vsnn = 200 GeV since Jan. to Mar. in 2003 (the period is
called Year-3 or Run3) and collectédr3 nb " integrated
luminosity. This report provides the current status of single
electron measurement and analysis indksu collisions.

Figure 1.The brass photon converter which was installed in Run3
2. Electron Measurement in the PHENIX d-Au experiment (1.7 % radiation length).

In the PHENIX, electron measurement is performed by

two central arm spectrometers. Each arm is composed3ofConverter Subtraction Method

subsystems; the Drift Chamber (DC), the Pad Chambier extract inclusive yield for single electrons, the so-called
(PC), the Ring-Imagingerenkov counter (RICH) and the’converter subtraction” method described below is applied.
Electro-Magnetic Calorimeter (EMCal), and covens < At first, the detected electrons are categorized into two
0.35 and 7/2 in azimuth ¢). The PHENIX Minimum groups in this method. The first component is named
Bias (MB) trigger information is produced with two Beam*photonic electrons” whose productions have a relation
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with photons. The electrons derived from (1) Dalitz de-
cay of 7%, n, 1, w and¢, and (2) photon conversions.
They are considered to be main background. The sec-
ond one is called "non-photonic electrons”. The decays of -
charm and bottom quarks are dominant source of the non- % '
photonic component, with small background from (3) kaon 3
decays K.3), (4) di-electron decays of light vector mesons,
and (5) thermal di-leptons.

The basic idea of this method is that the yield of photonic .
component will linearly increase by the additional radiation
length of photon converter since the items (1) and (2) de-
scribed above are the main source of photonic electrons qu o .
have a similapy distribution. In the Run3 experiment, a |gureg.Thgtran§verse momentum distribution of photonic elec-
brass sheet (10.0 mil thick (0.254 mm) and 1.70% radia- tron invariant yield.
tion length) was installed as a photon converter (see Fifel3 shows non-photonic electron yield. The error bars in
urefl) and covered around the PHENIX Multiplicity Vertexhe figure indicate only statistic error for each data point.
Detector (MVD) at the interaction point. While the con-
verter was installed (called "converter run®, 312 x 10°
MB events were recorded. The PHENIX detector simula- 7
tion estimates that the photonic component increase by ap- "
proximately 80%. Here, we define the yield of photonic %"
component in the non-converter runs B&r), the yield o
of non-photonic component in the non-converter runs as 2
N (pr), the total inclusive electron yield in the no converter &,y
runs asA(pr), the total inclusive electron yield in the con-
verter runs a€'(pr), and the ratio of the photonic electron
yield in the converter run to non-converter run A¢pr)
(~ 1.8). C(pr) and A(pr)
P(pr),N(pr) andR(pr).

o Minimum Bias
= ERTElectron&BBCLL1

Simulated Photonic Electron
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can be expressed with only Figure 3.The transverse momentum distribution of non-photonic
electron invariant yield.

Clpr) = R(pr)P(pr) + N(pr)- (1) 5. Summary and Outlook

A(pr) = P(pr)+ N(pr). @) The photonic and non-photonic electron spectra were ob-

Then, P(pr) and N (pr) are determined as the foIIowingta'ned ford-Au collisions at,/syxy = 200 GeV, taken in

the RHIC Year-3 run. Currently, the parameter tunings of

relations; Clpr) — Alpr) Run3d-Au simulation are in progress, then more precise
P(pr) — (3) simulation study will be performed to calculak&pr), ac-
R(pr) —1 ceptance and systematic errors. There are two methods of
Npr) = R(pr)Alpr) = Clpr) (4) the photonic component subtraction (light hadron simula-
R(pr) — 1 tion andy — e* tagging to estimate yield of electrons from

. . . Dalitz decays). They will be used to cross-check the pho-
The runs immediately following the converter runs Wert%nic component subtraction
used to deduce inclusive electron yields for the non- P '

converter run (the data includes844 x 10° MB events). References

4. Photonic and Non-Photonic Electron yield [1] S.S. Adleret al, Phys. Rev. Lett91 (2003) 072301.
2] K. Adcoxet al, Phys. Rev. Lett38(2002) 192303.

Figure @ shows photonic electron yield. The MB ant{ig] T. Matsumotoet al, CNS Annual Report 1999 (2000)

ERT electron triggered dat&][ are used. They are con-

. . . 23.
sistent with each other in the range @8 < pr < 2.8 [4] T. Matsumotoet al, CNS Annual Report 2000 (2001)
GeVle. These results are compared with a calculation of t 43

PHENIX photonic source simulatio®], The solid curve
shows the total of simulated photonic components. The
photonic component is well consistent with simulated o
The errors indicated by bars in the Hjare statistical only.
The MB data inpy > 1.2 GeVlc has too small statistics
compared with the ERT data. On the other hand, the E
data is estimated to have larger systematic error than the MB
data inpyr < 1.2 GeV/e. Therefore, the MB data is used in
pr < 1.2 GeVle, and the ERT data is used jn- > 1.2
GeV/c in the calculation of non-photonic components. Fig-

" 5I M. Tamaiet al., CNS Annual Report 2000 (2001) 45.
F. Kajiharaet al., CNS Annual Report 2001 (2002) 37.
1 F. Kajiharaet al, CNS Annual Report 2002 (2003) 41.
[8] F. Kajiharaet al, CNS Annual Report 2003 (2004¥.
E)]} R. Averbeck, PHENIX Analysis Note AN254 (unpub-
lished).
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1. Introduction

. . . . . Table 1.Hadrons from which photons are emitted.
It is predicted from lattice QCD calculation that at high en- P

ergy density, a phase transition from hadronic matter tg §tate Mass (MeVW’) R, o(pro) [ DecayBr, Br. Ratio
. 0
plasma of deconfined quarks and gluons (QGP) may oc” 134.98 el figgs
. . . . . . e e . (]
cur, which is believed to have existed in a few microsec— 5173 055 g E 39.51%
onds after the Big Bang. Relativistic heavy ion collisions at frirrw 477%
.. . . - g e
the Relativistic Heavy lon Collider (RHIC) at Brookhaven Con X
National Laboratory (BNL) are expected to produce such a ptu=y  31x107*
phase transition. o0 770.0 1.0 Tty 9.9 x 10~ °
. . 0 7.9 x 1074
Direct photon has long been considered to be an excellent; 7810 1o :01 S
probe of the early stages of the collisions because it has a ny 6.5 x 104
. T
long mean free path compared to the size of the nuclear volv 9578 025 o O
ume involved in the collisions. FiguBshows a prediction yy 2.11%
for the yield of direct photons from various stages of thex: 497.7 04 (x°x")  (31.39%)
AZO 1192.6 1.0 A~y 100.0%

collisions [I]. The spectrum can roughly be decomposed

. ‘ " ! are listed in Tabldl Of those listed7® andn are the ma-
Central Au+Au (s =200AGeV) | jor contributors. The sum of the other sources-isi% to
<N,>=800 the total forpr >2GeVie. Thus, the evaluation of® and

N; . Iyl<0.35 n contributions are primarily important. In this report, the
2 L S latest result on a direct photon search is presented.
: 107
R 2. Analysis
1230 10° X \\\ \‘\:‘j Events are classified in accordance with the impact param-
W] e i ! eters of two colliding gold nucleuses. 0% corresponds to
R Isndrl: s \‘\\ ‘ an impact parameter of 0, and 100% to that of the diameter
o ] g 5 . of a gold ion. In this analysis, 55M events obtained with a
q,[GeV] high pr trigger that had 00% efficiency forpr > 5 GeVk,
Figure 1. Prediction on the yield of direct photons from variou¥vas combined with the 30M minimum bias events used in
stages after collisiond]. the previous analysi].

In order to obtain the inclusive single photon spectrum,
into three regimes: at low energies((= ¢:) <1 GeV), all the clusters detected with EMCd@|[are counted in each
the spectrum is dominated by the contribution from thepr bin, with shower shape and timing cuts, or combined
mal hadron gas via non-strangep( — 7y) and strange variable cuts applied to reduce the hadronic shower con-
(rK* — K-+, etc.) meson interactions as shown in longributions as shown in Fig@] The spectra are corrected for
dashed line, whereas at high energjes>*3 GeV), prompt the remaining charged track contamination estimated by the
pQCD photons dominate the spectrum (short-dashed lirmhount of clusters having corresponding hits in Pad Cham-
The intermediate region ofd pr <3 (dot-dashed line) is ber [3], and also by the full PHENIX detector simulation.

a promising window that is sensitive to thermal QGP radihe spectra of /7 is estimated from the PHENIX measure-
ation. However, since the,,.. /(7" — ~v) ratio is esti- ments ofp/p, and the contamination to the photon spectra
mated to be~ 10% in the region, we need to measure this evaluated by feeding the spectra into the detector simula-
yield with the systematic uncertainty better than 10%. tion. The total hadron contamination to the photon spectra

To extract direct emissions from the various stages, ph®18-25% forpr<~3 GeVk, and 5-15; above~6 GeVk.

tons from known hadronic sources must be precisely suftite spectra were finally corrected for acceptance and en-
tracted, and the efficiency and purity of identified inclusivergy smearing. The systematic uncertainty of hadron con-
photons must be correctly evaluated. The hadronic sourtasination is~ 10%, and that of photon identification effi-
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Cross-sectional View Front View scaled by number of binary collisions gfyj|) that describes

. ELELES = IR the initial hard scattering process, with taking the expected
L background photons into account. The dashed lines show
e E4 | Es | E6 uncertainty of the prediction. There is no siginificant excess
Y e A seen in the intermediate region (1 GeV pr < 3GeV).
‘:‘\“\"57,53,59 v B | Es | However, a s_ignifican_t photon excess _is seerpAat >
4 GeVi, the size of which is consistent with the prediction.
[Ecen=E5 Eeores Etor = SEi =3 (Ei-Eanticipate)’/OE | The excess is largely enhanced because of the suppression

. B ) of 70 yield at highpr in the central Au-Au collisionsZ].
Condition: (i) X°<3 & [t-ley|<1.2nsec, (i) Abeer. Ecor: X)>14 - The centrality dependence of the ratio is shown in Bign

Figure 2.Photon identification cut conditions. peripheral events, due to less suppression of pigh*’s,
the excess photons become undetectable within the current
ciency is~ 12%, respectively. uncertainties, which is still consistent with the predictions.
The expected background photons are estimated from Tiés is the first observation of direct photons that come from
measured transverse momentum spectré’ddt ,/syy = initial hard scattering process in relativistic heavy ion colli-

200 GeV [2]. The spectra are fitted with a functiorsions.

of f(pr)=A(l + pr/po) " g(pr) + Bpr"*(1 — g(pr)), The observation suggests that the yield of photons pro-
whereA, pg, n1, B andn, are the fitting parameters, andluced in the initial hard scattering process is not suppressed,
g(pr)=[1+exp{(pr-3.75)/0.3] . The uncertainty due towhile that of the hard scattered partons are suppressed. Itis
fitting was estimated by moving data points up and/or dowlre evidence of that the initial hard scattering probability is
within systematic errors of the points, and re-fitting. Theot suppressed in Au-Au collisions, and the suppression of
systematic error on the? fit is estimated to bev 15%. high pr hadrons are due to the final state interaction (en-
Since the; measurement has a large uncertaintystepec- ergy loss) of hard scattered partons with possibly formed
tra are estimated by substituting- with (p3. — m2, + hot dense medium.

m%)l/2 in the above function, where:.o is the mass of , [FIENX Preliminarg PHENIX Preliminary
7%, andm,, is that ofy). The spectra are compared with the ; - 10:20% %‘?5‘}5 | 20:30% (h%el?/tgal
. . . . =~ col = coll
data, and the normalization factor of 0:56.17 is obtained. Poce 1 Pce pra
The systematic error on the sum of the yield8fandy is L ] ] s F
estimated to be- 16%. In order to cancel certain system- 2 FPIENIX Preliminary PHENTX Prefiminary
atic errors, we divide by the final’ spectrum both the pho- 34 -—31%00/(; ﬁe?/t\r/al -511%50%; %e?/t\r/al
ton measurement (using data points) and the background g3f = "PeeT e Thred -1+ (Vpgeo X Noow / Virga
expectation (using a° fit). The systematic uncertainty on 0:92 i . *ﬁ - +ﬁ
. =1
the raup of measured to expected background photons z:: BUENTKPraimmary PHENDX Praliminary
~ 21% in total. ¢4F50-60% Central -60-70% Central
@3 -_1+(prCD X Nco\l) /ybkgd -_1+(prCDX Ncoll) /%gd
. Results and Summar Eof ]
3_ esults and Su a_y QEl .
FlguredE] shows the ratio of measured to expected bacl > e tet T - —
ground photons for 0-10% central Au-Au collisions, with 4 ;gEgg((; ’e(':'m'”taryl ;BESZ(;G“"““:WI
systematic error bands in gray and statistical errors ine 3 ,1+E (;Ne?, ra 71+E ‘; e?/ ra
ror bars. The solid line is a pQCD photon predictiafh [~ 2} "o = "o Yoacn X [fuon’ Bos
1'.0."¢47“T4‘ﬂ .'.":’7'.&__;— L L
2 4 6 8 10 12 2 4 6 8 10 12
pr (GeVic) p; (GeVic)

0-10% Central Au+Au \sy, =200 GeV
— 1+(V,0cp X Nean) / Viyga VOgelsang NLO
== (V000 X Noon) / Yorga  Hscae = 0-5P7, 2.0pr

— 1+(V0c0 X Neon) / (pp_bkga X Neon) f”’ References
++ [1] S. Turbide, R. Rapp and C. Gale, Phys. Rev6®

(2004) 014903.
[2] S.S. Adleret al. (PHENIX Collaboration), Phys. Rev.
Lett. 91 (2004) 072301.
[3] K. Adcox et al. (PHENIX Collaboration), Nucl. In-
PHENIX Preliminary strum. Methods. A199(2003) 469.
2 4 6 8 10 12 [4] S. Cataniet al., JHEP9903(1999) 025; Private Com-
Pr (GeV) munication.

Figure 4.Same as Fig?l._t]or other centralities.

V/Tl}tv)\easured / y/Tl‘gackground

Figure 3. Ratio of measured to expected background photons in
0-10% central Au-Au collisions af/syn = 200 GeV. pQCD
direct photon predictions4] is shown in solid line with its
uncertainty in dashed lines.
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for the PHENIX Collaboration
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1. Introduction (PC). Electron identification is performed by a Ring Imag-

The PHENIX experiment had a very successful electrdf9 Cherenkov Counter placed just outside of the most inner

pair measurement fak+Au collisions aty/s , ,, = 200 Gev PC. An Electro-Magnetic Calorimeter (EMC) is placed out-

in the RHIC Year-3 run from January 13th to March 23r@ide of the most outer PC and measures the energy of tracks.

2003. With thed+Au collisions, basic studies on the proJ he PHENIX Central Arm covers an acceptance region of

duction mechanism of /) and the nuclear effectin the nor{71l < 0.35 for polar angles and2.5° < |¢| < 112.5° for

mal nucleus matter are planned. azimuthal angles. . _
Assuming.J /v particles are produced in hard processes, TWo kinds of triggers were used for data taking. One is

the J /¢ production is proportional to the number of binarg Vertex trigger using BBC. For electron and electron-pair

nucleon-nucleon collisions\.n) to the first order. A pro- measgrements in th@+Au.coIIisions, the first-level elgc—

duced.J/+ will undergo strong interactions with the suriron trigger, called ERT trigger, was used. The ERT is the

rounding nucleons of Au nucleus (spectatfj) [The num- Mix of EMC and RICH local trigger.

ber of survivedJ/vys after traveling distance can be ex-

pressed as,

NJ/w o e_“:p‘“bs,
where)\,;s denotes the absorption length.

Meanwhile, “nuclear shadowing”, that is, the depletior
of parton component in the smatlr region in a nucleus |
compared to those in a nucleon, is considered to reduce t
production rate off /.

As the path length of the producefiv in the spectator ¢
is related to the impact parameter, the nuclear effect on tt
J /v yield described above appears as a function of collisio
centrality P]. The centrality can be determined as a func
tion of multiplicity, because the number of binary nucleon: —
nucleon collisions each of which is inelastic scattering in Wost " Beam View East
creases as the collision is more central.

These nuclear effects must be studied carefully in order to
understand the modification of th&+) yield in the normal Figure 1.PHENIX Run-3 detector setup
nuclear matter, which should be a reference to understand
the J/+ production in nucleus-nucleus collisions, where

) . . Analysi

suppressiond] or an enhancement] has been predlcted? alysts 6 ]

due to the formation of the Quark Gluon Plasma. Totally, 3.5 x 10° ERT triggered events were analyzed.
In this report, a measurement gf+ in its di-electron As RICH can not separate electron and pion at momentum

decay channel in the PHENIX experiment is described, aif@ion more than 5 GeV/c, only the track which has momen-
a preliminary result is shown. t_um _Iesg than 5 GeV_/c were picked up. For e_Iectron |d_ent|-
fication in the analysis level, only the tracks with associated
2. Detector Setup RICH hits were selected as electron candidates. However,
Figure[l shows the PHENIX experimental setlfj.[ The hadrons from the collision can be accidentally associated to
centrality, collision vertex and collision time were measurdRICH hits. To reject these backgrounds, we required also
using a pair of Beam-Beam counters (BBC), which wetkat the ratio of energy measured by EMC to the momentum
placed along the beam line &tl44 cm from the center of of the track to bev 1. The parameters were well selected
collision point. The electron measurement was performgxdreject backgrounds so that the efficiency of electron was
using with the PHENIX central arms. The PHENIX Cenabout 90%.
tral Arm achieves momentum measurement and tracking bynvariant masses were calculated for all the combinations
a Drift Chamber (DC) and three layers of Pad Chambeskelectron candidates for each event. Fig@ishows invari-
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ant mass spectra for unlike-sign electron pair4~) and
like-sign electron paird™e™ or e"e™). The combinatorial
background in unlike-sign pair spectra caused by a wro 14
combination was estimated from like-sign pair spectra. A
ter subtracting the invariant mass spectrum of like-sign p:
from that of unlike-sign pair, the count aroudigh) massre- .
gion was about 400. The resolution Hfy) was about 100 44
MeV/c2.

1.2

P

5

06
04
j|_()3 = o Unlike sign pair 0‘2:_
38’3' = Like sign pair T S N T N N SN AN S SO S S SO S S|
Eoe rl [ T 10 iz 14 16
L b3 Number of Collisions
2 %fs
10 & e +*
i ,mii"ﬁw ' . o .
i # th %)ﬁ Figure 3. PHENIX Run-3 preliminary result foR., (Ratio of
10 ‘ yield per binary collision of each centrality divided by that of

most peripheral collision) as a function dt..

tion of the number of binary nucleon-nucleon collisions.

The result shown in this report is still preliminary one.
More elaborate studies are to be made to reduce the sys-
tematic errors.
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Figure 2. Invariant mass spectrum of unlike-sign electron pajii] R. Vogt, Phys. Re310(1999) 197.
(open circle) and like-sign pair (square). Statistical errors g% S. Kametaniet al, CNS Annual Report 2002 (2003)
also shown. 47.

- o . .[3] T.Matsui and H. Sats, Phys. Lett.158(1986) 416.
.C_oII|5|on centrality is determined from the BBC mUItI'[4] M. Gazdzichki and M. I. Gorenstein, Phys. Rev. Lett.
plicity and the number of/ /¢ was counted for each cen- 83 (1999) 4009

trality. Careful studies for acceptance, triggering efﬁcien?g] K. Adcox et al. (PHENIX Collaboration), Nucl. In-
and periodical fluctuation of efficiency fof/) were per- st.rum Methods; 199 (2003) 469 ' '

formed [6}7]. The simulation was well tuned to reprodu\c?%q F. Kajiharaet al, CNS Annual Report 2003 (20048

the experimental data and the total systematic error is Welt ¢ 'y etaniet al, CNS Annual Report 2001 (2002)
minimized. After correction by these efficiency studies, the

. ) . 33.
J/4 yield for each centrality was estimated. [8] R.J.Glauber, in Lectures in Theoretical Physics, edited
4. Result by W. E. Brittin and L. G. Dunham (Interscience, N.Y.,

Figure8jshows a preliminary result dt.,, (Ratio of yield 1959), Vol. 1, p. 315.
per binary collision of each centrality divided by that of the
most peripheral collision) as a function 8f.,;; instead of
centrality is shown. The yield is normalized by, to
understand nuclear effect clearly. The mearVgf;;, value
at each centrality is estimated using the simulation based
on the Glauber modeB]. The shaded area shows the scale
error for the most peripheral collisions which include the
statistical error as well as the systematic error mainly from
the N1 determination. The error on the data point is the
quadratic sum of statistical and systematic errors. Rhe
ratio decreases with increase of centrality.

5. Summary

To understand nuclear effects on thig) production in
high energy heavy ion collisions, 8/t) measurement was
performed for thei+Au collisions.

The measurement of th&/v yield from di-electron de-
tection in thed+Au collisions is described. About 400
J/y — eTe” events were reconstructed from RHIC-
PHENIX Year-3 data. Thd /¢ yield was shown as a func-
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1. Introduction

The goal of PHENIX experiment at RHIC is to search for a
possible phase transition of ordinary matter to Quark Gluon
Plasma (QGP) and to understand its property. The sup- .
pression of)/y) yield has been proposed as one of the most
promising probe of QGP formatiof]l

This article describes the updated resultd/gfmeasure-
ment in Au+Au andp+p collisions at PHENIX Run2. The
major update was the correction of the colliding position i
in z — y plane. It affects to the momentum determination 26000 20000 0000 3000 000 mber
and the mass resolution of tl&) peak. The procedure and
result were described below. g

2 B @ g,
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2. Variation of Colliding Position

Since PHENIX tracking algorithm assumes that all tracks 005
come from(z,y) = (0, 0), shift of colliding position from 0
(0,0) introduces the error in the momentum determination. 005

In the ideal case, bending anghey of the tracks in no o
field should distribute around zerd\(x = 0). However if
the colliding position is off centered\«a becomes finite. OSSR N SRS SIS SRS

Correction ofx and y position of colliding position. run number
was performed by the PMT hit information in Beam Beam

Counter (BBC) using the relation; Figure 1. Beam position offset ic — y plane during Au+Au
data taking period.
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S (Xpur X Qryvr) fit with a Gaussian and an exponential functional form was
Toffset = ) (1) performed. Dashed hows the estimation of combi-
S Qpur performed. Dashe curve shows the estimation of combi

S (Yourr X Qparr) natorial background with following functional form:

of fse = 5 2
Yof fset S Qparr (2)

whereXpyr andYpyr shows andy position of a PMT, wherem, A and B are invariant mass of pairs, the normal-

Qpur Shows the amount of charge in a PMT. Figllie j,a4ion factor and the exponential slope factor, respectively.
shows the beam position offset in— y plane relative to The exponential slope factor was evaluated by fitting the

no field run (run 29235)' _ spectrum of unlike sign pairs derived from mixed events in
The detector was aligned to run 29236 in Au+Au so thgt, ass range from 2.5 Ge¥/to 3.5 GeV/=2.

the relative differences of the positioag, Ay) were con-
verted toa angle offset A, using the relation:

Fback(m) = AXx exp(me), (5)

Tabldllis the summary of fitting results of invariant mass
distribution in Au+Au collisions. The number dfy) sig-
Ay — Rsin ¢ nals was determined by the integral of Gaussian curve with
-1
- 3 :
Az Reoso o, (3) +20range

where =220 cm is the Drift Chamber (DC) reference ra- Counting Range [GeV /c?]
dius, ¢ is the azimuthal angle. After calculatidy in each 3015 < M < 3.147. ()
run, pr was corrected using the relation: - L

Aa ~ tan

Correction of colliding position variation was also ap-

(0%
pr(Corr) = pr(No Corr) x o+ Aa (4) plied in p+p data analysis. Figuri@ shows the invariant
. ) o mass distribution of electron pairs ir-p. Left figure was
3. ee” Invariant Mass Distribution derived using same cut parameters as used in Au+Au anal-

After the correction of colliding positiors*e~invariant ysis. Due to the large dead area of DCpifp run period,
mass was reconstructed. Figlkshows the invariant massreconstructed track was limited. However peak position and
distribution of electron pair in Au+Au data. Simultaneousidth were consistent with Au+Au data. Right figure was
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Figure 2. The invariant mass distribution of electron pair:
Au+Au data. Fitting curve of exponential and Gaussian is

shown.
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Invariant Mass [GeV/cZ]

fit result
Peak Position [GeVF] | 3.081+ 0.014
Width [GeV/c?] 0.033+ 0.012
Number of signals 16.48+ 4.06

Table 1. Fitting results of Au+Au invariant mass distributi
The number of signal shows the integral of Gaussian w2l

range.

derived using relaxed cuts and tracks reconstructed qﬂ;
Pad Chamber and EMCal hit position (PC-EMCal tr
ing) in addition to DC tracking. This track reconstr e%e
tion method enhances the statistics but the peak becoq:
broader. Since+p data was used as a reference for Au#ég

Au +Au Cuts | Relaxed Cuts
Peak Position [GeV#] | 3.118+ 0.018 | 3.092+ 0.014
Width [GeVi/c?] 0.053+ 0.019 | 0.067+ 0.012
Number of signals 10.91+3.91 | 39.36+ 6.27

Table 2. The summary of fitting results gf+p invariant mass.
The numbers are derived using both Au+Au cuts and relaxed.
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Figure 4. The BdN/dy|,=o per binary collision as a function of
number of participants.

&iency evaluation, and invariant yiel& ¢V dy) calculation O
were same as described in the referer®&][ Figure 4
shows the distribution aBdN/dy|,— per binary collision

as a function of number of participant®y,,+). Npart = 2
ﬁpoint is the+p result. Open circle shows the miningm
é)d%]s data point derived using tli&) counts in Tablel. Pe-

eral and mid-central data was shown as 90 % confidence

[ Au+Au data points show thak) yield is suprressed
tive to binary collision scaling (dashed line). The cen-

data gnaIySiSJ/w Count§ from I?C.-EMCaI tracking W‘?ﬂ’r%l data point is higher relative to minimum bias data point.
used in order to have high statistics and reduce statigfig@leffect suggest that the mechanism of enhancement

uncertainty.
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needs to be taken into account with the increase of central-
ity. It is consistent with the previous results.

5. Summary

The analysis ofl/) yield extraction using PHENIX Run2
data was updated. The correction of colliding position vari-
ation was applied and cledr) peak was reconstructed.
The statistical uncertainty was reduced compared with pre-
vious results, especially in minimum bias and central data
point in Au+Au data.

References
[1] T. Matsui and H. Satz, Phys. Lett. B78(1986) 416.

Figure 3. The invariant mass distribution jmp data. Left: cut [2] T. Matsumotoet al, CNS Annual Report 2002 (2003)
parameters were same as used in Au+Au analysis. Right: cut 29 .
was relaxed and PC-EMCal tracking was used. The fits wi@ T. Matsumotoet al, CNS Annual Report 2002 (2003)
performed by exponential and Gaussian. Gaussian fit was per- 31 .
formed in the range from 2.8 Gedf/to 3.4 GeV{?. Shaded

area shows the Gaussian curve derived from the fitting.

4. Centrality Dependence ofl/y Yield
Au+Au data set was subdivided into three centrality

classes. The number dfi) was counted in each central-

ity. The procedure of the confidence level calculation, effi-
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1. Introduction ria. The charged tracks were associated with a RICH ring

Lattice QCD calculations predict that there is a phaég 2 hit PMT’s in aring) and with a EMCal {40 position
transition from ordinary hadronic matter to plasma of d@ssociation) and satisfigd'/p — 1)/a(p) > —2, whereE
confined quarks and gluons, called Quark-Gluon-Plastighe EMC cluster energy anglis the reconstructed track
(QGP), at extremely high temperatifg ~ 160 MeV. The momentum.
condition for such a phase transition can be realized wi&h Analvsis
high energy heavy ion collisions. The PHENIX experi- y. . )
ment at the Relativistic Heavy lon Collider (RHIC) in the Analysis was performed for 95 million events, which
Brookhaven National Laboratory (BNL) searches for ev§orresponds to~ 6% of all the data. In this analysis,
dences of such a phase transition via Au+Au collisions (B¢ events which contained more than one electron pair
JENN = 200 GeV. (eme™, efet or e"e™) whose invariant mass was larger

Heavy quarkonia have been proposed as a promisiigh 2.4 GeW* were selected to enrich a fraction &fv
probe to inspect the QGP formation. In the de-confined df-the number of selected events.
vironment, long-range confining potential of heavy quarko- Figurelll shows the invariant mass distributions of elec-
nium vanishes due to the Debye type color screening. THNS and positrons for centrality of 0-90% (upper left), 0-
leads to the suppression of heavy quarkonium yields, whigh”6 (upper right), 20-40% (lower left) and 40-90% (lower
was predicted by Matsui and Salffl.[ Beside this senario, 1ght).
the absorption off /¢ by surrounding nucleon (spectators)
and hadronic secondaries also lead to the suppression
J /v yield.

Recently, it is predicted thak/« yield will be enhanced
due to cc coalescence in QGRZ[ and at hadronization
stagelP)3] at RHIC energies, where abundargndc quarks
are produced, “r

At RHIC, p+p, d+Au and Au+Au collisions were per- =
formed and those data has been analyzed to investig:

ete-invariantmass | [ x'/ndr 137317 e+e- invariant mass X /ndf 281517

Prob 09864 60 Prob 09016

Exp-int 3172+ 5254 g F Exp-int 27.28+ 4.993

Counts,

Bpsiope 2807204512 | 8

Exp-Slope 3001+ 05348
Gaus-Int 1627+ 0.4812

50
Gaus-int 2.489:+ 05631

Gaus-Mean 3.122 £ 0.007863 Gaus-Mean 3124 £ 0.01064

Gaus-Sigm8.03223 £ 0.005717 40 Gaus-Sigm@.03238 £ 0.007149
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the contributions of these competing effects to the) srent mass (Gevie] eanant mass [Gevie]
. ere-invariant mass_| X ndt 716717 e+e- invariant mass

yield [4,5]. - e

2. Au+Au collisions at Year-4 6 o osorsozors | agf
The Au+Au collisions were performed in the RHIC Year- . St

4 Run from the beginning of January to the end of Marcl *:
in 2004. During the period, 1.6 billion events, which cor-
responds to the integrated luminosity-0f240 ub~1, were

recorded. This isv 30 times larger than the number of ;. 1 . J NFERED (1] rﬁﬁﬁ'ﬁ
events which were used in the Year/2y analysis. T o mass i T e mas v

Central 20-40 % Central 40-90 %

S
P TT PT P rr  TT e
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3. Identification of electron pairs in PHENIX Figure 1. ete™ Invariant mass distribution for centrality of
The electron and positron measurements were performedo-909%(upper left),0-20% (upper right), 20-40% (lower left)
with the central detectors of the PHENIX experimedl, [  and 40-90% (lower right). The fitting result with exponential
each of which has the coverage|gf < 0.35 andA¢ = (dashed-line) and gaussian (solid-line) are shown for central-
90°. Drift Chamber (DC) is the device for the momentum ity of 0-90%, 0-20%, 20-40%. The dash-dotted line is the
measurement of charged particles and gives the informationconvolution of fitted exponential function and gaussian.
on particle trajectory. Pad Chamber (PC) is the tracking de-
vice and determines the particle trajectory in conjuncti@@entrality corresponds to measured fraction of total in-
with DC. Ring Imaging Cherenkov Counter (RICH) aneélastic cross section of Au+Au collisions. Centrality of
Electromagnetic Calorimeter (EMCal) are the main devic820% and 40-90% corresponds to the most central col-
for electron identification. lisions and the peripheral collisions, respectively. To ex-
Electrons are identified by requiring the following critetracted theJ/« signals for centrality of 0-90%, 0-20% and
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20-40%, the invariant mass distributions were fitted with The embedding efficiency depends on the centrality. In
a linear combination of an exponential function (dashed-high multiplicity environment, the miss association of
line) and a gaussian (solid-line). The exponential and gatrecks to EMCal or PC causes the inefficiency of recon-
sian correspond to continuum and thgy peak, respec- structed tracks. To evaluate this effect, embedding effi-
tively. The fitting results of mass centroid, mass widttiency will be studied by embedding the simulated single
and number ofJ/¢y counts are summarized in Talille .J/v into the real events and by extracting the probability
The mass centroid is slightly different from 3.097 GeV/ that the embedded/+ are reconstructed after that.

After these correction factors are evaluated, the centrality

Table 1. The fitting results of mass centroid, mass width arigeéPendence of /¢ invariant yield will be studied.
number of J/« counts for centrality of 0-90%, 0-20% andg Summary and Outlook
20-40%. The mass centroid and width are in units of G&V/

analysis was started and was performed§di% of
and MeVE?, respectively. I/ Y P ai%

all the Year-4 data. Invariant mass spectra of electron pairs

Cg”égﬁty 33‘238%1 32‘2’:?2 — 4J é qéiofftss show clear peak around/) mass region ané- 50 J/1)
- 0 . . . . . . - .
counts were obtained fer 6% statistics.
0-20% 3.12+0.01 | 32.4+7.20 | 32.5+ 9.67 . . . .
20-40% | 311+ 001 | 3.0+ 11.2 | 16.9+ 530 To extract the invariant yield, correction factors such as

electron pair acceptance, tracking efficiency, electron iden-
tification efficiency and embedding efficiency have been

from PDG value [f], becuase the response of each dgtudied in detail.

tector and the momentum scale factor haven't been fulaferences
tuned. TheJ /) width is mostly due to the momentum resm T. Matsui and H. Satz, Phys. Lett. B'8(1986) 416.

olution of DC. The momentum resolution in Year-2 Wa&] Robert. L. Thews,et al, Phys. Rev. C63 (2001)
1.0 x p (GeVic) @ 0.7 [8], and the expected /¢ mass 05490&_‘,. : : . . :

width was~ 36 MeV for stationary//+. Since the strength [3] A. Andronic, et al, Phys. Lett. B571(2003) 36.

of magnetic field \{vas~J1.3 times. larger in Year-4, the[4] T. Matsumotogt al, CNS Annual Report 2003 (2004)
momentum resolution should be improved aft) mass 57

width will be narrower. Further study concerning momer[\s] S. Kametanigt al, CNS Annual Report 2003 (2004)

tum resolution is underway. 55
5. .J/+ yield calculation [6] K.Adcox,etal, Nucl. Instrum. Methods. 499(2003)
489.

J/4 invariant yield is expressed as follows: )
[7] K. Hagiwaraet al, Phys. Rev. 366 (2002) 010001.

[8] S.S. Adleret al. (PHENIX collaboration), Phys. Rev. C

dN Ny /i 1
= @) 69 (2004) 014901.

Ty B Nevt Ayeacceeff’

whereN;,,, and N, stand for the number of /¢ counts

and number of analyzed event, respectively in Eq. [)

is the rapidity coverage. The correction factgy,., is the
acceptance of electrons and positrons ftdfg, where run-
by-run fluctuation of acceptance is taken into account. The
correction factore. s ¢, is the multiplication factor of track-
ing, electron identification and embedding efficienci.

is the branching ratio (5.93% from PD@]]. Since the
PHENIX detector system is composed of two arm spec-
trometers, a fraction of electrons and positrons fréfy

falls into the detector acceptance. Moreover the acceptance
of J/¢ depends on ther of J/4. TheJ/v pr dependence

of the acceptance has been evaluated with the sifigle
Monte Carlo simulation, where the run-by-run acceptance
fluctuation due to the dead channels of each subsystem will
be taken into account. Now this study is underway.

Tracking efficiency, which is the probability that elec-
trons and positrons frord/v are reconstructed by offline
tracking code, has been studied with the same Monte Carlo
simulation.

Electron identification efficiency, which is the probabil-
ity that the electrons and positrons satisfy the criteria used
in this analysis, has been also evaluated from Monte Carlo
simulation and from conversion photons in real data.

60



Performance of the Aerogel Cherenkov Counter at RHIC-PHENIX

N. Kurihara, H. Hamagaki, K. Ozawa, T. Sakaguchi, S. Kametani
E. Kistene®, V. Miakeb, S. Esunﬁ), H. Masup, M. Konnd® and S. Takaéﬂ,
for the PHENIX Collaboration
Center for Nuclear Study, Graduate School of Science, University of Tokyo
@Brookhaven National Laboratory, N.Y., U.S.A.
bHigh Energy Nuclear Physics Group,University of Tsukuba

1. Introduction PHENIX PID e K* D, D

A phase transition from hadronic matter to deconfineéd Past PID
quark and gluon matter, called as quark gluon plasma (G&Vk) | 02~25 | 0.5~25 | 1.0 ~4.0
(QGP), is predicted under a condition realized with the RUN4 PID
head-on collisions of heavy nuclei at ultra-relativistic en- (GeVk) 1L.0~37]155~70 | 37~70
ergies. To study this very dense partonic matter at high
temperature is the main subject of the PHENIX experiment

at RHIC. RHIC can provide gold-gold (Au-Au) collision alpyift chamber (DC), and particle identification (PID) is
the center of mass energysy y = 200 GeV. performed mainly using Time-of-flight (TOF). The particle
The recent experimental studies at RHIC, a new phenogsification by TOF is limited because of its poor time
ena called Jet Quenchin@,p] was discovered, and its ex-esolution. In order to enhance PID capability, Aerogel
tensive studies has started. Particle creation is reduce¢ikrenkov Counter was constructed and installed before
the Au-Au collision compared with the binary scaling. Thig N4, The capability of PID for previous and RUN4 are

is seen as if jets are quenched in high dense matter. T8 in Tablll This advancement of PID lets observe high
observed phenomena are consistent with the picture th%tTabarticles from hard collision.

parton, origin of jet, radiates gluons and loses its energy
while penetrating through very dense and high temperatdreAerogel Cherenkov Counter at PHENIX
matter. It is one of the most promising signatures of QGP.
High p particles should be a unique probe to study su
dense matter, since they are mainly originated from je
Strong interaction is dominant in very dense and high tei
perature matter, thus jets inherit a state of the matter. 1
jet profiles are strongly affected by the condition of hot ar
dense matter because partons interact with that medium.
guenching is explained as energy loss of partons, howe )y
very interesting but yet unexplored possibility is that t ¢
energy loss could be different depending on the species
partons. Compared with quark jet, gluon jet tends to lo
energy larger in a prediction of QCD. If this is the case, tt
yield of particles originated from gluon jets should be mol
suppressed than the particles from quark jet at QGP. 1
effect could be revealed in the change of particle ratio as
a function of transverse momentum. Baryon conservatiorFigure 1. Schematic drawing of Aerogel Cherenkov Counter.
lead to create more proton than anti-proton at heavy ion
collision. If gluon jets are more suppressed, the fragmen-Aerogel Cherenkov Counter is located in West central
tation from u, d jets are emphasized and the ratigpof arm, and it covers 1/8 of acceptance of the West arm. One
is expected to be smalB]. It is also believed that strangecounter cell is categorized three parts; aerogel, diffusion
quark is affected less by bremsstrahlung effect becausehhs, PMTs. One Aerogel cell is shown in the left side of
s quark is heavier than u and d quarks. Therefore the rdtig.[1l Ten layered Aerogel tiles (shown in darkened part)

Table 1. Momentum range which can identify each particle.

of pion/kaon is expected to be reducdjl [ are placed inside of reflector. Generated Cherenkov light
are integrated at diffusion box (shown in light part) and
2. PHENIX detector counted by two PMTs which face to diffusion box. 80 Aero-

One of the features of the PHENIX detector is the cgel cells are assembled as shown in right side of(Eigll
pability of measuring charged hadrons with particle identif Aerogels are placed in the same plane in order to reduce
fication in the wide momentum range at mid-rapidity retead space.
gion. For that purpose, the PHENIX has a pair of cen- Aerogel index of refraction im = 1.012. Cherenkov
tral arms. Momenta of charged particles are measuredthyesholds for pion, kaon and proton are 0.8 GeV/
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3.2 GeVE and 6.0 GeW respectively. These differenc~
of the threshold can be used for PID. However at a reg
upper than 3.0 GeV/ particle separation between pion ai
kaon is difficult by using only Aerogel Counter. In the ri
gion kaon starts to emit Cherenkov photons as well as

y

ons. To separate pion and kaon, Ring Imagine Cherer 3 3° 2103
detector (RICH), with CQ as a radiator gas is used. Tt & . E
refractive index of CQis n = 1.00042 and the Cherenkov .
threshold of pion is 5 GeV/ This makes it possible to dc € 20 10°

Number of Photo electrons

PID at the range from 5.5 Ge¥to 7.0 GeVt. Details of
the Aerogel Counter are written in Reg][

TR

=
&)}

=
o

4. Performance of Aerogel Counter

(&)

0
0

T T TTT

1.2-1.4GeV/c momentum (GeV/c)
10°
S 2.0-2.4GeVic . )
- Figure 3.Number of photo-electrons according to momentum.
100K e ——  2.8-3.2GeV/c

5. Summary

Aerogel Cherenkov Counter was installed to PHENIX in
order to enhance patrticle identification capability of PH-
NEIX experiment. PHENIX RUN4 was operated from
Februaly 2004 to May 2004. The performance of Aero-
. gel Counter has been studied. The correlation of number
0 5 10 15 20 25 30 35 40 of photoelectrons and momentums are checked. Charged

IS 7 PIIRI0E s pions were clearly identified in the momentum range from
0.8 GeVEt to 3.0 GeVEt. This pion separation in the mo-
Figure 2. Number of photoelectron distributions, dot-dash lingyentum range between 2.0 Ge\dnd 3.0 GeW¢ is what

is a distribution at the range of 1.2-1.4 GeVdashed line is hecame possible only with AEROGEL. It is expected that

2.0-2.4 GeVé and solid line is 2.8-3.2 Gev/ capability of identifying protons and kaons can be evaluated

FigurelZ)shows distribution of number of photoelectron¥ith larger event samples as data production progresses.
at the momentum range of 1.2 - 1.4 GeM2.0 - 2.4 GeV¢ References

and_2.8 - 3.2 Ge\il Peaks "_"t one photoelectron are pr[l] K. Adocx et.al. (PHENIX collaboration), Phys. Rev.
marily due to background hits. Another broad peaks are | o« gg (2002) 022301.

caused by cherenkov light from charged pions. The centlr | K Adocx et.al. (PHENIX collaboration), Phys. Rev.
position of the broad peaks shifts upward with increase of gy.,588 (2002) story 34.

momentum. Peak values are fitted to empirical equation [3] Xin-Nian Wang, Phys. Rev. let81 (1998) 2655: hep-
9 ph/9701227 v2.
Np.e. [1_(1/[3”) } () [4] PLevai, G.Papp, G.Fai and M.Gyulassy, nucl-
th/0012017; nucl-th/01120062.
o@é PHENIX high p; upgrade team, Conceptual Design
Report for Highpr Upgrade (2003).

FEERTATI

10°

10

In the equation, n denotes reflective index of Aerogel.

Figure@)shows scatter plots of associated tracks, wh
axis are momentum and number of photoelectrons. Lines
in Fig. § are expected peak value of number of photo-
electrons for pions, kaons and protons, respectively. Lo-
cus corresponding to pions can be seen at momentum from
0.9 GeVE to 3.0 GeVt. These tracks are able to be sep-
arated from kaons and protons. This pion separation in
the momentum range between 2.0 Gedhd 3.0 GeW is
what became possible only with AEROGEL. Kaons emit
Cherenkov light at the momentum range over 3.0 GeV/
however there are no clear indication of kaons, primarily
because of low statistics. Total amounts of analyzed data
are about3% of all PHENIX RUN4 data. These data are
under processing now, it is expected that capability of iden-
tifying protons and kaons can be evaluated with larger event
samples as data production progresses.
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Development of Time Projection Chamber using Ck for PHENIX-Upgrade

T. Isobe, H. Hamagaki, K. Ozawa, M. Inuzuka, T. Sakaguchi, F. Kajihara, T. Guniji, S.X. Oda,
S. Sawaddand S. YokkaicH

Center for Nuclear Study, Graduate School of Science, University of Tokyo
aKEK, High Energy Accelerator Research Organization

bRIKEN (The Institute of Physical and Chemical Research)

1. Introduction DC2(x&y)

The PHENIX experiment(l] has been carried out at ZaCc s2 e
the Relativistic Heavy lon Collider (RHIC) at Brookhaven |
National Laboratory (BNL) in order to find evidences of g; \ beam
phase transition from normal nuclear matter to Quark Gluon DCl(x&y)l | 3
Plasma (QGP), which is a new phase of matter consisting o o >

de-confined quarks and gluons.
It is predicted that the chiral symmetry will be restoredrigure 1. A schematic view of the beam test setup. TPC, three

as a consequence of QGP formation and the mass of vec-plastic scintillators (S1, S2 and S3), drift chambers (DC1 and

tor mesonsg, w and¢) will be modified 2]. Measurement ~ DC2), a lead glass calorimeter (PbGl) and gas Cherenkov de-

of the vector mesons in the electron decay channel is con-tector s(GCC) were used at the beam test.

sidered to be one of the promising ways to study the chiral

symmetry restoration. to use Ck as a chamber gas, the drift cage was designed to
be able to sustain the field of more than 900 V/cm in order
2. Motivations for PHENIX-TPC to achieve saturation of drift velocity. Basic properties of

For the identification of electrons, a Ring Imagin§F: were measured with laser and X-ray soursip As a
CHerenkov (RICH) detector has been used at the PHEN®SUIt of the laser test, the longitudinal diffusion of OB
setup. However, it is difficult to detect the low momerf0 um for 1 cm drift at the electric field of 900 V/em.
tum electrons opr < 200 MeV/c in PHENIX magnetic ,
field condition because of the small acceptance. ElectfonEvaluation of the TPC Performance
pairs coming fromy conversions or® Dalitz decays lead ~For the evaluation of the prototype TPC performance, the
to a huge combinatorial background. The present PHENPgam test was carried out at T1 beam line of the Proton
setup does not allow an efficient measurement of low-maggchrotron (PS) at High Energy Accelerator Research Or-
electron pairs. Actually, the first results of PHENIX experganization (KEK). It was carried out with electron, pion,
ment show that the signal to background ratio was as sniiipton and deuteron beams in the momentum range from
as 1/20 forp mesons mass regioB|[ 0.5 GeVEto 2 GeVt.

It is important to identify the low momentum electrons Figuréd shows a schematic view of detector setup. Drift
with large acceptance detector for the rejection of the bagkambers were used as a reference tracker. Gas Cherenkov
ground. The installation of the Time Projection Changletectors, scintillation counters and a lead glass calorimeter
ber (TPC) is proposed as an upgrade option of the PHENWNere used for particle identification.
experiment. TPC can identify the low momentum electronsBasic performances of the TPC such as a tracking res-
from dE/dxmeasurements with a coverage of large accepution, a two hits resolution and a particle-identification
tance. The proposed PHENIX-TPC has 35 cm drift lengtiapability fromdE/dxmeasurements were evaluated.
with full coverage in azimuthal angle and pseudo-rapidity1. pgsition resolution

coveragdn| < 0.50. The position resolution was measured for three type of
The PHENIX-TPC is expected to be mounted near thgds: 2.5 mm, 6.0 mm and 9.5 mm square. The position
collision point. In Au+Au most central collisions gfsy~  resolution was calculated using the each positions, which
= 200 GeV, the charged particle densilyy-..c,/dy, IS~ were obtained with charge ratio method, of three adjacent
600. Then, it is required to be capable of separating tWgers. The resolution is defined by the difference between
hits which are as close as a few millimeters as well as gog position obtained at second layer and the position using
position resolutlon. In order to satisfy the reqwrement, PUie trajectory obtained from first and third layers.
CF, gas is choserd] as a chamber gas. From a simulation rigyrelg shows the position resolution as a function of
study, Ch is estimated to have small diffusion6f100um  jhcident angle between beam and anode wires. A position
for 1 cm drift at the electric field of 1 kv/cm. resolution of 100um along the anode wire was achieved
3. Development of Prototype TPC using CF W!th 2.5 mm square pad. The resolution along the anod_e
wire becomes worse as the input angle gets smaller. This

A prototype TPC was developed to investigate the bagigecause induced charge distributes more broadly at small
characteristics of CFand the TPC performance. In Ordefnput angle.
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1000 —{along anode wire incident angle (deg) was identified by TOF measurements mainly. Figdre

|

s E shows the ADC distributions for each momentum. The en-
:’? 800 - ergy loss of the 5 cm track was obtained as the summation
g F of the ADC value measured with 13 mm square pads.
2 000 From the result of ADC distribution, electrodE/dx
§400; dependence of momentum a_nd rejection factor of pion
E o 2.5 mm square pad are evaluated on the assumption that energy loss depends
200E A 6.0 mm square pad only on the velocity. The track length sampled with
= O 9.5 mm square pad the PHENIX-TPC is 50 cm. The rejection capability of
05 B/ J— ‘9‘0“ PHENIX-TPC can be estimated with a simulation that in-
incident angle (deg) corporates the results of the measurementsneson can

Figure 2. Position resolution as a function of the incident ab-e rejected by a factor of 11 in the momentum range of

gle. The upper figure and the lower figure show the rESO|LItIO%IO Me\(/c using this type of TPC, when electron efficiency
. . o .~ 0192 % is chosen.
along the anode wire and in the drift direction, respectively.

5. Summary
A prototype TPC using CRwas developed for the PHENIX
ﬂ ﬂ W m + upgrade. The tracking resolution, the two hits resolu-

efficiency
S

I I
e

] tion and the particle-identification capability were evaluated
+ with beam at KEK. We achieved 1Qdn of position reso-

oaf. Mﬁﬁ

osf- ++++H lution with 2.5 mm square pad.
04 #, References
02 #t [1] K. Adcoxelal., Nucl. Instrum. Methods. 499(2003)
oﬁfﬁﬁ’m‘u\H"\HH\HH\HH\HH\HH\HH\H 469
0 0.5 1 1.5 2 25 3 A3.5 4 4.5 .
difference [em] [2] T. Hatsuda, Y. Koike and S. Lee, Phys. Rev.4D
Figure 3.Efficiency of the two tracks identification as a function ~ (1993) 1225.
of difference in distance between two tracks. [3] http://mwww.phenix.bnl.gov/phenix WWW/TPCHBD/

[4] T.Isobeel al., CNS Annual Report 2003 (2002) 39.

4.2. Two hits resolution [5] J.Vairaetal, Nucl. Instrum. Method$824(1993) 113.

In order to evaluate the two hits resolution, multipl
tracks were generated by converting electron beams using
a lead plate placed in front of the TPC.

The two hits resolution was evaluated as identification
efficiency as shown in Fidd The horizontal axis is the
distance between the two tracks in the drift direction and the
vertical axis is efficiency, which is obtained as the ratio of
number of tracks identified in measurements over number
of tracks estimated from GEANT simulation. Two hits can
be completely resolved when they are separated in the drift
direction by> 2.8 cm. In Au+Au most central collisions at
Vsnn = 200 GeV, the average charged particle density is
~ 0.4 cnT? at the radial distance of 20 cm from the beam
line. If the two hits resolution along the anode wire is less
than 0.9 cm, charged particles are measured separately at
the above condition.

4.3. Particle identification
The particle-identification capability was evaluated with
electrons, pions, protons and deuterons. Incident particle
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1. Introduction mean pulse height vs drift time
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8

electron with radiator
= electron event

High energy heavy ion collision is a unique tool to study
QCD phase transition from the ordinary hadronic matter t

pion with radiator
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plasma of de-confined quarks and gluons (QGP) in a la «f i :, pion without raciator

oratory. ALICE [I] is an experiment under preparation a % p_ceve e S on .

Large Hadron Collider (LHC) at CERN, optimized for the = ft 5

study of heavy ion collisions afsyy = 5.5 TeV. Pt o . p:z """"""""""
The Transition Radiation Detector (TROB][will be in- L

25 25 3
drift timefus] drift time[us]

stalled in the ALICE experiment for the purposes of elec ) ) - )
tron identification and charged particle tracking. Figure 1. Pulse heights as a function of drift time for pions and

It is required for the ALICE TRD to satisfy the pion electrons. Left and right panel show a typical and the average
misidentification probability of less than 1%, which corre- PUIS€ height, respectively.

sponds to pion rejection factor of more than 100. 3. Analysis

Two analysis methods were applied to study the capabil-

2. Prototype TRD ity of electron identification. The Likelihood method has

Transition radiation (TR)J] is emitted when a highly been applied in the analysis of electron identification with
relativistic charged particle traverses the boundary betwegiious TRD’s [p]. The strategy and the analysis results
two media with different dielectric constants. TR yield deare described in referendg][ The pion rejection factor is
pends oy factor of the charge particle. More than ongchieved to be better than 100 for all momef@ia [
TR photon can be emitted when factor is more than  The second analysis method is Neural Network. The sig-
~1000, which corresponds to the electron momentum il patterns are greatly different for electrons and pions as
~0.5 GeVEt and the pion momentum e$140 GeVE. The shown in Figll The existence of the large spike can be used
average energy of emitted photons-i$0 keV and the emis- to distinguish electrons from pions. Neural Network can be
sion angle is~1/y with respect to the particle trajectory. applied as a pattern recognition method. In this analysis,

A prototype TRD was developed based on earlier maaulti-layered feed forward network was used as shown in
surements(Z,l4]. TRD is composed of a radiator and &ig.[2l The6n, 12n+1 and 2 neurons were prepared for the
drift chamber mounted behind the radiator. The radiator
consists of multi-layered media of irregular polypropylene Input layer
(PP) fibers of diameter 1Zm and has a total thickness of
4.8 mm. The drift chamber has a drift region of 30 mm
and an amplification region of 7 mm, and is operated with
Xe+CO2 (15%) gas mixture for an effective detection of
TR.

To evaluate the electron identification capability and
tracking capability, 4 prototype TRD’s were developed and <N C R
were tested at CERN PS in October, 2003. The mixed Flow of information
beams of electrons an.d pions from 1 Geld/6 QeVl: Were . Figure 2.Multi-layered feed forward network applied in this anal-
used. Electrons and pions were separated with two air-filled?"" ;
Cherenkov counters and a Lead Glass calorimeter. The pionys's' Close circles correspond to neurons.
contamination in the identified electron events wa8.1%.

Figure[ll shows a typical (left) and an average (righthput, hidden and output layer, respectively. Hermeans
pulse height distribution as a function of drift time. There ihe number of TRD layers used to evaluate the pion rejec-
a great difference in signal patterns between electrons &oé (1 < n < 4). One of the two neurons in output layer
pions. A large spike can be seen only in electron eveeigites for electrons, called electron excite neuron, and the
around the end of drift time. This is due toa an absorptiether for pions. Each neuron in input (hidden) layer con-
of TR photons in the drift chamber. nects to each neuron in hidden (output) layer with connec-

Hidden layer

Output layer

Electron excite unit
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tion weights.

The input information fed into the input layer is describe & L o Gf
here in detail. Figur@shows pulse height distributions fol ° T —electrons ]

«=aspions

electrons (solid) and pions (dashed) as a function of di |
time. The drift time was divided into 6 regions. The integri ¢
tion of pulse heights in each time interval was fed intoea  |:
neuron. Therefore, 6 (hnumber of divided region): (num-

ber of TRD layers) neurons in input layer were prepared | =epions
evaluate the pion rejection for TRD layers. The input ° * ° O Sectron it output
information is the same as it was used in Likelihood ana@'gure 5.The output distributions of electron excite neuron for 1

ol
R
=

43 =—¢lectrons 1k

0 0.2 0.4

0.6 0.8 1
electron unit output

sis [6]. (left) and 4 (right) TRD layers. Solid line and dashed line is
. for electrons and pions, respectively.
El: p=6 GeV/c PPfiber
30 — electrons

ers, the pion misidentification probability is achieved to be
E e pions 0.32%, which corresponds to pion rejection factor of 313.
e The result of pion rejection factor based on Neural Network
as a function of momentum is shown in F&lIThe result

100? [WK'M“"J-HL*‘"J based on Likelihood method is also shown. Pion rejection

N
&
3

T

pulse height[Al

T=1 T=2 T=3 T=4| T=5/1=

factor is slightly improved by the Neural Network and it
" is demonstrated that Neural Network is useful for electron
Figure 3. Pulse heights distributiong(ges[mgoFEhction of drift timédent'f'cat'on with TRD.
for electrons (solid) and pions (dashed). The drift region was ’
divided into 6 regions.

15

10

= 90%; extrapolated to 6layers
ator = INV8

pion rejection factor

Two data sets were prepared for electrons and pions. One \S\.@\N@
was used for training network and the other was used to = 2
evaluate the pion rejection. Back-propagation algoritfifn [
was used as the training algorithm. While the network is
trained, the connection weights are updated for the output 10 ‘ ‘ | ‘
values to approach the expected values. The expected vlgl— o ’ mamenun(GeVi
ues of electron excite neuron are set to be 0.99 for electrons. - 6. pion rejection factor extracted .fro.m Neural Network
and 0.01 for pions. asa fur-1ct|0n of beam momentgm (solid line). The likelihood
Figureg) shows the output distributions of electron ex- results is also shown (dashed-line).
cite neuron for training data after 10 (left) and 1000 (righ). summary
training cycles. Training cycle means how many times the
training data is transfered to the network. The more timﬁ
the network was trained, the clearer the separation beca

(@] Neural Network for test data
O Likelihood for test data

Electron identification capability of the prototype TRD
3s been studied by applying Likelihood method and Neural
R&work. Both analysis results show it meets the require-
ment of the ALICE TRD. Besides this result, it is demon-
—elecrons 2 strated that Neural Network is also useful for the electron
—electrons . e . . - . . .

g e pions identification and that it will improve pion rejection by op-

timizing network structure and algorithm.

1= pions

4F

3
10

TRD 4 layers
INV8 1.5GeV/c
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Center for Nuclear Study, Graduate School of Science, University of Tokyo
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bHigh energy accelerator Research Organization (KEK)

1. Introduction On the other hand, CNS-GEMs were produced using the

Gas Electron Multiplier (GEM) is a metalized polymer foiPlasma etching method at Fuchigami Micro Co., 2.

with holes fl]. The metal layers play a role of electrode$he lower photograph in Filshows a hole of CNS-GEM.
and a few hundred volts are applied between them. WHaR. Gain characteristics and discharge problem

a drift electron passes through the holes on a GEM, strokg was reported in the referencd],[the gain characteris-
electric field inside the holes induces a cascade of electrdits of CNS-GEMs were measured in argon mixtured gases.
This is the mechanism of the signal amplification by meafmie performance of the CNS-GEM is comparable to that of
of a GEM. CERN-GEM.

We succeeded in producing GEM foils using the plasmeg_ Improvement of plasma etching method

etching technology in Japan. In this note, developmentgce holes with a cylindrical shape might result in bet-
GEMs and studies for applications to detectors in physig$ electron transmission and less probability of charging-
and medical fields are described. up [3], the plasma etching procedure has been re-optimized.
2. Production of GEM and application to HBD Figurd2 shows a hole of new CNS-GEM. In total, 10 CNS-

. . ) GEMs were produced; usually they can hold at more than
2.L. Produc_:tlon W'th. the plasma e_tchl_ng metho‘?' 50V in N2 and stable operation is realized in argon mix-
The essential point in the production is the choice of tecfy o gas. However, some of them were damaged during

nology for piercing metalized polymer foils. Hereafter, thg,o 5\ rements. Detailed studies with more samples are nec-
GEMs produced at CERN and at CNS are referred to &sary.

‘CERN-GEM'’ and ‘CNS-GEM’, respectively.

Figure 2.A hole of a new CNS-GEM.

3. Beam test of prototype HBD at KEK

In the PHENIX experiment, it is proposed to install a
Hadron Blind Detector (HBD) in 2006. It is to improve
Figure 1.The upper and lower photographs are the hole of CERNfectron identification capability and rejection of elec-
and CNS-GEM, respectively. tron pairs from Dalitz decay and photon conversion. A
The standard CERN-GEM consists & um Kaptof schematic view of the HBD is shown in Fig. The HBD is
coated withb pum copper, and the pitch and diameter of th(‘eomposed of (1) a Cherenkov radiator partand (2) a photon-

holes arei 40 um and70 um, respectively]. After making to-electron convertor and an electron multiplication part.

holes on copper layers by conventional photolithograp e Iatt(_ar Is formeq by three layers of GEM _amd the top
the foil is immersed in a specific solvent, which dissolv rface is coated with Csl. When charged particles pass the

Kapton. The CERN-GEM has holes with a double-conic ptector, electrons are created above the top GEM due to en-
shape (the upper photograph in Flly ergy loss. These electrons are drifted to the opposite direc-

Tradename of Du Pont Co., Wilmington, DE, USA 2 Fuchigami Micro Co., Ltd.: 3-1 Nanei Kagoshima 891-0122, Japan.
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one atomosperic Ar gas. In order to develop a detector with
realistic size, one of the solutions is to choose heavy noble

s gas like Xe.
5 & o © 6 os® 0 O © © O© For this purpose, measurements with Xe was just started
il using CERN-GEMs. Figuf shows ADC spectra for
B=0 ] \x Veem =395, 400 and 405 V. The signal source waBe.
[ ™ — E_GEM Three peaks can be seen in the cas&®f,, = 405V. As-
@ @ == T @ ‘!@ suming the peak at the highest ADC value corresponds to
/,/ | \ B gmssfer 5.9 keV, the rest two peaks can bg gxplained as escape peaks
e ) - N of M- to L- and L- to K-shell transitions. However, the gain
@Q == ,;‘ﬂ"-k &= ii. = &= obtained from these results is an order of magnitude high
/,/ - \\\ , compared with results by A.Ortheat al [6]. Further stud-
7 o~ / ies are ongoing.

L) \,

Figure 3.A schematic view of the HBD.

tion by applying the negative drift field. On the other hand,
when electrons pass the radiator and emit Cherenkov lights,
electrons are created on surface of Csl by photoelectric ef-
fect. These electrons are amplified by GEMs and detected
at the readout pads. Thus, the HBD can identify electrons.
We constructed a prototype of HBD and tested it at the -
KEK testbeam facility (from June 25th to July 1stin 2003). 1y
The Csl evaporation was done by HAMAMATSU on CNS- -
GEMSs. However, after the evaporation, the resistance be- ST

’’’’’’’

tween electrodes showed low values and could not be used Figure 5.ADC spectra obtained from Xe gas.
in this beam test.

The measurements were carried out to check the hagdnsymmary
blindness using CNS-GEMSs without Csl evaporation. T
gas filled in the detector was Ar(90%)-GE0%) and
Verm was 335 V. The drift field was controlled by apply-

hIene Gas Electron Multiplier, GEM, was produced using the
plasma etching method. A prototype HBD was constructed

{and tested at the KEK testbeam facility. The performance

ing voltage to the stainless mesh (3 mm upstream of the . : -
GEM), Vaymssr. Figuredl shows the fraction of events de_o(mwadron blindness was confirmed. In addition, a study of

tected by the HBD as a function &fy;gsi. The circles galr]'chtgracttegstps using é('e \I/vf:_;lsléust started considering
and triangles in Figdl are for0.5 GeV of pions and protons,app cation fo device in medical Tield.

respectively. WheWy gsg = +200V, 97% of pions and References
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Figure 4.Detection probability as a function &fy, ESH.

4. Application in medical field

Not only for the physics research, GEMs also could
be powerful tools in the medical field, for example, two-
dimensional X-ray radiography and radiation therapy beam
monitoring. Considering the application in the medical
field, it is necessary to detect high energy X-rays (about
100 keV), whose absorption length is the orderl6d m in
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Development of a Time Projection Chamber using Gas Electron Multipliers as
Readout (GEM-TPC)

S.X. Oda, H. Hamagaki, K. Ozawa, M. Inuzuka, T. Isobe and Y.L. Yama&uchi

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

1. Introduction

At a high energy heavy ion collision experiment and a future
ete™ linear collider, a central tracking detector with superb
momentum resolution, good multi track separation and fine
dFE /dxz measurement under high particle rate circumstances
is needed. A time projection chamber (TPC) with micro-
pattern gas detectors (MPGDSs), such as gas electron multi-
pliers (GEMSs) or a Micromegas, is a leading candidate for
the central tracking detector.

For signal amplification, a traditional TPC uses anode
wires, while a TPC with GEM readout (GEM-TPC) usdsgure 2. The endcap of the GEM-TPC with the triple GEM and
GEMs. The GEM is a metalized’50 um-thick polyimide  the readout pads, without the end plate.
foil with holes (see Fidl). The typical diameter and pitch ) ) ) _
of holes are 7Qum and 140um respectively. High electricc@P can mount g|ther a triple GEM (the effective area is
fields are realized inside the holes with relatively low vok0x10 cnt) or wires on readout pads. The readout pads
age difference between the both sides of the GEM, and&ffemade of gold-plated copper and those shapes are square
charge multiplication is induced inside the holes. The GEM>13 m_n?). The field cage creates a uniform electric
can be used in multi structure, a double GEM or a triﬂ@d to drift electrons produced by charged particles. The
GEM, for large gain £ 10*) with low discharge probabil-ﬁe'd cage consis_,ts of 115 gold-platgd copper ;trips on FR4
ity. When cascaded electrons approach readout pads, fR¥ds. The strips are connected in series with(2 fe-

itive charges are induced on the readout pads and negatfj@rs- At the end of the resistor chain, resistors can be
charges flow into preamplifiers and are amplified. adjusted to equalize the potential of the field cage to that of
the endcap on the surface of the top GEM. Since the area

= of the GEM is smaller than the cross section of the field

‘a ® & o cage, an end plate was added to prevent leakage of the elec-
FY - Y €Y Y tric field. High voltages are applied to the GEMs through
connectors penetrated the endcap.

2.2. X-ray source test of the triple GEM

In order to verify the triple GEM mounted on the endcap
works properly,®®Fe X-ray (5.9 keV) signals were mea-
sured with Ar (90%) + CH (10%) mixture (P10) gas and
pure CR gas at several points &f; z,/, the voltage differ-
Figure 1. A microscope photograph of a GEM foll]} ence between the both sides of the GEM. Charge sensitive
@éeamplifiers were used in the measurement. The obtained

4

)

The GEM-TPC is expected to have improved positi
resolution than the traditional TPC. Since the GEM has twi
dimensional symmetry, dependence on incident angles of
particles will be reduced than wire. And, because the in-
tense electric field region will be limited in the holé&sx B
effect is expected to be also reduced. Furthermore, the pos-
itive ion feedback to the drift region will be dramatically
suppressed by structure of the GEM. Therefore gating grids
will be unnecessary and the GEM-TPC can be realized with
the low amount of material. 100

ectrum with CIr is shown in Fig.EDThe energy resolu-

X 55Fe CF4 VGEM=521V ﬁ

300

Number of counts

2. Development of a prototype of GEM-TPC

2.1. Structure of a prototype of GEM-TPC 20 a0 0 80 100 120 icf‘lrg);r‘gg?foc]
A prototype of GEM-TPC has been constructed. It con-

sists of an endcap and a.f|eld cage (3_6 cm length a”idigure 3. 55Fe X-ray charge spectrum with GFat
17x17 cn?). The endcap is shown in Figg Theend- . _ 500V
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and it worked properly.

[= 7

S0l ] P10 / 4. Outlook
Pl D ' In order to achieve better position resolution, the shape of

* i readout pads will be modified from square to rectangular
- ; / and chevron (zigzag) (see F@). Narrow strip pads are
. 4 required for charge sharing with small diffusion gas, such
10° 2k CF—A. ; as CR. Chevron pads will be more favorable for charge
e o / sharing than rectangle pads.
/

300 350 400 450 500 550
VGEM[V]

Figure 4. The gain curves of P10 and €FThe horizontal axis
is the difference of voltages between both sides of a GEM and
the vertical axis is the gain.

rectangle chevron

e
[ TN
@
33
33

tion with P10 and CIris 11% and 13% respectively. Gain
curves of P10 and Cfare shown in Figdland they agree 12.0mm

with published resultsZ[3].

2.3. Laser test of the prototype of the GEM-TPC Figure 6. Shapes of new readout pads for the GEM-TPC.
The GEM-TPC was tested with a nitrogen laser &

337 nm) and P10 gas. The laser signals were divided into® P€am test will be performed at a secondary beam line
two parts. One part of signals entered the GEM-TPC ai KEK 12 GeV proton synchrotron to test the performance

ionized gas. The created electrons drifted to the endcdl i€ GEM-TPC on May 2004. Test items are as follows;

were multiplied in the GEMs and were collected on the Efficiency

readout pads. The rest of the laser signals entered a photo

diode for trigger. Figurdl shows the arrangement of the e Position resolution
readout pads (top) and a snapshot of an oscilloscope (bot-
tom). GEM-TPC signals coincide with a trigger signal.
This is the first signal from our GEM-TPC. e Space charge effect

e Two track separation power

e Dependence

— Gas [P10, Ar (70%)+¢Hs (30%) and Ch]
laser — Pad shape (rectangle and chevron)

In order to achieve excellent spatial resolution, good two
EEE 4 layout track separation and fiqu/dx measureme_nts with large
13x1 3mm? pads__ top view number of channels, high speed, low noise and compact
readout electronics are needed.

&g

bAoA

o : 1 References
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Figure 5. The arrangement of the readout pads (top).
The first signal of the GEM-TPC with P10 gas (bottom).
Vaenm = 350V and Eqr ¢+ = 220 Vicm.

3. Summary

We have constructed the prototype of the time projection
chamber with GEM readout. It has been tested with a laser
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Improvement of the Hyper ECR lon Source for Production of Metallic lons
and Extraction of lon Beam

Y. Ohshiro, S. Watanabe, S. Yamaka and T. Katayama

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

1. Introduction 3. Beam extraction by ion-decelerator

A Hyper ECR ion sourcel] and a 10 GHz ECR ion sourceWe replaced an extraction system from conventional type
have been operated alternatively to deliver the beams for thehe ion decelerator. The photograph of the new one is
RIKEN AVF cyclotron. The Hyper ECR ion source delivshown in Fig. 1. The electrodes goes and is arranged in the
ers gaseous ions such &€+, 13C** and!*N°>*. In this order of a negative electrode and a ground one from right-
year, a solid material insertion system (called a rod insertiband side. This unit is set near the anode electrode with the
system) and a beam extraction system (named an ion degap of about 45 mm between the anode electrode and the
erator) were installed in the Hyper ECR ion source. Withegative one. Beam goes through from right to left side.
these devices, metallic ion beams, for exanipMg’* and
"Li%+ was extracted in the Hyper ECR ion source, whic
enabled to deliver the intense metallic ion beams to a CRI

[2.
2. Metallic ion production

The metallic ion was produced by a rod insertion metho
that is used routinely in the 10 GHz ECR ion source. £
rod-shaped solid material is inserted near the ECR zor -
from the gas inlet side along the axis of the Hyper ECR iol % —
source. The solid material was heated and ionized by t /" :
ECR plasma. The specifications of the rod insertion syste J
are shown in Table 1. —

We carried out the metallic ion production with the ion ) ) )
species of*Mg”+, 24Mg5+ and”Li2*. The charged mate- Figure 1.The dgcelerator unit set in the extraction chamber of the
rials used the rod of a solidified MgO (in 6-cm long) and a HYPer ECR ion source.

crystal of LiF (in 5-cm long) for each ion production. Af- - a; this source, the ion beam has been extracted by the
ter the rod was closed to the ECR plasma, the inside of Ulﬂtage of the range of 5 to 11 kV, because of these values
plasma chamber was baked for about four hours to remyg required by operating condition of the AVF cyclotron.
residual gasses. _ Wwith this new system, the extraction voltage can enhance
When the vacuum in the plasma chamber attained at {hei 20 kv to increase the extraction beam intensity.
range of 107 Torr, the metallic ion was generated at the rod \yje investigated the voltage dependence of the beam in-
position to be apart about 20 mm from the boundary of EGEnsity on the negative electrode, while the anode electrode
zone. The operating condition of the ECR ion source wastfgt was 10 kV. In case 0£NS+ and!4N°>+, the peak value
follows: the supporting gas used oxygen for magnesium igiheam intensity was obtained on the negative electrode
and helium for lithium one. The RF (14.2 GHz) power wagoltage of—5 kV (total 15 kV extraction) for*N6+, and
about 100 W. Two peaks of the mirror fields were 10.5 kG7 kv (total 17 kV one) for'4N5+. Both ions, the beam

and 11.5 kG. The Iength of the ECR zone was about 7 Cirﬂﬂ:ensity was found to increase near|y 2 times.
The beam intensities obtained as the initial test is summa-

rized in Table 2. 4. Conclusion
We completed the installation of the rod insertion and the

Table 1.Specifications of the rod insertion system. ion deceleration system for the Hyper ECR ion source. It
enabled to extract intense metallic ion beam from the Hyper
ECR ion source.

The attachable rod section 4 mm square
The attachable rod length 60 mm to 200 mm

Minimum operation speed 0.1 mm/h References
Maximum operation speed 1.0 mm/h [1] Y. Ohshiroet al, RIKEN Accel. Prog. Rep36 (2003)
279.

[2] T. Teranishiet al, CNS Annual Report 2001 (2002) 7.
Table 2.Metallic beam intensities obtained as initial test.
lon species ZIMg™ 2IMgcT LI
Beam intensity (gA) 3 5 10

71



RF Beam Buncher for the HIECR lon Source

M. Watanab8, Y. Chiba®, T. Katayam& P, T. Kosek®, S. Yamak&, Y. Ohshird® and S. Watanatke

aRIKEN (The Institute of Physical and Chemical Research)
bcenter for Nuclear Study, Graduate School of Science, University of Tokyo

1. Introduction 3. Beam test of the buncher cavity

A broadband buncher cavity using MA (magnetic alloyfjhe buncher cavity was installed in the beam transport line
cores has been developed for an ion source named HiEgEfhe HIECR ion source system for performance study with
[1] in the CNS. The HIECR is intensively used for iomeal beams. Figure 2 shows typical beam current waveform
source research and also used for R&D’s of ion beam massing the buncher. The beam current was detected by a
itors, which are applicable to the present and future dyaraday cup at 2.3 m down stream of the cavity. In this
clotrons. For the latter purpose, ion beam having bunchebse, 10 keV proton beam with average current of:20
structure corresponding to the cyclotron frequencies is negs used. Frequency and peak voltage of the rf cavity were
essary. 30 MHz and 150 V, respectively. As shown in the figure,
We chose the Q-value of the buncher cavity less thatbdam structure of 30 MHz with the peak current of 3246
because of the required large frequency range from 18atas successfully obtained.
45 MHz. In order to obtain a resonant frequency of 30 MHz, )
we adapted the cut core configurati@|3,4] of MA to 3510

reduce the inductance of cavity. . Jlﬁ T Ji] II]
%3 10
ity od == SO o T
e ke TN
Macor AN “ 1510 oV IBJ VU VYV I V¥
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110
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Figure 2.Bunched beam current waveform.

4. Summary

] We have developed a buncher cavity using MA cut cores. It
A was installed in the beam transport line of the HIECR ion

a4 B source system for the beam test. Beam structure of 30 MHz
was successfully observed for 10 keV proton beam.
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2. Buncher cavity [5] M. Watanabeet al., Proc. of APAC 2004, Korea, to be
Based on the rf characteristics measurement of MA cut Published.
cores [p], we designed and fabricated a compact bunctét K. lkegami and A. Goto, RIKEN Accel. Prog. Rep2
cavity. Figure 1 shows the cross sectional view of the cav- (1988) 213.
ity. Two parallel mesh plates made of copper are placed at
the acceleration gap to increase the transit time factor. The
mesh has hexagon sha@pénd distance between the mesh
plates is 5 mm.
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lon-milling Method for Strip Fabrication in Bi2223 for High Temperature
Superconducting Application

S. Watanabe, T. Watana®el. Iked&, Y. Ohshiro, S. Yamaka and T. Katayama

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

1. Introduction of flakes of Bi2223 with the sizes of£3-um diameter.

A nondestructive beam current monitor based on the hi§Re reaction gas condition of XeF2 is of gas pressure =
temperature superconducting (HTS) technology has b&@x10~° Torr at 20°C (room temperature). Figure 1 shows
developed [I]. Applied HTS material for the cylindri- etching depth of the surface of Bi2223. The etching depth
cal current sensor is Bi(PPBrL-Ca-Cu;-O, (Bi-2223) of 5 um and etching width of 10@m are observed after
coated on a MgO substrate. The outer surface of cylindri@gam irradiation time for 10 hours. The flatness of the sur-
current sensor is divided by a slit. Separate outer surfaf@&e seems to depend on the surface condition before the
are joined with a bridge to concentrate an image currd@p milling. We can observe the magnified surface with the

from the ion beam. We have studied the bridge providifg®MA (Electron Prove Micro-Analysis). It was observed
with a Spira| coil structure. It is fabricated by the dry etcﬁhat a flake of Bi2223 is melted and rolled due to the irradia-

ing because order of ]_p)m p|tch of the Spira' coil will be tion of ion beam. The CompOSition of the irradiated Bi2223

expected. is also analyzed by Specific X-ray photoelectron spectra.
The quantity of the oxygen in the Bi2223 was measured by

2. lon milling method the EPMA.

A use of the beam from the HIECR ion source in the CNS

is planned for milling the surface of the HTS material. lon 100 pm

current density enabled it, as for the irradiation size of a < >

beam, for this plan to realize 10Qu&/cm? by 10-mm di-

ameter. The introductory mechanism of reactive gas is also

examined so that ion beam milling may be performed early, *:a / \ /\’/ \4\,

and the kind of reactive gas was also examined to apply ax \ g /

reactive ion beam etching (RIBE). Since an irradiation sam-
ple was an oxide, it was examined also about the difference £
in each etching rate of a composition element (Bi, Sr, Ca,

g
e
5
™~

Etch
v

N

Cu and O). Although multi charged ion is taken out, decel- AW
eration electrode was considered in the irradiation system,
and it enabled it to change the energy in this ion source. Etching width

3. Reaction chamber

A reaction chamber comprises a beam guide, gate valve, Figure 1.Etching depth of Bi2223 after Ar ion milling.
deceleration electrode, deflection electrode, vacuum pump,

sample holder, Faraday cup, etc. Reactive-gas sprayinyve have been studying the flatten beam irradiation to the
equipment and a needle valve for controlling the etchiggmple, thin Bi2223 layers grain around 20 thickness,
rate on the surface of the sample are attached in the reactiiff increasing the irradiative ion beam current. The ion
chamber. A gas recovery instrument outside is equipp&§am slit to make the pattern of spiral coil is one of the
XeF, as a neutral gas was already examined elsewhereifgportant issues. We have studied a thermal stress of the
chemical etching. In Si, only in the case of antAion Ti slit in case of both the beam irradiation process and the
beam, Xek has an etching rate remarkably early at a pgRachining process.

for 70 A/min compared with a part for 8/min in the case References

of only Art ion beam[P]. We have introduced these phys

ical and chemical reactions into the Bi2223. The reacti%] T. Watanabest al, CNS Annual Report 2003 (2002)

) . . 71.
rate of a mask for preventing the ion beam irradiation pla : .
a role to make fine slit pattern of Bi2223. The mask for t gﬁ T. Meguro and Y. Aoyagi, RIKEN Reviewg1 (2000)

ion beam etching was tested using pure Ti slit for various
ion beam milling.
4. Result

lon milling of Bi2223 has been done with 10 kV A,
40 euA. The surface of irradiation sample is observed as
Bi2223 layered grains. The layered grains mean a stack
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Study of Nano-Cluster lon Source with Plasma-Gas-Aggregation Method
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T. Katayama
Center for Nuclear Study, Graduate School of Science, University of Tokyo
Qnstitute of Physics, University of Tsukuba

bRIKEN (The Institute of Physical and Chemical Research)
CTsukuba Nanotechnology Co., Ltd.

(a) magnetron type nano-cluster ion source

1. |ntrOdUCtI0n 0 Tom TOF mass spectrometer
Science of nano-scaled structure is now a frontier of the Pirand ga“é fopization gauge
solid state physics and electronics. For example, many re- . foren tree A
searchers of solid state physics attempt to understand tlﬂ§ i;. = e J

<o 0@ A

evolution from atoms or molecules to bulk properties with
increasing cluster sizd]. Understandably, the field of such
clusters science depends strongly on the development of th v
nano-cluster ion source. Very often a development of th&” i puersource Vo
new techniques of the ion source gives rise to a quantum
leap in the progress of the field. (b) Magnatic
Nano-cluster ion beam technology has been found to be Plasma
able to offer solutions for a number of well-known problems
associated with conventional monomer ion beam implanta-
tion [2]. Nano-cluster ion implantation has been found to
offer implantation differences which are expected to lead to
development of nano-cluster approaches as additional tools
for device miniaturization.

pump 1500 L/s

Argon flow

Electron
hopping

Plasma-gas-aggregation is a very effective method to pro- Erosion trask
duce the large nano-clusters. Recently we have developed — L
a magnetron type nano-cluster ion source, with plasma- Q0w =
gas-aggregation method, and successfully produced nano-
cluster ion beam. Figure 1.(a) Schematics of the magnetron nano-cluster ion source

In this paper, we introduce the magnetron type nano- and TOF-MS system, and (b) schematic of magnetron sputter
cluster ion source and experimental results that measuredsource.

mass spectra of boron nano-cluster ions.
duced nano-cluster ions are measured by Time Of Flight

2. Experimental Setup mass spectrometer (TOF-MS).
The schematic view of the magnetron type nano-cluster ionSince the first report by Stepheifd,[TOF mass spec-
source is shown in Figl{a). The nano-cluster ion sourcdrometry has become popular in the nano-cluster sci-
consists of a specially designed planar-type magnetron &fge. Several electrode of ion optics are driven with two
an aggregation cell cooled by liquid nitrogen. Figlike) MOSFET-switches synchronized with the start pulse. The
shows schematically the magnetron head part. By suitatsital flight length is about 20 cm. The output signal from
orientation of target magnets, a "race track” can be defindg micro channel plate (MCP#] is connected to the stop
where electrons hop around at high speed. Target erodiput of the multi-stop time to digital converter (TDC).
by sputtering occurs within this track because ionization of
the working gas is most intense above it. 3. Results

The distancel. between the magnetron and the exit slgigurd2 shows a TOF mass spectrum of boron nano-cluster
(cell length) is controlled by a calibrated sliding rod ajons. The peaks of B, B,He™, B and B! are identified.
tached the vacuum chamber. The aggregation cell has dpie reason why B was not produced is that the binding en-
ble cylindrical structure to allow cooling by direct contacérgy between B and Bis very weak (0.8eV5]). Addition-
with |IqUId nitrogen. Furthermore, at the end of the Carrig“y we can detect nano-cluster ions up to 150 amu, which
gas stream, an iris diaphragm is installed to control the V@yresponds to the mass of:B while the peaks around
por pressure and stream velocity. Note that they are ajfg8se masses can not be resolved.
controlled by adjusting the flow rate of the Ar and He gasesThe width of the peak in the mass spectrim, that is
with a mass flow controller. Generally, the gas aggregat_iPFbportionaI to square of the time distributidxt, appear-
process is performed under the vapor pressure of 0.1-2 ¥ on Fig/d is mostly caused by initial kinetic energy as
to obtain a sufficient high collision rate. The masses of prgeceleration of TOF-MS. Therefore, the initial kinetic en-
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Figure 2.A mass spectrum of boron nano-cluster ions.
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Figure 3. Relative energy distributiod £’ of B, B3 and B, as a
function of cell lengthL.

ergy distributionA £ can be calculated from\¢t. The cal-
culated relative energy distributiodsFE of B, B; and B, as

a function of cell length’ are plotted in FigB] The AFE of

all boron monomer and clusters decreases gradually with an
increase of cell lengtll.. These results suggest that boron
nano-clusters are cooled by collision with condensation he-
lium gas during the travel in aggregation cell. Consequently
much kinetic energies of clusters are removed for loriger

4. Conclusion

We succeeded to produce boron nano-cluster ion beam
by using the nano-cluster ion source with plasma-gas-
aggregation method. We recognized boron nano-clusters
was cooled by collision with condensation He gas during

traveling in the aggregation cell.
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1. Introduction 1.16

Space-charge-dominated beam physics is crucial in heau§/ 114 |
ion inertial fusion (HIF). In the HIF, energy of several MJ * ;5|
should be injected as a short time pulse to a fuel peIIet-.%
The target pellet irradiated by the energy driver is rapidly
imploded. The implosion can cause a high energy densitg 108 1
state at the center of the pellet, and a lot of thermonuclea® 1.6 }
reactions are expected under the state of the high temper%— 104 |
ture and density of the fuel plasma. The intense heavy-iorg
beam (HIB) is an influential candidate of the energy driver. &
The required parameters for heavy ion beams are sever 1K
GeV particle energy, 100 KA total current, and around 10 ns = o.gs
short pulse duratiorl], and are far from those of conven-
tional particle accelerator system. Therefore the beam dy-
namics and control are important research issues in HIF. ) _ _ _
In the final stage, the beam pulse must be Iongituolinalfgfgure 1 E_m'tt‘f’mc_e g_rOWth during the final beam bunching at
compressed from-100 to~10 ns [LL[2]. Induction voltage each initial distribution.
modulators, which have a precise waveform controllabilitg, . ) ) )
are proposed for this purpos8|| For an effective pellet 2- EMittance growth during final beam bunching
implosion, we should transport and compress the bunchldfe emittance value is used for the evaluations of beam
heavy ion beam with an emittance growth as low as poséansport quality. We define the average of unnormalized
ble. A final focus and beam irradiation are crucial, andt&nsverse rms emittanees
large emittance interferes the focusing to the small fuel pel-
let [4]. For this reason, the final beam bunching is a key €arms + Eyrms
technology in the HIF driver system. €= = (1)
Beam instability caused by a space charge oscillation im-
poses a limit on a strength of the HIB space charge effect.
When the tune depression is lower than 0.4, the beam tranBerec, s ande, ., are the unnormalized rms emit-
port may be unstable due to the instability induced by tk@nces for horizontal and vertical directions, respectively.
space charge effed] In the region of final beam bunch-The initial emittance is assumed 8s,.,s = €y rms =
ing, the intense HIB becomes the space-charge-dominateg=10 mm mrad. The initial particle distributions are as-
beam, and exceeds the thresh@}l [Not only the insta- sumed as Kapchinskij-Vladimirskij (KV), waterbag (WB),
bility but also dilution of particle distribution can cause theaussian (GA), semi-Gaussian (SG), and parabolic (PA)
emittance growthif]. Nonequilibrium particle distribution distributions. At each initial distribution, the evolution of
will approach to a thermal equilibrium state during the findte emittance growth/¢;, which indicates the ratio of the
beam bunching. average emittance to the initial one at each lattice period, is
In this study, we investigate the beam dynamics durig§own in Figff} As shown in Figftj the emittance abruptly
the bunch compression in the final beam bunching and tRereases after 80 lattice periods in the case of the initial KV
final focus region. Multiparticle simulation using particlebeam. Similar to the result of KV distribution, the emit-
in-cell (PIC) method with the longitudinal bunch compredance at the initial WB beam is steeply increased after 90
sion model is carried out to investigate transverse parti¢fdlice periods. These rapid emittance increases are con-
behaviors[§,/8]. The emittance growth is observed and iérmed as a result of the beam instability due to the strong
compared with various types of the initial particle distriigPace charge effect during the final beam bunchiig®n
tion. The particle distributions during the final beam buncf€ other hand, the initial GA, SG, and PA beams cause the

ing are also discussed by nonlinear field energy factors. gradual increase of the emittance without abrupt growth.
The final emittance growth ratios at 150 lattice periods are

around 1.15, 1.14, 1.12, 1.08 and 1.05 in the initially KV,
WB, GA, SG, and PA distributed beams, respectively.

-
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initial GA, SG, and PA beams may pass through the fi-
nal bunching region without the instability excited by space
charge oscillation. The emittance growth is estimated to be
15% at the highest in this study.

The nonlinear field energy factors indicated that the
transverse particle distribution inside a beam bunch ap-
proaches uniform after the final beam bunching. The par-
ticle distribution after the final beam bunching becomes in-
dependent of the initial distribution.
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wherel is the beam current is the permittivity of free
space, and, is the longitudinal beam velocity, respectively.
The nonlinear field energy factor expresses the degree of
uniform charge distribution in real space, i.e., the charged
particles are distributed uniformly # /w, = 0. Figureg)
shows the nonlinear field energy factor given by PIC sim-
ulations during the longitudinal bunch compressidiij|
Although each of the distributed beams has various non-
linear field energy factor at the initial condition, the factors
approach zero after the final beam bunching as shown in
Fig.@ As aresult, the transverse particle distribution in
real space approaches uniform density during the final beam
bunching 4.

4. Summary

In this study, the transverse beam dynamics was investi-
gated during the final beam bunching in a HIF driver sys-
tem. The transverse PIC simulation with the increase in
the beam current was carried out for the study of the beam
transport as a model of the longitudinal bunch compression.
Although the initially KV and WB distributed beams
cause an abrupt emittance growth due to the instability in-
duced by the space charge effect, it is expected that the
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1. Introduction

Investigation of heavy-element nucleosynthediki$ re-
quired for understanding the mechanism of stellar even
and cosmo-chronology. The rapid neutron capture proce
(r-process) is one of the dominant process for the heavy el-
ement nucleosynthesis. The r-process path runs in a very
high neutron?density region far away from the stable nu-
clei. Difficulties lie in experimental simulation of the nucle- 120 MeV/n UBs*
osynthesis in the r-process using accelerators, since heavy
neutron-rich nuclei with very short life time are synthesized o _ _
one after another by neutron capture before occurring befddure 1. Schematic diagram of the mass analysis system using
decay. Not only basic parameters of masses and half livesthe SRC.
but also level densities and neutron capture rates shoulthpghe particles is given by the flight time difference as
determined to investigate the r-process path.

Mass resolution less thaAM /M = 1 x 107° is re- A7M _ ﬁ )
quired to identify the neutron-rich nuclei in the r-process M t’

region. The mass resolution of a typical time-of-flightjgher mass resolution can be obtained by improving the
(TOF) method, one of mass analysis techniques, is limitgclqytion of a flight time measurement and by increasing
to aroundl x 10~* by the length of the flight path and thgpo flight time, namely, the flight path length.

time resolution of a particle detector system. In order 0 o cyclotron is a high resolution mass spectrometer with
improve the precision of the mass analysis using the TQkong flight path length. A particle revolution time in a cy-

method, a cyclotron can be used as a high resolution Maggron is kept constant by an isochronous condition given
spectrometer, since a total flight path length amounts tg@

few kilometers[P]. The precision in the measurement of frr By Q

the mass difference achieved at GANIL was estimated to be QWT T o2 M’ (3)
better tharl0—6.

In this work, feasibility of the mass analysis using t
RI beam factory (RIBF) at RIKEN, has been explored fq
the |denF|f|cat|on qf heutron-rich nUCIe'.' The most possib %/clotron, that is, the total revolution time, is proportional
system is a coupling of a K980-MeV ring cyclotron (IRC 0 a total turn number, given by
and a K2500-MeV superconducting ring cyclotron (SRC). '

The mass resolution of the SRC has been estimated from its h

design parameters. t= Nf;’ (4)

TOF
Rl beam I TOF STOP
production

START counter

H
et targze counter

&
110 MeV/n
ISDCd

wherefrr is aradio frequency3, an averaged magnetic
feld, h an acceleration harmonic numbér,a charge state
f a particle. A flight time from injection to extraction in a

2. Principles of the TOF Mass Analysis Combined with WhereN is a total turn number. ¢From the Ecg} &nd @),
the resolution of the mass-to-charge ratio can be evaluated

a Cyclotron
In general, the flight time of particles is expressed by from AM/Q)  frr At
TR ®)
t= @LM, (1) Inthis case, thé\t is given by a time resolution of a particle
p detection system.

wheremy is the atomic mass unib,a momentum, a flight 3. Mass Resolution Estimation for the IRC and the SRC

0 ) . . . .
path length M a mass number. Assuming that the momeA- Schematic diagram of the TOF mass analysis system is
tum and the flight path length are the same for any particRWn in Fig.1. RI beams used for the r-process path inves-
passing through a momentum analyzer, the mass differeHg@tion will be generated by projectile fragmentation using
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a primary 120 MeV/nucleon ¥+ beam extracted from the
IRC. For example, the neutron-rich nuclei lik& Cd will

be obtained by the nuclear reaction of(H°Cdp)'3'Cd,
using a 100 MeV/nucleoh°Cd beam produced by the 120
MeV/nucleon 38+ beam. The mass analysis for identifi-
cation of the neutron-rich nuclei will be carried out by the
TOF method combined with the SRC.

The main parameters of the SRC are listed in Table 1. As-
suming that the time resolution of the detector systerhtis
=100 ps in the Eq[H), the mass-to-charge ratio resolution
of the SRC is estimated to be 1:410-°. This resolution
meets the requirement for the identification of the neutron-
rich nucleus.

A detailed design of the TOF mass analysis system is in
progress.

Table 1.Parameters of the SRC.

K-number 2500
Sector number 6
Diameter (cm) 1900

Maximum magnetic field (T) 3.8
Average injection radius (m)| 3.56
Average extraction radius (m) 5.36
Acceleration frequency (MHz) 18 to 38

Harmonics 6
Cavity number (fundamental 4
Cavity number (flattop) 1

Cavity voltage (kV/cavity) 500
Acceleration voltage (kV/turn) 2000

Accelerated lon : Cd 131
Charge state 48
Energy (MeV/nucleon) 350

Acceleration frequency (MHz) 36.7
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1. Introduction Ve T T

A Wien filter system was developed for the CRIB
radioactive-ion beam separatd;2,/3,/4]. The CRIB sep- 5
arator has a momentum dispersive focal plane (F1), where

a slit is set to select a magnetic rigiditysp) of particles. —
The second focal plane F2 is designed to be achromatic and So
used as a site for experiments. Recently, the Wien filter sys-
tem was built as an extension of CRIB after F2. The Wien

filter system is 5-m long and consists of four quadrupole -5
(Q) magnets and a velocity separation section of 1.5-m long
placed between the second and the third Q magnets. At the ]
velocity separation section, a magnetic field and an electric 10 cl) 1(|)0 zcl;o 360 460 560
field are superimposed perpendicularly to each other. The L (cm)

new focal plane after the Wien filter system is called F3.

lons that reach F2 have roughly the same magnetic rigiditfigure 1. Ray-trace simulation of the Wien filter system on the
Therefore, with the velocity separation after F2, CRIB can 1 qyizontal plane for the present beam test. The electric field

select ions by the mass-to-charge ratity. If a secondary 4t the velocity separation section is parallel to the x-axis. The

ion of interest and a major contaminant have diffetép, superimposed magnetic field is normal to the plane.
the beam purity can be much improved at F3. This paper
reports the first beam test of the Wien filter system. cm at F3.
50 r
2. Beam Test of the Wien Filter System w0k
For the first beam test, we avoided handling of extremely 50 b
high voltages and used a relatively low electric fieldrof= e

12.3 kV/cm (£49 kV for the 8-cm gap), which was about

1/4 of the maximum. For this reason, €i©(8+) secondary g " k

beam ofE//A = 7.1 MeV was chosen as a test beam. The é ° ‘

140 peam was produced by using tHé(p,n)'*O reaction >T10F

in inverse kinematics. The setup for tHe&D beam produc- “20

tion was almost the same as those described in F&6]. [ -30

The momentum width of*O was set to be 2% (FWHM) by -40 k

the slit at F1. No energy degrader was inserted at F1. A ma- 50 bbb bbb
jor contaminant in the secondary beam at F2 Wa(7+) X (mms

atE/A =5.5 MeV, with the samé3p as'*O. The origin of

thg "N contaminant is Scatt_e”ng of tHéN primary beam Figure 2. Beam spot image measured by a PPAC at F3 after the

at inner walls of the beam line and the separator. The Ve- \yjian filter system.

locity of *N is 12.5 % smaller than that fO. As shown

below, F* = 12.3 kv/em was large enough to separfé‘t@ Figure 2 shows the actual image of beam spots measured

from *“N. The magnetic field of the velocity separation seqn the beam test by using a parallel-plate avalanche counter

tion was set to be 0.032 T. (PPAC) B] at F3. The most intense spot at the center is
Figure 1 shows a ray-trace simulation of the Wien filtétQ and the spot at ~ 2.5 cm is'*N, as expected by the

system for the present case. In the simulation, trajectorigulation. A weak beam spot 6fO(8+) is seen between

of ions were calculated by the equation of motion for ionge O and'*N spots. The contaminant 6O is produced

in electric and magnetic fields. For Q magnets, uniforgy background reactions at the production target. The size

Q fields with effective boundaries were assumed. For tbe'40 spot was about 0.5 cm diameter (FWHM), which

dipole magnet, we used a real fringing field based on a hallas almost the same as the spot size at F2, because both the

probe measurement. The fringing electric field by the elegorizontal and vertical magnifications were 1.0 from F2 to

trodes was calculated by the POISSON caédeAs shown F3,

in Fig. 1, the simulation gave aiO-'*N separation of 2.6 The velocity dispersion at F3 was 0.20 cm/% (= 2.5 cm /
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12.5 %) forF' = 12.3 kV/cm andE/q = 12.5 MeV. Note
that the velocity dispersion is proportional to bothroind
q/E. For the present beam, we may expect the maximum
dispersion of 0.81 cm/% with the maximum electric field of
50 kV/cm.

3. Summary

The first beam test of the CRIB Wien filter system was suc-
cessfully performed. We achieved a focusing condition at
the new focal plane of F3 after the Wien filter system. The
velocity separating power was tested using'th®@ and'4N
ions with the same magnetic rigidity. By setting a slit at F3,
we can have attO beam of 100% purity. Further tests with
higher voltages and heavier ions will be performed.
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1. Introduction length range is 790-800 nm. For a cell that the pressure
We have been developing a spin-exchange type polari}@@bout 3 atoms, the sweep wavelength range of more than
3He target. In 2002, we have constructed the target s¢g2Mm is required. Itis achieved for a cell in which 10 atoms
tem and measured an enhancement ofthe polarization Of *He are filled, which we plan to prepare.
with the adiabatic-fast-passage(AFP)-NMR method whichThe laser light is chopped at a frequency of 117 Hz by an
provides only a relative value of polarizatidH [ optical chopper (Terahertz Technologies C-995) and split-
In order to determine the absolute value of #iiée po- ted into three. They are used to measure the density, to
larization, frequency shift measurement of the Rb electrBigasure the shift of the laser power when the wavelength
spin resonance (ESR) is performed. It is known that tieSWept, and to measure the frequency of the light. The
frequency shift is proportional to thtHe density andHe first one is pass through the cell and the transmission of the
polarization P]. Thus, the absolute value 8He polariza- lightis measured by using a photodiode (Hamamatu S1337-
tion can be deduced by measuring the ESR frequency shf$0BR). The second one is directly injected into a pho-
for the cell in which théHe density is known. todiode. Each signal is measured with a lock-in amplifier
To measure théHe density after the gas was enclose#gferenced to a signal synchronized with the chopping fre-
the pressure broadening measurement is newly introduc&¢gncy- The lastone is detected by a wavelength meter. The
In the presence of high pressure foreign gas, the specéll in an oven is heated up to about 1UDto vaporize Rb
width of Rb is broaden proportional to the gas den&gly [ &toms.

] A typical spectrum is shown in F[@. The solid line
2. Target density measurement

We performed the pressure broadening measurement for the T T T ]
Rb D, line (794.7 nm). TheD; spectral line shape of Rb in — :-*M-«».‘.“'l~ H et~
several atoms ofHe gas is written as follow#. g i \ ,"’ ]
All +0.664 - 20Ty (v — 1)) o o ]
I(v) = 3 5 6y S vl ]
(v =)+ (7/2) S N i
The coefficientA is a constanty is a frequency of the g [ ’g F ]
laser light,v. is a resonant frequenc¥,; is a dispersion- z2 | \ ;' .
like asymmetry coefficient, angis a spectral width which § sl be n
is sum of the natural width, doppler width, and pressure § - t ,A' .
broadening width. We can obtain the density’bie atoms e I 't f ]
in a cell by measuring the width. g i .
Figure[ shows the experimental setup to measure the —4 _ L _

pressure broadening. _200 0 200

@ Relative Frequency [GHz]
Laser Hal f
Q o M %or rﬁﬁ Figure 2.Rb D, spectrum for the cell without foreign gas (solid
I — 1/ v line around the 0 GHz) and with 3 atoms tfle gas (closed
opper oven Lockin symbols and broken line).
oy anp'
Hal f
Mrror Wavel engt hiveter
- around the 0 GHz shows the spectrum for the cell without
Mrror v foreign gases. The spectrum shows only the contribution of

the natural width and doppler width, which are estimated to
. i . be less than 10 MHz and 0.3 GHz, respectively. The closed
Figure 1. Configuration of the pressure broad measurement, . 3
Three arrows show the passes of the light symbol shows the result for the cell with 3 atoms’éfe
P gt gas, and the broken line shows the fitting result of these
data with Eq.[D).
Tunable diode laser with external cavity (NewFocus The coefficient of the spectral width of Rb; line and

Model6312) was installed. The maximum sweep wavthe density ofHe gas was measured by Romaltsal. and
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the value was (6.9% 0.11) x10~'? GHz.cm’/atoms B]. quency shift. AFP-NMR measurement was done before and
The measured width of the Rb aritle gas was 60.6- after a ESR frequency measurement. Fiddishows the
0.6 GHz and resulting density was (8.200.16) x 10" correlation of the measured NMR voltage and the ESR fre-

atoms/cm. quency shift. The open circle shows a result of a set of ESR
o ] ] frequency shift measurement,and the solid line shows the
3. Polarization calibration measurement fitting result for the 50 measurements.

The ESR frequency of Rb atoms corresponds to the Zeeman
splitting energy of two hyperfine levels. The ESR frequency
of Rb atoms shifts from the Zeeman frequency due to the
hyperfine interaction with polarizetHe [2]. The shift is 2.0
proportional to the’He polarization, théHe density, and '
the temperature dependent coefficiemt The last one was E
=

— 10

Av=(1.987+0.024)x107% Vyyg [mV] =
Poyo=(8.79£0.11)x107? Vg [mV] =

measured with the uncertainty of 1.5% and writtemgs-= 15

4.52 4 0.00934 x T'(°C) [2].
Figure[3 shows the experimental setup of the Rb ESR ﬁm
shift measurement.
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Figure 4. Correlation of the AFP-NMR amplitude and the ESR
frequency shift, and the absolute value of polarization.
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The resulting calibration coefficient of AFP-NMR and
Figure 3.Configuration of the ESR frequency shift measureme®SR frequency shift is (1.98F 0.024) x 102 kHz/mV.
If 3He is completely polarized, the frequency shift is
22.6 kHz for the®He density of 8.%10~° atoms/cm.
The cell placed in a magnetic field is illuminated by thghus coefficient of NMR anéHe polarization is deduced to
left-circularly polarized laser light. Rb atoms are opticall§g.79+ 0.114 0.26) x 10~2 mV~!. The systematic error
pumped into the” = 3, m = —3 state by the light and theyof the coefficient is estimated about 3%. The main origin of
can not absorb the circularly polarized photéhandm de- the error is uncertainly of cell temperature.
notes the total angular momentum of the Rb atoms and the
magnetic quantum number of the Rb atoms, respectively‘.‘" Summary
The ESR coil is used to apply a RF field which inducddigh precision measurement system of target density and
ESR. The RF field is generated by a voltage controlled gdsolute polarization has been constructed. The error of
cillator (VCO) and the frequency is modulated in the rangaeasured density and polarization is 2% and 4%, respec-
of 25 kHz. The frequency of 9.19 MHz corresponds fé/ely.
the Rb energy splitting betweeRi = 3, m = —3 and References

[ =3,m = —2 state at the holding field of 20 G. Ap-r). 10 et al, CNS Annual Report 2002 (2002) 62.

plying the RF field which induces the = —3 —m = =2 o1\ |/ "poalis and G.D. Cates, Phys. Rev5a (1998)
transition, the population in the = —2 state is increased. 3004

They can absorb the circularly polarized laser light and syhs .
sequently decay back to the grand state by emitting fluor}gst \Ig/l \S/ZE%XnZTgVéEMii:]y[;’ dpgyg' E?Sai(llgt? 6§ 15;‘/ A
cence photons. These photons are detected by a photodto %6 ('1997) 4569 ’ T » NYS. '
with a narrow (1.5nm FWHM) optical band-pass filter. The '
occurrence of ESR can be thus monitored by detecting the
enhancement of fluorescence light. The fluorescence inten-
sity signal is detected by a lock-in amplifier referenced to
the modulation frequency. To keep the ESR frequnecy, we
use a proportional-integral feedback system. Monitored flu-
orescence intensity is used to lock the RF frequency to the
ESR frequency. The locked frequency is measured with a
counter.
We measured ESR frequency difference between spin up
and down state, which corresponds to twice of the ESR fre-
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Dependence of Polarization on Laser Power in CNS Polarized Proton Target

T. Waku®, M. Hatan®P H. Saka®P T. Uesak® and A. TamiP

acCenter for Nuclear Study, Graduate School of Science, University of Tokyo
bDepartment of Physics, University of Tokyo

1. Introduction proton polarization at short times.

A polarized solid proton target using a crystal of naphtha—':igure 1 shows the polarization rate as a function of the
lene doped with pentacene has been developed-Rt laser power measured at the immediate output of the Ar-ion
scattering experiments. In the crystal, pentacene molecu@gggr- The polarization rate was obtained by measuring the
are optically aligned in the photo-excited triplet stat@olarization at=0.08 h to ensure that the value(of +I')¢

and then the population difference between two sublevi{@s always less than 0.06. The polarization rate increases
among the triplet state is transferred to protons by nalmost linearly with increasing the average laser power. The
crowaves(l]. The target was used in the first experimel‘i’tﬁset of a linear fit is consistent with zero within error bars.
with an unstabléHe beam in July 2003 at RIKEN Accel-The proportionality coefficient is 7.48).26.
erator Research Facilit@]3]. 100 : : :

As described in the previous repod] [we have obtained
proton polarization of 37% in 0.3 T at 100 K. In this ex-
periment, the laser power for the optical excitation was
200 pJ/pulse, which was insufficient to induce the excita-
tion of all pentacene molecules in the crystal, because the
number of photons was 10 times smaller than that of pen-
tacene. The polarization rate is therefore expected to in-
crease with increasing the average laser power unless ab- 0 2 4 6 8 10 12
sorption transition is saturated. On the other hand, a higher Laser Power [W]
laser power will increase also the relaxation rate of proton
polarization. Since the degree of proton polarization is a Figure 1.Polarization rate as a function of the laser power.
result of competition between the polarization and the re-
laxation rates, an optimum laser power should be found fr Relaxation rate
attaining a higher proton polarization. During the buildup process, the relaxation of proton spins

To investigate an optimum condition for the laser powes caused by several sources, and the total relaxation rate is
we have measured dependence of polarization and relg@e sum of the intrinsic relaxation ratg;, the rate due to
ation rates on the laser powd] [ In this measurements, apentacene on the photo-excited triplet state, and the rate
proton polarizing system with a cylindrical microwave cavdue to a cumulative effect of laser irradiatidh,:
ity [l6] has been used. The laser was an Ar-ion laser having
the maximum power of 10 W for the wavelength of 514 nm. Ip=Tr+Tr + 1. ®)

The laser was operated with the repetition rate of 1 kHz amfe intrinsic relaxation of proton spins in a target crystal
the pulse duration of 2fis. By using the results, we estifelow 250 K is mainly due to the fluctuating field produced
mated the attainable proton polarization. In this report, W paramagnetic impurities, afg at 100 K for the crys-
describe results of the measurements and the estimationg| used in this experiment was (&:2.1)x10~2 h—!. Re-
2. Polarization rate laxation due to pentacene in the photo-excited triplet state
The proton polarizationP, increases with time during theis. caus;]ed by irllte.racti?n between triplﬁt ar_ldl proton §pins.
polarization buildup process: Slnget e population of pentacene on t e tl’.lp et state is pro-
portional to laser power unless transition is saturaied,
p— A P.{1 — exp[—(A + T}, 1) will increg_se linearly with increasing the laser power. .
A+T, In addition to these sources, we have found a cumulative
whereP, is the average population difference between i 'ect of laser irradiatiqn. After Iasgr irrgdjation, th'e relax-
sublevels in the triplet stat&;,, the total relaxation rate of tion rate m«_aasuregl W.'th(.)Ut laser !rrad|at|on was increased
proton spins, and! the polarization transfer rate which | compared W|th the intrinsic relaxation rate. Figure 2 shpws
proportional to the average population in the triplet sta?e? as a.func.tlo.n of the product of Ie_lser power and time
The polarization rate derived from Eq. (1) reduces to or laser irradiation[', V.Vh'Ch was optam'ed. from the relax.-
ation rate measured without laser irradiation by subtracting
ar — AP, 2y the intrinsic relaxation rate. The solid line shows the least-
dt “ squares fit of a linear function. The proportionality constant
as long ag A + I',,)t is sufficiently smaller than unity. Wewas (1.1:0.5)x10~% W~*h~2. The cause of the effect has
can thus determine the polarization rate by measuring the been understood.
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obtained as 665%.

Figure 4 shows the attainable proton polarization pre-
dicted by the first term in Eq. (1). In this calculation, the
relaxation due to the cumulative effect was assumed to be
2.6x1073, which corresponds to the irradiation time of 15
hours. The polarization increases quickly with the laser cur-

[*)]
T
1

Relaxation rate [XlO'3 1/h]
N

2r 7 rent and tends to saturate at approximately 45%.
G 1 1 1 1 1 1 1 50 T T T T
0 1 2 3 4 5 6 7 8 .
Cumulated Power [Wh] X 4or ]
S 30f 1
Figure 2.Relaxation rate due to a cumulative effect of laser irra- 8
diation. & 200 .
. s . £ 1ot 1
During laser irradiation, some of excited pentacene
molecules decay to the ground state non-radiatively and % 7 8 15 16
dissipate its excitation energy as heat. Sifdce in- Laser Power [W]

creases quadratically with temperature, the effect of the

non-radiative decay ofi; might be serious at higher laserFigure 4. The proton polarization predicted by Eq. (1) for the
power. Figure 3 showBr as a function of the laser power.  repetition rate of 1 kHz and the pulse duration of;Z)

The relaxation rate was obtained from the measured relax- _ . o

ation rate by subtracting the intrinsic relaxation rate and thel© attain a higher proton polarization, further study for
rate due to the cumulative effect. The relaxation rate @Ptaining dependence of proton polarization on other laser
creases almost linearly with the laser power. This would Barameters, such as the pulse duration and the repetition
attributed mainly due to the increase of the number of pdAté; iS required, because the pulse duration affétts
tacene in the triplet state. Since the relaxation rate shoffdch gives the limit of proton polarization, and the rep-
no apparent quadratic increase, the heat due to the rigiiion rate has an influence ch

radiative decay has negligible effect on the relaxation in the Summary

range of the present measurement. We have measured the polarization and relaxation rates

0.08 e to find an optimal condition for polarizing proton. We have
= also estimated the attainable proton polarization, and the
% 0.06 1 maximum polarization is predicted as 45% for the repetition
B rate of 1 kHz and the pulse duration of 26.

S 0.04f 1
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4. Proton polarization

By using the measured polarization and relaxation rates,
we estimate the attainable proton polarization. At first the
values ofAP. in Fig. 1 has to be calibrated to the absolute
values. For the calibration, the evolution of the polarization
shown in the previous report was fitted to Eq. (1). Since the
laser parameters, such as repetition rate and pulse duration,
in the present experiment were the same as the previous
ones, we can assume that the rates of polarization transfer
and of relaxation induced by laser irradiation are equivalent
to the previous ones. ¢From the fitted valué#, for the
laser power of 8 W in the previous experiment was obtained
as (9.6:0.8)x10~2 h!, and the resulting calibration fac-
tor for the AP, in Fig. 1 was (1.4-0.1)x1073. The P. was
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Liquid Hydrogen Target for EPR Pardox Experiment at SMART
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Department of Physics, Saitama University
acenter for Nuclear Study, Graduate School of Science, University of Tokyo

bDepartment of Physics, University of Tokyo

Einstein Podolsky Rosen (EPR) paradox is one of the mbsation of target temperature was very small unless the tar-
fundamental problems in quantum mechanics. We hayet position changed.

tackled this problem by measuring the spin correlation be-
tween two protons coupled into tHeS, state, which are
emitted from the {, 2He) reaction at intermediate energy
[4].

As a target for the d, 2He) reaction to produce spin-
singlet proton pairs, hydrogen is the most appropriate ma-
terial because of the simplicity in the reaction mechanism.
For the reliable measurement, fully dense and pure hydro-
gen target is required. Thus, we developed a liquid hydro-
gen target for the EPR paradox experiment.

The target system consisted of a cryogenic refrigerator, a
target cell, a thermal shield, and driving gears for moving Time (hour)
and rotating the target (Fi@). The target cell was attachedFigure 2. Target temperature, inner pressure and vacuum in the
to the cold head of the cryogenic refrigerator and installed scattering chamber.
in the scattering chamber of the SMART spectrograph in the
E4 experimental hall at RIKEN. The target cell was made
of aluminum to keep the high thermal conductance and to
avoid radio-activation by the beam halo. The thermal shield
made of aluminum was attached to the first stage of the re-
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Seattering Chamber wi |: e the black line shows the spectrum by the empty targe
" cell.

Figure 1.Liquid hydrogen target system.
The excitation energy spectra for the remaining neutron

From the estimated production rate ®He and the in the'H(d, ?He) reaction are shown in Fig. It is found
true-to-accidental ratio in the coincidence measurementtlofit the ratio of true events from liquid hydrogen to back-
two protons, the target thickness was determined to gm@und events from the aramid window foil is better than
70 mg/cn?. Aramid films with a diameter of 20 mm andl00, and the background from the aramid foil is negligible.
a thickness of 12..xm were used as the window foil of theFrom this test experiment, we concluded that the present
target cell. liquid hydrogen target with a high stability and a high S/N

The present liquid hydrogen target was tested by usirajio could be successfully used in the EPR paradox exper-
a 270-MeV deuteron beam accelerated by the RIKEN rifgent.
cyclotron. During the experiment, the temperature and in-
ner pressure of_ the target cell were kept at 15 K and (_3.4 at%'ferences
as shown in Figll Several peaks were observed in the
target temperature and vacuum in the scattering chambér
whenever the target position was moved. The reason of this
phenomenon is still unclear. Figu@éndicates that the fluc-

T. Saitoet al, CNS Annual Report 2003 (20048.
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Gamma-Ray Detector Array with Position and Energy Sensitivity (GRAPE)
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The GRAPE GammaRay detectoArray with Position
andEnergy sensitivity) has been developed since 2000 for
high-resolution in-beam-ray spectroscopy using Radioac-
tive lon (RI) beams (Fig. 1). In order to overcome the
Doppler broadening from the movingray emitters, the

array was designed to have position sensitivities in the de-

tector material (Germanium crystal). The total array con-

2002; 6 detectors) and the sggond (July 2003; 14 de-
tectors) physics experiment4, b].

e Total system was used for the measurement of the
fusiomreaction of low-energy RI beams on Be tar-
get [6].

sists of 18 detectors each of which contains two Ge planare For the second-phase data aquisition, a small system

type crystals with %3 segmented electrodef| [ The pla-
nar structure and the segmented electrodes enable us to e
tract the position information based on a pulse-shape anal
ysis. The resolution for the Doppler shift correction can be
achieved less than 1% for/c = 0.3 emitters for the closed
pack configuration of the detectors, where a total efficiency
(e2) of 5% for 1 MeV~ is expected.

The followings are the progresses in this year:

where pulse shapes are sampled with flash ADCs was
x-constructed. R&D of pulse shape analysis based an
- artificial neural network alogorithm was initiated by
using the digital pulse-shape dai

e A maintenance equipment having an oil-free vacuum
system was constructed.

In 2004, we will perform the following two physics ex-

e The nickname of the array was decided to be GRAIPEfiments by using the GRAPE:

e Simulation procedure for the pu|se-shape was estab® Single-particle structures of the neutron-rich nuclei

lished 2].

e The first-phase electronics using conventional ana-

log techniques for the pulse-shape analysis have been

completed for all the 18 detectors.

e A testbench was constructed for the automatic mea-
surements of the characteristics of each dete8jor [
The geometrical positions of the Ge crystals in the
detectors were measured and databased.

.We
e Overall performances for the Doppler correcn%

in the island-of-inversion{ ~ 20 andZ ~ 12) will

be studied by using in-beam spectroscopy of excited
states produced by nucleon transfer reactiang) (
and @,>He).

e High-spin states in thé&V ~ 28 andZ ~ 20 region
will be studied by measuring-rays from nuclei pro-
duced by fusion reaction with low-energy neutron-
rich Rl beams.

will also continue the R&D of the digital signal process-
and analysis system not only for making tuning proce-

were evaluated by using the data of the first (‘]Hllyres easier but also for three-dimensional position deter-

min

ation.
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Figure 1.The GRAPE.
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Development of Testbech for the Gamma-Ray Detector Array with Position
and Energy Sensitivity (GRAPE)
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1. Introduction

We have been developing the Gamma-Ray detector Arrg
with Position and Energy sensitivity (GRAPE) which is
mainly used for detecting-rays emitted from fast moving
nuclei [I]. The GRAPE consists of 18 high-purity germa-
nium (Ge) detectors. All detectors have two planar-type G
crystals (60 mm in diameter and 20-mm thickness). Th
electrode of Ge crystal is segmented ix3 as shown in g
Fig.[l These Ge detectors were manufactured by the con
pany Eurisys Measures.
To investigate the detector character and performance,
detector testbench has been developed. The detector te
bench is also a powerful tool of long time sampling for
pulse shape analysig][with flash-ADC. The measurement
of crystal geometry in cryostat has been performed using
the detector testbench. The information of the crystal georRigure 2. A photograph of the detector testbench and a head part
etry is necessary to achieve an accurate energy correction obf the Ge detector.
Doppler-shiftedy-rays radiated from flying nuclei.

of the sliders automatically, a Linux-based personal com-
y puter and a VME control system manage both DAQ and
— MC. The detector testbench enables automatic and accurate
measurements.

Measured positions

3. Measurement of the Crystal Geometry

2000 2000

wiw Ot
ww gTT

Seg. No. 2 Seg. No. 8
.5 1500 .5 1500 1
2 2
Ge crystal @60 mm % 1000 % 1000
Cryosta:/ | 5 500 § 500 .
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Figure 1. Schematic view of the segmented Ge detector crystal X position (mm) X position (mm)

and a part of cryostat. The measured positions are shown by:ow
arrows. Numbers are given to identify each segmented elec:
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2. Detector Testbench
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The detector testbench is composed of two linear-motion ™ 7 .20 0 5 positton (mm)

sliders which move with an accuracy of 1/100 mm by the

stepping motors. A led collimator is mounted on the slidgigure 3. A sample of measured data and fitted curves (detector
ers and moves in a vertical plane of 2020 cn?. To scan  number 1, side A).The axis directions of x and y are shown in
from various direction, the testbench has a detector mountrig. 1. The center of the cryostat is the origin.

and several slider mount positions. FiglZshows a pho-

tograph of the detector testbench. Since the intensity of fige measurement of the crystal geometry in a cryostat have
collimated~-ray is weak, scanning whole volume of théeen performed using the detector testbench. Four edges
crystal requires a few days to collect enough events. iToa crystal were scanned. On each edges, positions of ev-
process a data acquisition (DAQ) and motion control(M@yy 1 mm interval were measured. These measured posi-
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tions are shown in Fidll by arrows. The measurements
were performed using #Na y-ray source with a led col-
limator which has 100-mm thickness and a hole of 1 mm
in diameter. The source used had an activity of about 3.7
Mbq providing a detector counting rate of about 500 Hz.
Energy signals were taken from each segment with ADCs.
The ADCs were triggered by total signal. The data for one
position was collected for 15 minutes. One crystal mea-
surement took about 11 hours. Two crystals in a detector
were named side A and B to identify, and measured sep-
arately. The crystal geometry was deduced from 511 keV
photopeak counts. Because of the finite size of the collima-
tor and the Compton scattering effect, the photopeak counts
increase gradually at the edge of crystal. The photopeak
counts were fitted using a function :

F(x) =

1+ exp{%(x —0)}

where X is a collimator position, a, b and c are free parame-
ters and determined by a least mean square fit. The sample
results of the measured data and fits are shown in[Zig.
The crystal geometry was deduced from the average value
of parameter c of each edge. The all deviations of the crystal
center are summarized in Table 1. All values have a statisti-
cal errors of£0.1 mm and the systematic errat®.3 mm.

Table 1.A summary of crystal misorientation in the cryostat. The
x and y axis directions are shown in Fig. 1.
Detector Side A SideA SideB SideB
Number x(mm) y(mm) x(mm) y(mm)

1 0.5 0.3 0.4 0.1
2 0.6 -0.3 0.6 0.3
3 0.2 0.5 0.5 0.3
4 -0.3 0.0 1.1 -0.1
5 -04 -05 -0.1 -0.2
6 0.3 0.0 0.5 0.2
7 0.6 -05 0.0 0.4
8 0.3 0.3 0.2 0.2
9 0.6 0.2 0.7 0.0
10 0.6 -0.1 1.1 0.0
11 1.3 -0.6 0.0 0.3
12 0.8 0.0 0.8 0.1
13 0.7 -1.0 0.3 0.1
14 0.0 0.7 0.7 -0.1
15 -0.1 -0.8 0.0 0.2
16 -1.6 -0.1 0.3 0.1
17 -1.4 0.2 0.2 -0.3
18 0.4 0.1 0.1 0.1
19 0.2 0.3 0.4 0.4
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Development of Position Sensitive Ge Detector using the Neural Network
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1. Introduction

An artificial neural network (ANN) algorithm has been
used in a wide variety of data processing application. Neu-
ral network computing is analogous to biological neural
systems. The ANN algorithm was applied to the pulse
shape analysis for a germanium (Ge) detector which is
a component of the GRAPE (Gamma-Ray detector Array
with Position and Energy sensitivityll] The GRAPE is
mainly used for detecting gamma-rays emitted from fast
moving nuclei. An advantage of ANN technique is rapid
pattern recognition with an appropriate training in advance.
We aim to extract the interacting position of gamma-rays

online using the ANN algorithm.

20 mm

Cathode

60 mm

Input

Input
Output

Figure 3.Structure of neural network in pulse shape analyses. In
this analysis, the structure of ANN was composed of 288 input
layers, 4 hidden layers and 4 output layers.

In odder to make a supervisory data set for training the

Figure 1. Schematic view of the segmented Ge detector cryst#NN, the pulse shape sampling was performed using a
Numbers are given to identify each segmented electrodes. VME SIS3300 flash-ADCs. The SIS3300 are eight chan-

2. Measurement
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nel ADC/digitizer with a sampling rate of 100 MHz and a
resolution of 14-bit in an input range af2.5 V.

A Ge crystal has a planer geometry with a 60 mm diam-
eter and a thickness of 20 mm. The cathode is divided into
nine segments as shown in[fligrthe analog summation of
all the nine cathode signals are referred as total signal which
is equivalent to the signal from the ano@. [

In this measurement, total and center segment (number
5) signals were taken. The signals from the crystal are am-
plified by the charge-sensitive pre-amplifiers. After pre-
amplifiers, operational amplifiers were used for matching
with dynamic range of flash-ADCs. The pulse shapes in the
rising 720 ns were taken by flash-ADCs. The data set of
16 different interaction depth was stored for ANN training
using a detector testbencB][ In this measurement, colli-
mated gamma-ray source of#Na was used.

About 1000 count of the full energy deposited events
(1275 keV) were stored for each depth. All events have
depth tags which correspond to the collimator positions for
ANN training. FigureR shows measured pulse shape spec-

Figure 2. Measured pulse shapes of total signal, center segmtrgi(left) and those of differential spectra(right) of different
signal (right) and these differential (right). Interaction deptimteraction depth. Because collimated gamma-ray has finite

are indicated in each spectrum.

size, the measured pulse shapes have some variations.
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Figure 4. Results of ANN outputs. The progress of the training
versus difference between inputs and outputs. Each line shows
results of different training efficiency parameter.

3. ANN Analysis and Result

The ANN is composed of an input layer, one or more
hidden layer and an output layer. Each layer includes neu-
rons which are connected to all the neurons of a successive
layer. Each connection has its own weight and each neuron
discriminates output from summation of input values mul-
tiplied by the weight. Figul8 shows schematic view of the
ANN. All calculations were executed on the software by a
personal computer.

The weights of each conection are modified thorough a
training procedure. The training of the ANN can be per-
formed with a back-propagation (BP) algorithm. In this
algorithm, example data set whose outputs are known are
used as input data. The calculated output is then compared
with the known output. The difference between the two out-
puts is then back-propagated to modify the weights. Such
an interactive procedure is continued until the difference be-
comes desirably small.

In this analysis, the structure of ANN was composed of
288 input parameters, 4 neurons in hidden layer and out-
put layer. For input parameter of ANN, total, center seg-
ment and these differential amplitudes were used. Each
pulse shape has 72 parameters. Normalized input param-
eters were provided to each neuron of the input layer of the
ANN. The interacting depth comes out from output layer
as Boolean value. The numbers of neurons in hidden layer
was determined through trial and_error to be optimal.

Output results are given in Fi(ﬁ The vertical axis is
the difference between input and output depth values. The
horizontal axis (event number) means progress of the ANN
training. Four lines in the graph show results of different
training efficiency parameter (0.01 - 0.005) which is a fac-
tor of the weight modification. The figure shows that the
training in effective until 25,000 events, while the further
training is ineffective or even harmful.

Extraction of the three-dimensional interacting position
using the transient signals which appear in the neighbors of
interacting segment are now in progress.
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Large Scale Nuclear Structure Calculations in CNS

N. Shimize®, T. Otsuk&P:C N. ItagakR, T. Mizusakf, M. Honm# and Y. Utsunb

apepartment of Physics, University of Tokyo
bcenter for Nuclear Study, Graduate School of Science, University of Tokyo
CRIKEN (The Institute of Physical and Chemical Research)
dnstitute of Natural Sciences, Senshu University
€Center for Mathematical Sciences, University of Aizu
fJapan Atomic Energy Research Institute

1. Introduction

The CNS has started theoretical studies since the year 2
Here, we describe one of the major theoretical activ
the project of large-scale nuclear structure calculation. T
project has been carried out based on a collaboration ag
ment between CNS and RIKEN Accelerator Research Fs
cility (RARF) [Z,12]. In 2003, we studied not only the shell &
model calculation utilizing the Monte-Carlo technique, bu
also more general nuclear structure calculation.

At the beginning of this project, we have mainly use
the nuclear shell model to explore the structure of exo
(unstable) nuclei. The large-scale shell model calculat
can provide precisely the properties, excitation schemes ag
transition probabilities of the low-lying states of a nucleus
However, it requires the diagonalization of the Hamiltonian
matrix which has huge dimension (e.g. '4Gor °°Ba).  Figure 1. A photograph of the parallel computer system
In order to do such large-scale nuclear structure calcula- Alphleet-2 comprised of 170 Alpha CPUs. Four racks on the
tion including the shell model calculation, we have started right end were added in 2003 and comprised of 64 CPUs and
this project and introduced massive parallel computers. We 96 GB main memory.
mention the installation of the computers in $kand the ) )
physical aspect of this project in S8k. 3. Theoretical Methods and Achievements

The scientific purpose of the project is to study a huge va-
riety of nuclear structure by means of the various ways of

2. Computer Systems nuclear structure calculations. In order to obtain wave func-
Two parallel computer systems have been installed by tien of states, we use the shell model calculation for heavy
end of the academic year 2003. One is comprised of tigclei (N > 20) and the molecular-orbit approach for light
Alpha CPUs: 52 of 1 GHz Alpha ev68 CPUs (installed inuclei (V ~ 10). In addition, the study of the nuclear force
the academic year 2001), 64 of 1.2 GHz Alpha ev68 CPigsalso required. We describe various topics of this project
(2002) and 64 of 1.15GHz Alpha ev7 CPUs (2003). Figp the following.
ure[ll shows a photograph of this parallel computer system,The shell-model calculation with exact diagonalization
called Alphleet-2, which was built primarily by Hewlettpredicts precise physical quantities of low-lying states.
Packard Inc. and Mitsubishi Space Software Inc. However, the range of its application is strongly limited by

The second parallel computer system was built primarﬂye dimension of the Hamiltonian matrix practically. One of
by Cray Japan Inc. and Mitsubishi Space Software Inc. alii¢ authors (T. Mizusaki) wrote the MSHELL codg for
comprised of Intel Xeon CPUs: 30 of 2.8GHz CPUs (2002xact diagonalization method. In addition, he introduced a
and 6 of 3.2GHz CPUs (2003). new extrapolation methodi] based on the MSHELL code

These computers are placed at the Linac Building, Rodforder to obtain the nuclear structure, whose wave func-
BO1, Wako, RIKEN. This room is always monitored by foution cannot be provided exactly. In this method, the energies
cameras, one smoke detector and many thermometersofriruncated spaces are well described as a function of en-
volved by each computer for disaster prevention. The pRfgy variances, and exact energies can be obtained by the
tures taken by these cameras can be seen from anywigggapolation.
through the Internet. As soon as the smoke detector findé\nother method to obtain the nuclear structure, whose
something wrong, all the computers are forced to be halt&gve function cannot be provided exactly, is the Monte
and it notifies all the administrators of the warning messag@rio Shell Model$]. The MCSM enables us to carry out
with te|ephone and e-mail. Thus, the Systems can be ﬁ_hell—model calculations for IOW-Iying states of virtually all
quite safely without human attendance. nuclei. We discussed thei-p f-shell nuclei andp f-shell

93



nuclei [6,7,[8] using the MCSM, [9] A. Ozawa, T. Kobayashi, T. Suzuki, K. Yoshida and I.
Recently, the structure of neutron-rich nuclei was stud- Tanihata, Phys. Rev. Le®4 (2000) 5493.
ied experimentally, and new magic numbers have been §i9]T. Otsuka, Nucl. Phys. A22(2003) 347c.
served[]. By the analysis of the shell-model calculationg11]T. Otsuka and N. Shimizu, AIP Conference Proceed-
we show the origin of the evolution of shell structure and ings, to be published.
magic numbers of exotic nuclei is the spin-isospin depdid2]N. Itagaki, T. Otsuka, K. Ikeda and S. Okabe, Phys.
dent parts of the nucleon-nucleon interaction in nudé].| Rev. Lett.92 (2004) 142501.
In the shell model calculation, an atomic nucleus is one
of quantum many body systems and it has been of interest to
investigate the spectroscopic properties of many-body sys-
tems provided by random shell-model Hamiltonians. This
investigation is one of major topics of quantum chaos. We
studied the ground state properties provided by the random
interaction, and showed the dynamical symmetry and quan-
tum chaos are deeply related with each other in Rej. [
On the other side, the molecular-orbital approach be-
comes more important for the study of light nuclei (A
~ 10). The shell model study, in which the spherical har-
monic oscillator potential is assumed, cannot be applied to
the study of such extremely exotic nuclei. The molecular-
orbital model is essential for our activity to cover the whole
region of the nuclear chart. Itagaki wrote the computer code
for this model and revealed th&tC could have 3 plus 2-
n structure[l2].

4. Summary

We published or submitte@]6,(7,(8,[10,[11,/12] in aca-
demic year 2003, and some more are being prepared for
submissions. We began to study not only the shell-model
calculation of the exotic nuclear structure aroyrdshell
nuclei, but also the various topics including the light ex-
otic nuclei using the molecular-orbital model and the quan-
tum chaos with the random shell-model interaction. The
increase in the computer performance, which is described
in Sed2, was essential for the achievements discussed in
Sed3d
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The Second CNS International Summer School (CISS03)
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The 2nd CNS International Summer School (CISS03) was held at the Wako campus of the Center for Nuclear Study
(CNS), the University of Tokyo, in the period of September 16 — 20, 2003.

This summer school is the second one in the series which aimed at providing graduate students and postdocs with
basic knowledge and perspectives of nuclear physibkiclear Force and Nuclear Structurgvas chosen for a central
subject of this year. Interesting lectures on the subject were given in many different views: from few-nucleon systems to
infinite system, from quantumchromodynamics to effective interactions in nuclei, and from neutron/proton rich nuclei to
hypernuclei. Lectures on relevant topics, nuclear study with low/high energy radioactive isotope beams, nuclear reaction
theory, and quark gluon plasma, were also given.
The list of lecturers and the titles of lectures are shown below.

Y. Akaishi(KEK) “Tensor Force Effects in Model and Real Spaces /
A-¥ Couplings in Asymmetric Hyper Nuclei”
Kenneth Amos (Melbourne, Australia) “Theories and predictions of nucleon-nucleus scattering”

H. Hamagaki (CNS) “Selected topics from experimental studies at RHIC”

T. Hatsuda (Tokyo) “QCD and Chiral Symmetry”

M. Honma (Aizu) “Effective interactions in shell-model calculations”

S. Kubono (CNS) “Study of Stellar Reactions with Low-Energy Rl Beams
in Nuclear Astrophysics”

T. Motobayashi (RIKEN) “Nuclear-structure studies with fast exotic beams”

T. Nilsson (CERN, Switzerland) “Physics with radioactive beams at CERN-ISOLDE”

V. R. Pandharipande (llliois, USA) “Many-Body Theory of Nuclei and Nuclear Matter”

H. Sakai (Tokyo) “Looking for three-body forces by the nucleon-deuteron

elastic scattering at intermediate energy”

This year, 84 attendances were gathered together from 8 countries: Among them, 10 attendances were from Asian
countries, China, Korea, Bangladesh, Taiwan. Domestic attendances were from 14 universities and 3 institutes over the
country.

In the closing ceremony, foreign lecturers announced that they would award prizes to the excellent talks in the student
session. Since they prepared the prize in secret, no student had known about the prize before the closing. The students
who got the unexpected present were H. Kuboki (Tokyo), Y. Shimbara (Osaka), K. Nakanishi (Osaka), and W. T. Chiang
(Academia Sinica, Taiwan). All the attendance celebrated the prize winners and admired the lecturers for their impressive
gifts.

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 have been performed for 20000 ' ' ' '

education of undergraduate students of the University of 5 . .
Tokyo as a part of the curriculum of experimental physics. g N WO
This program is aiming at providing undergraduate stu- 150001 @ © ]

dents of an opportunity to learn how to study the world o’g

< 10~ m by using an ion beam from an accelerator ang

basic experimental equipment. o 10000
In this year 22 students have participated in four beafd

times. They used an beam atf, = 6.5 MeV /A acceler- >

ated by the AVF cyclotron and the CRIB beam line in the E7 5000

experimental hall at RIKEN. In each experiment, students

were divided into two groups and took one of the following

two subjects; 0

— %%gm target

""""" background

0 200 400 600 800
1. Measurement of elastic scatteringcoparticles from E, (MeV)
197 Au nucleus.

2. Measurement of gamma-rays emitted in the cascadfégure 1. Energy spectrum of gamma-rays frofif Sm(c, X)
decay of the rotational bands it Gd and'®*Os nu- reaction. The peaks due to the cascade decay of the rotational
clei. band of***Gd are observed.

Before the experiment, they learned the operation of thacking. Typical spectra are shown in FEly. Four or five
semiconductor detectors at the Hongo campus and toojaamnma-ray peaks from the rotational bands have been iden-
radiation safety course at RIKEN. tified according to the level scheme. The moment of inertia
In thea + 197 Au measurement, the particles scatteredand the deformation parameters of the excited states have
from a 2.3 mg/crh thick Au foil were detected by a sili- been discussed by using a classical rigid rotor model and
con PIN-diode with a thickness of 50m located 11 cm a irrotational fluid model. It has been found that the real-
away from the target. A plastic collimator with a diamity lies between the two extreme models. Some students
eter of 6 mm were attached on the silicon detector. Tbelculated the moment of inertia employing the cranking
energy spectrum of the scatteredparticles was recordedmodel and obtained a good agreement with the data. Oth-
by a multi-channel analyzer (MCA) system. The beam wags discussed the initial population among the levels of the
stopped by a Faraday cup in the scattering chamber andréftational band taking account of the effect of internal con-
charge was measured by a current integrator. The cross geesion.
tion of the reaction was measured typically in the angularFor most of the students it was the first time to use such
region offh,, = 30-130°. The obtained data were comtarge experimental equipment. This program had a strong
pared with the Rutherford scattering cross sections. Thgpact on them. On the spot they became more eagar to
size of gold nucleus has been discussed by taking accounggfn the operation of the semiconductor detectors as well as
the nuclear potential with a simple square-well shape or iGer basic things about the experimental nuclear physics.
Woods-Saxon shape. Some of the students calculated\iitebelieve they also enjoyed the process to extract physics
angular distribution by the distorted wave Born approximgom the data by using simple tractable models.
tion with a Coulomb wave function and a realistic nuclear The authors acknowledge S. Kubono and T. Teranishi

potential. for improving the work environment around the scattering
In the measurement of the rotational bands, excited stasgamber.

in *Gd and '¥*Os nuclei have been populated by the
1528m(a, 2n) and 82W(q, 2n) reactions, respectively.
The gamma-rays from the cascade decay of the rotational
bands were measured by a high purity germanium (HPGe)
detector. The gain and the efficiency of the detector sys-
tem have been calibrated with'&Eu standard gamma-
ray source. Since the target material was glued onto an
aluminum plate, a background measurement was also per-
formed by using a dummy target with glue on aluminum
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Symposia, Workshops, Seminars and PAC
A. Symposia

1. International Symposium on “Origin of Matter and Evolution of Galaxies 2003” (OMEGO03)
November 17-19, 2003, Nishina Memorial Hall at RIKEN Wako Campus, Japan.

This is a nuclear astrophysics symposium being held periodically, started back in 1988 as a collaboration of RIKEN
accelerator research facility (RARF) and Institute for Nuclear Study, the former institute of CNS. The symposium
focused on recent astronomical observations, various progresses in models for the universe as well as both in
theoretical and experimental nuclear physics, which includes a successful operation of the CNS low-energy RI
beam separator CRIB that provides a variety of Rl beams for nuclear astrophysics experiments. The discussion
extended to the scope of the fields relevant, specifically the experimental programs to be made at the RIBF project
at RIKEN. The symposium was hosted by CNS, RARF and National Astronomical Observatory of Japan, and
participated in by 105 scientists including 20 persons from outside of Japan. The proceedings of the symposium
will be published from the World Scientific Publishing Co. in Singapore.

Organizers: S. Kubono (CNS), T. Kajino (RIKEN), T. Kishida (RIKEN), T. Motobayashi (RIKEN), K. Nomoto
(Tokyo) and M. Terasawa (CNS).

2. CNS-RIKEN Joint Symposium on “Frontier of gamma-ray spectroscopy and its application (GAMMAOQ04)”
March 18-19, 2004, Nishina Memorial Hall at RIKEN Wako Campus, Japan.

This symposium was held for the period of March 18-19, 2004, at Nishina hall in RIKEN, Wako, Saitama, Japan.

It was co-hosted by CNS and RIKEN. The purpose of the symposium was to discuss recent progress in the field

of gamma-ray spectroscopy in both high spin and high isospin as well as recent development of advanced gamma-
ray detectors. More than 60 people, including 7 from abroad,participated in the symposium, and good presen-

tations and valuablediscussions were made. Details of the symposium is described in the following web-page;

http://www.cns.s.u-tokyo.ac.jp/gamma04/

Organizers: E. Ideguchi (Chair, CNS), T. Motobayashi (RIKEN), S. Shimoura (CNS), H. Tamura (Tohoku), T. Ishii
(JAERI), T. Otsuka (Tokyo), K. Asahi (RIKEN/TIT), H. Watanabe (RIKEN), N. Aoi (RIKEN).

B. Workshops

1. International Workshop on“Beam Cooling and Related Topics”
May 19-23, 2003, Hotel Mt. Fuji, Yamanashi, Japan.

Review of beam cooling and the related physics were presented. It was stressed that the new discoveries of nuclear,
particle and atomic physics were performed with the aid of beam cooling technique. Also the details of electron
cooling, stochastic cooling, laser cooling and muon cooling were presented. The future prospect of beam cooling
were discussed to make a breakthrough to the new science. Participants were counted 120, from 8 countries. The
workshop was sponsored by the University of Tokyo and RIKEN.

Organizers: T. Katayama (Chair, CNS/RIKEN), Y. Mori (KEK), A. Noda (Kyoto), K. Noda (NIRS), H. Okamoto
(Hiroshima), T. Tanabe (KEK), Y. Yamazaki (RIKEN/Tokyo), Y. Yano (RIKEN), T. Kikuchi (Tokyo), T. Koseki
(RIKEN), M. Nishiura (NIFS), M. Okamura (RIKEN), S. Ozawa (RIKEN), S. Watanabe (CNS), M. Takanaka
(RIKEN), H. Tsutsui (RIKEN), M. Watanabe (RIKEN), T. Watanabe (RIKEN), M. Takano (RIKEN).

2. Symposium and Workshop on “the Quark-Gluon Plasma and Heavy-lon Physics at RHIC and LHC”, July 25, 2003,
School of Science Build. 4(room 1220), University of Tokyo, Tokyo, Japan.

With two famous theorists H. Satz (Bielfeld) and X-N. Wang (LBNL), a small workshop was held to overview the
progress at RHIC and to discuss physics possibilities at LHC.
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Participants: about 30
Organizers: H. Hamagaki(CNS), T. Hatsuda(Tokyo), T. Matsui(Tokyo).

3. Workshop on “Perspectives of Polarization in RI-beam Induced Reactions”, March 2—4, 2004, CNS Wako Campus,
Saitama, Japan.

The purpose of this workshop was to discuss possible physical knowledge to be gained via polarization measure-
ments in Rl beam induced reactions and to establish directions in future experimental investigations with RI beams
and polarized targets. Experimental plans and polarized target technology employed at CNS/RIKEN, HRIBF/PSI,
and EURISOL were discussed.

Organizers: T. Uesaka (CNS), T. Wakui (CNS), T. Kawabata (CNS), H. Sakai (CNS/Tokyo)

C. CNS Seminars

1. “r-Process Nucleosynthesis in the Neutrino-Driven Winds from Rotating Proto-Neutron Star”,
T. Yamazaki (Department of Astronomy, Kyoto University), June 4, 2003.

2. “Measurements of Eu Isotope Abundances in Metal-Deficient Stars”,
W. Aoki (National Astronomical Observatory of Japan), July 9, 2003.

D. CNS Program Advisory Committee

1. The 4th CNS PAC meeting
December 8, 2003.

The CNS Program Advisory Committee considered 7 proposals for 45 days of beam time. The PAC recommended
allocation 0f26.5 + 6 (conditional) days for 6 experiments.

Approved Proposals

(a) T. Katayama: Interaction of Heavy lon Beams with Laser-Excited Plasma (2.5 days)
(b) T. Teranishi: Search for Proton Resonant States via‘e+ p and®N + p Elastic Scatterings (9 days)

(c) A. Odahara: Search for Isomer States\in= 51 Nuclei by Fusion Reaction of Unstable Nuclear BeiN
(2 4 6 (conditional) days)

(d) M. Nishimura: Reaction Cross Sections of Nuclear-Astrophysical Interest StudiedwiBeam (3 days)
(e) Zs. Rilop: Half-life Measurement o’ Ar using Radioactive Beam Implantation (2 days)
(f) M. Dasgupta: Dependence on Neutron Excess of Inhibition of Fusion by Quasi-Fission (8 days)
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CNS Reports

#58 “Structure of the Unbound'N Nucleus by theiHe, °He) Reaction”
V. Guimaes, S. Kubono, F.C. Barker, M. Hosaka, S.C. Jeong, |. Katayama, T. Miyachi, T. Nomura, M.H. Tanaka,
Y. Fuchi, H. Kawasima, S. Kato, C.C. Yun, K. Ito, H. Orihara, T. Terakawa, T. Kishida, Y. Pu, S. Hamada, M. Hirai
and H. Miyatake, Apr. 2003.

#59 “CNS Annual Report 2002”
edited by T. Uesaka and N. Suzuki, Jul. 2003.

#60 “Direct Mesurement of the Astrophysical Preactid®(a, p)'"F”
M. Notani, S. Kubono, T. Teranishi, Y. Yanagisawa, S. Michimasa, K. Ue, J.J. He, H. lwasaki, H. Baba, M. Tamaki,
T. Minemura, S. Shimoura, N. Hokoiwa, Y. Wakabayashi, T. Sasaki, T. Fukuchi, A. Odawara, Y. Gond|s. F
E.K. Lee, K.I. Hahn, J.Y. Moon, C.C. Yun, J.H. Lee, C.S. Lee and S. Kato, Jan. 2003.
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A. Original Papers

1. K. Adcox et al. (PHENIX Collaboration): “PHENIX detector overview”, Nucl. Instrum. Methods429 (2003)
469-479.

2. M. Aizawaet al. (PHENIX Collaboration): “PHENIX central arm particle I.D. detectors”, Nucl. Instrum. Methods.
A 499(2003) 508-520.

3. K. Adcoxet al. (PHENIX Collaboration): “Centrality Dependence of the Hijgh Charged Hadron Suppression in
Au+Au collisions at,/sy = 130 GeV”, Phys. Lett. B561(2003) 82—-92.

4. S.S. Adleret al. (PHENIX Collaboration): “Suppressed’ Production at Large Transverse Momentum in Central
Au+Au Collisions at, /sy, = 200 GeV”, Phys. Rev. Lett91 (2003) 072301.

5. S.S. Adleret al. (PHENIX Collaboration): “Absence of Suppression in Particle Production at Large Transverse
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Y. Ohshiro, S. Watanabe, S. Yamaka, S. Kubono, and T. Katayama (Poster): “Installation of Hyper ECR lon Source
in the RIKEN AVF Cyclotron ”, 14th Symp. on Accel. Sci. and Technology, Nov. 11-13, 2003, KEK, Tsukuba,
Japan.

S. Ota, S. Shimoura, H. lwasaki, M. Kurokawa, K. Demichi, S. Michimasa, S. Kubono, T. Teranishi, M. Notani,
N. Iwasa, Y. Yanagisawa, T. Minemura, T. Motobayashi, S. Takeuchi, T. Gomi, K. Yamada, A. Saito, H. Baba,
Y.U. Matsuyama, S. Kanno, E. Takeshita, K. Hasegawa, H. Sakurai, N. Aoi, T. Murakami, M. Tamaki, E. Ideguchi,
T. Fukuchi, A. Odahara, K. Kurita, K. Miller, Z. Elekes, M. Ishihara: “Proton transfer reactitoe(*2Be,'>B)

at 504 MeV”, International Conference on Direct Reactions with Exotic Beams (DREB2003), Jul. 10-12, 2003,
Surrey, UK.

S. Ota, T. Murakami, S. Shimoura, S. Michimasa, S. Kubono, T. Teranishi, M. Notani, M. Tamaki, E. Ideguchi,
T. Fukuchi, H. Ilwasaki, H. Sakurai, N. Aoi, M. Kurokawa, T. Motobayashi, Y. Yanagisawa, T. Minemura,
S. Takeuchi, Z. Elekes, M. Ishihara, T. Gomi, K. Yamada, A. Saito, H. Baba, Y.U. Matsuyama, S. Kanno,
E. Takeshita, K. Demichi, H. Hasegawa, K. Kurita, A. Odahara, K. Miller: “Spectroscopy’Bf via
‘He(*2Be,'?B~) Reaction”, International Symposium on A New Era of Nuclear Structure Physics (NENSO03), Nov.
19-22, 2003, Kurokawa Village, Niigata, Japan.

T. Otsuka (Invited): “Shell and cluster structures of exotic nuclei”, Theory Symposium on Rare Isotope Accelerator
Science, Apr. 28—May 2, 2003, Argonne, USA.

T. Otsuka (Invited): “Evolution of shell structure and nuclear force”, Int. Conf. on Relativistic Structure Models
for the Physics of Radioactive Nuclear Beams, May 12-16, 2003, Bad Honnef, Germany.

T. Otsuka (Invited): “Shells in nuclei on and far from stability”, Int. Workshop on Recent Advances in the Nuclear
Shell Model, Jun. 29-Jul. 12, 2003, Trento, Italy.

T. Otsuka (Invited): “Mechanisms of Shell Evolution and Structure of Exotic Nuclei”, Int. Conf. on the Labyrinth
in Nuclclear Structure, Jul. 13-19, 2003, Crete, Greece.
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44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

T. Otsuka (Invited): “Perspectives of the shell model”, Int. Symp. A New Era of Nuclear Structure Physics, Nov.
19-22, 2003, Niigata, Japan.

T. Otsuka (Invited): “Single-particle states in exotic nuclei”, Int. Workshop on Spectroscopic Factors, Mar 2-12,
2004, Trento, Italy.

T. Otsuka (Invited): “Shell Evolution in Exotic Nuclei”, Fifth Japan-China Joint Nuclear Physics Symposium, Mar
7-10, 2004, Fukuoka, Japan.

K. Ozawa for the PHENIX collaboration (Poster): “Measurements/ 08 — ete™ in Au+Au Collisions at
sy~ =200 GeV”, Quark Matter 2004, Jan. 11-17, 2004, Oakland, USA.

A. Saito, S. Shimoura, S. Takeuchi, T. Motobayashi, T. Minemura, Y. U. Matsuyama, H. Baba, H. Akiyoshi,
Y. Ando, N. Aoi, Zs. RIlop, T. Gomi, Y. Higurashi, M. Hirai, K. leki, N. Imai, N. lwasa, H. lwasaki, Y. lwata,

S. Kanno, H. Kobayashi, S. Kubono, M. Kunibu, M. Kurokawa, Z. Liu, S. Michimasa, T. Nakamura, S. Ozawa,
H. Sakurai, M. Serata, E. Takeshita, T. Teranishi, K. Ue, K. Yamada, Y. Yanagisawa, and M. Ishihara: “Molecular
States in Neutron-Rich Beryllium Isotopes”, The 8th International Conference on Clustering Aspects of Nuclear
Structure and Dynamics, Nov. 24-29, 2003, Nara, Japan.

T. Sakaguchi for the PHENIX Collaboration: “Searching for non-hadronic sources of photons in Au+Au collisions
at./syy=200GeV at RHIC-PHENIX”, Awarded Poster Presentation at the Quark Matter 2004 Conference, Jan.
13, 2004, Oakland, USA.

S. Shimoura: “Spectroscopy of Light Exotic Nuclei through Direct Reaction with Inverse Kinematics”, International
Conference on Direct Reactions with Exotic Beams (DREB2003), Jul. 10-12, 2003, Surrey, UK.

S. Shimoura (Invited): “Position Sensitivity of Ge Detectors and its Applications to In-beam Nuclear Spectroscopy”,
International Conference on Imaging Techniques in Subatomic Physics, Astrophysics, Medicine, Biology and In-
dustry (Imaging2003), Jun. 24-27, 2003, Stockholm, Sweden.

S. Shimoura (Invited): “Excited States in Exotic Nuclei Populated by Direct Reactions of RI Beams”, The 8th
International Conference on Clustering Aspects of Nuclear Structure and Dynamics, Nov. 24-29, 2003, Nara,
Japan.

S. Shimoura (Invited): “Proton single-particle states in neutron-rich nucleivig) eactions at intermediate en-
ergy”, ECT* workshop on Spectroscopic Factors, Mar. 2-12, 2004, Trento, Italy.

S. Shimoura (Invited): “Measurements of Excited States in Light Unstable Nuclei”, KEK Workshop on New De-
velopments in Nuclear Physics apart from the Stable Nuclei, Mar. 15-17, 2004, KEK, Tsukuba, Japan.

S. Shimoura: “Excited States in Light Unstable Nuclei via Direct Reactions”, RCNP Workshop on Nuclear Forces
and Nuclear Structure, Mar. 22—-24, 2004, RCNP, Osaka, Japan.

T. Teranishi, S. Kubono, J.J. He, M. Notani, T. Fukuchi, S. Michimasa, S. Shimoura, S. Nishimura, M. Nishimura,
Y. Yanagisawa, M. Kurokawa, Y. Wakabayashi, N. Hokoiwa, Y. Gono, T. Morikawa, A. Odahara, H. Ishiyama,

Y.X. Watanabe, T. Hashimoto, T. Ishikawa, M.H. Tanaka, H. Miyatake, J.Y. Moon, J.H. Lee, J.C. Kim, C.S. Lee,

V. Guimaies, R.F. Lihitenthaler, H. Baba, A. Saito, K. Sato, T. Kawamura, S. Kato, H. lwasaki, K. Ue, Y. Satou,

and Z. RIlop: “Low-Energy Radioactive-lon Beam Separator at CNS and Resonance Scattering Experiments”:
Tours Symposium on Nuclear Physics V, Aug. 26—-29, 2003, Tours, France.

T. Teranishi, S. Kubono, J.J. He, M. Notani, T. Fukuchi, S. Michimasa, S. Shimoura, S. Nishimura, M. Nishimura,
Y. Wakabayashi, N. Hokoiwa, Y. Gono, A. Odahara, H. Ishiyama, Y.X. Watanabe, T. Hashimoto, T. Ishikawa,
M.H. Tanaka, H. Miyatake, J.Y. Moon, J.C. Kim, C.S. Lee, V. Guiges, R.F. Lihitenthaler, H. Baba, K. Sato,

T. Kawamura, and S. Kato: “Elastic Resonance ScatterifgMf+p Origin of Matter and Evolution of the Galax-

ies”, Nov. 17-19, 2003, RIKEN, Wako, Japan.

T. Uesaka: “PolarizedHe Target for the Polarization Correlation Experiment at NUCLOTRON?”, 10th International
Workshop on Polarized Sources and Targets, Sep. 22—-26, 2003, Novosibirsk, Russia.

T. Uesaka, M. Hatano, T. Wakui, H. Sakai, A. Tamii: “The CNS Polarized Proton Solid Target for Radioactive
Isotope Beam Experiment”, 9th International Workshop on Polarized Solid Targets and Techniques, Oct. 27-29,
2003, Bad Honnef, Germany.

111



56

57.

58.

59.

60.

61.

. M. Watanabe, Y. Chiba, K. Ohtomo, H. Tsutsui, T. Koseki, T. Katayama, S. Watanabe, and Y. Ohshiro: “A broad-
band rf cavity using Finemet cut-cores as a buncher of heavy ion beams”, The third Asian Particle Accelerator
Conference, Mar. 22—-26, 2004, Pohang Accelerator Laboratory and Pohang University of Science and Technology,
Gyeongju, Korea.

S. Watanabe, Y. Ohshiro, T. Katayama, T. Watanabe, and T. Ikeda: “The possibility of the ion beam machining of
the high temperature superconductor Bi2223", 14th Symp. on Accel. Sci. and Technology, Nov. 11-13, 2003,
KEK, Tsukuba, Japan.

T. Watanabe, S. Watanabe, T. Ikeda, T. Katayama, M. Kase, T. Kawaguchi, and Y. Sasaki: “Development of Highly
Sensitive HTS-SQUID Monitor for Nondestructive Beam Current Measurement”, 14th Symp. on Accel. Sci. and
Technology, Nov. 11-13, 2003, KEK, Tsukuba, Japan.

T. Wakui, M. Hatano, H. Sakai, A. Tamii and T .Uesaka: “Proton Polarization in Naphthalene Crystal with a CW
Ar-ion Laser”, 9th International Workshop on Polarized Solid Targets and Techniques (Polarized Solid Targets),
Oct. 27-29, 2003, Bad Honnef, Germany.

T. Wakui, M. Hatano, H. Sakai, A. Tamii and T .Uesaka: “CNS Polarized Proton Solid Target”, Workshop on
Perspectives of Polarization in Rl Beam Induced Reactions, Mar. 2—4, 2004, CNS, University of Tokyo, Wako,
Japan.

Y. Yamaguchi, C. Wu, D. Q. Fang, M. Fukuda, N. lwasa, T. Izumikawa, H. Jeppesen R. Kanungo, R. Koyama,
T. Ohnishi, T. Ohtsubo, A. Ozawa, W. Shinozaki, T. Suda, T. Suzuki, M. Takahashi, |. Tanihata, S. Watanabe:
“Halo structure of!"B studied via its reaction cross section”, International Symposium ‘A New Era of Nuclear
Structure Physics’(NENSO03), Nov. 19-23, 2003, Kurokawa Village, Japan.

B. JPS Meetings

1

. H. Arai. M. Imanaka, T. Tsukada, T. Nakagawa, |. Arai and S.M. Lee: “Effect of Negatively Biased Disc to Electron

Cyclotron Resonance Plasma”, at the JPS Spring meeting, Mar. 27-30, 2003, Kyushu University, Fukuoka, Japan.

. H. Baba, S. Shimoura, T. Minemura, Y.U. Matsuyama, A. Saito, H. Akiyoshi, N. Aoi, T. Gomi, Y. Higurashi,

K. leki, N. Imai, N. lwasa, H. lwasaki, S. Kanno, S. Kubono, M. Kunibu, S. Michimasa, T. Motobayashi, T. Naka-
mura, H. Sakurai, M. Serata, E. Takeshita, S. Takeuchi, T. Teranishi, K. Ue, K. Yamada, Y. Yanagisawa: “Study of
Excited States in Unstable Nucleli© via o Inelastic Scatterings”, at the JPS Spring meeting, Mar. 27-30, 2004,
Kyushu University, Fukuoka, Japan.

. T. Fukuchi, S. Shimoura, M. Kurokawa: “Performance of CNS Ge array”, at the JPS Fall meeting, Sep. 9-12, 2003,

Miyazaki World Convention Center “Summit”, Miyazaki, Japan.

. T. Fukuchi, S. Shimoura, E. Ideguchi: “Development of Position Sensitive Ge Detector using the Neural Network”,

at the JPS Spring meeting, Mar. 27-30, 2004, Kyushu University, Fukuoka, Japan.

. T. Gunji, H. Hamagaki, M. Inuzuka, K. Ozawa, A. Andronic, O. Busch, C. Garabatos, H. Appelshauser, T. Mah-

moud, D. Emschermann, B. Vulpescu: “ Electron identification of the ALICE TRD by a Neural Network”, at the
JPS Fall meeting, Sep. 9-12, 2003, Miyazaki World Convention Center “Summit”, Miyazaki, Japan.

. T. Guniji for the PHENIX Collaboration: J/+¢) — eTe~ Measurements in Au+Au Collisions tsyv=200 GeV

at RHIC-PHENIX", at the JPS Spring meeting, Mar. 27-30, 2004, Kyushu University, Fukuoka, Japan.

. H. Hamagaki: “Future prospects on the studies of QCD matter at ultra-high temperature”, presented in the Nuclear

Theory and Experiment Joint Symposium on ‘Recent Progress of QGP Search’ at the JPS Fall meeting, Sep. 9,
2003, Miyazaki World Convention Center “Summit”, Miyazaki, Japan.

. M. Hatano: “Measurement of Vector Analyzing Power in fhe®He Elastic Scattering”, at the JPS Spring meeting,

Mar. 27-30, 2004, Kyushu University, Fukuoka, Japan.

. J.J. He, S. Kubono, T. Teranishi, M. Notani, H. Baba, S. Nishimura, J.Y. Moon, M. Nishimura, S. Michimasa, H.
Iwasaki, Y. Yanagisawa, N. Hokoiwa, M. Kibe, J.H. Lee, S. Kato, Y. Gono and C.S. Lee: “Measureriéigsip
and?'Na+p elastic scattering with CRIB” at the JPS Fall meeting, Sep. 9-12, 2003, Miyazaki World Convention
Center “Summit”, Miyazaki, Japan.
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16.

17.

18.

19.

20.

21.

22.

23.

. E. Ideguchi: “Study of High-Spin States via Low-Energy Unstable Nuclear Beams”, at the JPS Fall meeting, Sep.
9-12, 2003, Miyazaki World Convention Center “Summit”, Miyazaki, Japan.

E. Ideguchi, H. Baba, T. Fukuchi, N. Hokoiwa, C. Ishida, H. Iwasaki, T. Koike, T. Komatsubara, T. Kubo,
M. Kurokawa, S. Michimasa, K. Miyagawa, K. Morimoto, M. Niikura, T. Ohnishi, S. Ota, A. Ozawa, S. Shi-
moura, T. Suda, M. Tamaki, |. Tanihata, N. Umezawa, Y. Wakabayashi, K. Yoshida, “Study of High-Spin States
in a “8Ca Region via Low-Energy Secondary Beams”, at the JPS Spring meeting, Mar. 27-30, 2004, Kyushu
University, Fukuoka, Japan.

T. Ikeda, T. Uesaka, T. Kawabata, T. Saita, K. Yako, H., Sakai: “Development of Cryogenic Targets for Nuclear
Physics Experiments”, at the JPS Fall meeting, Sep. 9-12, 2004, Miyazaki World Convention Center “Summit”,
Miyazaki, Japan.

M. Imanaka, H. Arai, T. Nakagawa, Y. Ohshiro, S. Watanabe and T. Katayama: “Nano-Cluster lon Source by
Plasma-Gas-Aggregation”, at the JPS Spring meeting, Mar. 27-30, 2003, Kyushu University, Fukuoka, Japan.

M. Inuzuka, H. Hamagaki, K. Ozawa, T. Sakaguchi, T. Tamagawa, F. Kajihara, T. Isobe, T. Guniji, S. Oda, Y. Yam-
aguchi, S. Sawada, S. Yokkaichi: “Development of Gas Electron Multiplier (GEM)”, at the JPS Fall meeting, Sep.
9-12, 2003, Miyazaki Word Convention Center “Summit”, Miyazaki, Japan.

M. Inuzuka, H. Hamagaki, K. Ozawa, T. Tamagawa, S. Oda, Y. Yamaguchi: “Development and Application of Gas
Electron Multiplier (GEM)”, at the JPS Spring meeting, Mar 27-30, 2004, Kyushu University, Fukuoka, Japan.

T. Isobe, H. Hamagaki, K. Ozawa, M. Inuzuka, T. Sakaguchi, T. Gunji, S.X. Oda, Y.L. Yamaguchi, S. Yokkaichi,
and S. Sawada: “Development of prototype Time Projection Chamber witHda€Felativistic heavy ion experi-
ments”, at the JPS Spring meeting, Mar. 27-30, 2004, Kyusyu University, Fukuoka, Japan.

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, M. Nakamura, H. Sakaguchi, Y. Shimbara, H. Takeda, A. Tamii, T. Noro,
H. Toyokawa, M. Uchida, T. Wakasa, Y. Yasuda, H. P. Yoshida, M. Yosoi: “Isosdédlarstrength in!!B”, at

the JPS Fall meeting, Sep. 9-12, 2003, Miyazaki World Convention Center “Summit”, Miyazaki, Japan.

S. Michimasa, S. Shimoura, H. Iwasaki, M. Tamaki, N. Aoi, H. Baba, N. Iwasa, S. Kanno, S. Kubono, K. Kurita,
M. Kurokawa, T. Minemura, T. Motobayashi, M. Notani, H.J. Ong, S. Ota, A. Saito, H. Sakurai, S. Takeuchi,
E. Takashita, Y.Yanagisawa A. Yoshida: “Excited State$’iby One-Proton Transfer Reaction”, at the JPS Fall
meeting, Sep. 9-12, 2003, Miyazaki World Convention Center “Summit”, Miyazaki, Japan.

M. Niikura, S. Shimoura, H. Iwasaki, S. Michimasa, M. Tamaki, S. Ota and H. Baba: “Development of Nal(TI)
Calorimeter for Charged Particles”, at the JPS Fall meeting, Sep. 9-12, 2003, Miyazaki World Convention Center
“Summit”, Miyazaki, Japan.

M. Notani, S. Kubono, T. Teranishi, T. Minemura, Y. Yanagisawa,S. Michimasa, K. Ue, id8pFJ.J. He,

H. Iwasaki, H. Baba, M. Tamaki, S. Shimoura, A. Odahara, N. Hokoiwa, Y. Wakabayashi, T. Sasaki, T. Fukuchi,
Y. Gono, E.K. Lee, K.I. Hahn, J.Y. Moon, C.C. Yun, J.H. Lee, C.S. Lee and S. Kato: “Direct measurement of the
astrophysical reactiolf O(«, p)' “F using a low-energy radioactivéO beam”, at the JPS Fall meeting, Sep. 9-12,
2003, Miyazaki World Convention Center “Summit”, Miyazaki, Japan.

S.X. Oda, H. Hamagaki, K. Ozawa, M. Inuzuka, T. Isobe, Y.L. Yamaguchi: “Development of a time projection
chamber using gas electron multipliers as readout (GEM-TPC)”, at the JPS Spring meeting, Mar. 27, 2004, Kyushu
University, Fukuoka, Japan.

A. Odahara, Y. Gono, Y. Isozumi, T. Kikegawa, Y. Mochizuki: “Change of decay constatitkofinder ultra
high-pressure”, at the JPS Kyushu branch meeting, Nov. 29, 2003, Fukuoka University of Education, Fukuoka,
Japan.

A. Odahara, Y. Gono, T. Fukuchi, Y. Wakabayashi, N. Hokoiwa, M. Kibe, T. Teranishi, S. Kubono, M. Notani,
S. Michimasa, J. J. He, Y. Yanagisawa, H. lwasaki, S. Shimoura, H. Watanabe and T. Kishida: “Development of
Unstable Nuclear BearlTN to Search for High-Spin Isomers i = 51 Isotones”, at the JPS Fall meeting, Sep.
9-12, 2003, Miyazaki World Convention Center “Summit”, Miyazaki, Japan.
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24. S. Ota, S. Shimoura, H. lwasaki, M. Kurokawa, S. Michimasa, S. Kubono, T. Teranishi, M. Notani, M. Tamaki,
T. Murakami, N. lwasa, T. Motobayashi, Y. Yanagisawa, T. Minemura, S. Takeuchi, T. Gomi, K. Yamada, A. Saito,
H. Baba, Y.U. Matsuyama, S. Kanno, E. Takeshita, K. Demichi, K. Hasegawa, K. Kurita, H. Sakurai, N. Aoi,
E. Ideguchi, A. Odahara, T. Fukuchi, K. Miller, Z. Elekes, M. Ishihara: “SpectroscopyBtia *He('?Be,'*B~)
Reaction”, at the JPS Fall meeting, Sep. 9-12, 2003, Miyazaki World Convention Center “Summit”, Miyazaki,
Japan.

25. S. Ota: “Proton Transfer Reaction on Neutron-Rich Nuclé@e”, at the JPS Spring meeting, Mar. 27-30, 2004,
Kyushu University, Fukuoka, Japan.

26. K. Ozawa (invited): “Observation of the QCD world through the measurements of vector mesons”, at the JPS Fall
meeting, Sep. 9, 2003, Miyazaki World Convention Center “Summit”, Miyazaki, Japan.

27. T. Sakaguchi for the PHENIX Collaborationr® Measurement i-Au collisions at, /sy~ = 200 GeV at RHIC-
PHENIX", at the JPS Fall meeting, Sep. 11, 2003, Miyazaki World Convention Center “Summit”, Miyazaki, Japan.

28. T. Sakaguchi for the PHENIX Collaboration: “Direct Photon Search in Au-Au Collisions at RHIC-PHENIX", at
the JPS Spring meeting, Mar. 30, 2003, Kyusyu University, Fukuoka, Japan.

29. S. Shimoura: “Spectroscopy of Exotic Nuclei via Intermediate-Energy Direct Reactions with light probes”, at the
JPS Fall meeting, September 9-12, 2003, Miyazaki World Convention Center “Summit”, Miyazaki, Japan.

30. K. Suda, H. Okamura, T. Uesaka, H. Kumasaka, R. Suzuki, T. Ikeda, K. Itoh, H. Sakai, A. Tamii, K. Sekiguchi,
K. Yako, Y. Maeda, M. Hatano, T. Saito, H. Kuboki, N. Sakamoto and Y. Satou: “Study of Spin-Isospin Responses
in Doubly Magic Nucleus®0”, at the JPS Fall meeting, Sep. 9-12, 2004, Miyazaki World Convention Center
“Summit”, Miyazaki, Japan.

31. M. Tamaki, S. Shimoura, H. lwasaki, S. Michimasa, N. Aoi, N. lwasa, H.J. Ong, S. Ota, S. Kanno, S. Kubono,
K. Kurita, M. Kurokawa, A. Saito, H. Sakurai, S. Takeuchi, E. Takeshita, M. Notani, H. Baba, T. Minemura,
T. Motobayashi, Y. Yanagisawa, A. Yoshida: “Alpha Inelastic Scattering of the Neutron-Rich Ni#é@usat the
JPS Fall meeting, Sep. 9-12, 2003, Miyazaki World Convention Center “Summit”, Miyazaki, Japan.

32. T. Uesaka: “Nuclear Study with High Density Polarized Targets under High Temperature and Low Field”, at the
JPS Fall meeting, Sep. 9-12, 2004, Miyazaki World Convention Center “Summit”, Miyazaki, Japan.

33. Y. Wakabayashi, A. Odahara, N. Hokoiwa, M. Kibe, Y. Gono, T. Fukuchi, T. Teranishi, S. Kubono, M. Notani,
S. Michimasa, J.J. He, Y. Yanagisawa, S. Shimoura, H. Watanabe and T. Kishida: “Development of Secondary
Beam'”N by CNS, University of Tokyo”, at the JPS Kyushu branch meeting, Nov. 29, 2003, Fukuoka University
of Education, Fukuoka, Japan.

34. Y. Wakabayashi, A. Odahara, Y. Gono, T. Fukuchi, N. Hokoiwa, M. Kibe, T. Teranishi, S. Kubono, M. Notani,
Y. Yanagisawa, S. Michimasa, J.J. He, H. lwasaki, S. Shimoura, H. Watanabe, T. Kishida, E. ldeguchi, H. Baba,
S. Nishimura, M. Nishimura, J. Y. Moon, S. Kato and H. Sagawa: “Gamma-Ray Spectroscopy by Secondary Fusion
Reactions using CRIB”, at the JPS Meeting, Mar. 27-30, 2004, Kyushu University, Fukuoka, Japan.

35. Y. Wakabayashi, A. Odahara, N. Hokoiwa, M. Kibe, Y. Gono, T. Fukuchi, T. Teranishi, S. Kubono, M. Notani,
S. Michimasa, J.J. He, Y. Yanagisawa, S. Shimoura, H. Watanabe and T. Kishida: “Search for high-spin isomers
using unstable nuclear bearfN”, at the JPS Spring meeting, Mar. 27-30, 2004, Kyushu University, Fukuoka,
Japan.

36. T. Wakui: “Proton Polarization in Crystals of Aromatic Molecules”, at the JPS Fall meeting, Sep. 10, 2003,
Miyazaki World Convention Center “Summit”, Miyazaki, Japan.

C. Lectures

1. S. Kubono: Lecture on Nucleosynthesis and the Universe, Public Lecture of Basic Sciences, Nov. 21, 2003, Hosei
University, Tokyo, Japan.

2. S. Kubono: Lecture on Study of Stellar Reactions with Low-Energy Rl Beams, The 2nd CNS International Summer
School (CISS03), Sep. 16-20, 2003, CNS, Wako, Japan.
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3. S. Shimoura: “Special Lectures on Exotic Nuclei”, Jul. 16—-18, 2003, Kyushu University, Fukuoka, Japan.

D. Seminars

1. M. Notani: “Search for New Isotopes and Study of Unstable Nuclei Reactions”, Dec. 4, 2003, Colloquium of
Nuclear Physics group at Oak Ridge National Laboratory (ORNL), Tennessee, USA.
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