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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. This report includes activities during the fiscal year 2005 (April 2005 through
March 2006). During this period, many fruitful results in various nuclear physics fields have been
successfully produced at CNS.

The position-sensitive-ray detector array, CNS GRAPE, was operated for in-beamay spec-
troscopy experiments of neutron-rich nuclei arodfidg and**Ca usinga induced reactions in in-
verse kinematics and fusion-evaporation reaction, respectively. The position sensitivity of the CNS
GRAPE was utilized for a lifetime measurement using Recoil Distance method. The array was also
used for the3-v spectroscopy combining with Clvoer Ge detectors. The R&D of the prototype BGO
Compton suppressor for GRAPE is in progress. In addition, position sensitivity and energy resolution
of CdTe detectors were studied by using digital-pulse-shape analysis.

The research activities of nuclear astrophysics have continued using the CNS low-energy Rl beam
separator CRIB. They include resonant elastic scatterinBef p and>>Al +p for the solar model test
and the astronomicdtAl nuclear gamma-ray observation, respectively. An inten&ie beam was
also produced to measure the half life precisely. Some new RI beams were developed with CRIB.
The first successful experiment was performed at the high resolution spectrograph PA, installed in
the experimental hall E2 in the RIKEN accelerator facility. A high resolution mode was established
with PA and was used for the measurementii(, °He), 2°Si for nuclear astrophysics. As our
continuous effort for the field, the international symposium on nuclear astrophysics “Origin of Matter
and Evolution of Galaxies 2005” was held in November 2005.

The polarized proton solid target has been established for the use in radioactive nuclear beam ex-
periments. The proton polarization of 20% has been obtained for the beam-experiment setup. In
addition, polarization reversal capability has been introduced. The polarized target was used in a
high-statistics measurement of the analyzing power forpthHe elastic scattering. A polarimeter
for the GeV-energy polarized deuteron beams has been successfully constructed at the internal target
station of Nuclotron at Dubna. The calibration measurements of the polariméigr@80 MeV and
2.0 GeV have been made under the collaboration between the CNS and the Joint Institute for Nuclear
Research.

The experimental study in the PHENIX experiment at Relativistic Heavy lon Collider (RHIC) at
Brookhaven National Laboratory have made a steady progress toward the understanding of hot and
dense matter created by colliding gold nuclei at relativistic energies. The CNS group has been playing
major roles in the various data analyses, whose subjects includephighdron and single photon
production, single electron productiosi/+ yields inp + p, d + Au and Au + Au collisions. The
study of basic performances of a new type of gaseous detector, gas electron multiplier (GEM), was
made, and development of a UV-photon detector with GEM have been performed.

The Hyper ECR ion source was improved to provide 'Cavith 50 euA by placing the metallic
material rod. The design of charge breeding ECR ion source (CBECR) has been finished. The CBECR
is under construction and will provide intense and high-charge-state metal ion beams.

An improvement of the power supplies for RIKEN AVF cyclotron has been done. After recent im-
provements, a main coil and nine pairs of concentric trim coils wound on spiral sectors have generated
an isochronous field for acceleration@f, '*N, '°N, *O, 2*Mg, *°Ar for CRIB experiments.

Theoretical studies have been carried out by large-scale nuclear structure calculations in collabora-
tion with RIKEN. Shell-model calculations, in particular, those by the Monte Carlo Shell Model, have
produced crucial results to clarify the evolution of shell gaps and its consequences on deformation as
well as the precise evaluation of spin-isospin excitations of light and medium-heavy nuclei. Many of
such theoretical studies have been made in collaboration with various groups over the world.

The 4th CNS International Summer School (CISS05) has been organized in August 2005 with many



invited lecturers including three foreign distinguished physicists. There were 111 participants from 6
countries mainly from Asia.

The construction of the superconducting quadrupole doublet was started. The RIKEN RI beam
facility (RIBF) which is under construction will begin to deliver Rl beams in 2007. Matching with
the construction, we are currently engaged in the construction of the state-of-the-art high resolution
spectrometer SHARAQ.

The SHARAQ projected was started as a major activity of the CNS. It aims at the high resolution
spectroscopic studies in the RIKEN RI beam facility (RIBF) to be completed in 2007. We determined
the detailed specification of the SHARAQ spectrometer and designed the configuration including the
high resolution beam line, which will be commissioned in 2009.

Takaharu Otsuka
Director of CNS
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Study of the 1®F + p — o + 10 Reaction at Astrophysical Energies

S. Cherubirt, C. Spitale!, S. Roman8, M. Gulind® R. G. Pizzon&, A. Tumind®, V. Crucilla2,
M. La Cognat&, L. Lamig®, L. M. Serg®, S. Kubono, H. Yamaguchi, G. Amadio, H. Fujikawa,

J. J. He, A. Saito, Y. Wakabayashi, T. Motobastlﬁi. NishimurQ, T. Teranishf, A. CherP',
J. Pearsdt, and A. Co€

AUniversity of Catania and INFN-LNS, Catania, Italy
Center for Nuclear Study, Graduate School of Science, University of Tokyo
bRIKEN (The Institute of Physical and Chemical Research), Wako, Japan
CKyushu University, Kyushu, Japan
dMcMaster University, Hamilton, Canada
€CSNSM, Orsay, France

Observations suggest that nova explosions and x-ray bursts
occur in close binaries in which the hydrogen-rich mate18Q intensity 'SF intensity Purity Primary target

rial from the outer layers of an extended star is filling its  (nA) (pps) (%) gas pressure
Roche lobe and accreting onto the surface of its compan- (Torr)
ion, a white dwarf or a neutron star, respectively. In such 1 90 98 540
explosive events, the temperatures and densities involved 5 340 98 539
are sufficiently high so that proton and alpha-particle in- 11 1500 97 539
duced nuclear reactions can be fast enough to by-pass beta- 55 8000 99 539
decay processes. These nuclear reactions involving radioac- 100 13000 98 539
tive nuclei can greatly increase both the rate of energy gen- 410 50000 95 540
eration and the total amount of energy produced and can 440 43000 96 533
have a dramatic impact on both the isotopic and elemental 1400 105000 98 537
abundances produced. It has been shown in [1] that classi- 2000 150000 98 538

cal novae emity-ray at and below 511 keV soon after the
explosion. The positrons which give rise to this electronrapje 1. 'SF beam intensity obtained during the test at different
positrony-ray emission in the expanding envelope mainly experimental conditions.

come from!®F s-decay, because its life-time£158 min)

is such that positrons are emitted when the nova-envelope

begins to be transparent to gamma radiation. In beginning of November 2005 a test run was performed

Thus the radiation intensity strongly depends on t€ in order to characterize th€F beam produced at CRIB.

abundance; for this reason it is necessary the studyTefe ysual CRIB setup was used.

processes that produce and destroy this isotope in NoVR§yrimary 180 beam of 3.97 MeV/u and intensity over 2

Among these reactions théF(p, a)'*O stands as one of ;A produced by the AVF cyclotron bombarded a piro-

the main'®F destruction channels. Consequently, its stugdy,ction target 0.42 mg/chthick.

at astrophysically relevant energy regions is strongly rehe secondary particles produced in thetéfget were sep-

quired. ¢ From these observations it follows that the reactigiyted along the CRIB line using the dipole pair and the

'®F(p, a)'°O has to be studied in the energy range 100-5Q@ien filter so that an almost pure (see table'3§ beam

keV (center of mass) roughly. In particular, the contributiafhuld be driven downstream to the secondary target posi-

on the cross section of the resonance at 330 keV has tgjgg.

investigated together with the interferences between sevey@areful check of the secondary beam was performed at

levels occurring in the region of interest. each critical point in the apparatus with a special attention

devoted to the beam contaminants. After the determina-

We plan to study thé® F'(p, a) 'O reaction using a°F  tjon and optimization of the magnetic elements, an intensity

beam produced at CRIB. check of the producetf F beam was performed. The result

We intend to study the excitation function on the full rangsf this study is reported in the Table 1. In particular a peak

of astrophysical interest. To this end, we will implemeftensity of 1.5<10° particles per second was obtained.

two different experimental approaches. We will make a dimust be stressed that the full AVF beam intensity was not

rect measurement for the higher (i.e. greater than rougilied in the test for security reasons. In principje¥could

400 keV) energy region. Owing to the expected extremed ysed. Also the production target used in the test was not

small values of the cross section of the reaction in the 1a4e most recent version: a cooling system can be added and

energy region (200 keV - 400 keV roughly), we will use thgis will allow for a higher pressure of the gas in the target.

Trojan Horse method [2-5] in order to explore this part 6faking into account these remarks, a final goal JfR

the excitation function. [6] beam with an intensity greater thanc50° pps is well



within the capabilities of the CRIB setup.
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1. Introduction spectra were free from the contamination of elastically and
26Al is the first cosmic radioactivity ever detectednelastically scatteredHe. The focal plane detection sys-
through its characteristic 1.809 Me\tray line. It could 150

be emitted from the first excited state #fMg followed

by 3-decay of?CAl in its ground state Al ;). Since

the 3-decay life time of2CAl (t;,, = 7.17 x 10° yr) is
much shorter than the time scale of galactic chemical evo-
lution (~ 10'° year), the observation of large amounis ( sol
3 Mg) of 26Al in the Galaxy [ is strong evidence that
the process of nucleosynthesis is currently active. To re-
solve controversy over the possible sources of the obser-
vational 1.809 MeVk-rays, one needs accurate knowledge
of the production rate of°Al. The 25Al( p, v)?6Si reaction 1
which is the competitor against production BfAl, . is %
one of the key reactions to be investigated. llliagtigl.[2] ©
suggested that th2 Al( p, )?6Si reaction should be domi-
nated by the 8 unnatural parity state (E5970(100) keV)
under explosive hydrogen burning process in novae. Re-
cent studies of®Si(p,1)26Si [3], 2*Mg(*He,ny)?Si [4], and
29Si(*He $He)?6Si [5] reduced the uncertainties of level en- 150} O
ergies in?5Si above the proton threshold and identified new
states as candidates for the unnatural parity states. However, 100t
for such candidates, they could not make any spin assign-
ment directly using the angular distribution measurement.  sof
In this work, we decided to study the astrophysically im- M
portant resonant statesifSi via the?Si(*He ' He)2 Si re-

action which could excite unnatural parity state directly, in
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contrast with the,t) reaction that cannot excite unnatural E xcitation energy in *°Si (keV)
parity state. Figure 1. Calibrated?°Sj excitation energy spectra are shown.
2. Experiment The position information at focal plane was calibrated by the

The 28Si(*He SHe)?0Si reaction was studied using the well-known peaks.

high resolution QDD (quadrupole-dipole-dipole) magnetic

spectrograph (PA) at Center for Nuclear Study (CNS), Uniem consisted of a hybrid gas counter and plastic scintilla-
versity of Tokyo. A beam of'He at 120 MeV was ex- tors. Four proportional gas counters, which were two po-
tracted from RIKEN linear accelerator (RILAC) + RIKENsition counters (X1 and X2) and two energy loss counters
ring cyclotron (RRC). Beam intensity was typically 70 enARAE1 andAE?2) were installed in the hybrid drift chamber.
at the target position. A self-supporting natural silicon tafhe position information was derived by the charge divi-
get (thickness~ 1 mg/cn?) was used to populate statesion of signals from both ends of position counters. The
in 25Si. The magnetic parameters of the PA were set pastic scintillators consisted of thin (0.5 mm) and thick (10
bend the elastically scatterétie beam off the effective re-mm) scintillators asAE and E detectors, respectively. For
gion of the focal plane detection system. Consequently tiwe particle identification, we used siXE-E information:



8° 11° 15° 20° adopted Ref[7] Ref[8] Ref [5] Ref [3] This work
1795.9*  1795.9¢ 1795.9%  1795.9¢  1795.9¢ (®He,n) (p,t) (*HeSHe) (p,t) (*HeS He)
2783.5%  2783.5¢ 2783.5%  2783.5%  2783.5¢ 0.0 0.0 0.0 0.0 @

3337(4)  3338(4) 3346(7) 3328(13) 3337(6)  1795(11) 1800(30)  1795.9  1795.9 a
3750(4) 3754(4) 3753(8)  3752(4)  3752(5)  2790(12) 2780(30) 27835 2783.5 a
4166(4) 4164(3) 4170(4)  4181(4)  4170(4)  3339(19) 3330(30) 3332.5  3337(6)

44457 4445°  4445%  4445°  4445° 3760(30)  3756(2) 3752(5)

4805 4805% 4805 48057 4805 4140(30)  4144(8) 4155(2) 4170(4)b
@ Used for the energy calibration. 4183(11) 4211(16)  4155(2)  4170(4)°

4457(13) 4450(30) 4445 4445 a
4821(13) 4810(30) 4805 4805 a
Table 1. 2°Si levels with 1 Me\KE, <5 MeV observed in 5229(12) 5140(10) 5145(2)  5137(2)
2Si(*He’He)?Si reaction. The excitation energies have 5310(30) 5291 5291(3)  5288(10)
been determined using the weighted average value method 5562 (28) 5526(8)  5515(5)  5508(3)
5612¢
AE1-E, AE2-E, AE-E, (L1+H1, sum of lower and higher 5825¢
momentum side signals for X1)-E, and (L2+H2)-E. Also 5678(8)
we used time-of-flight (TOF) information with RF signal5960(22) 5910(30) 5916(2)  5918(8)¢
from accelerator and vertical position information. Using 5945(8)
these information, we clearly identifi€dHe. Focal plane 6107(8)°
was inclined to 35 about the incident particles at the cen6381(20) 6320(30) 6300(4)  6364(4)°
tral position. The effective length of the detection system 6380(4)  6364(4)"
along the focal plane was 40 cm. 6470(30)
6786(20) 6780(30) 6787(4)  6787(4)
3. Results 6880(30)

To get the information for the level structure3Si, we  7019(10) 7018(6)
have measured the angular distributiordat = 8°, 11°, 7150(15) 7150(30) 7160(5)  7161(6)
15°, and 20. The overall energy resolution was 100 keV 7390(30) 7425(7)  7429(7)
(FWHM). Figurel2 shows the calibrated excitation energyr476(20) 7480(30) 7498(4)  7480(30)
spectra. The well-known states that were populated afif95(31) 7687(22)  7676(4)
observed in thé®Si(*He ’He)26Si reaction were used for 7902(21) 7900(30) 7900(22)  7885(4)

energy calibration with a polynomial function of the focal This level was used for energy calibration.

plane detector position representing the linear momentuniverage centroid of doublet peak.

Using the calibration function, we converted focal plane pé-Candidates for unnatural parity state.

sition into excitation energies it{Si at each angle. Finally o _ o _

we determined excitation energies using the weighted al2ble 2. The excitation energies (units in keV) #iSi from our
erage value method (Tabl®. The states used for cali- Measurementwith the previous results.

bration were the ground state and excited state’$ $i at References

0, 1795.9(0.2), 2783.5(0.4), 4445(3), and 4805(2) k&V [
The uncertainties of excitation energies were determin[%'(}l

mainly by uncertainty in determining tHiHe peak chan-
nels. The excitation energies?fisi are given in Tabl@ [3] D. Bardayaretal, Phys. Rev. ®5(2002) 032801(R).

Our excitation energies agree well with those from pre\lﬁ'] Y. Parpottqsat al, Phys. Rev. 0 (2004) 065805.
ous experimental resul{85/7/8]. 7018(6) keV state which [5] J. A. Caggiane@tal, Phys. Rev. 5 (2002) 055801.
was only observed bfp,t) reaction [B] was confirmed. For [6] R-A. 1. Belletal, Nucl. Phys. AL33(1969) 337.
E, = 7687 and 7885 keV, our result significantly reduces '[I[lQ W. Bohneet al, Nucl. Phys. A378(1982) 525.
uncertainties in the excitation energies. Also we observ@é R. A. Paddock, Phys. Rev. £(1972) 485.
several candidates for unnatural parity states at 5612, 5825,

5918(8) and 6107(8) keV. To clarify the level information,

spin-parity assignment by the distorted-wave Born approx-

imation (DWBA) calculation is in progress. To determine

the optical potential parameters 8fSi+*He channel, we

also performed the angular distribution measurement for

28Si(*He*He)?3Si. Further data analysis will be performed

to find out the 3 resonant states above proton threshold

level.

R. Diehlet al,, Astron. Astrophysic97(1993) 181.
C. llliadis et al,, Phys. Rev. (G3(1996) 475.
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Implanted3Ar samples with weak activity have beerf?Ar samples have been prepared with very low expected
prepared at the CRIB facility to study the feasibility of deactivities of 103Bq.
termination of half-life of*Ar [[1].

39Ar is a 100% beta-decaying isotope with a half-life of ,
269 years. It can be produced by tH&K(n,p)*°Ar reac- 85 |
tion underground2] and by cosmic-ray-induced spallation
reactions[§]. The determination of thé°Ar concentra-
tion in rocks and groundwater gives valuable data for geo-
chemical studies. By comparing the concentratio’dfr
(T2 =35d) with that of*?Ar in meteorites, the cosmic ray
distribution in the solar system can be estimalgld [
The well-established methods of half-life determination are
not suitable for the case &tAr. The half-life of3°Ar is too
long to obtain its decay curve. In addition, since argon is a , 4
noble gas, the Accelerator Mass Spectrometry (AMS) tech- 55
nigue is also difficult to apply, because a negative ion source
is needed4,5]. The implantation methodg|[7], however,
is suitable for theéAr half-life measurement, because it is
not necessary to determine the decay curve, only the de-
tection of the activity of the implanted isotopes is required.
For the implantation method a known amount of radioaigure 1.Particle identification diagram of the implanted isotopes
tive isotopes is implanted into a substrate, and its absolutebased on the Time-of-Flight between the PPAC detectors and
activity is determined off-line. the position information from the downstream PPAC.

As a first step towards the investigation®8f\r half-life,
the production of? Ar was testedl] at the CNS low-energy
in-flight type Rl beam separator, CRIB.

During the present experimefitAr particles were pro- References

fhe present ex WA P / .
duced bf5A,\;|( \'j/e’ Hle)siﬁ rzac“or;'” ";"e[;fe k'”ergg‘“cs[l] Zs. Filép et al, CNS Annual Report 2004 (2005) 8.
using a 4.5 Viev/nucleorr Ar beam bombarding an SOMMysy g0 4Gwski: J. Phys. @7 (1991) S513.

long °He gas target with a pressure of 1 atm. The prim | R.C. Reedyet al, Science219(1983) 127.

beam intensity was limited because of the stability of t g] W. Kutschera, Annu. Rev. Nucl. Part. S (1990)
2.2um Havar windows of the gas target. Due to the hi 41'1 ' ' ' ' .

deposited energy of the primary beam, a local density Iﬁi | AHmadet al, ANL Annual Report 200ANL-02/15
in the primary gas target cell was observed, supporting ('2002) 79 ?

results of a previous studg [6]f Zs. Rildpet al, in Proceedings Nuclei in the Cosmos V,

The *Ar products were separated at a chqrge state’o edited by N. Prantzos and S. Harissopulos (1998) 281.
15" by the CRIB separator, and further separation was p 9]— T. Hashimotcet al, Nucl. Phys. A686(2001) 591

vided by a Wien filter. Two PPACs and a silicon detect é] J. Gorreset al, Nucl. Instrum. Methods AL77 (1980)
were used for particle identification and position determi-" ? ' '

39 Ar
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nation. The’®Ar particles were well separated (See Fig.][bl I29(53.oeminneet al. Nucl. Instrum. Methods A489
from “CAr with a total beam intensity of $10*/s and a sec- ('2002) 577 B ' '

ondary beam purity of 0.59%. The host material for the im-
plantation was 50m Al to match the expected Lén range

of the 3°Ar particles of 2 MeV/nucleon incident energy. In
addition, Al already proved to be stable host material for
low energy Ar implantatiorid]. In summary, two implanted
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1. Introduction

The phenomenon of nuclear shape coexistence manifests_
itself in the presence of close-lying nuclear states with dif- «[
ferent shapes. A particular instance is the coexistence of
spherical ground state and deformed excited states in nu-« |-
clei near the closed shells, where the high-j orbits intrude |
across the energy gaps and therefore can give rise to @em
presence of the many-particle many-hole deformed statés. =|
The coexistence of spherical yrast states upftcaéd de- §
formed rotational states up to($ has been discovered inO _
40Ar [[1]. This work will investigate the high-spin states
based on different intrinsic shapes*tAr and its neighbor-
ing nuclei [J.
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2. Experiment

In order to quest for high-spin states in nuci&fr, 42K
and*3K, a test experiment was performed. A neutron-rich
secondary bean®®S was produced at the RIPS (RIKEN
Projectile-fragment Separator) facility by the fragmentatioﬁ
reaction[P]. A primary beantCAr, provided by the RIKEN

Ring cyclotron at an energy of 63 MeV/A and with an inten- ] ) ) o
sity of 60 pnA, was utilized to bombard’®e target of 1.5 ondary target at F3 to profile the image and monitor the inci-

mm thickness. An aluminum wedge with a mean thickne$gnt angle of the beam on the target; the beam energy before
of 221 mg/crd was placed at the momentum-dispersive f§7€ Secondary target was deduced to be 5.45 MeV/A from
cal plane (F1) to get a clean isotope separation and to loW time of flight between the upper-stream PPAC and the
the energy of the fragments. The energy of th8 beam _pIasUc scmullator atF2, vy|th the energy loss in PPAC's be-
was further lowered by another rotatable degrader of 0.49§ taken into account. Figuishowsy rays after the beta
mm thickness at the achromatic focal plane (F2). Particecay of the secondary beam particles and their daughter
of the secondary beam were identified by TAE-method. Nuclei. From the spectrum, we can see that the main com-
AE (Energy loss) was measured by a silicon detector at@nents of the secondary beam particles weéBand®’P

with a thickness of 0.5 mm: TOF (time of flight) informa@t the final focal plane.

tion was obtained from the timing of a plastic scintillator at

F2 relative to the cyclotron RF signal. By operating RIPS Analysis and Results

at the maximum values of momentum acceptance and solid@he recoil velocity of the compound nucletf€a is de-
angle, a typical intensity of 1.0x10° particles per secondduced to be ~ 8.42% of the light velocity. The large re-
for the 38S beam was obtained at F2. The low-enet8 coil velocity will lead to large Doppler shift of the emit-
beam was transmitted to the final focal plane (F3) to irted~ ray. In order to observe the de-excitatigrray and
pinge on &’ Be target of 1.8 mg/cthto induce the fusion- do the Doppler correction, the GRAPE (Gamma-Ray de-
evaporation reactions. Two PPAC (Parallel Plate Avalancteetor Array with Position and Energy sensitivity) system
Counter) counters were placed at the upstream of the sgas used for the experimei][ The array was composed

o
0

igure 1.Gamma rays after the beta decay*®®, *"P and their
daughter nuclei.
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Figure 2.Doppler-corrected gamma-ray spectrum observed in the
reaction**S+’Be.

of 14 Ge detectors surrounding the secondary target. Each
detector contains two planar crystals that share a common
anode and the cathode sides are divided into nine segments.
The crystal has a thickness of 2.0 cm and diameter of 6.0
cm. The detectors were aligned so that their side surfaces
face the target. From the velocity of the reaction product
and the emission angle of theray, the energy of Doppler-
shifted~ ray can be corrected; the former is derived from
the TOF and the position information of the beam detected
by PPAC's, while the latter is extracted from theay hit
position in the detector relative to the direction of the reac-
tion product. Here we took the center of each segment as
the interaction points of the incidentrays. Figur@ shows

the spectrum obtained from current analysis in the reaction
of 38S bombarding'Be. ~ rays emitted froru3n channel
40Ar [[], 5n channel?Ca [4] and 4n channet3Ca [5] can

be seen in the spectrum. The 437-keV line comes from the
6+ — 4% transition in*?Ca , while the nonobservation of
the 1525-keV 2 — Ot and 1228-keV 4 — 2* lines is
most probably due to the low efficiency of the detector in
the 1.2-1.5 MeV regiord]. It should be noted that the peak

at around 812 keV from?Ca is the doublet of 810- and
815-keV transitionsl4]. The components of the doublet
1450-keV line are the 1431-keV2— 0 and 1460-keV

4+t — 2% transitions int°Ar [[1]. The strong 572-keVy ray

is the de-excitation transition of yrast tate in“CAr [[],
whereas the weak 1674- and 1076-keV lines are the corre-
sponding first and second yrast transitioné%i@a [5]. It is
believed that the above-mentioned, 2+ and 6" are low-
lying spherical states in the nucletfar [1]. However, due

to lack of statistics, we did not observe th&+0* inband
transitions and the transitions between different shapes in
40Ar [[1], and the transitions from p3n chaniéK and p4n
channel*?K [6]. To observe these transitions and study
high-spin states based on different shapes moré& Ar,

42K, 43K, etc., further experimental investigations are nec-
essary.
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The origin of galacti®®Al remains a long-standing quesgions in28Si and in?®Mg reveals the presence of missing
tion in nuclear astrophysics. Within the context of explatates in the former, some of which could be s-wave res-
sive hydrogen burning, th@Al(p,7)?8Si reaction bypassesonances in thé>Al+p system and therefore important for
the production of®Al at lower temperatures found in nothe stellar reaction rate.
vae, while the same reaction contributes indirectly%l .
production at higher temperatures. The present rate of the WA
25Al(p,v)?%Si reaction suffers from significant uncertainties _—
due to the lack of relevant structure information in the com- o
pound nucleug®Si. | mT

The recent detection of decayif€fAl (¢1,, = (7.1 £
0.2) x 10° yr) via its characteristic 1.809 MeVY-ray by
the RHESSI and INTEGRAL satellites has furthered un-
derstanding of the production sites of this radioisotope
[1,2]. The COMPTEL all-sky map of the 1.809 MeV
line [3] points to young, high-mass progenitors such as
core collapse supernovae (CCSN) and Wolf-Rayet stars
[4]. Though previous studies suggested that the measured - . [
2.8 + 0.8M, [B] of 2%9Al in the Galaxy could have been T 16002
entirely produced in CCSNg], these new results have sug- R—
gested that CCSN may be a much less dominant compo- © O, sy e 3. PRVl 55,2002
nent, and that other sources, likely Wolf-Rayet stars, must o T TR Coogmno et RC o 202
contribute [[7]. Figure 1. Astrophysically important energy levels3fSi and the

Due to the long lifetime of?%9Al, space-based-ray 25A1+p threshold 10
observatories such as INTEGRAL are unable to detect it
from individual sources. Therefore, the likely primary To address the uncertainties in fal(p,7)?°Si reaction
progenitors can only be inferred from the Galacl€Al rate and obtain spectroscopic informatior?8®i, a2°Al +p
distribution. However, with a firm understanding of thelastic-scattering experiment in inverse kinematics was per-
269A1(p,v)?’Si and?>Al(p,7)?8Si rate we can infer solid up-formed recently, using the CNS radioactive ion beam sepa-
per limits for the nova contribution to Galact€%Al as a rator (CRIB) facility at RIKEN. The experiment aims to im-
secondary source. prove upon a similar previous experiment performed using

Classical novae are one potential sourc&%#l and it CRIB by having a puref°Al beam using a Wien filter and
has been shown that up@et M/ of the Galactic abundancea higher beam intensity to increase the counting f&p [
could have been produced in these sii@ls [Of particu- A 2*Mg®* primary beam with an intensity df.6 x 10!
lar importance to the calculation of nova-synthesiZ¥dl pps, produced by an ECR ion source, was accelerated by
abundances are t€AI(p,7)?°Si and?%%Al(p,7)?’Si reac- the RIKEN AVF cyclotron to an energy of 7.49 Me\.
tion rates, the former being the most uncertain. The shape of thé*Mg beam was checked using a ZnS

At the highest temperatures in explosive hydrogen busseintillator target at the FO position and found to be well-
ing (e.g. in supernovae), s-wave resonances in the enargptained within &8 x 3 mm spot. The beam bombarded
rangeE,(%°Si) ~6-8 MeV will dominate the reaction ratea 2H gas target which was kept at a constant pressure of
(see Figurd). While some states in this energy region havgs0 Torr throughout the experiment. A primary beam re-
been found, their level parameters are largely unknowattion of?H(?*Mg,n)?°Al produced the desired secondary
Furthermore, a comparison between the relevant energy?f&d 1+ beam with an intensity af —5 x 10° pps. The cur-

25A1+p
(Sp=-5518 keV)

(5678, 14:*%)
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Figure 2. lon species selection using a cut on RF timing.

E, silicon detectors
5x5 cm, 1500 microns thick

DE, double sided silicon strip detector
3x3 cm, 75 microns thick

17.2°

|
] 187 mm
276°

Thick CH2 target

DT, PPACs, 10x10 cm

Figure 3. Detector configuration for th&?Al(p,p’) 2°Al reaction.
The PPACs were used for beam identification, F& E' tele-
scopes for scattering product identification.

PSDOE v SSDOE
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Figure 4. ExampleE A E spectrum. Protons are clearly separated
from other ion species.

contribution by carbon contained in the glthrget) from

the proton spectrum obtained with the €tdrget. An array

of 10 Nal scintillator detectors were used to monitor the

inelastic contribution to the yield. These were positioned

slightly upstream of and above the target position. Energy
calibration was made with a proton beam at energies of 5, 9
and 14 MeV (as determined by the CRIB magnet settings).

Analysis of the data is ongoing.
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time-of-flight (TOF) (between the two PPACs on an achro-

matic focal plane at the F2 position), beam energy and TOF
between the production target and a PPAC on the F2 plane
(an example of secondary beam identification is shown in

Figure).

The secondary beam impinged upon a thick polyethylene
(CHy) target of 6.5 mgcnm? in the F3 scattering cham-
ber, where it was stopped. Three sets of silidéAF
telescopes were used to detect elastically scattered protons
from TH(%°Al,p)?°Al. The telescopes consisted of a @B
thick position-sensitive silicon detector (PSD) backed by
two 1500 um surface-barrier silicon detectors (SSD), in-
stalled at 0.0, 17.2 and 27.6The second SSD was added
to each telescope to aid the background rejection of high-
energy protons. Figuf@ shows the experimental configu-
ration around the secondary target. An exanfpleFE spec-
trum is shown in Figurgl

The 2°Al beam had an energy of 3.43 Mg\, allowing
a scan up tov E, = 8.5 MeV in 26Si. A '°C target was
used to obtain data for a background subtraction (due to a



Low-Lying Resonance Levels in*0O

T. Teranish?, S. Kubono, H. Yamaguchi, J. J. He, A. Saito, H. Fujikawa, G. Amadio, M. Niikura,
S. Shimoura, Y. Wakabayashi, S. Nishimy#1. Nishimurd, J. Y. Moorf, C. S. Le€,
A. Odahard, D. Sohlef, L. H. Khiem!, Z. H. Li9, G. Liar®, and W. P. Li

Center for Nuclear Study, Graduate School of Science, University of Tokyo
@pepartment of Physics, Kyushu University
bThe Institute of Physical and Chemical Research (RIKEN)

CChung-Ang University, Republic of Korea

Department of Physics, Osaka University

€ATOMKI, Hungary
finstitute of Physics and Electronics, Viethamese Academy for Science and Technology, Vietham
9China Institute of Atomic Energy (CIAE), P.R. China

1. Introduction 8318 7043 2 P
Energy systematics of isobaric analog multiplets gives in-

teresting information in a nuclear structure in conjunction

with the charge-independence of nuclear force and the ef- " TTese ey >
fects of Coulomb force. A set df = 1 triplets in4 = 14 £303 b 208 2
nuclei (“C, 14N, and'40) is a good example of isobaric 8% RN E:Z% o e >
analog multiplets that has been studied for many years. aere O s 0t
However, knowledge of thé*O levels is still poor com- o0 " s LT ’
pared to that of*C and'N. The latest compilation of the “ste -
140 levels is found in ref.[d], but new experimental re- 1c "N '“0

sults P,[3,4] have been reported after the compilation. The

J™ value of the 6.8-MeV level has yet to be determined. Ifsigure 1.Diagram for the first seven excitéd = 1 levels in*“C,
width has been recently determined to be 107(40) kv [ '‘N,and'‘O.TheE, and.J" values for'*C and"*N are from
The0~ level, which is supposed to be several hundreds keV ref. [1], while those for*O are based on the present work and
above thel~ level at 5.2 MeV (see Fidl), has yet to be ref. [4]. The vertical positions of the levels are shifted to align
identified. TheE,, I', andJ™ for the low-lying 1O lev- the3™.

els should be further investigated in order to study the wave

functions and to determine their relations to the analog 1§Y5m the two PPACs were used to determine the target hit
els. In t1h4e present study, we have investigated resonaggg, and the beam velocity vector on an event-by-event ba-
levels in'*O populated as intermediate states inthid+p  gjs The secondarl?N beam energy before the target was
elastic scattering, which was measured in inverse klnem@é—ﬁ MeV with a width of 1.6 MeV (FWHM). Thé3N in-

ics with a secondary beam 6N and a proton target. tensity was abou? x 10° particles/sec, which was about
) 98 % of the total secondary beam intensity. We utilized the
2. Experiment thick target methodd,[7] to efficiently measure the excita-

The experiment was performed at CR[B pf CNS in the tion functions of'*N+p elastic scattering without changing

RIKEN facility. The secondary®N beam was producedthe 3N energy before the proton target, which was a sheet

by the pt3C,'>N)n reaction with a primary3C beam and of (CH),, with a thickness of 8.3 mg/ctrand a diameter

a hydrogen gas target. The primadC beam was accel-of 3 cm. Recoil protons emitted from the proton target were

erated by the Upgraded AVF cyclotron up to 6.0 MeV peletected by a silicon-detector telescope, which consisted of

nucleon and had an intensity of about 400 pnA. The hydriwvo layers with the same sensitive area50fx 50 mm?.

gen gas target with a thickness of 0.3 mgfanas confined The first (A E) and secondK) layers had thicknesses of 75

in a cell by two Havar window foils, each of which wa®2 pm and 150Q:m, respectively. The telescope was set with

um thick. The secondary®N particles were selected byits center at a laboratory angle @fag = 0°.

the CRIB separator. To improve the beam purity, gan3-  Protons were identified using th®E, E, and time-of-

thick mylar energy degrader was inserted at the intermefiight information. The proton energy was deduced from the

ate momentum-dispersive focal plane of CRIB. energy sum oA E andE. The AF layer had double-sided
The detection system for tHéN+p elastic scattering was32 (= 16 + 16) stripes, which enabled the proton scattering

set inside a vacuum chamber at the final focal plane arfgle to be determined. The center-of-mass enelfigy )

CRIB. The!2N beam particles went through two parallelwas deduced from the proton energy and scattering angle

plate avalanche counters (PPACs) before reaching the setan event-by-event basis by assuming the kinematics of

ondary proton target. The timing and position informatioglastic scattering and by considering the energy losses of
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By (MeV) without the0~ level (dotted line) is much worse than that
L e with the0~ level (solid line).
oo The widths of thel —, 37, and2~ level were determined
tobe 42, 42, and, 92 keV (preliminary results), respectively,
by the fitting procedure. These widths are comparable to
the single-particle widths estimated by the Woods-Saxon
potential model. This indicates that the wave functions of
these low-lying negative parity levels #1O can be well
described by @3N, ; +p component where the proton is
in the 2s, /5 orbit for the 1~ level or in thelds, orbit for
the3~ and2~ levels. These results are consistent with the
large spectroscopic factors for the mirror leveldi€ pop-
ulated by the*C(d,p)“C reaction[l1]. Therefore, signif-
icant breaking of charge independence was not found for
these!*O levels in the present experimental information.
The energies of the low-lyintt O resonances were also up-
dated by the present experiment. These energies are also
important for studying the wave functions of these levels
and the astrophysic&fN(p,y)'4O reaction rates. Lowering
t 2 S - T T
of the 0~ and1~ energies in'*O as shown in Figll may
be mainly due to Thomas-Ehrman shifi2]13,14]. Pro-
ton elastic resonance scattering with a thick target adopted
here is a useful spectroscopic tool for investigating single-
particle resonance levels in unstable nuclei.

05—

<do/d0> (b/sr)

0.0

Figure 2. Experimental excitation function for tHéN+p scatter-
ing measured at arourfid ag = 0°. The solid line shows the
result of the fitting calculation. The dashed line represents
result whenJ™ for the 6.8-MeV is changed . The dotted
line shows the result without a contribution of the level at
E, ~ 5.7 MeV.

beam and proton in the target.
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The excited states of A100 nuclei with 2-50 are expected in the spectrum.

to be of single particle character due to the spherical shell

gap for protons. However, other excitation mechanisms L e ]
such as magnetic rotation (M1 band] nd collective ro- i ¢ (a) 1p gated |
tation exhibiting smooth band terminatiai[g] also play a 3000
role in generating angular momentum. At high-spin states, i
a presence of superdeformed (SD) band is also reported in
108Cd [4] and it is suggested to have the most deformed
structure identified in any nucleus. The wealth of excita- b0 65 om
tion modes in these nuclei make them particularly interest- 000 0
ing system to study. In this regidf®In is expected to have I
M1 band, smooth band termination, and SD band at high-

2000 —

10954 1%%Ca

Counts per channel

spin states. In order to idetify these excitation modes, we % T a0 w0 e s 1000
have investitated high-spin states'fiIn. In this report in- N }fﬁ(k‘evf‘ .
beam gamma-ray measurement of nuclei 100 region o0~ 1o (b) 1a gated |

by using!?F+6Zr reaction is presented.
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Figure 2. Gamma-ray energy spectra at 6 MeV/A with a proton
gate (a) and an gate (b).
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Figure 1. Energy spectrum of Si detector. Production cross-sections of evaporation residues as a
function of beam energies in tA&F+%6Zr reaction were es-
The experiment was performed at RIKEN accelerator mated by using the statistical model code, CASCADIE [
search facility. Thé“F ions accelerated by AVF cyclotronin the measured energy region, nuclei in the evaporation
to an energy of 6 MeV/A was used to bombarfar target channels of 5-7n'{®~11%In), 1p4n-1p6n'C"—19°Cd), and
with a thickness of 1 mg/cf High-spin states of A100 la4n-la6n (°5~197Ag) are expected to be mainly pro-
nuclei were populated by tH&F +6Zr reaction. Beam en- duced.
ergy was chosen so that the cross section to prodiite Figure 2 shows the gamma-ray energy spectra obtained
becomes dominant, which is neighboring nucleu§’®€d. in the 6 MeV/A data with a proton gate (a) and argate
In order to take two energy points for the excitation functiai). Low-lying states of these nuclei were previously stud-
measurement, an Al degrader of 0.01 mm was used to lowest [8/9/10/11/12/13/14/15]. Gamma-ray assignments were
the energy to 5.45 MeV/A. Gamma rays from fusion evapperformed by using previously reported peak energies. In
ration residues were meaured by using 2 segmented-pldfigr2(a), gamma peaks at 633, 875, 556, 794, and 956 keV
Ge detectorsg] placed at 120 and a coaxial Ge detectorappeared strongly which are yrast cascade transitions of
at 90 relative to the beam direction. Evaporated chargéfCd. The 205, 640 and 515 keV peaks'8fCd as well
particles were simultaneously detected by using a Si Ballasi 522 and 835 keV peaks 8PCd also appeared clearly.
47 array of 11 Si detector®]. Figure 1 shows an energyln Fig.2(b), strong peaks at 169, 243, 377, and 675 keV are
spectrum of the Si detector at forward angle. Protons atigole transitions if%Ag. In the low energy region sev-
«a particles were identified by gating different energy regiceral gamma peaks 8f7Ag appeared at 112, 155, 184, and
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294 keV. The 864 keV peak is a doublet of transitions [8] R. Wadsworttet al, Phys. Rev. G3(1996) 2763.
105Ag and'07Ag. At 615 keV 11/2 —9/2* transition of [4] R. M. Clarket al, Phys. Rev. Lett87 (2001) 202502.

105Ag was also observed. [5] S. Shimoura, Nucl. Instrum. Methods 325 (2004)
In order to perform excitation-function analysig;ray 188.

peak intensities at lowest-lying transitions of each evadé] T. Kuroyanagiet al, Nucl. Instrum. Methods /A316

ration residues normalized by that of th&é 2+ O transi- (1992) 289.

tion in 1°8Cd were plotted at two energy points, 5.45 ar{d] F. Fuhlhofer, Nucl. Phys. 280(1977) 267.
6.0 MeV/A in Fig. 3(a). In this plot proton and-particle [8] C.J. Chiareet al,, Phys. Rev. G4 (2001) 054314.
detection efficiency of Si Ball was not included. [9] J. Kownackiet al, Nucl. Phys. A627(1997) 239.
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Figure 3. (a) Relativey-ray yield of lowest lying transitions in
107109 and!%5-1°7 Ag normalized by that of°®Cd. (b)
Relative cross sections &f”~°°Cd and'?5~1°"Ag normal-
ized by that of'°®*Cd calculated by CASCADE code.

For the comparison, relative cross-sections6f 1°°Cd
and 195-197Ag normalized by that ot°®*Cd calculated by
the CASCADE code were plotted as a function of beam en-
ergies in Fig. 3(b). Relative-ray yield of'1°"Cd is increas-
ing while that of19°Cd is decreasing a¥F beam energy
increases. This trend as well as relative intensiti€daEd
and'%?Cd were reproduced by the CASCADE calculation.
In Fig. 3(a) they-ray yield curves fot°Cd and'°?Cd cross
each other around 5.7 MeV/A. This crossing point was al-
most reproduced by the calculation. 1#:1°7Ag, relative
~-ray yield is decreasing but that ¢f°Ag is increasing.
This trend was also reproduced by the calculation.

Further analysis of the experimental data is still in

progress.
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1. Introduction to explore the totally unknown regiafl >3.5 MeV, where

portant parameters in the standard solar model, and is W}ich we can measure proton elastic resonance scatterings,
fined as was suitable for our purpose.

B The "Be(p,7)®B reaction andB structure are important
Sir(E) = Eovz(E) exp(2mn), (1) topics also in the nuclear synthesis. In a standard nuclear

whereq,-(E) is the cross section of tHBe(p,7)B reac- synthesis theory, the triple-process is con;idered as the
tion, andr is the Sommerfeld parameter. ThSs; value dominant process to pass over the stability gap at A=8.
at the solar energy is directly related to the flux of fi H.owever, in special environments such as very metal-poor,
neutrino observed on the earttB neutrinos are only lesshigh temperature stars, the proton-cocapture process of
than 0.01 % of the total neutrinos emitted from the sun, bUg€ might play a significant role, and thus how they com-
they are the majority of the detected neutrinos in most of tAgt€ €ach other is an interesting problem. We are able to
neutrino detectors such as Super-Kamiokande and Sudt}{pin information about these processes by measuring the
Neutrino Observatory (SNO). Due to this reass;(E) is Be(.p)’Be elastic scatterings.
regarded as an important factor for the solar neutrino prob-
lem in the standard solar model. Although great efforls Method
were spent by many experimental groufi§ the experi-  The measurement was performed at CRIBEL0]. CRIB
mental precision remains still around 10 %, because of #ten produce RI beams with the in-flight method, using pri-
small reaction cross section. It is claimed that the detemary heavy-ion beams from the AVF cyclotron of RIKEN
mination of theS,; below 300 keV with a precision bette(K=70). The primary beam used in this measurement was
than 5% may make a major contribution to our knowledd&i®* of 8.76 MeV/u, with the beam current of about 100
for the solar model(Z]. pnA. The RI-beam production target was pure hydrogen
The existence of excited levels &8 may affect the de- gas, which was enclosed in an 8 cm-long cell, at 760 Torr
termination ofS;;. However, we do not have sufficientand room temperature~( 300 K). The’Be beam energy
knowledge of the nuclear structure 3. Only the low- used in this measurement was 53.8 MeV, which enabled us
est two states at 0.77 MeV and 2.32 MeV were clearly ot measure events with the center-of-mass energy up to 6.7
served in past experiments. Another excited state arouidV.
3 MeV was observed as an unexpectedly wide resonancé)e used a standard experimental method for the proton
and this was explained as a low-lying 2s stélp [The elastic resonance scattering, well-established at CRIB [
reason why a 2s state appeared at such a low energg isain feature of this method is the thick target, which
also an interesting topic, and there are theoretical investiakes it possible to measure the cross section of various
gations @,[5,16]. This kind of wide states may affect theexcitation energies at the same time, and so is suitable for
measurement ofBe(p,7)®B cross section even at very lowthe elastic resonance scattering.
energies (much less than 1 MeV). In the same measurementhe targets and detectors for the scattering experiment
an indication of 1 state at 2.8 MeV was also reported. Iwere in a vacuum chamber located at the downstream of
another recent experimef][ on the other hand, they couldthe Wien filter. Figurél shows a schematic setup in the ex-
not observe the™ state at 2.8 MeV nor yet anothet ktate perimental chamber. Two PPACs (Parallel-Plate Avalanche
at 1.5 MeV, the latter of which was theoretically proposddounters|{12]) measured the timing and position of the in-
in [8]. The wide state was not directly observed, but thepming “Be beam. The timing information was used for
concluded that their spectrum is consistent if it is locatedrabking event triggers, and also for the particle identifica-
3.5 MeV with a width of 4 MeV or more. Thus we intendedion by the time-of-flight (TOF) method. The beam posi-
to measure the resonances®d, to evidently observe thetion and its incident angle at the target were determined by
3.5 MeV resonance reported in the past measurements, extdapolating the positions measured by the PPACs. The
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Figure 1. Setup at the experimental chamber (schematic). 10

targets were foils of 39 mg/chhick polyethylene (CH),
and 54 mg/crirthick carbon. Carbon foils were used for
evaluating backgrounds by carbon in the polyethylene tar-
get. These target foils were thick enough to stop all the
"Be beam. Multi-layered silicon detector sets (callel-E
telescopes) were used for measuring the energy and angular
distribution of the recoil protons. They were place@3 Figure 2. Secondary beams detected at the F2 focal plane.
cm distant from the target, and they covered scattering an-
gle of up to 45 degrees in the laboratory frame. EAdh the highest energy among the other beams, and the beam
E telescope consisted of AE counter and two or three EpUrity (the number ratio ofBe'* to total) was 56%. The
counters, all of which had an area of 50 mm x 50 mm. Eatgfgest background was from the primary beéhi;’*. The
of the AE counters was 60—756m thick and divided into other particles, such as proton, deuteran,andLi, are
16 strips for both sides. The E counters were 1.5 mm thi@lgo seen in this figure, of which positions agree well with
and were put in rear of thAE counters. The recoil protonour calculations. The intensity of the produc&e'* beam
energy was 23 MeV at maximum, and a proton having thas5 x 10° particles per second at F2. For low-energy and
energy could not penetrate all the E counters. With thegdatively light ions as in this experiment, the Wien filter
AE-E telescopes, we identified recoil protons from othworked efficiently. The Wien filter was operated at high
particles. Nal detectors were used for measuring 429 ke®ltages of£39 kV with the corresponding magnetic field
gammarays from inelastic Scattering€Be'7Be*)p_ Each of 0.025 T. With these conditions, we had a beam purity of
Nal crystal has a geometry of 50 mm x 50 mm x 100 mralmost 100% at the experimental target.
and ten crystals were used to cove20% of the total solid 3.2. Measured recoil protons
angle. Figureld shows the relation of the energy deposit in the
Compared to the past measurements with similar mefinst layer and the total energy, for the particles measured
ods [B,[7], this measurement has three major advantagesth one of the siliconAE-E telescopes. Comparing these
The first one is the energy range. We used a high-enewgiyh energy-loss calculations, we performed a clear parti-
"Be beam, and we could measure up to 6.8 MeV in the ede identification, as indicated in the figure. Proton was the
citation energy ofB. The second is the covered scatteringiost frequently detected particle, but we also detected con-
angle. We measured data with almost full coverage betwesttterable amount ofHe and*He, which should be origi-
0 and 45 degrees in laboratory frame, and thus we obtaimeded from”Be. Using these data, we were able to select
complete information about the angular distribution. Thsroton events from other particles clearly.
final advantage is that we used the Nal detectors to evaluThe proton energy at the reaction point can be calculated
ate the inelastic scattering events. The contribution of tilem the measured proton energy, by considering the en-
inelastic scattering events should be taken into account éegy loss in the target. Then the proton enefgycan be
the excitation function. converted into the center-of-mass enefgy,, with the fol-
lowing formula,

3. Result
3.1. Beam production B _ my + mr 5
We used full-stripped lithium“(i3*) beam from AVF m = i cos2 6 @

cyclotron to obtain a high energy secondary beam. Al-

though this was the first trial ofLi3* beam in RIKEN, it wherem, andm; are the masses of proton afe, f is the

was successfully operated and used in this measuremseattering angle. The excitation energy is the sum of center-
Figure[@ shows the time of flight and energy of the se@f-mass energy of the elastic resonance scattering and the
ondary beams detected at near the F2 focal plane. Theton threshold energy (0.1375 MeV in this case),

time of flight was determined by the timing of PPAC sig-

nal against the RF signal of the AVF cyclotrofBe** had E.. = E., + Eu. (3)
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Figure 4. Excitation function measured at 0 degrees (prelimi-
nary). The excitation energy 6B, E.. eqals toF.,+0.1375
MeV.

By calculating the cross section from the counted num-
bers of the proton events, excitation functions were ob-
tained. Figuréd shows an excitation function at zero de-
gree. The analysis is still going on, and this specturm should
be regarded as a preliminary one. The cross section agree
well with the past measuremen®[T] in the energy region
around the known 2.2 MeV resonance. The 3.5 MeV reso-
nance, which was reported as a wide resonance, is not seen
in this preliminary spectrum. Some part of the continuum
spectrum is considered as contributions from inelastic scat-
terings and three-body decays&8. In a near future, we

will make a more detailed analysis including these effects.
The excited states 6B higher than 3.5 MeV were not ex-
plored by the past measurements, but we found an indica-
tion of a new resonance near 4.6 MeV.
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The study of three-nucleon force (3NF) effects in the few-
nucleon system is one of the most interesting topics. The
modern NN potentials reproduce the experimental NN data 5.00
up to a laboratory energy of 350 MeV very accurately.
When applied to many body~(2N) systems, however, the
NN potentials fail to predict the experimental data. The
three-nucleon force (3NF) was introduced into the theoreti-
cal calculations to reproduce the data. Recently, highly pre-
cise measurements of thp elastic scattering have been
performed(l]. The calculations with NN forces only fail

to reproduce the data of cross sections and vector analyz-
ing powers, but these discrepancies are filled by adding the s I
2r exchange 3NFs. These results support the prediction Ocm [deg]

that the Nd elastic scattering at intermediate energy 's aigure 1. The differential cross section for th€d elastic scat-
good prope to study_the 3'_\”: effects. However, there 'S_ a tering at 250MeV. The error bars show the statistical errors
caveat, since Such discussions are made by the Cor‘ﬂp"’mso'anly. See text for the details of the theoretical predictions in
between the precisgd data and the rigorousd Faddeev
calculations because performing the three-body calculation

with the long-range Coulomb repulsion is extremely diffi- ) ) ) )
cult. The results of the differential cross sections are shown in

Figll The solid circles and the solid squares represent the

To study the 3NF effects in a Coulomb-free system, Wi elastic scatteri.n'g cross septions obtained with the)
have carried out théld elastic scattering at 250 MeV atand_th_e NTOF facility, respectively. _The error bars show the
the Research Center for Nuclear Physics (RCNP). We mekatistical errors only. The open c_|rcles are the data taken
sured the differential cross sections and vector analyzitigthe same energy for thel elastic scatteringg]. The
powers forf,, = 10° — 18°. To cover such a wide llght band represents the predictions with realistic NN po-
angular region, we used two different techniques to pégntials. The dark band results when these potentials are
form the forward and the backward measurements, respg@mbined with the TM99 3NF]. The solid line is predic-
tively [2]. The measurements in the backward angular #2n obtained with AV18+Urbana IX combination. From
gion @, > 60°) were carried out at then(p) facility the comparison of the data ar_1d th(_ase th_eoretlcal results, it
[3] at RCNP with the polarized neutron beam which w&&" be seen that the qalculauons_ including 3NF better re-
produced by the'Li(7,7)"Be(g.s.+0.4 MeV) reaction atproduce the data'but still underestlmate Iarggly at backward
250MeV. We used the self-supporting deuterated polyetgfg'o_”- These discrepancies may be considered as an in-
lene (CDy) sheets] as the deuteron targets. The medglication of th_e relativistic effe(_:tss[ which are n_ot_taken
surements in the forward angular regidh,{ < 60°) were Nto account in these_ _ca!culat|on§. H(_)wgver, it is shown
carried out at the neutron time-of flight (NTOF) facili§][ tha}t the effect of relat|V|st|c_correct|on§ is kinematically re-
at RCNP. The polarized neutron beam was also producedjfted 100, > 160° and it can not fill the gap between

the 7Li(7, 7@) reaction and the deuterated liquid scintillatdh€ data and the theoretical resu8}. [ Another possible
BC537 was used as the deuteron target. solution to fill the gap may be to take into account the con-

tributions from other types of 3NFs tham exchange 3NFs.

10.00

1.00

0.50

do/dQ [mb/sr]

this figure.
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The dot-dashed and dashed lines are predictions of the anfuthe theoretical results, we are going to measure the vec-
pled channel approach of Hannover group based on Gbr analyzing powers in the so-called final state interaction

Bonn potential with and withoufA-isobar excitations, re- (FSI) geometry,

spectively [LQ]. It is claimed that the effective 3NF arising

from this coupled channel potential presumably includes p+d— (pin)rs + pa.

m, p,w and o exchange contributions. However, one can , ,

see that this coupled channel approach is also unable to jm{/e performed the test experiment at RCNP with polar-

prove the fit to the data. ized proton beam at 250 MeV. We used deuterated polyethy-
lene (CD) as the deuteron target. Momentum of the scat-
Ratio of cross sections pd/nd at 250MeV tered protonsy;) and recoiled protons in FSp{) were an-

alyzed by Grand Raiden (GR) and LAS, respectively.[Fig.
shows the missing mass spectrum of Hpp) reaction.
The peak around 940 MeV represents the neutrons frém
breakup reactions. To subtract the contribution from the
carbons in CBQ, we also used polyethylene (GHas the
carbon target. The analysis is still in progress.

i X103
08 | 16 T T T T T T T T
14 | _
06— 50 100 o 12 — —
Bom [deg]

Figure 2. The angular dependence of the ratio betweenpthe 5 10 - B
andnd elastic scattering cross sections. The circles show the E 8 - —
results deduced from thed data andyd data of Ref.[§]. The S 6 L |
solid, dots, and dot-dashed curves show the theoretical pre- 8
diction obtained by including the Coulomb interactionpi 4= -
calculations (see text). 2 - _

- 0 (I I I I
We have also carried out th&l measurements at 250 028 932 936 940 944 948

MeV [6] and these results are shown by open circles. This Missing Mass (MeV)
allows us to compare thed andpd data directly. In Figl2, 9
the ratio of the cross sections are plotted with open circléggure 3. The missing mass spectra obtained by.(ipp) mea-
The curves in the figure represents the theoretical predic-surements.
tion at 250 MeV which is based on the CDBonn. The solid
and dotted curves show the prediction calculated by Han-
nover group with and without\-isobar 3NF, respectively References
In the calculations, the screening and renormalization gp} K. Sekiguchiet al., Phys. Rev. G5 (2002) 034003.
proach were performed to include Coulomb potentid][ [2] Y. Maedaet al, CNS Annual Report 2004 (2005) 38.
The dot-dashed curve shows the prediction calculated[BY K. Yako et al., Nucl. Phys. A684(2001) 563c.
KamadallL2]. In this calculation, the Coulomb force was in{4] Y. Maedaet al., Nucl. Instrum. Methods 490 (2002)
cluded in an approximate way using approach of RE].[ 518.
As can be seen, a similar oscillating structure, though 48 H. Sakaiet al,, Nucl. Instrum. Methods /869 (1996)
amplitude is very different, is present in both experimental 120.
data and dot-dashed curve. The angle where the expgj- K. Hatanakaet al., Phys. Rev. G6 (2002) 044002.
mental value crosses unity is aroufig,= 110°, which is [7] S. A. Coonet al, Nucl. Phys. A317(1979) 242.
well reproduced by dot-dashed curve with an approximgsj H. Witataet al, Phys. Rev. G72111 (1998)
treatment of the Coulomb interaction. However, theoretiqgl| H. Witata, et al,, Phys. Rev. 1 (2002) 054001.
curves with the screened Coulomb potential do not sh¢w0]A. Deltuvaet al., Phys. Rev. G7 (2003) 034001.
such oscillating structure. [11]A. Deltuvaet al,, Phys. Rev. (71 (2005) 054005.

In the study of 3NF effect at higher energy region, whigh 2]H. Kamada, private communication.
is our next step, the breakup reactions are expected tq[1®jP. Doleschalkt al., Nucl. Phys. A380(1982) 72.
more important, because the total cross sections of {h@]J. Kurcs-Zotnierczuket al, Phys. Rev. 066 (2002)
breakup reactions are predicted to become larger than that024003.
of the elastic reactiondf]. However the three-nucleon fi-
nal state of the breakup reaction is kinematically much more
complicated than that of the elastic reaction. Recently, the-
oretical survey was made for the configurations which ex-
hibit large 3NF effects in some observables. On the basis
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The high resolution in-beam gamma-ray spectroscopy waation of interaction point by using Pulse Shape Analysis
performed in the region so called “island of inversion”. I{PSA).
this region, a picture of the evolution of the shell structure isIn this paper, preliminary gamma-ray energy spectra and
being obtained related to magicity loss in te20 neutron- observed gamma-ray transitions are shown.
rich nuclei. A large quadrupole deformation has been foundThe experiment was performed at RIKEN Accelerator
in the 32Mg nucleus based on the experimental result suEhcility with RIKEN Projectile-fragment Separator (RIPS)
as low excitation energy of the first State and large tran-[5]. The primary beam of‘°Ar at 63 MeV/nucleon
sition probability B(E21)) [1], which suggest the vanish-bombarded the primary target of 1 mm-thick carbon and
ing of the N=20 magicity. On the other hand, in tAéSi beryllium. As products of projectile-fragmentation reac-
nucleus its ground state is believed to be spherical whibbn, many isotopes including mainRf—3'Na, 3°—33Mg,
suggest the existence &f=20 shell closure. The ground®?—35Al, 34-36Sj, 36:37P were obtained and analyzed by
state of>3Al is also believed to be spheric][ and only using RIPS. These isotopes were identified event-by-event
one excited state is know3][ This situation is similar to based on the energy loss and time-of-flight information
the 2B caselfl], in which the ground state is spherical butneasured by using a Si detector and couple of plastic scin-
a low-lying excited state of 4.83 MeV exciting energy matjilator, respectively. The secondary beam bombarded a
be deformed, so that the low-lying deformed excited stdiguid helium target[§] of about 150mg/crh thick with
is expected to be iA3Al nucleus. In addition, there still average bombarding energy of 40 MeV/nucleon. Outgo-
remain excited states whose spins and parities are not detey-particles were identified event-by-event based on the
mined in the nuclei nearby “island of inversion”. We aim anergy loss, kinetic energy and time-of-flight information
investigating new gamma-ray transitions, and at discussingasured by using a Si detector, a Nal calorimeter and a
the changing of shell structure as a function of neutron acouple of plastic scintillator, respectively. The positions
proton number by extracting the information of spin arahd directions of incident and outgoing particles were mea-
parity of each state from the angular distribution of the disured by using PPACS]. De-excited gamma-rays emitted
ferential cross sections and by comparing the populationgriom outgoing particle moving gt ~ 0.3 were detected
various reactions. by GRAPE B] surrounding the liquid helium target. The
For this purpose, the high energy resolution gamma-rdgtails of experimental setup is described in i18f. [
measurement is a powerful tool. However, in in-beam ex-Figure [0 shows the gamma-ray energy spectra after
periments, we need correcting the Doppler shift up to abddbppler correction. To obtain these spectra, only outgo-
30% of gamma-ray energy, since the de-excited gamma-iiay particles were identified so that the excited states could
is emitted from the moving source &t~ 0.3. The total be populated by any allowed reactions. In order to achieve
energy resolution consists of the resolution of the partidi@gh energy resolution a pulse shape analysis (PSA) was
velocity, the angular resolution, and the intrinsic energy reapplied to determine the interaction position of the gamma-
olution. The angular resolution mainly depends on the reay in the crystal of Germanium. A typical energy resolu-
olution of interaction point in the crystal of Germanium. Ition is 24 keV (FWHM) for the 885-keV gamma-ray corre-
the present work, we aim at extracting more precise inf@ponding to the transition from to 07 of the 3> Mg with
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i 32Mg Table 1. Transition energies of the observed gamma-ray with
st statistical errors. The previously observed de-excitation
1 gamma-ray energies are also listed with those references. The
10f symbol of ¥ indicates a candidate of new gamma-ray transi-
sl Q884 tion observed in present work.
af Nucleus present previous
ol work work
: Na 2782+ 0.6 *
= ﬁlﬂ " 405.7£ 1.0 *
g’ O 84 635.9+ 0.4 x
g . 861.2+1.2 863 [11]
- 1302.7+ 2.3 *
2Na 1732.8+4.1 *
el 30Na 338.7+ 0.7 *
423.6+ 0.8 433+ 16 [17]
1 g 3INa 375.1+ 0.7 370+ 12 [1Q]
" O 1435 787.8+ 0.7 *
] 30Mg 984.2+1.3 985.4+ 0.9 [12
o a0 WU b ! 1483.1+ 0.5 1482.8+0.5 [12]
Energy (keV) 1819.3+ 0.9 1820.74+ 0.9 LlZJ
1893.5+ 1.9 *
. . 31Mg 169.6+1.5 171.2+ 0.8 [12]
T cover bl e qamtaay vy spousim ancer e con- 2219408 221,709 (2
dition of singlé segment hit in a detector is shown. In lower 892.74 0.6 894.7+ 1.2 le]
panel, the gamma-ray energy spectrum under the condition of Mg 883.9+0.3 885.5+ 0.7 U'ZJ
more lthan two hits in a detector is shown 1434.9+1.3 1436.1+ 1.0 (1
' 33Mg 2994411 297.9+ 113
483.6+ 1.0 484.1+ 1 [13]
PSA, whereas 36 keV without PSA. Tafldists the transi- 32 219.4+0.5 222 [14]
tion energies of the observed gamma-rays for each isotope. 280.4+ 0.8 *
Each error in present work is only statistical one. The can- 530.2+ 1.1 *
didates of new transitions in each isotopes are preliminarily 566 566 [14]
obtained. 735.5+ 0.6 735 [14]
Data analysis is in progress. 786 565 [14]
334l 7475+ 1.0 730+ 50 [3]
1838.6+ 1.7 *
34A| 383.7+ 1.2 *
References ; 4253+ 1.1 :
35Al 760.1+ 2.1 *
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Cluster structure in neutron-rich beryllium isotopes is one
of the most interesting phenomena in unstable nuclei. For
12Bg, recently observed highly excited states with=4+

103

102

(o) 1

(d)

100
5o (1)

10.8 MeV

to 87 above®He+°He threshold are considered to form a%
0

rotational band with a develop€tHe+°He cluster struc- ~_
ture [1]. These excited states have been reasonably repr§1 03E
duced by several theoretical calculations. The microscopie A
coupled-channels calculation predicts that several rotation% of
bands with different couplings, such as®2+, appear at ~_'° F
high-excitation energy regioi?]. Strong mixing between ©
5He+He anda+3He is predicted by the microscopic clus- ¢
ter model calculationd. The Antisymmetrized Molecu- w
lar Dynamics reproduces the experimentally observed rota-
tional bandff]. The deduced density distribution shows a
developed cluster structure in highly excited states. There-
fore several excited states with developed cluster structure
are expected to overlap each other above®tie+’He or
a+%He thresholds.

We aim at searching for excited states with low spins such
as0t and27, which may lie just above théHe+He de-
cay threshold. Thex-inelastic scattering at 60 MeV in

100

50 (2)
11.4 MeV
0

3
10 100

5o (3
12.4 MeV
0

0 é 1IO1I5 0 BIO 6IO 0 BIO 6IO 90
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Figure 1. Angular distributions of the differential cross section of
inverse kinematics using a liquid helium tardglt\vas used the inelastic scattering, the correlation between breakup prod-
to populate these excited states. Since the'( reaction ucts respect to the beam axis, and the one respect to the mo-
has the advantage of well-known reaction mechanism, it is mentum transfer.

possible to determine spins by angular distributions of(t)tw . . . .
inelastic scattering by comparing with destorted wave B ﬁ A single-folding model with density-dependent effec-

approximation (DWBA) calculations. In the present worj've nucleone interactions was used in the DWBA calcu-

the angular correlations between decay particles are %tbons B. The details of the transition densities are de-
compared with DWBA predictions. Since the level dens

:-%gnbed in Ref.[9). Figure[dlshows angular distributions of
is rather high in the region of interest, the multipole decorn-

-c) the differential cross section of the inelastic scatter-
position analysis (MDA) based on the angular distributio

, (d-f) the angular correlation between breakup products
obtained with DWBA was used to discriminate contribL)'ylth respect to the beam axis, and (g-i) the one with respect
tions from different/™ states. The experimental details al

the momentum transfer, correspondingftg= (1) 10.8,
: ; 2) 11.4, and (3) 12.4 MeV. The solid curves correspond to
described in Refld]. o . ;
The MDA base-(Ij on DWBA calculations has been us&(jntnbutlons of theA L=0, 2, 4. The thin ones are interfer-
by including angular correlations of decay patrticles as wélices of ®2, 084 and @4'.Th? th'Ck. CUIVES are sums
all the contributions. Contributions with negligibly small

as the angular distribution of the inelastic scattering. .
magnitudes are not shown. The calculated angular corre-

this analysis, the DWBA calculations far-inelastic scat- h d ts with the data when th
tering were performed using the computer code TWOFNF, lons Show good agreements wi € data when e con-
tributions of the interference between different multipoles
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are taken into account. The 10.8-MeV data has charactduster states with a novel molecular-orbital structure of va-
istics of the forward peaking in the angular distribution afdnce neutrons predicted in Red] [

flat structures in both of the angular correlations. On the

other hand, the 11.4-MeV data shows rather flat structure at “° [

forward angles in Fidll (b) and an anisotropic shape espe-
cially in Fig.[D (h). It is clear that the angular correlations
with respect to the momentum transfer is quite sensitive t§

the multipolarity. The 12.4-MeV data include certain congmo

tributions of all the multipoles.

Excitation energy spectra of "=0", 2+, and 4~ are d

shown in Figs? (a), (b), and (c), respectively, which Wereg
100

deduced by the MDA. The spectra except forwere fitted
by several Gaussians with continuums assumed by

Pr(Eq)
co+c1Eg + CgEg7

do§ _
dEq

1)

where P, (Ey4) is the penetrability. The deduced energy
(ER), cross sectiond), and width {'gr) are listed in Ta-
ble[ll The confidence levels for all peaks are larger than

99.7%. Each peak was also statistically tested based on the % 15

significance level.

Table 1. Results of the fit to excitation energy spectra.

JT ER OR FR
[MeV] [ 1] [MeV]
0F [ 10.41(4) 2.2(7) 0.0090(28)
10.82(3) 16(4) 0.18(12)
11.27(3)  21(5) 0.12(25)
11.91(10) 20(6) 0.72(16)
13.83(9) 14(5) 0.63(33)
2+ 1 10.60(5) 3.9(1.0) 0.20(4)
11.26(6)  43(9) 0.51(5)
11.82(12) 47(10) 0.75(9)
13.01(12) 52(9) 1.29(14)
14.71(7)  14(3) <0.37
15.93(10) 10(3) <0.65
fC.L. 68%

lium target.
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The energy-spin systematics is shown in g Closed

circles are new levels observed in the present work. Cross

symbols and closed triangles are data taken from Refs.
[1] and [1Q], respectively. The moment of inertia of th

eferences

Figure 2.
energy spectra
of J™=0T, 2F,
and 4. The O
and 2 spectra
were fitted by
several Gaussians
with  continuum
structures.

Decay

Figure 3. Energy-spin
systematics  for
12Be, Closed
circles are levels
observed in the
present work.
Cross symbols
and closed trian-
gles are data of
Refs. [] and [10],
respectively.

In summary, thea-inelastic scattering of-?Be with
the inverse kinematics was measured using the liquid he-
The multipole decomposition analysis was
performed using the angular distributions of the inelastic
scattering and the angular correlations of decay particles.
Newly observed excited states with" Gand 2 may be
members of rotational bands with large moments of inertia
corresponding to the developétie+SHe cluster structure

solid lines correspond tb2/27=139 keV, which is close [1] M. Freeretal, Phys. Rev. Leti82(1999) 1383.
to that of ®He touching each other with radii given by2] M. Ito and Y. Sakuragi, Phys. Re€62(2000) 064310.

r =

0" and 2" levels may be members of the rotational band /1.
[4] Y. Kanada-En'yo and H. Horiuchi, Phys. Rev. 3
By assuming each rotational band has moment of inertia (2003) 014319.
closed to each other, the third lowest &nd 2" states may [5] H- Ryutoet al, Nucl. Instrum. Methods E55 (2005)
be connected to previously observed $tate at 18.6 MeV 1
[1. The possible existence of several molecular bandd A. Saitoetal, CNS Annual Repprt 2004 (2005) 30.
qualitatively consistent with the coupled-channels calculd] M- Igarashi, DWBA coderwOFNR, unpublished.
tion by Ito and SakuragiZ]. The wave functions of the [8] A. Kolomietsetal, Phys. Rev. B1(2000) 34312.

band members may consist of the contribution from th@l G. R. Satchleet al, Nucl. Phys. A472(1987) 215.
[10]H. G. Bohlenet al,, Nucl. Phys. A722(2003) 3c.

with a developedHe+’He cluster structure in?Be [1].

configurations of®He(0T)+5He(0"), SHe(0M)+5He(2h),

a+8He(0h), a+BHe(2h), etc., with different spectroscopic
amplitudes. The 0 states are the candidates of the exotic
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1. Introduction 3. Results and Discussions

Neutron-rich oxygen isotopes attract much attention sindée have obtainedy-ray spectra in?*F from the pro-

the conventional magic numbaF = 20 disappearsl]] and ton transfer reactiortHe(?0,22Fy), the inelastic scat-

an alternative new magic numbaf = 16 appearsd]. A tering *He(3F*Fy), the neutron knockout reaction
shell model describes this change of the magic numbers'dg(*F23Fy) and the two-nucleon knockout reaction
an evolution of neutron effective single particle energies de(*®Ne 23Fy). We assigned the proton-single particle
decrease of the proton number by the effect of the two-bashates on basis of the population strengths of these reactions.
attractive force betweend; /, andvds,, which is absentin When we treat a nucleus as a simple one-particle struc-
oxygen B]. The same effect betweenis,, andvds,, is ture, the proton transfer reaction is easy to populate proton
expected in the effective proton single particle energiessimgle-particle states; the alpha inelastic scattering induces
fluorine isotopes and can be investigated quantitatively bgre excitations and possibly populate single-particle states
measuring the excitation energiesmf?,gg single-particle through non-spin-flip excitation; the neutron-knockout re-
states betweelF (empty invds ) and?>F (full in vds/5). action favors states to have a neutron-hole configuration;
In the present work, we have studied excited stateSn the two-nucleon knockout reaction has a large cross section
by v-ray spectroscopy with the one-proton transfer reactidor high-spin states because it can transfer a large angular
The one-proton transfer reaction is a good probe for invesementum.

tigation on proton shell structure, because this reaction seAmong the observed excited states, the 2268- and 4059-
lectively populates single-particle states. Furthermore, WeV states were strongly populated by the transfer reaction,
have measured am inelastic scattering, a neutron knockbut were not seen significantly in the neutron-knockout re-
out and two-nucleon knockout reactions to research excitetion. Since the ground state Ha&™, it is reasonable
state in?3F. Comparison of population strengths in the dithat these states were deduced to be proton single-particle
ferent reactions demonstrates the feature of an obserstdes in the, /, or ds,, orbitals. The angular distributions
state. In the report, we discuss the excitation energiesfafthe 2268- and 4056-keV states states in the transfer re-
the proton single-particle states #F comparing the ex- action were consistent with = 0 and L = 2, and there-

perimental result and shell-model predictions. fore we identified the 2268- and 4059-keV states were the
single-particle states for thes, ,, andwds/, orbitals, re-
spectively.

2. Experiment The level scheme proposed in present experiment was

The experiment was performed at the secondary beam ffegnpared with the shell-model prediction based on the
RIPS H] in RIKEN Accelerator Research Facility. The sec?SD effective interactioril{d], as shown in Figll The spin
ondary beam was a cocktail of unstaBR©, 23F and?'F aSS|gnments forthe otherst.ates will be dlsgussed elsewhere.
nuclei, which were produced by a projectile-fragmentatidfl the figure, the single-particle states predicted by the USD
reaction of*°Ar with a °Be target. The secondary bear® located lower th_an the preser_1t reSL_JIts by 500 keV, Wr_ule
bombarded a liquid helium targ][ The products of sec- the other states, which have configuration of neutron excita-

ondary reactions were detected by a telescope consistin ¥} @€ reproduced well. The same tendency was also seen
9 SSDs and 36 Nal(Tl) detectof§] fand de-excited, rays M the SDPF-M effective interactioiL1,112], and a stroJr:g
from the reaction product were detected by an array of 18@{n-iSospin monopole interactic][caused that tha /27

Nal(Tl) scintillators DALI2 [7] surrounding the secondaryState was located at lower excitation energy.

target. In order to measure scattering angles of the reactiof/e a;gtempted to reproduce the measured excitation ener-
products, three PPACE][were located on the beam line91€S in*°F by the USD shell-model calculation with chang-

The two PPACs were placed before the secondary target Higithe spin-orbit splitting of protow’ shell, because the

the other PPAC was placed after the target. Further detSidn-orbit splitting are considered to be sensitive to the ex-
about the present experiment were written in REE. [ citation energies of the proton single-particle states and to
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Figure 1. Shell-model prediction id*F improved by tuning the
proton spin-orbit splitting (middle), together with the experi-
mental result (left) and the original USD predication (right).
The spin-orbital splitting is widened by 1.3 MeV for the best
prediction.

be insensitive to those of purely neutron collective states.
The level scheme obtained when thg, orbital energy was
decreased by 0.52 MeV and tlig/, orbital energy was in-
creased by 0.78 MeV, which corresponded to an increase of
the spin-orbit splitting by 1.3 MeV, is shown in the middle
of Fig.[Il The calculation reproduced well the excitation en-
ergies of the single-particle states?iF and also improved
those of the other states. Since the single-particle energy
gaps used in the original USD and SDPF-M interactions
were determined to reproduce the single-particle states in
I7F, this may indicate that the spin-orbit splitting between
wds 2 andrds , in 23F is wider than that in”F.

The spin-orbit interaction is an nuclear surface effect,
and is affected by the differential of the nuclear potential.
Therefore the spin-orbit splitting is naively considered to
be determined by the depth of the potential, and to sensitive
to the binding energy of the valence proton. In the present
case, the valence proton3fAF is much more deeply bound
(13.24 MeV) than in'"F (0.60 MeV). Therefore, this dif-
ference in binding energy may cause the wider spin-orbit
splitting in 23F.
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High-spin isomers are known to exist iN = 83 iso-
tones L], systematically, with 66< Z < 68 at almost con- g (MeV)
stant excitation energies &= 8.5 ~ 9.0 MeV), except
for 1°'Er. The decay schemes and characteristics of these
isomers were studied well experimentalll] pnd theoret-
ically [2]. According to these results, they are considered ] 10956
to be shape isomers caused by sudden shape changes fron
near spherical to oblate shapes.
High-spin isomers were also known i = 84 isotones 07| 432009923 ——

T
of 64 < Z < 68 [3]. They are much different from those o7 !
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of N = 83 isotones in excitation energies and spin values as_| 412 (o135
well as half lives. The half lives of them are considerably
shorter than those af = 83 isotones.

In order to study the existence of the same kind of highg —
spin shape isomers in other mass region, ¥ti&r region 4
was selected. Comparing the spherical single particle orbits | 35/2-7373 ©— 7436 37/2 ()
near Fermi surfaces of nuclei in these two regions, there are—
similarities both for protons and neutrons. Then in case of
N =51, 52 isotones there may be isomers originated from
the same mechanism as thoseé\of 83 isotones. 671 332+ 5005 v

Recently, a high-spin isomer was found %Mo of an
N =51 isotone, at about 9.7 MeV in excitation energy and
having a half life of 1.1us [4]. A population of this isomer 7| 202+ 4sss Y
in the reactior¥?Se(®0, 5n)**Mo was only 2% of the total
93Mo yield which was much different from the cases/of | 252+ 4105
= 83 isotones. To clarify the differences as well as the sim-
ilarities of the isomers ofV = 83, 84 isotones and those of
N =51, 52 isotones, high-spin states’®Rb of anN = 52
isotone were studied. 21/2+ 2833

High-spin states in?*Nb were populated via the 2311 1
825e(60, p4n)°>Nb reaction at a bombarding energy of 5 —
100 MeV. Two experiments were performed at Cyclotron
and Radioisotope Center (CYRIC) of Tohoku University. 17/24+ 1335 y ¥
The 82Se target of 5.2 mg/ctnwas enriched to 90%. A  — 132+ 050
target foil was supported by 50@g/cn? of gold. Mea-
surements ofy-t, v-v-t coincidence,y-ray angular distri-
butions andy-ray linear polarizations were performed. For0— 9/2+ 0
the ~-ray detection, 2 BGO anti-Compton shielded and 2 93Nb
unshielded clover Ge detectors, and 1 LEPS Ge detectors .. .
were used in the first experiment. In the second experimefiigure 1. A proposed level scheme &fNb. The widths of the
2 BGO anti-Compton shielded and 1 unshielded clover Ge &ToWs .foIIow they-ray intensities. The energies are given in
detectors, 2 co-axial and 1 LEPS Ge detectors were used. [rK€Y units.
the data analysis, the clover Ge detectors were treated in the
add-back mode except for angular distributions. About 1.2
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Figure 2.A difference spectrum made by subtracting a spectrum gated on pre-prompt from that gated on post-prompt.

conditions for this spectrum were set in range from 1 to 3
1S in both sides of the prompt peak. Theays de-exciting
and feeding isomers are observed as positive and negative
o0 | [ ] peaks, respectively. The names of the isotopes to which
each isomer belongs are indicated in the figure. The known
half life of each isomer is also given. Several transitions of
93Nb were observed as positive peaks in this spectrum. A
~-ray of 1531 keV deexciting 37f2) state at 7436 keV in
93Nb is seen in Figl2 This means that a relatively long
lived isomer exists above the 3712 state. Figur@ shows
, , , , , , the time distribution obtained in this work. From this de-
Tim:{:’; cay curve, a half life of the high-spin isomer ‘5fNb was
determined to bel', ;, = 1.5(5) us. By using the half life
information, a population of this high-spin isomer was ex-
tracted to be 0.4(2) %.

x 10” coincident events in total were recorded for off-line These detailed results and discussions are given in an-
. other paper.
analysis.
The level scheme of*Nb up to the (33/2) state at 5905
keV were studied previoushb]. Figure[d shows the pro-
posed level scheme 8fNb constructed in this work usingReferences
the y-v-t coincidences, angular distributions, linear polaf1] v, Gonoet al, Eur. Phys. J. AL3 (2002) 5 and refer-
ization measurements, and the analysis of directional cor- gpces therein.
relations ofy-rays deexciting oriented states (DCO). The| T, pwssinget al, Phys. Scr24 (1981) 258.
transitions marked by asterisks are new ones. The width$f)f 4 \vatanabet al, Eur. Phys. J. A9 (2004) 163;
the arrows follow they-ray intensities. Twenty three new vy, wakabayashi, Master thesis (2002) and references
~-rays and 19 new levels were identified. therein.
A dipole rotational-like sequence was found just aboyg) T. Fukuchiet al, Eur. Phys. J. 24 (2005) 249.
7436 keV level as seen in Fiil The energies of intrabandi5)] £, A. Zobovet al, Program and Theses, Proc. Ann.
transitions are 393, 497 and 615 keV. Such a dipole band of conf. Nucl. Spectrosc. Struct. At. Nuclei, Almata,
93Nb have not been reported in-A 90 region. (1992) 54.
To search for relatively long lived isomersyay-t de-
layed coincidence measurements were performed as well
as the prompt coincidences. FiglEieshows a delayed-
~ projection spectrum made by subtracting a pre-prompt
spectrum from a post-prompt spectrum. The delayed time

Counts of y-rays

100

Figure 3.Decay curve of the high-spin isomerifiNb.

26



Analyzing Power Measurement for thep+-¢He Elastic Scattering at 71 MeV/u

S. Sakaguchi, T. Uesaka, T. WaRuT. Kawabata, N. Adl, Y. Hashimot&, M. Ichikawd,
Y. Ichikawe€, K. Itohl, M. Itoh, H. Iwasak®, T. Kawahard, H. Kubok, Y. Maeda, R. Matsuf,
T. Naka®, H. Okamur& H. Sakaf, N. SakamotB, Y. Sasamoto, M. SasafoY. Sato,
K. SekiguchP, M. Shinohar§, K. Suda, D. Suzuf, Y. Takahasif, A. Tamii, K. Yakc®, and
M. Yamaguchl?

Center for Nuclear Study, Graduate School of Science, University of Tokyo
acCyclotron and Radioisotope Center, Tohoku University
bRIKEN (The Institute of Physical and Chemical Research)
CDepartment of Physics, Tokyo Institute of Technology
OlDepartment of Physics, Tohoku University
€Department of Physics, University of Tokyo
fDepartment of Physics, Saitama University
9Department of Physics, Toho University
hResearch Center for Nuclear Physics, Osaka University

1. Introduction tion was reversed three times during the experiment by 180
Direct reactions induced by polarized protons have reulse NMR method4]. The average and the maximum po-

vealed various aspects of nuclear structure and react@zation were 13.8% and 20.4%, respectively.

mechanisms in the study of stable nuclei. However, therﬁ 1 orot Scattered’He B MWDC

has been no scattering experiment of unstable nuclei and " © " camere e stocpa;;r e

polarized protons until 2003] due to the lack of polarized ." (Cu)

proton target that can be used in Rl beam experiments. In &

this situation, a solid polarized proton target has been cori-gz‘l’;"('sgz)

structed at CNSZJ3]. Applicability of the target in Rl beam
experiments was realized, for the first time, by its modest 7]

operating condition o3 = 0.1 T andT" = 100 K. P mli‘:lai‘t';r

Making use of the polarized solid proton target, vector 4
analyzing power was measured for ifte®He elastic scat- darv farset  SWDC Col Plasti //—t_“ .

. . _econ ary targe N astic scintuiator
tering at 71 MeV/u. Aims of the measurement are (a) to dé (naphthalene) scintillator (5, and 100 mm thick)

termine the spin-orbit potential between a proton afiHa
particle and then (b) to discuss the effectiveness of micr&igure 1. Experimental setup is illustrated. A secondatye
scopic theories from the viewpoint of polarization phenom- beam from RIPS bombarded the solid polarized proton target.
ena in weekly bound systems. It is also expected that polar- Both leading and recoil particles were detected.
ization observables provide new information on the neutron
skir_1 str.ucture'o.féHe particle because the spin-orpitinter— Leading particles were detected by a multi-wire drift
action is sensitive to the surface structure of nuclei. chamber (MWDC) and plastic scintillators. Scattering an-
) gle was determined by the MWDC. The energy depadit

2. Experiment and the total energly were measured by two layers of plas-

The experiment was carried out at RIKEN Accelergic scintillators. Recoil particle detectors, consisting of a
tor Research Facility (RARF) using RIKEN Projectilesjngle-wire drift chamber (SWDC) and a Csl scintillator,
fragment Separator (RIPS). AHe beam was producedyere placed at left and right side of the beam line. The
through the projectile fragmentation of'&C beam with SWDCs were used to determine recoil angles. Total energy

an energy of 92 MeV/u bombarded on to a Be target. TBethe recoil particles was measured by Csl scintillators.
energy and the typical intensity of tHiHe beam were

71 MeV/u and 250 kcps, respectively. The purity of the- Results and Discussions

beam was 95%. The spot size on the secondary target waslentification of °He particles was carried out by the

10 mm FWHM in diameter. AFE — E method. Protons were identified by making use
Experimental setup is schematically illustrated in Big. of the correlation between the scattering angle and the total

The material of the solid polarized proton target was a sierergy. They+°He elastic scattering events were selected

gle naphthalene crystal doped with 0.005 mol% of pehy requiring kinematical consistency to identified particles.

tacene. The diameter and the thickness of the crystal wEigurelZ shows the polar angle correlation between leading

14 mm and 1 mm, respectively. The number of protonsamd recoil particles. Yields were obtained in eahb in

the target wad.29 4- 0.17 x 10! cm~2. Polarizing direc- the CM angle by integrating the peaks corresponding to the
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elastic scattering as shown in the right panel of Big. were used for the fitting because the present data is under-

“ estimated due to a severe selection of leading particles. Pre-

_ 1::: Kinematics call, oL i T ] liminarily obtained parameters of the spin-orbit potential
g [ oremtesaemg [T 11 eeegae 1| are summarized in TablE together with those of neigh-
ERE 1 ol i i |  boring stable nuclei and a global optical potential. Radial
%’0 70 (= /epgatc E L Op: gated L h f h h .
- Dt , Sl i} @0.6sdeg) i -+  Shapes of them are shown in F#fy.

60 [m--onos ettt oo es o) s il
s T : : 4
E 50 - i Parameter| p+°He p+*He p+°Li  Global OP
£ w0 . [7] (8] 9

30715 -10 75: 0 5 fo 15 045 71(‘) ‘75 6 5 ‘ 1Lo 15 Vls (MeV) -2.70 -3.92 —3.36 —5.94

6He scattering angle O6He (deg.) 6He scattering angle OsHe (deg.) Tls (fm) 121 086 090 083

Figure 2.The left panel shows the polar angle correlation of pro- _ 4is (fm) 1.06 0.49 0.94 0.59

tons and’He particles. The right panel is a histograntef; .

whered, = 60 — 65°. . . . .
Table 1. Depth, radius, and diffuseness parameters of spin-orbit

potentials are listed.
Analyzing power was then deduced, canceling spurious
asymmetry, as

6He pot.
(present work)

L VNINE - /NLN} " /A I st pot.
y = = . 3 i seri se
P, [ i
Y \/NiNzi% + \/N;Ni Vi) 6Li pot.
Vi

/ _——

(Henneck et al.)

rVy,(r) [MeV]

Here, P, is the average polarization of the targeftzf is Yy n 6He pot.

the yield where the subscripi=L/R) and the superscript L ] (Koning et al)
(j=11]) denote a scattering direction and a polarizing di- T 1
rection, respectively. Preliminary results of the differential  _gloolovoutovu i ..,
cross section and the analyzing power are shown indrig.

r [fm]
Figure 4.Radial shapes of the spin-orbit potentials are shown.

2
10 Ty Lo

do/dQ [mb/sr] E

0.5
' It was indicated through the comparison thattkie has

a relatively shallow and widely extended spin-orbit poten-
, tial. This unexpected shape may contain important infor-
Yy H mation on the surface structure of thlde particle, since

0.0

Preliminary — * \;E ' Prelimina ry ] the spin-orbit interaction is a surface effect. To extract more

1072 T U F P VY PO PR T T T detailed information, further investigations such as the eval-
30 40 50 60 70 80 90 30 40 50 60 70 80 90 - . . .

0. [deg] 0. [deg] uation of channel coupling effects will be required. Data

i : . , . analysis and theoretical calculations are now in progress.
Figure 3.Measured differential cross section and analyzing power Y prog

are plotted by closed circles. Previously obtained differential

cross section data are also plotted by open cirdlearid open

squared§]. The solid and dashed lines show the calculation &eferences

a phenomenological optical potential analysis and apredictim M. Hatanoet al, Eur. Phys. J. 25 (2005) 255.

of a microscopic model], respectively. [2] T. Wakui et al, Nucl. Instrum. and Methods A50
(2005) 521.

The measured analyzing power was compared with p@l T. Uesakaet al, Nucl. Instrum. and Methods A26
dictions of microscopic models based on thenatrix the- (2004) 186.
ory. The data exhibit a significant discrepancy with the cif]'—] T. Kawaharaet al,
culation [6] shown by a dashed line in Fi@. This indicates ek .
an inadequacy of the conventional microscopic models[ﬂ A Korshenmnlkovet al, Ngcl. _Phys. AB17(1997) 45.
the description of polarization phenomena involving Iigll@] K. Amps, private communication.
unstable nuclei which have weakly bound neutrons. [7] Y. seri, private communication.

For quantitative discussions, we carried out an optidgl R- Hennecletal, Nucl. Phys. A571(1994) 541.
model analysis using a phenomenological optical potentﬁ% A. Koning et al, Nucl. Phys. A713(2003) 231.
of Woods-Saxon type. Solid lines in F[gshow fitting re-
sults giving the best agreement with the data. As for the dif-
ferential cross section, the data of previous measurements

CNS Annual Report 2005 (2006)
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In-beam gamma-ray spectroscopy by fusion-evaporation re-
actions is one of the most efficient methods for the study of
nuclear structure at high spin, since large amounts of angu-
lar momentum can be brought into the system. Howevegps experimental room at RIKEN
nuclei produced via fusion-evaporation reactions using sta-

ble isotope beams are limited, in many cases, to the proton- GRAPE
rich side relative to thej-stability line. In order to inves- F2 —— F3
tigate high-spin states of neutron-rich nuclei by the fusion- Rot. deg.
evaporation reaction, it is necessary to use neutron-rich sec1 \ PPACs F4
ondary beams. In the doubly magic nuctéCa [1] and / :\ = stQ ——
48 i n

Ca, the onset of deformed collective states due to the pres- Plastic scintillatolCs L] PPAC
ence of deformed shell gaps i1 = 20,22 and N = 28 (i I

. - . : Degrader :

are expected at high-spin. In this report, in-beamay , Clover Ge
measurements itf Ca region by secondary fusion reaction, Be target

46 Ay 49 Be, is described. _
The experiment was performed at RIKEN Projectile-Primary beam
fragment Separator (RIPS3][in RIKEN Accelerator Re- ~ *¢a64MeV/u
search Facility. Figuri@ shows a schematic view of the ex- _ o ]
perimental setup. A neutron-ridiAr beam was produced Figure 1. Schematic view of the experimental setup.
by projectile fragmentation of a primary beant'8€a at 64 ) ) )
MeV/nucleon bombarding the primary target of 1.625 mm- Ga@mma rays emitted from the high-spin states of evapo-
thick ?Be and separated by RIPS. An aluminum curved d@tion residues were detected by the CNS GRAPE (Gamma-
grader with thickness of 0.6 mm placed at the momentR@Y detector Array with Position and Energy sensitivify) [

dispersive focal plane (F1) was used to achieve a clear i83-Well @s two clover and one coaxial germanium detec-

tope separation as well as to lower the energy of the sES- The CNS GRAPE was composed of 18 Ge detectors

ondary beam te-24 MeV/nucleon. The particle identifica-and each detector has two cylindrical-shaped_ planar cr)_/s_tals
tion of the fragments was performed by measuring time-¢fat share a common anode. The cathode sides are divided
flight (TOF) and energy lossXE). The TOF was obtained!Nto nine segments. The segmentation makes it po§S|bIe to
from the timing information between plastic scintillator ofletermine interaction points of the detectedays using
0.1-mm thickness placed at the achromatic focal plane (B8)2/09ue pulse-shape analy@hfpr an accurate Doppler-
and two PPACs (Parallel-Plate Avalanche Count@})af shift correction. These-ray detectors were placed around
the third focal plane (F3). A purity o Ar was 99%. the secondary target to cover the angular range between 30
The*6Ar beam was further lowered in energy using a r&nd 120 relative to the beam direction.
tatable aluminum degrader of 0.3-mm thickness placed af * S¢ and Ca Isotopes were producedaby, pzn and
F2. The energy of the secondary beam was adjustedbYy* channels in thé A? + Be fuspn reap’uon, respec-
changing the rotation angle of the degrader relative to ¢!y In order to identify the reaction exit channels, Si-
beam direction and the TOF between F2 and F3 was mBatrel was placed downstream from the target for the col-
sured on an event by event level. Fig@ehows an en- lection of the evaporated protons and alphas. The Si-barrel

ergy spectrum of the secondary beam at F3. The ene¥@® composed of three pentagonal rings of Si detectors. In

was optimized to produc®Ti at the maximum cross sec£ach rings, 5 Si detectors was located, which had 450

tion by a measured and calculated excitation function fBICkness ands x 480 mm active area.

ported in Ref. . The low-energy beam was transported to /A SuPer-conducting Triplet Quadrupole magnets (STQ)
F3, where a thiffBe of 10.um thick secondary target wadvas pllaced after the secondary target in order to fo_cus the
placed for the fusion-evaporation reaction. A typical inte@Utg0ing particles and one PPAC was placed at the final fo-

sity of 1.0 x 10° particle per second was obtained at tHe?! Plane after the STQ (F4). The beam and evaporation
secondary target. residues were distinguished based on the velocity shift after

the fusion-evaporation reaction, which was measured by the
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Figure 2. An energy spectrum of th¢ Ar beam at the secondary
target deduced from TOF information.

TOF between F3 and F4.

With a trigger condition of two or more Ge detectors fir-
ing in coincidence with the plastic at F2 and the PPACs at
F3, a total amount of x 10® events were collected.

Data analysis is in progress.
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Introduction measured the-rays from inelastic scattering. The array of

The solution of the solar neutrino problem depends ffl detectors was set at a distance of 7 cm above the tar-
the knowledge of several experimental inputs that are ugk&} Position. An alluminum plate separated these detectors
in the calculation of the neutrino production raték [The from vacuum. It was as thin as 2 mm, to avoid absorp-
astrophysical factor for théBe(p;)®B reaction 6;7(0)), tion. The angular range covered by the silicon telescopes
despite its importance in the prediction of the high-ener§as0 < fias < 7/4, with a solid angle of about 60 msr
neutrino production rates, still remains one of the modagr detector. The Nal detectors covered a total solid angle
uncertain [B] parameters in the solar model. Although @®f A2 ~ 47/5, with a resolution of61 keV at429 keV
has been measured many times in the last dec@jethg¢ (FWHM).
challenges in performing the measurement have limited 'iBFeIiminary analysis

accuracy of existing experimental values, preventing it toI the thick t t method. that dooted in thi
reach the desirable accuracy-05%. In addition, recent ex- n the thick target method, that was adopted in this exper-

perimental studies4]/5,/6] have opened to discussion whag[lfnint’ the bearg haj Ittr? etnerg){ §et LO the rS]gXLmum varl]ue
kind of influence the suggested low-lyikg broad state in 0 be measured an € target is chosen thick enough to

8B might produce in the extrapolations §f; (0). cover the energy range of interest. Because of the energy

The need for improvement being evident, a study of t Qss of the beam inside the target, it is possible to measure

7Be + p scattering was performed to both improve the clipe excitation function all at once. Notwithstanding, an ad-
rent knowledge of théB nuclear structure and to give u£duate treatment using the kinematics and energy loss of
some experience on how to produce a high-current ftiee the recoiled proton inside the target is required in the anal-
beam and how to set the final arrangement for the meas%%—s' The development of the code to treat the data with

ment of the cross section of tfi@e(p;y)*B capture reac- these considerations is now under development. In or-
tion, our ultimate goal. This was th’e first time in whicii€r t© be able to subtract the background contribution due

~-rays from inelastic scattering were simultaneously met%_carbon in the polyethylene target, cgrbon f_0|I runs were
sured, providing us with extra information. also performed. These data also require S|m.|Iar'treatment,
since the target thickness seen by the beam is different, ac-
_ cording to the reaction point and density of the target. The
Experiment inelastic contribution can be distinguished by taking coin-
The experiment was performed at the CRIB facility, afidence between the proton and theay (spectrum shown
University of Tokyo. We have used the inverse kinemat Fig. 1) from the deexcitation ofBe to its ground state
ics technique by bombarding a thick polyethylene targgt, = 429 keV). The background contribution from the
with a "Be beam at a laboratory energy 069 MeV/u. (-decay of the implantedBe to "Li*, that decays to the
The secondary beam was produced through the reacwound state emmiting g-ray (£, = 470 keV) was found
Li(p,n)"Be by bombarding an 8 cm thick, 1 atm pressute be very low (less than 7%), as expected. The similarities
hydrogen gas target with"ai primary beam from RIKEN’s between the raw proton spectra (top of Fig. 2) and the raw
AVF cyclotron, at8.76 MeV/u. The energy spread of theproton spectra in coincidence withyaray gated around the
secondary beam was set to 0.8%. After the production t4R9 keV peak and the timing peak (bottom of Fig. 2) indi-
get, the secondary beam passed through a double achate that some of the resonance$Bnmight have a signif-
matic system and a velocity filter, leading to a virtually puiieant branching to the first excited state’@e as well. In
beam at the end. The setup at the scattering chamber §B8ition, we may be able to confirm the now uncertain ex-
chamber) consisted of two PPACs that measured the beatence of a 2 state at around 3 Me\4[[5], since our data
position and angle of incidence into the target, as well agvers a wide range up #,,, = 7 MeV.
time of flight between them; a set of four silicon detector A detailed analysis is though necessary before we make
telescopes, composed by a position-sensitivemOdetec- a conclusion.
tor backed by two or three 1.5 mm detectors, that measured
the recoiled protons; and an array of ten Nal detectors that
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Figure 1. The v -ray spectrum for the polyethylene target runs.
The inset shows the timing spectrum for the detectors and the
region where the gate is set.
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Figure 2. Raw proton spectra in coincidence withrays mea-
sured by the Nal detector array (bottom) and events not in co-
incidence (top). The timing gate is shown in the inset of Fig. 1,
the energy gate covers the region of the 429 keV peak.
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Alpha cluster is one of the important concepts in the ndition that the recoil protons are detected by the RPC.
clear structure. Alpha cluster states in self-conjugate 4NIn the 0 measurement, we changed the experimental
nuclei are expected to emerge neadecay thresholds assetup from the standard one to a special one in order to
shown in the lkeda diagrarii], For example, it has beenmeasure the low-lying states wify, < 6 MeV. Those low
suggested that the 7.65-MeV Gtate in'?C has a 3 con- excited states have never been measured dt@ to a ge-
figuration P]. This state locates at 0.39 MeV above themetrical limitation in the experimental setup. In the usual
3a-decay threshold energy. experimental setup at'Qthe beam duct was placed at the

Recently, it was found through the measurement of thegh momentum side of the focal plane detectors of GR to
Gamow-Teller and spin-flig/1 strength that the 32state lead the beam to a Faraday cup. The primary beam passed
in 1B at £, = 8.56 MeV is not well described by shellthough the GR and was stopped in the Faraday cup placed
model (SM) calculations3]. The 3/2; state, which locates 12-m downstream from the focal plane. Since the distance
just 100-keV below the:-decay threshold, is considered tbetween the beam duct and the effective area of the focal
be a cluster state where a proton hole injthg orbit cou- plane detectors was fixed at 12 cm, the momentum accep-
ples to the § state in'2C. On the other hand, Milin andtance was geometrically restricted &) > 6 MeV. In the
Oertzen proposed that the J/2tate {, = 8.86 MeV) and special setup used in the present experiment, a beam stopper
the 1/2 state £, = 10.996 MeV) in'3C are 3 cluster was installed in front of the focal plane detectors in order to
states with one excess neutron which acts as a covalent pgercome this restriction. Fifshows the excitation energy
ticle [4]. The influence of such excess particles and holes

¢0°

in the cluster states can be examined by comparing of the ; "B(0y00)

E,,= 400 MeV
6=0.0°

EN
T

cluster state in?C with those in'3C and!'B.
In order to investigate their structure, a measurement of
the isoscalar transition strengths is useful since most cluster
states in nuclei are excited by the isoscalar transitions. In
the present work, we measured the angular distribution of
the a-inelastic scattering from!'B, '2C, and™*C at for-
ward angles of) = 0° — 19.4 to obtain the isoscalar tran- 7
sition strengths. Generally, both the isoscalar and isovector 0k
transitions contribute to the transition strengths inA\Z Excitation Energy (MeV)
nuclei. Therefore, isoscalar probes like thinelastic scat- a0t
tering should be used to extract the isoscalar strengths. i
The experiment was performed by using a 400-MeV al-
pha beam at the Research Center for Nuclear Physics, Os-
aka University. The alpha particles scattered from the tar-
get were momentum analyzed by the magnetic spectrometer
Grand Raiden (GR). In the measurement at forward angles, i
hydrogen in the target causes severe backgrounds since the 2|
cross section for the + p elastic scattering is much larger
than that for the inelastic scattering. To eliminate the back-
ground, we developed a recoil proton counter (RPC) and
installed it in the scattering chamber of GR. The RPC déigure 1. Energy spectra fot' B(a,o’) and “C(aer') reactions
tected recoil protons from the + p scattering. Therefore, — at 0.
the background from hydrogen can be separated ﬁmams
inelastic scattering events by requiring or imposing the cogy-

w

N

Yield (counts/18 keV)

o
T

BCloy0l)
E,= 400 MeV
06=0.0°

o
3.68 (3/2)
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8.86(1/2)
11.08(1/23)
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Excitation Energy (MeV)

ectra for thé'B(a,a’) and '*C(«,a") reactions measured
0> with the beam stopper. The first excited statéiB
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Table 1. Measured isoscalar monopole and quadrupole strengths for the excited stABeampared with the theoretical predictions

by the SM and AMD (VAP) calculations.

Experiment Shell-model AMD (VAP)
Jr E. B(E0;1S) B(FE2;1IS) B(E0;IS) B(E2;1IS) B(E0;IS) B(E2;1S)

(MeV) (fm%) (fm?) (fm?) (fm?) (fm?) (fm*)
127 212 11.6+ 0.6 12.0 12.3
5/27 4.44 39.24+ 2.0 49.5 66.5
3/2, 5.02 1.7+ 0.6 6.4+ 0.3 ~0 14.2 7 2.3
7127 6.74 34.6+ 1.8 42.9 34.4
3/2; 8.6 72+ 6 444+ 1.7 ~0 0.012 94 5.3

at the very low excitation energy of 2.12 MeV was success-The shell-model (SM) calculation are performed by us-
fully measured. ing the SFO interaction] within the 0-2ww configura-
Angular differential cross sections for several low-lyinon space. In this SM calculation, the effective charges
states of ' B excited via (o) reactions are shown in Fig.of e-//=1.24 and &//=0.22 are used to reproduce the ex-
[2 Since the ground state bfB has non-zero spin, the crosperimental values. The SM calculation reasonably well ex-
sections for thé!B(«,a") reaction are described by an incoplains the experimental B(E2;1S) for all the excited states in
herent sum over the cross section of the different multipdlablé&ll except for the 3/2 state. For the 3/2 state, almost
contributions. Thé!B(a,a’) cross sections are, thereforeno monopole excitation strength is predicted by the SM cal-
analyzed by summing up the cross sections calculated withations while the large monopole strength is observed in
a few multipole transitions. The cross section for each mdhe present work.
tipole transition was calculated by using the macroscopicTo examine cluster nature of the excited states'm,
model [B]. Since the angular distribution of the cross sethe experimental results are compared with the antisym-
tion is characterized by the transferred angular momentumetrized molecular dynamics (AMD) calculation. In the
L, it is possible to decompose the cross section into eaMD calculation, the method of the variational calculation
multipole component by fitting the measured angular distafter the spin-parity projection (VAPY] [[8] was used. The
bution as shown in Fid2l level structure predicted by the AMD calculations is slightly
different from the experimental level scheme'éB. How-

"B(001)

2.12 MeV (1/2)

@ E

AF=2"¢

T'B(orol)

ever, the excitation strength are reasonably well explained
without any effective charges. The large monopole strength
for the 3/Z state, which is not well described in the SM
calculation, is successfully predicted by the AMD calcula-

teses, [ ‘444 MeV (5/2) " - - . .

tion. According to the AMD calculation, the 3/2state has
a spatially well-developed cluster structure with a loosely
bound 2+t configuration. The present result suggests that

= the 3/Z state has a@+t cluster structure.
?EJ The angular distribution of cross sections t8€(a,a’)
a will also be analyzed. The results will be reported else-
3 where soon.
o
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By the multipole decomposition analysis, isoscalar
monopole [B(EO;IS)] and quadrupole [B(E2;IS)] strengths
were deduced. Tabl@ lists the obtained B(EO;IS) and
B(E2;IS) values together with theoretical predictions.
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Lifetime of excited states of nuclei provides us with impor-

tant information of the nuclear structure. Direct lifetime 700 - .
measurements in the range of greater than 1 ps are usuall 600 } i
applied to unstable nuclei using slow-down or stopped RI 500 - |
beams. To extend the measurement to nuclei far from sta- }

bility, it is necessary to develop new methods fit for unstable 400 |- 7
nuclei by fragmentation reactions at intermediate energies. 300 { .
So far, two methods have been used for lifetime measure- 200 | i
ments with intermediate-energy RI beams. The Doppler-
Shift Attenuation Method1] was applied to measure life-
time in the order of 1 ps, while relatively long lifetimes in 01994 1;96 19'98 20‘00 20'02 20‘04 2005
the 100-ps range can be measured with the Recoil Shadov Vear
Method ]. We improved the Recoil Distance Method
(RDM) [3] and expanded the lifetime measurements to the
10ps range.
In the RDM, RI beams excited by any reactions at the
secondary target fly to the plunger-atl mm downstream ator Facility. A radioactive beam 0#Mg was produced
of the target, and then they are decelerated by the plunges. fragmentation of a 95-MeV/nucleoHAr beam with
De-excitationy rays emitted before and after deceleratiog 277-mg/cr-thick ?Be target. The secondary beam was
will have different energies, because their Doppler coef§eparated by the RIPS with tH@p-AE-Bp method. The
cients are different. The lifetime of the excited state is dgeam particles were identified event-by-event by the time-
duced by comparing the counts of the two peaks. of-flight(TOF)-AE method. The TOF was defined as the
The RDM with intermediate-energy beams has more afie between a 0.1-mm-thick plastic scintillator and PPACs
vantages than with slow bean#] [5]. The distance be- placed 5.3 m apart along the beam line. The number of
tween the secondary target and the plunger can be longe¥ACs were two to determine the incidence angle of the
thus the uncertainty of distance becomes relatively sm@jrticles, so the timing of PPACs was defined as average of
Moreover, intermediate-energy beams allow us to use thigle two PPACs with a distance correction. TA& infor-
secondary target for efficient measurements. We applied thgtion was obtained by a 0.1-mm-thick Si detector placed
RDM to intermediate-energy Rl beams™Mg for the first at the first achromatic focal plane of RIPS. TH#g beam
time. had a average intensity of 1 k counts per second and a purity
#2Mg is a typical nucleus of the ‘Island of Inversion’of about 21%. The major contaminants wéfe4Al and
The energy of the first excited state and the value ¥fSj. A reaction target system composed of a secondary
B(E22{ — 0%) implies the break of closed shell structarget and plunger was placed at the final focal plane of
tures. TheB(E2) values of*?Mg were obtained from the RIPS. We used two different systems. One had a 1353-
intermediate Coulomb scattering Mg and thes-y de- mg/cn?-thick Au target and a 98.4-mg/&@mAu plunger
cay of ?Na. The value ofB(E2) has been reported to beplaced at 120@m downstream (target system-1). The other
454+78¢?fm* [6], 333+70e*fm* [7] and622+£90e*fm* [8] had a 1339-mg/chathick Au target and a 98.8-mg/aviu
by the intermediate Coulomb scatterings¢2”e?fm* [9] plunger placed at 5000m downstream (target system-2).
by the 3-y spectroscopy, as shown EIgAll the results are The mean energies Mg nuclei between the target and
not consistent with each other. Thus, high precision mgfianger were calculated to be 26.1 MeV/nucleon for both
surement of3(E2) with an accuracy of 10% should be desystems.
sired. In this experiment, the advantages described beforgcattered particles were detected by a 106mM@0mm
expected to achieve the necessary accuracy. PPAC and a 150mm150mm PPAC located 200 mm and
The experiment was performed in the RIKEN AcceleBg83 mm downstream from the target, respectively, to mea-

B(E2)

100 - -

Figure 1. Experimental values ofMg B(E22] — 0™)
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sure the emission angle of the scattered particles. More- <V

over, the scattered particles were identified by thé-
E method using a Si-detector telescope located 458-mm
downstream from the target. The telescope was comprised
of three layers of silicon detectors with thickness of 200
500um, and 50@m, respectively. The telescope covered
150mmx 150mm area, corresponding to the laboratory scat-
tering angles up to 12 degrees.
De-excitationy rays were detected by the position sen-
sitive Ge detector array GRAPEIT] [[12] which composed
of 12 Ge crystals surrounding the target around 120 degrees
with respect to the beam axis. Each crystal was placed at
a distance of 135 mm from the target. Energy and effi-
ciency calibrations of each Ge were made using the stan- 700 1100
dard~y sources;2Eu, '33Ba and®Y. The energy resolu- EylkeV]
tion of each crystal was 5.27(2) keV FWHM and the total
efficiency was?.50(1) x 10~ for 898-keV+ rays as mea- Figure 3. Doppler-corrected-ray energy spectrum using the tar-
sured with theé®Y source. get system with the distance of 120 with no-BGO-signals
To decrease backgrounds originated from environmen- condition
tal v rays and neutrons, seven BGO crystals with a size of
80 x 250 x 25 mm?® were arranged at the upstream angQeferences

downstream of the GRAPE. Energy and efficiency calibrfal-] N. Imai et al, RIKEN Accel. Prog. Rep88 (2005) 41

tions of each BGO were made using the standasburce ;
2] N.Imaiet al, Phys. Rev. leti92 (2004) 062501.
22Na. The energy resolution was 200keV FWHM for th } c Bromljdeet al Iﬁucl thys A2(16(19)73) 603

1275-keV7 rays. [4] G. Kemperet al.,, Eur. Phys. J. A1 (2001) 121.
Fig. [2shows Doppler-correctegray energy spectra Us-s) 3 1 coopeet al, Phys. Rev. Leti87 (2001) 132503.
ing the target system-2, which was obtained in coincide T Motobayashbt'al Phys. Lett. B346(1995) 9

g the targe tich w nei
Wr']th '”e'as“cat”y ScaF:ﬁre? Mg 'SOt%Pt?S' Thbe StO'E';dG'ge 7] B. V. Pritychenkoet al, Phys. Lett. B461(1999) 322.
shows a spectrum without any conditions abou 208 V. Chist et al., Phys. Lett. B514(2001) 233.

the hatched area shows a spectrum with the condition t 'Y Machet al. J Phys. G: Nucl. Part. Phya1 (2005)
any BGO crystals did not have signals. The signal to ba O]T. Kubo et al., Nucl. Instrum. Methods B0 (1992)
ground ratio advanced from 0.2 to 1. As seen in Elga 309 '

~-ray peak is evident qt 895(10) keV, which is attributed ﬁl]s. éhimoura Nucl. Instrum. Methods 470 (2004)
2{ — 0/, transition in®>Mg. 188 '

Counts/2keV [12]M. Kurokawaet al., IEEE Trans. Nucl. Sci50 (2003)

250 W 1309

Figure 2. Doppler-corrected-ray energy spectra using the target
system with the distance of 50Q0n.

Fig.[B'shows a Doppler-correctegdray energy spectrum
using the target system-1 with no-BGO-signal condition.
As expected, it really has a double-peaked structure.

The analysis of the lifetime is in progress.

36



Development of a High-Efficiency Method forac Resonant Scattering with the
Thick Target Method

H. Fujikawa, S. Kubono, A. Saito, H. Yamaguchi, G. Amadio, J. J. He, L. H. KRjem

S. Nishimur®, H. Oht&, A. Ozaw&, Y. TagishF, Y. Wakabayasif, M. YamagucHf and
T. Yasun&

Center for Nuclear Study, Graduate School of Science, University of Tokyo
Qnstitute of Physics and Electronics, Vietnum
bRIKEN (The Institute of Physical and Chemical Research)
Cinstitute of Physics, University of Tsukuba
dDepartment of Physics, Kyushu University

The a-induced reactions such as,p), («,n) are important pm-thick Havar foil. The pressure of helium gas was ad-
in astrophysical nucleosynthesis. For instance, in novae @msted so as to stop the beam particles before the telescope
X-ray bursts, the rapid proton-capture (rp-) process is can-the gas. The energy of tH€O beam decreased down to
sidered to start with the breakout reactions from the h@&2.5 MeV after the Havar foil. A telescope consisting of
CNO cycle. One of the breakout reactions for X-ray burstso position sensitive silicon detectors (PSD1 and PSD2)
is the '4O(a,p)'"F reaction[l]. This is partly because theand a pad silicon detector (SSD) was set on rotatable ta-
hydrogen burning of40 is inhibited since'®F is proton ble to cover a certain range of scattering angle inside the
unbound. Another example is tRei(a,n)!'B reactionP], gas. The recoiled particles were identified by thAE-E
recognized as an important reaction to pass through the vaéthod.

ley of A=8 in the primordial nucleosynthesis. Thus, prop-

erties ofa resonances especially in unstable nuclei are im-  ,c.m-monitoring section target section

portant for nuclear astrophysics. Havar foil - ggg%; gggmwr
We have been working to establish an experimental 100pg/cr? : f/ 2.2um, 20 mef ﬁfsso: 1.5 mm

method to determine properties of sueliesonances with || % —{|.310mm

high precision. Once established, the method should B A . %Hiéz

useful for studies of astrophysicak,p) reaction andx- AL \y/ .

clustering aspects in nuclear structures. In our previous ex- 470 Torr He gas | aracay cup

periment|[], a gaseous helium target cooled down to 30 K co!mater = . y
confined in Havar windows was used. However the cooled cam Monior  o<pg<4s?  SHIEESC0RE
target trapped materials which made the energy losses of the
incident and outgoing particles uncertain. The uncertainty
of the absolute cross section is increased by the materials.

In the present study, a helium gas target at room tempera\—N ; d vsis t h . tal
ture is used for ther resonant scattering with the thick tar- € performed an analysis to compare the experimenta

get method(3]. Silicon detectors for recoiled particles aréj ata with :heR—rgatrlxtg:TIculatlon. Flgt;)rtﬁhov;@ ant ((a)n(;
set in the gas to minimize the energy loss and the muItip‘511regy SF_)I_?]C rulm Od p;’ir IIC eshm\(/avatshure N yrime rs1tnlpdat _T_h
scattering of the incident and recoiled particles in confini ee. 1he closed circles sho € expenmental data. -The

foils. We aim at measuring the energy and the scatterin id curve co_rresponds to thi}matnx calculation includ-
angle of recoiled: particles. ing the experimental resolution. Several peaks were ob-
erved which correspond to known levelsfiNe [4].

In order to establish the experimental method to mea h h lation bet th d
sure then resonant scattering, we performed an experime Igurela Snows the correlation between the energy an
e scattering angle of the recoiledparticles. The verti-

of a+'%0 elastic scattering at the University of Tsukub

Tandem Accelertor Cener (UTTAC). Fgubshons 2 £2, 4% 2 1 £08) ol e recolechrices at e e,
schematic view of the experimental setup. RO beam Pe, g ang

at 40 MeV was supplied by the 12UD Pelletron tandem a0 center-of-mass system. The scattering angle was deter-
celerator. In the beam-monitoring section, the beam ned by taking the kinematics and the energy losses of the
' pcident and the recoiled particles into account. The solid

collimated by a double-collimator system. A carbon fol ) )
was set after the collimators. A silicon detector was set&f vc> ar€ the calculations which well reproduce the exper-

12 degrees with respect to the beam direction in order”i%e.ntal data. o
monitor the beam current using tH&+'2C elastic scatter- Figureld shows an example of the angular distribution
ing. The setup for measuring theresonant scattering iSof the recoiledr particles for the 10.55 MeV % state in

20 . : 5
shown in the target section in F{fl. Helium gas at room Ne. The solid curve is a square of the Legendre poly

H c.m. H H ieti T=A1
temperature was used as a target. The target gas regionrel%%g'al Py (cos 95™) which is the characteristic of"=4

separated from the vacuum of the transport line by a 2; a’e. The data h‘r’.ls a gopd agreement with the calculation,
which shows the kinematic correction worked properly.

Figure 1.Schematic view of the experimental setup.
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Figure 3.Correlation between the energy and the scattering angle T
of the recoiledv particles. 0.0 = ‘
I part 120 150 180
In the present study, the experimental method for the 05" [deg.]

« resonant scattering was developed using the room-

temperature helium gas target and the inverse kinematics.

The R-matrix analysis of the data showed good agreemenfgure 4.Angular distribution of the 10.6 MeV#4 state in*’Ne.
with the resonance parameters known for the excited states

in 2°Ne. The kinematic shifts of energies and scattering an-

gles were well reproduced by the calculation including the

kinematics and the energy losses. This method will be ap-

plied to« resonant scattering experiment using Rl beams.
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1. Introduction . . . .
. . . . Table 1.Rates of the obtained nuclei, the pulsing periods and the
One of the most interesting phenomena in nuclei far from 0. ohium acceptances in each setting are shown.

the line of stability is a variation of the magic numbers. The
magic numberN = 20 is broken in the region of the is-

setting pulsing momentum obtained rate

land of inversion[f] and the new magic numbéy = 16 No. periods acceptance  nucleus
is suggested in the oxygen isotop@k [In this region, the on-off (ms) %) (pps)
99 Y9 p glon, 1 330-330 3 PN 2.1k

proton-neutron ratio becomes imbalance and residual inter

17
actions are modified from that in the stable nuclei. This 2 170-170 +2 19CB: gg
causes the modification of the shell structure. 21 300
The nuclei withZ ~ 8 provide an opportunity to inves- 230 3
tigate the effects of neutron excess on phel shell gap of 3 — o Pl =8
the proton side. In particular, thedecay of the neutron- 22N 9'4
rich C, N isotopes is an excellent probe. In these nuclei, the 210 2'0

valence neutrons belong to tkéd shell, while the valence
protons belong to the shell. Therefore, intruder states are
populated selectively through th&decay because of the
selectivity of thes-decay.

The~-ray detection system consisted of two clover-type

Ge detectors and the CNS Ge array (GRAPE). The pho-

) topeak efficiency of this system was 4.3 % for 1 MeV

2. Experiment rays. Each clover-type Ge detectors was surrounded by
The present study was performed at RIKEN Projectifnti-Compton shield, which consisted of eight BGO scin-

Fragment Separator (RIPS) in the RIKEN accelerator t#lators. Each BGO scintillator had a size of 80250 x

search facility. Radioactive ions were produced by proje2s mn®. For a veto of a3-ray to the Ge detectors, each

tile fragmentation of a 63 MeV/nucledfAr primary beam Ge detector had an plastic scintillator at the front end. The

with a beam intensity of 500 pnA. The production targg@lastic scintillators with a thickness of 1 mm were used for

was Ta with a thickness of 333 mg/éniThe reaction frag- the clover-type Ge detectors and a plastic scintillators with

ments were collected and analyzed by RIPS and transpotteglthickness of 5 mm for GRAPE.

to the final focal plane (F3) of RIPS. There were three s%t- Summary

tings of RIPS, depending on the nuclei of interest. Tdble™ ] ]

shows the rates of the obtained fragments in each setting/Ve have carried Ot't an experiment(sfy measurements

The beam was pulsed for measuring the half-lives of tH¥ _19720C’ 2072N,210. We observeds-delayed-rays

nuclei. The durations of the beam-on and beam-off periggfdginated from these nuclei. The data analysis is now in

were also shown in Tab[8 In the setting of°C and?2N, Progress.

the beam was not pulsed. Because the half-lives of these nu-

clei are short (a few ms) and the rate is relatively low (a few

pps). In this situation, @-decay event can be related to geferences

parent nucleus. Therefore, the half-lives were measured[ﬁ/ E. K. Warburtoret al, Phys. Rev. GH1 (1990) 1147
the difference of the times between a beam agiececay. [2] B. A. Brown and W. A. Richier, Phys. Rev. T2 (2005)
The radioactive ions were implanted into a plastic scin- 057301

tillator with a thickness of 5 mm at F3. This active stopper
enables us to count the number of the implanted ions.

The active stopper also was used @sray detector. This
stopper had two photomultiplier tubes at both ends, in order
to reject a single photon noise for the efficient detection of

[-rays.
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1. Introduction 3. Data analysis and results

Experimental studies at the Relativistic Heavy lon Collidéourteen physics papers were published in refereed journals
(RHIC) of Brookhaven National Laboratory, USA, has been JFY 2005 by the PHENIX collaboration, as listed in the
producing many new results since the first successful copiablication list of this annual report. Several others have
sions between Au nuclei in June 2000. The physics gdeden submitted for publication and are in different stages
of the studies at RHIC is to find evidence of the quantubefore final publication. A paper internally called as 'white
chromodynamical (QCD) phase transition from normal npaper’, which summarizes the physics achievement in the
clear matter to deconfined quark matter, called quark-gluiinst few years of RHIC runs, was published in a special
plasma (QGP), and to study the properties of the hot Q@3ue of Nuclear Physics Al], together with the papers
matter. from the other three collaborations at RHIC.

The CNS group has been participating in the PHENIX The CNS group had several distinct data analysis activi-
experiment with financial support from the Japan-US cties in the JFY 2005. Brief introduction is intended in this
operation in the field of high energy physics sponsored hsticle as an overview, and detailed descriptions will be pro-
MEXT. The PHENIX experiment is one of the major expewided in the following separate articles. Major efforts of the
iments at RHIC, which consists of two central arms (EaGNS group has been on the physics with photons and lep-
and West), two muon arms (North and South) and innins, and various achievements are being made.
detectors for event trigger and event characterization. Thé>hotons are emitted at various stages of collision pro-
PHENIX experiment was designed so as to address as meess and they mostly escape from the sources without scat-
signatures as possible for QGP formation, by having a veeying or absorption. Therefore, they can provide unique
unique capability to measure photons, electrons and muarfsrmation from the interim of the hot and dense mat-
as well as hadrons. ter. The PHENIX succeeded in measuring direct photons

In this report, major topics of the PHENIX experimentrom pQCD hard process in Au + Au collisions. The re-
and the activities of the CNS group in the Japanese fissalt clearly demonstrates thaf..; scaling holds well for
year (JFY) 2005 are summarized. pQCD photon production in the initial stage of the colli-

sions, which indicates that initial state effects such as nu-

clear shadowing and Cronin effect are minor. This resultis a
2. RHIC Runs; Run 5 and 6 powerful backup to the claim that yield suppression of high-
In the JFY 2005, PHENIX has successfully performed tthe hadrons are mainly due to Jet quenching effect. Excess
latter half of Run 5, which started in the beginning of Jaff the photon yield over background was clearly demon-
uary 2005 and lasted until May 2005, and the first part 8fated recently in the, region between 1 and 3 GeVi/c,
Run 6, which started in February 2006 and will continyéhere thermal radiation from QGP phase is expected to
until the end of June 2006. In Run 5, after a long run §Ave a large share. Recent progress on the photon analy-
Cu-Cu collisions at/syx = 200 GeV, a short run at lower Sis is described in Ref2]. _ o
energy,/snyv = 63 GeV was performed. PHENIX col- Systematic studies of Jet quenching effect is in progress
lected1.08 x 10° events of Cu-Cu collisions ay/syy = which should help understanding better the energy loss
200 GeV (3.06 nb! recorded), and.25 x 10 events at mechanism and properties of dense matter. Extension to a
VENN = 63 GeV (190.2ub~ ! recorded). Run 6 is totally higher momentum was aimed faf , with Run 4 high sta-
devoted to polarized p-p collisions. PHENIX accumulatdigtical data for Au + Au collisions af/syy = 200 GeV,
10.7pb~* of p-p collisions at/s = 200 GeV, and run with a as described in Ref3].
lower energy remains to be executed. Big progress has been made for energy loss of heavy

The CNS group has been responsible for maintenan@garks, that is, charm quarks seem to undergo large energy
operation during the run, and calibration for data analysisl6gs comparable to the light quarks. The results were de-
the RICH (Ring Imaging Cherenkov) subsystem, which isticed from single electron measurements. Sources of sin-
gaseous Cherenkov counter using£afas as a Cherenkovdle electrons are categorized into two items; ‘photonic’ and
radiator. RICH is a primary device for electron identifinon-photonic’. Main ‘non-photonic’ sources at the RHIC
cation in the PHENIX experiment. The RICH subsystefergies are leptonic decay of charm and bottom mesons.

worked without serious problems throughout Run 5, arfghotonic’ electrons, majority of which come from Dalitz
has been working fine during Run 6. decay of neutral mesons and external conversion of pho-
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tons, are major and severe background sources for measial- GEM was developed with additional Ni and Au lay-

ing ‘non-photonic’ electrons. The two methods, cocktadrs coated on the Cu electrode, which is needed to prevent

method and the converter method, were employed to e§themical reaction between Csl and Cu. Current status is

mate the photonic background contributions and to redueported in Ref[13]

ambiguity. Since energy loss of charm and bottom quarks. R & D of ALICE TRD

due to gluon bremsstrahlung are estimated to be small tfee CNS group has being involved in the development of

casue of their heavy mass, large yield suppression of singleD (transition radiation detector) in the ALICE experi-

electron yield is demanding us to re-examine the mechaent at CERN-LHC, which is planned to start operation in

nism of energy loss. Current status is described in REf. [2008. The TRD should provide unique capability of elec-
The J/¢ yield suppression has been considered to beran identification to the ALICE experiment.

key probe of deconfinement of hadronic matter. Enhance-The CNS group participated in the test of TRD

ment of theJ/+) yield has been proposed at RHIC energiegyoduction-scale prototypes using secondary beams from

which is due to coalescence process from charm and agiERN-PS in the fall of 2004. TRD performance was in-

charm quarks in QGP phase or in the hadronization stage,détigated14].

is noted here that idea of coalescence productiof/of is

not a new one, but has been neglected until recently sincgitSummary

should become effective only at high energy collisidsls [ In the year 2005, the PHENIX experiment completed Run

The CNS group has been taking a leading role in the analwith Cu + Cu collisions at/synx = 200 GeV and

ysis of J/1 productions. Preliminary results of thg/yy /SNy = 63 GeV, and have been executing the first half

yield andpy distribution for a few centrality bins in Au-Au of Run 6 which is dedicated to p + p collisions.

and Cu-Cu collisions has been obtained from the R 4 [ The major activities of the CNS groups are presented,

and Run 5[T], respectively. which includes data analysis efforts, R & D efforts related
One of the research subjects at RHIC, which has crith GEM, and ALICE TRD.

cal importance but is not well developed, is low-mass V&§aferences

tor mesons and low-mass lepton-pair continuum. Low-m . .

vector mesons should provide information relevant to chﬁ f $ I’Z‘gggx’ FT. K(;jLi]r?eJilr’a H'S Hizﬁge?:r'{i l\:l\l IELJEL:]‘;?'&

symmetry restoration. Importance of measuring low-mass T Kawabata, T. Matsumoto, S. Nishimura, K. Oyama,

lepton-pair continuum originated from thermal sources can- :
: . : K. Ozawa, T. Sakaguctet al. [PHENIX Collabora-
not be over-emphasized. Huge combinatorial background . '
P d g tion]: Nucl. Phys. A757 (2005) 184—283.

has prevented from extracting clean signals. Current st
- L T. Isobeet al, CNS Annual Report 2005 (20061}

of analysis of low-mass electron-pairs in Au-Au and Cu-
y b ?f[%] T. Isobeet al, CNS Annual Report 2005 (20068

collisions is presented in ReBJ[and Ref. [[], respectively. [4] F Kajiharaet al, CNS Annual Report 2005 (20088
[5] T.Matsui: Proceedings of the Second Workshop on Ex-

4. R& D efforts periments and Detectors for a Relativistic Heavy lon
Development and application of GEM (gas electron mul- Collider (RHIC), LBL, May 25-29, 1987.p251-255,
tiplier) has been a central subject of R & D efforts of our |BL-24604, and private communications.
group in the last few years. GEM, originally developed §] T. Gunjiet al, CNS Annual Report 2005 (20088
CERN, has very simple structure having regularly arraygr] S. X. Odaet al, CNS Annual Report 2005 (20081,
holes pierced through a polyimide sheet with typical thickg] K. Ozawaet al, CNS Annual Report 2005 (20088
ness of50um with both sides coated by copper foils witi9] M. Inuzuka et al., Nucl. Instrum. and Methods5®5
thickness ot~ 5m which serve as electrodes. (2004) 529-534.

A new GEM (CNS-GEM) was developed which uses[a0]Y. L. Yamaguchiet al, CNS Annual Report 2005
different method for making hole§)], and extensive study (2006)83
of basic performance has been performed. As an effqit1]S. Makiet al, CNS Annual Report 2005 (20088
long-term gain stability was investigated, and the CN$2]S. Sancet al, CNS Annual Report 2005 (20081
GEM was found to have better stabilitgd]. Another ef- [13]Y. Aramakiet al, CNS Annual Report 2005 (20088
fort was to make systematic study of ion feedback. To hajet]Y. Morino et al, CNS Annual Report 2005 (2008]1
guantitative understanding of ion feedback is often crucial
in order to make design specifications of a detector system
such as time projection chamb@rl]. In order to investi-
gate electron multiplication processes, simulation study of
GEM was made. MAXWELL3D was used to calculate the
3D electric field map using the finite-element analysis, and
the field map was fed to GARFIELD, with which simula-
tions on gas multiplication, diffusion, absorption etc have
been mad€l?)].

As an application of GEM, development of Cherenkov
counter with Csl photo-cathode has been started. A spe-
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1. Introduction EMC, E/p for electrons should be approximately unity.

In 6 years operation of Relativistic Heavy lon CollideFi9.[lshows(E — p)/p/o distribution. Here ther stands
(RHIC) at Brookhaven National Laboratory (BNL), manyor the standard deviation ¢ — p) /p. A background of
new phenomena related to hot and dense nuclear mafgp than 10 %, caused by accidental association of tracks
have been discovered. The PHENIX experiment produc‘@ﬂh RICH hits, still remains in electron identification. In
many new results on a wide range of physics subjects, {ie analysis, the background is evaluated and subtracted as
cluding charged and neutral hadron production, single elécombinatorial background.
tron production, event isotropy, and many other topigs [

In spite of these fruitful results, there are still remaining
guestions to be answered to further characterize the stateooo
of matter formed at RHIC. In particular, chiral propertie w00
of the dense matter produced has not been obtained, and
should be provided. For the study of the chiral proper- >
ties, ¢(1020) is an interesting meson because the restora-somo
tion of approximate chiral symmetry at high temperature
may modify its mass and widtf2]. These modifications
can be shown directly in the line shape of the— ete™ 20000
peak. Here, the measurements with lepton decays are €Smo
sential, since leptons are not interact with the medium and ST
carry direct information about conditions and properties of -4 -2 0 2 4
the medium. In addition to line shape measurements, the
branching fraction ofp — KTK~ and¢ — eTe™
could changed when thg decays in medium3]. Results
on ¢ — KTK~ in Au-Au collisions are quoted from
Ref. [4].

In this paper, the current results gn— e¢*e™ iIN AU- Apajisis of Run data is underway and the first results is
Au collisions are repo_rted. Also, an upgrade plan for t}%ﬁ)peared using a part of data. FiguBeshows theete~
PHENIX detector is briefly discussed. invariant mass distribution after the combinatorial back-

ground subtraction. The combinatorial background is es-
2. ¢ meson measurements at PHENIX timated by an event mixing method and the invariant mass

The PHENIX experiment is specifically designed to medistribution of like sign pair is well produce by the method.
sure low-mass lepton pairs. The current PHENIX detethere is a peak around titemass with a signal strength of
tor consists of two central spectrometer arms for dete6f1 + 174(stat) and a signal to background ratio of 1/44.
ing electrons. Each central arm covers pseudo-rapidity\Wfthin relatively large errors, the mass peak and width val-
|n] < 0.35, transverse momentum pf- > 0.2 GeV/c, and ues agree with the values from the Particle Data Group and
azimuthal angle of¢=r/2. Further details of the detectorexperimental mass resolution.
design and performance are given in REF. [ Figure @ showsg yield in et e~ and KT K~ decays as

During the fourth running period (Run4), RHIC delivered function of the number of participant. Here, the number
a luminosity of approximately 1400b~—! to the PHENIX of participant is the total number of protons and neutrons
intersection region within a vertexrange {z| < 45 cm). which are participate in a collision. Without medium ef-
PHENIX successfully recorded Au-Au events on order édcts, thep yield is expected to be propotional to the num-
1.5 billion at,/syx = 200 GeV after a vertex selection ofber of participant in this collision energy. As a result, the
|z| < 30 cm. ¢ yiled is propotional to the number of participant within a

PHENIX has an excellent electron identification capablirge statistical and systematic error. The significant devia-
ity that is necessary to separate electrons from the muicim from the results of KK~ decay mode is not observed.
more abundant charged pions. The RICH provides a thresh-
old selection for electrons and the EMC confirms the match-To figure out hot nuclear matter effects gnmeson pro-
ing of the tracked momentum and electromagnetic eneidyction, the significant improvement of the statistics or the
(E/p). Since electrons deposit all of their energy in theuppression of the combinatorial background is needed. For

— et e candidate

S
S

—————— background

Figure 1. (F — p)/p/o distribution. A background of less than
10 %, caused by accidental association of tracks with RICH
hits, still remains.
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and gamma conversions have a very small angle. Thus,

these pairs produce very close hits in the electron identifica-

tion detector under zero field conditions. The zero magnetic

field is realized by canceling the magnetic field produced by

the outer coils of the PHENIX central magnet with the re-
verse magnetic field produced by a set of inner coils.

‘ | ‘ ‘ ‘ ‘ ‘ ‘ ‘ | Jr J» !

T

T

200 Au-Au collision
at v sw= 200 GeV

[Counts per 5MeV/c?]
T T T 7T

T T T T

To realize electron identification near the vertex region,
T a hadron blind detector (HBD), which is a threshold-type
‘ }[ Cerenkov counter using GFas a radiator gad], is pro-

T

T

T

100 |-
|
posed. The detector consists of a 50 cm long radiator,
-100 directly coupled in a windowless configuration to a triple
GEM detector which has Csl photocathode evaporated on
the top face of the first GEM foil, and pad readout at the
-200 bottom of the GEM stack{].
I The R&D phase to demonstrate the validity of the HBD
0_‘9 — (‘)_9‘5‘ — 1‘ = ‘1.(‘)5‘ — ‘1_‘1 —— 35 conceptis complete. Atest of a prototype dete<_:tc_>rwas per-
[GeV/c2]  formed at PHENIX using electrons from p-p collisions. The
preliminary result of the test showed that electrons produce
Figure 2.e"e™ invariant mass distribution after mixed event sub(?nou{‘:]h number of photoelectrons. ConStr.UCtlon of the final
tractic')n for minimum bias (0-90% central) Au-Au collision detector ywll start soon and the detector is expected to be
Snstalled in PHENIX in 2006.

at /syn = 200 GeV in Run4.

Invariant Mass of e’ e pairs

4. Summary
The yield of ¢ mesons are measured for the first time

212 using € e~ decay mode in Au-Au collisions aysNN =
% 0-ee Au+Au\[5,,=200GeV 200 GeV. The mass peak and width values agree with the
10}~ © Minimum Bias, (from m, distribution) values from the Particle Data Group and experimental reso-

[ Centality selected, (from m, distribution) lution. The significant difference from the results of K~

decay mode is not observed.
In the future, a Hadron Blind Detector will be installed
in PHENIX that will enhance our capabilities of rejecting

8- 4 Centrality selected, (from integral-extrapolated yield)
¢ - KK
[ ® Centrality selected

)
T T

ar E P external photon conversion and Dalitz pairs, and will result
I ~ - in a significant reduction of the large combinatorial back-
25 % - - ground. This will open up the possibility of studying chiral
ol e = ‘ PHENIX PRELIMINARY symmetry restoration as well as thermal di-electrons.
0 50 100 150 200 250 0
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pairs, several upgrade projects of the detector are currently 345.
underway. The difficulty of the measurement of low mass
dileptons comes from the large combinatorial background,
which is mainly contributed to by® Dalitz decays and ex-
ternal conversion of photons. Thus, for this measurement, a
Dalitz rejector with a large rejection power covering a large
solid angle is needed.

The proposed Dalitz rejector is composed of two essen-
tial elements; zero magnetic field, and improved electron
identification. Electron positron pairs from Dalitz decays
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1. Introduction We can apply two methods to extracdnphotonicelec-

A strong suppression of light flavor mesons at a higfPns by subtracting thphotonicelectrons from all inclu-
transverse momentunp£) was observed}2] in high- sive electrons. The both methods check the consistency of
energy heavy-ion collisions at RHIC. This suppression gach other result. The fist one is the so-called "cocktail
ascribed to a jet quenching effect, where highscattered subtraction” method. This method is used to reconstruct
partons suffer a significant energy loss in an extreméﬂ} possiblephotonicelectron components, that is cocktail,
hot and dense QCD matté8][ This effect reveals a very using a hadron-decay simulator on the basis of published
high dense matter is created, which is not the conventioR¥IN spectrai2,i3] and to subtract them from the inclusive
hadronic matter. Heavy quarks (charm/bottom) are also ifiectron spectrum. This method is effective to count signal
portant probes. They can interact with the medium in dilectrons at high-r, where the signal to background ratio
ferent ways from light quarks due to their heavy mass. Tifequite large. The second one is “converter subtraction”
energy loss for heavy quarks was predicted to be smalleethod. In the experiment, special runs were performed
than that of light quarks4;5]. There are other importantWith @ photon converter, a brass sheet (1.68 % radiation
issues on heavy quark productions at RHIC. Open chal§figth) around the beam pipe. The photon converter en-
production is a crucial input for the recombination model@ncesphotonicelectron yieldP(pr) by a certain amount.
of the J/+ production. Open charm/bottom can be pr(5|:he ratio ofphotonicelectron yield with/without the con-
duced in the initial hard processes of the hot dense mat¥&fter is defined a&,, which can be evaluated within 3%
The difference of open charm/bottom at central and forwaggstematic error by a GEANT-based simulation which in-
rapidity can be an important signature of the formation éfudes branching ratios, form factors, conversion probabil-
Color-Glass Condensate (CGC). It would be also very intdi€s, and the amount of materials in the PHENIX environ-
esting to learn about possible transitions and their locatidR§Nt: The measured inclusive electron yié{gr) is given
in pr from thermal to coalescence or perturbative QCD e@s I (pr) = P(pr) + N(pr) without the converter and
ergy loss, similar to what appears to be emerging from ligh{pt) = R,P(pr) + N(pr) with the converter. Here,

hadrons. The heavy quark measurement will extend difpr) is nonphotonielectron yield.N (pr) is obtained by
knowledge of underlying QCD properties. solving these two equations. Converter subtraction method

has small systematic error by direct measuremermghaf
tonic electron components, but the statistics error is domi-

2. Experiment and Analysis ;
The PHENIX . t took sianificant tofd tnated by the amount of data with converter.
€ experimenttook signiticant amount ot data 1, background ohonphotonicelectrons comes from

for Au+Au collisions aty/sy = 200 GeV in RHIC RUN- di-electron decays and semileptonic decays from the other

4 (2004). Since a large fraction of electrons fe™) in . - .
. ; \ . But th Il I ligibl high-
high-pt (> 1 GeV/c) comes from semileptonic decaygnesons ut they are small, especially negligible at hig

of open charm/bottom, heavy quark productions can region. The largest contributions to this background are
) : ’ ctrons from semileptonic decays of Kaon, which
studied by single electron measurement. In the PHENE% reptont y whichlar

. nonphotonicelectron yield appr ~ 1 GeV/c. Since
experiment, electrons were detected by two central aMSion spectra have been already measured by the PHENIX
each covering azimuthal anglé¢ = =/2 and pseudo-

. . experiment, the yield of background electrons can be evalu-
rapidity |n| < 0.35 [6]. Reconstruction of charged track ted with simulati d subtracted f hotoni@lec-
required the hit information of Drift Chamber (DC) an ec Wit Simitiation and stbfracted reranphooniee e

. . ) .trons. We ally consider and catidnphotonit electron
Pad Chamber (PC). Electrons were identified with Ri S ustaty S b !

N nonphotonielectron after these subtractions.
Imaging Cerenkov counter (RICH) and ElectroMagnetic P

Calorimeter (EMCal) ipr > 0.4 GeV/c.

All measured electrons can be categorized into two Results
groups. The first group consists optiotoni¢ electrons  Figure[d shows thenonphotonicelectron invariant yield
which mainly come from (1) Dalitz decays of mesonf®r each centrality, scaled with the corresponding number
(7%, 7, etc) and (2) photon conversion{ — 27, v — of binary collisions,N..;. The spectra was extracted with
ete™, etc). They are background electrons. The secotid cocktail subtraction method. The brackets and bars in-
group is termed asrionphotonit electrons. The decays ofdicate the systematical and statistical errors, respectively.
open charm/bottom are the dominant sources of the secdhe curves are the best fit curves for RHIC RUN-3 p+p
group. nonphotonicelectron spectruni/]. In central collisions,
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Figure 2.p distribution of nuclear modification factoR(xua«)

Figure 1.pr distribution ofnonphotonicelectron invariant yield o
for each centrality in RHIC RUN-4 Au+Au.

for each centrality in RHIC RUN-4 Au+Au compared with
RUN-3p + p best fit, scaled byV.;.

ence of these heavy quarks will provide us the information

strong suppression is observed in the highregion. To of the energy-loss mechanism in high dense matter. .
g supp g The presented figures were created by the cocktail

qguantify the suppression, the nuclear modification factors, i
Rauau(pr) is used: method to subtracphotonic electron background. Cur-

rently, we are analyzing data with the converter subtrac-
dANAUAY /dpy ANAAY /. tion method which allows to measunenphotonicelectron
Rawau(pr) = Tauaudo? /dpr  NeoidNPP /dpy’ (1) spectra in the lowsr region « 1 GeVic). We are working
" to improve the error calculations. Extension of the spectra
Here,o!? is the inelastic scattering cross section of RUN-@ward highpr region & 5 GeV/k) is intended, where a

p+p nonphotonicelectron, T, au(b) is the nuclear thick- |argeb quark decay contribution is expected.
ness function for Au+Au at an impact paramet&r §énd

Neoi(b) = Tauau(b) - 0bP. Rauau(pr) for each central-
ity are shown in Figll The large systematic errors confl] S.S. Adleret al, Phys. Rev. Lett91(2003) 072301.
sist of contributions fron 'y, 4, (a horizontal band around[2] M. Gyulassy and X. N. Wang, Nucl. Phys 420(1994)
Rauau(pr) = 1.0), RUN-3 p+p data (vertical bands for ~ 583.

each data point), and RUN-4 Au+Au data (brackets for ealéi K. Adcoxet al, Phys. Rev. Lett88 (2002) 022301.
data point). The statistical errors are shown as vertical btk Y. L. Dokshitzeret al, Phys. Lett. B519(2001) 199.
for each data point. Suppression is clearly seennfum- [5] N. Armestoet al, Phys. Rev. Dr1(2005) 054027.
photonicelectrons from the most central to the mid centr#] K. Adcox et al, Nucl. Instrum. Methods At992003)
collisions, comparable to the suppression observedrfor ~ 460.

andn. This is in strong contradiction to the original exped?] M. Togawaet al,, RIKEN Accel. Prog. Rep39 (2005).
tations. This phenomenon suggests the existence of another

energy-loss-mechanism for heavy quarks in the high dense

matter.
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4. Summary and Outlook

The nonphotonicelectron spectra from the central to the
peripheral events were measured for Au+Au collisions at
Vsnvn = 200 GeV in RHIC RUN-4. The nuclear mod-
ification factor Ra,au) ShOws a very strong suppressive
effect. The result suggests that unusual high dense matter is
created, which is unlike hadronic matter. To understand it
systematically, we need to separate the contributions from
charm or bottom in the future experiment. The mass differ-
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1. Introduction report.

Vector mesons, such asw, ¢, J/¢ gndT, have di-lepton 3 Results

(eTe™, utp~) decay channels. Since the leptons do not

couple to the strong interaction, they are transparent proBels 7/ meson o o _

for the early hot dense stage of high energy heavy ion cbjgure Il shows the invariant mass distribution of di-

lisions. The leptons also have the advantage that they &gftrons. The mass window of 2.9-3.3 GeMis used to

easily identified. qoun§ the ngmber of /4(3097) mesons and thg number of
Especially, J/4 has been considered to be one of tHi&-Sign pairs ¢"et ande”e™) is used to estimate com-

most promising probes for the hot and dense matter cbfpatorial backgroundNV,, = Ny — (Nyy + N-).

sisting of quarks and gluons, because it dissociates in the

deconfined matter by the color Debye screening and its ee mass 0-94
yield is suppressedl]. However, the yield will be mod- N T e

ified by other competing processes such as cold nuclear
matter effect, comover scatterings, recombination and feed
down effect. About 40% of//y's come from the ex-
cited charmonium state$§ andy,. and these heavy quarko-
nia are expected to dissociate at lower temeperatures than
J/¢ [2]. However, except fot//+¢, measurements of the
heavy quarkonia are difficult at the PHENIX experiment at 95 p 25
RHIC due to the current small statistics and large back-
ground. Therefore, systematic study #Hf+) production

with several system sizes and energy densities is necessary
to understand the behavior gf in the hot and dense mat-

ter. o
The light vector mesons are expected to be sensitive 514
to possible in-medium modifications by chiral symmetry L0
restoration which coincides with the deconfinement phase
transition, and those yields, masses and/or mass widths will 1
be modified|8].

2. Cu+Cu collisions at RHIC in 2005

The PHENIX experiment had collected data fetp, d+Au
and Au+Au collisions at,/syy=200 GeV by 2004. In

3.5 b
Inv.mass GeV/c"2

Figure 1.The invariant mass distribution of di-electrons.
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2005, the PHENIX experiment recordgds y =200 GeV 0.2f PHENIX PRELIMINARY
and,/syny=62.4 GeV Cu+Cu collisions (the integrated lu- r ‘ ‘ Iy - e'e CuCu 200 Gev
minosities are 3.06 nb and 0.19 nb!, respectively) to O %0 20 80 80 100 120

study the dependence on the collision species and energies. Noart
The collision vertex and centrality of an event are deter-
mined by beam-beam counters in Cu+Cu collisions. Creigure 2.The nuclear modification factor of/v as a function of
ated particles at mid rapidity are tracked by drift chambers the number of participantsy,.:.
and pad chambers. Ring imaging Cherenkov counters and
electromagnetic calorimeters are used for electron identi-The yield modification between the superposition of
fication and Level-1 (hardware) electron triggering. Addrucleon-nucleon collisions and a nucleus-nucleus collision
tionally, in the Cu+Cu 200 GeV data taking, a Level-2 (softs quantified by the nuclear modification factor defined as
ware) di-electron trigger is used to reduce the data size tofbkows, R4 = (Yaa/Neoir) /Ypp, WhereY, 4 is theJ /v
analyzed. yield in a nucleus-nucleus collision aig, is theJ /4 yield
The results of Cu+Cu 200 GeV data are reported in thisa p + p collision. The number of nucleon-nucleon col-
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lisions, N..;;, in a nucleus-nucleus collision is calculated.2. ¢ and T mesons

within a Glauber model. The nuclear modification factor dthe invariant mass plots in the and T (15,25 and 35)

J /% is shown in Figll as a function of the number of parmass regions (1.019 Ge¥/and 9.46-10.36 GeV, re-
ticipants,V,.q,¢. The solid lines, brackets and boxes assoaspectively) with a part of collected data are shown in Big.
ated with the data points represent the statistical, point sggd the candidates of those mesons are seen. The back-
tematic and overall systematic errors, respectively. Strogigpunds are subtracted using the event-mixing technique for
suppression is observed in central collisions. Some ptiee ¢ mass region and estimated from the counts of like-
dicted lines from model calculations are also shown in t&@n pairs for thél' mass region. About 1009and~107Y
figure. The cold nuclear matter model (dashed lit4}) [mesons are expected with the whole Cu+Cu 200 GeV data
seems to underpredict the observed data. The comowdich will be available by the summer of 2006.

model (dot-dashed linejg], which was successful in de-

scribing the SPS data, seems to overpredict the suppres- Lﬁ“;‘,’“ted mass spectrum| |7 Send
sion at RHIC. The recombination model (solid lin6) &lso § s I i e otore . 0.ovats
seems to underpredict the suppression. o S A o A l
= 20F--| e o HAN e
g ol [ LI I_.i-_];'y’[ Tkt I
o 8 g 20 l,] _I_II L }.l 1l Tt
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Figure 3.The mean square of the transverse momentufn of 2 ‘ Ll ﬁﬁ Mﬂ . ]L ﬂ .T
. . 2 4 6 8 10 12 14,
J /4 as a function of the number of collision¥...;; . Mass (GeV/c’)

Figure[3 shows the mean square of the transverse M@tqyre 5. The invariant mass distribution in the (top) andY
mentum, (p%.), as a function of the number of collisions,
N,y Data points at the forward and backward rapidity are
measured using the PHENIX spectrometers via di-muon
cay. Theoretical predictions with recombination (solid line
and without recombination (dashed lin@) &re also shown YEClor mesons are good probes for the hot and dense

in the figure. There is no significant centrality dependenf$dium created by high energy heavy ion collisions. The
of (p2.). centrality dependence of the yield df+ in Cu+Cu col-

lisions was measured using di-electron decay at RHIC-
] PHENIX. Strong suppression beyond cold nuclear matter
= effect is observed and the suppression pattern seems to be
different from model calculations.

(bottom) mass regions.
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Figure 4.The rapidity distribution of//+ in centrality regions of
0—20% (top), 20—40% (center) and 40—-60% (bottom).

Figure shows the rapidity distribution off /1. Al-
though a recombination model expects the rapidity shape
to become narrower a¥,,,+ increases{], no significant
change is observed.
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1. Introduction whereB is the branching ratio of e~ decay mode (5.93%

Ultra-relativistic heavy ion collision is a unique tool tdfom PDG Kl), N,/ and N, stand for the number of
realize in the laboratory the QCD phase transition from of/% counts and the number of analyzed event, respectively.
dinary hadronic matter to a plasma of de-confined quar in Eq.() is the rapidity coverage. The correction fac-
and gluons, called Quark-Gluon-Plasma (QGP). Relativi8!: €ace, is the acceptance far~ ande™ pair from J/1),
tic Heavy lon Collider (RHIC) at Brookhaven National Labwhere detection efficiency ef ande™ pairs and run-by-
oratory is a dedicated facility to realize such a phase trarf$iD fluctuation of the detector acceptance are taken into ac-
tion and study the properties of QGP. count. The correction factot,,icq, IS the embedding effi-

J /v has long been considered as one of the most pronggancy, which has a centrality dependence. In more central
ing probes to study the formation of QGP. Since the massceilisions, probability of track mis-reconstruction becomes
charm quark is large, creation of charm quarks takes pldégher due to higher hit occupancy. These correction fac-
only at the initial stage of the collisions at RHIC energyQrs were obtained from the simulation study.Bfy and
J/1 or the pre-resonance state would enter the hot and€ported in Ref.].
dense de-confined medium and they could be dissolved duezaqits
to the color Debye screening effect. This leads to the sup- e . . .
pression of.J /¢ yield, which was originally proposed by Nuclear modification factor/f.14 ) is a variable widely
T Matsui and H. SatZ1]. used to quantlfy the .medlum effeqts in A+A collisions.

Recent lattice QCD calculations suggest that the diss644 of J/4 IS the rat|o_ O.f theJ/4 yield in AutAu col-
ciation temperature of /¢ is higher than the temperatur ISlons t(.) that irp +p collisions Sca'?d_ by the average num-
which might be achieved at collisions at RHIC, and thaf " of binary nucleon-nucleon collision&,4 of J/vis
J /¢ would survive at RHIC[2]. The other interesting the—‘apraCted to be 1 in the absence of med|um effects.
oretical prediction is that thé/+ yield could be enhanced Figurelllshows theRz 4 of J/¢ as a function of the num-
due to the recombination of uncorrelatetpairs B, ber of_ participants and the comparison to the various sup-

Recent HERA-B experiments show that 40% giression modeld).

J/¢ come from the feed down of. andy’ [4]. Since the

. .. Nuclear Effect
X andy’ are expected to be dissolved at RHIC energy, it ISg - P Suppression from co-mover
important to take into account feed down effect at RHIC. © 14 | - £3----- Direct dissociation (In Medium Modification)
----- #%----- Suppression in QGP

PHENIX [5] measured/ /¢ yield in p+p, d+Au, Au+Au 12f
and Cu+Cu collisions to extract the cold matter effect and | PHENX PRELIMINARY (Au+Au @\[sy = 200 GeV)
hot and dense medium effect on thigy) production and
study its modification in the medium. 0.8

@ Au+Au [n|<0.35

TE
Pl

. 0.6
2. Data analysis

Au+Au collisions at,/syx = 200 GeV were performed
at RHIC in 2004. During the period, PHENIX recorded the . -
integrated luminosity of- 240 ub~!. 75% of the data was L ""‘ L e sy etz e
reconstructed and used in this analysig) event is recon- 250 300 350
structed vieete~ decay mode and the number &ty are Number of Participants
~ 600.J/% in the analyzed data.

0.4
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o
o
N
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Figure 1.Nuclear modification factor of /¢ as a function of the
2.1. Invariant Yield Extraction number of participants. Solid line is the prediction from the
The formula of.J/+ invariant yield is written as follows:  models taking into account the cold matter effects.Open sym-
bols and dot-lines are the predictions from suppression models
extrapolated from SPS energy
dN Ny 1
dy Nevt Ayeacceembed ’

@) Solid line is the prediction of the models taking into ac-

49



count the cold matter effects such as nuclear absorption and
gluon shadowing, where the absorption cross section (1 mb) 10
and the gluon distribution function in nuclei were evaluated o
from PHENIX d+Au resultsg]. A suppression by a factor £ 8
of 3 is seen at the most central collisions, which is beyond
the cold matter effect. Open circles is the results of the
comover suppression model, which takes into account the
dissociation of//+ in the hadronic phase via the break up 5
interaction with secondary charged particles. Open trian- 4
gles and squares are the results of the suppression models,,
where dissociation of /1) in QGP due to color screening
and comover interactions in the hadronic phase are took into ‘
account. These models over-estimatedijt¢ suppression EE 10 e ‘;“1‘03
observed at RHIC. .
Figure[2 shows the comparison d®4 4 to the predic- ) _ o
tions from suppression + recombination models (open tfi9ure 3.(p7) as a function of the number of collisionsin: p,

angles, circles and square®].[ The differences between AU and Au+Au collisions. Solid and dashed line is the pre-
dictions with and without recombination, respectively

O Au+Au |y|0,0.35]
0 p+p |y|O[0,0.35]
—— Recombination A d+Au [y[0,0.35]

...... No recombination

6

£ .

H_HT)\H\‘HH‘\\H‘HH‘HH‘\‘HH‘HH‘HH

HENIX preliminary

1

JRR B A----- HSD model I Since the recombination of//¢) would occur at
1 | ©----- SCM model ' hadronization stage and the charm quark could interact with
B R S 5 Suppression+Regeneration medium strongly[10], it is necessary to understand the

F PHENIX PRELIMINARY (Au+Au @\[syy = 200 GeV) charm production and its modification in the medium such
i T.‘A as charm cross section as a functionpgf, rapidity and
0.8%} A ® Au+Au |n|<0.35 centrality and the me}gnltqde o.f the radlql aljd longitudi-
F e :EA E @ nal charm flow, in conjunction with recombination .$f ,
06— B B""@5""'55@:"5“::@-5-- which have not been understood at RHIC energy.
oab B S iy To take into account the feed down effect in describing
F the J /v suppression at RHIC, the fraction of the feed down
02 from x. and+’ at RHIC energy has to be determined ex-
e RS (N S S perimentaly. Analysis of. production inp 4 p collisions

Number of Participants is underway and it will clarify the situation.
Since the systematic error from current p reference is
Figure 2.Nuclear modification factor of /4 as a function of the On€ of the dominant ones (10%) 4 4 calculation, high
number of participants. Open symbols and dot-lines are tHEUISUCP+p data taken in 2005 will improve the systematic
predictions from suppression + recombination models. ~ €fror coming from the + p reference.
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1. Introduction State Mass (MeV) R0 | Decay mode Branching
It is predicted from lattice QCD calculations that a phase ratio
transition from hadronic matter to a plasma of deconfined =" 134.98 - Y 98.798 %
guarks and gluons may occur at ultimate high energy den- efe Ty 1.198 %
sity. The new phase of matter is called as Quark Gluon 7 547.8 0.45 el 39.43 %
Plasma (QGP), which is believed to have existed in the early T 4.68 %’3
universe for a few micro seconds after the Big Bang. €L 6.0-107

. . . Ty 7.2-10

One of the main observables in the PHENIX experi- ut 31.10-4
ment [1] is direct photon. Since photons do not interact P 769.0 10 p 99.10-°
strongly and thus can directly carry out information of these 70y 6.0.10~*
states of matter, direct photon is a powerful probe to study ny 3.0-10°4
the bulk matter produced in the relativistic heavy ion colli-— 782.6 1.0 70y 8.92 %
sions at the Relativistic Heavy lon Collider (RHIC). They ny 49.107*
are emitted from all the stages of the collision process such»’ 957.8 1.0 POy 29.5 %
as the initial state, the Quark-Gluon Plasma (QGP), and the wy 3.0%
final hadron gas phese. o 120-1120%)4

By 0-

2. Direct photon measurement at PHENIX Year-4 Run K2 497.65 1.0 7070 31.05 %

Measurement of direct photons is challenging because

there is a large amount of ba(_:kgro_und from decay of N€¥3ple 1.Dominant sources of background photons from hadronic
tral mesons such a&’ ands). Itis estimated that the/ v, decays and the employedmnscaling factors relative to the’

would be~ 10 % at the transverse momentumlpange measurement B..o. The listed masses, decay branches, and
of 2-4 GeVE, where thermal photon is expected to be dom- branching ratios are taken frof][

inant. In order to extract direct photon signal, conventional
cocktail method has been used. In this method, the inciye ratio of the measured inclusive photon and the measured
sive photon spectra are measured at first. Then, the bapkand the denominator is the estimated ratio of hadronic
ground is estimated based on the actual measuremengiton and expected obtained from fitting of measured
neutral mesons, and subtracted. The remained signals;&re€ The main source of the systematic error for photon
direct photon. The hadrons which are taken into aCCOUﬂtn.‘ﬂgasurement is uncertainty of energy scale. The part of
the background estimation are summarized in Tdble  the systematic error, such as the error from overall scale
PHENIX-EMCal [3] is used to measure inclusive phopf energy correction can be canceled out for the ratio of
tons. A lead-scintillator sampling-type calorimeter (Pbssgg{WO)mcasured. Figurelll shows the direct photon excess
and a lead-glass Cherenkov calorimeter (PbGl) are usgfio as a function of p for each centrality. The strong
In RHIC Year-4 run, PHENIX recorded the integrated lusyppression of neutral hadrons in central collision allows
minosity of 0.24 nb!' in /5y y=200 GeV Au+Au colli- tg extract direct photons at the momentum region pfp
sions. It allows us to extend the measurementtdfup 5 GeVe.
to high pr ~ 20 GeVE. To estimate the back ground FigureZshows the fully corrected direct photon invariant
photons from other hadronic sources, the staled func- yield as a function of p for each centrality. The spectra are
tion (pr — \/p2T —m2, +m2,4..n) 10 70 spectrum is combined results of PbSc measurement and PbGl measure-
employed to produce a spectrum of hadrons. During tRent. The yields are in good agreement with a NLO pQCD
scaling the normalization factor R0 is applied to the calculationlp] scaled by the number of binary nucleon col-
spectra. The factor fofis measured at PHENIX and agree$sions. This result implies that the initial-hard-scattering

within 5 % [4]. probability is not suppressed. It supports that the suppres-
_ sion of highpr hadrons is attributed to final state interac-
3. Result of direct photon measurement tion.

Direct photon excess ratio can be represented agtis hard to observe significant direct photons at the mid-
(7/7) measurea/ (V/7°)background, Where the numerator ispr region where thermal emission is expected to be dom-
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3 . r * 80-92% o107
tematic errors are shown on the data points as boxes. The ex- 10% A R
pected ratio from pQCD calculation is shown as solid line to- 4 6 8 0 12 14 16

. . . GeV/
gether. The dashed line stands for theoretical uncertainty. pr(GeV/c)

inant due to the large systematic error. In addition to th'(za'gure 2. p_urec_t photon spectra at y=0 for minimum bias a.md 8
centralities in Au+Au at /sy~ = 200 GeV. The arrows with-

conventional cocktail method, the analysis was carried out : .
. . ut points stands for 90 % confidence level. Both PbSc and
using a new method where real direct photons are measure

by their virtual counterparts6]. Figure[d shows direct bGlare used.
photon excess ratio for midtpregion (1 GeV¢ < pr <
5 GeVk). An excess of the signal over background has been
seen in this p region. The right panel of Fi@8 shows the
direct photon spectrum which is obtained from the measure-
ment of electron-pairs via internal conversion. The spec-
trum is in good agreement with the calculation which as-
sume the QGP is formed with temperature of 360 M@y [
To conclude the measurement of thermal emissions, it is
important to measure direct photon in p+p collisions as the
baseline.
1.8 ; 5 S 10F
4. Summary R s 1 s g e et T
Direct photons have been measured at the PHENIX €X-"°[ « 1.1+ fromy’ = .
periment in Au+Au collisions at/sxxy = 200 GeV. The | (150 wevicshiteq) I S \| Tawhurhu 020%
measured yields are consistent with a NLO pQCD calcula- 4 B, PHENX Protiminary
tion at high transverse momentar(p 5 GeVk). Theresult 12| ¢ + N
of Direct photon measurement via their internal conversion | % ¢ i+ 0’
supports that an excess of the direct photon compared witht —— — il
pQCD prediction has been seen in the midrpgion. b veauE s20Gev 105; — i
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1. Introduction cross sectiom . If a hard-scattered parton penetrates the

The PHENIX experimentl] has been carried out atulk matter without any nuclear effects, thg Ris unity.
the Relativistic Heavy lon Collider (RHIC) at Brookhaven There are several models that provide quantitative predic-
National Laboratory (BNL) to find an evidence of phas@ns of the amount of suppression. Each model has various
transition from normal nuclear matter to Quark Gluofffects: initial state effects, Cronin effed][and nuclear
Plasma (QGP). QGP is a new phase of matter consistﬁﬂ?dowmg' or strong hadronic final state effects, and energy
of deconfined quarks and gluons. According to the Lattié@SS in a dense matter. The systematic study‘oproduc-
QCD calculation, a phase transformation to QGP occurdigft is important to clarify the parton energy loss mecha-
a temperature df' ~170 MeV [2]. This transition temper- NisM in the dense matter.
ature corresponds to an energy density of 1 GeV/fr. The measurement of neutral pions is also essential for

One of the most intriguing observations at RHIC is thte measurement of direct photons since the decay photons
the yield of #° at high transverse momentum-{pin the from neutral pions constitute the main source of background
central ,/syn=200 GeV Au+Au collisions is suppressedphotons.
compared with the yield of p+p collision scaled by the num-

ber of underlying nucleon-nucleon collisior§].[ The sup- 4000 gw

pression is ascribed to a final state effect since it is absentg ;s £

in d+Au collisions and it indicates the suppression is not 3000 =

due to the cold nuclear effecl]] Another strong con- ;333:

firmation came from direct photon measurement. The di- 1500 &

rect photon yield is not suppressed in the Au+Au colli- '3 =

sions B, implying that the initial hard scattering yield in 0E-

Au+Au is well reproduced as th¥..,;; scaled yield in p+p. 3 30E Tyinvariant mass

The observed suppression is interpreted as a consequence 250§ 2GeVie <pT <3GeVie
of the jet-quenching effect, that is, hard-scattered partons 20 = oo S s st
produced in the initial stage suffer a large energy loss while > =

traversing the hot and dense matter. 50 E- )

2. Systematic study of jet-quenching effect R ey

The amount of suppression can be quantified using a nu-
clear modification factor (Ra). Raa is the ratio between
the measured yield and the expected yield from the p+p r
sult, and is defined as

R ( ) _ dQNAA/dedT]
AAT Tana(b)d?onn/dprdn’

where the numerator is the invariarft yield in unit rapid-

ity and the denominator is the expected yield in the p-8 7° measurement in PHENIX Year-4 Run

collisions scaled with the number of underlying nucleon- In RHIC Year-4 run, PHENIX recorded the integrated

nucleon collisionsTaa (b)) in Au+Au. Ty (b) is defined luminosity of 0.24 nb! in the /sx\y=200 GeV Au+Au

as collisions. Using the PHENIX electromagnetic calorime-
B ter (EMCal) [7], 7°s were detected via the two-photon de-

Taa(b) = Neon(b)/onn, ) cay mode £ — 24). Position and energy of individ-

where N1 (b) is the average number of binary nucleonsal photons are measured with EMCal. There are two

nucleon collisions at an impact paramétevrith an inelastic types of calorimeters at PHENIX. One is a lead-scintillator

Ei_gure 1. Invariant mass spectra af+ . Upper figure shows
the raw spectra. Large combinatorial back ground is seen and
estimated with event mixing technique. Bottom figure shows
the spectra after combinatorial back ground is subtracted.

)

53



sampling-type calorimeter, and the other is a lead-glass, 1.6~
Cherenkov calorimeter. The lead-scintillator calorimeter ist 1.4 n° 0-10% Central 5
used in this analysis. Figuf® shows the invariant mass
spectra of 2. A large combinatorial back ground is seen
and is estimated with an event mixing method. To obtdin
yield, corrections for geometrical acceptance, particle iden- 0.8
tification efficiency, and overlapping effect in high multi-
plicity were estimated using computing clusters at RIKEN-

CcCJ.

The large amount of data obtained in RHIC Year-4 has 0-2

PHENIX

Au+Au\s,, = 200GeV
PHENIX preliminary

-
N

——— |. Vitev GLV dN/dy = 1100

1

0.6
0.4

0

made it possible to identifyt® up to pr ~ 20 GeVt for
the central collisions. Figuf@ shows the fully corrected
70 invariant yield as a function ofpfor each centrality of

o

Figure 3. Comparison ofr® Raa with prediction of Rya us-

collision.

ing GLV model in,/sxn = 200 GeV Au+Au central (0-10%)
collisions. In addition to the statistical and pT-uncorrelated
errors, point-to-point varying systematic errors are shown on
the data points as boxes. An overall systematic errarof
normalization is shown on the dashed line drawn at 1.
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Figure 2.Invariantr® yields at y=0 versus-for minimum bias
and 9 centralities in Au+Au a/snn = 200 GeV

Raa as a function of p was obtained from corrected
pr spectra.7’ data obtained in PHENIX Year-3 run were
used as the p+p reference. Fig@rehows the preliminary
Year-4 data oft® Ra 4 for most central events (0-10%) to-
gether with a theoretical prediction which employs the GLV
model [B]. Strong=® suppression by a factor of 5 is
observed, and this suppression stays almost constant up to
20 GeVE. The GLV model describes the strong suppression
well and indicates an existence of bulk matter where the ini-
tial gluon density (dN/dy) is more than 1100, which corre-
sponds to an energy density of approximately 15 GeV/fm
in Au+Au collisions at,/syny = 200 GeV. The energy den-
sity is extremely larger than what is expected at RHIC.

4. Summary

7 is measured in/syny = 200 GeV Au+Au collisions
in RHIC Year-4, and it is compared with GLV calculation.
A strongn® suppression by a factor ef 5 is observed, and
stays almost constant up to 20 GeVIt indicates that the
dense matter with the energy density of much larger than
~1 GeV/fr? is created at RHIC.
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Improvement of Magnet Power Supply for RIKEN AVF Cyclotron
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1. Introduction put voltage and current of the present power supplies. Esti-
lon energy of the RIKEN AVF cyclotron is limited bymated coil resistances and required cable cross-sections of
maximum dee voltage of 50 kV for M/Q of 3 or less, and b{ie AVF cyclotron magnet system are summarized in Table
maximum magnetic field of 1.74 T for M/Q of 3 or morek Note that the maximum cable currents are estimated by
This base field limitation has been improved by increa8¥ltiplying a safety factor of 0.7 to acceptable cable cur-
of maximum output current of a main coil power suppl§ents at 60C. Other physical conditions are at room tem-
from 1100 A to 1200 AT]. Maximum magnetic rigidity of Perature of 30C, a hollow conductor of the main coil with
Bpmas = 1.24 Tm has thus been increased up to 1.30 Tancross section of 17.7 x 17.7 mim ¢6.5, and the hol-
which enables to accelerate 9 MeVAN®* ions, required low conductor of the trim coils with the cross section of 6 x

for nuclear astrophysics experiments. According to the M2 X¢4.

crease of 5for some of the trim coils have also ngrade%ame Turn number Coil resistances
The maximum output currents of/5(C5) and 6" trim at estimated tempY)
coil (C6) power supplies have been upgraded from 70-A—
to 200 A and from 150 A to 250 A, respectively. Main 160+160 | 0.1294.c /0.1524;5.¢
Trim C1 8 0.0148-¢ / 0.0156,0
Name Excitation current | Maximum output Trim C2 9 0.02220o¢ 1 0.023450
required voltage and current Trim C3 10 0.0316go¢ / 0.034200¢
for 1°N5+ 9MeV/u | of power supply Trim C4 11 0.046,00¢ / 0.0496,00
MAIN 1192.84 A 170V 1100 A Trim C5 9 0.0460-¢ / 0.04885-¢
~.190V 1200 A Trim C6 10 0.05820-¢ / 0.064,5-
Trim C1 128.65 A 6V 151.9A Trim C7 10 0.0656-¢ / 0.0758-
Trim C2 225.9 A 11V 303.9A Trim C8 9 0.06860-¢ / 0.0942 15
Trim C3 43.07 A 10V 151.8 A Trim C9 4 0.0358¢-¢ / 0.040c
Trim C4 -23.56 A 10V 101.4A Name Required cabld Maximum cable
Trim C5 -131.94 A 8VT70A cross-sectionj current
_ — 23V 200 A Main 200 mn? x 4 1310 A
Trim C6 -171.40 A 13V 150A TrimC1 | 100 mn? x 1 170 A
. — 22V 250 A TrimC2 | 100 mn? x 2 340 A
Trim C7 -253.00 A 21V 253.0A Trimc3 | 100 mn? x 1 170 A
Trim C8 -364.30 A 35V 364.3A Trim C4 60 mn? x 1 123 A
Trim C9 -231.39A 13V 2534 A Trim C5 | 150 mn? x 1 226 A
Table 1. Maximum output voltage and current of the magnetTr!m C6 | 200 mnt x 1 268 A
power supplies Tr!m C7 | 100mntx1 170 A
Trim C8 | 100 mn? x 1 340 A
Trim C9 | 100 mnt x 1 170 A

2. Modification of magnet power supply

The solution near an ideal magnetic field distribution
where the divergence from an isochronous magnetic field
becomes the minimum has been exercised. We found #heéVain magnet power supply
best combination of the trim coil currents, it generates theThe specifications of the AVF main coil power supply are
ideal magnetic field distribution. Change of the coil powdisted in Tabld3 The advancement is achieved basically
supplies, which should be improved, was planned basedigynusing a current control circuit with an error amplifier, a
the result. Modified maximum output voltage and curreBXC-CT, and a reference current source. The current control
of the magnet power supplies are shown in Tabl&axi- circuit in a thermal stabilization box has been installed in
mum output power of the MAIN, C5, and C6 are enlargatie main magnet power supply. The limited space of orig-
for acceleration of°N°* ions by 8%, 180% and 64%, re-inal power supply is offered for new main transformer, ad-
spectively. In the future, we should also reinforce the magtitional transistor bank, and new chalk transformer. This
imum ouput of the power supplies of C7 and C8; wheretable shows that maximum power rating of an input AC
other trims coil currents are within nominal maximum outine is to be modified. For example, a no fuse breaker

Table 2.List of the AVF cyclotron magnet coil system
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(NFB) of 500 A is required in the input AC line. A leak-"Li, *N, '°N, 80, 24Mg, °Ar for CRIB experiments.
age flux around the main magnet has been measured. ue
X o eferences
to the magnetic excitation power enlargement, leakage flux
around the main coil became larger than former maximdid M- Fukudaet al, CNS Annual Report 2004(2005) 65.

current. n

Room Temperature 10sim40C

Input AC voltage, phase, and frequency 400sim440 V, 3 phases, 50/60 Hz

Input voltage stability +/- 10%

Input power rating 310 kVA, 35 kVA over than original type
Cooling water 30 +/- 2.%C, 0.49 Mpa/cr average, 15 L/min
Inductance and res istance as Output Load 500 mH, 0.1582 at 3G-C

Output current (original / improved) 0~1100 A/0~1200 A

Output voltage (original / improved) 0~170V/ 0~190V, Trip voltage is set at 195
Output Current range 0~100%

Current stability (original / improved) +/-1x1075/8 hr / 1x10°°/8 hr

Current ripple 1x10~° Ap-p (obtained at inductance load)
Output DC power (original / improved) 187 kW / 228 kW

Output current detector (original / improved)(Resister / DC-CT)

Width, Height, Dips W 1600 mm, H 2000 mm, D 1300 mm

Main trans. (based on JEC-2200, JEM-1310yVeight=930 kg, Water Cooling (12 L/min)

Table 3.Specifications of RIKEN AVF main coil PS. Note: flow
rate of the main transformer at maximum output power. Total
flow rate is not shown in this table.

4. Trim coil power supply system

The trim coil power supply system consists of 9 pairs of a
transistor bank (C1C9) with an isolation transformer with
delta-delta connections. A new transistor bank for C5 and
C6 has been constructed and replaced the former transis-
tor bank; nevertheless former current control unit is used.
Specifications of the replaced trim coil power supply sys-
tem are summarized in Talffe

Room Temperature 10~40°C

Input AC voltage, phase, and frequency 400~440 V, 3 phases, 50/60 Hz

Input voltage stability +/- 10%

Input power rating (C5 / C6) and connections.4 kVA / 8.8 kVA, Star (in) -dDelta (out)
Cooling water (Temp, Pressure, Flow rate)| 30 +/- 2.5°C, 0.49 Mpa/cm average, 15L/min
Output current (C5/ C6) 0~200 A/ 0~250 A, Trip currentis 220 A/ 275 A
Output voltage (C5/ C6) 0~23 V x [ 0~22 V %%

Output Current range 0~100% /30 sec

Current stability +/-5x 107°/8 hr

Current ripple (L=1 mH, R=0.0%®) 1x10~* Ap-p (obtained at inductance load)
Output DC power (C5/ C6) 2 kW /3.75 kW

Output current measurement device DC-CT

Width, Height, Dips, Weight W 700 mm, H 2000 mm, D 1260 mm, 500 kg
Output Polarity (Plus or Minus) By Manual Switch (2PDT300A)

Table 4. Specifications of replaced AVF trim coil power supply
system (C5, C6). Note: output voltages are estimated by the
cable resistances of 60 mnf«) and 100 mra (xx), respec-
tively.

5. Summary

After the improvement of the power supplies, a main coil
and nine pairs of concentric trim coils wound on spiral sec-
tors was generated an isochronous field for acceleration of
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Introduction

A charge breeder ECR ion source (named CBECR)
utilizes secondarily ionization of singly charged heavy
ions by interactions with a high-energy electron shell
generated by ECR plasma, in order to produce highly
charged heavy ion beams [1]. Characteristic of a CBECR
ion source is to have an ion source for generating singly
charged heavy ions separate from an ECR plasma
chamber [2]. It is advantageous to have this separate
structure, since the ECR plasma chamber is free from
deposition of evaporated metallic material from the ion
source [3]. In this report, details of the CBECR design
are described, with main emphasis on a charged breeding
efficiency which is the ratio of the number of ions
ejected from the heavy ion source and the number
injected to the ECR plasma zone.

1. Structure

A cross-sectional view of the CBECR at CNS is
shown in Fig. 1. At a heavy ion source, marked as D in
Fig. 1, high-intensity singly charged ions are produced.
Two types of ion sources are planned to use; a volume
type ion source [4] for generating intensive low-charged
ion beams from gaseous material, and a sputtering type
one for metallic material.

An existing HIECR ion source [5] is being used as
CBECR, and improvement has been made so as to be
able to operate with 14 GHz RF. Then, the singly ions
extracted from the heavy ion source are injected into the
14 GHz CBECR through the beam transport system
consisted of an Einzel lens triplet. For optimizing the
transmission efficiency of the injection ions, voltage of
the lenses, E1, E2 and E3 (in Fig. 1) is adjusted to be 8
kV, 10 kV and 11 kV, respectively. The final lens (E3)
and a decelerator are set on a supporting bar movable
along the beam axis in order to have capability of
fine-tuning of beam optics.

Optimization of the incident beam will be carried out
so as to maximize the number of secondarily ionization
of injected ions in the CBECR (ionization efficiency).
The singly charged ions are decelerated just before
arriving at a plasma chamber. A decelerator, which
consists of a pair of cylindrical electrodes with inner
diameter of 2 cm and 3.4 cm, respectively, is located
axially into the plasma chamber. The singly ions are
decelerated by the potential difference on the tip surface
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of two electrodes, (see a potential map in Fig. 1).

2. Beam simulation

Depending on the incident angles of singly ions
entered in CBECR plasma, rebound of a certain fraction
of ions from the plasma meniscus is anticipated. To
investigate the geometrical beam acceptance of the
CBECR, we have performed a beam optics calculation,
by using SIMIONT.

Ar'* jons of 10.005 keV starting from the position of
the anode hole (0.1 cm in diameter) with different
off-axis positions and angles enter the region for
deceleration as shown in Fig. 1. The value of 5 eV is the
potential difference to the two ion sources. The potential
difference was chosen to trap optimally the ions in the
ECR plasma.

The simulation results show that more than 80 % of
singly charged ions ejected from the ion source are
successfully injected into the ECR plasma zone. The
specification of the components designed based on
calculation is listed in the table 1.

Incident beam energy (10 keV +5 eV) l
[ fn\Av
0 || |_| Deceleration  Acceleration |_|
voltage voltage
Ei E, Es 4

Fig. 1. A cross-sectional view of the CNS charges
breeding system and potential map for injection of interest
ions. M Volume type ion source, @@ Insulator (MC
nylon), ®Einzel lens (E;.4), ®Charge breeder ECR ion
source (CBECR), ®Plasma chamber, (DDecelerator,
Conical wall.



3. Specification of the CBECR

Differential pumping technique is used to keep the
pressure difference between the heavy ion source and
CBECR. The extraction region of heavy ions is pumped
by TMP1, and the region with Einzel lenses is pumped
by TMP2, and the two regions are completely separately
by the conical wall to prevent inflow of the gas from ion
source to CBECR. Vacuum pressure in the ion source,
the extraction region and the lenses region is estimated to
be 10° Torr, 10° Torr, and 10° Torr, respectively,
during Ar® ion generation. As a result, the vacuum
pressure in the plasma chamber of CBECR can be kept at
107 Torr, and can produce the highly charged ions by the
higher intensity.

Without A/Z analysis, the ions are directly injected
into the CBECR. Although the ions are mainly singly
ions, 2 or more charge state ions and residual gas ions
are also extracted and injected into the CBECR,
simultaneously. Effect of injection of these mixed ions to
the generation of multi-charge ions is of interest.

A decelerator is inserted near the peak of the mirror
magnetic field of the CBECR. In order to optimize the
deceleration effect, the gap between the inner and outer
cylindrical electrodes can change by moving the inner
one along the beam axis. Slowing down the incident ions
inside the plasma chamber will result in ion confinement
for a longer time, which should contribute producing
more intensive ions.

Table 1. Specification of each device designed.

First stage ion source (1S)

-\Volume type IS E.g. Ar*, ®N* production

- Spattering type IS E.g. Li* - Cu’ production

« Extraction voltage

10kV+5V

Beam transport system

-Max. Einzel lens voltage

20 KV (E; - Ey)

* Deceleration voltage 10 kV
Charge breeder ECRIS
*RF frequency 14 GHz
- Max. Mirror field 12 kG
- Surface field of sextupol | 10.4 kG
= Correction coil 13500 AT (C,-Cy)
« Acceleration voltage 10 kV

Vacuum system

*Pumping speed

500 I/s (TMP; - TMP,)

4. Conclusion

Design was made for the charge breeding system, and
simulation was performed for the ion optics in order to
optimize the system performance. The CBECR is
currently under construction. It is the present target to
inject the Ar” ions of 20 epA to CRECR, and to produce
high intensity Ar***. Moreover, production of metal ion
from Li to Cu with high intensity is planned.
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1. Introduction

At the AVF cyclotron facility of RIKEN, metallic ions
have been developed by a Hyper ECR ion source and
routinely used for nuclear physics experiments. The
metallic ions have been stably produced by two methods:
a crucible insertion method [1] and a rod insertion
method [2] for the ECR source. The metallic ions
developed include ‘Li?*, "Li%*, #Si®*and “°Ca™*. Typical
beam intensities are shown in Table 1. Here, we
identified the optimum positions of the crucible and the
rod that provide the maximum beam current.

2. ECR set up for Ca ion production

For ion production with a solid material, the Hyper
ECR ion source was set up as shown in Fig. 1. An RF
wall that intercepts a microwave was set at a distance of
12.5 cm from the sextupole magnet center. A rod of CaF,
which has a 6 ¢cm in length on 0.4 cm squares was
inserted into a plasma chamber through a hole of 1.4 cm
in diameter on the RF wall.

The operating conditions for the maximum “°Ca™* ion
beam currents were obtained as follows: The peak mirror
fields were enhanced to 13.2 kG and 12.0 kG with
MC1land MC2, respectively (See Fig.1). The length of a
second stage ECR zone was approximately 6.3 cm in
length. An RF (14.2 GHz) power of 320 W was fed into
the ECR plasma. Oxygen was used as supporting gas.
The vacuum pressure was in a range of 10" Torr during
“ca™ ion production.

3. Search for optimum position for solid material

When the material rod was placed near the RF wall,
high-intensity ion beams were extracted. As shown in
Fig. 2, the maximum currents were obtained within 1.5
cm from the RF wall. A heat source, which evaporates
the rod, will be in this area distant from the second stage
ECR zone.

Table 1. Beam intensities of metallic ions obtained

lon |Beam intensity (euA)|Charged material

Li¥* 75 Li pure metal (crucible)
Li** 200 Li pure metal (crucible)
Ocatt 8.5 Ca pure metal (crucible)
%5 32 SiO, rod
“Oca't 50 CaF, rod
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The maximum beam current of 50 epA was obtained
for “°Ca™* at 0.32 cm place of the rod from the RF wall
(mark @ shown in Fig. 2). The rod consumption rate
was approximately 0.1 mm/h in length.

Note that, the position of the RF wall was close to the
peak of the mirror field (MC1) and the rod locates in the
same area as the first stage ECR zone (see Fig. 1). Thus,
the surface of the rod can be heated by the electrons in
the zone. The electron density in this zone will be
measured later.

Cente

Second stage First stage
12 | CR zor ECR zone
8 10 } p
<
N
[a] 8|

-10 0

10

Axial position (cm)
Fig. 1. Schematic drawing of Hyper ECR ion source
together with mirror field distribution used for “°Ca™* ions
production. (O Plasma chamber, @ RF wall, @ Solid
material, @Movable rod, ®Sextupole magnet, ®MCI1,
MMC2, (®Extractor.
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Fig. 2. The distance of the tips of the crucible and the rod
placed in the plasma chamber.

4. Conclusion

In the past year, “°Ca'™* ions have been successfully
extracted from the Hyper ECR ion source with the
intensity as high as 50 epA. This value was obtained by
placing the metallic material rod near the first stage ECR
zone in the ion source. The physical conditions of the
new area are under investigation.
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1. Overview lope. The subsequent normal-conducting dipole (D1) and

The SHARAQ spectrometer is a high resolution maguadrupole (Q3) magnets are recycled from the decommis-
netic spectrometer designed for radioactive isotope (RiPned spectrograph SMARB][ The D1 magnet, which
beam experiments at the Rl Beam Factory (RIBF). It c¥/@s used as a 6ending magnet with a bending radius of
analyze particles with magnetic rigidity of 1.8-6.8 Tn = 2.4 min SMART, is used as a 3Z.bending with a
which corresponds to an energy of 40-440 MeV/A fdiending radius op = 4.4 m in SHARAQ. Both entrance
A/Z = 2 particles. Momentum and angular resolutiord exit axes to the magnet are fitled by T3y horizon-
aredp/p ~1/15000 and- 1 mrad, respectively. The spectally focusing direction.
trometer can rotate around its target position fregf to  T1he last dipole magnet, D2, will be newly constructed.

150 for f|n|te ang|e measurements. F|gShOWS a VieW Detai|S Of the deSign iS described in Othel’ repOB,‘E'ﬁ[.
of the SHARAQ spectrometer. The D2 magnet is a 66bending magnet with a pole gap

of 200 mm. From ion-optical calculations shown below, it
is required that the D2 magnet should have a good field re-
gion, in whichAB/B ~ 10~* is achieved, of-400 mm
from the central orbit. The entrance of the D2 pole will be
curved to eliminate higher order aberrations, while the exit
is tilted by 30 in horizontal focusing direction to reduce a
distance from the D2 magnet to the focal plane.
Specifications of Q1, Q2, Q3, D1, and D2 are listed in
TablesD] and[Z, respectively. It should be noted that the
effective lengths of quadrupoles are dependent on the mag-
netic field strength and thus the values in the table represent
The SHARAQ spectrometer will be placed at E20 expdipical ones.
imental area of the RIBF building. RI beams, produced

target

Figure 1.The SHARAQ spectrometer.

at the primary target position (F0), are transported to the Table 1.Specifications of Q1-3 magnets.
SHARAQ target position through the BigRIPS beam-line o1 Q2 o3
(FO—FG) ﬂ.] and the SHARAQ beam-lineQ[. The beam- bore [mm] 340V %2307 270

line as a whole is designed to fulfill dispersion-matching max. gradient [T/m]  14.1  14.1 74
conditions when combined with the SHARAQ spectrom- effective length [nm] 530 1020 840
eter. Simultaneous achievement of (lateral) dispersion
matching and angular dispersion matching conditions are
crucially important in the use of SHARAQ for Rl beams

which necessarily accompany a large momentum spread. ~ Table 2.Specifications of D1 and D2 magnets.
The beam-line will be also operated in an achromatic mode D1 D2
to provide a small beam spot at the target position when bending radius [m] 4.4 4.4
necessary. bending angle [deg] 32.7 60
gap [mm] 230 200
2. Magnets max. field strength [T] 1.55 1.55
The SHARAQ spectrometer consists of three quadrupole weight [t] 102 ~280

and two dipole magnets.

First doublet quadrupoles (Q1 and Q2) are super-
conducting magnets. Its design is, for the most part, i3- First order ion-optical calculation
herited from that of super-conducting triplet quadrupolesFirst order ion-optical calculations by use of GIOH [
of BIgRIPS B]. Modification has been made in its warnare made to optimize magnetic field settings. Q1 and Q2
bore shape which i$240 mm circle in the original triplet field strengths are tuned so that horizontal envelope after
quadrupoles: Q1 and Q2 has a warm bore of horizontallp2 should be as wide as the Q2 bore width and vertical en-
wide diamond shape, 340 mm in width and 230 mrelope at Q3 as much as the Q3 bore diameter. Q3 strength,
in height to accept a horizontally extended beam enve-turn, is adjusted to achieve a zero vertical magnification
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(y|y). The vanishing vertical magnification is essential

attaining a required level of the vertical angular resolution

i .
r-'Table 3.Designed performances of the SHARAQ spectrometer.

The resulting first-order transfer matrix is shown below, dispersion ) [m] >.86
Herez (1st variable)y (3rd) are the positions in [m], while Norizontal magnificationX..) 0.40
a (2nd) andb (4th) arep,./p andp, /p wherep,, p,, p de- D/M, [m] _ 14.7m
note thez-, y-components, and the norm of particle mo- Momentum resolution 1/14700
mentum. The 6th variablé = (p — po)/po represents a  (forimage size of 1 mm)
momentum difference from that of a central-ray particle.  Vertical magnification 0.0

angular resolution <1 mrad

0.397  0.000 0.000  0.000 0000 5858 vertical acceptance [mrad] +50
0.773 2516 0.000  0.000 0.000 —0.661 horizontal acceptance [mrad]

0.000  0.000 0.000 —2.304 0.000  0.000 dispersion matching mode +17

0.000  0.000 0.434 —0.197 0.000  0.000 beam focus mode +30

—0.295 —0.907 0.000  0.000 1.000 —0.028 solid angle [msr]
0.000 0.000 0.000 0.000 0.000 1.000 dispersion matching mode 2.7
beam focus mode 4.8

A resolving power, obtained by dividing a dispersio

[(.’II‘(S) = 5.858 m] by a magnification in diSperSive planﬂ_ Higher-order aberrations
[(z]z) = 0.397] is calculated to be 14.8 m. Assuming lon optical calculations with COSY INFINITYI(] are

a beam image size measured at the target position (o

the beginning of the beam-line in the dispersion matchip

mode) is 1 mm, the resulting momentum resolution is ev
uated to beyp/p=1/14800. A large value ofy|b) and a

vanishing vertical magnificatiofy|y) = 0.0 lead a high

angular resolution oAb <1 mrad in the vertical direction,
while the horizontal angular resolutiocha is comparable
in size. Thus designed performance of the SHARAQ sp
trometer is presented in Talife

—
-

>l
>

D3

Q3

D1

Q1Q2

> >
ww 00t ww 008

Figure 2.Results of the first order ion-optical calculation.
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t&%ied out to evaluate contributions from higher order aber-
ions. Fringing field distributions obtained from field map
ieasurement8]9] are used in the calculations. It is found
that major aberrationéz|aa) and (x|aaa) originate from
inhomogeneous field distribution of Q1 and Q2 in the re-
gion of r > 12 cm. The entrance pole of D2 will be shaped
in a 3rd order polynomial form to eliminate the aberrations.

e§37 this modification, the broadening of an image size at the

focal plane can be as small as that obtained by the first order
calculation.

5. Schedule

The SHARAQ spectrometer will be put into operation in
2008: construction of the D2 magnet is planed to finish in
March 2007. In the first half of FY2007, all the magnet
together with a rotating stage will be installed at E20 ex-
perimental area of the RIBF building. Following the com-
pletion of the installation, field map measurements of the
magnets will be made in the second half of FY2007. De-
sign and construction of beam-line magnets, together with
development of beam-line and focal plane detectors will be
carried out in parallel by the end of FY2007.
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The construction of the SHARAQ spectrometer has started BigRIPS
in 2005 by the Center for Nuclear Studlj[ The SHARAQ ,
spectrometer is designed to achieve a high momentum resc

i
lution of 6p/p ~ 1/15000 for charged particles with a mag- i g{ .
netic rigidity of Bp = 6.8 Tm. The SHARAQ spectrometer %& E
will be devoted to the nuclear spectroscopic study using RI ‘ T3
beams produced by the Rl beam factory (RIBF) at RIKEN. IE
Since the RI beams have a variety of isospin, spin, and in- : SHARAQ |\ i ;j
ternal energy, the Rl-beam induced reactions are expecte: i;ﬁ;‘;“;;;") Target | )

to be useful tools to probe nuclear many body systems. 10m

Since the Rl beams generally have a large emittance, the
dispersion matching techniqug,B] must be introduced to
perform high resolution measurements. If the dispersions §f9ure 1. Layout of the SHARAQ spectrometer and the
the SHARAQ spectrometer and its beam line are properly Ngh-resolution beam line at RIBF.
“matched”, the missing-mass resolution can be significantly
improved better than the momentum spread of the RI beaggam emitted from the production target at FO is achromat-
Following the notation of the computer code TRANScally focused at F3 in the normal beam transport procedure
PORT H], the horizontal position: and angle) at the focal for the BigRIPS fragment separat][we determined F3
plane of the spectrometer are related to those at the startige the starting point of the SHARAQ beam line.
point of the beam line by using the transfer matrix elementsThe SHARAQ beam line shares the magnetic elements
of the spectrometes(;) and beam linety;). with the BigRIPS fragment separator up to F6. After F6,
the SHARAQ beam line branches from BigRIPS and bends
60° toward the target. Since the layout of the magnetic ele-
+ (s11b12 + 512b22)00 ments of the BigRIPS fragment separator has been already
+ (s11b16 + s12b26 + s16)00, (1) determined, the layout between the branching point and the
0 =(s21b11 + S22b21)z0 target can be optimized to satisfy the dispersion matching
conditions using the computer code GI@8h [
+ (s21b12 + 522022)f0 One realistic solution for the dispersive beam trans-
+ (521016 + 522026 + 526)d0- (2) port is shown in Figll The two 30 bending magnets
BM) are used with the several quadrupole magnets for
e beam transport from F6 to the SHARAQ target. Al-
ough most of the quadrupole magnets are the super con-
uctiong triplet quadrupole magnets (STQ) with the warm
ore radius of 14 cnif], only the doublet (DQ) and singlet
(SQ) quadrupole magnets are the normal conducting mag-
s11b16 + S12b26 + S16 = 0, (3) nets with the maximum field gradient of 4.3 T/m and with
(4) the bore radius of 14 cm. DQ and SQ are located between
BM-S2 and STQ-S3. The maximum magnetic rigidity of
the horizontal position and angle at the focal plane are indiee beam line is 8.5 Tm, which is limited by the maximum
pendet of the momentum spread of the beam. E)sar{d field gradient of 15 T/m of STQ.
(@) are commonly called as the momenutm- and angular-The magnetic-field gradients for the several couples of
dispersion matching conditions, respectively. Itis necess&VQs are constrained to be symmetric. Namely, the field
for the high-resolution spectroscopy with the secondary gladients of the three quadrupole magnets of STQ9 are
beam to construct the beam line satisfying those mategual to those in STQ12. Similary, the field gradients of
ing conditions. From Eqs[3}, (@), and the SHARAQ de- STQ10 and STQ13 are equal to those of STQ11 and STQ-
sign values ofs;;, the dispersion matching conditions fo61, respectively. This symmetric constraint for the field
the beam-line transfer matrix elements are determined togsadients is helpful to simplify the beam line tuning and
big = —13.66 m andbyg = 4.53 rad. to minimize the higher order aberration.
The SHARAQ spectrometer will be installed in the E20 The beam is focused both horizontally and vertically at
experimental room at RIBF as seen in FIh.Since the Rl SQ in the last straight section after BM-S2. At this point,

x =(s11b11 + s12b21) %0

The z¢, 6y, anddy are the horizontal position, angle, an
fractional momentum deviation from the central trajecto
(6 = Ap/p) at the starting point of the beam line. When th
coefficients of the momentum dependent terms in Efjs.

and ) are zero as

521016 + S22b26 + 526 = 0,

63



Target— g %STQ .

X

§15Q

DQ

J_ I BM-S2

—

i 1 STQI1

Ol by 011 (00) (ot —10s
(z]6) (= big) —13.66  (0|5) (=bag)  4.53
(yly) (= bss) 116 (y|¢) (=bsa)  0.00
(¢ly) (= bas) 055  (9[¢) (=baa) 086

Table 1. Beam transfer matrix of the SHARAQ beam line ob-
tained by the first order ion optical calculation by GIOS. The
units for the lengths and angles are m and radian, respectively.
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Figure 2. Envelopes of the dispersive beam transport from F3 to
the SHARAQ target in the horizontal (right) and vertical (left)
planes. Trajectories are drawn for particles with= £3 mm,

y = 3 mm, 6§ = £10 and 0 mr,¢ = +30 and O mr, and
0 = +0.3%, respectively.

the horizontal size of the beam envelope is large while the
vertical size is relatively small. The horizontal beam size is
dominated by the momentum spread of the beam due to the
large dispersion of 23 m. Thus, SQ can change the corre-
lation between the momentum and the horizontal angle of
the beam trajectory, which is presented by thgterm in

the transfer matrix, while the other ion optical properties
such as the dispersion are nearly unchanged.bJheerm

is easily changed by tuning STQ-S3 since there is only one
STQ between SQ and the target. Thus, the double focusing
point at SQ in the last straight section is useful to realize the
dispersion matching conditions.

The transfer matrix of the SHARAQ beam line obtained
by the first order ion optical calculation is tabulated in Ta-
blel The dispersion matching conditions are successfully
satisfied, while the horizontal and vertical magnifications
are almost unity. The off diagonal termsigf andb,3; are
kept small to reduce the angular spread causedgbgnd
Yo-

In the present calculation, only the first order effects are
taken into account, however, the higher order aberration is
not negligible since the secondary RI beams have a large
emittance. The hexapole and octupole magnets are useful
to correct such higher order effects. In order to optimize the
layout of those multipole magnets and their field strengths,
it is necessary to perform the higher-order ion optical calcu-
lation. The higher-order calculation is still in progress, and
the results will be reported elsewhere soon.
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1. Design goal Beam

The high resolution SHARAQ spectrometd} fonsists
of three quadrupole magnets and two dipole magnets. The
third quadrupole and the first dipole magnets are recycled
from the decommissioned spectrograph SMAR]. [The
first doublet quadrupoles are currently under construction.
The last dipole magnet, D2, will be newly constructed in
FY2006. Since D2 is the largest magnet in SHARAQ pro-
viding 60°-bending, its design is the most critical part in the
design of the spectrometer as a whole.

lon optical calculations]]] place requirements on specifi-
cations of D2: it should have a pole gap wider than 200 mm
and a good field region wider thatt400 mm from the
central orbit. In the good field region, field homogene-
ity AB/B should be as small ak)—*, which should be
achieved in the field range of 0.4—1.55 T. The entrance edge
is required to be shaped in a 3rd-order polynomial curve for
elimination of higher-order aberrations, while the exit edge Figure 2.Top view of the D2 dipole magnet.
should be inclined by 30for horizontal focusing.

The goal of the present work is to find a design of the

magnet to meet these requirements. For this purpose, mag- ™™ s ~sg
netic field calculations has been made by use of a code ol o

based on a finite element method. The calculations was car- B ”“J "

ried out in two dimensional axisymmetrical geomeB}: [ + ¢

2. Poles and Return Yokes k ~ ﬁ ﬁ R200 |
Cross section and top view of the optimized D2 dlpolekoy X 5180 oY °
magnet are shown in Fig8.andZ2, respectively. = 100
3567 L [—
54

300 1300 37 1596 — =7

Figure 3. The side profile of D2 pole piece. For details, see the
text.

660 220

700 700

[]’,\ J,D Design of the pole pieces is the most important part of

the present work. Figure 1 shows the cross section of the

[~ ] pole piece. The pole width of 1400 mm is needed to pro-

vide a good field region a£400 mm from the central orbit.

In addition, Rose shims and rounded-shape fillets are intro-
duced to both sides of the pole pieces. Radii of the fillets
are 180 mm at the low-momentum side and 200 mm at the

|gh -momentum side. The arcs of the fillets can be replaced

with step functions with a sufficient number of steps, if nec-
essary. Length of the Rose shims is 54 mm from the bottom
The bending radius of D2 is 4.4 m. Top and bottom yokesd of the fillets and thickness is 1 mm. The pole piece
have a thickness of 660 mm. Auxiliary yokes with a thickshould be made of one piece of low carbon magnetic iron.
ness of 220 mm and a width of 1300 mm are added in theResults of magnetic field calculations are shown in

low-momentum side (left in the figure) to decrease satuigs .4 andd for typical magnetic field strength of B=1.6 T

tion effects. and B=0.38 T, respectively. The ripples in the curves rep-

o
SH

660

Figure 1.Cross section of the D2 dipole magnet. Numbers are ir
milimeter.
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resent uncertainty in the finite element calculations and aviél be designed to fulfill these required specifications. The

smaller than 104 preliminary desinged coil assumed in the above consider-
The high-field calculation is made for a current ddtions is wound using a hollow conductor with a square

1.3x10° A-turns. Saturation effect at this magnetic fieldross section of 2626 mn¥ and a water cooling channel

is 3%. of 16 mm in diameter. The coil consists of four pancakes
The homogeneity of the magnetic field is found to be asth 16 windings for each. The cross section of the whole

small asAB/B = 2 x 10~* in the region ofr = p &+ coil unitis 219<228 mn¥ including insulating materials.

400 mm, wherep = 4400 mm. 4. Conclusions

' ”MWIMNTJM}Mm\ww W | We have studied the design of the dipole magnet D2. The
‘ design of the magnet will be completed by making small
modifications proposed by a manufacturer. The construc-
tion of D2 will be completed in FY2006.
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Figure 5. Results of magnetic field calculations for low field of
B=0.38T.

The Rogowski profile is introduced to entrance and exit
edges of the D2 magnet. Field clamps are also placed at
both edges.

3. Coil design

Excitation of the magnet up t8 = 1.55 T requires mag-
netomotive force 0£-2.6x10° A-turns. On the other hand,
an expected pressure drop of the cooling water is 5 atm
at the RIBF experimental hall. The temperature increase
should be kept less than 30 under this condition. A cir-
cumference of the coil winding is about 14 m. The coil
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Since year 2000, we have been developing a po-
sition sensitive germanium (Ge) detector array, CNS
GRAPE GammaRay detectorArray with Position and
Energy sensitivity) for high-resolution in-beam gamma-ray e
spectroscopy using Rl beams. In order to correct for the
Doppler broadening effect from the fast moving reaction
products, the array was designed to have position sensitivi- ®
ties in the Ge crystal by using the pulse shape analysis tech-
niques. The total array consists of 18 detectors and each
of which contains two Ge planar crystals with effective ra-
dius of 3 cm and thickness of 2 cm. The outer side of each
crystal has 3 electrode<d]. The planar structure and the
segmenting electrodes bring us different pulse shapes de-
pending on the depth of interaction. The resolution of less
than 1% for v/c = 0.3 can be achieved after Doppler shift
correction. The total efficiency of 5 % for 1 MeV gamma
ray is expected.

In this year we have performed following physics exper-
iments and developments.

e 3 decay studies of neutron-rich nucléf B, 19:2°C,
23,240, 21.22N) [2]. In the measurement CNS
GRAPE was placed by turning 9Celative to the
beam direction from the usual setting in order to
cover thet20° and+160 relative to the beam direc-
tion. In front of each Ge detector of GRAPE, a plastic
scintillator was placed to veto theray signals. In
addition to the GRAPE, two Clover Ge detectdBb |
with BGO anti-Compton shield were placed af90

e A lifetime measurement of first 2 state in32Mg
by using Recoil Distance Method][ In the mea-
surement 6 Ge detectors of CNS GRAPE were used
combing with 14 BGO detectors placed upstream and
downstream of the GRAPE for the Compton suppres-
sion.

e An excitation function measurement by theF +
96Zr reaction|p]. Two Ge detectors of CNS GRAPE
and one coaxial Ge detector were placed at° 12l
9 relative to the beam direction, respectively. In
the measurement a Si Ball, & 4rray of Si detectors
[6] was used in order to detect evaporated charged-
particles in coincidence with rays.

ment the full set of CNS GRAPE with 2 Clover Ge
detectors and a coaxial Ge detector were used.

Gamma-ray imaging capability by using CNS
GRAPE was examine][.

R&D of CdTe detector was performed for a future
ray detector array9).

e A Si-Barrel array was developed for the detection of

evaporated charged particles in the fusion reaction of
Rl beam. The array consists of 15 Si detectors and
the size of each Si detector is 48 m#8 mm with
450 pm thickness as shown in Fig. 1. These detec-
tors were arranged in 3 rings with forming pentagonal
barrel shape. This auxiliary detector was used in the
46Ar + 9Be experiment together with CNS GRAPE.

Figure 1. Si-Barrel array with’ Be target.

In 2006, we plan to perform the following physics exper-
e In-beam~-ray measurement by the fusion reactioments and detector developments.

of neutron-rich beam8Ar with °Be target was per-

formed in order to investigate high-spin states in e A measurement of Gamow-Teller transition strength

neutron-rich Ca and Ti isotop€g|] In this measure-
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e Multiple Coulomb excitation measurement to inves-
tigate oblate collective excitations.

e In-beamy-ray spectroscopy in A100, Z~50 region.

e Construction of a test bench for BGO shield and per-
formance evaluation of the prototype BGO shield.

e R&D of the digital signal processing and analysis
system for the three-dimensional position determina-
tion.
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Gamma-Ray Imaging Analysis by Using CNS GRAPE
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1. Introduction

Gamma-ray imaging technique allows to locate the invis-
ible radioactive material and has important applications in
nuclear medicinel] and astrophysics2]. The technique
requires detectors with high position sensitivity to deter- “Na Source
mine the three-dimensional location of the gamma-ray in-

i
teraction point in the detector. CNS GRAFS] Eonsists
of an array of segmented planar Ge detectors and the inter-
action point in the Ge crystal can be deduced based on the
pulse shape analysis. This capability opens up the possibil-

ity of gamma-ray imaging.

In order to examine the imaging capability of GRAPE,
we performed the gamma-ray measurement with a Standial—’i%ure 1. Schematic view of GRAPE together with the target
source of?Na to extract the source position by gamma-ray cell. The two locations of thé&*Na source are marked in the
imaging analysis. The two 0.511 MeV annihilation gamma- figure.
rays emitted simultaneously in opposite directions from the Y
22Na source may be both detected by GRAPE. The loca- 20mm
tion of the22Na source is reconstructed, by combining the Flectrode
directional information of the detected positron annihilation
lines. Inthis report, the preliminary result of the gamma-ray
imaging analysis is presented.

70 mm

2. Measurement

In the measurement, GRAPE vyas cgmpnsed ofl7 Ge dl‘—a@ure 2. Schematic view of the GRAPE detector. Numbers are
tectors, surrounding a target cell in which the source was lo-" . o
given to identify the segments.

cated. Figlllshows a schematic view of the GRAPE system
together with the target cell. A coordinate systery',=') exiract the depth of the interaction poinj(The net charge
> used to represent the/ position of the detectors and g5 is the signal from the segment including the interac-
Na source. The’ and" directions are ShOWI” in Fi@l {ion point and the total signal is the analog summation of the
and they’ direction is perpendicular te’ and 2" and the gjgna|s from all the nine segments. The depth of interaction
origin is the center of the GRAPE system. The source Wagints can be extracted by using two kinds of zero-cross
placed at two positions in the target cell as marked '”m'gtimings Thie andTsu,m picked up aftelCR? — RC* shap-
during the measurement. The distance of the two positiGRg of the net charge signal and total signal, respectively.

along the:" direction iss mm. (By taking the source thick-cajcylations have been performed for the center-, side-, and
ness £ mm) into consideration, the difference of the We,mer segment]. Fig. @ shows the result of the simula-
positions of the*’Na source along the' direction is about tjons calculated i mm steps fronz = 0 mm toz = 20

6 mm.) , o _ mm for different interaction positions.

A total of 2 x 10° positron annihilation single-hit events Experimentally obtaine@.,,,,— (Thit - Tsum) values are
was obtained and used for analysis. H_ere, single-hit meapng, plotted in Figd By comparing these two plots, the
only one segment of the detector was fired. depth of interaction of each event was extracted. The reso-
lution for the z coordinate of the interaction point based on
the pulse shape analysis is expected td be2 mm. The

Fig.[2shows a schematic view of a segmented Ge detegner two coordinates:(andy) of the interaction point was
tor of GRAPE. Here we use the coordinate systen,¢) determined based on the size of each segment. The reso-
to represent interaction position within the detector. Thgtion for these two coordinates thus has the same order of
rise times of the signals from different segments contain ifragnitude of the size of the segmef6 (mm). For each
formation on the interaction position. The net charge signgsitron annihilation event, a pair of 3D interaction posi-
and the total signal are used for pulse shape anal¥ts [ tions were obtained and the track line of the annihilation

3. Analysis and Result
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Figure 3. Simulation result for the zero-cross times of center-,

side-, and corner segment for different interaction points. Thlélgu,re. 5 .PI‘OJECtIOH of the gamma-ray |mag|ngl result on the
Z' direction (mm). Only the detectors perpendicular to the

dots in a line from the left to the right are related:tealues S
from 0 to 20 mm in 1 mm steps. direction were used.

500 - ] position resolution here is more than twice worse than the
323 “Center ~Side previous value .28 mm). This is because in this case the
© a40F g z' coordinate of the source position is more related taithe
£ 20 g ; andy coordinates of the interaction point within the detec-
5 ggg% tor which have the resolution equivalent to the size of the
= ggg; segment.
320F In summary, we have extracted thecoordinate of the
328 ;’: o 5070 50 100 source position with an average resolution @8 mm using
460 orner. T -T the detectors which are perpendicular to thdirection. To
> 2;8 i~ Taum (NS) determine the other two coordinates$ &ndy’), pulse shape
£ 400: analysis to gain a position sensitivity finer than the segment
E 3285, size is now in progress.
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Ideally, track lines of the annihilation gamma-rays intef- 221
Y, along y Eﬂe M. Kurokawaet al, IEEE Trans. Nucl. Sci50 (2003)
sect each other at the source position. However, due to 1309

resolution of the interaction position, these track lines re-
constructed by GRAPE might not intersect each other spa-
tially. In that case, we assume the source locate at the center
of the distance between two of the track lines. Bghows

the 2’ projection of the result of the gamma-ray imaging
analysis. We can clearly see two peaks/at= 2.78 mm

with a o value of1.35 mm andz’ = 8.55 mm with ac
value of1.21 mm respectively in the figure, indicating the
two locations of thé2Na source along the/ direction. The
difference of the two peak values is77 mm. It is con-
sistent with the expected value (abdumm). From the
result, an average resolution of 1.28 mm is obtained for the
2’ coordinate of the source location. Here, we use only the
detectors which are perpendicular to tHedirection. We
have also obtained the result with all detectors. It gives
the corresponding location value 2% mm and8.2 mm,
respectively, with an average resolution®8 mm. The
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RI beam for low-cross section measurements, it is desirel] pump for
to make the gas target thicker. However, the gas cell cann g, ymin)
be elongated much more than the current length of 80 mr
since the edges of the target will be more distant from the =

beams. For example, an irradiation ‘fAr beam of 4.5

Development of Liquid Nitrogen-Cooled Gas Target System
H. Yamaguchi, S. Kubono, G. Amadio, Y. Wakabayashi, A. Saito, J. J. He, and H. Fujikawa

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

1. Introduction Mooyt LaNzlevel meter
Light-ion gas targets (5 D2, 3*He, *He etc.) are often — 2 LNz

used for the Rl beam production at CRIB (CNS Radio Iso- passl T AT fa‘:

tope Beam separatoi2,[3,14]. For holding the gas, water- E) jF - F&ﬁ” w

cooled gas cells have been used at CRIB. The water-cooled oxygen ‘ heat exchanger (coiled pipe)

gas cells are 2080 mm long, and they have;&12thick enalvzer evacuation) gt it .

Havar foils for the beam windows. To obtain a more intense T et ‘ zﬁw >

-
<

!

900

gas flow

! target gas|in

J‘ gas cell with

focal position, which should make the collection efficiency I_1Havar foil windows
significantly worse. We have also experienced that the foils — : e i
of the water-cooled gas target were broken by high power g L@

MeV of 200 pnA, which deposited heat of about 16 W on
the target, broke the foils immediately. Figure 1. Design of the low-temperature gas target system.

To solve these problems, we have constructed a low- . o
temperature gas target system for CRIB. The design and t€m. The lower and higher explosive limits of hy-
preliminary beam test of the new gas target system are de- drogen are 4.1% and 74.8%, when expressed by the

scribed below. concentration by volume on air. Therefore, we have

. to keep the concentration of the hydrogen higher than

2. Design 74.8%, or equivalently, the concentration of oxygen

The main features of the new gas target system are as the must be lower than 5%. We have installed an oxygen

following. analyzer for monitoring the concentration during the
run.

1. Liquid-nitrogen cooling

The target gas is cooled by liquid nitrogen. If the tar- Fig.[D shows the whole structure of our system. The tar-

get is ideally cooled to near the liquid nitrogen terrget gas cell, shown at the bottom of the figure in a vac-

perature (77K), it can be 3—4 times thicker comparef™ chamber, is similar to the water-cooled one. It is 80
to the room ter’nperature target. Low temperature m-long, and it has a 20 mm-diameter cylindrical hole to
\j(?;p the gas inside. On the beam direction sides of the cell,

I d for havi tabilit inst high
g:;)mgsoqrh eorr1 evj\:::rg eatl iz :xge)étgg?g]ks)e dlgragl(:zw i@anges with Havar foils were attached and sealed using in-

the beams of 100 W order. um wires. :
Above the target cell, there is a dewar-type vessel (here
. Forced gas flow we refer to it as “top dewar”) filled with liquid nitrogen, in

We made a flow of the target gas, so that the heaf@dler to cool the target gas. The liquid nitrogen is supplied
gas goes out of the target, while the cooled gas confeyn a 120-liter self-pressurized bottle, which can be eas-
into the target again. We know there is an effect 8y disconnected from the system for refilling. There is a
the target pressure reduction depending on the bemﬁid-nitrogen level meter in the tOp deWar, and if the level
intensity. That is, when the beam is intense (heat d#2€es down below a limit, an automatic valve lets the liquid
posit is more than 10 mW/mm), the gas only arourftitrogen in, to keep the level almost constant. The liquid ni-
the beam track is heated up and effective thicknes89en also goes into the duct connected to the gas cell and
of the target decrease5][ Although the velocity €0Ols the cell directly.

of the molecule is quite high (order of 1000 m/s for There is a gas circulation line through the target cell and
relatively light gases), we may avoid the pressurfl€e tpp dewar, most of which con.si.sts of 3/8—inch diamg—
reduction effect to some extent, by making the g&@' pipes. The target gas can be injected to the circulation

flow. line using a gas system, having valves for controlling the
injection speed, and a Baratron gauge for the gas pressure
. Oxygen concentration monitoring monitoring. A diaflam pump (Ilwaki APN-P450NST) was

As we circulate hydrogen gas in an enclosed systeimstalled in the line for making a gas flow of 30 I/m (80 I/m
we have to concern the possibility of the explosiomyas possible for hydrogen gas) There is a heat exchanger
which may happen if the air leaks into the gas sy&:oiled-pipe type) in the top dewar, and the injected room-
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temperature gas is cooled down to 77K, as the gas passes Degrader Purity Beam width (mm)

through the heat exchanger. The cooled gas is transmitted  no degrader 3% 6.0
along the vertical duct, and reaches at the cell. The gas 2 ;m Mylar 90% 8.7
is heated by the beam in the cell, and soon it goes out of 3pum Mylar  ~100% 17

the vacuum chamber. Since the pump cannot circulate low-

temperature gas, the gas must be warmed up before ent@fisie 1. Purity and width of the secondary beafe, with dif-
ing the circulation pump again. To keep the gas temperaturéferent degrader settings. The target thickness was 1.9 mg/cm
close to the room temperature, a heat bath was installed. Ingeam width is the horizontal width of the secondary beam at
case the m_easured gas temperature Is low (lower th&@),0  F2 focal plane, denoted as the root mean square width in mm.
the heater is turned on and it warms up the gas to the room
temperature. However, when we used hydrogen gas at 600 ] )
Torr with the flow rate of 30 I/m or less, the gas was alreadjane (F1) of CRIB. The results are summarized in Teble
warmed up to the room temperature in the long line froktsing the thin Mylar foils, we can separate the two beams,
the vacuum chamber to the water bath. as the energy losses in the foil are different for the two.

i A "Be*t beam of 1x 10° pps was obtained at the first

An oxygen analyzer (GE sensing Japan Co. Ltd, O2X1 . pp

with OX-3) is installed in a sideline of the circulation systest, when the primary beam current was LAeAt the

tem, and it monitors concentration of oxygen in the gas &Cond test, the beam rate was s order even with a
during the run. higher primary beam current of 3:4. The low rate was

possibly due to a large momentum dispersion at F1, which
3. Test with the beam might be caused by the_energy straggling in the target. The
o ) expected momentum dispersion from the calculation was
We have performed two preliminary test experiments §0995 put our measurement shows the real dispersion was
far, and obtained the following results. much more than 10%, and it could not be determined.
The consumption rate of the liquid nitrogen was about | 4 pear future, we expect to have’Be beam of the

200 l/day when there is no gas circulation and the begyer of 16 pps, by optimizing the beam and target condi-
current is much less than 1W. The consumption was sevejgh.

times higher than that when circulation was 40 I/min, how-
ever, the rate was not measured precisely. The theoretical
consumption rate is 2.0 I/h (48 l/day) per flow rate of 18€ferences
I/min. The actual large consumption is supposed to be dd¢ T. Teranishiet al, CNS Annual Report 2003 (2004) 81.
to the heat loss from the top dewar, as the material of 28 S. Kubonoet al., Eur. Phys. J. A3(2002) 217.
cover is heat-conducting (SUS). We are planning to covef3{ Y. Yanagisawaet al., Nucl. Instrum. Methods Phys.
with some thermal-insulating materials. Res., Sect. £39(2005) 74.
The primary beam used in the test runs is 3.4 MeV[d] T. Teranishiet al, Phys. Lett. B556(2003) 27.
“Li%*, 3 euA at maximum. The cooled target worked stg5] J. Goerrest al, Nucl. Instrum. Methods 177 (1980)
bly with this maximum current, which proves that the target 295.
can accept the heat load of 5 W. [6] J.F. Ziegleret al, "The Stopping and Range of lons in
Gas thickness was evaluated by comparing the measuredSolids” Pergamon Press, New York (1985)
energy loss of théLi beam with a calculation, since the gas
temperature inside the cell was not known precisely. At the
first test, we used hydrogen gas of 300 Torr and the obtained
gas thickness was 0.3 mg/éniThe corresponding temper-
ature calculated from this thickness was 200 K. In this first
test, we could not make a good gas circulation, indicating
that there was a problem in the gas system. For example,
a choking of the pipe by some frozen materials might pre-
vented the good circulation and cooling. In the second test,
we used hydrogen gas of 600 Torr, and the gas thickness
was 1.9 mg/crh. The thickness was not changed for the
different circulation rates of 0 I/min and 40 I/min. The cor-
responding temperature was 80K, which was fairly close to
the liquid-nitrogen temperature.
The produced secondary beam wa&e'* of about 2.5
MeV/u. Beam separation was carried out by selecting the
magnetic rigidity of the beam. When we adjusted the mag-
netic rigidity to the value of Be**, the contamination from
the primary beam’(i3*) was still dominant, and the pu-
rity of "Be*t was 3-5%, To improve the beam purity, we
put in degraders just after the momentum dispersive focal
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1. Introduction

The high-energy deuteron beam polarimeter based on the
d-p elastic scattering was constructed at the internal tar-
get station (ITS) of the superconducting synchrotron Nu-
clotron at JINRIL]. The ITS polarimeter will be used for
the spin physics programs with polarized deuteron beams
at 1.0 — 2.0 GeV. It will also provide the data at 880 MeV,
which corresponds to the maximum deuteron beam energy
at RIBF in Japan. Therefore, it is useful for a develop-
ment of the deuteron beam polarimeter at RIBF. The ITS
polarimeter will also be a unique tool to study the three-
nucleon forces at 300 — 800 MeV emphasizing the energy
dependence of the reaction. Figure 1. Schematic view of the detector setup.

At the energy region 0'58 — 2.0 GeV, analyzing powers Figurel shows the schematic view of the ITS polarime-
for the d-p elastic scattering are expected to be large at

N o er. The ITS is composed of a spherical hull, a beam duct
backward anglesi(.,. > 70%). The expectation is baseOtand the target stage where the target holder carrying up 6

on the similarity in the the analyzing power diStribUtionaifferent targets is located?. A polyethylene sheet of

expressed by the mandelstam variable t from the eXIStT@um thickness was used as a target as well as carbon wires

data at 1.2, 1.6, and 2.0 Ge¥Z,B,/4,[5], which is called t-
) o . for the background measurement. The scattered deuterons
scaling. The calibration measurement of analyzing powers ! L . L
. . ; and recoiled protons were detected in kinematical coinci-
was necessary in order to determine precise beam polariza-
) . : . hce. Detectors were placed on the detector stage at the
tions at these energies. In this report, we describe the %%—

o : : wnstream of the target. Each detector consisted of a plas-
ibration measurement with polarized beams performed_n = .-~ . .
June. 2005, tic scintillation counter coupled to a photomultiplier tube

through a light guide. Nine proton detectors were placed in
_ the directions of left, right, and up, at c.m.s. scattering an-
2. Experiment gles ranging from 60— 140, while only four detectors in
Measurement of the analyzing powers for the elas- the down direction ranging from 1316- 140 because the
tic scattering by using the ITS polarimeter was performéalver flange of the hull limited the acceptance. Correspond-
at 880 MeV and 2 GeV at JINR. The beam polarizatioisg to the proton detectors, three segmented deuteron detec-
were measured using the polarimeter at 270 MeV, wheoes were placed in the directions of left, right, and down,
the absolute calibration of the analyzing powers was pand one detector in the up direction only for the backward
formed at RIKEN []. The vector and tensor polarizedangles, except that the down detector at the most forward
deuteron beams were provided by the cryogenic atoraiegle was not placed due to the conflict of the PMTs. In-
beam source POLARIS. Two modes of vector and testead of it, one of the proton detectors were used to detect
sor polarizations were used as well as unpolarized modeuterons.
(Pz,Pzz) = (+1/3,1),(+1/3,—1), and(0,0), where the  The quasi-elastip-p scattering was used to monitor rela-
values are theoretical maxima. Typical beam intensity wige luminosity. Two detectors were placed in the directions
3x 107 particles/spill, and the spill duration was 8 secondsf left and right a#).. ,,,. = 90°, where the vector analyzing
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At each spill, the target was swept from the high- to low
momentum sides of the Nuclotron. When the beams pass
through the target, its energy decreases, and its orbital ra-
dius in the Nuclotron ring decreases. Consequently, the in-
teraction point shifts along the target position by about 4—
7 mm, which causes a false asymmetry of the scattering. In
order to estimate this effect, the target position was moni-
tored by counting the number of pulses transmitted to the r 1
step motor attached to the target holder. 0, 5(',0 = 'm',,,,' = '15",,' T

1500 — —

1000 — - —

AE roton (channel)

500 — —

3. Analysis AE guteren (channel)

The data at 880 MeV were analyzed. The events ofithe _
p elastic scattering were clearly identified by energy loss&ddUre 3- Energy loss correlation of deuteron and proton detec-
and a difference of time of flights of deuterons and pro- tors gateq by the t_lme difference. A locus corresponding to the
tons. Figur@shows a spectrum of time difference between @7 €lastic scattering can be seen clearly.
deuteron and proton detectors obtained for the polyethyleRg,«t a new polarimeter at RIBF. Analysis for 2 GeV is
target. A peak corresponding to thlep elastic scattering i, progress.
was clearly observed. The carbon contribution was found to

be not negligible at this energy. Therefore, the yield for the LO T T
carbon was subtracted from that for the polyethylene. The 0.5 -
events were selected by a narrow gate indicated in[Zig. » E 3
in order to increase the S/N ratio. FiguBeshows a en- < 00 _'.o+¢ """ SN
ergy loss correlation between deuteron and proton, gated -0.5— o ¢ —
by the time difference. A clear locus corresponding to the —10k Lo liiu ool i, d
d-p elastic scattering was observed, and the region indicated B VUL A B
by a dashed line was selected. No cuts of the target position 05 —
were applied for the present analysis. The analyzing powers S o0 f_....?__,_.§_........_._..._._?_f
at 880 MeV were obtained from the asymmetries of yields ~ E 3
and the beam polarizations obtained at 270 MeV. -05 E_I Mo [ ] I_E
e EBERRE S —1.0: rHHHHHTHHT Y i
3000 — l — 0.5 ;_ _;
I ] T S -
L E = ‘ g ¢ ¢ % o g
2 2000 — 0.5 + ¢ =
E [ ] _1‘0 '_l' 1 | 1111 | 1111 | 1111 | 1111 | 1 '|_'

© i 1 80 80 100 120 140

1000 B ] ec.m. (dEg)
0 i e A ] Figure 4. The analyzing powers for thé-p elastic scattering at
-2 0 2 4 8 E, = 880 MeV. Only statistical errors are shown.

Time difference [ns]

Figure 2. Time difference between deuteron and proton detec-
tors. The solid line shows a spectrum for the polyethylene t@§aferences

get, and dashed line for the ca.rbon. The elastic scattering [1] T. Uesakaet al, CNS Annual Report (2004) 81.
events are selected by dotted lines. [2] M. Bleszynskiet al, Phys. Lett, B87 (1979) 178.
[3] M. Bleszynskiet al, Phys. Lett. B106(1981) 42.
4. Results [4] M. Haji-Saiedet al, Phys. Rev. 36 (1987) 2010.
The preliminary results of the analyzing powers for thg] v. Ghazikhaniaret al, Phys. Rev. @3 (1991) 1532.
d-p elastic scattering at 880 MeV are shown in EigOnly  [6] K. Sudaet al, RIKEN Accel. Prog. ReB5(2002) 174.

statistical errors are shown. Thé, has moderately large[7] A. I. Malakhov et al, Nucl. Intrum. Methods A440
values & —0.3) at the wide angular rangg ,,, = 70°— (2000) 320.

140°, and follows thet scaling. However, thel,, is large
only atf.,, = 60°, and deviates from thescaling. This
indicates that the vector and tensor polarizations should be
measured at two different angles.

The obtained data at 880 MeV will be useful to con-
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1. Introduction CdTe calculated by EqI) under the assumption that thick-

We have been developing planar-type gamma-ray detBgss of crystal is 5-mm and the bias voltage is 700 V. In
tors with Cadmium Telluride (CdTe). CdTe has high effFig.[I the pulse in case A has a fast rise time determined
ciency for photo-electric absorption of gamma-rays becadethe electrons with high mobility. On the other hand, the
of the large atomic numbeZ¢q = 48, Zr. = 52). ltis pulse in case D has a slow rise time determined by the holes
also possible for the CdTe detectors to use without cooliéfh low mobility. In general, pulse shapes from the CdTe
because of a large band-gap (1.52 eV) which is larger tigtectors are a composition of the two extremes, such as
Silicon (see Tabldl). Since the mobility of charge carrierdPulse shapes in case B and C. The initial chaggeand
is small especially for holes, however, charge collectiontf3e interaction position: can be obtained by the analyzing
very sensitive to the trapping effect due to the defects irPH!se shapes.
crystal. Since the trapping effects result characteristic pulse
shapes, pulse shape analysis may be used for their correc-
tion. Actually, fast-slow analog pulse shape method pro-
vided a possible correctiol2]. As an alternative and quan- 1

A (x=0.5)

titative method, we performed digital pulse shape analysis
of pulse-shape data recorded using flash ADCs.
C (x=0.17)
O CdTe Ge Si S k[
Atomic numberZ 48/52 32 04 o e [
Density [g/cni] 6.02 5.33 2.33
Energy gap [eV] 1.52 0.72 1.12 ' X - [om]
Average energy per 4.43 298 361 0g : 3 5 : ) ) )
electron-hole pair [eV] Time [ps]
Electron mobility [cn#/Vs] 800~1100 3900 1350
Hole mobility [cn?/Vs] 50~100 1900 480  Figure 1. Pulse shape of CdTe by E@)( The open circles are

the times that the electrons arrive at anode /(). A~D
correspond to the pulse shapes which have the diffe(ate

Table 1.Some physical properties of CdTe, Ge and[§j. [ the text in detail)

2. Model

The shape of charge puls@(¢)) induced in the electrode
depends on the initial charg@y), drift velocities of charge )
carriers {., vy), and ammounts of trapping effects whicﬁ' Experiment
may be characterized by life time.(r,) [3]. The driftve- A planar-type CdTe detectors of 5-mm thick having
locity is determined by the mobility and the electric fielcdouble-sided strips with guard rings were used (sed2jig.
For a planar-type detector of infinite size of electrodes, g-order to identify charge pulses from the central and the
plicit expression is: edge regions, four strips and three guardrings were con-
nected to extract central and edge pulses. respectively. As
_ Qo —te —tn shown in Fig[d the charge pulse obtained through charge-
Q=" (veTe <l_eXp( Te )) +thh<1_eXp( Th ))> sensitive preamplifiers (CP-528A) were recorded by flash
(1) ADC (XIA Pixie-4). This flash ADC has performances of
te = min (¢,2/ve) 75 MHz/14-bit digitizing of input signal. The amplifier
(ORTEC 571), the timing SCA (ORTEC 420A), the gate
generator (ORTEC 416A) and the attenuator are used for
wherex andD are the interaction position from the cathodmaking the trigger pulses. Shapping time of the amplifier
and the thickness of the detector, respectively. The followas set Gus corresponding to the slow rise time for 700-V
ing discussion, we assumg=7,=7, because ofi.7./u,7, bias voltage.’*”Cs source was used for the gamma-rays to
~ pelun ~ 10, whereu, and iy, are mobility of electrons be detected. About 4500 events were collected which have
and holes, respectiveld]. Figure [Ilshows pulse shapes ohon-zero induced charge in the strip sums.

t, = min (¢, (D — x)/vp)
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Figure 2.The CdTe detectors (Acrorad Co., Ltd) and the structu e 2506 7m0 650 5200 e 7850 a0 © —omy—gia0—smo0—éan—san7—si0—To07— oo
of electrodes. There are four strips and three guard rings e Q Qo

of the electrodes.
Figure 5. The interaction position: versus the initial charg€,

Trigger Pulse (a) without correction and (b) with correction.
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4| cHo S C)] o [ | [(b)

PreAmp

200 |

¥Cs ; 662 keV
WHM : 67 keV

180 7

Count

. CH1
Strip.Sum O

CH2

PreAmp . [
B Guard ring.Sum O sl

o b e gk
a 1000 2000 3000 4000 5000 &ooo 7000 0

100}

507

1000 2000 3000 4000 6000 GOOO 700D

Qy

Figure 3.The experimental setup to record pulse shapes from uie

CdTe detector. .
Figure 6. The energy spectrum with ‘& Cs source (a) without

4. Result and Analysis correction and (b) with correction.

Figured shows obtained typical pulse shapes. The ladel Summary
“total” denotes the sum of the “central” and “edge” signals, We have ana|yzed Shapes of Charge pu|ses of a p|aner-
which simulates the pulse shape of planar detector with infipe CdTe detector recorded using 75 MHz/14 bit flash
nite area corresponding to the model function (EJ).(By ADCs. The pulse-shape data were fitted by a model func-
x>-fittings for obtained pulse-shapes, the common paranfign taking into account the differences of the drift velocities
ters were determined to e = 1.4 cmfs, v, =0.15 cmfis,  of electron and hole and the trapping effects. The results in-
andr = 4.5 us. The parameterQ, andz was obtained dicate the possibility of using thick CdTe as a position sen-
event-by-event by the fitting. Figuigshows: (a): versus sitive photon detector. Further quantitative analysis espe-
non-corrected charg@(t = co), and (b)z versusQo. Itis cially for each of “central” and “edge” pulses is in progress
shown thatQ), are almost constant for the full-energy peaj order to evaluate the capability of three dimensional po-
(662 keV) independent aof. The projection spectra for thesjtion determination.
two are shown in Figg, where the low-energy tail of the
full-energy peak in (b) is remarkably smaller than that of

(a).
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Figure 4. Typical pulse shapes which are an output from the
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Polarized Proton Target Performance During Scattering Experiment
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1. Introduction maximum field of 700 mT and a typical operating field dur-

A polarized solid proton target using a crystal of napﬂpg the experiment is 90 mT. The field uniformity is better
thalene doped with pentacene has been develope Ror than 0.2 mT over the target volume. The uniformity is suf-
scattering experimentd]} The target is unique in that pro_ficiently smaller than the internal field of 4 mT in the target
tons can be polarized at a low magnetic field of 0.1 T an®&/sStal. _
higher temperature of 100 K. This feature enables the targef WO Ar-ion lasers are used to excite pentacene molecules
to be used ip-RI scattering experiments under the inverdB the target crystal. Both lasers have the maximum power
kinematic condition. of 25 W in the multiline operation mode. The laser beams

The polarized proton target has been used in scatf@i€ pulsed by an optical chopper. Typical repetition rate and
ing experiments wittfHe beams in July 2003 and in JulyPulse width for the optical excitation are 2 kHz and 1S3
2005 at the RIKEN projectile fragment separator (RIPS). {gSpectively. The resulting average power is 650 mW. The
both experiments, the vector analyzing power for the elgdllsed laser beams are transmitted by using optical fibers to
tic scattering of polarized proton afitfle at the energy of the target system. Typical transmission efficiency is 50%.
71 MeV/u was measure@[3]. In this report, we describe The polarization transfer is carried out with the mi-

the polarized proton target system and its performance def@wave and field sweep systems. The frequency of mi-

of the lowest triplet state of pentacene at 90 mT. The mi-
2. Target system crowaves are pulsed by a SPST switch and amplified by a
Protons in the target crystal is polarized by combinirgplid-state amplifier having the maximum output power of
methods called “microwave-induced optical nuclear polak® W. The amplified microwaves reach the target through a
ization” and “integrated solid effect4]. This method re- directional coupler and a circulator. The transmitted power
quires for the target system to have a magnet for a polariz@the target is monitored by a power meter attached to the
tion holding field, a laser for optical excitation, a microwaveirectional coupler with a directivity of 30 dB. The reflected
system and a field sweep system for polarization transfi@icrowaves from the target are detected by a crystal diode
and an NMR system for measuring relative value of prot@oannected to the circulator. The detected signal is used to
polarization. Figuré€ll shows a schematic of the polarizedune the microwave frequency.
proton target system. The relative value of proton polarization during the scat-
tering experiments is monitored with a pulsed NMR spec-
L s axhation trometer. The NMR frequency in 90 mT is 3.8 MHz. RF
— 5. pulses from the NMR spectrometer pass through a crossed
Ar-ion laser [25W] X2 . . .
Target chamber (@ me |0 diode and a tuner for impedance matching , and then reach
pulsed NMR system [3.8 MHZ] X . . .
(Polarization measurament) a 35-turn NMR coil. An NMR signal induced in the same
=T NMR coil by RF pulses is passed through the tuner and is
_%L_MTL Fidld Swesp__ amplified with a preamplifier that has a 30 dB gain. The am-
C,omme o B [T plified NMR signal is processed with a receiver of double-

Crossed diode

Q_NAcable

e MioewaieSaen [3;GHZ““’ heterodyne type. Absolute value of proton polarization is
(Polarization transier) calibrated by measuring the analyzing power f6r-*He
ot ot Tl elastic scattering at 80 MeV/u.
% =P
irculator — » =
; E LS F | 3. Target performance

The proton polarization history during the experiment in

Figure 1.A schematic view of the polarized proton target systerd005 iS shown in Fi.dz The polari'zatio'n pU”d'Up was
The system consists of a target chamber, a C-type magnet, 8@rted at 0 days withotHe beam irradiation. Adjust-
Ar-ion lasers, a microwave system and an NMR spectromet@lents for the polarization condition cause a fluctuation of

the build-up curve. The maximum proton polarization of
. } ~20.4(58)% was obtained just before startfirte beam irra-
A target crystal is placed in a target chamber which §§ation at 1.8 days. The average proton polarization during

mounted in a C-type magnet. The magnet produces t{g peam irradiation was 13.8(39)%.

Ipresent address: Central Research Laboratory, Hitachi Ltd. The direction of the proton polarization vector should be
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creases gradually due to radiation damage after the beam ir-
radiation was started. To estimate the contribution from the
radiation damage to the relaxation rate, we measured the re-
laxation rate before and after the scattering experiment. The
f Beam on relaxation rate measured before the experiment, which cor-
*************************** responds to the intrinsic relaxation rate of the target crystal,
was 0.127(6) h' and that measured after the experiment

\®)
(o)

—
(e

Polarization [%]
%

-10F @&@ - was 0.295(4) h'. Thus, an increase in the relaxation rate
was 0.168(7) h'. To deduce the contribution from the radi-
20F | | | | | LA ation damage, we assume that the increase in the relaxation
0 1 2 3 4 5 6 7 8 ratetook place by laser irradiation afile beam irradia-

Time [days] tion. The relaxation rate caused by laser irradiation is lin-
early increased with the laser power and with time for laser
irradiation. The proportionality constant obtained from an

Figure 2. Proton polarization history during the scattering ®independent study is (1410.5) x10~3 W—1h ~2 [6]. For
periment performed in July 2005. The maximum polarizatighe scattering experiment, the relaxation rate due to the laser
was 20.4(58)%. The polarization decreased due to radiatigfydiation was estimated to be 0.036(16‘)1h15ing the pro-
damage after theHe beam irradiation was started at 1.8 dayf'yortionality constant. The relaxation rate due to e
The polarization direction was reversed three times by usingasm irradiation was then obtained as 0.132(t7) h

pulsed NMR method. For a higher beam intensity or a longer experimental run,
the contribution from radiation damage will increase. Since
—_ 0.2 | T T oD oo TU the proton polarization decreases with increasing relaxation
E | ©© o obes . rate, the relaxation rate due to radiation damage should be
S 01k ? © IZ]DD _ reduced periodically by changing the target crystal.
|
E | DD 4. Summary
= OF-------- T ] A polarized solid proton target for Rl beam experiments
-8 \ o Julv 2005 has been developed and successfully used in the scattering
_§ 01k | uly i experiments witiHe beams. In the experiment in 2005, the
s ! o July 2003 maximum and average proton polarization were 20.4(58)%
o? o oEI o o % and 13.8(39)%, respectively. The decrease in proton polar-
-0. L 1 L L L ization during beam irradiation was mainly due to radiation
0210 55 0 5 10 15 20 : y

damage, whose contribution to the relaxation rate was 45%

Time [hours] for the scattering experiment in 2005.

Figure 3. An example of the polarization reversal by using geferences

pulsed NMR method (open circles). The polarization directidd] T. Wakui et al, RIKEN Accel. Prog. Rep34 (2001)
was reversed in 2.2s with the reversal efficiency of 70%. A 149.

result of the polarization reversal by a build-up method is al$é] M. Hatano.et al, Eur. Phys. J. £5(2005) 255.
p|0tted for Comparison (Open Squares). [3] S. Sakaguchet al., CNS Annual Report 2005 (2006)

21

reversed to reduce the systematic uncertainties in scatié}-A. Henstra, T.-S. Lin, J. Schmidt, W.Th. Wenckebach,
ing experiments. In the scattering experiment in 2003, the Chem. Phys. Lettl65 6 (1990).
polarization direction was reversed by build-up to the off] T. Kawaharaet al, CNS Annual Report 2005 (2006)
posite direction after polarization destruction. This method [B1
took approximately 10 hours to recover the polarization. T6] T. Wakuiet al, CNS Annual Report 2003 (2004) 84.
save the time, we have introduced a new polarization rever-
sal method, the pulsed NMR methdg].[ In this method,
the polarization vector rotates around the oscillating field
applied perpendicular to the external field. The rotation an-
gle depends on the length of time the oscillating field is
on, t, and the strength of the oscillating field. A result of
the polarization reversal by the pulsed NMR method in the
scattering experiment is shown in Fi§. We achieved the
polarization reversal in=2.2 s with the reversal efficiency
of approximately 70%. By using this method, a scattering
experiment can be performed without a long interruption
for the polarization build-up.

As can be seen from Fifg the proton polarization de-
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Polarization Relaxation Time of Polarized3He in Target Cell with Ti Windows
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1. Polarized®He target for RI beam experiments. m Target Cell m

A spin-exchange type polarizétie target has been de-
veloping at CNS. Main motivation of developing it is to use
the target in Rl-beam experiments. In the spin-exchange
method ] [2], the 3He gas in a glass cell is polarized via
the spin-exchange reaction with Rb atoms. We employ this
method because it enables us to make a high defisigy LJJ M
target rather easily. ¢ From the viewpoint of the count rate,
high density target is favorable for RI-beam experiments.

When we use this polarizeidHe target in the RI-beam ex- Ti foil
periments, one of serious problems is the thick cell material. (50um)
Not only the thick cell material causes background events,
but also it makes difficult to detect low energy recoil parti-

*He (~1am)

3
cles. As a result, thick cell material makes reaction channel He Ro
identification difficult. Therefore, we started to develop the
target cells in which thin metal foils are partly used.
Pumping Cell

2. Development of new target cell in which thin metal

foil is partly used. Figure 1.Schematic view of a cell with Ti foil.
There are some requirements for the foil materials.

Firstly, the foil materials have to be tolerant to the nitric L
acid. It is known that the interaction between polarizeig 'S '00M temperature, the polarization depends only on the

and paramagnetic impurities (in particular iron ions) on t#in relaxation time-. The relaxation time was deduced by
cell wall is one of the main causes of the spin relaxation . fpeasuring théHe polgnzatlc_)n as a function of time. The
order to remove paramagnetic impurities, the inner wall Bféasured result are fitted with the curve:

the target cell has to be cleaned using the nitric acid. Sec-

ondly, foil materials must be strong enoutgh to keep high P(t) = P(0) exp(—t/7) 1)

pressure gases with several atms. We usually fill’te The time dependence of the polarization was measured by
gas with a high pressure of about 3-8 atms in the target cgl. AFP-NMR technique and the cold relaxation time of
Thirdly, spin relaxation time of the foil material must bgne “Ti-cell” was deduced. The result is shown in Hg
long to achieve high target polarization. We chose Ti fgfith the closed circles and solid line. The measured cold
the foil material by considering the first and second requirgsiaxation time for the “Ti-cell” wasv 3.7 hours. It was
ment. We prepare the cell in which Ti foils are partly useghout 4 times shorter than the relaxation time of normal cell
and measure the relaxation time. which is made from glass only. It is also shorter than the

Figure[ll shows the schematic view of the target cell ifpjaxation times of cells used by the Maintz group in which
which the Ti foils are partly used. The most part of thgeta| foil is partly used[d]

cell is made of borosilicate glass (Corning7056). The cell
has a so-called “double cell” structure which consists of3a Demagnetization of target cell.
target cell and an optically pumping cell. Those two cells The increase of spin relaxation rate in the “Ti-cell” com-
are connected to each other through a pipe with an inpared with the normal cell was mainly attributed to the para-
diameter of 10 mm. magnetic impurities of the Ti foil4]. The purity of the Ti
The target cell has cylindrical shape® (G0 mm x inthe foilis~ 99 % and the main impurities of the titanium
100 mm). The entrance and exit windows which the Rbil are iron. To reduce the spin relaxation effect attributed
beams pass through are covered by the:60-Ti foils in- to the paramagnetic impurities, demagnetization of the “Ti-
stead of the glass. The foils are glued to the glass by uso&il” was performed.
STYCAST 1266 (epoxy). The pumping cell has also cylin- The Ti foil is demagnetized by using the C-type magnet.
drical shape ¢ 60 mm x 70 mm). The volume of target The magnetic field was repeatedly applied to the Ti foil in
cell and pumping cell are both 200cm?. The pressure of the demagnetization process. The direction of the magnetic
3He gas in the “Ti-cell” is kept at about 1 atm for the eadield was periodically changed to the opposite direction, and
treatment in the present study. the field was gradually decreased.
In the cold relaxation process where the cell temperatureAfter demagnetizing the cell, the cold relaxation time
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Figure 2. Time dependence ofHe polarization in a cold re-
laxation process. The measured polarization is plotted as a
function of the time. The closed circles and solid line show
the result of relaxation measurement before demagnetizing the
target cell. The open circles and dashed line show the result
of relaxation measurement after demagnetizing the target cell.
The solid, and dashed lines show the fitting result with the
Eq. [

was measured again. The result is shown inZigith the
open circles and dashed line. The measured cold relaxation
time after demagnetizing the cell was10.0 hours.

4. Conclusion.

The target cell with the Ti windows has been developed.
Before demagnetizing, the measured relaxation time of the
“Ti-cell” was about 4 times shorter than normal cell which
is made from glass only. After demagnetizing the cell, the
spin relaxation time is considerably improved.
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New Method of Polarization Reversal by means of
180-Degree Pulse Nuclear Magnetic Resonance
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1. Introduction 500

The polarized proton target for Rl beam experiment
should be operated in a low magnetic field (0.01-0.3T) and
at high temperature (77—300K) in order to detect low energy
recoil proton. One possible method to achieve the polariza-
tion is to make use of a population difference of electrons
in Zeeman sublevels in photo exited triplet state of aromatic
molecules[l]. Because this population difference is inde-
pendent of temperature or magnetic field, proton can be po-
larized in a low magnetic field of 0.3T and at high temper-
ature of 100K, by transferring the population difference of
electrons. The polarized proton target by the method has
been successfully constructed and applied to Rl beam ex-
periments(8,4].

In the measurement of polarization observables, it is in-
dispensable to reverse the direction of polarization in oder
to reduce the systematic uncertainties. In the previous mé&#ure 1.FID signal amplitude for the original NMR coil is shown
surementd], no efficient polarization reversal method was 2S2 function of the strength of transverse magnetic field.
available and the polarization was build up in the opposite
direction, which costs time loss of more than several hou
Surely a new method to flip the polarization axis is need
for more efficient use of machine time. We have applie(f
pulse NMR method for the purpose. a

-
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o
o

VIR coil, which is 10-turn of 0.35-mi copper wire, is

own in Figlas a function of the strength of perpendicu-

rfield B, . Itis clearly seen that the spin is rotated by only

90-deg(sin§ ~ 1) even for the stronged®; which is lim-

2. Pulse NMR method ited by a maximum power of a RF amplifier. Various com-
In the pulse NMR, the spin is flipped by applying th®inations of a wire diameter and a turn number were tried to

transverse magnetic fiel®, which is perpendicular to aproduce strongeB;. It should be noted that, not only a turn

static magnetic field3,. Here the flip angle of the spin carnumber but also a wire diameter affects tBe strength.
be written as This is because the wire diameter changes impedance of

0 = vy B1 At (1) the coil and thus is related to matching between the coil
Where~: — 268 x 108s—17-1 is the avromadnetic ratio and the RF circuit. Whenever a new NMR coil was made,
=2 9y g its impedance matching to the circuit was adjusted using a

of proton, andAt is pulse width. After turning off the3; : : :
: : . tu|r(11er, made of variable capacitances, at an appropriate fre-
pulse, the spin processes around the static magnetic fie

By, which causes an induced current in the NMR coil. T lljne;;g/ y ;h(?;nlsog gg?trlr;::]nsegft;yotg% r:r]\zgcnoe;g:e];ﬂ(ijrestxrviggth.
inducedisignal Is called "‘free iqduction dgcay” (FID) sign ound 1{0 be the best one in thé current conditions. Using
Its ampl_ﬁuc!e, FID amplitude, is proporthnal to the degre%ﬁis NMR coil, we succeeded in rotating the polarization of
of polarization. For the reversal of the spin, the flip ar@lea water sample by 180-deg. The result is shown infBig
must be 180-deg. In can be easily understood that a flip an- ' '

gle of 180-deg can be achieved by a long pulse dur&nion4 The optimization of oulse width
and /or strong perpendicular magnetic fiélg. Long pulse P P

duration, however, leads to decrease of polarization due td\ter the NMR coil was upgraded, we optimized the RF
the spin—lattice relaxation during the reversal. pulse width. Since spin relaxation is fast during the rotation

To avoid the loss of polarization, we tried to makBrocedure, a shorter pulse width is preferable. On the other
strongerB, field keeping the pulse duration as short ash@nd. the rotation angle can be smaller than"18Ben the

few micro seconds. An NMR coil was modified for this. Pulse width is too short. The efficiency of the polarization
reversal was evaluated by measuring the polarization loss in

3. Upgrade of the NMR coil repeated reversals. The results for pulse widths of between
The spin flip angled is directly related to the FID sig-1.0usec and 4.0sec are shown in F{@ From the results,
nal amplitudeVrip, asVrp o sind. Veip for the original the pulse width is determined to 2.2ec.
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Figure 2. FID signal amplitude for the upgrade NMR coil is
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Figure 4. Time development of proton polarization. Closed cir-

cles and open circles indicate data in 2005 and 2003, respec-
tively. The polarization is reversed at T=0.

shown as a function of the strength of transverse magneti@ times to 35 times. In addition we optimized the RF pulse
field. width to achieve high efficiency of the polarization rever-
sal. The RF pulse width was determined to;&@c. The

[2]
Number of reversals [3]
Figure 3. Efficiency of polarization reversal is shown. The po-
larization was reversed three times. The RF pulse width wizH
changed between Lu8ec and 4.0sec. An optimum pulse
width was found ai\t = 2.2usec.

5. Results

We applied this polarization reversal technique to the ac-
tual polarized proton target made of naphthalene doped with
a small amount of pentacene. Since the efficiency of the
reversal depends line width of NMR spectrum, it can be
different depending on materials. Thus the efficiency for
protons in naphthalene is in general, deferent from that in
water. In Figld the result of polarization measurement dur-
ing 7 + SHe scattering experimen®[3] is shown. Closed
circles denote the results taken in 2005, where our new tech-
niqgue was applied, while open circles represent data for
2003 measurement. At= 0 hour, the polarization was
reversed in both cases. It is found that the efficiency of the
polarization reversal by the new technique is about 70% in
naphthalene.

6. Summary

By using the 180-deg pulse NMR method, we have suc-
ceeded in the reversal of the direction of polarization. The
NMR coil was upgraded by changing the turn number from
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new method was used for the polarization reversal during

=" M I éoﬁé—?;—2’~2544—?;—i5ﬁ4—§.—§~0544—§—40544—§ the + SHe scattering experiment.The efficiency of the po-

5 I T T A T s larization reversal was about 70% in naphthalene, and this
5 - + + = + + T A+ time was 2.2sec, which was dramatically shortened from
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Performance of Gas Electron Multiplier (GEM) Developed at CNS
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1. Introduction CNS-GEM has a less probability of charging—up because

The Gas Electron Multiplier (GEM) is a micro pattern ga@f & cylindrical shape i.nside the holes. _

detector which has an application possibility. The GEM Another advantage is that CNS-GEM is expected to have
is a metalized polymer foil with hole&] Mechanism of higher gain than CERN-GEM. CNS-GEM has larger effec-

signal amplification in the GEM is as follows. The metdive area in which electrons induce ionization than CERN-

layers play a role of electrodes and a high voltage is §pEM because CNS-GEM has no bulge of Kapton inside the
plied between them. This voltage applied between the GeMle.

electrodes is called dg;gn. When a drift electron passe

through the hole in the GEM, a strong electric field insid:‘?’a Measurements

hole induces a cascade of electrons.

The holes of the GEM made at CERN (CERN-GEM) is /|-\ *Fe(X-ray,5.9 keV)
fabricated by the wet etching method and has holes with A Mesh
a double-conical shape. It was reported that CERN-GEM HV2— 3mm
could not maintain its gain stablé][ rome —_—

A new type of a GEM by the dry etching method (CNS-
GEM) was successfully developed at CNE}, [[4]. CNS-

GEM 2

VG
G

10MQ mm
GEM has holes with a cylindrical shape. 10Mo %“EM .
In this report, the performance of CNS-GEM is reported 10Mo ] 2mm .
in comparison with that of CERN-GEM. 7 T
g -
2. Fabrication of GEM Figure 2.A schematic view of the GEM test setup.

2.1. Fabrication by the dry etching method

The standard GEM consists of a ph-thick Kapton coated 3.1. Setup

with 5 um-thick copper, and the pitch and diameter of tHeigurel2d shows a schematic view of the GEM setup. Mea-

holes are 14@m and 7Qum, respectively. CERN-GEM hassurements were carried out with three GEM foils mounted

holes with a double-conical shape which is characteristicinfa chamber]. The distance between neighboring GEMs

the wet etching of the polymer (the left panel in FTy. is 2 mm. The high voltages to the GEM electrodes are sup-

plied from a single HV source toHV?2’ in Fig. 2 The

HV2 is equally divided using a chain db M2 resistors

and sub-divided voltages are provided to individual elec-

trodes. A drift plane, which is a metallic mesh, is mounted

3 mm above the uppermost GEM. The high voltagd/1’

is given to the drift planeHV1 is 200 V higher tharH V2

during our measurements. When electrons produced in the

Figure 1.The cross section of a hole of CERN-GEM (left panefpEM holes approach copper readout pads, positive charges
and CNS-GEM (right panel). are induced on the readout pads and negative charges flow

into a charge-sensitive pre-amplifier and are recorded using
On the other hand, CNS-GEM is fabricated by the deyVME ADC module.

etching method at Scienergy CO., Ltd. CNS-GEM hasA thermocouple sensor and a barometer are placed in the

holes with a cylindrical shape (the right panel in Hffj. chamber for the purpose of monitoring the temperature and

The main difference between CNS-GEM and CERN-GERfessure.

is a shape inside the holes. 3.2. How to measure the properties of GEM

2.2. Advantage of CNS-GEM The P/T, time andVggm dependences of gain are mea-
Compared with CERN-GEM, CNS-GEM is expected teured. TheP andT is the pressure and the temperature
have two main advantages. in the chamber. In our measurements, *afe (X-ray,

One s that CNS-GEM is expected to have better gain sk9 keV) standard source with an intensity of 370 kBq is
bility than CERN-GEM. It has been reported that CERNised. The chamber is filled with Ar(70%)-G@B0%) or
GEM could not maintain its gain stable. One posshr(90%)-CH,(10%). The flow rate of the gas is adjusted to
ble reason for this is that the Kapton insulator inside tladout 200 cc/min at the atmospheric pressure.
holes charges up. The charging-up can be stronger due tBuring measurements d@?/T dependence and time de-
a double-conical shape inside the holes of CERN-GEendence of the gaivggy is kept constant.
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4. Results the results of CNS-GEM and of CERN-GEM, respectively.

The ADC spectra around the 5.9 keV peak are fitted wiltese results are normalised to SATP condition by the ob-
a Gaussian. ¢From the mean vali$e,...,), the gain(G) tained relation between the gain affT, where SATP

is calculated a$¥ = (Smean/C) - (1/gene), Whereg, is Means Standard Ambient Temperature and Pressufe as
the electron charge. The. is the number of electron-ion= 760 Torr,T' = 298 K i.e. P/T ~ 2.55 Torr/K. The gain of
pairs created by the absorption of 5.9 keV X ray: 212 f&NS-GEM is stable within a few percents for more than 5
Ar(70%)—-CG,(30%) and 225 for Ar(90%)-CH10%) []. hours, while that of CERN-GEM increases more than 10%
The constant(, is obtained to be 2.976 fC from the cal- Over 6 hours.

ibration of the pre-amplifier and the ADC. 4.3. Vgem dependence of the gain

4.1. P/T dependence of the gain The gain as a function of thEggy for Ar—CO, was mea-
Figured shows theP/T' dependence of the gain in the caséred as shown in Fi@l An increase of 10 V ivgew

of Ar—CH,. The left and the right panels in Fig show Ccauses an increase of the gain by a factor of 2. The gain of
the measured gain of CNS-GEM and of CERN-GEM as@VS-GEM is higher than that of CERN-GEM by a factor
function of P/T, respectively. The symbols represent tHef ~ 1.2.
experimental results and the solid lines represent the expo-

nential functions which are obtained from fitting of the ex- 8 ) A
perimental results. It is found that the gain is very sensitive ° E ° =
to the gas density. A change of 1% in tR¢T value causes [~ ® CNS-GEM oL
a gain variation of about 10% in Ar—-CH [ A CERN-GEM - T
LAY
_;9“1. gz 10° o ® A
11 11 ® A
< CNS-GEM Q CERN-GEM e
R .
Yo
0.9 09 I T N T N T T T N Y
330 340 350 360 370 38\!/) [(:7]0
0. @\ 08 \g\ i ) o= .
SN R Figure 5. Comparison of thd/zrm dependence of the gain of
o7 o7 CNS-GEM with that of CERN-GEM for Ar—-C@
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5. Summary and Outlook

Figure 3. The P/T dependence of the gain of CNS-GEM (Ieft-rhe P/T, time, andVgym dependence of the gain were

panel) and CERN-GEM (right panel) for A—GH measured. CNS-GEM is found to have higher gain and bet-

) _ ter gain stability than CERN-GEM. Gain instability might

4.2. Time dependence of the gain _ depend on other factor, such as surface conditions and gas
Figurel shows the measured gain as a function of the #ly,riry |t is need to measure a gain stability using different
lots of CNS-GEM and of CERN-GEM.

Efforts are on going to search for optimum GEM struc-
ture, such as thickness, hole diameters, materials and so on.
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Figure 4.The time dependence of the gain for Ar—Cftop panel)
and for Ar—CQ (bottom panel).

lumination time which means a time while the voltage is
applied to GEM electrodes. The top panel shows the re-
sults for Ar—CH, and the bottom panel shows the results
for Ar—CQO,. The circle and the triangle symbols represent
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Development of a Csl-coated Gas Electron Multiplier
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M. Inuzukd, S. San6, and S. Mak{

Center for Nuclear Study, Graduate School of Science, University of Tokyo
ARIKEN (The Institute of Physical and Chemical Research)

bNational Research Institute for Cultural Properties, Tokyo
CDepartment of Physics, Waseda University

dDepartment of Physics, Tokyo University of Science

1. Introduction cathode mode. Since a reflective photocathode mode has
] ) relatively high quantum efficiency and it can suppress pho-
In the PHENIX experiment, a Hadron Blind Detectofyn, feedback3], the reflective photocathode mode was cho-
(HBD) which is a threshold-type Cherenkov counter using for our development. With ultraviolet (UV) photons
CF, gas as a radiator is installed in 20a#.[Its main role is impinged on the Csl coated on a GEM, photoelectrons are
to identify and reject electron pairs fron? Dalitz decays produced and are emitted back from the Csl surface. The
and~ external conversions which are major backgrounggotoelectrons are attracted inside the holes, and the charge
for measurement of the low mass vector mesons. The H ltiplication is induced inside the holes.
detector consists of a Cherenkov gas radiator, photocathgefore Cg| evaporation, the GEM is plated with nickel
ode for UV photons, and a triple-Gas Electron Multipliesng gold to avoid the chemical reaction between copper and

(a triple-GEM). Since the same gas material is used ag§. The evaporation of Csl is carried out by Hamamatsu
Cherenkov radiator as well as for electron multiplicatiopngtonics.

no windows are needed between a radiator part and a GEM
part. 3. Setup

Caesium iodine (Csl) is chosen as a photocathode for UV
Cherenkov photons. Csl is sensitive to the photons in the ul- Ml CLGEM GEM GEME_Pad
traviolet region £=115-320 nm). Csl is evaporated on the N ‘
surface of the front GEM foil. The thickness is 200 nm. In- .'H" \
cluding the Csl-coated GEM, a triple-GEM serves for elec- v %H
tron multiplication. Lamp [ \

The GEM is a 50um thick polyimide sheet which is
covered with 5um thick copper foils at both sides, with — Raovey | o
regularly placed penetrating holes, as is shown in Fig. 1. i PRIy 4“
The typical diameter and pitch of the holes areuf and Ri(10 Mo
140 um, respectively. High electric fields are realized in-
side the holes with low voltage difference between the bothgure 2. Setup of a triple-GEM detector and the resistive chain
sides of the GEM and the charge multiplication is induced to divide the voltage.
inside the holes. Relatively high gain can be achieved with
the triple-GEM, while maintaining low discharge probabil- Figure 2 shows a schematic view of the test setup. The
ity. GEMs, the readout pad and the mesh were mounted inside
the box made of stainless steel (the stainless box), the di-
ameter and the height of which are 24 cm and 10 cm, re-
spectively. In order to keep Csl from being exposed to the
air, the mounting was performed inside a glove-box with
constantly flowing dry nitrogen gas. The humidity was
1000 ppm after a flow rate was 480 cc per minute a whole
day.

The GEMs have 10 cm10 cm sensitive area. The dis-
tance between the mesh and the Csl-coated GEM is 1.5 mm.
The distance between GEMs is 1.5 mm and the distance
between the bottom GEM (GEM 3) and the readout pad

GND

2mm [ |1.5mm [1.5mm |2mm

Figure 1.A micrograph of a GEM foil. is 2 mm. For readout signals, 5 by 5 array of pads with
1 cmx 1 cm square shape are used. All pads are connected
2. Structure of a Csl coated GEM to a current meter via feedthroughs. Two high voltage

power supplies, HV1 and HV2 are used to apply high volt-
There are two possible modes to collect photoelectroage to the GEMs and the mesh, respectively. As shown in
i.e., reflective photocathode mode and transmissive phdtdy. 2, R1 and R2 are 10 Wand 1 M2, respectively. These
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resistors are in the shield box outside the stainless box. Taén of the triple-GEM, which will be measured with a ra-
voltage supplied to the mesh is set lower than that for tHmactive source(’; is the mesh transparenay{ = 0.81),
Csl-coated GEM, so as to reject electrons produced in toed(C is the opacity of the Csl layer due to the GEM holes
area between the Mghvindow and the mesh. A deuterium(Cy = 0.833). Gpyr andQFEpyr are the gain and the
lamp (the wave length is 115-400 nm) is set in front of thiuantum efficiency of the reference PMT, respectively.
MgF, (the cutoff wave length is 110 nm.) window.

The stainless box is pumped down to —£0 Torr
(10~* Pa) to reduce the water content, and a mixed gas of
Ar/CHy4 (90 %/10 %) is flushed into the stainless box. The
humidity in the stainless box was 50 ppm. UV photons from
the deuterium lamp are irradiated the Csl-coated GEM.

4. Result

Grating Half mirror

(MeF,)

Window

MgF
The photocurrent from the Csl-coated GEM was mea- (MgFs)

sured using the current meter with UV light irradiation.

Figure 3 shows the photocurrent as a function of the volt-

age across the GEM. As higher voltage was applied to tHégure 4. Setup for measuring the QE of the Csl photocathode.
GEMs, the value of the photocurrent became larger. Back- .

ground leak current was in the order of 10 pA, and it w SThere are two problems to be splved for using as a
negligible compared to the current when UV light was ity rgshold-type Cherenkov counter. Firstly, thgre 's a degra-
radiated. This result means that the Csl photocathode Cgﬁ’gon of the QE of the Csl photocathode during long-term

verts UV light into photoelectrons and the photoelectroﬁ?eratlon begause of the nature of dgllquesge'nceiwhlch Csl
are multiplied. as and the ion-feedback produced in multiplication. Sec-

ondly choice of a proper gas is to be made. The high re-

fractive index of the gas is demanded to obtain the large
number of photons. The gas is also required to have suffi-
ciently large gain by the GEM multiplication. For example,
gt CF, gas has high refractive index, but it needs high volt-
e age to realize a reasonable gain, which may cause frequent
discharge and instability of GEM operation.

We will carry out an electron beam test to check the per-
formance of the threshold-type Cherenkov counter.

o
T

Current (nA)

340 3
Voltage (V)

Figure 3. The photocurrent from GEMs is shown as a functioiReferences

of the voltage across GEMs. [1] Z.Fraenkektal, Nucl. Instrum. Methods A46(2005)
466.

[3] D. Mérmannet al, Nucl. Instrum Methods A471
Csl-coated GEMs were developed for using as UV pho- (2001) 333.
ton detectors for using as photocathodes of threshold-type.
Cslis sensitive to UV lightX=115-320 nm). We confirmed
that the Csl-coated GEM reacts to UV light.

The quantum efficiency (QE) of the Csl-coated GEM will
be measured as a function of the wave length. The setup for
the QE measurement is shown in Figure 4. The QE of the
Csl-coated GEM at a given wavelengthis given by the
following formula.

R(\) Gpur Iosi(N)
T(N) Gagem Ipyr(N) - C1 - Co

where R and T are the indexes of reflectidt) @nd trans-
mission (") of the half mirror which provides a part of UV
photons to a reference counter and the ratiddb T will

be determined using two PhotoMultiplier Tubes (PMTs),
Ipprr is the photocurrent from the reference PMg,; is
the photocurrent from the Csl photocathod&; g, is the

QEcs1(N) = QEpur(N)
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Simulation Study of Gas Electron Multiplier
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1. Introduction 2.2. Condition for simulation

The Gas E|ectron Mul“p“er (GEM) is used for Signal The V0|tage Condition fOI’ th|S Simulation iS ShOWn beIOW.
amplification by the avalanche process. GEM is a metal-
coated polyimide foil with circular holes in a closed packed

geometry. Th_e both side metals are _us_ed as eleCtrOdeSMereVd, Ve, andV; is the potential between the upper-
Thg typlgal thlckne§s of the GEM foil is 50m, and the o boundary of the unit cell and the upper electrode of
typical pitch ar_1d dlamete-r of the holes are 14m and. the GEM (2 mme-thick drift region), between the electrodes,
70 um, respectively [2]. With a few hundreds volts applied,y petween lower electrode and the lowermost boundary
between the two electrodes, electron multiplication due 0., \nit cell (2 mm-thick induction region), respectively.

the avalanche process becomes act?ve insidg the holes. Ar(70%)+C0,(30%) at atmospheric pressure is used.
The GEM fabricated by the chemical etching method t3 Avalanche simulation
CERN (CERN-GEM) has double-conical holes. A new™_. .
Figure 2 shows an avalanche with CNS-GEM. An
type of GEM was developed at CNS (CNS-GEM) by theI . . ) ;
) h L electron which comes from the drift region triggers an
dry etching method, and it has cylindrical holes. It was "Svalanche inside the hole and multiplied electrons come out
ported that CNS-GEM has higher gain and better gain s?a- P

bility compared with CERN-GEM [3]. It is thought that rom the 'hole. The zigzag I|ne.s and stralght lines |nd|ca.te
thg drift lines of electrons and ions, respectively. Approxi-

th%sl(jadnl;fgttievn:eusnzrsrgg ?]g?r;[heoilﬁgsﬁcigg:ggtggﬁii]arﬁately 80% of created electrons are absorbed at the lower
needed for further GEM devegllo ment. As the first ste geENI copper electrode and the rest drift to readout pads
. velopn " P v(lowermost boundary of Fig. 2). Twenty percents of created
simulated the electron multiplication with GEM. . X
ions also reach the drift plane (the uppermost boundary of
Fig. 2). The gain of the GEM is defined as the number of
electrons which reached the readout pads.

Va=Veem = Vi

2. Simulation

2.1. Simulation method
The procedure of the simulation is as follows. The elec-

tric field around a GEM is calculated by Maxwell 3D which

is a software to analyze a three dimensional electric field.

The calculated electric field data is imported into Garfield

which simulates motion of electrons and ions in gas. TE

Figure 2.Avalanche with CNS-GEM.

2.4. Vgem dependence of gain
Figure 1.The left panel is a unit cell of GEM structure.The right .Flgure 3 Shows_the distribution of the number of multi- .
panel is mesh (tetrahedrons). Smaller mesh gives a more F?;\_'(I:Qd electro_ns which reaches the readout pads_. Qne eV(_ant IS
simulated with 100 seed electrons, and the gain is obtained
from the average of this histogram.
Figure 4 shows the number of the electrons created by
Maxwell 3D carries out the calculation with the finite elavalanche, the gain, and the measured gain of single CNS-
ement method where the electric field is obtained for eaGiEM and CERN-GEM as a function dggn. The mea-
mesh engraved on objects. The structure of GEM is dmired gain of single GEM is obtained as the cubic root of
scribed by a unit cell in two directions (the left panel ahe measured gain of triple GEM with assumption that each
Fig. 1). An accurate solution of a strong electric field insid8EM layer works independently in triple GEM structure.
of holes of the GEM is obtained by downsizing of the mesFhe gain obtained by the simulation exponentially increases
inside of holes as shown in Fig. 1. asVgeMm increases, and this behavior is consistent with the

curate solution of the electric field.
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near the edge of a hole drift to the lower electrode of GEM
o and are absorbed. So the gain of each GEM is determined
‘L
/\

count

by the number of electrons created at the inner region of
the hole. Consequently, there is not a so big difference in

o each gain as the difference in each total number of created
= 14 electrons.
2 50000 £ 30000
A B S 45000 - Cpon GEM sl
k vonowoaonow lz?m\be:nof ele!)cnlrons1 :‘t’ PAD ¢ 400005 j}! x e ;I:I CNS-GEM
Figure 3. The Multiplication distribution fit with a Gaussian, of / Y zoog 7 SN
which the mean corresponds to the gain of GEM. o000} 5 % ool
25000F 2 k)
measured gain. o £ 4 -
But absolute gain appears to have big differences b@swo \ :
. . . . E 5000
tween simulation and measurement. The simulated gain @foo ﬁj s "
CNS-GEM attains to 60 dtggn = 350 V, while the mea-  soog— gl o 301 055 60 0007 05 600 SGES Rk Eos

z-Axis [um] r[cm]

sured gain is 10. The reason for this disagreement is not

well understood yet. _ o _
Figure 5.left: electric field on the center axis of each GEM holes.

right: distribution of the creation place of electrons.in holes.

% [ ] CNS-GEM (created electrons)
L’)loa E B CERN-GEM (created electrons)
r CNS-GEM (gain
F 8 CERN—GEw(lg(gai)n) 3. Summary
o » Electron multiplication by GEM was simulated using
p Maxwell 3D and Garfield. Some qualitative featuréggm
10° e dependence of gain, the ratio of gains of CNS-GEM and
o o= CERN-GEM, comparable with measurement result, except
. i for the absolute gain. This simulation could be used to the
10/ . optimization of the GEM structure.
References
15500 510 320 330 340 350 [1] F. Sauli, Nucl. Instrum. Methods 886 (1997) 531.
Veem V] [2] S. Bachmanret al., Nucl. instrum. Methods A438
Figure 4.Vgem dependence of created electrons, gain, and mea- (1999) 376. )
sured gain. [3] Y. L. Yamaguchiet al., CNS Annual Report 2004
(2005) 93.

2.5. Extraction efficiency

Figure 5 (left) shows the electric field along the center
axis of a GEM hole for several values B&gy. The elec-
tric field inside a hole of CNS-GEM is slightly stronger than
that of CERN-GEM. But it is not enough to explain the dif-
ference in the gain. Figure 5 (right) shows the radial distri-
bution of the point of creation of secondary electrons in the
hole. It is found from Fig. 5 that CNS-GEM creates larger
number of electrons near the edge of a hole than CERN-
GEM. This will be ascribed to the difference in the shape of
the holes.

The extraction efficiency is the probability that electrons
created by an avalanche reach the pads. As shown in Fig. 4,
the number of the secondary electrons created by CNS-
GEM is higher than that by CERN-GEM by a factor of
about 1.5 and the gain of CNS-GEM is also higher than that
of CERN-GEM by a factor of 1.1. This means the extrac-
tion efficiency of CNS-GEM is lower than that of CERN-
GEM. The reason for the difference in the extraction effi-
ciency appears to be as follows. Almost electrons created at
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1. Introduction 3. Measurements

The gas electron multiplier (GEM) is produced with plasma The measurement setup is shown in Fig. 2. The cham-
and laser etching for piercing a metalized polymer foil iber was filled with a gas mixture of Ar-CH(in the vol-

Japan [1, 2]. Main difference in the GEMs made in Japame proportions of 90:10) and used for all measurements.
and at CERN is the shapes of those holes which are cylithe continuous X-ray whose mean energy is 17 keV was

drical and double-conical, respectively. irradiated to the chamber to create electron-ion pairs. The
sensitive area of each GEM, which was made in Japan, is
2. lon feedback 10 cm x 10 cm. The electric field in the drift region is

Figure 1 shows a schematic view of the multiplicatiofiefined astl;. Likewise, the electric fields in the transfer
mechanism in the GEM. Radiation ionizes a gas molectifgion and the induction region are definedfsand £;,
in the drift region and the created electrons induce E@SPectively.
avalanche in a hole. The multiplied electrons are collectedvoltages supplied to the cathode mesh and the electrodes
by the readout pads through the induction region. The &t the GEM foils were collectively controlled by a high
plied voltage between the electrodes on both sides of ifdtage (HV) module (REPIC RPH-042). The voltage to
polymer foil, Vs, determines the electric fields insidéhe cathode mesh was directly supplied from the HV mod-
the holes. ule, while the supplied voltage to the GEM electrodes was
This electron multiplication process generates the saffgided into 6 equal parts by a resistor chain, as shown in
numbers of electrons and positive ions simultaneously. PRig- 2.
of positive ions drift to the cathode mesh which is located TWo picoammeters Al and A2 (ADVANTEST R8240
at the opposite side of the anode pads, and this drift of pg§d R8340A, respectively) are used to measure currents.
itive ions to the cathode is often called as ion feedback At measured the cathode curreft,which represents feed-
ion backflow. Since ion feedback distorts the electric fieRfick ions from the GEMs, and A2 measured the anode cur-
and recombines with electrons in the drift region, it worsef@nt, L., which represents multiplied electrons. Finally, the
the detector performance, in particular, in case of the tifi@ction of ion feedbacki” is defined as the ratio of the
projection chamber (TPC) which has a large drift region [®N-caused current. to the electron-caused currefy, i.e.
4]. F = 1./1,. To eliminate the background contribution, the
The GEM is expected to well suppress the ion feedba¢ilues of these currents Bz, ~50 V were substracted.
compared to the multi-wire proportional chamber (MWPC), We focused on the dependence of ion feedbian the
which is usually used in the TPC. Therefore better detdarameters oV s, Ea, Ev/E; and the number of GEM
tor performance could be achieved by using the GEM. 1@ls.
understand the ion feedback suppression quantitatively, the
ion feedback in the GEM was measured.

Xray m

¥

! —ge 1 -
1 positive ion
If electron

e Ees e E—— ]

I—[—I—ng Triple Double Single

T2 GEM GEM GEM

Figure 1. A schematic view of the multiplication mechanism by
the GEM foil. Figure 2. A schematic view of the ion feedback measurement.
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4. Results 03 . -
4.1. Vgeym dependence 0% m H(Triple)

Figure 3 shows the cathode currép@and the anode cur- % 00 4 A F(DFJUU@) n &
rentl, as a function o/ g, with the single, double and g = o F(Single) a &
triple GEMs. AsVi g increases, both the currentsand  F015
I, increase exponentially. In the measurementsfthand & e
E,/E; are fixed to 0.33 kV/cm and 1, respectively. g

The ion feedback?(= 1./I,) is shown in Fig. 4 as a = 0% 20 »
function of Vggas. It decreases aBg g increases. Al- 0 A
though the ion feedback is larger in the triple GEM com 0,00 010 020 030 040
pared to the double and single GEMs in the 1Bwg),, it Fa v/ om

decreased rapidly and comparablé/atz, ~330 V.

Figure 5. The ion feedback as a function of the drift fielt at

Verem = 320V with the parameter of the number of GEMs.
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Figure 3. The measured currenfsand/,, as a function o¥Vg g
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5. Conclusion
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Figure 6. The electric fieldE:/E; dependence of the ion feed-
back with the double GEM.

The ion feedback suppression is one of expected advan-
tages of the GEM. Dependence of the ion feedbAc&n
various parameters, such®ggy, Eq andE;/E;, was in-
vestigated. We achieved the ion feedback of less than 5%
in the GEM. The ion feedback decreases when the voltage
supplied to the GEM/g g,/ increases. The ion feedback is
more dependent on the drift field; than the transfer field
FE;. To minimize the ion feedback, to decrease the drift field
E,; is effective.

4.2. E, dependence (2006) 418.
Dependence of the ion feedbagkon the drift fieldE; [3] S. Bachmannet al, Nucl. Instrum. Methods A438
is shown in Fig. 5. In the measurements, theg,, and (1999) 376.

E,/E; are fixed to 320 V and 1, respectively. The ion feed?] A.Bonderetal, Nucl. Instrum. Methods A496(2003)

back increases in proportion f§; and is suppressed to less
than 5% with the low drift field of£; < 0.05 kV/cm.

4.3. E;/E; dependence

The ion feedback was measured with three values of the
ratio, E;/E; =0.5, 1 and 2 using the double GEM. The
E./E; dependence of the ion feedback is shown in Fig. 6
as a function oVg gy As the ratioE;/F; increases, the
ion feedback decreases. The variatiorfpf F; less affects
the ion feedback than the variation B§.
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1. Introduction

It is predicted from lattice Quantum Chromo Dynamics H s real sz g small ’i s o
(QCD) calculations that a phase transition from hadronic | "™ s| 5| |6 layer | p e b : e g
matter to a plasma of deconfined quarks and gluons, callec H U U Y U H
quark-gluon plasma (QGP) occurs at high energy density. sz

The ALICE experiment is one of the experiments at Large

Hadron Collider (LHC) at CERN, planned to start operation o

in 2008. The physics goal of the ALICE experiment is td-igure 1. A schematic view of the beam test setup. TRD, two
study such a QCD phase transition in heavy ion collisions scintillators (S1,S2), Cherenkov detector, Pb-glass calorimeter
at center of mass energy gfsyy = 5.5 TeV [1]. (PbGlI) and four Si-strip detectors (SSD).

For studying properties of QGP, measurement of quarko-. . .
nia (J&p, T) is important because quarkonia are the promi hip Modules (MCMs). A Preamplifier/Shaper (PASA) is

ing probes of QGP formation. Since a di-electron dec unted on each MCM, and signal digitization (10-bit,10

channel is convenient to measure the quarkonia, the ide tiz sample frequency) is "’.IISO perfqrmed onthe Poafd, [
fication of electron is important at the ALICE. Measurements were carried out with electron-pion mixed

The Transition Radiation Detector (TRD) of the ALIC ea;]m with mohment;J_m \(arlab]leﬂf]ro;n 1tt010 G_e.\/F|tgl|Jre i
is designed to provide electron identification. For meas STNOWS @ schemalic VIew ot the test experimental SEtUp.

ing quarkonia, it is required for the ALICE TRD to achiev cintillators provided beam triggers. The Cherenkov de-

the pion misidentification probability of less than 1% éFctor and the Pb-glass c_alonmeter were uged _for separat-
90% electron efficiency at momenta in excess of 3 GeJNd electron events and pion events. Four Si-strip detectors
12 were used for precise beam position measurements.

3

2. Real size TRD and test experiment

Transition radiation (TR) is emitted when a charged parti- &
cle crosses the boundary between two media with different
dielectric constants3]. More than one TR photon, typ- T 4

(a'w)1ySrey asmd
g &
1
(n'v)1yBrey sspd
w
8
;

\

3

ically soft X-rays, is produced if Lorentz facter of the olslalsle ™ “T1lalsl4ls 6t
charged particle is larger than about 2000, which corre- Sl
sponds to about 1 Ge¥for electrons and about 280 GeV/

for pions. Therefore in the momentum range between 1 aE
280 GeVE, electrons are uniquely identified by detecting
TR photon.

The ALICE TRD consists of six detector layers, and each
layer is composed of a radiator and a drift chamber. The ra- )
diator consists of polypropylene fiber mats (fiber diametdr Analysis
is about 1xm), sandwiched between two Rohacell HF7EigurelZ shows the average pulse height for pions and elec-
sheets. The total thickness of the radiator is 4.8 cm. Tiens as a function of drift time in one layer at the beam
drift chamber has a drift region of 30 mm and an amplifinomentum of 4 Ge\W. The peak at the small drift time,
cation region of 7 mm, and is operated with Xe-C@5%- marked as “1” in Figgl originates from the amplification re-
15%) gas mixture. gion, and the plateau after the peak is from the drift region.

After several test experiments with small prototypda the case of electron events, TR photons are absorbed at
and prototype Front End Electronics (FEH]),[the de- the entrance of the drift chamber, and these contributions
sign of TRD and FEE were fixed and the real sizare clearly seen around the end of drift time. For exploiting
TRDs and prototype FEE were developed and construct&& contribution for electron identification, the drift region
The first beam test of six layered TRDs with productiomwas split into six sections, as indicated in Blg.
size (93%1070x 105 and 98%1070x 105 mn¥) was per- A bi-dimensional likelihood analysis method was used
formed at the CERN PS accelerator in October 2004. Ologe evaluating electron identification capabilitg]] The
readout board (ROB), which was mounted on the back-dilatlihood ratio is defined for each event as the ratio of
of the TRD, was used for each detector layer to read a@léctron probability to pion probability. These probability
the signals from 288 cathode pads. ROB includes 16 Muftidetermined from energy deposit distribution at each drift

8
-

I
3 H H 5 0

W™ 5 0 20 35 =
time bin(X 0.1us) time BIN(X Q.1u3)

d N :
igure 2.Average pulse height in one detector layer as a function
of drift time at the beam momentum of 4 GeMleft panel
shows electron events and right one shows pion events.
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Figure 3.The pion misidentification probabilityby bi-dimensionalFigure 5.Pion misidentification probability of the simulation and
likelihood method as a function of a beam momentum and the real data as a function of momentum. The simulation is under
result of small prototype. magnetic field.

region in each TRD layer. under 0.4 T magnetic field at the ALICE experiment, the ef-
Figure[d shows pion misidentification probability as 4ect of magnetic field was also studied by the simulation. It
function of beam momentum, with earlier results frof$ €xpected that under magnetic field the pion misidentifica-
small prototype TRDs4]. Squares show the result fronfion probability gets near the extrapolated value of the small
real size TRDs and circles show from small prototype. TIREOtOtype, because the most of knockout electrons will go
result for real size TRD is slightly worse than that for smadWway from the parent track. Figui@shows misidentifi-
prototype. Since FEE, which consists of MCMs and ROBation probability of pions from the simulation under the
was newly installed on the back of the real size TRD, tifgagnetic field as a fuction of momentum, with the result
real size TRD has larger material budget than small proff?m real size TRD and small prototype. The squres show
type. Due to larger material budget, the amount of knodii€ results from the real size TRD, the circles show the the
out electrons should increase in the case of the real giggult from the small prototype and the triangles show the
TRD. To study the effect of increased material budget, tfesults of the simulation under the magnetic field. The pion
simulation study was performed. Figlleshows the pion Misidentification probability at the simulaiton with mag-
misidentification probability obtained from the simulatioRetic field becomes 0.80% at 4 GeViThis result satisfies
and real data as a function of the number of TRD layeifi€ requirement of the ALICE TRD.
used for analysis at 4 Ge¥/In this figure, the circles shows  symmary

the result from real size TRD, the tr_|angles show the reSLﬁ%e first beam test of real size TRD of the ALICE detec-
from small prototype. The reverse triangles show the res%t

S

. . . or system at LHC was performed successfully. Electron
ILOenr]etzEI tSSI:‘Tr](l)J:]?ttlﬁg ;\il:;hull; I:EnavcgﬁgstClzlcésl’zed_r‘:‘:lu;;feei::?é%ntification capability and the effect of knockout electron
of the pion misidentification probability between the re?/Yere studied using the simulation study. ¢ From the simula-

. . : tion study, it is expected that the ALICE TRD will satisfy
size TRD and s_mall prototype is comparable with the dlt-e requirement at 4 Gevtnder magnetic field.
ference of the simulation result between the two cases wit

and without FEE. Since the ALICE TRD will be operate®References
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Figure 4.The pion misidentification probability of the simulation
and real data as a function of the number of TRD layers used
for analysis at 4 GeV/ The simulations are two case, with
FEE and without FEE.
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1. Introduction 4. Shell-Model Calculation of Nuclei aroundN ~ 20, 28

Our group has developed theoretical methods to solvd-or the structure of exotic nuclei, we have performed sys-
guantum many-body problem and performed nuclear stréematic shell-model calculation§,[7,[8,9,/10,11,12,13] in
ture calculations to discuss various nuclear structure. Thése N ~ 20 region using the SDPF-M interactiofi4].
theoretical works have been supported by the CNS, RIKEMhile we have mainly studied the so-called "island of in-
Accelerator Research Facility (RARF), and the Departmerdrsion” region until the last year, we have been extending
of Physics, University of Tokydl}2]. We summarize the the region including stable nuclei recently. The = 20
achievements of our works in Se@&lindividually. isotones around = 20 are known to have a spherical-
deformed shape coexistence: the former and the latter are
) dominated by the normal and intruder states, respectively.
2. Evolution of Nuclear Shells due to the Tensor Force Thys, the description of that region is highly related to
We showed that the monopole effect of the tensor forttee appropriateness of the shell gap given by the Hamil-
is presented in the shell structure, exhibiting how sphetonian adopted. Figur@ shows the energy levels 6fS
cal single-particle energies are shifted as protons or nesmpared between experiment and shell model, showing
trons occupy certain orbit8]. An analytic relation for such a good agreement with experiment including the deformed
shifts exhibited their general features clearly and explainsigtes by MCSM calculation with SDPF-M. This agreement
intuitively. Single-particle levels were shown to change strongly supports the varyiny = 20 shell gap as moves,
a systematic and robust way, by using thep meson ex- dominated by the spin-isospin dependerits pr the ten-
change tensor potential, consistently with the chiral pertwier force [B] in the effective interaction.
bation idea.

8 4— 363 _ 4:
3. Cluster-Shell Competition in Light Nuclei i o _3+ i
We proposed a simple model to describe cluster-shell 6 3+\_ :;‘+ 7
competition @]. Introducing only one parameteh] to the S . 2: - . .
wave function makes it possible to describe the asymptotic 2 %: % O 1T T2
transition of two valence neutrons ifBe (o + oo +n +n) 2 4 N o e ]
from a di-neutron to independent particles when the con- | < | 2= 2+>_ —0
tribution of the spin-orbit interaction is taken into account.
Similarly in 2C, a transition from a & configuration to a 2r N
2a + 4N configuration was represented, and we showed - -
a strong contribution of the spin-orbit interaction in the oL o— 0— o'— ]
ground state. We investigated further this transition from sph. def.

the cluster statea*'°0) to the shell-model statd 40 + sd-shell Exp. MCSM
four nucleons) irf’Ne.

We modified the alpha-cluster model by including theFigure 1. Experimental energy levels of’S compared to
contribution of the tensor interaction for light nuclg][In shell-model calculations performed by théshell model with
8Be, the energy curve with respect to the relative distance USD and by the MCSM calculation with SDPF-M.
between the twéHe clusters suggests that the cluster struc-
ture persists even though the tensor interaction contributeSince the SDPF-M interaction is not designed to calculate
strongly. In addition to the tensor interaction, a simplifiethe nuclear structure in th¥ ~ 28 region due to the lim-
method to take into account the strong spin-orbit contribisation of the model space, we have started to make a new
tion was introduced and the coupling effects of these twffective interaction for the fulkd-pf shell model space to
models was shown to be important i4C, in contrast to give a unified nuclear structure and a shell evolution over
8Be. this region. We have developed a code to calculate the two-
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body matrix elements of any potential form of interactio®. Summary

Comparing thel” = 0 tensor part among interactions on e have carried out various nuclear structure calculations
the market, we have found that that of the GXPF1 interagng produced a lot of achievements during fiscal year 2005

tion for thep f shell is rather close to the+ p tensor force (3256789, 10/1112/1317/18/19/20/2122/2324/25].
whereas that of USD for thed shell is much weaker than

7 + p. That seems to justify a modification to USD in th&eferences

monopole interaction taken in SDPF-M from a microscopi¢] Grant-in-Aid for Specially Promoted Research

point of view. We have adopted + p as thel' = 0 ten- (13002001) from the Ministry of Education, Science,

sor part of the cross shell interaction, making a shell-model Sport, Culture and Technology.

calculation forv = 28 isotones. As a result, the tensof2] N. Shimizu, T. Otsuka, N. Iltagaki, T. Mizusaki, M.

interaction plays an essential role in the magic structure of Honma, and Y. Utsuno, CNS Annual Report 2004

42sj which is a candidate for a new magic nucleus. The new (2004) 95.

interaction predicts it containing a large oblate deform¢d] T. Otsuka, T. Suzuki, R. Fujimoto, H. Grawe, and Y.

component, whereas an interaction based on the Millener- Akaishi, Phys. Rev. Let®5 (2005) 232502.

Kurath interaction results in a nearly spherical nucleus di4g¢ N. Itagaki, H. Masui, M. Ito, and S. Aoyama, Phys. Rev.

to the difference of both the proton and the neutron shell C 71(2005) 064307.

gaps caused by the tensor interaction. [5] N.ltagaki, H. Masui, M. Ito, S. Aoyama, and K. Ikeda,
Phys. Rev. (73 (2006) 034310.

. i [6] V. Tripathiet al,, Phys. Rev. Lett94 (2005) 162501.

5. Structure of Neutron-Rich p f-Shell Nuclei [7] Y. Utsuno, Euro. Phys. J. 5 Suppl. (2005) 209.

The structure of neutron-righf-shell nuclei has beenin-[8] P. Masoret al., Phys. Rev. @1 (2005) 014316.
vestigated on the basis of the large scale shell-model g8l T. K. Onishiet al., Phys. Rev. @2 (2005) 024308.
culations with the effective interaction GXPH1g. The [10]M. Belleguicet al,, Phys. Rev. (72 (2005) 054316.
energy levels of the&v=31 isotopeTi [[17] was measured, [11]Y. Utsunoet al., J. Phys.: Conf. Se20 (2005) 167.
which are in good agreement with the shell-model predig2]M. lonescu-Bujoret al, Phys. Rev. C73 (2006)
tion [18]. On the other hand, the measured E2 transition 024310.
strengths deviate from the predicted valuesNat32 for [13]Y. Utsunoet al, Proceedings of the 5th Italy-Japan
both Ti and Cr isotopesiB,20]. These results suggest a  Symposium on Recent Achievements and Perspectives
need of large neutron polarization charge, consistently with in Nuclear Physics(World Scientific, Singapore, 2005)
the study of the systematics in the ratio of the E2 transition p. 19.
matrix elements\/,, /M, for the N=28 isotopes21,22. [14]Y. Utsunoet al, Phys. Rev. B0 (1999) 054315jbid.
Also, the property of Gamow-Teller transitions has beenin- 70 (2004) 044307.
vestigated22,23] by using the same effective interaction.[15]T. Otsukaet al, Phys. Rev. Lett87 (2001) 082502.
[16]M. Honma, T. Otsuka, B. A. Brown, and T. Mizusaki,
6. Quadrupole collective states Phys. Rev. (69 (2004) 034335.

' ) [17]B. Fornalet al., Phys. Rev. Z2(2005) 044315.

The nuclear structure of ground states and low-lying &¢8]M. Honmaet al, Eur. Phys. Jour. 25 Suppl. 1 (2005)

cited states of even-even isotopes arodfitBa was de- 499.

scribed using the nuclear shell model microscopicé&H.[ [19]D.-C. Dincaet al,, Phys. Rev. @1 (2005) 041302(R).
In terms of the collective model, the structure of Ba isotopf-:zso]A_ Biirgeret al, Phys. Lett. B622(2005) 29.

is known to vary from spherical shape to axially symmetre1]L . A. Riley et al, Phys. Rev. @2 (2005) 024311.
deformed rotor and triaxially deformed shape depending @2]M. Honmaet al, Jour. Phys. Conf. Se20 (2005) 7.

the neutron numbers. Moreover, it shows the realization[ohT, adachiet al, Phys. Rev. @3 (2006) 024311.

the critical point symmetry£'(5), which is considered t0[24]N. Shimizu, T. Otsuka, T. Mizusaki, and M. Honma
be appeared d¢*Ba. By using the microscopic description " jour. Phys. Conf. Se20 (2005) 65.

using the nuclear shell model, our study provided micry5T. Mizusaki, AIP Conference Proceeding31 (2005)
scopic evidence to support these views, and showed that the g

structures of!26-13°Ba are well described by the axially
symmetric rotor withy-vibration.

7. Extrapolation Method with Projected Deformed Ba-
sis

We showed that the exact solution of large-scale shell
model calculations can be obtained by the energy variance
extrapolation method with spherical and deformed bases
[25]. The extrapolation formula includingAI3 matrix ele-
ment was presented in shell model calculations, and its fea-
sibility was also shown i f-shell calculation.
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In the shell-model calculation for nuclei, the dimension ahells. Since the model space is of no-core type and is rather
the matrix to be diagonalized has been increasing with tlaege as compared to that of the conventional shell model,
progress of the computer performance. This allows one do not employ the effective charges but use the bare
to study nuclei more microscopically without arbitrary asharges. The effective two-body interaction is microscopi-
sumptions or restrictions. The no-core shell model (NCSMally derived from a bare nucleon-nucleon potential through
is representative of this kind of study, and its application gounitary transformation which is used in the unitary-model-
nuclei with the mass number up tb~ 12 has been exten-operator approach (UMOAJIH,[12]. In the actual shell-
sively performed in recent yeaid P]. In the NCSM, the model diagonalization, some truncations are needed due to
effective interaction is derived from a bare nuclear force the limited computer power though the calculation is still
free space, and the model space is taken as large as poskilde scale. The nucleon excitations from the hole states of
until the calculated result does not depend on the modEIC are restricted up to two nucleons, and the excitations to
space size. Thus, the NCSM is fully microscopic and woultde 1pOf shell are also up to two nucleons. The three-or-
have a predictive power. As the mass number is larger, hawere-body effective interactions are not taken into account
ever, it becomes more difficult to obtain the converged restdt simplicity though the many-body effective interactions
with increasing the model-space size due to a huge compan be generated through the unitary transformation. As
tation size. Therefore, it is still of much importance to corfer the treatment of the spurious center-of-mass (c.m.) mo-
struct a model for describing light nuclei even if one start®n, we follow the Gloeckner-Lawson prescription as has
with the bare nuclear force. been done in many of the shell-model calculations in which
In a recent experiment at RIKEN, it has been foural multi-zQ2 model space is considered. Thus, the present
that the E2 transition strength between the firgt and shell-model Hamiltonian is composed of the transformed
the ground0™ states in'SC is anomalously hindered asHamiltonian which contains the sums of the kinetic energy
B(E2;2} — 0f) = 06318%22&8 e2fm* [3], while the and the two-body effective interaction, and the c.m. Hamil-
éonian which is multiplied by a large valug ..

B(E2;2{ — 07) in other even-even nuclei is known to b : ; ,
rather strong. The dominance of neutron excitation is alsg" the following calculations, the CD-Bonn potentiag]

suggested for the same transiti@. [In order to theoreti- 1S €mployed as the two-body bare interaction, and the

cally investigate such interesting properties, several cal&RUlomb force is also included for the proton-proton chan-
lations have been performed. For neutron-rich carbon i&?—l' Since we adopt the above-mentioned approximations,
topes with the mass numbelr > 15, neutrons begin to fill °Ur calculated results may havé&f dependence. We have

the 1s, /», and Qs , states, while the protons occupy main|§onfirmed that thex2 dependences of the calculated en-

14—18 i
up to the @, state. Low-lying energy levels of such sys='9Y levels of *~™*C become weak in the range between
= 14 and16 MeV, and there appear energy minima in

tems can be well described by the conventional shell mode&!

using effective interactions for thex0s0d shell [5,(6,[7,(8]. this re_gion. Thus, in thi_s study,_ weuse fche valuaQr= 15
However, theB(E?2; 2;r . OT) values calculated by theMeV in all the calculations. Since we introduce a minimal

shell model using the usual effective charges are sign[fiiinément of one-body energies in a simple way which will
explained later, we need to use a common valugof

cantly larger than the experiments. A similar tendency B? . cul , ! low-Ivi
B(E2;2¢ — 07) is seen in the calculations using the bare ' Flg.llfll calculated and experimental low-lying energy
els of'6C are shown. The first column in F[@, denoted

charges within the anti-symmetrized molecular dynamics™->~ >~ . .
(AMD) framework [9]. The discrepancies between the caby “original”, represents the results obtained directly from

culations and the experiments may be due to the fact tH4 Present method without any adjistable parameters. Itis
those models do not include certain exotic features of (fEeN that the calculatef, 2J" and4]" states are in good

. . +
stable nuclei because of their bases with some assumptid&ement with the experiment though teand3;’ states
or adjustments in and near stable nuclei. appear somewhat higher than the experiment.
In order to deal with this problem, we have recently pro- We note here that, in the present shell-model calculation

15 + +
posed a new microscopic shell model of no-core tiig@.[ 107 C: thel/2; state appears above th¢2;” state, con-
The model space is composed of the @, 1504 and 10 trary to the experiment. This wrong ordering may be one of
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Isotopes original dressed Expt.

16,
6F C . 1c 3.42 3.42 3.74+0.50
e— 16 +0.11(stat)
i 8: o : | 6C 1.30 0.84 0’631().16(syst)
— 35 ar 18C 1.19 2.10
. —3 4o
4r 4+ O+ 2+ 1
< i 2 + | Table 1. The calculated and experimentB(E2; 27 — 07)
% ©) values in units ot*fm* for 1*1¢:18C. The experimental value
~ ol - for 16C is taken from Ref[3].
5 2r o o 3

MeV, our calculated results are not so different from the
o —0° —0 —0" 1 experiment. As for theB(E2; 27 — 07), as shown in Ta-
ble[ the result for “dressed” is larger than that for “origi-
nal”. Furthermore, the result fdfC for “dressed” is about
three times larger than the experimental value'ft€. A
Figure 1. Low-lying energy levels of°C. similar tendency is seen in the0s0d shell-model calcula-
tions [7,/8]. Thus, it is of great interest that the{ £'2) value

18C i i
the reasons for the discrepancy between the results andf ?l['e C is experimentally established.

. . ; 1 « i Insummary, we have investigated low-lying energy lev-
.exp’(’eqmelnts in the exuted. states SC.f(.)r the case “orig lels andB(E2: 21 — 07) of 1C by introducing a new shell-
inal” in Fig. [l If we consider a sufficiently large mode

space and calculate these energy levels using the same ?qul method of no-core type with the model space up to

.9t
Bonn potential within the UMOA framework, which |s0+e) v]pa?|£ esshg |r'14VCVZ:§Y§Catl(S)OSg:|f#éaitseci;hﬁbéze’ 2e1n d:nce
fully microscopic and appropriate for the description of th.fe1 P P '

. : The present work is the first study which can successfully
§|ngle-part|cle state, we can reproduce the correct Orqerw&cribe the structure 6fC including its anomalously hin-

in '5C as has been shown in RéL4]. In order to obtain dered B(E2: 27 — 0F) value based on the microscopic
the correct ordering if®C in the present shell model, we AR P
introduce a minimal refinement of neutron one-body engrtfectlve interaction with the bare charges. More detailed
gies on top of4C so as to reproduce the UMOA results f0<'F1nalyses for neutron-rich carbon isotopes are in progress.
15C. In this way, we treat complex correlations coupled to a

single-particle-like state within a rather simple framework.

Thus, the present approach is a hybrid method combiniRgferences

a no-core type of shell model with single-particle informgq] p, Navatil, J. P. Vary, W. E. Ormand and B. R. Barrett,
tion by the UMOA. Hereafter, we refer to the calculated re-  ppys. Rev. Lett87 (2001) 172502.

sults with the minimal refinement as “dressed”. As seen[®] c. Forsgn, P. Navatil, W. E. Ormand and E. Caurier,

the results for “dressed” in Fif, the calculated results be- Phys. Rev. (71 (2005) 044312.
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to the anomalously hindered experimental value by intro- ppys Rev. 70 (2004) 054316.
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for the cases “original” and “dressed” are identicaily9 C53(1996) R1483.
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The Fourth CNS International Summer School (CISS05)

S. Shimoura, T. OtsulaT. MizusakP. and H. Saké

Center for Nuclear Study (CNS), Graduate School of Science, University of Tokyo
@ Department of Physics, Graduate School of Science, University of Tokyo
b Senshu University

The 4th CNS International Summer School (CISS05) was held at the Wako branch of the Center for Nuclear Study (CNS),
the University of Tokyo, in the period of August 18-23, 2005.

This summer school is the fourth one in the series which aimed at providing graduate students and Post Docs with basic
knowledge and perspectives of nuclear physics. Topics of this year were “Nuclear forces”, “Mean field calculation”, and
“Collective modes studied by direct reactions”. Short lectures on recent progress in physics with unstable nuclei were
also presented. Addigionally, physics performed in the SHARAQ project was introduced.

The list of lecturers and the titles of lectures are shown below.

G.F. Bertsch “Nuclear structure in mean-field theory and its extensions”
(Washington, USA)
M.N. Harakeh “Collective modes investigated by inelastic scattering and charge-exchange

(KVI, the Netherlands) reactions with magnetic spectrometers”
R. Machleidt (Idaho, USA)  “Nuclear Forces”

T. Kajino (NAO) “Nucleosynthesis in Supernovae and the Big-Bang”

K. Yabana (Tsukuba) “Novel computational approaches for nuclear reactions”

N. Aoi (RIKEN) “Exotic structure of unstable nuclei revealed through a gamma-ray spec-
troscopy technique”

E. Ideguchi (CNS) “Study of high-spin states by using stable and unstable nuclear beams”

T. Mizusaki (Senshu/CNS)  “Shell model calculation — from basics to the latest methods —”

T. Teranishi (Kyushu) “Low-energy radioactive beam experiments for nuclear astrophysics”

T. Uesaka (CNS) “Studies of new excitation modes in nuclei via exothermic nuclear reac-
tions”

This year, 111 attendances were gathered together from 6 countries: Among them, 22 attendances were from Asian coun-
tries, China, Korea, Malaysia, Vietham, and Myanmer. Domestic attendances were from 15 universities and 2 institutes
over the country.

The lectures were given from 10:00 in the morning to 18:00 in the evening. This year, the student and Post Doc sessions
and Question Time were provided within the lecture time. Ten talks were given by graduate students and Post Docs. The
attendances also communicated each other in the Free Discussion time after dinner with a relaxed atomosphere.

All the information concerning the summer school, including lecture notes, is open for access at the following URL:

http://www.cns.s.u-tokyo.ac.jp/summerschool/

The organizers thank all the attendances and all the members of the CNS who supported the summer school. They are
also grateful to RIKEN for their supports in the preparation of the school. This school was supported in part by the
International Exchange Program of Graduate School of Science, the University of Tokyo.
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Nuclear Scattering Experiments for Education of Undergraduate Students

T. Kawabat® K. YakoP, Y. Sasamot®, H. Saka?, and S. Shimouf

aCenter for Nuclear Study, Graduate School of Science, University of Tokyo
bDepartment of Physics, University of Tokyo, Tokyo

Nuclear scattering experiments were performed for educa-
tion of undergraduate students of the University of Tokyo
as a part of the curriculum of experimental physics. This
program was aiming at providing undergraduate students -
with an opportunity to learn how to study the world of
< 10~'* m by using an ion beam from an accelerator. In
this year, 32 students joined this program.

The four beam times were scheduled in the second
semester for juniors, and 8 students participated in each i
beam time. The experiment was performed at the RIKEN 2000
accelerator research facility (RARF) using a 26-MeV alpha i
beam accelerated by the AVF cyclotron. The alpha beam O w0 a0 e0 8o
extracted from the AVF cyclotron was transported to the E, (keV)

CRIB beam line in the E7 experimental room. In each bea‘:_n .
- o . Igure 1. Typical spectrum of the gamma rays from the cascade
time, the students were divided into two groups and took . c4

. . decay of the rotational band ii*Gd.
one of the following two subjects;

10000
8000

6000

Counts/Chann

4000

lastic collimator with a diameter of 6 mm was attached

the silicon detector. The energy spectrum of the scat-
tereda particles was recorded by the MCA system. The
beam was stopped by a Faraday cup in the scattering cham-
ber. The cross section for the alpha elastic scattering was
measured in the angular range &f, = 25-150°. The

Before the experiment, the students learned the pg¥easured cross section was compared with the calculated
handling of the semiconductor detectors and electronic §FOSS Section for the Rutherford scattering. The cross sec-
cuits at the Hongo campus, and attended a radiation safi@f) Was also analyzed by the potential-model calculation,
lecture at RIKEN. They also joined a tour to the Rl bea@'d the radius of the gold nucleus was discussed. Some
facility, which was under construction at RIKEN. students obtained the radius-0f0 fm by using a classical

In the measurement of the rotational bands, excitBPdel where the trajectory of the particle in the nuclear
states in'5*Gd and '#*Os nuclei were populated by thepptentlal is obtained by the R_unge—Kutta method. chers
1528m (a, 2n) and32W (a, 2n) reactions, respectively. Thelried to uqderstapd the scattering process by calculatlrjg the
gamma rays emitted from the cascade decay of the rcﬁggulgr distribution by the d|storlted wave Born_ approxima-
tional bands were measured by a high purity germanidfﬂ” Wl'th a Coulomb wave function and a realistic nuclear
detector located 50 cm away from the target. The energié¥ential. _ _ _ _ _
of the gamma rays were recorded by a multi-channel anaYVe believe this e_xper_lment is very impressive for the stu-
lyzer (MCA) system. The gain and the efficiency of the geents. It was the first tl_me for most of the studentg to use
tector system had been calibrated with standard gammal@{§e experimental equipments. They learned basic things
sources of2Na, 90Co, 133Ba, and!3"Cs. The typical spec- abou't the experimental nuclear physics and how to extract
trum of the gamma rays from the cascade decay of the PGYSics from the data. _
tational band i3 Gd is shown in Figll The gamma rays The authors_would like to thank Dr. Y. Uwamlno_,
from the 10+ — 8+ decay were successfully measuredrof. Y. Saqual, and the RARF cyclotron crew for their
Based on the energies of the gamma rays, the moment'@feful effortin the present program.
inertia and the deformation parameters of the excited states
were discussed by using a classical rigid rotor model and a
irrotational fluid model. The students found that the reality
lies between the two extreme models. The initial population
among the levels in the rotational band was also discussed
by taking the effect of internal conversion into account.

Inthea+ 127 Au measurementy particles scattered from
the Au target with a thickness of 1.42 mg/tmere detected
by a silicon PIN-diode located 11 cm away from the target.

1. Measurement of gamma rays emitted in the casc
decay of the rotational bands i Gd and!®4Os.

2. Measurement of elastic scatteringcoparticles from
197Au.
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Symposium, Workshop, Seminar, Colloquium, and PAC
A. Symposium

1. The International Symposium on “Origin of Matter and Evolution of Galaxies 2005 - New Horizon of Nuclear
Astrophysics and Cosmology -”
November 8-11, 2005, Koshiba Hall, University of Tokyo, Tokyo, Japan.

This is a series of nuclear astrophysics international symposium being held roughly every other year since 1988 by
CNS together with other institutions. The first meeting was very much promoted by the strong interest of radioactive
nuclear beams in nuclear physics under a title of Heavy lon Physics and Nuclear Astrophysical Problems.

It was hosted this time by five institutions; National Astronomical Observatory (NAO), The Graduate University for
Advanced Studies (GUAS), Department of Astronomy, Graduate School of Science, University of Tokyo (Tokyo),
Center for Nuclear Study, University of Tokyo (CNS), and RIKEN Accelerator Research Facility (RIKEN). The
symposium was participated by about 150 people, including about 50 people from outside of Japan. Because of
the special fund provided from GAUS under the conference name of "SUBARU Astronomy for the Establishment
of Cosmo-Nuclear Astrophysics”, we placed an emphasis this time on observational works and cosmology. As for
nuclear physics, it also was a good occasion. The third-generation Rl Beam facility RIBF is just about to deliver
the first beam, and low energy RI beams have become available at the CNS RI Beam in-flight separator CRIB at the
University of Tokyo and also at Tokai Rl ACcelerator facility TRIAC by the KEK-JAEA collaboration.

The symposium proceedings will be published soon as one of the conference reports of the American Institute of
Physics.

The organizing committee was comprised of W. Aoki (NAO/GUAS: Co-chair), M. Y. Fujimoto (Hokkaido),
S. Honda (NAO), T. Kajino (NAO/GUAS/Tokyo: Chair), S. Kawanomoto (NAO), S. Kubono (Tokyo: Co-
chair), T. Motobayashi (RIKEN/Tokyo: Co-chair), K. Noguchi (NAO/GUAS), K. Nomoto (Tokyo: Co-chair),
T. Shigeyama, (Big Bang Center, Tokyo), Y. Takeda (NAO/GUAS), and K. Yoneda (RIKEN).

2. The International Symposium on “Structure of exotic nuclei and nuclear forces”
March 9-12, 2006, Koshiba Hall, University of Tokyo, Tokyo, Japan.

The purpose of the symposium was to discuss on theoretical and experimental developements and future prospects in
physics of structure of exotic nuclei, and its relation to the nucleon-nucleon interaction, mainly from the viewpoint
of the shell model. The related issues, for instance, the double beta decay, were discussed.

This symposium was organized mainly as an activity of the research project, “Monte Carlo Shell Model”, funded
by Grant-in-Aid for Specially Promoted Research from the Ministry of Education, Cultute, Sports, Science and
Technology. It was supported by CNS as well as by RIKEN.

We enjoyed excellent and lively 26 invited talks and 34 oral presentations in the symposium with 78 participants.
The participants are from Japan, United States, France, Germany, Italy, Great Britain and Hungary.

The proceedings will be published by the Institute of Physics.

The organizing committee was comprised of B.A. Brown (MSU), S. Fujii (CNS), M. Honma (Aizu), T. Kajino
(NAO), T. Mizusaki (Senshu), T. Motobayashi (RIKEN), K. Muto (TIT), T. Otsuka, chair (Tokyo/CNS/RIKEN),

P. Ring (TMU), N. Shimizu, scientific secretary (Tokyo), S. Shimoura (CNS), and Y. Utsuno, scientific secretary
(JAEA).
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B. Workshop

1. 11th International Workshop on Polarized Sources and Targets (PSTO05)
November 14-17, 2005, Yayoi Auditorium Ichijo Hall, the University of Tokyo, Japan.

The workshop is a traditional one to discuss physics and technologies related to the polarized gas/solid targets,
polarized electron/ion/neutron sources, and polarimetry. Its 11th meeting was co-hosted by CNS and RIKEN. 82
scientists including 29 from abroad participated and joined active discussions on various aspects of polarization
techniques and its applications.

The organizers are K. Asahi (co-chair, RIKEN/TITech), H. En’yo (RIKEN), K. Hatanaka (RCNP), N. Horikawa
(Chubu), K. Imai (Kyoto), T. lwata (Yamagata), T. Kawabata (CNS), Y. Miyachi (TITech), Y. Mori (Kyoto),
T. Nakanishi (Nagoya), H. Okamura (CYRIC), H. Sakai (co-chair, Tokyo), N. Sakamoto (RIKEN), Y. Sakemi
(RCNP), T. Shibata (TITech), T. Shimoda (Osaka), T. Tamae (LNS, Tohoku), A. Tamii (RCNP), M. Uchida
(TITech), T. Uesaka (CNS, secretary), K. Yako (Tokyo), and A. Yoshimi (RIKEN, secretary).

2. Workshop on “Technical Aspects of SHARAQ Spectrometer”
November 20, 2005, CNS Wako Campus, Saitama, Japan//

The purpose of this workshop was to discuss technical aspects of the design and construction of the SHARAQ
spectrometer, the beamline with a large dispersion, and the detector system. Three professors. J.A. Nolen (ANL),
H. Geissel (GSI) and W. Mittig (GANIL), were invited and made valuable suggestion and discussion with about 20
participant.

The organizers are S. Shimoura (CNS), T. Uesaka (CNS), and H. Sakai (Tokyo).

3. RIKEN-CNS RIBF International Workshop:”"Correlation and Condensation: New Features in Loosely Bound and
Unbound Nuclear States”
December 8-10, 2005, Conference room, RIBF Building 2F, RIKEN

The scope of the workshop covered new features in loosely bound and unbound nuclear states such as di-neutron
correlation and clustering phenomena. Recent theoretical and experimental results were presented and discussed
with the 50 participants including the 5 speakers from abroad.

The organizers are S. Aoyama (Niigata), Y. Funaki (Kyoto), H. Horiuchi (Kyoto), T. Kawabata (CNS), M. Matsuo
(Niigata), T. Motobayashi (RIKEN), T. Nakamura (TIT), and M. Takashina (RIKEN).

4. CNS Workshop on “Past, Present and Future of Shell Model (with a course of shell model code)”
Jan 26-28, 2006, CNS Wako Campus, Saitama, Japan.

In this workshop, experimental and theoretical studies related to the shell model were presented, including some
reviews and histories. Current problems and future directions were also indicated. The major discussions were
on the issues such as recent progress on the Monte Carlo shell model, nuclear structure calculations from the
first principle, properties of chiral band, recent results on random interactions, roles of nuclear shell model for
astrophysics, and recent experimental developments. In addition to the ordinary talks and discussions, one-hour
training course was offered so that participants can master how to run a state-of-the-art shell-model code.

The presentation file of each talk is now accessible on-line at the CNS WEB cite.

The organizers are T. Mizusaki (Senshu, CNS), S. Kubono (CNS), T. Shimoura (CNS), and S. Fujii (CNS).

5. International Workshop on “Physics of Quark Gluon Plasma”
February 16-17, 2006, RIKEN, Saitama, Japan

The purpose of this workshop was to achieve further understanding for the property of QGP. We discussed on the
hot results from RHIC with enough time slots. The RHIC operation was started to study Quark-Gluon-Plasma
and we obtained various new results from RHIC data in 5 years. We realized that the hadronic matter with high
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temperature and density has very rich phases, such as color glass condensate. Three professors, G. Baym(lllinois),
J. Ruppert(Duke), and S. Midouszewski (Texas A&M) were invited and gave valuable talks. About 60 scientists
participated and 17 talks were presented.

The presentation file of each talk is now accessible on-line at
http://phenix.cns.s.u-tokyo.ac.jp/ws06/indextml

The organizers are H. Hamagaki(CNS), T. Hatsuda(Tokyo), H. En'yo(RIKEN), M. Asakawa(Osaka),
S. Yokkaichi(RIKEN), K. Ozawa(CNS), and H, Torii(RIKEN).

6. International Workshop on “Nuclear Physics with RIBF”
March 13-17, 2006, RIKEN, Saitama, Japan

This workshop organized by RIKEN and CNS on the occasion that the RI Beam Factory (RIBF) will be constructed
in 2006. The aim of this workshop was to discuss various research programs in RIBF and to point out problems to
be solved by exchanging ideas and interests. This workshop also gave a trigger to form collaborations and networks
for both coming experimental and theoretical works. About 150 scientists including 30 from abroad participated
and 90 talks were presented.

Workshop web site: http://rarfaxp.riken.go.jp/RIBF2006/

The organizers are T. Kubo (RIKEN), N. Aoi (RIKEN), H. Ueno(RIKEN), S. Shimoura (CNS), K. Asahi (RIKEN),
T. Kobayashi (Tohoku), M. Wada (RIKEN), A. Ozawa (Tsukuba), M. Wakasugi (RIKEN), K. Morita (RIKEN),
T. Kubono (CNS), T. Otsuka (Tokyo), A. Ono (Tohoku), K. Hagino (Tohoku), M. Matsuo (Niigata), T. Motobayashi
(RIKEN), Y. Enyo (YIFP), H. Sagawa (Aizu), K. Ogata (Kyushu), A. Kohama (RIKEN), K. Yabana (Tsukuba), and
H.Sakurai (RIKEN).

C. CNS Seminar

1. “Indirect techniques in nuclear astrophysics”,
Prof. Akram M. Mukhamedzhanov(Cyclotron Institute, Texas A&M University), April 28th, 2005.

2. “High-Spin Level Structures of N=81 Near-Spherical Nuc&iPm and'*'Nd”,
Dr. Minliang Liu (CNS, University of Tokyo), October 13th, 2005.

3. “Study of the High-Spin States iit°Tb and'®7Yb”,
Dr. Yong Zheng(CNS, University of Tokyo), October 13th, 2005.

4. “0000000O0O0O0DOOOoOOoor,
Dr. Chikako Ishizuka (Hokkaido University), Februaty 10th, 2006.

D. CNS Colloquium

1. “Global aspects of hot and dense matter created at RHIC”,
Prof. Hideki Hamagaki (CNS, University of Tokyo), July 7h, 2005.

2. "Recent results from mass measurements at GANIL, odd even staggering and global energy problems”,
Prof. Wolfgang Mitting (Grand Accelerateur National D’lons Lourds(GANIL)), Deember 5th, 2005.

.00 -000 -00000bO00o00obo0booooobooooogrn,
Prof. Mitsuhiro Fukuda (Japan Atomic Energy Agency), February 20th, 2006.

4. “Experimental studies for the rp process”,
Prof. Georg P. Berg(University of Notre Dame), February 20th, 2006.
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E. CNS Program Advisory Committee

The 6th CNS PAC meeting
December 7th, 2005.

The CNS Program Advisory Committee examined 7 experimental proposals and evaluated research activities of each
project at CNS.

Approved Proposals

. K.I. Hahn: The'40(a,p)' 7F reaction at energies around the 6.15 MeV resonantgNe
. S. Cherubini: Study of thé8F+p — 150+« reaction at astrophysical energies

. A.A. Chen: On the Waiting Point at A=30 in X-ray Burst§S(a,p)?3Cl with CRIB

1
2
3
4. Lo.H. Khiem: Direct measurement af fp) reaction with? 1Na radioactive beam
5. T. Teranishi: Study of T=3/2 resonance levels in A=9 nuclei

6

. K. Asahi: Production of polarized radioactive beams via the inverse-kinematics reactions and their application
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CNS Reports

#66 “CNS Annual Report 2004”,
edited by T. Kawabata and H. Ayabe, Aug. 2005.

#67 “Low-Energy Radioisotope Beam Separator CRIB”,
S. Michimasa, S. Shimoura, H. lwasaki, M. Tamaki, S. Ota, N. Aoi, H. Baba, N. Iwasa, S. Kanno, S. Kubono,
K. Kurita, M. Kurokawa, T. Minemura, T. Motobayashi, M. Notani, H. J. Ong, A. Saito, H. Sakurai, E. Takeshita,
S. Takeuchi, Y. Yanagisawa, and A. Yoshida, Oct. 2005.
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T. Uesaka: “SHARAQ Spectrometer”, Workshop on technical aspects of SHARAQ spectrometer, November 20,
2005, Wako, Saitama, Japan.

T. Kawabata: “SHARAQ Beam Line”, Workshop on technical aspects of SHARAQ spectrometer, November 20,
2005, Wako, Saitama, Japan.

S. Shimoura: “Physics Program with the SHARAQ Spectrometer”, International Workshop on “Nuclear Physics
with RIBF”, Mar. 13-17, 2006, RIKEN, Wako, Saitama, Japan.

. T. Uesaka: “Polarization Phenomena in Nucleon Knockout Reactiong.aaddj_ distributions in nuclei”, Inter-

national Workshop on “Nuclear Physics with RIBF”, Mar. 13-17, 2006, RIKEN, Wako, Saitama, Japan.

S. Kubono: “Low-Energy RIB Separator CRIB - Another RIB Facility at RIKEN -, International Workshop on
“Nuclear Physics with RIBF”, Mar. 13-17, 2006, RIKEN, Wako, Saitama, Japan.

T. Otsuka: “Exploring variations of single-particle motions in RIBF nuclei”, International Workshop on “Nuclear
Physics with RIBF”, Mar. 13—-17, 2006, RIKEN, Wako, Saitama, Japan.

S. Fujii: “Structures of unstable nuclei from modern NN forces”, International Workshop on “Nuclear Physics with
RIBF”, Mar. 13-17, 2006, RIKEN, Wako, Japan.

114



51

52.

53.

54.

55.

56.

57.

. T. Otsuka: “New aspect of nuclear mean field theory; Spin-isospin interaction and shell evolution”, YITP Workshop
on New Developments in Nuclear Self-Consistent Mean-Field Theories, May 30 - Jun. 1, 2005, Kyoto, Japan.

S. Fuijii: “The unitary-model-operator approach to nuclear many-body problems”, YITP workshop on New Devel-
opments in Nuclear Self-Consistent Mean-Field Theories, May 30-Jun. 1, 2005, Kyoto, Japan.

T. Otsuka: “TDHF calculations on nuclear reactions”, Symposium en I'honneur de Paul Bonche, Jun. 27, 2005,
Saclay, France.

T. Otsuka: “Spin-isospin NN interaction in nuclear mean field”, Workshop ESNT Recent developments in mean-
field methods and treatment of pairing, Jun. 28 — Jul. 8, 2005, Saclay, France.

T. Otsuka: “Varying Shell Structure of sd-pf Nuclei”, 12th Int. Symp. on Capture Gamma-Ray Spectroscopy and
Related Topics, Sep. 4-9, 2005, Notre Dame, USA.

T. Otsuka: “Neutrino reaction and double beta decay in medium-heavy nuclei”, Workshop on Neutrino Nuclear
Responses in Double Beta Decays and Low-energy Astro-neutrinos, Dec. 2—4, 2005, Harima Science Park, Japan.

S. Fujii (Invited): “Recent developments of the nuclear structure study with microscopic effective interactions” (in
Japanese), YITP Workshop on Tensor Force and Many-Nucleon Correlations, Sep. 1-6, 2005, Kyoto, Japan.

B. JPS Meetings

1

. F. Kajihara for the PHENIX Collaboration: “Single electron measurement from heavy flavor decays in d+Au and

Au+Au collisions at,/syn = 200 GeV”, 2nd Joint Meeting of the Nuclear Physics Divisions of the APS and The
Physical Society of Japan, Sep. 18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

. T. Gunji for the PHENIX Collaboration: “Measurement.®fy) — e*e™ in Au+Au Collisions at, /sy =200 GeV

by PHENIX at RHIC”, 2nd Joint Meeting of the Nuclear Physics Divisions of the APS and The Physical Society of
Japan, Sep. 18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

. T. Isobe for the PHENIX Collaboration: “Neutral pion production,ifanny=200 GeV Au+Au collisions at RHIC-

PHENIX", 2nd Joint Meeting of the Nuclear Physics Divisions of the APS and The Physical Society of Japan, Sep.
18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

. S.X. Oda for the PHENIX Collaboration: “Measurement of vector mesons via di-electrons in Cu+Cu collisions

at/syny=200 GeV at RHIC-PHENIX", 2nd Joint Meeting of the Nuclear Physics Divisions of the APS and The
Physical Society of Japan, Sep. 18—-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

. Y. Morino, S. Shota, T. Gunji, H. Hamagaki, and K .Ozawa for the ALICE TRD Collaboration: “Electron iden-

tification capability of real size Transion Radiation Detector for ALICE using neural network method”, 2nd Joint
Meeting of the Nuclear Physics Divisions of the APS and The Physical Society of Japan, Sep. 18-22, 2005, Ritz
Carlton Hotel, Maui, Hawaii, USA.

. K. Ozawa for the PHENIX Collaboration (invited): “Measurements of J/psi and photon at RHIC”, DNP/JPS Joint

meeting workshop “Strognly interacting matter probed at RHIC”, 2nd Joint Meeting of the Nuclear Physics Divi-
sions of the APS and The Physical Society of Japan, Sep. 18—-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

. Y.L. Yamaguchi, H. Hamagaki, K. Ozawa, S.X. Oda, M. Inuzuka, and S. Sano: “Measurements of Stability of
Gas Electron Multiplier (GEM)”, 2nd Joint Meeting of the Nuclear Physics Divisions of the APS and The Physical
Society of Japan, Sep. 18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

. S. Shimoura : “Properties of Excited States in Exotic Nuclei Probed by Direct Reactions”, Mini-symposium on
Structure Changes of Asymmetric Nuclear Systems |, 2nd Joint Meeting of the Nuclear Physics Divisions of the
APS and The Physical Society of Japan, Sep. 18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

. S. Ota for R337n Collaboration : “Gamma Spectroscopy?’Bfvia Proton Transfer Reaction at 50 MeV/nucleon”,
Mini-symposium on Structure Changes of Asymmetric Nuclear Systems |, 2nd Joint Meeting of the Nuclear Physics
Divisions of the APS and The Physical Society of Japan, Sep. 18-22, 2005, Maui, Hawaii, USA.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. S. Michimasa, N. Aoi, H. Baba, M. Kurokawa, T. Minemura, T. Motobayashi, S. Takeuchi, Y. Yanagisawa, A.
Yoshida, S. Shimoura, M. Tamaki, S. Kubono, A. Saito, H. Iwasaki, H.J. Ong, H. Sakurai, S. Ota, N. lwasa,
S. Kanno, K. Kurita, and E. Takeshita : “Measurement of Proton Transfer Reaction for Single-Particle States in
237, Mini-symposium on Structure Changes of Asymmetric Nuclear Systems I, 2nd Joint Meeting of the Nuclear
Physics Divisions of the APS and The Physical Society of Japan, Sep. 18-22, 2005, Ritz Carlton Hotel, Maui,
Hawaii, USA.

T. Fukui for R373n Collaboration : “In beamray spectroscopy vi&ZMg(«,o’) reaction”, Mini-symposium on
Structure Changes of Asymmetric Nuclear Systems |, 2nd Joint Meeting of the Nuclear Physics Divisions of the
APS and The Physical Society of Japan, Sep. 18-22, 2005, Maui, Hawaii, USA.

M. Niikura, E. Ideguchi, H. lwasaki, S. Shimoura, M. Tamaki, T. Fukuchi, H. Baba, T. Kubo, M. Kurokawa,

S. Michimasa, K. Morimoto, T. Ohnishi, T. Suda, K. Yoshida, S. Ota, N. Hokoiwa, Y. Wakabayashi, C. Ishida,
T. Koike, T. Komatsubara, K. Miyakawa, A. Ozawa, and |. Tanihata : “Study of High-Spin States in neutron-rich
Ti Isotopes”, Mini-symposium on Structure Changes of Asymmetric Nuclear Systems I, 2nd Joint Meeting of the
Nuclear Physics Divisions of the APS and The Physical Society of Japan, Sep. 18-22, 2005, Maui, Hawaii, USA.

E. Ideguchi, S. Shimoura, M. Niikura, M. Tamaki, H. lwasaki, H. Sakai, T. Fukuchi, H. Baba, M. Kurokawa,
S. Michimasa, and S. Ota : “Gamma-Ray detector Array with Position and Energy sensitivity (GRAPE)”, Mini-
symposium on New Technology in Gamma Ray Detection, 2nd Joint Meeting of the Nuclear Physics Divisions of
the APS and The Physical Society of Japan, Sep. 18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

T. Fukuchi, S. Shimoura, E. Ideguchi, M. Kurokawa, H. Baba, S. Ota, M. Tamaki, and M. Niikura : “Development
of Position Sensitive Germanium Detector”, Mini-symposium on New Technology in Gamma Ray Detection, 2nd
Joint Meeting of the Nuclear Physics Divisions of the APS and The Physical Society of Japan, Sep. 18-22, 2005,
Ritz Carlton Hotel, Maui, Hawaii, USA.

H. Yamaguchi, A. Saito, J.J. He, Y. Wakabayashi, G. Amadio, H. Fujikawa, S. Kubono, N. Yamazaki, T. Teranishi,
M. Niikura, Y. Yanagisawa, S. Michimasa, S. Nishimura, M. Nishimura, Z. Fulop and Z. Elekes: “Wien filter for
the enhancement of the RI beam separator CRIB”, 2nd Joint Meeting of the Nuclear Physics Divisions of the APS
and The Physical Society of Japan, Sep. 18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

Y. Wakabayashi, A. Odahara, Y. Gono, T. Fukuchi, S. Kubono, T. Teranishi, H. Yamaguchi, E. Ideguchi, J.J. He,
H. Fujikawa, G. Amadio, A. Saitoh, S. Shimoura, S. Ota, H. Baba, S. Nishimura, S. Michimasa, M. Nishimura,
H. Watanabe, T. Kishida, J.Y. Moon, and T. Ishi: “Search for high-spin isomsers using radioactive-isotope 17N
beam”, 2nd Joint Meeting of the Nuclear Physics Divisions of the APS and The Physical Society of Japan, Sep.
18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

T. Kawabata, H. Akimune, H. Fujimura, H. Fuijita, Y. Fujita, M. Fujiwara, K. Hara, K. Y. Hara, K. Hatanaka,
T. Ishikawa, M. Itoh, J. Kamiya, S. Kishi, M. Nakamura, K. Nakanishi, T. Noro, H. Sakaguchi, Y. Shimbara,
H. Takeda, A. Tamii, S. Terashima, H. Toyokawa, M. Uchida, H. Ueno, T. Wakasa, Y. Yasuda, H. P. Yoshida and
M. Yosoi: “Excitation strengths and cluster structures'iB”, 2nd Joint Meeting of the Nuclear Physics Divisions

of the APS and The Physical Society of Japan, Sep. 18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

Y. Sasamoto, T. Kawabata, |. Sugai, Y. Takeda and M. Hamagaki: “Preparation of Self-suppd@tiagget”, 2nd
Joint Meeting of the Nuclear Physics Divisions of the APS and The Physical Society of Japan, Sep. 18-22, 2005,
Ritz Carlton Hotel, Maui, Hawaii, USA.

S. Sakaguchi, T. Wakui, T. Uesaka, T. Kawabata, K. Itoh, H. Kuboki, Y. Maeda, H. Sakai, Y. Sasamoto, M. Sasano,
K. Sekiguchi, K. Suda, Y. Takahashi and K. Yako: “Polarized proton solid target and its application to Rl beam
experiments”, 2nd Joint Meeting of the Nuclear Physics Divisions of the APS and The Physical Society of Japan,
Sep. 18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

Y. Maeda, H. Sakai, T. Kawabata, K. Yako, K. Suda, M. Hatano, T. Saito, H. Kuboki, M. Sasano, K. Hatanaka,
Y. Sakemi, A. Tamii, Y. Shimizu, Y. Tameshige, J. Blomgren, P. Mermod, H. Witala, M. B. Greenfield, K. Itoh,
H. Kamada, H. Okamura, Y. Satou, K. Sekiguchi, T. Wakasa and J. Kamiya: “Measurements of the n+d elastic
scattering and the three-nucleon force effects”, 2nd Joint Meeting of the Nuclear Physics Divisions of the APS and
The Physical Society of Japan, Sep. 18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

T. Uesaka, V. Ladygin, K. Suda, Y. Maeda, L. S. Azhgirey, Yu. V. Gurchin, A. Yu. Isupov, K. Itoh, M. Janek, J.-
T. Karachuk, T. Kawabata, A. N. Khrenov, A. S. Kiselev, V. Kizka, J. Kliman, V. A. Krasnov, A. N. Livanov,
A. I. Malakhov, V. Matoucek, M. Morhac, S. Nedev, S. Rangelov, S. G. Reznikov, S. Sakaguchi, H. Sakai,
Y. Sasamoto, K. Sekiguchi, I. Turzo and T. A. Vasiliewl-p Elastic Scattering Measurement at Internal Target
Station of Nuclotron”, 2nd Joint Meeting of the Nuclear Physics Divisions of the APS and The Physical Society of
Japan, Sep. 18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

T. Otsuka: “Nuclear structure, nuclear force and spin-isospin excitations in stellar processes”, Workshop on Neu-
trino Astrophysics, 2nd Joint Meeting of the Nuclear Physics Divisions of the APS and The Physical Society of
Japan, Sep 18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

S. Fujii, R. Okamoto and K. Suzuki: “Microscopic description of single-particle levels with modern NN interac-
tions”, 2nd Joint Meeting of the Nuclear Physics Divisions of the APS and The Physical Society of Japan, Sep.
18-22, 2005, Ritz Carlton Hotel, Maui, Hawaii, USA.

T. Isobe for the PHENIX Collaboration: “Measurement of direct photor/sk~=200 GeV Au+Au collisions
at RHIC-PHENIX", JPS Spring meeting, Mar. 27-30, 2006, Ehime University and Matsuyama University, Mat-
suyama, Japan.

S.X. Oda for the PHENIX Collaboration: “3/— ete~ Measurement in Cu+Cu collisions at RHIC-PHENIX”,
JPS Spring meeting, Mar. 27-30, 2006, Ehime University and Matsuyama University, Matsuyama, Japan.

S. Shimoura : “Nuclear spectroscopy via direct reactions probed by Rl beams”, JPS Spring Meeting, Mar. 27-30,
2006, Matsuyama, Japan.

E. Ideguchi, B. Cederwall, E. Ganioglu, B. Hadinia, K. Lagergren, T. Back, S. Eeckhaudt, T. Grahn, P. Greenlees,
A. Johnson, D.T. Joss, R. Julin, S. Juutinen, H. Kettunen, M. Leino, A.-P. Leppanen, P. Nieminen, M. Nyman,
J. Pakarinen, E. S. Paul, P. Rahkila, C. Scholey, J. Uusitalo, R. Wadsworth, D. R. Wiseman, and R. Wyss : “High-
spin collective rotational states I7In”, JPS Spring Meeting, Mar. 27-30, 2006, Matsuyama, Japan.

M. Liu, Y.H. Zhang, X.H. Zhou, Y.X. Guo, X.G. Lei, Z. Liu, and J. He: “High-Spin Level Structure ef81
Near-Spherical Nucleus?Pm?”, JPS Spring Meeting, Mar. 27—-30, 2006, Matsuyama, Japan.

Y. Zheng. X.H. Zhou. Y.H. Zhang. X.Y. Guo. X.G. Lei. Z Liu, T. Hayakawa, M. Oshima, Y. Toh, T. Shizuma,

J. Katakura, Y. Hatsukawa, M. Matsuda, H. Kusakari, M. Sugawara, K. Furuno, T. Komatsubara, S.X. Wen,
L.H. Zhu, and C.X. Yang: “Study of the High-Spin States'#iTb and'®*7Yb”, JPS Spring Meeting, Mar. 27—

30, 2006, Matsuyama, Japan.

A. Saito, S. Shimoura, T. Minemura, Y.U. Matsuyama, H. Baba, 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. Nakamura, H. Ryuto,
H. Sakurai, M. Serata, E. Takeshita, S. Takeuchi, T. Teranishi, K. Ue, K. Yamada, and Y. Yanagisawa : “Clus-
ter structure in'?Be via « inelastic scattering”, JPS Spring Meeting, Mar. 27-30, 2006, Ehime University and
Matsuyama University, Matsuyama, Japan.

K. Suda, T. Uesaka, V.P. Ladygin, Y. Maeda, L. S. Azhgirey, Y. V. Gurchin, A. Y. Isupov, K. Itoh, M. Janek,
J. -T. Karachuk, T. Kawabata, A. N. Khrenov, A. S. Kiselev, V. Kizka, J. Kliman, V. A. Krasnov, A. N. Livanov,
A. I. Malakov, S. G. Reznikov, S. Sakaguchi, H. Sakai, Y. Sasamoto, K. Sekiguchi, T. A. Vasiliev and S. Nedev:
"d-p Elastic Scattering Measurement at Internal Target Station of Nuclotron”, JPS Spring Meeting, Mar. 27-30,
2006, Ehime University and Matsuyama University, Matsuyama, Japan.

Y. Sasamoto, T. Kawabata, T. Uesaka, K. Suda, Y. Maeda, K. Itoh, S. Sakaguchi, K. Hatanaka, M. Fujiwara,
A. Tamii, Y. Shimizu, K. Nakanishi, K. Kawase, H. Hashimoto, Y. Tameshige, H. Matsubara, M. Itoh, H. P. Yoshida
and M. Uchida: “Cluster states idB”, JPS Spring Meeting, Mar. 27-30, 2006, Ehime University and Matsuyama
University, Matsuyama, Japan.

S. Sakaguchi, T. Uesaka, T. Wakui, T. Kawabata, N. Aoi, Y. Hashimoto, M. Ichikawa, Y. Ichikawa, K. Itoh, M. Itoh,
H. Iwasaki, T. Kawahara, H. Kuboki, Y. Maeda, R. Matsuo, T. Nakao, H. Okamura, H. Sakai, N. Sakamoto,
Y. Sasamoto, M. Sasano, Y. Satou, K. Sekiguchi, M. Shinohara, K. Suda, D. Suzuki, Y. Takahashi, A. Tamii,
K. Yako, and M. Yamaguchi: “Analyzing Power Measurement forghé€ He Elastic Scattering at 71 MeV/u”, JPS
Spring Meeting, Mar. 27-30, 2006, Ehime University and Matsuyama University, Matsuyama, Japan.
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34. T. Kawahara, T. Wakui, T. Uesaka and S. Sakaguchi: “New method of polarization reversal by means of 180-deg
pulse nucler magnetic resonance”, JPS Spring Meeting, Mar. 27-30, 2006, Ehime University and Matsuyama
University, Matsuyama, Japan.

35. T. Uesaka: “Polarization in Proton Scattering from Unstable Nuclei”, JPS Spring Meeting, Mar. 27-30, 20086,
Ehime University and Matsuyama University, Matsuyama, Japan.

36. S. Fuijii, T. Mizusaki, T. Otsuka, T. Sebe and A. Arima: “Shell-model descriptiofi Gfwith microscopic effective
interactions”, JPS Spring meeting, Mar. 27-30, 2006, Ehime University and Matsuyama University, Matsuyama,
Japan.

37. Y. Aramaki, H. Hamagaki, K. Ozawa, S. Yokkaichi, S.X. Oda, Y. Morino, Y.L. Yamaguchi, M. Inuzuka, S. Sano,
and S. Maki: “Development of a Csl-coated Gas Electron Multiplier’, JPS Spring meeting, Mar. 27-30, 2006,
Ehime University and Matsuyama University, Matsuyama, Japan.

38. Y.L. Yamaguchi, H. Hamagaki, K. Ozawa, S.X. Oda, Y. Aramaki, S. Sano, and S. Maki: “Simulation study for the
behavior of GEM detector”, JPS Spring meeting, Mar. 27-30, 2006, Ehime University and Matsuyama University,
Matsuyama, Japan.

39. S. Maki, H. Hamagaki, K. Ozawa, S.X. Oda, Y. Morino, Y.L. Yamaguchi, Y. Aramaki, S. Sano, S. Yokkaichi, and
J. Chiba: “Measurements of ion feedback in gas electron multipliers (GEM)”, JPS Spring meeting, Mar. 27-30,
2006, Ehime University and Matsuyama University, Matsuyama, Japan.

C. Lectures

1. S. Kubono: “Lecture series on Nuclear Astrophysics”, INST(The Institute for Nuclear Science and Technology)
Summer School on Nuclear Physics and Astrophysics, August 28 - 31, 2005, Hanoi, Vietnam.

2. S. Kubono: “Lecture on Experimental Nuclear Astrophysics with Low Energy Rl Beams”, Nuclear Astrophysics
Summer School, October 3 - 7, 2005, Santa Tecla, Italy.

3. E. Ideguchi: “Study of high-spin states by using stable and unstable nuclear beams”, 4th CNS International Summer
School (CISS05), Aug.18-23, 2005, CNS, Wako, Saitama, Japan.

4. T. Uesaka: “Studies of New Excitation Modes in Nuclei via Exothermic Nuclear Reactions —Physics of
SHARAQ—", 4th CNS International Summer School (CISS05), Aug.18-23, 2005, CNS, Wako, Saitama, Japan.

D. Seminars

1. H. Hamagaki: “Global Aspects of Hot and Dense Matter Created at RHIC”, Jul. 7, 2005, CNS Colloquium, Wako,
Saitama, Japan.

2. H. Hamagaki: “Frontier in the study of Quark Gluon Plasma”, Nov. 11, 2005, A special seminar series on Frontier
in Physics, Tohoku University, Miyagi, Japan.

3. M. Liu : “High-Spin Level Structures of N-81 Near-Spherical Nucléi*?Pm and!'4!Nd”, Oct. 13, 2005, CNS
Seminar, Wako, Saitama, Japan.

4. Y. Zheng : “Study of the High-Spin States I®°Th and'5"Yb”, Oct. 13, 2005, CNS Seminar, Wako, Saitsama,
Japan.

5. S. Sakaguchi: “Analyzing Power Measurement for theé’He Elastic Scattering”, Dec. 8, 2005, Nuclear Theory
Seminar at Hosei University, Tokyo, Japan.

6. T. Uesaka: “Proton polarization in aromatic molecules and its application”, Dec. 14, 2005, Seminar at Toho
University, Chiba, Japan.

A. Saito: “Studies of resonance states in proton-rich nuclei with low-energy Rl beams”, Jun. 1, 2006, Seminar at
the University of Tsukuba Tandem Accelerator Center (UTTAC), Tsukuba, Japan.
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7. T. Kawabata: “Dilute cluster state itB”, Mar. 21, 2006, NSL Seminar at Notre Dame University, South Bend,
Indiana, USA.

8. S. Fujii: “Recent developments of the nuclear structure study with microscopic effective interactions”, Jan. 13,
2006, Nuclear Theory Seminar, Saitama University, Saitama, Japan.
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