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Preface

This is the annual report of the Center for Nuclear Study (ENBaduate School of Science, the
University of Tokyo, for the fiscal year 2009 (April 2009 tlugh March 2010). During this period, a
lot of research activities in various fields of nuclear plgsiave been carried out and a wide variety of
fruitful results have been obtained at CNS. This report sanzas research such activities. | hereby
mention some highlights of the report.

The NUSPEQ (NUclear SPectroscopy for Extreme Quantum sysieoup studies exotic struc-
tures in high-isospin and/or high-spin states in nucleie ONS GRAPE (Gamma-Ray detector Ar-
ray with Position and Energy sensitivity) is a major appasdor high-resolution in-beam gamma-ray
spectroscopy. In 2009, the following progress has been nmddetron-rich nuclei around island-of-
inversion have been studied by using nucleon transfer agldstic scattering where the final states
are identified by measuring de-excited gamma-rays. Seevaralidates of cluster states’ifBe was
found especially for odd-spin states suggesting asymmeluister configuration. New high-spin
states in*®>1Ti populated by fusion reactions of an RI beam have been fowhith gives infor-
mation on the N=28 shell gap and the single particle eneigi¢se fp-shell. High-spin states in
A ~40 mass region were studied W20+2%Mg fusion evaporation reactions. A superdeformed rota-
tional band up to 12+ state was observeddar. This finding indicates the presences of the N=22
and Z=18 superdeformed shell structure in this region. Higim states of%’In was studied via
58Ni(°2Cr,3p) reaction. A rotational cascade consisting ten gasrapdransitions was observed. The
band exhibits the features typical for smooth terminatiagds inA ~100 mass region. Upgrade of
the readout system of the CNS GRAPE has started, wherelgigite data taken by sampling ADCs
are analyzed by FPGAs on boards.

Major activity of the nuclear astrophysics group of the yearo study explosive mechanism of
Hydrogen burning at extremely high temperatures, which ta&g place typically in type Il super-
novae. Thex-induced reactions such as,(y) and @,p) would play a crucial role there, but is little
investigated so far. Several experiments were performél the direct method as well as indirect
methods for the problem, using the RI beams obtained fronCth& low-energy RI beam separator
CRIB. The programs include investigations of key reactiorthe ap-process such d4C(a,p). The
activity also includes a study of influence of the environiseo the half-life of 7Be nucleus, by
implanting’Be into materials. In addition, a sensitive non-destrachieam monitor for the primary
beams was developed for the CRIB system, which is senstdiagéw nano amperes for light heavy
ions at around 10 MeV/u.

The spin physics group is pursuing research project with gpiarized targets. Performance of
the polarized proton solid target was significantly impmbwe 2009. It was found that the proton
polarization can be enhanced by a factor of four by introdg@ new pulse structure with a duty
factor of 50% and a repetition rate of 9 kHz.

The first physics program with the newly-constructed SHAR#@ctrometer was performed in
November 2009. The8+-type isovector spin monopole resonances (IVSMR3ar and 2%8pp
were identified via thet, *He) reaction at 300 MeV/u. They are the first observations of@He
IVSMR.lon-optical studies of the SHARAQ spectrometer ahe high-resolution beam-line were
continued. In the second commissioing run conducted in M¥92it was demonstrated for a pri-
mary beam of*N beam at 250 MeV/u that the lateral and angular dispersioichiray conditions
can be achieved simultaneously.

Main goal of the quark physics group is to understand the gnas of hot and dense nuclear
matter created by colliding heavy nuclei at relativistiegnes. The group has been involved in the
PHENIX experiment at Relativistic Heavy lon Collider (RHI&t Brookhaven National Laboratory,
and in the ALICE experiment at Large Hadron Collider (LHCEL&RN. In 2009, LHC finally started
making collisions. As for PHENIX, the group has been con@intg on the physics analysis with



leptons and photons, which include direct photon yieldattit@ansverse momentum using the virtual-
gamma method, neutral pion yield at high transverse momeagua function of azimuthal angle from
the reaction plane in Au+Au collisions,/{ production in ultra-peripheral Au+Au collisions. As
for ALICE, the group has been committing the commissionihtghe Transition Radiation Detector
(TRD), and calibration and performance study of Time PrioggecChamber (TPC). The group has
been leading development of forward calorimeter for a gmeguture upgrade. R&D of gas electron
multiplier (GEM) and related techniques has been contiguiime projection chamber, to be used as
an active target at RIBF experiments, was developed. Res{SEM, which utilizes resistive anodes,
has been developed.

The nuclear theory group has been promoting the RIKEN-CN jesearch project on large-scale
nuclear-structure calculations since 2001 under mutuadeagent with RIKEN and maintaining its
parallel computing cluster. In 2008, we have added 32 cardisi$ cluster. Among major develop-
ments of the academic year 2009, we would like to mention e was the clarification of “shell
evolution” mechanism with a comprehensive picture of thatreg and tensor forces, particularly be-
tween proton and neutron, acting over almost all nuclei.sWork has been published in Physical
Review Letters and was selected as a Viewpoint paper in da@40. Another important devel-
opment is the creation of the effective interaction JUN4Bicl will play significant roles in future
studies on nucleu with A=60-100. Besides these studies, @gion an interesting developemnt by a
postdoc in CNS, and also many intriguing works by our guestgssor on astrophysical application
of nuclear structure physics.

The 8th CNS International Summer School (CISS09) has bemmaed in August 2009 with many
invited lecturers including four foreign distinguishedysitists.

Finally, | thank Ms. M. Hirano and other administrative $toflembers for their heartful contribu-
tions throughout the year.

Takaharu Otsuka
Director of CNS
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Measurement of alpha resonance scattering ofBe

H. Yamaguchi, T. Hashimoto, S. Hayakawa, D.N. Binh, D. K&hlKubono, T. Kawabafa Y.
Wakabayasf, N. was&, Y. MiuraC®, Y.K. Kwond, L.H. Khierf, N.N. Duy&, and T. Teranishi

Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo
@pepartment of Physics, Kyoto University
badvanced Science Research Center, JAEA
CDepartment of Physics, Tohoku University
dDepartment of Physics, Chung-Ang University
€Institute of Physics and Electronics, Vietham Academy igi8e and Technology
fDepartment of Physics, Kyushu University

A measurement of théBe+a elastic scattering was perresonances located Bt,=8.11 MeV andEc,=8.42 MeV.
formed at CRIB [1, 2], to study the resonance structure ©he 'Be(a, y)1C reaction rate was directly measured only
11C. The excited states 6fC above the threshold for ttee-  at the energies of these two resonances [10], where the res-
particle decay are particularly of interest from the folingg onance parameters includilmgwidths were determined.
points of view. The 3/ state in'lC atEe,=8.11 MeV is regarded as a

The first is on the astrophysical interest. Theilute cluster state [11], where twm particles andHe are
"Be(a, y)MC reaction is considered to play an importanteakly interacting and spatially much developed. Its ex-
role in the hotp-p chain and related reaction sequences [3tic structure is attracting much attention [12]. The chust
Several reaction sequences including tBe(a, y)*'C re- structure in''B, the mirror nucleus ot!'C, was studied by
action should take place in some high-temperature enviromeasuring its isoscalar monopole and quadrupole strengths
ments (g > 0.2). One of those sequences is called pp-V, in the 11B(d,d’) reaction [13, 14]. As a result, they indi-

cated that the mirror state of the 8.11-MeV state is consid-

"Be(a, y)*C(B*v)1B(p, 2a)*He. ered to have a dilute cluster structure. Itis also claimed th
the large monopole strength for the 3/8tate atEx=8.56
Others are rap (ll, Il and 1V) sequences, MeV in 1B is an evidence of the®-+t cluster structure. If
the 3/2 state has a large deformation that arises from the
"Be(a, y)*C(p, y)*2N(p, y)*20(Bv)13N(p, y)**0O, developed cluster structure, a characteristic rotatibaaid
is expected to be formed. It is interesting to search for the
Be(a, Y)C(p, y)1AN(Bv)2C(p, y)13N(p, y)*O, rotational band built on the 3j2state in the present mea-
surement.
and In the present study, we used thBe+a resonant elas-
"Be(a, y)C(a, p)**N(p, y)*°0, tic scattering to observe resonances. The strength of the

resonances are expected to provide information onathe

which are reaction chains to synthesize CNO nuclei withluster structure of'C, and on the astrophysic&Be(a, Y)
out the triplea process. Th€Be(a, y)*'C reaction and reaction rate. The measurement was performed using the
these sequences are considered to be important in thetlkick target method in inverse kinematics [15] to obtain the
plosion of supermassive objects with lower metalicity [4gxcitation function foiEey at 8.5-13.0 MeV it'C. The ex-
novae [5] and big-bang nucleosynthesis. TBe(a, y)}'C perimental setup is almost identical to the one used in the
reaction rate is greatly affected by the resonances. At thé+a measurement[17]. A pure and inter{&e beam can
lowest temperature, the reaction rate is determined by thee produced at CRIB using a cryogenic target [16]. In the
subthreshold resonance at the excitation endigy7.50 present measurement, a low enefg beam at 14.7 MeV
MeV and the direct capture rate. The two resonances Was produced using a 2.3-mg/éshick hydrogen gas tar-
cated atEe,=8.11 MeV andEe,=8.42 MeV determine the get and a’Li beam at 5.0 MeV/u. The purity of th&Be
rate at high temperature aroumigl= 0.5-1. Higher excited beam was almost 100% after the Wien filter. The typical
states may contribute to the reaction rates at very high tefBe beam intensity used in the measurement was 1X°
perature Tg > 1). per second at the secondary target, and the main measure-

Resonance states above 9 MeV were previously studiednt using a helium-gas target was performed for 4 days.
via 19B(p, a) and single-nucleon transfer reactions such A Micro-Channel Plate (MCP) was used for the detec-
as'?C(p, d)'C [6, 8, 7,9]. The resonances have typicalljon of the beam position and timing. A Csl-evapolated 0.7-
widths of the order of 100 keV, but their-decay widths are um-thick alminum foil was placed on the beam axis for the
still not known with a good precision, and the spin and pasecondary electron emission. The secondary electrons were
ity have not been clearly determined yet. The excited stateflected by 90 deg at a biased thin-wire reflector and de-
at lower energiesHex=8-9 MeV) have narrower patrticletected at the MCP with a delay-line readout.
widths, and thex widths are unknown, except for the two The gas target consisted of a 50-mm-diameter duct and
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a small chamber. Helium gas at 800 Torr was filled al
sealed with a 2.5+m-thick Havar foil as the beam entranc
window. The helium gas was sulfficiently thick to stop th
’Be beam in it.a particles recoiling to the forward angle
were detected by theAE-E detector”. The detector, con-
sisting of 20um- and 490pm-thick silicon detectors, was
placed in the gas chamber. The distance from the beam @AH Haus_e|et al, Nucl. Phys. AM56(1986) 253.
trance window to the detector was 250 mm. To meas ?Q]G' Hardlegt al, Phys. Rev. @9(1984) 1199,
429-keV gamma rays from inelastic scattering to the fi 1]A. Tohsakiet a’I., Phys. Rev. Leti87 192501 (2001).
excited state ofBe, Nal detectors were placed around t 2]Y. Kanada-En’yo, Phys. Rev. ¥5024302 (2007).
duct. We used ten Nal crystals, each with a geometry of IT. Kawabatat al, Phys. Rev. G0034318 (2004).
x 50 x 100 mm. They covered 20-60% of the total soli 41T. Kawabateet al, Phys. Lett. B5466 (2007).
angle, depending on the reaction position. 15]K. Artemovet _aI., Sov. J. Nucl. Phy52(1990) 408.

Figure 1 shows the energies of particles detected at [EQ]H' Yamaguchet al, Nucl. Instrum. Meth. Phys. Res.,
AE-E detector, in coincidence with théBe beam at the Sect. AS89 (2.008) 150-156.
MCP. Most of the particles measured wagrom the elas- [17]H. Yamaguchkt al, CNS Annual Report 2008 (2009).
tic scattering. and a small number of protons and deutrons
were observed in the measurement. A measurement using
an argon-gas target of the equivalent thickness was also per
formed to evaluate the backgroundparticles as the con-
tamination in the beam.

The calculation of the kinematics by taking into account
the energy loss in the gas target provided the excitation en-
ergy of 11C from the measured energy of the particle.
The obtained energy spectrum of alpha particles is shown
in Fig. 2. A structure with peaks, considered to be due to
alpha resonances, was observed. An excitation fuction for
the "Be+a elastic scattering will be obtained in the future
analysis. The resonance parameters to be determined in this
study, such as the spin, parity andvidth (related with the
spectroscopic factor of the-cluster configuration) would
provide valuable information for the-cluster structure in



R-matrix analysis on the excitation function of ‘Li+ a elastic scattering

H. Yamaguchi, T. Hashimoto, S. Hayakawa, D.N. Binh, D. K&hlKubono, Y. Wakabayashi
T. Kawabat®, and T. Teranisifi

Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo
aadvanced Science Research Center, JAEA
Department of Physics, Kyoto University
CDepartment of Physics, Kyushu University

A measurement ofLi+ a was performed at CRIB [1, 2], first discrepancy, an f-wave resonance was introduced. The
as previously reported in ref. [3]. An excitation funcbest fit was obtained fa''=5/2", but otherd™ (3/2", 7/2",
tion of “Li+a elastic scattering was obtained as shown 812") could not be excluded. For the latter one, a broad
Fig. 1, and a structure with several peaks were clearly aesonance aEe=11.6 MeV having a large neutron width,
served. We performed an analysis using an R-matrix calhich is not known from previous measurements, was in-
troduced. This assumption is quite artificial, and may not
suggesting the existence of a true single resonance having a
large width, which far exceeds the Wigner limit. Similarly,

a broad neutron resonance®i=11.79 MeV was assumed

in a previous work [5] to explain their data éfB(n, a)
reaction measurement. A calculation with the same param-
eters but without the two resonances is also shown in the
figure for comparison.

The calculation was best performed with a channel radius
R:=3.2 fm, which might be rather small for this system. A
similar radius was used for an optical model calculation [6]
Larger channel radii resulted in less satisfactory fit resul

as shown in the figure for the caseR{=4.0 fm. The best-
N A RN P IR IV AR B fit parameters are summarized in Table. 1. Here the Wigner
15 2 25 3 3.5 4 4.5 Lo . .
Center-of-mass energy (MeV) limit Iy, was calculated for an interaction radids=3.2 fm,
] and the reduced widtj was calculated by o /2P, where
10 105 11 115 12 125 13 135 P is the penetration factorl ; was only partly known in
''B excitation energy (MeV) previous measurements. Here we compdrgavith the R-
matrix analysis parameters in ref. [7], apgl with refs. [8]

Figure 1. Excitation function ofLi+a elastic scattering fitted by and [9], in whichl"q _Was not presented explicitly. As for
R-matrix calculation curves. The solid curve is the best it Vg’ the agreement is not yery good between the present
R.=3.2 fm, and the dashed curve shows the same calculatffirk (R=3.2 fm), and previous resuItR(:4:9 fm [8] and
without 2 newly introduced resonances. The dotted curve'?s:,G'0 fm [9]), partly because theY use d!fferd?lto ex- )
the best fit forRg=4.0 fm. plain their data. Our measurement is considered to be quite

insensitive to the total width, since the spectral widths of
culation code (SAMMY-MG6) to deduce resonance paramait the resonances are mostly determined by the experimen-
ters. Initially we calculated the excitation function assu tal resolution and” . Below we discuss the highest two
ing 6 known alpha resonances shown in Table. 1. The egsonances in detail.

ergy, spin and parityJ™) of each resonance were fixed to

the known values [4], and the width (Ty) was adjusted Resonance at 12.63 MeV

to fit the experimental data. For the excitation energies, th We started the calculation with a known resonance en-
values by’Li+a measurement, among the value by othergy of 12.55 MeV, but the measured peak appeared at a
reactions, were used. For some states the energies weréhifgher energy of 12.63 MeV. The state at 12.55 MeV is
termined more precisely by other reactions, but basicallgnsidered to havd™=1/2" and an isospim = 3/2, be-
consistent with the values biLi+a measurement. Thereing analogue of thé!Be ground state. It was observed
are major two discrepancies which could not be explaineid °Be@He, p) [10] , *'B(®He, 3He) [11], and other reac-

by the 6-resonance calculation. The first one is a smidins [4]. The assignmerd'™=1/2+(3/2") was proposed by

bump seen around the excitation enekgy=11.1 MeV, on a measurement dPBe(p, y)'B reaction [12]. They mea-

the shoulder of the peak at 11.29 MeV. The second onesiged the angular distribution gfrays, and concluded the
at 11.5-12.5 MeV, where the measured cross section wiasribution is consistent only witd™=1/2" or 3/2", and
much depleted compared to the calculation. By introducitige former is more likely. However, & = 3/2 state is un-
two resonances corresponding to the discrepancies, a leepected to be observed as a strong resonancélvdax

fit was obtained as shown by a solid curve in Fig. 1. For tlseattering, as in the present work and in ref. [9]. The dual
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Table 1. Best-fit resonance parameters @ in the present work. The Wigner limit,, and the reduced widtig are also shown.
The values shown by italic letters are from ref. [4]. *1) Wenlat regard this as a single-state resonance. *2) An alteesapin
assignment beyond the values in ref. [4] (see text).

Eex (MeV) Jr | Fa (keV) Tw (keV) y2 (MeV)
present [7] present  [8] [9]
10.24 32 2 49 72 0.089 0.227 0.05
10.34 52 2 19+ 4 94 0.32 0.09
10.60 712 3 10+ 3 30 15 1.1 0.640 0.084
11.06+ 0.04 5/ (3/2+,7/2",9/2") 3 32420 41 1.25
11.29 9/2 3 35+ 4 63 0.89
(11.59)* (712) 4 270 (n=580) @)
12.63+ 0.04 312 3 270773, 275 330 1.3
9/2+*2 3 429 275 330 020
13.03 9z 4 14089 58 2.5

character T = 3/2 and 1/2) of this state, possibly suggest-3.16 MeV, 9/2, 5/2", and 7/2, and only the calculation
ing a large isospin mixing, is a long standing problem awdth J™=9/2" resulted in a reasonable fit. A sudden fall
remained unsolved for a long time [12,13, 14, 15]. A conn the spectrum at 4.4 MeV corresponds to the the highest
plete understanding, including theoretical predictiontfe limit of the energy acceptance of our measurement. The two
width, is still not obtained yet. Recently Fortune [16] mad@ghest energy points shown in the figure were excluded in
a reanalysis of the data in ref. [12] and pointed out the" 1/2he R-matrix fitting. The rest points, covering the peak sros
resonance could be much broader than considered befsestion, were within the energy acceptance.
To form a 1/2" resonance, the particle must be coupled
by I=1 (p-wave). Our R-matrix calculation indicates th
. eferences
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1. Introduction by the experimental setup was from 1.6 MeV to 6.2 MeV.
Nucleosynthesis of2Na is an astronomically interest-The data were analyzed event-by-event. The incident en-
ing subject because of potential Galacfizay observa- €9y of?Na at the interaction and the scattering angle were
tion [1, 2, 3], and isotopic abundance anomalie$%fe in determined by solving the kinematics equation with energy
presolar grains [4]. In the stellar environme#iNa would 10s correction. The excitation functions were deduced for
be mainly produced through the hot NeNa cycle from tiree different scattering angular regions, 0 5°, 5° —
seed nucleu&Ne, and the3-decay (/2=2.6 yr) leads to 10° and 10 — 15°. The data were separated into low and
the first excited state i#Ne, which de-excites to its groundi9h €nergy parts by an energy gap (from 3.48 MeV to
state by emitting a characteristic 1275 keMay [1]. A 3.79 MeV) due to the dead Igyer of tiAd detector.' The
few observational searches for thigay signal have been!oW €nergy part mainly contained Coulomb scattering, and

performed utilizing satellite observatories, but tiyisay there could be a resonance at about_3.3.MeV. Five reso-
has not been observed yet [5]. It is pointed out that thances have been observed for the first time as presented

Ne-E problem, which is very high enrichment #Ne in N Fig. 1. In the high energy part, four resonances have
certain meteorites, would originate froRiNa [4]. The been observed clearly. The uncertainties in the resonance

2INa(a, p)2*Mg stellar reaction is a break-out process frofN€r91es mainly resulted from the energy resolution of the

the NeNa cycle to the MgAl cycle. It could bypa&a, d.etec_tors ther_nselves, the angular resolution due to the fi-
resulting in reduction of2Na production. In order to un-Nit€ Size Of strip (3 mm) of detectors, and the energy strag-
derstand these processes, we performed for the first tifti#9 Of the alpha particles through the gas target and the
the measurement of tHdNa + a scattering and a direct&Xit window foil. In totall, the energy resqlutlon obtained
measurement of t@Na(a, p) reaction in inverse kinemat-Vas 50 —80 keV depending on the scattering angles and the
ics with the thick target method [7,6] using®Na RI beam. f€SOnance energies.

In this report, we discuss only the alpha scattering experi-
ment result and an application of a multichannel R-matrix
method to extract resonance parameters.

N
a
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2. Experiment and Data Analysis

The?!Na beam used in the experiment was produced by
the CNS low-energy in-flight separator (CRIB) [8] which
consists of a cryogenic gas production target, a double-
achromatic magnetic separator, a Wien filter, and a scat-
tering chamber [9]. The experimental setup was set in the
scattering chamber. There are two parallel-plate avakanch

counters (PPACs) [10] to track the beam direction and tI(—;lgure 1. The excitation function of the alpha scatteringssr

dedqce fast timing informz.;\tion. They were foIIowgd by a sections (Observed resonances are indicated by arrows).
semi-cylinder gas target with a length of 15 cm which con-

tained helium gas at a pressure of 580 TakE - E tele-

scopes were mounted downstream of the gas target at titedultichannel R-matrix Analysis and Results

different scattering angles {6 16° and 26) with respect = Resonance parameters were assigned using the multi-

to the beam line. The reaction products, which were mairdfiannel R-matrix analysis method [11] with the SAMMY

alphas and protons, were measured by thxBe- E tele- code [12]. The effect of other decay channels than the alpha

scopes. The alpha and proton particles were clearly idemtiannel were considered. According to a Q-value consid-

fied by theAE - E method and the E - TOF method, whereration, proton ang channels are opened with high posi-

the TOF is a flight time of particles measured from the firsive Q-values. Since the decay width of thehannel [y)

PPAC to the Si telescope. is much smaller than those of the alpHg,J and proton
The energy region in the center of mass system cove(€g) channelslyt ~ I'q +-I'p and the proton decay channel

-
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could mainly affect the alpha scattering cross section. The 0.35
energies and total widths of resonances were derived by fit-
ting the experimental data with a Lozentzian function. In
order to vary the alpha and proton widths within the total
width, we proposed to vary a ratio between proton reduced
width and alpha reduced widt6£/67) in steps of 0.1 %.
The R-matrix fitting has been applied for the low and high
energy parts separately. For each energy part, all possible
combinations of the alpha and proton widths as well as spin-
parities were considered. We found that there are only four
configurations in the high energy part and one resonance in
the low energy part that the R-matrix fitting hag avalue
within a standard deviation, corresponding to certain eandigure 3. The bestfitting lines by the R-matrix analysis (&ae
of 62/62 value, as shown in Fig. 2. for detail).

T T
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80 — reaction. Itis important to understand experimentallya-co
i tribution of this reaction to the production &Na. A detail
of this discussion is not represented in this report.
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" Table 1. Resonant states4PAl observed in the present work.

E (MeV) [ T4 (MeV) | T, (MeV) Jr
w0 (5127712,
‘ 3.32+0.07) 0.05-0.12 0.15-0.23 g,50 1))
Po o0 oo oo o1 o5 o oz 4.10+0.08/0.15-0.19 0.10-0.220  9/2°
e 457705 10.12-0.190.05-0.13 52 | 7/2
(2) Forthe low energy part. 5337904 [0.17-0.190.05-0.13 7/
. | (82,
120 5.97'50s |0-22-0.24 0.05-0.12 3/2" | | 12)
100 - T
80 - 7
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Figure 2. Thex? of the R-matrix fitting.
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1. Intr tion " .
oductio Table 1. Secondary beam conditions used for the experiment

The *1C(a, p)*N reaction is considered to be a path-"Beam particle] Eqm range [MeV] | Beam rate [pps]
way responsible for the nucleosynthesis from the pp-chaim— 1106+ 23-45 10x 10P
region to the CNO region, in addition to the well-known 1106+ 0.0-2.7 3.1%x10°
triple-alpha process. This reaction path is likely to beeff 115+ 2945 26% 10°

tive in high-temperature hydrogen burning processes, such

as the breakout process from the hot pp-chains [1] in lofanic hydrogen gas target. The same target condition was
metallicity stars, or the/p-process [2, 3,4] in core-collapsg,|sq ytilized for energy degrading of th&B beam used for
supernovae. Recent simulations of th@-process [5] SUg- the reference purpose. The energy losses of the secondary
gest that this reaction path considerably contributesst3.. paams in the secondafyfie gas target were directly mea-
GK and eventually affects the abundance pattern of thegyreq independently from the reaction measurement runs
nuclei aroundA = 90-110. _ _ with a Si detector at 5 different gas thicknesses from 0
There are reaction rate data sets of this reaction avgj-1 o4 mg/crd. The resultant beam purities were almost

able from the time-reversal reaction measurements with tﬂ%%_ Other beam conditions used for the experiment are
activation method [6] or the Hauser-Feshbach statisticdy,marized in Table 1.

model calculations by the code NON'SMSKEF? [7l- A schematic plane view of the experimental setup is illus-
But the former provides only th&'C(a, po)**N reaction yrated in Fig. 1. We used two types of beam detectoes (
rate, and the latter is not always properly applicable f@iya)le| plate Avalanche Counters (PPAC1, PPAC2) and/or
such resonance-dominant light nuclei, thus both of them\iicrochannel Plate (MCP) detector) for beam trajectory
could provide incorrect reaction rates. In order to resolyg, g timing measurement. By switching between PPAC2
this issue, we have performed the first-ever direct measus@y the MCP detector. we produced different incidé
1 14 : : - ’

ment of the''C(a, p)*N reaction cross SEC“O”S aming atnergies as shown in Table 1 without changing the condition
gllSthUlS?Lng* among th&'C(a, po)“N, *C(a, p1)**N",  of the achromatic system of CRIB. The target has a semi-

C(a,pz)™N", etc in the center-of-mass energy ranggy|indrical shape whose length from entrance to exit on the
from 1 to 4.5 MeV, including the Gamow windows fronyaam axis was 140 mm. The 400-Thide gas was confined
1.5to 3 GK of astrophysical interest. by a 2.5um-thick Havar foil at the entrance and a pBa-
thick Mylar foil at the exit. The incident!C beam energy

2. Experiment
t%felo'l MeV and 16.9 MeV covered the center-of-mass en-

The measurements were performed by means of
thick-target method [8] in inverse kinematics using sec- PPAC2 AE-E Si Telescopes
PP or MCP “He gas target

ondary beams produced by CRIB (CNS Radioactive lon,"’
Beam separator) at the Center for Nuclear Study (CNS), thel J

University of Tokyo [9].

We used two'lC beams at different kinetic energies
to cover a wide excitation energy range in the com
pound nucleug®0, and a''B beam to compare with the
known 1B(a, p)**C reaction cross section [10,11]. The
11B3+ primary beam was provided by the RIKEN AVF cy-

clotron at 4.6 MeV/u with a maximum intensity of Jup. ~1m
The secondary beam particlé¥C were produced via the
lH(llB}lc)n reaction with a 1.2—1.7-mg/chthick cryo- Figure 1. Schematic plane view of the experimental setup
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ergy range of 0—4.5 MeV in thtHe gas target. Recoil pro-
tons andx particles, as well as small numbers of deuterons 1.8 [
and®He particles, were clearly identified witkE-E silicon 17 +

telescopes. EachE counter was a double-sided stripped; 4 L (po 1 ), This work

1.5 | ===- (0upg), This work 4
[ == (o,pg), CF88

silicon detector and the E counter was a single-pad silic
detector.

10

3. Analysis and Results :

We successfully identified the final states in the timeg
versus-energy spectra of the recoil protons in which sévera
separable groups corresponds to tle po), (a,p1) and
(a,p2), as each transition for a given recoil proton energy
has a different time information. “05 1 15 2 25 a3 35

The center-of-mass energy, as well as the scattering an- Temperature (GK)
gle, can be uniquely reconstructed with the kinematic quan-
tities, such as the beam energy loss distribution in theetard rigure 3. Comparison of the relative reaction rates among
the beam track, the proton energy, and the proton detectionthe NON-SMOKERVER calculation [7] (dotted line), the
position. At present, the cross section was determined as-(q, p, ,) reaction of this work (solid line), and ther, po)
suming isotropic decay, with the error bars including the reaction of this work (dashed line) to the time-reversatrea
statistical error and the isotropic fitting error. In Fig. 2, {jon data (dashed-dotted line).
the newly determined excitation functions for the, po),

(a,p1) and(a, pp) are plotted. The resonant shapes of ttgular distributions of the differential cross sections bee

(a, po) of this work were found to be consistent with théng analyzed for more proper integrations instead of assum-
excitation function deduced from the time-reversal reactiing isotropy.

data [12] via thg principle of detailed balance. Tloe po) 4. Conclusions

values for the high-energy run and the low-energy run show, ) .
good consistency in their overlap region. T py) and = 'We successfully identified the¢a,po), (a,p1) and

(a, pz) excited functions are plotted only in limited rangeé,a’ p2) transitions and determined their preliminary excita-

but still cover most of the stellar energies up to 2.7 MeV. tion functlons.. The resonant shapes gnd absolute vaIL!es of
excitation function substantially agree well with

Figure 3 shows the comparison of the relative reactifffe (@ Po) . :
rates among the NON-SMOKEFB calculation [7], the the ones from the time-reversal reaction data over the en-

(a, po,12) reaction of this work and théa, po) reaction of ergy range of measurement. Although itee py), (a, p2)

this work to the time-reversal reaction data labeled “CF8§XCitation functions can be deduced only at limited energy

[6], which is the one posted in the currently available datdnges, we can reasonably estimate their contributioreto th
bases. The newly obtained reaction rate for thepo 1 2) reaction rates at the stellar temperatures 1.5-3 GK. The pre

differs from either CE88 or NON-SMOK EMEB liminary reaction rate including measured, po 1 2) is de-

More detailed discussions requires further works; the gfgfmined to be between the one in the current data base
CF88) and the Hauser-Feshbach calculation.

ative react
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Figure 2. Excitation functions of tHéC(a, po)1*N (high-energy
run: square, low-energy run: circle}iC(a, p1)**N* (trian-
gle), and*C(a, po)1*N* (cross) reactions. The dashed line is
obtained from the past time-reversal reaction studies [12]
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1. Introduction respectively.

main possible breakout routes from the hot-CNO cycle @ the MSTPC [5, 6], It can measure the three dimensional
the rp-process. This reaction is considered to be dominarffgiectories and the energy loss of all relevant chargeti-par
around T = 0.6 — 1.0 GK which corresponds to the Gamdile of reaction, which makes it possible to identify the true
energy of 0.5 — 1.5 MeV. reaction events. In order to avoid a limitation of beam injec
Although several experimental efforts on th&on rate, we adopted a Gas Electron Multiplier (GEM) [7]
18Ne(a, p)*Na reaction have been made in this enerézil in substitution for a multi-wire proportional countef
region [1], the information is very limited yet. In ordefthe MSTPC.
to determine the absolute reaction rate, the absolute crosshe GEM — MSTPC consists of a drift space region and
sections in the energy region are needed. However no @FMs and read — out pads. The drift space region has an
rect cross-section measurement of the reaction have bagfive volume of 295 mmlong, 278 mm wide 100 mm high.
succeccfully performed yet in this energy region. The proportional counter region consists of a low — gain
We planed to directly measure the excitation function §¢gions for measurement of beam and/or recoil particles,
the 18Ne(a, p)?Na reaction in the low energy region usand three high — gain region for measurement of emitted
ing a sophisticated active target type detector system; M@fotons. Each region consists of one or more GEM foils
tiple Sampling and Tracking Proportional Chamber witAnd & position sensitive read — out pads. A Operating gas
Gas Electron Multiplier (GEM—MSTPC). Figure 1 showdnd its pressure are 90%le and 10% C@and 0.2 atm.
the experimental setup, which consists of a beam monitorhe feasibility of the experiment was discussed in

the GEM — MSTPC, and a Si detector array. Ref. [2]. In this report, the result offNe beam produc-
tion and the development status of the GEM — MSTPC are

discribed.

GEM-MSTPC

SSD array

2. Low—energy'®Ne beam production

We have performed a low—enerd§Ne beam produc-
tion at CNS Radioactive lon Beam Separator (CRIB) [3].
GeM The required conditions of®Ne beam are listed in Ta-
Read out patern ble 1. These conditions were achieved as described in the
Table 1. The required conditions 5iNe beam.

Intensity > 2 x 10° pps
Energy <4 MeV/u
Purity >70%

PPAC
PPAC

Figure 1. Experimental setup for th8Ne(a, p)*Na reaction.

The beam monitor consists of two PPACs. It can mea-
sure the time-of-flight of secondary beam and the position
at each counter. Absolute beam energy and injected angle
can be obtained by these values on event by event. following. The production reaction of®Ne particles is

The Si detector array is set just outside of the gas sékte(*0, n)*®Ne reaction. Thé®O beam, with energy of
sitive area of the GEM -MSTPC in order to measure tf&e8 MeV/u and the intensity of 560 particle nA, was irradi-
energies and and directions of protons. The telescope cated on a cryogenic gas target [4]3{e at 90 K. Optimum
sists of 18 Si detectors. The Si detector is0@0 mnt in gas pressure needs to be determined as a trade—off between
size and consists of 450m thick with 9 strips. The solid the production rate and beam transition rate. The produc-
angle and the angular range are 15% and 0 — 115 degrées, rate increase with the production gas pressure, while
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Figure 2. The results of the test experiment of the high begetiion capability. (a) indeicates the relative pulseghgi (b) is the
energy resolution, and (c) is the position resolution offiad direction.

a beam transmission decrease with it due to a beam empibportional counter of GEM — MSTPC.

tance. We have measured beam purity and intensitfé  The high beam injection rate capability of the GEM —
beam in several gas pressure conditions. Table 2 showsM&TPC was tested at the pelletron accelerator facility of
measured results’!C is the competing background sourcRIKEN. The injected beam wds$B with energy of 6 MeV
with almost the same velocity, and the purity is the worstanhd the beam spot size is 1 mm in diameter. Gas gain
400 torr. At 760 torr, although the beam purity is good, thegas tested by varying the beam intnsity from 500 pps to

Table 2. The production conditions HiNe beam. 420 kpps.
Gas pressure (torr)  Purity (%)  Intensity (pps) The experimental results are shown in Fig 2, where (a),
760 70.3 3.3« 104 (b), (c) indicate the relative pulse height, the energy teso
560 81.2 5.1x 10° lution and the position resolution of the pad direction as a
400 15.3 1.8< 10 function of the beam injection rate, respectivery. The open

. — circles are for so called normal gain which correspond to the
beam intensity is lower compared the case at 560 torr. Weme pulse height expected #§Ne beams and the closed

consider that it is due to the beam transmission. From the§i|es are for low gain which corresponds to the half of the
results, the best condition of the production gas pressurg brma| gain. The results indicate that the gas gain does not
560 torr. The energy and energy spreadﬁﬂe beam were depend the beam rate. In addition, the energy and the po-
3.7 MeV/u and 0.8 MeV iro. At the required conditions stion resolution are 8% and 1.7 mm, respectivery. These
were fulfiled in the case. results saisfy our requirement.
3. Status of the GEM=MSTPC f ;I'he remaning lE)Iroblem i|f the i(f)n Lele;d ?(ack frcIJm GlﬁM
. il. It was possible to make ion feed back ratio less than
”S;Zei;eqéﬁg gerfr%r?a;ir:(s:tesvsg tZ?ug;eEg/l sor'\rfeSTpljt():p:%A) using 200um GEM under the same field condtion of
’ ' ef [9]. In order to judge whether this ratio is acceptable or
Table 3. The required conditions of GEM - MSTPC.  not, measurement of the position distortion along the drift

Gas gain of low gain region >10° direction will be performed at the pelletron acelaratoilfac
Gas gain of high gain region >10° ity.
Long time gain stablility > 120 min After finished the all development, we will perfom that
High rate beam injection capability > 2 x 1P pps the excitation function measurement of #¥&le(a, p)*'Na
Energy resolution < 10% reaction.
Position resolution <2mm References

ties of a 400um thick GEM foils in the low-pressurel[l] J. J. Heetal, Eur. Phys. J. A36 (2008) 1, and refer-
He +CQ (10%) gas. The detail of the results of 40@n ences therem.

GEM are shown in Ref. [8,9]. 40@m GEM could be [2] T. Hashimoteet al, CNS Annual Rep. 2008 17.
stable operation in Ref [8,9]. However, the gas gain uk] S Kubonogtal, Nucl. Phys. A558(1995) 305.

der the 18 pps injection condition is about 5 times lowel4] H. Yamaguchi,et al, Nucl. Instrum. Meth. A589
then one of the result of offline test. The reason is contin- (2008) 150.

uous discharge around the GEM hole. When the dischaigb Y. Mizoi etal, Nucl. Instrum. Meth. A431(1999) 112.
occure, electric current flows into the curcuit. In order t§] T. Hashimotcet al., Nucl. Instrum. Meth. A656(2006)
avoid this, the hole size of the GEM was modified from 339 )

500 um to 300 um which made it possible to operate 71 F. Sauli Nucl. Instrum. Meth. 886(1997) 531.
lower voltage. Although the discharge phenomena disdf} S- K. Dasetal, Nucl. Instrum. Meth. A625(2011) 39.
peared, the gas gain shifted about 5% during 100 min. TH K. Yamaguchgetal, Nucl. Instrum. Meth. /623(2010)
shift may be ascribed to the charge up effect of the insula- 135

tor in GEM hole. We started the study of the properties of

200 um thick GEM to avoid the charge up. The gas gain

of 200 um GEM also could be higher than 301t mean

that 1¢ gas gain can be reached by using the multi GEM

configuration. In addition, the gas gain shift is less than 1%

during 150 min. Therefore, we adopted 20 GEM as a
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We performed a third and final low-enerd3s RI beam [_Time of Fiight vs. Energy |
developmenttest in preparation for a future measuremen 100

the*He(%S,p) cross section. Our July 2009 experiment [1 90—

reported here, was a follow-up to our previous beam te: % 805 3 15+|I|30316+

in December 2006 [2] and May 2008 [3]. This work is per £  7o- , e

formed at the low-energy @ter for Nuclear Sudy (CNS) & eo- 30pLa+ [ 2eSit4t y
radioactive on keam (CRIB) separator facility [4,5] of the &  so- 285%% 30815+ M% "
University of Tokyo and located at the RI Beam Factor & 40 * 30gl4+ s
RIKEN. In 2010, we will perform the first-ever direct mea- 3 30— T e ——

surement of théHe(®’S,p) cross-section at astrophysice g 20 ‘ww e
energies relevant to type | X-ray bursts. THS(a,p) re- 105 b O i
action rate is important to the overall energy generation O e s 0 s 00 B
X-ray bursts [6], influences the neutron star crustal comp FO to F2 Time of Flight (ns, arbitrary offset)

sition [7], and may explain the bolometric double-peaked. ) ,
nature of some rare X-ray bursts [8]. Figure 1. ToF-E spectrum using a delay-line PPAC and SSD at

30c16+
We producé®s via the’He?8Si 30S)n reaction by bom-  F2 7S is clearly separated.
barding a Havar-windowed (2.5m), cryogenic gas tar-

get [9] of 3He at 90 K with beams oféSi. In 2008, we | Yéar | Beam | Epeam | lbeam | RIPurity | Iri

tested®He gas pressures of 200, 300 and 400 Torr, find- (MeViy) | (pnA) (%) (kpps)
ing 3°S RI beam intensity was maximized at the highest 2006 | *°SP™ | 6.9 | 100 13 18
pressure tested; all other tests were conducted only at 408008 | #°Si" | 7.54 | 10 30 0.5
Torr. Although the3°St4+15+ species are more preferen-| 2009 | 2°SP* 7.4 | 144 24 8.6

tially populated at the achromatic focal plane F2, as shown

in Fig. 1, they are difficult to separate and purify. The bearfable 1. Variation of°S®* results with different primary beam

purity at the target focal plane F3 is improved compared to conditions; production target f#e at 400 Torr and 90 K.

Fig. 1 by passing the beam through a Wien (velocity) filter

after F2. All our results quoted in Table 1 are f98!6*, considered the positive effects of adding a charge-strippe

which we can successfully separate and purify. For edclil immediately following the production target. In July

primary beam species, we took the highest beam curr@f08, we experimentally tested the charge-state distobut

and corresponding cyclotron energy available at that tinaf;28Si at 3.4 MeV/u & Epeamof 2°S) in thick carbon foil

the improvements in the primary beam energy are a re@50 pg/cn?) compared to Havar foil (2.2m) (see Table

of recent upgrades to the practical K value of the Nishii2za. We found that the transmission of high charge states

Center AVF cyclotron [10]. The primary beam intensity igmproved in carbon, with a ratio consistent with the predic-

ultimately limited to~150 pnA by the maximum heat detions in [11]. Thus, by placing a Be foil (2,8m) after the

posit of 2 W in the production target Havar exit window, bygroduction target in 2009, we are able to increase the pop-

practically considering the output of the CNS HyperECRation of the3°S'®+ species (compared to the charge-state

ion source and the cyclotron transport efficiency, we hadéstribution of the gas-cell Havar exit window and RI beam

not yet needed to limit thé’Si beam intensity delivered tointensities of previous tests). However, the improvement

CRIB. was a factor of two to five, whereas Leon’s model predicts

As we are interested only in the fully-stripped charge:factor of 10-20 improvement in the abundancé%#6*

state of*%S, which is not preferentially populated at CRIRfter traversing Be compared to Havar. The discrepancy

energies in the production target Havar exit window, waetween predictions and experimental results can possibly
be explained by the partially broken state of the Be foil we
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used, as well as our difficulty to normalize the results fehe same actually used to set the magnet currents of CRIB,
direct comparison under different CRIB operational condin order to predict the initial magnet settings. These are
tions. fed intod COSY [14], which produces third-order transfer
matrices, including the effects of magnetic field fringing.
One remaining point of work for the ion-optics is to add in
the higher order terms for the magnetic dipoles, which are
known from the DUMAS [15] specifications.

Given the transfer matrices and the individual beam ion
momentum vectors, these are processed/BgADI [16],
where phase space parameters of the beam can be plotted
at any region of interest (typically those corresponding to
CRIB focal planes). The interfacing of these various pro-
grams is automated by a shell script. In the future, the
available free parameters in the Monte Carlo beam produc-
tion will be optimized to best reproduce past Rl beam data

Clearly from this work, a sophisticated and realistic bea%% CRIB. The ultimate goal of this model is to optimize the

production and ion-optical transport model would be usefo] ary beam energy and production target th|cknes§ forfu-
< . tUre CRIB experiments, not only for the case’?$ detailed
for CRIB. No known existing code is capable of properl ore

treating low-energy radioactive beam production. We havem September 2010, we will measure fite €S, p) cross
recently developed such a model, caltad bbon, due to %?ction on an event-by-event basis using an active target

Its mgnner .Of weaving together many different pieces method using the thick-target method in inverse-kinensatic
code; here its properties and development status are oYﬁ-]_ it is critical that we may get 4%S°* beam at 1.3

viewed.

Such a model of CRIB was initiated based on the desi?#A with long-term current-stability delivered to the pri-

. ary beam focal point of CRIB for the future experiment
of DI FUSI ON[12]. The beam production code ha?Jsing the®°S beam developed and detailed in this report.

been entirely re-\{vntten. for the negds of CRIB. It performs These experiments were made possible through the CNS
a Monte Carlo simulation, producing the nuclear species

and charge state of interest at a random point in the tgp—d RIKEN collaboration. The McMaster University group

. . : 13 appreciative of funding from the Natural Science and En-

get. The user can select either an isotropic or a forward-""". )

. o ineering Research Council of Canada.
angle-weighted angular distribution in the center of mascg.
Fully relativistic kinematics are computed using ReO0T
library Kal i Veda, and the primary beam energy loss iReferences
calculated strictly along the beam axis usingBoe t ran  [1] D. Kahlet al, AIPC 1213(2010) 208.
codeenewz as a subroutine, originally written by Yutaka[2] D. Kahlet al, ASPC393(2008) 219.
Watanabe and based on Ziegler's method. As the cod D. Kahlet al, PoSNIC X (2008)171.
only capable to deal with one nuclear and ion s;peciesefg}S S. Kuboncet al, Eur. Phys. J. A.3(2002) 217.

each execution, one must rely on existing experimental dgdf v, vanagisawaet al, Nucl. Instrum. Meth. A539
with regards to the nuclear cross section and charge-state(2005) 74.

distribution;cr i bbon gives the kinematic production andg] A. Parikhet al, ApJS178(2008) 110.

ion-optical transport efficiency of CRIB only. Charge-sta{7] H. Schatz and K. E. Rehm, Nucl. Instrum. Meth7A7
distributions are well-documented near CRIB energies[11] (2006) 601.

However, the heavy Ris with the highest transportyield cqg] J. L. Fisker, F.-K. Thielemann and M. Wiescher, ApJ
respond to the light ejectiles witBem ~ 180°, where the 608(2004) L61.

cross sections are smaller and difficult to measure ungef H. yamaguchet al, Nucl. Instrum. Meth. 489(2008)
normal kinematic conditions; this point is often overlodke 150,
in CRIB yield estimations. [10]A. S. Vorozhtsowet al, CNS ReporB2 (2009).

It is important to note that such an implementation ¢f1]A. Leonet al, ADNDT 69 (1998) 217.
the code is absolutely universal for CRIB beams, indepe[mz]M' Mazzoccoet al, Nucl. Instrum. Meth. B266(2008)
dent of the primary beam or production target, as long as 3467.

the production mechanism is predominately either direct@i)J. F. Ziegler, M. D. Ziegler, and J. P. Biersack, NIN8P
compound. After the RI beam is produced, its energy loss 268(2010) 1818.

through the remainder of the target, and any subsequgnijm. Berz, H. C. Hoffmann and H. Wollnik, Nucl. In-

charge stripper foil, is calculated three dimensionalings strum. Meth. A258(1987) 402.

SRI M[13]. [15]T. Noroet al, RCNP Annual Report (1983) 173.
After the RI beam is produced and has exited the targe{1i5]N. lwasaet al., Nucl. Instrum. Meth. BL26(1997) 284.

is merely a matter of the ion-optical transmission efficieng 71k. P, Artemovet al: Soviet INP52 (1990) 408.
of CRIB we are interested to know under a given set of ini-

tial conditions. We use the codeRANSPORT, which is

Target Species  Normalized
pps @ 10 enA
Havar 28Sil2t  1.075x 108
Havar 28sil3t  6.013x 107
Havar 28Sil%  3.901x 1(P
Carbon 28Sit?t  1.758x 10°
Carbon 28Sil3+  1.300x 10°
Carbon 28Si4t  4.365x 10’

Table 2. Intensity of selected charge state$fi after passing
through Havar foil or carbon foil.
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1. Introduction detector (DSSD) with a thickness of 5@0n was placed in

For the rapid proton capture procesp-process) in X- the IC so as to measure E of nuclei gBdays. A Si de-
ray burst and the core-collapse stage of supernova, wégor of 1.5-mm thickness was placed behind the DSSD to
interaction processes of proton-ripfrshell nuclei far from detect-rays. To measurg-delayedy rays, 3 cloverand 1
stability play important roles [1]. Studies of th@ decay coaxial Ge detectors were set around the I.C. The primary
and electron capture of these proton-tidhshell nuclei are Pam was pulsed to measure the half life!dr. The du-
of great astrophysical interest. These decays which ievol@tions of the beam-on and beam-off periods were 500 and
the Charged_current processes, e.g->m + e+ + v, are 700 ms, respectively. NOI’]—StOp TDC (NSTDC) was used
predominated by the Fermi and Gamow-Teller (GT) trandf2 record absolute time of delay¢tiray in a pulsed-beam
tions. cycle.

Information on the GT transitions are derived directly Experimental results

from 3-decay measurements. Pioneering works were don?_. 1 sh it lot bet & and th
for several proton-riclpf-shell nuclei [2, 3, 4, 5]. However, . \gure 1 Shows a scatter plot between an €

the GT transition strengths (B(GT)’s) of these proton—ricthe'Of'ﬂlght (TOF) between the MCP and the RF sig-
nuclei were measured for only at most one or two low-lyin ls, where 990d part!cle |dent|f|cat|9n capab|llty 'S demo
states with large errors due to the small production crg ated. In this experiment, the purity and the intensity of

sections and short half lives. To determine the B(GT) accu- rwere 2.2 % and 9 particle per second (pps), respec-

rately, it is important to measure the feeding ratio and tH¥e|Y’ with f[r.'e p”fg‘ary beam of 80 pgrﬂclg nA. The purities
half life of the B decay accurately. and intensities ofCr and other nuclides in the secondary

As for the B decay of4Cr, one of proton-ricpf-shell beam are summarized in Table 1.
nuclei, half life has been reported with a large uncertginty
240(140) [2] ms and 260(60) [6] ms, and only a gamma (ns) "“‘GAr12+
45Til7+

line of 993 keV was measured in coincidence with fhe 80
decay [2].

In this study, the final goal is to measure i) the half life of 70
the B decay with an accuracy better than 10 %, and ii) the
decay branching ratios to the ground state (Fermi tramgitio
and GT states accurately.

60

16+
i *Sc
. 46V17+
2. Experimental procedure

The experiment to measure the half life’8€r was per-
formed using the low-energy Rl beam separator (CRIB)
[7, 8] of Center for Nuclear Study (CNS), the University of 30
Tokyo. The*®Cr nuclei were produced using tA®Ar + 12C
fusion reaction. A natural C foil of 0.56 mg/émvas used 20
as the primary target. ThH&Ar primary beam was acceler-
ated to 3.6 MeV/nucleon by the RIKEN AVF cyclotron, and 1 10‘00 15‘00 : 2‘000 : 2‘500 e
degraded to 3.0 MeV/nucleon by a 2.@a-thick Havar foil AE(IC)
placed in front of the primary target to maximize production
of 46Cr. To separaté®Cr from other nuclei produced in the
fusion reaction, a Wien filter (W.F.) was used at high voltgigyre 1. TOFAE spectrum obtained by the I.C and MCP placed
ages of+85 kV. A microchannel plate (MCP) [9, 10] was  ;F3.
placed at the final focal plane (F3) to monitor the beam posi-
tion. An ionization chamber (IC) with a 56-mm length was Figure 2 shows a decay spectrum of fusion products dur-
placed behind the MCP asE detector. The IC was opering beam off. The spectrum have only two-decay compo-
ated using isobutane gas at 25 Torr. A double-sided Si stignts from*®V and #6Cr, becausé®Ti and 36Ar are sta-

46—:17+
T

TOF(MCP-RF)

40
46Cr 17+
36 Arl4+

36Ar13+

13



Table 1. Purities and intensities of nuclides with the priyrtzeam of 80 particle nA, where the purities and intensidiesin the unit
of % and pps, respectively. Branching ratio indicates thetfon decayed to the excited states. Half lives are showesbij unit.

Nuclide 6o 7+ 4617+ 45TI+ 6T I+ 4356+ 36pr
Purity (%) 1.8 8.8 2.2 15.6 4.5 50.7
Intensity (pps) 5.6 27.2 6.5 48.6 14.0 157.2
Half life 257ms 4224ms 184.8m Stable 3.891h Staple
Branching ratio (%)| 21.6 [2] 0.019 0.315 22.5

ble nuclei and**Ti and #3Sc have much longer half lives
than the duration of beam-off period. The half life 5Cr
was determined as;J, = 235-12 ms by fitting this spec-
trum with a function having two-decay components, one
which was fixed to half life of'®V of 422.5(11) ms [11].
This value is consistent with the previous results [2, 6].
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Figure 3. y-ray energy spectrum at beam off. Figure 3(a) and
(b) show spectra for different energy ranges; (a) 300 keV to
540keV, (b) 540 keV to 1040 keV.
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Figure 3(a) and (b) show theray energy spectrum in thel3] V.T. Koslowskyet al, Nucl. Phys. A624, 293 (1997).
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branching ratidbggaeyv Of 3.8(1.5)% was calculated usind®] J-L- Wiza, Nucl. Instrum. Methl62, 587 (1979).
the following relation, 10]D. Shapiraet al, Nucl. Instrum. Meth. A454, 409

(2000).
= N (1) [11]Nuclear Data Sheefsl, 64 (2000).
Ni x d x &g x g’

by

whereNy is peak area of thg ray, N; is the number of im-
planted nuclide into the DSSD, d is the dead time correc-
tion, &g andey are the efficiencies g8 andy rays, respec-
tively.

More detailed analysis is in progress, which includes the
simulation efforts of3-ray efficiency.
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Indirect measurement of astrophysical?N(p, y)130 reaction rate
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China Institute of Atomic Energy, Beijing, China
acCenter for Nuclear Study, University of Tokyo, Wako, Japan
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Nuclear capture reactions, such @sy) and(a,y), play

a crucial role in the evolution of stars. The reactions on
proton-rich unstable nuclei of A13 are thought to be a pos-
sible way alternative to & process for transforming nuclei
from the pp chains to the CNO cycle in the peculiar astro-
physical sites where the temperature and density are so high
that the capture reaction becomes faster than the competing
B decay [1]. The reaction chains which link the pp chains,
the CNO nuclei and rp-process are so-called Rapid Alpha-
Proton (rap) process. THé&N(p, y)1%0 reaction is one of

the key reactions in rap-I and rap-Il chains [1]:

523 mm 174 mm

rap-1: "Be(p, y)®B(p,)°C(a, p)**N(p,y)*0(B*v)**N s
Figure 1. Schematic layout of the experimental setup at B&eh
.7 11 12 13 13
rap-11: ‘Be(a, y)"C(p, y)““N(p, ) “O(B" v)™*N. ber of CRIB for the?H(*2N,130g 5 )n reaction.

Due to the low Q-value (1.516 MeV), tHéN(p, y)*30
cross sections at low energies of astrophysical interest and the temperature of 80 K. The front and rear windows
dominated by the direct capture into the ground state and tliegas cell are Havar foils with the thickness of 2u#n.
resonant capture via the first excited state3. In 1989, The secondary®N ions with the energy of 70 MeV were
Wiescher et al. derived the astrophysical S-factor S(0)mbduced through thtHe($°B,12N)n reaction and then sep-
zero energy to be about 40 keV b based on shell model alated by CRIB facility. Two parallel plate avalanche coun-
culation [1]. In 2006, Warner et al. extracted the SF ters (PPACs) were used to trace incidéf particle and
be 0.623 (0.537 for fi; /, orbit, 0.086 for Jp/, orbit) us- determine its incident angle and position on secondary tar-
ing shell model calculation, by which the proton-removaet. After two PPACs, the seconda®N beam bombarded
cross section o0 on Si target was reproduced using aa (CDy), film with the thickness of 1.5 mg/cfrand the di-
extended Glauber model [2]. Z.H. Li extracted the S(0) faameter of 8 mm to study tHH(12N,230)n reaction. A car-
tor to be 0.31 keV b [3] by using the SF from Ref. [2]. Ibon foil with the thickness of 1.5 mg/chwas utilized to
2009, Banu et al. derived the asymptotic normalization cevaluate the background from the carbon atoms inJgD
efficient (ANC) for virtual decay of30 — 1°N + p from target. The typical purity and intensity &N beam on tar-
the measurement of tHéN(*2N,230)3C angular distribu- get were approximately 30% and 200-600 pps, respectively.
tion and then calculated the direct S(0) factor to be @:33The 12N beam energy at the center of (&) target is 59
0.04 keV b for'2N(p, y)130 [4]. Therefore, it seems that aMeV. The reaction product$O were detected and identi-
new measurement of S(0) factor through different reactified with a telescope consisting of a 28n silicon detec-
is desirable as an independent examination to the preexist-(AE) and a 57um double-sided silicon strip detector
ing results. As for resonant capture component, the regson@SSD). A beam stopper (close to DSSD) with the diam-
parameters of low excited statesi#O have been studiedeter of 8 mm was used to block unreacted beam particles
through a thick target technique [5, 6, 7]. in order to reduce radiation damage to DSSD. A schematic

In the present work, th&N(d, n)1%0 angular distribution layout of the experimental setup at F3 chamber of CRIB
was measured in inverse kinematics, and then the $#»f separator is shown in Fig. 1.
was extracted through Johnson-Soper approach [8]. The emitted angle of reaction products was determined

The experiment was performed with the CNS Radioaoy combining the information from DSSD and two PPACs.
tive lon Beam (CRIB) facility [9] at CNS/RIKEN. A pri- As an example, Fig. 2 shows the scatter plot of energy loss
mary 1°B beam with the energy of 82 MeV was yieldedAE) vs. total energy Ky) for the events in the angular
from AVF cyclotron withK = 70. The primary beam im-range of 3 < 8., < 4°. The two dimension cuts dfO
pinged on the’He gas cell with the pressure of 360 Torevents from?H(*°N,*30)n were determined with a Monte
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Figure 3. Measured angular distribution @f(}2N,30g s )n at
Ec.m. = 8.4 MeV, together with the theoretical calculations on
direct process using two sets of optical potential (Setl and
Set2) and compound nucleus contribution (CN).

Fig. 3, together with compound nucleus (CN) contribution
obtained by UNF code [16]. After subtract CN contribu-
tion, the first three data points were used to derive the SF of
130 by the normalization of experimental data to theoretical
calculations. For one set of optical potential, three SFs ca
be obtained by using three data points, their weighted value
was then taken as SF for this set of optical potential. The
ratio of 1ps/»:1p;/, was derived to be 0.16 based on shell
model calculation [2].

The SF was extracted to be 0.800.30 (0.69+ 0.26 for
1py /2 orbit, 0.11+ 0.04 for 1p3 , orbit). The error results
from the measurement (36%) and the uncertainty of optical
potential (11%). Our result is in agreement with that from
the 14N (12N,130)13C reaction [4] and two shell model cal-

Figure 2. Scatter plot oAE vs. E; for the events in the angularculations [1, 2]. The calculation on astrophysical S-fagto
range of 3 < Bcm < 4°, (CDp)n target (top) for the mea- and reaction rates fd#N(p, y)*20 is in progress now.

surement oBH(12N,130)n, while C target (bottom) for back-
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We performed a test measurement'@le+p for observ- PPACL PPACZ 5 telescope

ing proton-rich unbounéNa nucleus. Information dfNa — _r_'| _Ne Lot oo
resonances is useful for studying direct two proton decay of U BF ! -

Mg [1] and also a possible two-proton halo structure of

"Ne [1] [2] [3] [4] [5]. There is few experimental data O (CHntarget 1 m

on 8Na: an invariant mass spectrum GNe+p was mea- ' ' ' ' |

sured at GANIL using a projectile fragmentation reaction ~ Figure 1. Experimental setup féfNe+p scattering.

of 20Mg at 43 MeV/u [6]. Two large peaks were observed

in the spectrum ah = 24.19 and 25.04 MeV (peak 1 and 2, Using the produced’Ne beam we performed a test
respectively), wherd denotes thé®Na mass excess. The 'Ne+p measurement for 20 hours. Figure 1 shows the ex-
peak 1 and 2 may be assigned to the ground and the fr@fimental setup at F3. A (Ghh target of 10 mg/criiwas
excited states, respective|y_ HowevAr= 24.19 MeV for mounted at the downstream side of the second PPAC and
the ground state is significantly lower than theoreticat présed as a proton target. We utilized a thick-target method in
dictions of around 25.3 MeV [6] [7]. There is a possibilitynverse kinematics (TTIK) [8] [9] for deducing théNe+p

that the peak 1 is due to the decHiNai, — "Nej +p excitation function. The beam particles were completely
and the peak 2 is due to the deciays — 1"Neyo+p. Stopped in the target, while recoil protons were detected by
It is also pointed out that the experimental resolution #Si detector telescope at (LAB). The Si detector tele-
about 250 keV and each of the peaks might contain two I&gope consisted of a double-sided strip detector (DSSD)
els [7]. To observe th&Na resonance levels more directiywith 16 + 16 strips forAE information and a single pad
we p|anned measurin]dNe+p resonance elastic ScatteringeteCtor forE information. TheAE andE detectors were

at the CRIB beam line in the RI Beam Factory. We pefO and 150Qum thick, respectively, and had the identical
formed a beam production test and a test measuremeng@isitive area of 5& 50 mn¥. The distance between the
L"Ne+p scattering as the first step. telescope and the target was 15 cm. Identification of pro-

The secondary’Ne particles were produced using théon was made using th&E andE information. The proton
SHe(%0,1"Ne)2n reaction aE16o = 11.0 MeV/u and Sepa_scattering angle was determined using the PPAC and DSSD
rated by the CRIB separator, which has three focal plarigéprmation. The proton energy was deduced from the sum
(F1, F2, and F3). The secondary particles were selec®d’E andE. We performed proton energy calibration us-
at the dispersive focal plane F1 with a momentum widthg secondary proton beams of known energies. In order
of +1.6%. The Wien filter section between F2 and F® deduce thé’Ne+p excitation function, we reconstructed
was used to select particles by velocity. Two parallel plafee center-of-mass energy on an event by event basis from
avalanche counters (PPACs) were mounted in a chambédfgtproton energy and angle by taking into account the elas-
F3 to monitor the beam position and direction and tim&¢ scattering kinematics and also energy losse$é and
of-flight (TOF) between the two PPACs. The beam spBfoton in the target.
size at F3 was approximately 15 mm diameter (FWHM). Figure 2 shows a preliminary result of théNe+p exci-

The 1"Ne purity in the secondary beam was 2 %, whicigtion function. We found a narrow peak &gv ~ 2.05

was not a pr0b|em in measuring thﬁ\]e+p Scattering be- MeV, which may be attributed to’¥Na level. The intrinsic
cause identification of the beam particles was possible Rk width was roughly estimated to be- 100 keV from

an event-by-event basis using the TOF information. Majiile spectrum by taking into account the energy resolution.
contaminants in the secondary beam w¥@ and8Ne. Because the peak width is sufficiently narrow, we may ne-
The 1’Ne beam energy was 4.9 MeV / nucleon after tHect interference effects and assume that the peak energy
second PPAC. During the present experiment, we had a gfid the width are roughly the same as the level energy and
mary180 (7+) beam with an intensity of 150 pnA, resultingvidth, respectively. The level energy Btm ~ 2.05 MeV

in the secondary’Ne beam intensity of approximately 50@0rresponds to a mass excesdo# 25.80 MeV, whichis a
particles/sec. The primary beam intensity was limited diiélle higher than the prediction of 25.3 MeV for the ground

to a trouble in the cyclotron RF resonator in the present estate [6][7]. One possible interpretation is therefore tha
periment and will be double in future. observed level is one of low-lying excited levels. The nar-

row width for thel’Ne+p resonance is probably due to the
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| = 2 orbital angular momentum, which is consistent with
theds,, or d3/, orbital predicted for the last proton in the

low-lying *®Na levels.

Using 14O contaminant in the secondary beam, we also
simultaneously measured &fO+p spectrum to check the
energy calibration. A sharp peak in Fig. 3Bty ~ 2.7
MeV is attributed to the first excitetPF level with a res-
onance energy oEgr ~ 2.8 MeV. Note that the energy at

which cross section is maximum is a little lower thiagin

the present case due to interference effects. The peak posi-
tion agrees with previous results BO+p experiments [10]

[11] within 50 keV. Since the present test measurement was
performed in a limited time, we did not measure a spectrum
with a C target for estimating a background contribution
from C atoms in the (Ch),, target. The observed peak prob-
ably is not due td’Ne(p,d) inelastic scattering because the
peak has a relatively large yield in the spectrum. We, how-
ever, did not measure angular dependence of the peak en-
ergy in a wide angular range, and therefore could not com-
pletely exclude possibility of the inelastic scatteringheT
present test experiment confirmed the feasibility of the ex-
perimental method for th&’Ne+p resonance scattering. A
future measurement with high statistics, with angularinfo
mation, and with background subtraction may clarify the

ambiguity in18Na level assignments.
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1. Introduction surement of the X-Y position of the beam particles and the

The structure of the energy levels of light nuclei still ha@construction of their trajectory. The secondary gas cell
several unknown states. In particular in the A=6 triflei;, target was made in Sdo Paulo and has 1 inch diameter and
6He and®Be several excited states have been identified §cm length. Two (fim) Havar foils were used as win-
6Li and ®He which are not present in tf8e isobar. Only dows. The pressure inside the gas target was ah&atr
the®Be ground staté™ = 0 (I = 92KeV), an excited state©f *He at room temperature. A system of twolE- tele-
atE = 1.67MeV with J7 = 2+ (I = 1.16MeV), and three Scopes (telescopes 1 and 2) was used to detect the particles
broad structures at high excitation energies at 23, 26, afdittered in the gas cell and a thirdAE-telescope (tele-
27MeV have been observed [1]. scope 3) was mounted in the other sector to detect the recoil

In addition to the interest in its nuclear structure, the infroducts in coincidence with the scattered particles as we
portance of the existence of excited states in%Be near Can see in the Fig. 1. The Double Sided Silicon Detectors
to the3He—3He threshold at 128MeV resides mainly in (DSSD)AE had thickness of g5m (telescopes 1 and 2) and
the astrophysics. The possible existence of resonances M (telescope 3). The coincidence was required due to
to this threshold could have strong implications in the pIEe enormous background of alpha particles produced by
burning, Since théHe_'_:';He Capture is one the most imporI e bl’eakup Of théBe in the Ha.Var fOilS, that Would com-
tant captures in the p-p chain. In addition, possible redyjetely mask the existence of any peak from the transfer
nances in this capture reaction at low energies would hdg&ction mainly in the high excitation energy range. By im-
consequences in tiéle destruction and, as a consequend¥?sing the coincidence with light particles (protons, alph
in the ’Be synthesis and in the solar neutrino problem.  Or *He on telescope 3) coming from the decay of the recoil

The explanation for not observing such excited states g€, one is in principle able to select the alphas comming
6Be until now could be in the transfer reactions used to pd‘ﬁom the transfer reaction. The telescopes covered an angu-
ulate those states. In light nuclei, many excited states Eerange from 10-30deg for telescope 1 and 3448deg
expected to have a pronounced cluster structure and a g@bitelescope 2 in the laboratory system. The coincidence
overlap between the wave functions in the entrance and dflescope 3 was in the range frori2 to —38deg.
channels could prevent the formation of those states. In
ref. [2] we have succesfully used tRele(’Li, a)5Li reac-
tion to populate all the known excited states®bf and, in
addition, two new broad states at.42 and 1531MeV ex-
citation energies. The idea here is to use a similar reaction
3He(’Be,a)®Be to populate thé€Be. This reaction in fact
involves two different mechanisms2Hle transfer or a neu-
tron transfer from the projectile to the target, both leadin
to the same outgoing channel. By detecting dhparticles
emmited at forward angles, we would in principle select
the ®He transfer mechanism favoring the formation of an
3He—3He 'molecule’ in the exit channel.

2. Experimental Procedure

The experiment was performed at CRIB-RIKEN u§ing figure 1. Schematic drawing of the setup for the elastic samust
pure’Be beam and &He gas target. Th&e beam of in- oy reaction.

tensity of about 3- 5 x 10Ppps andE, = 53.4MeV was pro-

duced by the primary reactiofii(p,n)’Be using the crio-

genicH, target at CRIB. The system of two dipoles and & Preliminary Analysis

Wien Filter of CRIB makes the energy and mass selectionA E-AE spectrum for telescope 1 is shown in Fig. 2 where
of the particles produced in the primary target. Two X-¥ne can see the well separated lines corresponding to the
PPACs placed before the secondary target allows the méde and*He particles comming from the target. From the
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X-Y position of each scattered particle in the telescope drojected on thé&g, axis to obtain an angular distribution
the beam hit position and its incident angle in the targef, the elastic peak. The angular distributionf oryp, for

the later obtained from the PPAC’s, we can calculate thedescope 1 is shown in Fig. 4 using a constant solid angle
scattering angl® in the laboratory frame for each event. of 9.5msr for each slice. This procedure allows to obtain
the solid angle of every slice in order to haw¢oryth = 1.
Those solid angles will be used later to obtain the angular
distribution of the peaks of thBe states seen in figure 3.

so

AE(Mev)

Figure 2. AE-E spectrum for telescope 1. The lines correspond
to 3He anda particles.

counts

o
k
)
l

From the information of the total alpha particle energy
and the scattering angle we are able to calculate the excita-
tion energy of the recoil particléBe and to build théBe
excitation energy versus the scattering angle spectrum. As
the excitation energy of the reciBe does not depend on -
the scattering angle we can project the spectkgg x ©
on theEgyc axis. The results are still preliminary but one 100
can see in the upper part of Fig. 3 that there is a broad
structure atz 21 MeV and, apparently, superimposed peaks =
in the energy range from 1022.5 MeV excitation energy
which could correspond to states of tfBe nucleus. The TTas s s 1o 1 15 105 B 2.5 oS
maximum excitation energy of the experiment was at about .

24MeV, limited by the detection threshold of telescope 1 fogjgyre 3. Comparison between the spectrum obtained 3t
a-particles (10MeV) which is determined by the maximum 55 (top), no-gas background (middie) and the subtraction
energy of the alpha particles which stop in thguébAE spectrum (bottom).

detector. Due to the fact that the kinetic energy of the pro-

tons and alphas coming from the decay of the recoil become

smaller as the excitation energy&Be decreases, the Havar 2
exitwindow of the target imposes a lower limit in the energy ,
of the decay patrticles that will punch through the foil and L5 ]
reach the telescope 3. This limit is arouBg. = 10MeV

so we don't expect to see states below this limit.

During the experiment we performed runs with and with-
out®He gas in the target in order to subtract the background.
In Fig. 3 at the bottom we show the spectrum obtained ot
by subtracting the background runs. The background runs 6(deg)
were obtained by summing all runs without gas and profrigure 4. Angular distribution fofBe+197Au using a constant
erly normalized by the integrateBe beam. We observe sgjig angle of msr for each slice.
that the peaks become more visible as the vertical lines
show. This is in part due to the presence of peaks in tE
background spectrum as can be seen in Fig. 3 middle. . _

We also performed runs using a gold target. As the scBkl D-R. Tilley, C.M. Cheves, J.L. Goodwin, G.M. Hale
tering 7Be+197Au is pure Rutherford at the angles of this H.M. Hofmann, J.H. Kelley, C.G.Sheu, H.R. Weller
experiment (see Fig. 4) it will be used to obtain an angu- Nucl. PhysA708(2002) 3 .
lar distribution and the solid angles. We build biparaneetd2] R. Kuramoto, R. Lichtenthaler, A. Lépine-Szily, V.

spectra of the energy of the scattef®k particles versus ~ Guimaraes, G.F. Lima, E. Benjamim, P.N. de Faria

the scattering anglﬁ%‘? x © for telescopes 1 and 2. The Braz. Journ. of Physic34(2004) 933.

scattering angle axis was sliced in interv@ls- 1deg and
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Elastic scattering for 60MeV 1’F on 12C target
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Our knowledge of nuclei comes mainly from the exper#35ug/cn?-thick 12C target was used. ProjectiléF was
ments with nuclei in the valley of the stability. Experimgntidentified by the time of flight (TOF) method. The Posi-
with nuclei far from the stability-line are expected to praion of ’F on 12C target was determined by using infor-
vide tests of current nuclear structure models. In pariculmation from two position-sensitive PPACs (Parallel Plate
light nuclei locating near the drip line may exhibit exotidvalanche Counters) set in the beam line. Six sets of
phenomena, such as manifestations of halo/skin structutd=-E detector telescopes were composed of double sided
Information on the nuclear structure can be extracted frddilicon strip detectors(50mr50mm in area)(DSSD) and
the reaction data. Among many nuclear reactions, the elsificon detectors without strips (SSD), and covered angle
tic scattering is a major channel and will provide rich inrange,p = 5° — 80°. They were symmetrically positioned
formation on reaction mechanism and structures of the rareund the beam axis in order to measure efficiently the
clei. Itis also used to determine optical potentials whieh aevents of'’F elastic scattering. The distance from the tar-
important inputs for any reaction studies. However, etastiet center to the strip detectors are 145 mm, 115 mm and
scattering data for light exotic nuclei are extremely sear85 mm depending on the three angle settings, which cor-
which raises questions about accuracy and reliability of mespond to 13.9 35.4 and 63.4, respectively. ThinAE
clear structure information extracted from the reactianlst detectors (DSSD, gan thickness) were placed in front of
ies. Because of halo/skin structures and the small bindB@0Oum-thick E detectors (SSD). Such detector configura-
energy of the last nucleon(s), the light exotic nuclei may biéon allowed identification of the atomic numbgrof the
have differently from stable, well-bound nuclei in reaco scattered charged particles. The emission anglétan
and reliability of simple-minded extrapolation from thessy be determined precisely by the silicon strip detectors. We
tematics in stable nuclei is open to doubt. Thus, studiesvafl be able to extract precisely the angular distributidn o
elastic scattering induced by light exotic nuclei are of-paglastic scattering fot’F+2C.
ticular interest. Fig. 1 shows the particle identification before target. RF1

Study of the! ’F elastic scattering is motivated by our in-
terest described above. The study of this nucleus is quite

interesting for three reasons: (i) Because of its small bind 600
ing energy of 601keV, the rms radius could be significantly 500
larger than that of®O core. (ii) It has only one bound state 400 |
below the breakup threshold, (iii) its first excited stats ha ©
a halo structure [1,2]. Many experiments have been per- £ 300 ¢
formed to explore its structure and reaction mechanisms e 200
in recent years. Elastic scattering BF+2%Pb was mea- = 100
sured at 10MeV/nucleon, [3] 98MeV and 120 MeV, [4] E b
90.4MeV, [5] respectively. Precise data have been ob- OFf
tained for the elastic scattering 6fF on 1°C and*N at 100kt
10MeV/nucleon [6]. o _
In most of the above cases, the data are taken for the 200 0 ' 20'0 - 200 600 ' 800
208pph target. The experimental data on light targets are RF1/channel

hardly found, except for the data 6AC and!*N at the en-
ergy of 10MeV/nucleon [6]. Therefore the experiment was
planned to extract the optical potential of the elastictecat
ing for 1’F on12C target at 60MeV.

In order to obtain the elastic scattering data at energyhe time when the beam particle arrives at a PPAC relative
near Coulomb barrier, 60Me¥F+1C reaction was stud-y the radiofrequency signal from the cyclotron resonator.
ied at CNS Radioactive lon Beam separator (CRIB). Th&yF is obtained by using the time signals of two PPACs
beam intensity on the target was abowt 1 pps. A pefore target. It is shown th&fF particles can be identified

Figure 1. The particle identification before target.
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clearly from the primary®0 beam with a high intensity. [2] M. J. Borgeet al, Phys. Lett. B217(1993) 25.

Fig. 2 shows the energy spectrum’dF measured by a[3] J. F. Lianget al., Phys. Rev. &5, (2002) 051603.
strip detectors. The elastic peak YF is shown clearly. [4] J. F. Lianget al, Phys. Rev. G7, (2003) 044603.
The excited state at 495keV #iF can not be resolved be{5] M. Romoliet al, Phys. Rev. B9, (2004) 064614.
cause of the limited resolution. The other continuous di§] J. C. Blackmoret al,, Phys. Rev. 2, (2005) 034606.
tribution could be from inelastic excitation of the targét
and some instrumental background. The scattering angle

1000 |
800}
600}

400}

200

0-...Wﬂ“‘—ﬂf“ R

800 1200 1600 2000 2400
channel

Figure 2.17F elastic scattering on silicon strip detector.

can be obtained by the position information given by the
two PPACs in the beam line and the double sided silicon
detectors. The experimental angular distribution of &ast
scattering for'’F on 12C target is shown in Fig.3. More
detailed theoretical analyses are in progress.

10'4 L 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1

10 15 20 25 30 35 40 45 50
0¢.m.(deg)

Figure 3. The experimental angular distribution of elastat-
tering for 60MeV 1F on 12C targeta‘if;‘Ru is the ratio of the
experimental cross section to Rutherford cross section.
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Study of High-Spin States in3>S
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We have been systematically studying high-spin states in |

—
A=30~40 nuclei to clarify the superdeformed (SD) shells 50000 - & 8 iy (a)(if‘ gtate e
structure and to investigate the spherical and SD shape co- ; ¢ * ze : Zzgse 1
existences in this mass region. Recently, we have foufd 200001 z O % ]

a SD rotational band if°Ar [1] and the SD region in
A=30~40 nuclei is extended from NZ (i.e., 36Ar [2],
40Ca [3, 4], and**Ti [5]) to neutron-rich side. Another
SD shell structure is predicted in=216 and the onset of E (b) 20 gate
SD bands in sulfer isotopes is expected. Cranked Skyrmg- 15000

g - o [ (backed target) |
Hartree-Fock calculations predict the SD structuré¥8 & ' PO

<
<>' SSS

10000 [

20000 f—————

Count.
1 42561
1 43304

<

and 35S isotopes [6]. However, spectroscopic studies qof 10000%
sulfer isotopes are not well explored and only low-lyingg

; 5000 L
levels near the ground state are studied. In order to clar- r

ify high-spin levels and to investigate collective struetu o AT e sl T
in 3°S, we have performed an in-beanray spectroscopy 0 1000 2000 3000
experiment. Energy (keV)

The experiment was performed at the tandem accelergigure 1. Gamma-ray spectra obtained by gating the events
tor facility of the Japan Atomic Energy Agency. ASO with two alpha particles detected in the experiments udieg t

beam of 70 MeV was used to irradiate’®g target of backed target (lower panel) and the thin target (upper panel
0.5 mg/cn? thickness with Pb backing and the two stacked
self-supporting?®Mg target foils of 0.47 and 0.43 mg/ém spectra of backed target (lower panel) and thin target (up-
thickness. The Pb backed target is used to establish Ig#&r panel) experiments with charged particle gates of two
lying levels, while the thin target is used for investigatlpha particle detected simultaneously. As seen in the fig-
ing high-spin levels. A2®Mg(*80, 2p2n}°Ar fusion- ure, y-ray peaks associated withS and3S were clearly
evaporation reaction was employed to populate high-sjdentified.
states ir*>S. Gamma rays were detected by the GEMINI-II Previously, excited levels 6S were studied vi@ — y
array [7] comprised of 16 HPGe detectors with BGO Comppectroscopy of°P [10], 3S(ny) [11] as well as nucleon
ton suppressor shields, in coincidence with charged pattansfer reactions, i.e34S(d,py) [12], 69Gd @S, 3°S) and
cles detected by the Si-Ball [8], awarray consisting of 11 160Gd@7Cl, 35S) [13]. Since®®S is a nucleus with Z16
AE Si detectors of 17(im thickness. The HPGe detectorand N=19, the spin-parity of the ground state is 3/due
were placed at 6 different angles, namely 4% Ge’s), 72 to the neutron hole in 4, orbital. At 1.991 MeV, the
(2 Ge’s), 90 (2 Ge’s), 108 (4 Ge’s), 144 (1 Ge) and 147 7/2~ isomeric state with a half-life of 1.02(5) ns is known,
(1 Ge) with respect to the beam direction, which enablespist higher-spin levels have not been identified. Above the
to perform angular distribution and DCO (Directional Cort.991 MeV level, a 2.03 Me\y-ray transition was identi-
relations from Oriented states) analyses [9]. The most féied previously, but the spin-parity of the 4.021 MeV level
ward placed Si detector was segmented into five sectiafss not known.
and the other Si detectors were segmented into two sectiong order to find higher spin levels above the 7/8tate,
each, giving a total of 25 channels that were used to enhagcey coincidence relations were examined by gating on the
the selectivity of multi-charged-particle channels. 1991 keV y-ray transition as shown in Fig. 2. As shown
With a trigger condition of more than two Compton sugn the figure, previously identifieg-ray peak appears at
pressed Ge detectors firing in coincidence with charged p2032 keV. In addition, severagkray transitions are found
ticles, a total number of 6.6 10° events for the experimentin coincidence with the 1991 keV transition.
using backed target and 17108 events for that using thin  In order to assign spins and parities of the newly iden-
target were collected, respectively. Figure 1 shgwsly tified levels, DCO analysis was performed. However, due
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Figure 2. Gamma-ray spectrum created by gating on the
1991 keV transition irf°S.

to the limited counting statistics, spin-parity of the lve
could not firmly identified. In order to fix the spins and par-
ities, linear polarization measurementsyafays have been
performed. Data analysis is in progress.
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The isovector spin monopole resonance (IVSMR) hasoss sections were measured at an excitation energy of
been an important topic of interest in the study of spif-< Ex < 70 MeV and scattering angles of & 6 < 3°.
isospin responses in nuclei [1, 2, 3,4]. Since the IVSMR The blank-target run was also performed for the back-
is a breathing mode with spin and isospin flips, it can lggound estimation. The distribution of the background com-
related to a new kind of nuclear matter compressibility withonent was uniform and the count rate was negligibly small
spin and isospin degrees of freedom. In spite of the imp@iess than 0.1%) compared to tH8Pb and?°Zr runs.
tance of the IVSMR, it has not been clearly identified, espe-Figure 2 shows the measured gH®He) spectra. The
cially for the B+ side. In order to identify the IVSMR™), top panel shows th&Y spectrum measured on the fo-
we measured th&®P(t,3He) and®%Zr(t,2He) reactions at cal plane of the SHARAQ spectrometerXgp and Yep
300 MeV/nucleon. This was the first physics experimeate proportional to the momentum and the vertical scat-
performed with the newly constructed SHARAQ spectrontering angle of thelHe particles, respectively. Two main

eter [5]. loci can be identified in the figure; these are attributed
The experiment was performed at the RIBF facility at
RIKEN. A schematic picture of the experimental setup is SHARAQ
shown in Fig. 1. A primarya beam at 320 MeV/nucleon S0 $2
. K econdary targets CRDC
was bombarded onto 2Be production target (thickness: 205ppy | 907, Plastic
d = 4 cm) installed at FO of BigRIPS. The produced tri- pE—— CH: , blank
tons of 300 MeV/nucleon were transported along the high- SHe"

resolution beam line to the secondary target installedet th
pivot of the SHARAQ spectrometer. The SHARAQ facil-
ity was not operated in the high-resolution dispersive mode

Secondary beam on target

V4
é] Particle : *H* 300 MeV/u
. . . Intensity : 1 x 10”pps
but in the achromatic mode because of the requirement for Purity  : >99%

the large counting statistics. In order to improve the resol Beam spot size : 3mm  (FWHM)

Angular spread : 7mrad (FHWM)
Energy spread : 2MeV (FWHM)

tion, the emittance of the secondary beam was reduced by
a momentum slif|Ap/p| = 0.06%) at F1 and an angular ~ SRC

collimator (|A8| = 15 mrad at F2. They corresponded to QU@ % -
=

an energy spread of 2 MeV (FWHM) and an angular spre 300MeV/u
of 7mrad (FWHM) at the secondary target postition. T dﬂv
%—[e2+

beam intensities were typically 300 particle nA for the pri-

mary beam and ¥ 10’ pps for the secondary tritons. The 320MeV/u

purity of the triton beam was better than 99%. This is be- 300pnA F2

cause no other patrticle has the same momentum-to-charge Fo Angular collimator

ratio (p/Q = 2.4 GeV/c) at the energy, because of kine- \  Progucton ol stomrad

matic restrictions. y  Bef(dcm) mmemum st
The secondary targets used wéféPb @ = 0.35 mm) Y IAp/p| < 0.06%

and 2°Zr (d = 0.46 mm) foils for the IVSMR measure-

ments and a CH(d = 0.5 mm) foil for calibrations. The

3He particles in the reaction products were momentum afigure 1. Experimental setup. The expriment was performied a
alyzed by the SHARAQ spectrometer and counted by the the RIBF facility in RIKEN. See text for details.
cathode-readout drift chambers [6] installed in the final fo

cal plane of the SHARAQ spectrometer. The differential
P Qsp to the 'H(t,*He) and 1°C(t,*He)*?B (g.s.) reactions. A
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CHy(t,2He) reaction [top] and its projection [bottom]. o5k
w T \
g % 0.0
=8 =
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kinematic correlation due to the recoil of target protons is Shos Ditterence 3
nicely observed for théH(t,>He) reaction. A projection 2E e oa ) ]
of this picture is shown in the bottom panel. From the dis- R SR ST TDA (a.u)
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tance between the two observed peaks, the dispersion of the

SHARAQ spectrometer is determined to be 6.10 m, which

is close to the design value of 5.86 m. The energy resolgigure 4. The double differential cross spectra forthier(t,3 He)

tion obtained from thé2C(t,3He)!2B (g.s.) peak is about ~ reaction [top] (a peak &y = —1.5 MeV is due to hydro-

2 MeV (FWHM). gen contaminants in th¥Zr foil), and their difference spec-
The obtained®Ph(t,3He) spectra are shown in the top trum [bottom]. Monopole component is discovered at around

panel of Fig. 3. Two peaks are observed around 5 MeV and 20 MeV. (A dip around 4 MeV is due to higher multipole com-

15 MeV. Since the angular distribution for the monopole Ponents.)

transition has its maximum at 0 degrees, monopole compo-

nents can be extracted by a difference betwedh-00.5° VSMR will be discussed.

and 05° — 1.0° spectra as a preliminaly analysis. The olgeferences

tained difference spectrum is shown in the bottom patTﬂ I. Hamamoto and H. Sagawa, Phys. ReGZ024319
of Fig. 3. A significant monopole component is ob~ ('2000) -=>ad P Iys.

served at around 12 MeV, which would be attributed to tT1 .
IVSMR. The broken line and the dot-broken line represe%I E\ll.ggz)erbach and A. Klein, Phys. Rev. 80, 1032

the Tamm-Dancoff approximation (TDA) calculations u%] D.L. Proutet al, Phys. Rev. B3, 014603 (2000)

ing the effective interaction SGII and SllI, respectively.|
It is found that both calculations reproduces the overgﬁ] ?2850;—) Zegerset al, Phys. Rev. Lett90, 202501

Stion enerty anihe Sil calcutaton ges & bettor dnaP] T- Uesakaet al, Nucl Instrum. Meth. B266 4218
gy 9 P (2008) ; RIKEN Accel. Prog. Re@i3 (2010).

tion. Monopole components are discovered alsof@r at e
around 20 MeV as shown in Fig. 4, and the comparison k;g] S. Michimaszt al, CNS Ann. Rep. 2009 (2010).

tween the experimental data and the TDA calculation shows
a similar characteristic as in tH&€%Pb case.

In the future analysis, the multipole decompostition tech-
nigue will be applied aiming at the more precise extraction
of monopole components, and the detailed physics of the
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The super-allowed Fermi type charge exchange reaction fortsdies of isovector
non-spin-flip monopole resonance

Y. Sasamoto and T. Uesaka
Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo

1. Introduction between isobaric analog states in the projectile. Thissece

Isovector non-spin-flip monopole resonance (IVMR) garily leads to an Rl beam induced charge exchange reaction
of particular interest, because it is an oscillation mode #ce light stable nuclei witd™ = 0% have no analog states
isovector density, = pn — pp and its energy and width because of thglr [sospm =0. On the pther hand, some
should be closely related to properties of asymmetric rigPstable nuclei witd™ = 0" have isobaric analog states in
clear matter [1] and to isospin mixture in nuclei [2]. neighbor nuclei, as shown in Fig.1. Gamma-rays emitted

In spite of its importance, however, experimental data 8iM IAS are available to identify the super-allowed Fermi
IVMR are scarce so far. Pion charge exchange reactidf@sition, experimentally. Among such RI beam induced
(1%, 7°) [3] and heavy-ion charge exchange (HICE) sudharge exchange reaction®¢,'°B(IAS)) is considered to
as (13C,13N) [4, 5] and ("Li,"Be) [6] reactions have beenbe the best one because the feedings from the highly excited
used to study IVMR. These two-types of reactions provi§el states are expected to be negligibly small as described
inconsistent results of excitation energy, width, and/af-m in the next section. This is not the case in other reactions
tipolarity of the state [4]. such as{*0,*N(IAS)), (*®NeBF(IAS)).

Pion charge exchange reactions are selective probes to
isovector non-spin-flip AT = 1,AS = 0) transitions and
are suited for IVMR studies, while difficulty in measur-
ing ~100MeV y-rays in coincidence originates experimen-
tal uncertainties. On the other hand, HICE experiments can

provided accurate data because magnetic analysis of forF=1 y y ~ Unstable
ward scattered particles can be applied there. Howevej'=(" IAS nuclei
in those reactions, contributions from isovector spin-flip \j/\/\

(AT = 1,AS=1) transitions can not be ruled out and model- Y

dependent subtraction is required to deduce isovector non-

spin-flip amplitudes. It should be significant at intermeelia

energies, forexample, at RIBF energies. The Gamow-Teller T=0 J
(GT) transition contaminates seriously the non-spin-ftip o

because the effective interaction for the isovector spm-fl

transition is much stronger than the isovector non-spm-fli o )
transitions at RIBF energies [7]. Figure 1. Schematic view of the super-allowed Fermi typegha

To understand nature of IVMR, a HICE probe selective exchange reaction. Rl beams are suitable to use the a super-a
to AT = 1,AS= 0 modes is essentially important. lowed Fermi transition between isobaric analog statestfer t
In this report, we propose thel beam inducegharge  Proiectile.
exchangd1°C,1%B(IAS)) experiment to probe IVMR. We
call this the super-allowed Fermi type charge exchange re-
action. This reaction has many advantages as a probg t@Characteristics of ¢°C,1°B(IAS)) reaction
IVMR, over other HICE reactions used so far.

Stable
nuclei

The analog state of th€'C ground state locates B =
2. Super-a”owed Fermi type Charge exchange reaction 1.740 MeV in 1OB as shown in FIgZ The transition from

10 -
Suitable probe to IVMR should have the following chatt-he c g'round sta.te to't.he L.740 Me\/ state ‘8 can
acteristics be experimentally identified by observing the emitted

ray of 1.022 MeV. Thus, coincident detection ¥8 and

o Non-spin-flip states should be selectively excited. 1.022 MeVy-rays in the final state can be a clear signature
of 0" — 0T transition in the projectile, and consequently,

e Contamination due to the GT transition is reasonalfj the non-spin-flip excitation in the target.
small. If the feeding from highly excited GT states is large, the
tagging of 0 — O* transition by detecting-rays is dis-
o Experiment can be conducted without considerafigbed by the feedings. However, th€¢,'°B(IAS)) re-
technical difficulty. action is hardly suffered from the feedings from GT con-
taminants, because B(GT) value of the GT stat&,at
Our idea to establish a probe to isovector non-spin-fil154 MeV in'°B, which locates 0.414 MeV above IAS,
states is based on use of a super-allowed Fermi transiti@known to be as small as 0.01 [8]. On the other hand, the
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6.59 MeV p+’Be threshold ble.

Unbound

466 MeV a+°Li threshold

00T g,

2.154 MeV Lo

R Figure 3. Nuclei around®C and°B.
1.740 Mev 01

B(GT) = 3.46
1022 ke
X 4. Summary and Prospects
0.718Mev 10+ The super-allowed Fermi type charge exchange reaction
718 keV with Rl beams will have a new capability which we have
g.s. J=3". 10y not acquired usingtable-beam inducekactions. Among
10g them, £°Be 19B(IAS)) reaction has a good selectivity to the

non-spin-flip transition and is the most suitable to IVMR
studies. It should be also noted that b¢tAC,*N) and
(Li, "Be) reactions are o™ type and no attempt has been
made to observe IVMR with #~ type HICE reaction in
Figure 2. Levels irt9B. The analog state of tH€C ground state the past. Once the method of the super-allowed Fermi type
is found atEy = 1.740 MeV in1%B. reaction is established, it will be the first attempt to excit
IVMR with a B~ type HICE reaction. Subsequently, it can
be also applied t@* side with the {°Be l°B(IAS)) reac-
B(GT) value for the GT state & = 0.718 MeV is known tion. With transition strengths fg8* andB~, the sum-rule

to be 3.46 (taken from Ref. [9]), which exhausts a majQalue can be discussed in the model independent sum-rule
part of the sum-rule value of 6 when a quenching factor fr the non-spin flip excitation of

0.7 is taken into consideration. Even if the GT states exist

above 1.74-MeV, those de-excite via particle decay because S — S = NI —Z{r%,,
they are above the alpha and/or proton decay thresholds at
4.66 MeV, and 6.59 MeV, respectively. whereS; is the total IVMR strength for th8* type.

Strong absorption nature of HICE reaction makes tiigferences

reaction surface-sensitive. Since the transition derdity .
IVMR has a radial node, a cancellation will occur if on 1] G. Colo and N. Van Gial, Pt1ys. Rev.93(1996) 2201.
A. Bohr and B. Mottelson,Nuclear Structure

use a transparent, volume-sensitive probe. In this resp
) o S . | A. Erell etal, Phys. Rev. (34 (1986) 1822.
surface-sensitive HICE reaction is useful to avoid the ¢ ] 1. Lhenry, Nucl. Phys. 2699(1996) 245¢.

cellation and to populate IVMR with a sufficient strengt .
On top of that, the strong absorption produces oscillati g ; Iﬁgt];rgfnt::';hgﬁ Eegebetf?ég?fgggl;‘ggg L
angular distribution characteristic to the multipolaitithe 7] M. A Frgne ot alq Phys. Rev. (31(1985) 488 '
state. This allows one to identify the transferred orbit&la8 B.K.F e Y t“I P%' L .tt B149 (1999 6
gular momentund\L from the angular distribution. [8] B.K. ujikawaet al, Fnys. Let.  ( ) 6.

] T. Suzukiet al, Phys. Rev. G7, (2003) 044302.

The (°C,19B(IAS)) reaction has also advantages in ter
of the reaction analysis. By use of the super allowed Fer P]H' Lenskeet al, Phys. Rev. Lett62, (1989) 1457.

transition, the uncertainties of the projectile form fad®
minimized since the structures of isobaric analog states ar
similar each other, which leads more reliable calculation.
We should also mention about experimental merit in use
of the (°C,'°B(IAS) reaction. The purity of proton rich
beam is usually low, because it often suffer from large
amount of contaminant of isotones. However, this is not
the case fot°C. The purity of al°C beam is expected to be
exceptionally high among proton rich beams, since neigh-
boring isotones wittN = 4 ®Be, °B, 1IN, *?0) are unbound
as shown in Fig.3. Thus, a clean experiment will be possi-
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Activities on the RHIC-PHENIX and LHC-ALICE experiments in the Year
2009
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R. Akimoto, Y. Hori, and T. Tsuji

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

1. Introduction serious problems in Run 9 and Run 10.

The physics goal of the studies with ultra-relativisticyea 2 2. physics output & group activities
ion collisions is to realize a new form of matter, callegt|eyen physics papers were published in refereed journals
quark-gluon plasma (QGP), and to study its properties. iy JFY 2009 by the PHENIX collaboration, as listed in the
The CNS group has been participating in the PHENIplication list of this annual report. Several others have
experimentat the Relativistic Heavy lon Collider (RHIC) oheen submitted for publication and are in different stages
Brookhaven National Laboratory, USA, with the financigdefore final publication. Press release was made by BNL
support from the Japan-US cooperation in the field of highy February 15, 2010, on the recent results from PHENIX,
energy physics sponsored by MEXT. The PHENIX expefjhich suggests initial temperature of the system created in
ment is one of the major experiments at RHIC, which cofe head-on collision of the two Au nuclei at RHIC would
sists of two central arms (East and West), two muon armsach 4 trillion degrees.
(North and South) and inner detectors for event trigger andrhe CNS group had several distinct data analysis activi-
event characterization. The PHENIX experiment was dgess in the JEY 2009. Brief introduction is intended in this
signed so as to address as many signatures as possiblgi@fe as an overview, and detailed descriptions will be pr
QGP formation, by having a very unique capability to megiged in the following separate articles. Major efforts loét
sure photons, electrons and muons as well as hadrons. cNs group has been on the physics with photons and lep-
The group also has been actively participating to the Atgns.
ICE experiment at the Large Hadron Collider (LHC) in one of the most important yet uncultivated subjects at
CERN. The ALICE collaboration consists of more thapH|C is to find evidence of chiral symmetry restoration.
1000 members from 115 institutes in 33 Countries The AL'ow_mass vector mesons are Considered to be the Sensi_

ICE experiment is designed to be optimized to the studi@# probes. Huge combinatorial background has been pre-
with heavy ion collisions at LHC. venting us from extracting clean signals. Systematic stidi

In this report, major topics of the PHENIX and AL-have been made by measuring low-mass vector mesons via
ICE experiments and the activities of the CNS group in tiigston channel and hadron channel in p-p, Cu-Cu, and Au-

Japanese fiscal year (JFY) 2009 are summarized. Au collisions. Current status is presented in [1].

Path length dependence of energy loss is considered to
2. Progress in the PHENIX Experiment provide crucial information to understand the mechanism of
2.1. Physics runs; Run 9 and 10 jet quenching effect and properties of hot and dense matter.

In the JFY 2009, PHENIX has successfully performed da®ath length of a parton can be determined with less ambigu-
taking in Run 9, whose span was from the middle of Mardty by measuring azimuthal angle of a parton relative to the
2009 until the end of June 2006, and the first part of Run ¥8action plane in event by event, in addition to the ceryrali
whose span was from the beginning of January 2010 usstllection. Extensive analysis af for Au + Au collisions at
the end of May. v/Sun = 200 GeV has been performed, as described in [2].
Run 9 was totally devoted to polarized p-p collisions at Since direct photons mostly escape from the sources
two energies;/s = 500 GeV and 200 GeV. Recorded inwithout scattering or absorption, they provide unique info
tegrated luminosity was 10 pb for /s = 500 GeV, and mation from the interim of the hot and dense matter. Al-
16 pb~* for \/s= 200 GeV. though direct photons are emitted at various stages of col-
Run 10 is totally devoted to Au+Au collisions at severdision process, enhancement of photons from a particular
different energies. A new detector, named as HBD (Hadrstage is possible by setting appropriate energy window. Ex-
Blind Detector), was fully installed for this run, and largeess of the photon yield over background was clearly ob-
deduction of background is expected in the low-mass erved, using the virtual photon method, in central Au+Au
gion of eTe™ invariant mass spectrum due to Dalitz decagpllisions in thepr region between 1 and 3 GeV/c, where
of neutral mesons. thermal radiation from QGP phase is expected to have a
The CNS group has been responsible for maintenanikegge share. In order to quantify other possible nuclear ef-
operation during the run, and calibration for data analgsisfects, deduction of direct photon yield in d+Au collisions
the RICH (Ring Imaging Cherenkov) subsystem, which isheas been performed. Recent progress is described in [3].
gaseous Cherenkov counter usingGfas as a Cherenkov In an ultra-peripheral collision (UPC) between ultra-
radiator. RICH is a primary device for electron identificarelativistic nuclei, very strong Lorentz-contracted etee
tion in the PHENIX experiment. RICH has worked withounagnetic pulse enough to produce even massive particles is
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generated. Thd/y production via UPC has been considthe forward calorimeter for PHENIX upgrade is described
ered to be utilized to determine the PDF (parton distributidn [8]. In parallel, simulation study of the W+Si tracking
function) of gluons at small x region, where gluon-PDF isalorimeter for ALICE upgrade has been performed [9, 10].
not well determined and may suffer significant saturatian2. R & D efforts on GEM and its Applications
due to gluon recombination, which is a non-linear effect imevelopment and application of GEM (gas electron mul-
herent to QCD. Current status at RHIC is described in [4}iplier) has been a central R & D effort of our group in
. , the last several years. GEM, originally developed at CERN
3. Progress in the ALICE Experiment [11], has very simple structure with regularly arrayed Isole
3.1. Physics runs in 2009 and 2010 pierced through a sheet made of polyimide (Kapton) or
Majority of the ALICE detector system has been readyCP (liquid crystal polymer) with typical thickness of 50
for p+p collisions at LHC, and ALICE succeeded in detectO0um with both sides coated by copper foils with thick-
ing the first p+p collisions af/s= 900 GeV on 16:47, Nov. ness of~ 5um. The Cu plates serve as electrodes.
23, 2009. MPGD (micro-pattern gas detector), to which GEM is
The first p+p collisions at/s = 7 TeV was realized in categorized, has a common weakness of fragility to sparks.
the last day of March 2010, and a long physics run is antign idea proposed to prevent large sparks is to use resistive
ipated in the coming months. Heavy ion runs with Pb iomsaterial as electrodes. It was tried last year to use conduc-
is planned in November 2010. Performance of the ALICfive polymer as electrodes for the Thick GEM, which has
experiment in the first p+p collisions at LHC is describeshacroscopic thickness and holes, and reasonable gain was
in [5]. attained [12]. In this year, GEM with conductive Kapton as
3.2. Physics output & group activities eIectrers was developed. The conductive Kapton is made
From the 284 events of data, which corresponds &7 .by. doping carbon power to the Kapton. Performance study
authors per event, accumulated in the first p-p rungst= IS In progress. _
900 GeV, the first physics paper was prepared and submitS an application of GEM, a TPC using GEM (GEM-
ted to European Physics Journal in several days, and W&$) was developed which is a prototype of tracker used to
accepted for publication in Dec. 1, 2009 [6]. measure .recon nuclei in the s_c_attenng experiment of unsta
Charged particle multiplicity is one of the very basi€le nuclei at RIKEN RIBF facility [13].
quantities which is measured in the beginning of colli, Summary

sions. Efforts to deduce charged particle multiplicityis

_ . . In the year 2009, PHENIX had completed Run 9 and has

6900 Ger andd7 ;’eV p+p collisions using ALICE TPC ha3xecuting Run 10. ALICE at LHC had the first p-p colli-
een performed [7] sions in Nov. 2009, and physics runs for p-p collisions at

4 R &D efforts \/s=7 TeV is on going. The major activities of the CNS

. , groups are introduced, which includes data analysis affort
4.1. .R & D efforts on S|I|con.—Tungsten Calonr.netler and R & D efforts related to FOCAL and GEM.
It is expected that saturation of gluon density is realized

in the small x region. The effect would be more apparentieferences

the smaller x. It is a matter of simple kinematics to shojt] Y. Tsuchimotcet al, CNS Ann. Rep. 2009 (2011).

that forward corresponds to smaller x region. [2] Y. Aramakiet al, CNS Ann. Rep. 2009 (2011).
Since the particle density is high and two photon sepafa} Y.L. Yamaguchiet al, CNS Ann. Rep. 2009 (2011).

tion capability is demanding in the forward rapidity regjorf4] A. Takaharaet al, CNS Ann. Rep. 2009 (2011).

a new type of electro-magnetic calorimeter which consigg] T. Gunijiet al, CNS Ann. Rep. 2009 (2011).

of silicon (Si) and Tungsten (W) layers, is drawing attentiq6] K. Aamodt, R. Akimoto, T. Gunji, H. Hamagaki,

as a candidate for measuring photons and neutral mesons. Y. Hori, S. Sano, A. Takahara et al. (ALICE Collab-
W is a material with the shortest radiation length, and ex- oration): Eur. Phys. J°65(2010) 111-125.

pected good capability of particle separation will be favof7] S. Sancet al, CNS Ann. Rep. 2009 (2011).

able in the environment of high particle multiplicity. With[8] T. Tsujiet al, CNS Ann. Rep. 2009 (2011).

Silayers with PAD readout, good gamma-hadron separat{@) Y. Hori et al., CNS Ann. Rep. 2009 (2011).

is expected by making reasonable longitudinal and trafi$0]T. Gunijiet al, CNS Ann. Rep. 2009 (2011).

verse segmentations. Althougf andy separation is pos- [11]F. Sauli, Nucl. Instrum. Meth. 886(1997) 531.

sible up to a certain momentum which is already higher thpgP]R. Akimotoet al, CNS Ann. Rep. 2008, (2010), 59p.

that possible with conventional calorimeters, furthera&zapg13]R. Akimotoet al, CNS Ann. Rep. 2009 (2011).

bility could be realized by adding charged particle tragkin

capability, which may be realized by adding Si strip-type

layers or Si pixel-type layers.
The CNS group has started R&D efforts with intension to

realize a forward calorimeter system (FOCAL) at ALICE,

as an ALICE upgrade in near future. The group has joined

the R & D project carried by the PHENIX group, which has

been constructing prototypes. Performance evaluation of
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Performance Report of the ALICE for the first p+ p collisions at/s= 0.9 and 7
TeV

T. Gunji, H. Hamagaki, S. Sano Y. Hori, for the ALICE Collaltion
Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo, Japan

1. Introduction ing is successfully continued and the ALICE has collected
The Large Hadron Collider (LHC) at CERN is the Iarge§0 M events in 7 TeV proton-proton collisions correspond-

accelerator in the world and the LHC sheds lights on nd@g to 1nb~* by the end of April.

era for the elementary particle physics and nuclear physig's
ALICE (A Large lon Collider Experiment) is one of the

Detector Performance

experiments performed at LHC and is dedicated for themthIS section, the detector pgrformance Of.ALICE n 0.9
d 7 TeV proton-proton collisions at LHC is described.

study of strongly interacting matter created in heavy i .
collisions at the LHC. The ALICE experiment consists flgure 1 showslE/dx measured by'TPC as a function of
omentum. dE/dx for electrons, pions, Kaons and pro-

a larger number of detectors [1]. Central barrel detell .

tors measuring hadrons, electons and photorig|deq0.9 tons are cleary separated. The momentum resolution mea-
: . . 0 .

are composed of an Inner Tracking System (ITS) of higf‘\il-”ed W't.h TPC 'SI‘:.7/° a; 12 Get«:/;‘]from 20|09 co;mm

resolution silicon detectors, a cylindrical Time-Projeat ray experiments. Figure 2 shows the correlation between

Chambers (TPC), a Transition Radiation Detectors anjr%nsve;rKs/se momenturln alnd measuﬁedby JOF' Slgf;nFqls 3
Time-Of-Flight (TOF) detector. A single arm detectors fr?m K h proton arel cer?r.y hsepfarflalte ' ppe;r or Fg.
lead-scintilatior ElectroMagnetic Calorimeter (EMCa#), shows the mean pulse height of electrons and pions mea-

lead-tungsten crystal calorimeter (PHOS), and a ring imag/red bY TRD and right shows the signal spectrum for elec-
. ¢ ( ) J a:é:)ns and pions. The pion rejection factor with the TRD

ing Ch kov hod HMPID I tth -
ing Cherenkov hodoscope ( ) complement the ce studied by projecting E/dx distribution measured with

tral barrel of ALICE. The forward muon arm consists of o . .
complex of absorbers, a dipole magnet, and tracking a %’C as shown in Fig. 4, where TRIE/dxsignals relative

triggering muon chambers. Several smaller detectors ( ’th.e el_ectron Bethe-Bloch line V\.’ith aqd Without electron
V0, ZDC, FMD, PMD) are also installed at forward rapidity?99/"d in the TRD are shown. Pion rejection factor of 90
in ALICE for the global event characterization and trigge'r?‘ aghleved at the electron efnqency 0f 50%. .

At present, the central barrel detectors ITS, TPC and TOFFIgure 5 shows th? resolution of transvgrse Impact pa-
are completely installed. 7 out of 18 TRD super—modulé@meter measured with the ITS as a function of the trans-
have been installed and EMCal and PHOS are patrtially fErse momentum, which is crucial for the measu'rement of
stalled. Trigger detectors such as ZDC, VO and TO are fuff placed decay vertex of heavy quarks. The achieved reso-

installed. A High Level Trigger (HLT) is available to trig- tion is Ies; thaf‘ Sm 1_‘or br Z 3 GeV and compatible

ger the events on the basis of on-line reconstruction, tsel@cthat obtained in the simulation.

physics region of interest within event and reduce the data

size without loss of physics information. 250 v —
CNS has an activity for the commissioning of the TRD, F A

especially taking a leading role for the development of the

slow control system, surface testing of the super-module

and installation in the experimental area [2, 3].

— T ]
1 \ pp @ 900 GeV A
\ .
ALICE performance ]
work in progress ]

200 F
150 |

100

dE/dx in TPC (a.u.)

2. First p+ pcollisions at LHC-ALICE

On 23rd Nov. in 2009, two counter-rotating proton 7
bunches with the LHC injection energy of 450 GeV were oL
circulated for the first time at the LHC. Although the inten-
sity was low, with only one bunch per beam and no sys-
tematic attempt for optimization of the collisions optics,
the ALICE measured a number of collisions candidategigyre 1. The measuratE/dxas a function of momentum in the
Proton-proton collisions with/s= 900 GeV had been con-  1pcinp+ p collisions at,/s= 900 GeV
ducted until Dec. 14th and followed by the 2.36 TeV
proton-proton collisions, which lasted on Dec. 16th. Dur-
ing this period, the ALICE measured roughly 0.4 M eventd; Status and Prospects for Early Physics
which correspond to 1@ib~ as an integrated luminosity. The ALICE detecters are successfully commissioned
Commissioning of 2010 proton-proton collisions startedlring the firstp + p collisions at the LHC. Using the
from January and physics data taking wiffs= 7 TeV first p+ p collisions at,/s of 900 GeV, ALICE measured
proton-proton collisions started from 30th March. Data takharged particle multiplicities and publised the resutts t

]
o

1
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Figure 2. Particle velocity measured by TOF as a function dfigure 5. Transverse impact parameter resultion with ressiee
momentum inp+ p collisions at,/s = 900 GeV
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primary vertex as a function of the transverse momentum mea-
sured by ITS.

Ref. [4], where the results are in good agreement with
the results from UA5 collaboration. The charged particle
multiplicity at 7 TeV has been also measured and muti-
plicity dependence of particle productiopr( distribution,
strangeness particles, resonances, ratio of particlel,yiel
high pr and jet production, heavy quark production) are
under studying [5, 6]. Around the end of 2010, first Pb+Pb
collisions will be performed with the center of energy per
nucleon (/Syn) of 2.76 TeV, which is 13 times larger than
at RHIC. Due to the limitted luminosity planed, the ALICE
will measure the soft particle production such as multiplic
ities, integrated elliptic flow, angy distribution of charged
particles in the first Pb+Pb collisions.

5. Summary and Outlook

The first proton+proton collisions af's of 0.9, 2.36 and
7 TeV were conducted at the LHC-ALICE and the ALICE
detectors are successfully commissioned. Analysis of the
detector performances has been conducted and the ALICE
demonstrated the excellent capability for the measurement
of various particles with a wide kinematic range. The anal-

Figure 3. Response of the TRD tofrom K decays and to elec-YSiS in 7 TeV proton+proton is on going, especially mul-
trons from conversion. Upper shows the spectra of energy-diPlicity dependence of soft particle production and hard
posit in the TRD and bottom shows pulse height as a functiBioPes such as higr particles, jets and heavy quarks. The
of drift time [100 nsec/bin].

T T T T T T
p= 2GeVic —+— without TRD

—— with TRD

Pion Rejection Factor: 90
Electron Efficiency: 0.51

O |

ALICE Performance _|
24/09/2010

e

0__2_ 4 6 8 1
TPC dE/dx - <dE/dx>| (o]
etctron

first Pb+Pb collisions with the center of mass energy per
nucleon of 2.76 TeV will start around the end of October in
2010. The ALICE is ready for the first Pb+Pb collisions.
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Figure 4. TPQJIE/dx signal relative to the electron Bethe Bloch
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TRD.

32



Measurement for charged particle multiplicity in 1/s=0.9, 2.36, and 7 TeV p+p
collisions at LHC-ALICE
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1. Introduction experiments.
Parton saturation is expected to be realized in high en-SD and DD production cross section were obtained from

ergy collisions at LHC energy. This is the state expected'#f\> [9] at 0.9 TeV and CDF [10, 11] at 1.8 TeV. The data
be seen in smaller Bjoken x of hadrons, where gluon yieki CDF at 1.8 TeV is used for the 2.36 TeV, because the
(distribution) is saturated due to the balance betweeggg relative fractions for SD and DD change very slowly with
and gg—g [1,2]. Itis suggested that parton saturation lea@8€rgy. For 7 TeV, there is only the data with INEL for at
to suppression of particle production (about 5% suppresslgast one charged particle jn| < 1 (INEL> 0 <4), be-
at7 TeV p+p [3]) and therefore, this can be studied from tigguse this is the new energy collision.
measurement of particle multiplicity in p+p and A+A collig  Result
sions.

On the other hand the multiplicity measurement takes &
a significant role as preparation for the future physics s
analysis. In the LHC energy, there is possibility of the
“heavy-ion-like” collective effects in p+p collisions [5]
which would make further strangeness enhancement. One
of the useful probes for the study of QGP-like behav-

S, —

P

==

-'\\.l-,,, J:-/.;l/". —

[ -
g g B st

ior in p+p collisions is the particle abundance, espegially 2 e e,
(multi-)strangeness particle production. Particle mifio- = 236TeV
A 7 TeV

cluding multi-strangeness particles have been measured at

RHIC and the yields are found to be well described by e B Y R - R
the statistical models with fully chemical equilibratiof o
strangeness [4]. Final destination of this study is to evalu

=

ate multiplicity dependence of strangeness patrticle produ §£ AT ‘(‘p‘;—‘)) NeD |

tion and its applicability of thermal statistical modelgip 3 © UAS (pp) NSD
.. . . 6~ o STAR (pp) NSD X

collisions at LHC energy. As the start up of this analysis, + CDF (pp) NSD

charged particle multiplicities in p+p collisions gfs=0.9, s CMS (pp) NSD

2.36, and 7 TeV have been measured and the results are de- o ALICE (pp) NSD

scribed in this report.

2. Multiplicity measurement and analysis

»»»»»»»» + ISR (pp) INEL
In the ALI_CE, tracks of charged patrticles are mainly 2 L : Bﬁ% épg)s "(\‘plf)lleEL
measured with Inner tracking system (ITS) and Time Pro- = ALICE (pp) INEL
¥

jection Chamber (TPC). Multiplicity is defined as the num- Ly ACE(e)INEL
ber of tracks of charged primary particles. The results of 0 102 10° 10¢
multiplicity distribution at/s=0.9, 2.36, and 7 TeV was Energy\s (GeV)
published [6’_7’8]' They are analyzed With, Silicon Pixel DeI':igure 1. The tendency qof/s dependence is well-described by
tector (S_PD’ inner two layers of ITS, rad”_3'9 and 7.6 cm) the extrapolation from lower energy results with the form of
for tr'acklng and VZERO counters (t.wo scintilators located a*In(/8)+b, which indicates there is no clear decrease of mul-
on either ?'de of the interaction regionz3.3 and -0.9 m tiplicity due to the occurrence of gluon saturation.
and covering 2.8 n <5.1and -3.% n <-1.7) for the event
trigger.

The ALICE trigger system is sensitive to two types The results ofn distribution and./s dependence of
of events, inelastic (INEL) and non-single-diffractivelN;,/dn at \/s=0.9, 2.36, and 7 TeV are shown in the
(NSD). INEL corresponds to non-diffractive (ND), singleupper and lower panel of Fig. 1, respectively. 47000,
diffractive (SD), and double-diffractive (DD), and NSD i85000, 240000 events are analyzed after the event selection
subtraction of SD from INEL. For the INEL and NSD anal{INEL> 0, -1 and|z| < 5.5 cm for the reconstructed vertex
ysis, data triggered with OR between the signals from theposition) for 0.9, 2.36, and 7 TeV, respectively. Therfifti
SPD and VZERO detectors and with a coincidence betwedanction used in the/s dependence is a power-law. There
the two sides of VZERO detectors are used, respectivayno decrease afN/dn as suggested by parton saturation
The correction for the number of events used in normalizaodel [3].
tion is obtained from cross sections in pp collisions oéoth Figure 2 shows the multiplicity distributions gts=0.9,
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2.36, and 7 TeV in INEL 0j; 1. The fitting function is

DCAyy <0.0182+0.035#+%1 cm, DCA, <2 cm. Tracking

the negative-binomial distribution (NBD). While NBD destarts from the outer-wall of TPC with applying Kalman fil-

scribes well 0.9 and 2.36 TeV, it slightly underestimates

t&tr to the direction to the collision vertex. Applying Kalma

low multiplicities (Nch < 5) and slightly overestimates afilter is iterated as TPGITS, ITS-TPC(—TRD—TOF),

high multiplicity (Nep > 55).
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Figure 2. Multiplicity distributions at/s=0.9, 2.36, and 7 TeV in

and (TOFR-TRD—)TPC—ITS. The TPC and ITS refit
means the success in the last iteration of applying Kalman-
filter for TPC and ITS, respectively.

DCA is distance to closest approach, where QEA;
means the minimum distance between the reconstructed pri-
mary vertex and the point on the track for x-y or z direc-
tion, respectively. The reason why the shape of distribu-
tions around\, ~0 are different between Fig 2 and Fig 3
is that the reconstruction of the primary vertex is not re-
quired in Fig 3. In the study of the multiplicity dependence
of the multi-strangeness production, binning as 0-5 (64%),
6-9 (17%), 10-14 (11%), 15-22 (6%), 23-(2%) will be used.

4. Summary

The charged-particle multiplicity distributions a=0.9,
2.36, and 7 TeV p+p collisions were obtained in the LHC-
ALICE. No decrease ilN/dn was seen in the/s depen-
dence. Multiplicity distribution at/s=7 TeV p+p collisions
with the tight quality cut for the track selection was eval-
uated with ITS and TPC. Multiplicity dependence of the

INEL> 0jp;. The error bars and the shaded areas represf‘ﬁ'ﬁlIti-strangeness particle production will be investeghin

statistical and systematic uncertainties, respectiveBolid
lines are the negative-binomial distribution (NBD).

Multiplicity distribution evaluated by global tracklngé%] L.\V. Gribov, E.M. Levin, M.G. Ryskin, Phys. Rep.100

with ITS and TPC is important in the event characterizati
for the next physics analysis. Global tracking with TP
can avoid uncorrect high-multiplicity events which ha

many tracks of combinatorial background. Figure 3 Sho‘ﬁ

=2 g
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Figure 3. Multiplicity distribution for 7.9M events iy/s=7 TeV

the future.
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1. Introduction chambers which provide momentum of the charged parti-

QCD is a non-abelian quantum gauge theory which dées. Kaons were identified USing the time of ﬂlght infor-
scribes the strong interaction. The QCD predicts that™ation measured by ToF counters in a limited momentum
Quark Gluon Plasma (QGP) is created at hot and/or defi@8ge. [n order to extend momentum range of kaons, the
nuclear matter. Recently, there are many experimental fgwas reconstructed by all charged particles without kaon
sults suggesting that the QGP has been created in heavy#§tification (no-PID method). Electrons and positrons

collisions at RHIC. Our task in the next stage is to studyere identified byCerenkov emissions in RICH detectors,
properties of QGP. which has been built and maintained by the CNS group

Within the framework of QCD, major part of the mas§ainly, and by the ratio of momentum to energy mea-
of ordinary hadrons is considered to be generated throdiied by electromagnetic calorimeterp.— e are re-
the spontaneous breaking of chiral symmetry [7]. This efonstructed bg‘e™ pairs.
fe.ctive mass depends on the vacuum energy density, angl iResyits
will vanish in hot and/or dense matter. Some model calcula-
tions predict mass modification of low-mass vector mesorz:
(LVM’s), p, w and @ mesons, in medium [3, 8,4, 2]. The §10"
mass may be affected and become lighter and the width m 5.}
become wider in a hot and dense medium. 1

LVM’s have both leptonic and hadronic decay channel:
The hadronic decay channels have an advantage of lan
branching ratios. However, hadrons from deep within th_ Mg [GeVIc]
hot matter are scattered by the strong force, thereby loos- (a) invariant mass ip+p (b) invariant mass i+Au
ing information of the original decay. On the other hand, as
leptons are not subject to the strong interaction, lepton gms
probes can carry purer information of the vector mesor
in medium. The most straight-forward and direct metho 132
to detect the mass modification is a line-shape analysis .
invariant mass spectra of daughter leptons of the LVM* :
KEK E325 collaboration has reported an excess on tl 0 05 & 18 2 23758 G e s 60705 08 AT AL U
lighter side of the LVM pgaks in the'e" Invar_lam mass . (c) invariant mass in Au+Au (d) after subtraction in Au+Au
spectra [6]. However, this line-shape analysis needs high
counting statistics, which is difficult to achieve in the-col
lider experiments.

Another interesting probe is the decay branchgof-
K*K~ to ¢ — e"e". Due to the small Q-value op —
K*+K~/KPK?, the decay branch ap may be sensitive to
the in-medium mass modification. Some models predict
that mass ofp can be modified to be lighter than the mass
of a pair of kaons in a hot and/or dense medium [5]. In
the extreme casey — K™K~ decay is suppressed, and the
branching ratio would be changed.

count/20 MeV/
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Figure 1. Invariant mass of e~ pairs detected by the
PHENIX central arm spectrometers p+p(a), d+Au(b) and
Au+Au(c,d) collisions at,/Syy=200 GeV. Points are raw in-
variant mass spectra for each collisions, and filled areas ar
combinatorial background estimated by event mixing folheac
collision. In each collision, the andw resonances are visible.
(d) shows background subtracted mass spectra corresgpndin
to difference of points and background of (c), and solid Ie

a fit by component ofp, w and p with fixed mass centroids
and widths.

2. Experiment We obtained invariant mass spectrao&™ in each colli-
The LVM measurements presented in this contributiaion as Fig. 1. The solid line in (d) is the best fits of sums of
were obtained from the data samples accumulated by thesons’ components as relativistic Breit-Wigner funcsion
PHENIX experiment duringp+p, d+Au and Au+Au col- convoluted with Gaussian, corresponding to detector reso-
lisions at,/Syn = 200 GeVt in 2003-2007 physics runs.lutions whose sigmas are estimated by full simulations. The
LVM's are measured in both electronic and hadronic chap-yield is assumed to be the same with the yieldwof
nels using the PHENIX central spectrometer, which mea-While relatively large modification is predicted am,
sures fully identified hadrons, electrons and photons [there is inseparablp contribution in this mass region of
Charged particles were tracked by drift chambers and pheé e" e~ invariant mass spectrap is a cleaner probe, de-
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spite relatively small modification expected, becauseether. Summary and Outlook
iS no Overlapping Contl’ibution Of Other resonances. In Casqh_medium modification Of |0w_mass vector mesons is
of d+Au and Au+Au collisions, while there is a huge backsonsidered as one of the best probes to study chiral sym-

ground, the peaks af andw are seen iete~ atd+Au (b)

metry restoration in hot and/or dense matter. We mea-

and Au+Au after precise subtraction of the combinatorigired yield ofp mesons via electronic and hadronic decay
background (d). It is difficult to apply line-shape analysighannels inp+p, d+Au and Au+Au collisions at/Sw =

with the statistics.
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Figure 2. Correctedhr spectra ofp — e*e~ in p+p, d+Au and
Au+Au collisions shown in as closed points apd— KTK™
as open points (a), Nucleon modification factodefu colli-
sions Ryau) (b), Nucleon modification factor of Au+Au colli-
sions Raa) (c), and ratio ofp — ete™ to ¢ — KTK~ (d).

200 GeVt in PHENIX. The production is consistent with
each other in the both decay channels.

A higher statistics run with an in full detector, which has
a capability to reject the® dalitz background, will enable
measurements in central Au+Au collisions in this year. The
data should help increase the accuracy of the LVM mea-
surement significantly.
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The number ofp andw are counted in the mass regions,
and corrected for the acceptance and efficiency which are
estimated by a full GEANT3 simulation. A special electron

trigger called as 'ERT Electron Trigger’ is used fofp and

d+Au collisions. lts trigger efficiency is also simulated in
the full simulation using efficiency curves obtained by min-

imum bias data. Figure 2 shows the correatedspectra
of ¢ — eTe™ (closed) andp — KK~ (open) inp+p and

d+Au and Au+Au collisions (a), where the solid lines are
global fits forp — K™K~ ande™e™, and dashed lines show
the yield in p+p scaled by the number of binary nucleon-

nucleon collisionsNqy) for each collision centrality. The

spectra ofp — e"e~ and @ — KK~ are consistent with
each other in all collisions.

In case ofd+Au, the yield is slightly higher than the scal-
ing line. This is a well-known nuclear effect called Cronin

effect. In case of Au+Au, the yield is slightly suppressed
least in theK ™K~ channel. The ratio op — e*e™ to the fit

by Levy function toK " K~ at Au+Au collisions is shown as

at

Fig. 2(d). As mentioned in the introduction, the branching
ratio of g — KTK™~ to e"e™ is an important measurement.

A change of the ratio may be seen as a difference in these
spectra. The yields measured by both channels are consis-
tent within the errors. More counting statistics and cdrefu
analysis are needed to discuss a possible difference in the

central collisions.
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1. Introduction to evaluate the contribution of nuclear effects in the low

Direct photons are one of the most important probes @§€ct photon yield. The current status of the analysis for
investigate properties of the matter created by heavy 80 GeVd+Au collisions is presented in this report.
c'olllisions. Thgy are emitted from every stage of the co}- pirect Virtual Photon Measurement
lisions and theirpr reflect the temperature of the sources.
Especially, direct photons in.Q < pr < 5.0 GeVk are of

special interest since thermal photons from the Quark Glu V* — q+e"e. The relation between the photon pro-

Plasma (QGP) are considered to be the primary contribu . . _ . )
[1]. The observation of thermal photons can allow the del-JCtlon and the associategfe” production can be ex

termination of the initial temperature of the QGP. pressed as [4]
The measurement of direct photons for such a fow 2
region is notoriously difficult due to large background pho- d_nee = 2_ai 1— 4mg <1+ ng) Sdny, (1)
tons from hadron decays, particular§. The difficulty on dmee 37T Mee me Me
the measurement can be solved by measueing pairs . ,
from direct virtual photon decays since any source of re\gperea is the fine structure corlstantle and Mee are the
asses of the electron and ttiee™ pair, respectively, and

photons can also emit virtual photons which convert 0.
low-massete™ pairs. The direct virtual photon measure=- IS @ process dependenf[ factor that goes to ings— 0
r mee < pr. The relation between the photons from

ments forp+p and Au+Au collisions have been made i} R .
the PHENIX experiment and the direct photon yields in ﬂpadron decays and thee pairs from Dalifz decays are

low pr region for both collision systems have been suéTSO described by Eq. (1). For’ andn, S is given as

cessfully determined from the direct virtual photon me& — |F(n2)[2 (1 % [5], where F(m2,) is the form

surement [2]. Figure 1 shows the direct photon spectra. in
[2]. Fig P P factor andmy, is the hadron mass. The factBris obvi-

ously zero fomge > my,. This cutoff can help to separate the
direct photon signal from the hadronic background. Since
80% of the hadronic photons are from? decays, the sig-
7" Ak 20740k x10 nal to background ratio§/B) for the direct photon signal
improves dramatically fomge > mo.

A direct photon production process has an associated
process in whichy* instead ofy is emitted, i.e.q+g —

10
4 4 AuAu MB x10*

_
o
w

© ¢ AuAu 0-20% x10?

p+p

3. Analysis

In this analysis, minimum bias events from the data taken
in RHIC-Year 8 are used. All combinations of electrons
and positrons in a same event are considered. The obtained
ete” mass distribution contains several components from
different sources, which are listed below.

e Direct virtual photon decays

Ed *N/dp 3 (GeV2¢®) or Ed%ydp® (mb GeV %3)
3
HHH\‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘_‘HHHH‘ HHHH‘ HHHH‘ HHHH‘ T TTTTm]

]0—77‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\T\\)ﬁ\
1 2 3 4 5 6 1

p, (GeV/c)

e Hadron decays

e Photon conversions
Figure 1. The direct photon spectra p+p and Au+Au colli-

sions [2]. e Combinatorial background

p+p and Au+Au collisions. A significant excess over the ©® Cross pairs from decays withe'e™ pairs in a final
binary-scaledp+p result is clearly seen for Au+Au colli- state (e.9.1°,n — 2y(orye'e ) — e'eete
sions inpr < 3.0 GeVk. However, the observed excess
cannot be concluded as thermal origin at this moment be-
cause nuclear effects such as the Cronin effect, the nuclear

shadowing and so on [3] may increase or decrease the [Bae pairs from photon conversions are removed by a cut
pr direct photon yield. Efforts for measuring the logt on the orientation of the pair in the magnetic field, and the
direct photons ird+Au collisions are being made in ordeccombinatorial background is computed with a mixed-event

e Pairs from two independent decays in the same jet or
back-to-back jets
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technique. The like-sign pair distributions consist of the
combinatorial background pairs, cross pairs and pairs from
two independent decays in the same jet or back-to-back jets.
Thus, the contributions of these background pairs are eval-
uated using like-sign pair distributions and a Monte Carlo
simulation. Then, these pairs are subtracted. Finally, the
correlatede e~ mass distribution, which consists of pairs
from known hadron decays and direct virtual photon decay,
is obtained.

Since the factorS in Eq. (1) is considered to be al- i
most unity in the region ofor > 1.0 GeVk and mee < o
350 MeVKk?, the direct virtual photon component can be bbb b Lo
extracted from thete mass distribution by utilizing the P, [Gevic]
differente”e” mass dependence of the fac®IThe equa- g re 3, The obtained direct virtual photon fractions asict
tion (2) is fitted to the data in order to determine the fractio
of the direct virtual photon component in tlege™ mass

PHENIX preliminary

02 d+Au Min.Bias
\[Sy = 200GeV, [y|<0.35

0.15~

direct yl/inclusive y

o
o
T

I’Vx

o
=3
a
T
——
[ —

tion of pt in d+Au collisions.

distribution. o 2:, (@ p+p ,:, ® AurAu (MB) d
f(Mee) = (1= 1) foocdMee) + T+ fair (Mee), ~ (2) i { ] :
wherefeock is the mass distribution from the known hadron l

°
T

decays andyj; is the expected distribution from the direct
virtual photon decays, ands the direct virtual photon frac-
tion. The mass distribution from the known hadron decays
is calculated by a Monte Carlo calculation which incorpo-
rates the measured yields of the hadrons at the PHENIX. T R X E e e e R
Figure 2 shows the*e~ mass distribution ird+Au colli- e e

r= directy/inclusivey

°
=
K

Figure 4. The direct virtual photon fractions as a functiérpg

£ [ d+AU (MB): \[$,=200GeV, [yI<0.35, 1.5-2.0Gev/e in p+p (left) and Au+Au (right) collisions [2].
z 107 (L0 oo (Mee)+r f i (M)
s e S coek(Mee) . . . . .
g 5K (e mass distribution. The contribution of nuclear effectssse
6 X —e—d . . . .
10 HENIX alt_a _ to be small in the lowpr direct photon yield according to
e prefiminary the obtained direct virtual photon fractionsdtAu colli-

107 o

sions.
The triggered data samples fd+Au collisions are also
. available and they can provide much more counting statis-
, > tics in pt > 1.5 GeVk than the minimum bias data which
E is dedicated to determine the lowgst data point. The

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Moo [GeV/c?] triggered data can extend tipg reach up to 6 Ge\and
Figure 2. Theete~ mass distribution ird+Au collisions for the existing data points in.8 < pr < 3.0 GeVk will be

1.5 < pr < 2.0 GeVk together with the fit result by Eq. (2). improved in their accuracy. After the direct virtual pho-
ton fractions are obtained using the triggered data, thescro
sions for 15 < pr < 2.0 GeVk together with the fit result section of the direct photon id+Au collisions will be de-
by Eqg. (2) shown with a thick solid line. termined.

10°

10
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The direct virtual photon measurementdrAu colli-
sions has been going on at the PHENIX experiment in or-
der to evaluate the contribution of nuclear effects in the ob
served excess yield in< pr < 3.0 GeVk for Au+Au
collisions. The direct virtual photon fractions d+Au col-
lisions have been determined successfully from ehe™
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1. Introduction discrepancy appears on the azimuthal angular dependence
It has been observed in central Au+Au collisions at R theRaa. Therefore, the measurement of fRex for each

ativistic Heavy lon Collider (RHIC) that the yield of neu@zimuthal angle enables us to verify these models and to

tral pion at high transverse momentum pf > 5 GeVve have the hint of the energy loss mechanism.

is strongly suppressed compared to the expected yield exI heRaa(pr,cent Ag) for a given azimuthal angle can be

trapolated from thep + p collisions assuming the scalinggXPressed by using the azimuthal integra®g¥f(pr, cent).

with the number of binary collisions. This suppression is N(A@)

regarded due to the energy loss of hard scattered partons ifRaa = m -Ram (2)

the hot dense matter created in heavy ion collisions, and it ¢ " ¢

is called as jet quenching. NA@) O 14275 (vhcognAg)), (3)
Path length dependence of energy loss should provid(e ) n;( ncosnie))

further insight into the energy loss mechanism. Several thehereN (A@) can be expressed in terms of a Fourier expan-
oretical models suggest that Landau-Pomeranchuk—Mig\cq’a ¢ P b

(LPM) effect in QCD plays an important role in radiativ sion withAg, andv, is the magnitude of the harmonicsref

energy loss process [1]. These models predict that the m%ab order. The second harmonias, represents the strength

nitude of energy loss is proportional to square of the pa?ﬁe”'ptlc azimuthal anisotropy.
length. 2. Azimuthal angular dependence of® Raa

Path length can be determined by measuring the azThe anisotropy, at low pr is created by the collective
imuthal angle of emitted particles with respect to the r@oy, which is an origin of the background in measuring the
action plane in non-central collisions. In non-centralieol Raa(pr,AQ) for investigating the energy loss. In order to
sions, the hot dense matter has a spacial anisotropy, andgice the effect of the collective flow, the measurement of
reaction plane is defined by the two vectors representig|ds at highpr is needed.
beam direction and impact parameter. The Muon piston calorimeter (MPC), which is made of

For recent theoretical approach to the energy loss mefd}d tungstate (PbWpcrystal is used to determine the re-
anism, the properties of the HT [2], AMY [3] and ASW [4]5ction plane at PHENIX. Even though MPC is similar ra-
models have been studied [5]. The HT and ASW incluggyity coverage to the detector which is used in the previous
only coherent radiative energy loss, while the AMY inmeasurement at PHENIX, the reaction plane determination
cludes radiative and collisional energy loss. In this pap@y expected to be improved due to better energy resolution.
they were implemented in a 3-D hydrodynamical simula- Figyre 1 shows th®aa of 7° as a function of azimuthal
tion with the same initial Wood-Saxon nuclear geometryngle at highpr for different three centrality classes. The
space-time evolution of medium and fragmentation fungars and solid lines represent the statistical and systemat
tions. uncertainties for th®aa(pr,A@), respectively. The central

The nuclear modification factoRaa, is defined to quan- gata point shows the azimuthal-angle integra®egd(pr),
tify the suppression of yield in heavy-ion collisions. Thgnd the bar and the band on the point show the statistical er-
Raalis given as a function gbr and the centralityden) as: ror and the systematic uncertainty for tRga, respectively.
Rea(pr.ceny — dN/dyaa @) As shown in.Fig. 1, the angular dependence ofRag for

PT, dN/ypp(Neor(cent))’ each centrality class can be clearly seen.

wheredN/dyaa anddN/dy,, correspond to the yields in3. Comparison of ° Raa(pr, Ag) and models

Au+Au andp+ p collisions, respectively, anN.o (cent)) The measure®aa(pr,AQ) is compared to the predic-

is an average number of nucleon-nucleon collisions fortians of the HT, AMY and ASW. Figure 2 and 3 show

given impact parameter which is associated to the cenftralthe in-plane and out-of-plariRaa as a function ofpr, the

If Raa is equal to one, the particle production in Au+Aach prediction of the HT, AMY and ASW for centrality

collisions can be considered as a superposition of nucle@0-30 %, respectively. The Closed symbols show the mea-

nucleon collisions. suredRaa(pT,AQ), the dash-dotted line is the expectation
All the models have different energy loss schemes, whoé the AMY, the dashed and solid lines show the expec-

they can be reproduced tipg and centrality dependence ofation of the HT and ASW, respectively. The central big

Raa. However, the extracted values for the transport coeffiand onRaa = 0.5 shows thepr-correlated systematic un-

cient of the HT, AMY and ASW have a large discrepancy aertainty for the azimuthal angle integratBga. The right

2.3 GeVP/c, 4.1 GeVF/c and 10 GeVc, respectively. This small band ofiRaa = 0.5 shows the combined uncertainty of
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4. Summary

The study of dependence Bia on azimuthal angle has
Figure 1. TheRaa of 1° as a function of azimuthal angle for threeheen started with the new reaction plane detector. Even
pr ranges and three centrality classes. though all models can be reproduced te and central-
ity dependence of thRaa of 1°, the HT, AMY and ASW
the number of collisions uncertainty from Glauber calculanodels have a large discrepancy for the extracted transport
tion andp+ p normalization uncertainty. The boxes arouncoefficients, Measuring the azimuthal anisotrogyof 71°
the measured points show tpg-correlated systematic un-with new detector, th&®aa of 70 at 6<pr<16 GeVt as a
certainties from the azimuthal anisotropy function of azimuthal angle angr are measured for each
As shown in Fig. 2 and 3, the in-plarRaa seems to centrality class.
be independent opr, while the out-of-planeRas seems  The Raa(pr,A@) for centrality 20-30 % is compared to
to be slowly rising aspr is higher. Obviously, the mea-the HT, AMY and ASW models. Even though the ASW
sured Raa(pr,A9) has strong azimuthal-angular deperiyas the strongest azimuthal angular dependenégfn
dence. The AMY and ASW can reproduce the measurd@se models, it fails to to reproduce the in-plane and out-
out-of-planeRan, on the other hand, they predict smalledf-planeRaa. The measureBaa requires an initial state of
values than the measured in-plaRga. The HT also can the collisions with the greater spacial anisotropy.
not reproduce both of iq—plane and out-of—_pla?)ﬁ\. Even poterences
though all the models fail to reproduce the in-plane and out-
of-planeRax, the data favor a large value of the transport] M- Gyulassyetal, Nucl. Phys. B571, (2000) 197.

coefficient like the ASW rather than the HT and AMY. (2] A. Maj‘_lmdefet al, Phys. Rev. €6, 041902 (2007).
[3] G-Y.Qinetal, Phys. Rev. €6, 064907 (2007).

[4] T.Renketal, Phys. Rev. €5, 031902 (2007).
[5] S.A.Basst al., Phys. Rev. @9, 024901 (2009).
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Figure 2. The in-plan®aa of 7 as a function ofpr , the HT
(dashed line), the AMY (dashed and dotted line), and the ASW
(solid line) for centrality 20-30 %.
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dDepartment of Physics, Lund University
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1. Introduction ciency for pairs should be 1 (1 — g3l ) (1 — glracke ).

We present the measurements of the photoproductiorio€ansétrigger = E8BCVETEzDCEef fective N WE assume
Jp — e*epairs in ultra-peripheral nucleus-nucleus intesscveto= 1,€zpc = 1. Then the UPC trigger efficiency
actions of Au nuclei at/Syy = 200 GeV in RHIC 2007 is not constant in mass region 2 - 4 GeV. Then we gener-
Run. Ultra-peripheral collision (UPC) refers to a collisioated 38Myy— >e'e” events using STARLIGHT model,
in which impact parameter is greater than the sum of tWédich corresponds to the coherent production followed by
nuclear radii. UPC has attracted considerable interestgi Coulomb breakup (Xn).
study photoproduction at hadron colliders in recent yearsOnly 290k events are accepted in the PHENIX ac-
[1,2,3]. UPC can be used for determining gluon density &Ptance and events are used to determine the trigger

i 2 ici te- pai i :
low Bjorkenx = 2I(\D/I_v' Same measurements performed i fr|c.|ency' for the.e.e pairs.  Fig. 2 shows Fhe ef
ective trigger efficiency as a function of pair mass.

RHIC 2004 Run have been reported in Ref. [4]. . . . - )
By using this effective efficiency, we fitted the mass
2. Data analysis distribution with gaug pairmass + &gt fectivd pairmass x
The equation to calculat®/y production cross-sectioneXp(pairmass. The fitting result is shown in Fig. 3. There
at mid-rapidity is:

¥2 I 'ndf 24.01/25
it : Nory L 1 o —
dy ly<os BR (ACC- &reco- Ecuts) * Erigger - Lint 'Ay = L2 0.5267 £ 00163
&
BR andAy correspond to the branching ratio 6f ¢ — o
ete~ and rapidity coverage of PHENIX, respectively. In- 0sE-
tegrated luminosity i, is counted by Beam Beam counter o2
trigger. Accis PHENIX acceptance for measuringpd- T ST
e"e™. geco IS reconstruction efficiency of /. ecus is ef- pi(GevIe)
ficiency of analysis cutN;,, is Number ofJ/y. &rigger Figure 1. Typical ERT2x2 trigger turn on curve

is efficiency of UPC trigger. UPC events are tagged by
the emission of forward neutrons by the Coulomb excita-
tion of one or both Atinuclei. The event triggers have R
3 following requirments; 1)There should be no coincident g
signals from the beam-beam counters; 2) a 2x2(PbSc 10.5 5
x 10.5 cm,PbGI 8 x 8cm) tile EMCal trigger with a en-
ergy threshold of 1.0 GeV is needed; 3)A minimum of 30
GeV energy deposition in (one or two) Zero degree caloli-
maters is required. Further, the offline requirments |d@re

verteX <30 cm, less than 20 charged tracks and only two -
electron and position in the tracks. The measused™ TR R0 B E R R Gy
pairs will contain not only the pairs fromy/ iy but also the Figure 2. Scatter plot oft (1 — &fortracke) (1 — Efortracke) and
pairs from two photon fusion process [1]. The former pairs paijr mass for continuum e+e- simulation..

will contribute the exponential shape to the invariant mass

spectrum. Efficiency of EMcal triggegsrmxe, has mo- are 17ete pairs between 2.8 GeV and 3.2 GeV. From the
mentum dependence. Fig. 1 shows typical seciigoye fitting we have 18.5 @ (in Run-4 9.9). Then we simulate
momentum dependence. UPC events should have 2 elf55000J/( — ete~ events to gefAcc: &eco - Ecuts) and
tron or positron track. gt tective that means trigger effi- &rigger for JAP using STARLIGHT model. Finaly we calcu-

X2 I ndf 0.8342/13
Prob il
-0.2188+0.07313
3.862 +0.3605

0.9759+ 0.0592710

~(1-eff_trigger1)(1-

1
o
N w
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—_ X2/ ndf 215215 5 T T =
TLegend Prob 0.0006465 -y A = JI¥ Xn @ = UPC Au-Au-s JI¥ Xn @ 200 GeV'
g2 22 A 7.298 + 0.230 = PHENDCRUNA = ©  PHENIXRUN &7 preliminary
s — subtracted & fit Rt > ®  PHENIXRUN7 pmm.,. ry > N
3 20 B 3.75+1.01 ) Sikman efallcohsi 3 Strikman ot al, coh. + incoh.
© 8 — non gaus sigma___ 0.07707 + 0.02390 8 Kopeliovich et al, c e ooh 8 Kopeliovich et al, coh. + incoh.
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Figure 3. Invariant mass distribution of PHENIX 2007 run UPCFigure 6. 2007, 2004 and combine cross-section compared to

lated UPC Xy cross section. theoretical 7, 9].

14.6(stah 523 (sy9 ub. The combine result is 68+

doyPC 13.7(stah 193 (sy9 ub.
“y —54.1+14.6(stah 523 (sys ub Now, we have only point at mid-rapidity in our cross sec-
dy ly<os tion plot and still we don’t have enough statistics to sefgara

incoherent and coherent centaral UPC. RHIC Au+Au run-

Combinding result of 2004 and 2007 runs, the U5@ ningin 2010 has 1.5 and 1.5 times statistics for mid-rapidit

- 105 - -
r tion of 68+ 13.7 (sta " is obtained. > . :
cross section of 68137 (sta) 305 (sy9 ub s obtained and forward rapidity. These data will be analyzed in the fu-
5 T = TR ture.
E HiEL 2 184 Eha s 7 i
] %
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3. Summary and Outlook

We got UPCJ/ cross section from an analysis of the
2007 run Au-Au,/Syn = 200 GeV UPC datal/y peak is
clearly seen. The total number &f is 1875+ 5.05. The

UpPC

. dd
run7 central UPC cross section +sﬂ /<05 =541+
<0.
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SHARAQ Project — Progress in FY2009 —
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In this article, we review the progress in the SHARAQ
project in 2009.

In succession to the first commissioning run in March
2009, we conducted the second commissioning run of the
SHARAQ spectrometer [1] and the high-resolution beam
line [2] in May 2009. The first physics run with the spec-
trometer was performed in November 2009.

1. The second commissioning run

In the first commissioning run, a momentum resolu-
tion dp/p of 1/2500 was achieved [3]. Detailed ion-
optical studies of the SHARAQ spectrometer and the high-
resolution beam line were made in the second commission-
ing run to improve the momentum resolution and to achieve
a simultaneous fulfillment of lateral and angular dispearsio
matching conditions.

Primary 14N beams at 250 MeV/nucleon and secondary
12, 9L, 6He, and®H beams produced by projectile frag- -20 0 20
mentation reactions of the primary beam offBe target Xep [Mmm]
were used to tune the high-resolution beam-line and the
SHARAQ spectrometer.

The beam line was designed to have five focal points in
between the starting point F3 and the SHARAQ target. Per-
formance of the whole ion-optical system depends on how
precisely the beam line is tuned to have focus at the de-
signed positions. In this respect it is important to tune the
beam line to have a focus at the designed position. How-
ever, in the first commissioning run, a beam image broaden-
ing due to a large dispersion and a beam momentum spread
prevented us from diagnosing the focus conditions. As de-
scribed in Ref. [4], a new procedure was introduced in this
year to solve this problem and was established. In addi-
tion, response of each quadrupole magnets, examined prior -20 0 20
to the experiment by using a computer code CO8I¥IN- a-p [mrad]

ITY, were applied to the tuning procedure. As a result of all

this, we have succeeded in completing the beam tuning ifyure 1. Horizontal beam images at the final focal plane & th

shorter period of time than in March. . achromatic (upper panel) and the dispersion matching trans
Tuning of lateral and angular dispersion matching con- ot (jower panel).

ditions and double focus conditions at the SHARAQ target
position was performed by adjusting the excitation cuisent
of the four quadrupole magnets; QH18, STQH19a, b, and
c. During the tuning, the correlations between particle tra
jectories at the dispersive focal plane FH7 and at the fo-

X7 [MM]

X7 [Mm]
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cal plane of the SHARAQ spectrometer were used for dieam tracking in the beam line facilitates beam line tun-
agnostics. The beam position at FH¢7, corresponds ing that is required to obtain the dispersion matching con-
to the beam momentum, and thus, the correlation betwektions [5].
XpH7 and the position in the focal plane of the SHARAQ Inthe commissioning run, detector responses to lightions
spectrometerxgp, provides a good measure d) of the with Z=1 and 2 was investigated. Some of the beam line
whole ion-optical system. The upper panel of Fig. 1 showstectors were operated at a gas pressure of 50 kPa and
the correlation betweex:n7 andxgp. The upright correla- their detection efficiencies for a triton beam were found to
tion betweernxry7 andxgp in the figure clearly shows thatbe as good as 90% [6]. Cathode read-out drift chamber at
the beam position at the focal plane of the SHARAQ spete focal plane of the SHARAQ spectrometer operated at
trometer is independent of the beam momentum, which #hkPa also showed a satisfactory detection efficiency of bet-
dicates the achievement of the lateral dispersion matchtagthan 90% for tritons [7]. Thus, we have confirmed that
condition. the SHARAQ detector system can be used in experiments
Similarly, the correlation betweexgy7 and the horizon- with light ion beams.
tal anglg at. the focal_ plane of the SHARAQ spe.ctromet [ The (t,3He) Experiment
arp, Which is shown in the lower panel of Fig. 1 is a goo . i ]
measure of the angular dispersion matching. After tuning, 1 he first physics program with the SHARAQ spectrom-

we succeeded in obtaining the lateral and angular dispersiéer Was performed in November 2009, whe#e-type
matching conditions simultaneously. isovector spin monopole resonance&iar and?°8Pb were

Figure 2 shows the horizontal image of‘\ beam at searched for. Thé,3He) reaction at 300 MeV/nucleon was

the focal plane of the SHARAQ spectrometer. lts wid#iSed 10 extracB ™ strengths. An intense triton beam of
corresponds to the momentum resolution of the ion-optidd] S~ Was produced by projectile fragmentation of a pri-
system. The upper panel presents the data obtained in"TK¥Y 320-MeV/nucleoriHe beam, and the producéHe
achromatic transport mode. In this mode, the resolution W8S Were momentum-analyzed by the SHARAQ spectrom-
limited by the momentum spread of the beam. After the dRe" _ _ o

persion matching condition was obtained by carrying out The details of the experiment are described in Ref. [8].
beam line tuning, the beam image was narrowed down c@tknowledgment

siderably, as shown in the lower panel of Fig. 2. The authors thank Director T. Otsuka and all the mem-

a00f ‘ ‘ ; : bers of CNS for continuous support for the SHARAQ
i * project. They are also indebted to the RIKEN and CNS
staffs for operation of accelerators during the runs.
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Figure 2. Horizontal beam images at the final focal plane & th
achromatic transport mode (upper panel) and in the dispersi
matched transport mode (lower panel).

The resulting momentum resoluti@p/p was found to
be approximately 1/8100. Further studies to improve the
momentum resolution are in progress. From the ion-optical
studies, it is clearly demonstrated that capability of the
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Focal-Plane Detector System of SHARAQ Spectrometer

S. Michimasa, H. Tokieda, S. N§jiS. Ota, S. Shimoura, T. Uesaka, H. S&kai
P. RousseI-ChoszJ-F. Libinb, P. Gangnall?(, and C. SpitaeE

Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo
apepartment of Physics, University of Tokyo
PGANIL, France

The SHARAQ spectrometer [1] and the high-resolutidime conversion (QTC) technique and multi-hit TDC mod-
beam line [2] have been constructed in the Rl Beam Fades [3].
tory (RIBF) at RIKEN. In March and May, 2009, we per- Tracks of beam particles were measured by the track-
formed the beam study to examine dispersion-matching iog detectors, which are cathode-readout drift chambers
optics and to evaluate performances of detectors install@RDCs) [4]. The CRDCs have manufactured in the fiscal
in the beam line and the spectrometer. In November, thear of 2008 by collaboration with an experimental group
first experiment has been done to measure ti&l¢) re- of GANIL. Detailed structure of the CRDC is described in
action induced by triton beam at 300 MeV/u. ThrougRef. [5]. The CRDCs were operated with isobutane gas at
the beam studies and experiment, valuable information Ha&sor 30 torr in this study and the experiment. The CRDC
been obtained to evaluate the basic performances of iz 2 signals from the anode wires and 2 multiplexed sig-
high-resolution spectrometer system. This report dessrilmals from the cathode pads. The anode signals were utilized
basic performances of detector system installed at the dsdeduce drift time and charge amount of secondary elec-
persive focal plane of SHARAQ. trons in the CRDC. Preamplifiers for anode signals were
Figure 1 shows the detector setup at the final focal platigarge sensitive type and were set to be gain of 0.9 V/pC
of the SHARAQ spectrometer used in the experiment. Tvamd time constant of 21s. Since the anode signal is gen-
tracking detectors and three plastic scintillators were iarated when avalanche occurs around anode wires, the drift
stalled The focal plane is located 3.04-m downstream fraime are determined by difference between an anode tim-
ing signal and a timing signal of the plastic scintillator.
For a calibration of drift velocities of secondary electson
in CRDCs, a plastic scintillator with horizontal slit aper-
tures was installed on the focal plane. Slits were located
at every 10 mm and their width was 0.2 mm. By using
the plastic scintillator, the drift velocities were estit@ad
to be 5.9 cmys with 83.3-V/cm drift field at 15 torr and
5.3 cmfus with 140-V/cm drift field at 30 torr, respectively.
These values are consistent with those evaluated by using
the GARFIELD code [6].
The horizontal hit position is determined by a charge dis-
\ tribution induced on the cathode pads. The charge signals
from the cathode pads were read out by GASSIPLEX chips
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Figure 1. Detector setup for the dispersive focal plane L?] With its capability of high multiplexing, the charge
SHARAQ. Two tracking detectors and two plastic scintiltato signals from 256 cathode pads can be transmitted through
were installed for the experiment a single signal line and read out with a CAEN sequencer

with a CRAM module [8]. In this study and experiment, the

the exit of the SHARAQ D2 magnet and inclined at 35 dé-ack-and-hold signals for GASSIPLEX chips were gener-
grees relative to the central orbit. Beam passed through éied by the timing of anode signal of the CRDC under the
tracking detectors installed in vacuum, and went out to thendition that plastic scintillators and the anode wer@-<oi
air through a 10 mm-thick aluminum window. The plasticident.
scintillators were placed downstream of the aluminum win- Figure 2 shows detection efficiencies of 250-Me W
dow. particles with 15- and 30-torr operations as a function of

The plastic scintillators were used to measure the tifigh voltage supplied to the anode wires. Compared with
ings passing through the focal plane, and to measure endhgy 30-torr operation, the gas amplification at 15 torr was
deposits in them. The three-layer configuration of scimtillroughly 5 times smaller. However, in the tracking of heavier
tors is efficient for rejecting cosmic-ray events. Each scialements, the 15-torr operation of CRDC is considered to be
tillator is read out by two photomultiplier tubes attachegufficiently sensitive.
on both sides. The effective area of the plastic scintitlato Detection efficiencies for light particles were shown in
is 650(H) x 400(V) mm?. Their thicknesses are 5 mmFig. 3. The three panels show the data%m °He and
10 mm and 20 mm, respectively. Charge and timing ddtédon. In each panel, a solid (dashed) line indicates detec
of the scintillators were obtained by utilizing the chatge- tion efficiencies by anode (cathode) as a function of high
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Figure 2. Detection efficiencies of the anode with the 15-do0d black (red) histogram was obtained by the upstream (down-
30-torr operations for 250-MeV/H'N particles. The horizon- stream) tracking detector with 950-V (970-V) anode HV. (b)
tal axis shows high voltage supplied to the anode wires. Anode pulse-height spectrum decomposed by passing parti-

cles,t ®He and®Li.
voltages (HV) supplied to the anode wires. The detection
efficiency is estimated by coincident ratio with two layerd§™WHM). This resolution is capable for particle identifica-
of anodes (cathode) outputs from one CRDC and pladiRns of light particles, such a8 = 1-3, but identification

scintillators installed downstream. A difference of dete®f the beryllium and heavier is difficult.
Discussions about achieved position resolution of the

190 - gmwt tracking detectors are described in the report by Tokieda
50 E: » :é et al [9]
_ 28%:#,_%,,,#,,, T In the summary, we performed the beam study using
L] A LARRE RARAY SR AR T SRAPY A light radioactive isotopes at 288250A MeV and exam-
E e e ./’ = ined the detector system installed in the final focal-plaine o
;§ 20 = . — S — 3 the SHARAQ spectrometer. All the detectors operated suc-
I Lo A R B AP cessfully even for light particles and we obtained basiadat
75E- °H — of their performance in order to optimize the detectors’ pa-
50 £~ —=
BoE- g rameters and to improve their data analysis algorithm. In
g i i Sl il i I November 2009, we have performed the first experiment

600 700 800 900 1000 1100

using a {,3He) reaction at 300 MeV/u. The details on the
HV of anode (V)

experiment is described in Ref. [10].
Figure 3. Detection efficiencies of the anode (solid lines) the
cathode (dashed lines) with the 30-torr operationst f§iHe

and®Li particles at around 200 MeV/u. The horizontal axiéqemrenceS
shows high voltage supplied to the anode wires. (1] l-zfgsakaet al, Nucl. Instrum. Meth. B266 (2008)
tion efficiencies between anode and cathode is causeomyl'zgi‘wabamt al, Nucl. Instrum. Meth. B266(2008)

small mismatching of their preamplifier gains. The CRDCs
of SHARAQ achieved 100-% detection efficiency by lowl3] S- Otaetal, CNS-REP-83, (2010) 57.
pressure operation for light ions such as tritons. In the nddl M-H. Tanakeet al, Nucl. Instrum. Meth. A362(1995)

step of the optimization, we are analyzing HV dependence 521 o _
of anode in horizontal position resolution. [5] S. Michimasaet al, CNS-REP-80, (2009) 55; CNS-

The potential wires located between anode wires to form REP-83, (2010) S5. )
strong field around anode wires are equipped only in tHd R- Veenhof, GARFIELD, CERN Program Library

upstream tracking chamber (CRDC1), and downstream one W5050. ) , .

(CRDC2) has no potential wires. The difference of configf] Theé GASSIPLEX is a re-designed chip of the AM-
urations causes a difference of avalanche gains as degcribe PLEX by J.C. -Santiard of CERN. The AMPLEX is
in the last report [5]. Figure 4 (a) shows pulse height distri described in E. Beuvillet al,, Nucl. Instrum. Meth. A
butions of anode signals. The black histogram was obtained 288(1990) 157. ,

by CRDCL1 at 950 V and the red one was done by CRD& V551 C.A.E.N S.equencer User Guide, V550 C.A.E.N
at 970V. In spite of the difference of supplied voltages, the CRAM User Guide.

pulse height distributions were almost same. Therefore, gl _H- Tokiedaetal, CNS Ann. Rep. 2009 (2011).

tential wires were valid to achieve an avalanche gain byPIX- Miki etal, CNS Ann. Rep. 2009 (2011).

lower anode HV, but did not improve the energy resolution

of CRDCs as the function of avalanche gain. Figure 4 (b)

illustrates the pulse-height spectrum decomposed by pass-

ing particles, where each particle is identified by the plas-

tic scintillator installed downstream. The energy resolut

of CRDCs with 30-torr operation was estimated to be 50%
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Focus tuning method of the high-resolution beam line for theSHARAQ
spectrometer

Y. Sasamoto, T. Uesaka, S. Shimoura, H. S3KaiKubd, Y. Yanagisawd, H. Taked4,
S. Michimasa, A.Saito, S. Ota, S. NjK. Miki®, H. Tokieda, H. Miya, S. Kawase, T. Kawab3ta
G.P.A. Berd, and SHARAQ collaboration

Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo
8RIKEN (The institute of Physical and Chemical Research)

bDepartment of Physics, University of Tokyo
CDepartment of Physics, Kyoto University

dDepartment of Physics and Joint Institute for Nuclear Agltrgsics, University of Notre Dame

New missing mass spectroscopy with an Rl beams is
planned at RIBF with the SHARAQ spectrometer [1]. Thes
SHARAQ spectrometer is designed to achieve a resolving
power of p/dp = 1.5x 10* and a high angular resolution
of 66 ~ 1 mrad for particles with a maximum magnetic
rigidity of Bp = 6.8 Tm. To avoid loss of energy resolu-
tion due to the momentum spread of Rl beams, the disper-\'j;,
sion matching (DM) technique is applied in high resolution %
measurements [2].

A high resolution beam line has been constructed [3]
based on the ion optical design described in Ref. 2. Fig-
ure 1 shows the layout of the high resolution beam line.
An RI beam emitted from the production target at FO is
achromatically focused at F3. F3 is an ion-optical starting
point of the high resolution beam line. The beam line after
F3 consists of 30 superconducting quadrupole magnets, 3
normal-conducting quadrupole magnets, and 5 dipoles. Al-
though the initial settings of magnets were deduced from
the ion optical calculation based on the precise magnetic
field measurement [4], a fine tuning is still needed in agsjgure 1. Layout of the high resolution beam line. It brarche
tual experiment to achieve the required resolution. In this from BigRIPS after F6. F3 is an ion-optical starting point of
report, the tuning method which is applied in the commis-  the high resolution beam line.
sioning of the high-resolution beam line for the SHARAQ
spectrometer [5] is described.

The fine tuning requires measurements of the transégrambers [6]. The magnetic field settings corresponding to
matrix R, which connects the initial and final coordinatéhe left and right panels of the figure are different (about
vectorsX andX’ asX’ = RX. The elements oR are usu- 5 %). And then, the slopes in the panels should be differ-
ally obtained from the correlation between quantities ef tlent. However, the difference is not obvious. The difficulty
two focal planes. For example, to tune the focus conditidg,caused by the spread of the image at the focal plane due
namely(x|a)is = 0 where each digit in the subscript means the large dispersion and beam energy spread.
the corresponding focal plane, we use the correlation beThe value of dispersion at the focal planes in the DM
tween the positiorx; at the final plane and the angdeat mode are summarized in Table 1. The standard tuning
the initial plane. The slope of the correlation correspongsethod could be applied between F3 and F4 as described
to the magnitude ofxa)is. Actually, for the beam tuning above because the spread of the image caused by the dis-
between F3 and F4 of the high-resolution beam line, tpersion is not so larger than other points. When the primary
correlation of the positions at F4 with the angles at F3 cBaam with the momentum spreadp ~ +0.1% is used,
be used. In this report, we call this method to use the catie horizontal beam image, for example, at F6 spreads over
relation betweerxs anda; directly as thestandard focus +8 mm due to the dispersion. The beam spread smears in-
tuning method formation about(x|a). Even if momentum slits are used,

Use of thex — a correlation alone is not always effectivehe resulting momentum spread is of almost the same order
in RI beam experiments. Figure 2 shows the correlation lisf-the primary beam.
tween the angle at F3 and the position at F6 with the primarywe propose a simple method which do not depend on the
14N beam at the commissioning. The position and angdeam momentum. In this report, we call this the momen-
are determined experimentally by using the multiwire drifim independent tuning method. This method is efficient
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Figure 2. The correlation of the angles at F3 and the postion

at F6 with the primary’N beam under the different field set- Figure 3. The correlation of positions at F6 and FH7, which

tings. The slope corresponds to the magnitudéx(a) . are indicated asg and x7, respectively. The slope corre-
sponds to the magnification between F6 and FH7, namely
Focalplane ~ F4 F6 FH7 FH9 FH10 (X|X)67. (X|X)7¢ is obtained as- 1/(x|x)s7 under the condition
Designvalue —19 76.7 —-73.7 229 150 of (x|a)g7 ~ O.
(mm/%)

30

[9%)
[=]

Table 1. Design dispersiaix|d) for the DM mode.
20

[ye]
S

10

(=}

for the tuning in the focal planes which have the large dis-~
persion. Let us consider the focus tuning between FH7 and 0
F4 to achievéx|a)74 = 0: the beam momentudcould be =
assumed to bg;/(x|d)37 using the position at the largely =y -
dispersive focal plane of FH7. Then, phase space variable§
are related in the first order optics as,

FH7 (mrad)

Angle at FH7 (mrad)
(=)

-30 -30

20 -10 0 10 20 20 -10 0 10 20
X7-(X,X)X6 X7-(X,X)X6
(X[0)7a\ . . o .
Xg— | (X[X)74— 5 X7 = (X|a)74a7. (1) Figure 4. The correlation of the quantities in the left sid&q.(2)
(x|0)a7 and angle at FH7ay, under the different magnetic field set-

Itis found that the left-side term in Eq.(1) is a quantityéad  tings. Itis clearly seen that the slope which correspondseo
pendent of the beam momentum by elimination of the effect Mmagnitude ofx|a)e7 is changed.
due to the beam energy spread at FH7 using the data for F

d FH7. . . .
an equire the complicated procedure. This method enables

In the following, we will consider the simple case, fof i ick] timize th i i f the hiah
example, between F6 and FH7 since there is no dispers"ﬁe 0 quickly optimize€ the magnetic setlings ot the high-

element; i.e. dipole magnet. The quantity independentrgﬁ()l'”'tIon beam '”?e,for the SHARAQ spect_rome_ter. The
the beam momentum can be described as, quick beam tuning is important for the beam line with many

focal planes.

'Afhis is the expeditious tuning method because it doesn't
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settings where we usg|x)7e¢ determined from Fig. 3 ex-
perimentally. In Fig. 4, it is clearly seen that the slopd-ind
cating the magnitude qf|a)7e is changed. If the standard
tuning method is applied using the correlatiorxgfvith a7,

the spread of image caused by ielue to the large disper-
sion smear information fafx|a)7e. The fine tuning is, thus,
possible by introducing the momentum independent focus
tuning.
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Performance of Focal-Plane Tracking Detector CRDC in SHARA

H. Tokieda, S. Michimasa, S. NjiS. Ota, S. Shimoura, T. Uesaka, H. S&kai
P. Roussel-ChoszJ-F. Libinb, P. Gangnall?(and C. Spitaef%

Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo
apepartment of Physics, University of Tokyo
PGANIL, France

1. Introduction in November 2009 [4]. In this article, the analysis algarith

High-resolution magnetic spectrometer [1] has been cdH-the position resolution and the results are reported.
structed at the Rl Beam Factory (RIBF) at RIKEN. For
tracking of charged particles at the dispersive focal plane
of SHARAQ, we have developed 2-dimensional position- .
o . . Experiment
sensitive Cathode Readout Drift Chambers (CRDCSs). F? _=XP , ) . .
ure. 1 shows the schematic view of the CRDC. Detailed détPle- 1 summarizes the experimental conditions in the

3 . . . -
tector setup for the dispersive focal plane of SHARAQ afb"He) experiment.  Figure. 2 shows the detection effi-
described in Ref. [2]. ciency curve as a function of the applied anode HV for

6He and®He at i-GH1pgas pressure of 4 kPa. It was found
out that efficiency has reached a plateau with anode HV at

2oem, 940 V for 3He with the anode HV of 980 V(CRDC1) and
1000 V(CRDC2).
drift region
Table 1. The experimental conditions in th¢’le) experiment
of SHARAQ.
§ amn o Primary Beam  “He, 300 MeV/u
3 — - Secondary Beam t, 3He, ~300 MeV/u
Gathodepacs Operation Gas i-gH1o
ASIC Gas Pressure 4 kPa
HOASSIPLEY) Anode HV 940 - 1000 V
?P&%ek_b“'{e_s gas il M Drift HV —4.2 kV
F;r%?na‘ wires C4H1o }

2-4kPa

Figure 1. The schematic view of SHARAQ CRDC. There are
512 pads of cathode pads from two rows on the bottom. The
cathode signals are readout by using GASSIPLEX chips.
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The CRDC has a large effective area of 550 (H) x 300 $
(V) mm?. Secondary electrons produced by energy loss 40 O tie 25t MeV;/m Hfa
of charged particles drift vertically along the electricldie /
made by the drift plane and field cage, and finally cause 20
avalanche around the anode wires. In the sensor part of .
the CRDC, 10 anode wires are placed between 11 poten- %0 700 8o 900 1000 1100

tial wires. The potential wires and Frisch grid wires are Anode HV (V)

a.rr.ar?ged to make :T:lxially-symme.trilc glectric .ﬂEIdS in th%igure 2. The detection efficiency curve as a function of e a

vicinity of anode wires and to minimize position depen- plied anode HV foPHe and®He at 4 kPa

dence in avalanche gains. The CRDC has 2 rows of the '

cathode pads perpendicularto the beam axis. Each row con-

sists of 256 pads, 2.2-mm pitch. The cathode signals dreAnalysis and Results

read out by using GASSIPLEX chips [3] The vertical an8.1. Horizontal (x) and Vertical (y) Position

horizontal positions of charged particles are determined Bhe horizontal position was determined from the distribu-

measuring the drift time of electrons in the CRDC and hion of induced charges on the cathode pads. The infor-

the center of the distribution of induced charges on the-cathation of cathode signal which are readout by using GAS-

ode pads, respectively. SIPLEX chips includes gain variations and pedestals for
We evaluated the performance of the CRDCs(CRDC1,&jch channel, so that they calibrated. Typical gain varia-
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tions were about 5% for the typical cathode charge. CluBhe geometric relation between the position resolution of
ter search was done after the calibration. The cluster wesch rowdx' and of the SHARAQ focal planéx;, was the
the upper than noise levels. The fitting function is the SEllowing:
Cant Hyperbolic Squared (SECHS) function. The details of i
SECH function are described in Ref. [2]. Oy = OX / 2.

The vertical position was deduced from the drift time of g regylt of horizontal and vertical position resolution

electrons. The slit-plastic scintillator to calibrate ttheft ¢ 380160) um and 340(140um FWHM(rms), respec-
time was located on the focal plane. The details are QR/'er. '

scribed in Ref. [2].

3.2. Position Resolution 4. Summary

The position resolution was deduced from the standard §¥€ evaluated the performance of the CRDCs by using
viation of the residual distribution. See an example of hdfi¢ secondary beariHe at 300 MeV/u. The CRDCs
to derive thex residual distribution in Fig. 3. The examplevere operated with the anode of 980 V(CRDC1) and
is how to derive the residual distribution of CRDC1-2, the1000 V(CRDC?2) at i-GH1o gas pressure of 4 kPa. The
second-upstream row. Firstly, the positions of all rows af®rizontal and vertical position resolution were 3&® and
determined. Secondly, the incident particle-ray is tracké40 Hm FWHM, respectively. Analysis to optimize the al-
by using the rows except CRDC1-2. Finally, the residu@Prithm of multi-hit events progresses.

distribution is derived by subtracted the position of CRDC1

2 form the incident particle-ray. The relation between the

standard deviation of the residual distributiies (i=1, 2; References

1 - 2 - g . I -
X“=x X" =) and the position resolution of each ra is [1] T. Uesakaet al, Nucl. Instrum. Meth. A266 (2008)

the following: 4218,
5% = Ao/ \/2 [2] S. Michimaseet al, CNS Ann. Rep. 2007 (2009); CNS
e ' Ann. Rep. 2008 (2010); CNS Ann. Rep. 2009 (2010).
[3] The GASSIPLEX is a re-designed chip of the AM-
_ PLEX by J. C. Santiard of CERN. The AMPLEX id
Particles z described in E. Beuvillet al., Nucl. Instrum. Meth. A
288(1990) 157.
CRDC2-1 x Y [4] K. Miki etal, CNS Ann. Rep. 2009 (2011).
CRDC2-2 /
\
Focal pI{ﬂne / cathode pads
3-Layer Tracking Residual CRDC

.

Figure 3. An example of how to derive theesidual distribution
of CRDC1-2.
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Figure 4. The residual distribution of CRDC1-1. The positio
resolution was 78@m FWHM.
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PACIFIC data processing system for high-rate RI-beam expdaments

S. Ota, S. Shimoura, H. BaBzE. Ideguchi, M. Kurokaw@ A. Saito, H. Tokieda, and T. Otsuka

Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo
@ Nishina Center for Accelerator Based Research, RIKEN

The data-processing system called “Parallel Acquisitipmeamplifier output is pipeline processed and then the de-
and Control Intelligent system for Femto-frontler Collabduced information such as energy, timing and three dimen-
oration (PACIFIC)” has been developed under the collakional position are buffered instead of the original pulse
oration between CNS and RIKEN. The system consistssifape. This helps to reduce the data size significantly and
three main devices: make the load of the data transfer much smaller. Each
APU7110-P has CPU and then can be a subsystem of the
BABIRL system [4], which is an example of so-called ubig-
o ] ) ) uitous DAQ system.
» digital signal processing for slow signals (APU7110- |, 5009, we have added one more asynchronous control
P), and monitoring system using e-RT3 CPU module for the
. SHARAQ beamline. For now, we can control and monitor
* asyn.chr.onous control and data collection (e—RT3)f parmaeters of power supplies and gas handling system
monitoring the status of detectors and expenmen%f

ndition MWNDCs at all the foci and the parameters of magnet
co ons. system.

e analog signal processing for fast signals (QTM),

The besic features are written in Ref. [1]. References

[1] S. Otaet al, CNS Ann. Rep. 2008 (2010).
[2] S. Kawaseet al, CNS Ann. Rep. 2009 (2011).
[3] S. Goetal, CNS Ann. Rep. 2009 (2011).

[4] H.Babaet al, Nucl. Instrum. and Methods A, 616, 65
(2010)

Figure 1. Photo of QTM. 6-inputs, 6-monitor and 1-veto with
LEMO connector. The outputs are from 50-pin flat connector.
The 6 potentiometer (left bottom) are for the optional input
shapers.

The QTM modules are usually used with non-stop TDC
which can digitize the timings of the leading and trailing
edge of the logic pulse, such as V1190 VME TDC mod-
ule produced by CAEN. Although the charge and time res-
olutions of this system are limitted by the time resolution
of V1190 modules, the time resolution of around 110 ps
and the charge resolution of 3% are achieved. The QTM
is used for the readout of the plastic scintillators at foci i
SHARAQ beamline and its performance is very well. De-
tails are described in Ref. [2].

The algorithm of digital signal processing by using
APU7110-P has been developed [3]. By this algorithm the
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Performance evaluation of Low-Prgssure Multi-Wire Drift C hamber for RI
eam

H. Miya, S. Shimoura, A. Saito, K. MiRP T. Kawabat§, K. ItahasH?, S. Itolf;, S. Ota,
M. SasanB, Y. Shimizu, H. BabQ, H. Kurei, S. Michimasa, S. Nd&}j K. Nakanishi, Y. Sasamoto,
Y. Shimbaréi, H. Tokieda, T. Uesaka and H. SaRai

Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo
@pepartment of Physics, University of Tokyo
bRIKEN (The institute of Physical and Chemical Research)
CDepartment of Physics, Kyoto University
dDepartment of Physics, Niigata University

1. Introduction F-3 and F-H7. The performance of the LP-MWDC installed

We have developed low-pressure multi-wire drift chan® F-H7 was evaluated for each RI beam with 1-7.
bers (LP-MWDCs) for light heavy ions at 100-

250

300 MeV/nucleon. The LP-MWDCs are used in BigRIP¢ 10

and High-Resolution Beamline (HRBL) [1] in Rl Beam TIH 200

Factory. 10 a| £ (b)
The LP-MWDCs have 3 anode layess (i, andy). The 5 | It g !

u wires was tilted by 3D with respect to thex wires. The © 1L ™ g 100

counter gas is pure isobutane at the pressure of aroL i l & 5

10 kPa. The details of the structure of the LP-MWDCs at 4,1 1‘ -

described [2]. 0 5 10 15 90 a0 _ss0_o00 950
The performance of the LP-MWDCs was evaluated wit Multiplicity Leading-edge Timing [ns]

Rl beams having an atomic numbej {rom 1 to 7 in the 700

commissioning of SHARAQ spectrometer and HRBL. Wi s I[} 600 uﬂ:ﬂl.

report the position resolutions and tracking efficiencias f B A o 500 ,\P 4

the Rl beams as a function of the applied voltage. Py b g 1\ °) 8 400 uf \( )

2. Experimental prodedures ° o N@\ 8 zzz \

Peformance test was made on March, May, and Novemt N 100 \

2009. On March and May, a primary beam wéN at 250 e ‘ N . AN \

MeV/nucleon. RI beams O?H, 6He, 9Li, 105, 1239, 1ic 0 50 100 150 200 250 750 800 850 900 _ 950

. . . ! Pulse Width [ns] Leading-edge Timing [ns]
were produced by a projectile-fragmentation reaction ef tt,_

14N with a primary target ofBe. On November, a primary 794" 1- (&) Multiplicity distribution of orx layer (b) Rela-
beam wagHe at 320 MeV/nucleon. Rl beams . 3He tion betwee_n the pulse width and Ieadlng-e(.jge timing aequir
were produced by the reaction of thide with the target. from the wires, © Spec_tr&_‘ of the pUIse. width and (d) .Spec-
The LP-MWDCs and plastic scintillators were placed in tra of the leading-edge timing by selecting the pulse width a
the focal planes of BigRIPS and HRBL. The plastic scintil- 1100V and 10 kPa for th¥'N.
lators were used to determine the start of the drift time for Figure 1(a) shows the muiltiplicity distribution ocrlayer
the LP-MWDCs and to identify the Rl beams. The detaifgr the 14N at 1100 V. Here, the multiplicity is defined as
of the experimental setup at focal planes are describedig number of the hit wires on one layer. Only 32% of
the ref [3]. the events has one hits. This is due to &yays gener-
Information of time and charge of the beams were ohted along the beam trajectory In order to obtain the high
tained from the anode wires. The amount of the charggcking efficiency, it is needed to discriminate the signal
is converted to the pulse width using the amplifier angktween the beam arlitrays. Figure 1(b) shows the rela-
discriminators (REPIC RPA-131) and charge-to-time cofion between the pulse width and leading-edge timing from
verter (QTC) [4, 5]. The timing signal was made using thfie all wires orx layer. It is reasonable that the signals with
leading-edge discriminator. The timing signal and pulsgre pulse width more than 130 ns are from the signals of the
width were recorded by using the multihit TDC (CAEN>eam in Fig. 1(a). Figure 1(c) shows the spectra of the pulse

V1190). width. The open and hatched spectra show the signals from
_ the wires and the signals with the maximum pulse width
3. Analysis and Results selected for each trigger event, respectively. The hatched

The RI beams were identified with th®E-TOF method spectrum of the leading-edge timing is shown in Fig. 1(d).
whereAE is the energy loss in the plastic scintillator at FFhe hatched area which is for the signals with the maximum
H7 and TOF is the time-of-flight between the scintillators aulse width shows a reasonable drift time distribution.

53



From the obtained drift time, it is possible to calculatt00—-300um for the beam witlz = 1-2 at 50 kPa, respec-
the distance of the hit from an anode wire in one cell. Thigely. At the applied voltage of 1100 V, the LP-MWDCs
hit positions of each plane were dermined by calculating thave the dynamic range af 3-7.
minimum residual ofi, — uyy. Here,uy is a hit positionon  The tracking efficiency was defined as the ratio of the
u layer anduyy is a hit position iru axis which is calculated number of the events having the residual withio 3o the
from the hit positions irx andy layers. The details on howcounted number of the beams by using the scintillator at the
to make track reconstruction was described in the ref [2].downstream of the LP-MWDCs. Figure 4 shows the track-

1600 ing efficiencies as a function of the applied voltage. The
tracking efficiencies reached around 90% for the Rl beams
at 10 kPa and 50 kPa.

1400

1200

4. Summary
1000 EWHM " . . - .
3 800 The position resolutions and tracking efficiencies of the LP
© 600 MWDCs were evaluated for the RI beam witlr 1-7 as a

function of the applied voltage at 10 kPa and 50 kPa. The
position resolutions were around 200-30t in FWHM
for the beams withz = 2—7 at 10 kPa and around 200-
0T 05 0 oeTrE, 300 um in FWHM for the beams witlz = 1-2 at 50 kPa,
Residual R[mm] respectively. At 10 kPa and 1100 V, the LP-MWDCs have
Figure 2. Residual distribution af, — uy, at 1100 V and 10 kPa the dynamic range of = 3-7. The tracking efficiencies
for the 14N. reached around 90% for the beams at 10 kPa and 50 kPa.

400

200

The position resolution is obtained from the residual di§éferences

tribution of (uy — uxy)/+/2. Figure 3 shows the distribution[1] T. Kawabataet al. Nucl. Instrum. MethB 266(2008),
of Uy — Uk, at 1100 V and 10 kPa for th¥N. From the 4201.

distribution, the position resolution was obtained to b& 172] H. Miya et al. CNS Ann. Rep. 2008 (2010).

gmin FWHM. [3] A. Saitoet al.. RIKEN Prog. Rep. Vol.43 (2010).
[4] S. Kawaseet al. CNS Ann. Rep. 2009 (2011).
2000 1000 [5] H. Nishinoet al: Nucl. Instrum. Meth. A610 (2009)
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Figure 3. Position resolution as a function of the applieliage
at the pressure of 10 kPa (left) and 50 kPa (right).
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Figure 4. Tracking Efficiency(b) as a function of the applied
voltage at the pressure of 10 kPa (left) and 50 kPa (right).

Figure 3 shows the position resolutions evaluated as a
function of the applied voltage at the gas pressure of 10
kPa and 50 kPa. The position resolutions were around 200—
300 um for the beam withe = 2—7 at 10 kPa and around

54



Evaluation of basic performance of Charge-to-Time Convergér Module (QTM)

S. Kawase, S. Ota, H. BaaS. Shimoura and T. Uesaka

Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo
@RIKEN (The Institute of Physical and Chemical Research)

Advanced accelerator technology has been giving us tt Pulse height
high-intensity radioactive ion beams. We can now mak 10 nsec's varied oo
various experiments with those beams. However, as tt > e B > e
beam intensity increases, it becomes more and more d P A
ficult to take full data because of growing dead time of dat
acquisition system. It is mainly limited by relatively long
conversion time of Analog-to-Digital Converter (ADC) or input signal

: :

Charge-to-Digital Converter (QDC). To make it shorter, 50 nsec

we developped general purpose Charge-to-Time Convert QTM output

Module (QTM) [1, 2] which has much shorter dead time Output width varies
than ADC and QDC. The heart of QTM is the Charge-to: in response to <>
Time Converter (QTC) chip, which is developped originally changing input f’flarge'

in Kamioka Observatory [3] and produced by IWATSU Test < —
Instruments Corporation. QTM converts the charge of sig 500—700 nsec

nal into the width of rectangular output pulse as shown igigure 2. Input signal and QTM output signal. QTM converts th
Fig. 2 in ref. [2]. Therefore by using QTM, we can take charge of input signal into the width of output pulse.
information of time and charge at once.
e e Gns oo ke by the stars) i st 4 pe, i te esor

C - "P¥'he traditional one (i.e. Discri. plus V775, indicated by
charges up to about 50 pC. Input signals are equally divi OeI circles) is about 30 psec. These results show the usabil-
into three identical ones and two of them are attenuated. ’

factors of 7 (medium gain) and 49 (large gain). Thus d|.}yof QTM. However, time resolution of the new system

namic range of input charge is expanded up to 2.5 nC. Q Ma QTM plus V1190) is seemingly worse, but it seems

has 6 inputs with 5@ termination and 18 (2x3x3) LVDS}_OSkéi %Zi;tst;zethbeag t;rtr;nrtiansgljué:;m gT\K/Iliv?il(S/g;)SS ?tc i
outputs. Internal parameters such as threshold or inegrat ' y 9 yp

time can be reconfigured via USB connection, ically ~30 psec LSB) has rather good resolution (this is

To evaluate basic performance of QTM, we measured %\éep_below the catalog value of QTM) closing up to the
Iraditional system. The new system is enough usable for

time and the charge resolution of QTM in medium galnr sessing of data from plastic scintillators becausetine ¢
(50-350 pC) and compared them to those of the traditioﬁ)a? 9 P

. : L ent time resolution of the new system is on par with that of
setup using Time-to-Digital Converter (TDC) and QDd I?stic scintillators. To achieve better resolution analrikr

The setup of this measurement is shown in Fig. 1. InF(r.iilead time simultaneously, we still need a good multi-event

e e non-stop TDC
Wdedcs — JT i IZ V175 On the other hand, the charge resolution of new system
Gen:r:tcr_ ze]  Qpe is about 1.4 pC, worse than that of traditional system being
-[Delay i ~0.5 pC as in Fig. 4. But it is sufficiently good in some
T it application e.g.y-ray detection with LaBy(Ce) scintilla-
[am] N et | V4190 tor, which is expected to be a new-generatjeray detec-

tor, because it is still below 3% under the condition that
input charge is greater than 50 pC and independent from
signal, which was generated by Multifunction Synthesizétre amount of input charge. In addition, if input charge is
WF1946A (NF corporation), had the trapezoidal shape wismaller than 50 pC, one should use the small gain. The
the lower-base width of 50 ns and the rise- and fall-time ahalysis to deduce the charge resolution with small gain is
10 ns as shown in Fig. 2. Input charge was varied by ad-progress.
justing the height of input pulse. QTM threshold was fixed We also carried out spectral measurement with
to 15 mV. To digitize timing signals, TDC V775 (CAEN)LaBr3(Ce) scintillator. The sprctrum af ray emitted from
and multi-event non-stop TDC V1190 (CAEN) were usef’Co and'®’Cs source was taken with a system including
and for the traditional system, input charge was digitized IQTM and one including QDC. The resultis shown in Fig. 5.
QDC V792 (CAEN). Upper panel shows the result with QDC, lower with QTM.
Figure 3 and 4 show the results of measurements of tifilee result with QTM seems as good as that with QDC.
resolution and charge resolution, resectively. In FigiBet QTM was already used in an experiment using the
resolution of the system including QTM plus V775 (indiSHARAQ Spectrometer [4] as a readout circuit of plastic

Figure 1. Electronic scheme of the measurement.

55



[ Time Resolution |

- - N
D © O
o O O

Time Iiesolution [psl]
=Y
[=]

100

0

50

100

T —_—
: | B2 piscri.+TpC v775

=] atmstC V775

150

I l QTM+Multihit TDC V1190

200 250 300 350
Charge [pC]

T T Ty

200 400 600 800 1000 200 1400
Energy (keV)

QTM+V

[
210

=|
-y
©|
O

10

200 1400
Energy (keV)

Figure 5. y-ray spectra with LaBy(Ce). Upper panel shows the
spectrum taken with QDC, lower with QTM.

Figure 3. Measured time resolution. Circles show the resuith ~ scintillators and provided good performance.
Discriminator plus TDC V775, stars show those with QTM In conclusion, QTM in medium gain is sufficiently usable
plus V775 and triangles show those with QTM plus Multihitn actual experiment as it is now and further analysis of its
TDC V1190.
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performance in both small and large gain is needed.
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Figure 4. Measured charge resolution. Circles show thdtesu
with QDC V792 and triangles show those with QTM plus
Multihit TDC V1190. Dashed-dotted-line shows the charge
resolution of 3% and dotted-line shows that of 1%.
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New Intergroup Collaboration for Development of GEM-TPC Active Target

S. Ota, S. Michimasa, T. Gunji, H. Yamaguchi, R. Akimoro, BdHimoto, K. Devid, S. Hayakawa,
H. Tokieda, S. Kawase, T. Tsuji, S. Kubono, H. Hamagaki, Takas

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

We are developing two types of active targets using Giere still remain some uncertainties in identificationrad t
Electron Multiplier (GEM) [1] for the experimental studyreaction processes. To reduce these uncertainties, we need
with intense (187 Hz) radioisotope beams in inverse kineto measure the tracks of the beam particles as well as the
matics. Active target has two functions of target and detegjectiles. The details are described in Ref. [3].
tor and enables us to measure the low-energy recoiled par-
ticle. In this report, the brief summary of collaborative de
velopment of two active targets and the details of common "=
readout system for them are described.
One type being developed is “beam transparent type” .
one (Fig. 1) for the studies of nuclear structure and prop-
erty of nuclear matter by measuring the giant resonances
such as monopole, dipole, and Gamow-Teller excitation,
via (a,a'), (d,d") or (d,2He) reactions. Missing mass spec-
troscopy is a powerful tool for these measurements, since
such resonances locate at highly excited region and then the
excited nuclei decay immediately by emitting the particles
Hence we need to measure the recoiled particles suah as
d and protons with low kinetic energy in the forward angle,
which is essential to identify the transfer momentum in th'g
reaction. The structure of this active target is optimised s
as not to measure the beam particles for the high-rate up to
10’ Hz at the high incident energy of 16200 MeV/u. The
detail of the structure is described in Ref. [2].

![E/

igure 2. Picture of the field cage of the “beam measurement”
type active target.

To develop these active target system efficiently, we made
a collaboration among the three groups of SHARAQ), astro-
physics and quark physics group. The thin GEMs have been
studied by quark physics group and its basic property for the
generally used gasses such as Ar4CAr+CO; is studied
and its operation is established. In this year we tried to op-
erate thin GEMs witfHe+CQ and successfully evaluated
its property. The structure of the field cage and readout pad
was originally studied by astrophysics group and more pre-
cise simulation was performed to construct the “beam trans-
parent type” active target.

The main data acquisition system (BABIRL) was im-
ported from SHARAQ project, which had been developed
by RIBF DAQ team which the authors (S.O and H.T) also
join. BABIRL consists of the event builder (EB) and the
event sender (ES). The ES is actual data taking system and
has one CPU to collect the data from the VME (and/or
other) modules and to send the data to the EB. The EB col-
lect the data from each EB and reconstruct events. We first
Figure 1. Picture of the field cage of the “beam transpargmet used SIS3301 flash ADCs produced by SIS to digitize the

active target. pulse shape of the preamp (REPIC RPA210) output. A typ-
ical event taken in the experiment at University of Tsukuba
is shown in Fig. 3. COPPER Il system, which was devel-

The other type is “beam measurement type” one (Fig. @ed by KEK, was also combined to BABIRL as EBs. The
for the studies of nuclear astrophysics, especiallyrfire COPPER Il system consists of a mother board, CPU board
process in nucleosynthesis. So far, tlep) reaction has and four daughter board of flash ADC. A sampling clock
been studied by using the thick-target method at the CRI®B) MHz) and gate was common for 8 channel signal inputs
facility of the University of Tokyo in RIKEN. Although a in each ADC board. The normal LINUX was used as op-
large excitation energy range can be studied by this metherhting system and the driver software was developed to be
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Figure 3. Typical event of “beam transparent type” activgea
taken by SIS3301 flash ADCs. A beam trajectory is clearly
seen. Figure is taken from Ref. [4]

combined to BABIRL. A capability of the zero suppression
to reduce the data size was realized in the software. This
system successfully worked at the test experiment.

This intergroup collaboration just began in 2009 and the
prototype of the active targets are completed within this
year. We exchanged not only the human resource and de-
vices but also the knowledge and technique in each research
field. Such kind of collaboration among the people from the
different field drive the project efficiently. We plan to have
some physics and test experiment in 2010.
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Development and performance evaluation of a GEM-TPC for theexperiment
of highly excited state of nuclei with high rate and high enegy unstable
nuclear beam

R. Akimoto, S. Ota, S. Michimasa, T. Guniji, H. Yamaguchi, BgHimoto, H. Tokieda, T. Tsuiji,

S. Kawase, H. Hamagaki, T. Uesaka, S. Kubono, T. RobeKawabat, A. Ozaw#&, H. Suzukf,
D. Nagaé&, T. Moriguchf, Y. Ito€, Y. Ishibasht, H. Ooishf, and Y. Abé&

Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo
@RIKEN (The Institute of Physical and Chemical Research)

bDepartment of Physics, Kyoto University
Cinstitute of Physics, University of Tsukuba

1. Introduction tiplication. The thickness, hole diameter, and hole pitth o
A study of the giant resonances, which appear in higife GEM used for the GEM-TPC are 10@n, 70 um, and
excited region characterized by varieties of nuclear cellel40 UM, respectively.
tive motions, is one of the interesting subjects in the rarclé® g9as mixture of He (95 %) + CEX(5 %) at about 760 Torr
physics. is used. The mixture proportion is optimized by taking ac-
The giant resonances of stable nuclei were studies wi@unt of the material budget and the gas gain of the GEM.
missing mass spectroscopy at a small momentum trafidield cage was designed using Garfield [3] by taking ac-
fer region such asd, a’) measurement for the isoscalafount of the field distortion from ground and the beam.
mode [1]. In order to extend our understanding to isosplie beam profile is 10< 50 (the z direction) mm? in
asymmetric region, experiments in inverse kinematics L!%MS The electric field is created by dOUble-IayerEd metal-
ing neutron-rich unstable nuclear beam are planed. Sikgewires (the distance between the layers is 15 mm) with
the excited state of the beam decays with particle emissfRitch of 2.5 mm. The length of the field cage for the z
in flight, the ejectile has to be detected for minimum-bigdrection is 250 mm. The field distortion by electron-ion
measurement independent of the the beam decay mo@a¥s created by the beam was evaluated with two config-
However, it is difficult to measure the ejectile in forwardirations, with and without a 40 mm-gap at beam injection
scattering due to its very low energy. In the casemfq¢’) area. The right panel of Fig.1 shows the field cage with the
using ®8Ni with 200 MeV/u as a beam, the energy of th@ap- Figure 2 shows the position difference in the x direc-
scatteredy is less than 1.5 MeV/u with both the scatterinfon during drift from the top to the bottom of the field cage
angle of less thansin center of mass frame and the ex@s afunction of the distance from the center of the field cage
citation energy of 20 MeV. Therefore, an active target g the x direction where the beam was injected. The solid
detector, which is a combined device of gas target and §4§€s show the results with both beam and the gap, the
detector, can be a powerful tool to detect the ejecta wiRlid squares show those with beam and without the gap,
very low energy due to its small material budget. and the open circles show those without beam (a Ni beam
A Time Projection Chamber using Gas Electron Multivith 200 MeV/u and an intensity of 1(ps). From the re-
plier (GEM-TPC) as an active target has been deve|0p°éﬂts, the gap is necessary for the track dispersion in the x
and a performance test was carried out. Requirementgligction to be less than 7.5 mrad. In the case with the gap,
the GEM-TPC for the above example are as follows: the dispersion for the track with a flight length of 200 mm
is less than 5 mrad.

e The GEM-TPC can be operated with a high intensifgeadout pads with Backgammon geometry are used in or-
beam ¢ 10° pps) since the cross section is smaltier to reduce the number of the pads (right of Fig.3). Hit po-
about 0.1 mb; sitions are determined from charge proportion of the neigh-

) .. boring pads. The pad size was optimized by a simulation [4]
The angular resolution of the track of the ejectile With consideration for the angular resolution in the xys#a
the center of mass frame and the resolution for the €34 the number of pads. In the simulation, the statistical
citation energy are required to be better than 3.5 mrﬂgctuation of the energy loss was assumed as the energy

and 1 MeV, _respgctively. Thus, the angular and_efgsomﬂon, The pads with 16.45 16.45 mnt are used.
ergy resolutions in the laboratory frame are require

to be less than 7.5 mrad and 1 MeV, respectively. 3. Performance Test

. : A performance test of the GEM-TPC was carried out us-

2. Design of Active T.arget GEM TP_C . . clpr;@ a*He?t beam with 7.5 MeV/u accelerated by the 12UD
The rate of the ejecta by elastic scatterings is abqsjietron tandem accelerator at the University of Tsukuba

10° pps with a beam rate of £0pps. Under the condi-Tandem Accelerator Complex (UTTAC) [5]. At the per-

tion, GEMs [2], which are one of Micro-Pattern Gaseoygymance test, the position, angular, and energy resaistio
Detectors (MPGDs), are suitable since they can suppress

ion feedback and performance degradation of electron mtithis article, x, y, and z directions are defined as showrigniF
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gular resolution of less than 8.3 mrad and about 1.2 mrad,
respectively, when effects due to straggling and the dagtic
which stop inside the field cage are not considered. The en-
 Tscared target ergy resolution is 3.9 % in RMS.

The position resolution in the z direction and the energy res
olution satisfy our requirements though the position resol
tion in the y direction is slightly larger than the requiremhe

v pad since the energy resolution is larger than the statistioat fl

tuation of the energy loss.
Figure 1. Left: A picture of the field cage. Right: A typical

reaction with the field cage with the gap for beam injection. A _ .
. . . E
beam scatters with the nucleus of the gas atom inside the TPC; =

%

ity

\
\
X

0\

\

)
N

"
\\

Y

g

g g
R e e e e e L

fmm)

Position resoluti

/

iN
°

L
[

&
oF

., Positiongifference
o
g

o . ‘ .

2 4 6 8
Incident point [mm]
Jni Beam
[
-

oDl b b v e e
0 2 4 6 8 10 12 14 16

X [em]

2 4 6 8
Incident point [mm]

Y

Figure 2. The simulation result of field distortion. The doli
circles show the result with both beam and the gap, the
solid squares show those with beam and without the gap,
and the open circles show the result without beam. The

beam passes at = 0 and the active area of readout pad igFigure 4. The top left and top right panels show the position
25cm< x < 12.5 cm. resolutions in the y and z directions as a function of inctden

position, respectively. The bottom left panel shows théridis

were evaluated for several incident positions in the y direc  bution of the induced charge summed for all pads. The bottom
tion. The beam passed along the x direction, shown in the right panel shows the geometry of the beam incident position
left panel of Fig.3. The electric field in the field cage was ,
700 V/cm, where the drift velocity of electrons is 2 qus/ 2+ Conclusion and Outlook
(according to the Magboltz simulation [6]). The voltage ap- A GEM-TPC for use as an active target has been devel-
plied to the GEM was adjusted to achieve the gas gainagfed for nuclear experiments using unstable nuclear beams.
about 16. A trigger was made by summed up signals frof is intended to measure the ejectile in forward scatter-
4 upstream pads, shown in the right panel of Fig.3. ing. A performance test was carried out usftige?" with

7.5 MeV/u. From the test result, the position resolutions

in the y and z directions are less than 706 and about

80 um, respectively. The energy resolution is 3.9 % in
16,45mm RMS.
$16.45mm In the future, following items will be studied:

| Used for trigger

o 8 88 3 3 § 8
§ 7

ﬁrrr L lnn ol
R 83 o |as

Beam

e Performances for incline incident particles;

x direction

e Effect of the field distortion and-ray from a high
intensity and high energy beam.

y direction

Figure 3. Left: A typical event at the performance test. Righ

schematic view of the readout pads.
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The results are shown in Fig.4. The top left and top rig
panels show the results of the position resolutions in th
and z directions as a function of the incident position, r
spectively. The bottom left figure shows the distributon
the induced charge summed for all pads. The geometr
the beam incident position is shown in the bottom right in
Fig.4. The position resolutions in the y and z directions are
less than 70Qum and about 8Qum, which lead to the an-
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Simulation Study for Forward Calorimeter in LHC-ALICE expe riment

Y. Hori, H. Hamagaki, T. Gunji
Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo

1. Introduction 10 every 2 units of rapidity.

We propose the Forward Calorimeter (FOCAL) as an up- 1 he production of prompy at forward rapidity is sensi-
grade plan of ALICE detector. The physics goal of FOcAlive to the smallx gluon distribution. The dominated pro-
is the understanding of the parton structure inside thepprofluction processes at leading order level are compton scatte
and nuclei at smalk especially, the gluon saturation effec’d and annihilation process. Compton process is in partic-
like Color Glass Condensate (CGC). For this purpose, Fdjar interesting because smalgluon and largex (valence)
CAL measures promptand neutral mesons at the forwarguark are relevant if prompt is produced at the forward
rapidity region in p-p and p-Pb collisions. The FOCAL willapidity region. Figure 1 shows the accesibleange of
also make an unique contribution for Quark Gluon Plasri3€ gluon by the prompg measurement aj = 3 - 3.5 in

(QGP) physics by measuring |eading h|g.h T[O and jets in 8.8 TeV collisions calculated by Pyth|a simulation. The
Pb-Pb collisions. range that can be probed by pronyis 102 - 10-°, which

] ) has hardly been probed even for the proton.

2. Small-x gluon PDF and its Saturation effect
Parton Distribution Functions (PDF) of the proton were § *F
precisely measured in HERA experiment and the rapitg.-
growth of the smalk gluon density was observed. The o
growth of the gluon density inside the hadron with decreas  *¢-.

1E

b cl

‘?PNr [counts c/GeV]

ing x is ultimately expected to be balanced by the gluon 7 .. RS ”"3?3}%%
gluon fusion process. These nonlinear effects lead to tr ... B ot UL I
gluon saturation at the smatlregion [1]. 0 sl - e

This phenomenon is expected to occur when the are..

occupied by the gluons becomes equal to the area

of the hadronmR?.This situation is expressed by theFigure 2. Left:pr spectrum af) =3 - 4in 8.8 TeV p-p collisions
saturation momentumQs as Ajcp < Q@ < Q4(X) ~ (?Iue-no. pink - y from 71°, black - prompty), Right: Annual
asxG(x, Q2)/mR2 0 AY3x-93. |t is considered thaQ2 is ~ Yi€ld of prompty atn = 3 - 4 in p-p (blue) and p-Pb (red)
~ 10 Ge\2 at LHC. The situationl\éCD < Qg will be real- coII|§|ons for a standard year of running at LHC, which does
ized in high energy collisions like LHC. not include any nuclear effects

Fig.2 shows the cross section and annual yield of prompt
3. Prompt y and n° measurements at the forward ra- yatn = 3-4in 8.8 TeV p-p collisions. A width opr bin-
pidity region ning is 0.5 GeV¢ and error bars are from simulation statis-
tics.

4. Conceptual design of Forward Calorimeter and its
Basic performance

Considering the physics requirements and the detector

performance, the) coverage of FOCAL should be 3 - 4

‘ | and the distance from interaction point should be about 4.5

"= m, where is between ALICE L3 magnet wall and TPC. The
layout of the FOCAL is summarized in Table 1.

Figure 1. Left and Centempr andx; (x2) range of relevant partons i
of y production at = 3 - 3.5, Right: Projection to the-axis Distance from IP| 4.5m || n coverage| 3-4
of the 2 left plots Outer Radius | 45cm || ¢ coverage 2

Inner Radius | 15cm Area ~0.6n7

Experimentally, saturation effects on smalgfluons are
expected to be revealed in measurements of forward particle Table 1. Layout of the FOCAL
production. For a 2 2 parton scattering, the minimum
probed in a process with a particle momentpmand its
pseudo-rapidity; is given as

In order to measurg and neutral mesons at the forward
rapidity regions, FOCAL must have a large dynamic range
(yenergy 1 - 200 GeV) and highly granularity (multiplicity
Jin_ xre " in_ Xoxre 1 ) ~ 1 particle/cn? atn = 4 according to the HIJING sim.u_la—

2 = 7(2_ xreh)’ 1 = 7(2)(2 —xrel) tion). FOC;AL also have to have gogd. separgtlon ability of
2 y from high energyr® decays. A minimum distance of 2
wherexr = 2pr/+/s. Thus xJ'" decreases by a factor of y from 100 (200) GeVit® is ~10 (6) mm.
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Figure 3. Conceptual design of the FOCAL module Figure 5. Left:yyinvariant mass spectrum ip= 3.0 - 3.5, Right:
Reconstruction efficiency of® with invariant mass method
These requirements can be fulfilled by a hybrid use of (red - without the energy asymmetry cut, blue - with the eperg
the Si Pad and W sandwich-type calorimeter and Si Strip a@symmetry cuk 0.8)
I(jae)([ircst;sissgogv rrr11rl: ;\%’?hz]bfT\;l/eatgslgtger?ch g ?:1:21 Sllt I;ESSO% with misidentification probability: 1% as shown in
S Lo ) ig.6. The performance of the Si Strip detector with 1 mm
21 radiation length depth and hgs 3 longitudinal segmernt ch strip is not so different from that of 0.5 mm pitch strip
g?;gjefgsfgg??: l;tlearﬁrs Soé S&:r?t?zzgdbwlagrsnog)inc%% position of the Si Strip detector should be the depth of 5
Fig.4 shows the lon itudir)llal s%ower sha gs calculated | Yo or deeper, which corresponds to the shower maximum
GEANT 4 simulationgan(yshower is effectri)vel identified c?gpth. It is also found that the use of multi Si Strip layers
o . y does not change the reconstruction efficiency drastically.
by a cut forx< distribution. Other basic performances are
listed in Table.2.
A few layers of the Si Strip detector is used to separat _ \
2 y from high energyr®. The thickness of Si Strip layeris _ | . i o
0.3 mm and the strip pitch is 0.5 - 1 mm. L P
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Figure 4. Left: Longitudinal shape gfshower, Right;x?2 distri-

bution of the longitudinal deposited energy The annual yield ofr® with 19.5 < pr < 20 GeVEt

atn =3-4is~ 5 x 10* according to Fig.2. The ac-

Cell occupancy in p-Pb collisiong < 10% cepatece for® with pr 20 GeVk is almost 100 % and the
Detection efficiency < 95% reconstruction efficiency by the Si Strip detector~is50
Linearity ~ 1% %. Therefore, the _annual count af with 19.5< pr < 20
Sampling fraction 1.4% GeVlcatn =3 -4is~2.5x 10%
Energy resolution 18VE % 6. Summary and future plan
Position resolution at 10 Gey 1.5 mm We perfomed a dedicated simulation study for the FO-
Charged Hadron rejection factor 250 aty eff.90% |  CAL in LHC-ALICE experiment. Next, we have to do full

Table 2. Basic performance of Si Pad Detector §|mula}tlon and construct pr(?totype of the FOCAL module
including a readout electronics.

5. 1° reconstruction efficiency
m° with energy 7 - 70 GeV can be efficiently reconReferences

structed by the invariant mass method using the Si Pad fig- L.D.McLerran and R.Venugopalan, Phys.Rev4d
tector and its detection efficiency is 60% as shown in (1994) 2233

Fig.5. To detectn® with energy 70 - 100 GeV, the latera[2] Technical Design Report for a Nosecone Calorimeter
shower shape analysis of the Si Pad detector may be useful,for the PHENIX experiment.
but the further study is necessary.
By one layer of the Si Strip detector with 0.5 mm pitch
strip, 100 - 200 GeVi° can be detected and its efficiency is
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Simulation Study of the Forward Calorimeter for the upgrade of the
LHC-ALICE experiment

T. Gunji, H. Hamagaki, Y. Hori
Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo, Japan

1. Introduction 3. Single n® simulation and reconstruction in ALI-

Ultra-relativistic heavy-ion collisions is the unique too ROOT
in the laboratory to realize the hot and dense QCD medium Single r° simulation is performed to evaluate the recon-
which are composed of deconfied quarks and gluons. Gateuction efficiency ofi®. There are two ways for the re-
of the physics motivations at the Large Hadron Collideonstruct ofri® utilized in this simulation. One way is the
(LHC) at CERN is to study the properties of hot and denges/ariant mass method and this method is useful when two
QCD medium at the extreamly high energy regime. Highdistance is larger than 2-3 cm and the energy showers of
energy heavy ion collision experiments at RHIC revediwo y are not merged into the one. The other is to use the
striking features of the created medium. The medium bsarrelation between twg distance and the merged energy.
haves like perfect liquid rather than the ideal gas and tfikis is useful to identifyr® with high pr and small twoy
medium is rapidily thermalized short after the collisionslistance.

The mechanism to manifest these features in heavy ion colFigure 1 shows thet® reconstruction efficiency with in-
lisions are still under the discussion and studying théahitvariant mass method as a function of the tyalistance,

state of collisions is inevitably crutial for understanglihe where the FOCAL is located at z=450cm and generafed
rapid thermalization of the system. pr and rapidity are 5 Ge\¢/and 3, respectively. The effi-

Studying the parton distribution functions in proton andency is almost 0 for the twg distance of 2 cm when the
its modification in heavy nuclei are specially importantsulpad size is 1.51.5 cn?. However, the efficiency is greatly
jects for understanding the initial state of collisions. eTHmproved when we utilize the pad size ok1 cr?. More-
gluon distribution inside proton is known to grow faster aiver, twoys are perfectly separated witkx1 cn? pad when
smallx than that of valence and sea quarks and the grovivo y distance is larger than 3 cm.
is expected to be saturated due to two competing processes
between gluon splitting and gluon fusion, where this state |
called as Color Glass Condensate. The saturation Qale,
which corresponds to the typical momentum of gluons, i
proportional toQ2 ~ AY/3. Due to itsA dependence, CGC 08 s i
is easily realized in heavy nuclei. r A b ‘

At the LHC, wherex coverage ik < 104, modification °r
of gluon PDF expects to have significant importance to ur F e 1lcmx lcm pad
derstand the initial state of collisions. o4 !

efficiency
T
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2. Forward Calorimeter in ALICE ) dr [cm]

We propose the Forward Calor!meter (FOCAL) ?S thEigure 1. Reconstruction efficiency of with pr = 5 GeVk and
upgrade plan for th_e ALICE experiment [1]. T_he primary n=3 as a function of twg distance. Closed and open symbols
role of the FOCAL is to study the smadlgluons in proton correspond to the efficiency with the pad size efllcn? and
and heavy nuclei by measuring the direct photons ahd 1.5%1.5 cn?, respectively

jet correlation at forward rapidity [2]. The detector is com

posed of 21 layers of tungsten (W) and silicon pads (Si),Figure 2 shows® reconstruction efficiency as a function

where the former and the latter serve as absorber and gep; at the rapidity of 3.5. Open and closed symbols cor-

tector of the energy. The detail of the detector design apgpond to efficiencies with the invariant mass method and

preliminary location of the FOCAL in the ALICE are sumcorrelation method, respectively. The efficiency largerth

marized in Ref. [3]. The basic features of W+Si calorimesgos, is achieved with FOCAL.

ter have been studied with the GEANT4 simulation and are

reported in Ref. [3]. The overall performances are well sgt- Full simulation of FOCAL and backgrounds

isfied and fulfill the requirements. Full similation has been conducted to evaluate the mul-
To proceed the full simulation within the ALICE envi-iplicities and backgrounds on the FOCAL and to study

ronment, the detector geometry and the composition of tie feasibility for the measurement of direct photons and

detectors are fully implemented in the ALICE specific softa® with FOCAL. For the study of FOCAL performance in

ware packages called ALIROOT. p+ p collisions, PYTHIA event generator is utilized with
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Figure 2. 0 reconstruction efficiency as a functionpf of ° at
n =3.5. Open and closed symbols correspond to the efficiency
evaluated by invariant mass method and correlation methodpement of the dual gain preamplifier and shaper readout
is on going. The mechanics to mount the silicon pad and

V/$=17 TeV [4]. The secondary backgrounds from the Alconnection to the frond-end-electronics are also under in-
ICE environments such as ALICE central detectors and f@gstigation.

ward detectors are carefully evaluated. Left of Fig. 3 shows

the creation points of secondary particles, which contabilf- Summary and Outlook

to the backgrounds on the FOCAL, where the FOCAL is The FOCAL has been proposed as one of the upgrade
located in 400< z < 420 cm and < 50 cm. Right of Fig. 3 plans for the ALICE for the study of highly dense gluon
showspr distribution of the inclusive charged particles infield realized in proton and heavy nuclei at LHC energy.
cluding primaries and secondaries with and without all tide detector is composed of W+Si sandwitch calorimeters
ALICE detectors. The background increases by a factoraid is planed to be placed at the forward rapidity in the AL-
2 and is dominated at th@r below 0.1 GeV¢. This doesn’t ICE. The FOCAL is implemented in the ALIROOT for the
affect to the FOCAL if we measure direct photon amti study of detector performances under the realistic envrion
with pr > 1 GeVk [3]. Further studies on feasibility for ment. Reconstruction efficiency fa using pad and strips
measuring direct photon armd are on going. are evaluated and backgrounds to the FOCAL due to the
detector services are studied fo#- p collisions. Feasibil-

ity study for the measurement @ and prompt photon in

o vihaloe det. p-+ p andp+A collisions will be studied in the future. The
hardware developmentis also on going, especially the read-
out electronics to handle the large dynamic range and high
density channels. First version of the ASIC preamplifier
and shaper will be available in 2011.

Figure 4. Design of Si pad.

—©— without alice det.

FMD, VO 102
Dy b il
o 100 200 300 400 R [cmS]OD o 1 2 E a4 pSY (Gevic] R efe re n Ces

[1] ALICE Collaboration, Physics Performance Report

Figure 3. Left:(r,2) plot, which contributes the secondary back- Vol. 1 ‘] PhysG 30(2003) 1517.
grounds to FOCAL. Right: Inclusive charged particle speg] T. Gunjietal CNS Ann. Rep. 2008 (2010).

trum with and without ALICE detectors. FOCAL is located ir{3] Y. Hori etal. CNS Ann. Re'p. 2009 (2011).
400< 7 < 420 cm and < 50 cm. [4] PYTHIA, T. Sjostrand et al.

http://home.thep.lu.s@rbjorn/Pythia.html

3
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5. Hardware Preparation

Fabricate of the silicon pad sector by Hamamatsu co ltd
has been started. Figure 4 shows the schematic view of the
silicon pad. The size of the pad is 1.1 cm x 1.1 cm and
535 um thickness. There 8 x 8 pads are implemented in
one silicon wafer. The capacitance of the pad-iS0 pF
and the dark current at the depletion voltage of 100 V is
2-10 nA.

The front end electronics for the amplification and
shaping of the sigal is still under the discussion. The
ASIC preamplifier being developped by RIKEN, “RIK-
ENDGCSP” is good candidate to cope with the high den-
sity channels and large dynamic range of 10he devel-
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Performance evaluation of the Forward Calorimeter for PHENIX upgrade

T. Tsuji, H. Hamagaki, T. Guniji, Y. Hori, E. KistenM. Chitd A. Sukhano@ R. Setd,
for the PHENIX FOCAL group

Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo
@physics Department, Brookhaven National Laboratory
bDepartment of Physics and Astronomy, University of Catif@rRiverside

1. Introduction readout pads is 1.5 1.5 cnf. The thickness of each Si pad

The parton density inside the proton and a nucleus is dletector is 0.5 mm and that of W absorber is 4.2 mm. Each
scribed by the parton distribution function (PDF). Accordi€gment has 8 radiation length. Since tungsten has a small
ing to results given by the HERA experiments, gluon PD¥oriele radius (9.3 mm), two photons decayed frafican
grows quickly with decreasing Bjorkenis(xg) and gluon Pe separate up to highr. Tungsten also has an excellent
density becomes much larger than the valence and sea qi@iiR Of radiation and interaction lengths, which is impor-
densities. According to Quantum chromodynamics (QCI§nt for electromagnetic energy measurements in the pres-
gluon density tends to saturate due to the balance betw@Bfe of heavy hadronic background. In addition, there are
gluon splitting and gluon fusion at high density. Such staf@ur sections of strip detectors with 5@ pitch located
is called as gluon saturation [1]. in the first longitudinal segment to identify’s to high en-

At RHIC, the study of gluon distribution in heavy nuclefrdy even when there is an overlap of showers in the pads.
has been done with d+Au collision. In a heavy ion collisiod is also allows discrimination of direct photons and high
the nucleus acts as an amplifier of the saturation effect saergyr’s.
cause of the thickness of the nucleus. In the simple procece

17cm

1+ 2— 3+ 4, Bjorken’sxg of colliding partons are related
particle
pr pr, _ _
Xg1 = —= (€3 4+ &), xgop = —=(e B4 ¥ 1 ‘ | ] ‘
Bl \/é( + )’ B2 \/§( * )7 ( ) l*seément Z"Jseément 3"‘seément

wherepr is the transverse momentum of the scattered par- o ) .
tons and/s is center-of-mass energy. These relations in-'9ure 1. Longitudinal structure of a single calorimetepes
dicate that smalk is accessible by measuring particles at tower showing the location of the three calorlmet.rlc segraen
forward rapidity. The BRAHMS experimented reported the ' 1€ Opened boxes show Tungsten plates and Si pad detectors.
suppression of charged particle yield in d+Au collisions at The lines show Si strip detectors
forward rapidity, which is consistent with the saturatidn o
gluons at smalk[2]. 3. FOCAL performance in simulation and beam test

The forward calorimeter (FOCAL) has been proposed t0The peam test of the FOCAL prototype was carried out
study more extensively the gluon distributions in protod agiih the electron and pion beam at the CERN PS (momen-
in nuclei at smallx via measurements of inclusive direqum range of 1-6 Ge\¢J and the positron beam at the SPS
photon production and of production af at forward ra- (momentum range of 10-100 GeV). The energy resolution

pidity [3,4]. and linearity, and position resolution were studied. In or-
2. FOCAL for the PHENIX der to study performance of FOCAL, we have done simula-
The FOCAL is designed to cover the forward region. T\}%oenasn?i/ implementing realistic geometry and material into
layout of FOCAL is summarized in Table 1. Figure 1 sho Figure 2(left) shows deposited energy from the simula-
Distance from IP 44 cm tion and it has good linearity. Figure 2(right) shows thérat
Outer Radius 31cm of the ADC value in the test beam and the deposited energy
Inner Radius 18 em of the silicon pads from the simulation. For each electron
Pseudo-rapidity coverade 1—3 beam .energy,.the value stays constant, which shows that
@ coverage = o7 goo_d linearity is produced b)_/ the S|rr_1ulat|on._ .
Area coverage 06517 Figure 3 shows the sampling fractions, which are defined

as deposited energy in each segment divided by that of all
segments. The filled symbols indicate simulated results and
Table 1. FOCAL layout of PHENIX the opened symbols indicate test results. Circles show 1st
segment, squares show 2nd segment and triangles show 3rd
a longitudinal structure of a single FOCAL supertower. It isegment. According to Fig. 3, the simulated sampling frac-
a silicon-tungsten sampling calorimeter, which is londitu tions aren’t consistent with those of the test results. At 1s
nally composed of 3 calorimeter segments. The size ofsgigment, the simulated sampling fractions appear smaller
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Linearity Test/Simulation
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Figure 2. Left: Linearity from 1 GeV to 90 GeV in the electron
beam. Right: Ratio which ADC value of test beam dividec
deposited energy of simulation.
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Figure 4. Energy resolution of FOCAL. The broken curve shows
beam test experiment and its value is 22.3%/+ 2.61%.
The solid curve shows simulation and its value is 23.37%/
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w 0.7 " Figure 5. Left: ADC distribution of any strips. Right: Colagion
= 0 6§ ) E of hit position between two planes of strip.
o YE L ) E
E 0.5f *eay o
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E O E
g.g L - 4. Summary and Outlook
0'1 m B E FOCAL has been proposed as a PHENIX upgrade de-
' dd Al signed for the measurement af and directy at forward
1 2 3456 10 20 30 10° rapidity in order to study the gluon PDF in proton and nu-
Beam Energy[GeV] clei at smallx. FOCAL is silicon and tungsten sampling

Figure 3. Sampling fraction, which is defined as depositedgn Ccalorimeter. We are studying basic properties of FOCAL
of each segment divided the total sum of the three segmei@ Simulation and beam test. FOCAL has good linear-
The filled ones indicate simulated results and the openes! offy @nd energy resolution is 28%/VE. In the simulation,

indicate test results. Circles show 1st segment, squarms s{g00d linearity is reproducediand reso'gtion is CQHSiStEﬂt?
2nd segment and triangles show 3rd segment. cept constant term. There is small difference in sampling

fraction of each segment. More study will be done with

than those of test results. By contrast, simulated samplinglusion of electric noise and cross-talk. In strip paralan
fractions appear larger than those of test results at 2nd sggjs, MIP peak was observed and a strong correlation of the
ment. At 3rd segment, the simulated values and valugspositions is seen between strip sensors.
given by test results are in good agreement. These differ-
ences remain under investigation, which may be due to large
cross talk signal between adjacent pads or electric nuu'se,ljZ f
example. eferences

Figure 4 shows energy resolution. For comparison the E. Inauch, R. Venugopalan, hep-ph/0303204
results from simulation with that from test, constant tesm [2] |. Arseneet al,, for the BRAHMS collaboration, Phys.
sharply different. More studies need to be done with inclu- ReV- Lett93(2004) 242303.
sion of electric noise and cross-talk. [3] E.Kistenev, Czech. J. Phys5(2005) 1659.

Finally, there are some results from strip detector usirﬁﬂ;] PHENIX FOCAL )
T 50 GeV. Because strip sensors have low noise, peak of Nttps://www.phenix.bnl.gov/WWW/p/upgrades/focall.
minimum ionizing particles (MIP) can be discerned from
pedestal as shown Fig. 5(left). Figure 5(right) shows cor-
relation between the hit positions; X-axis is a hit position
of silicon strip detector in front of FOCAL and Y-axis is
that of first silicon strip detector within FOCAL. Very clear
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Pulse structure dependence of the proton polarization rate

T. Kawahara, T. UesaRaY. Shimizdo, S. Sakagucll?i, A. Shibusawa and T. Wakui

Department of Physics, Toho University
acCenter for Nuclear Study, Graduate School of Science, Wsityeof Tokyo
bRIKEN (The Institute of Physical and Chemical Research)
CCyclotron and Radioisotope Center, Tohoku University

1. Introduction 2 chopper blades
A polarized proton solid target for Rl beam experiments
has been developed at Center for Nuclear Study, University

of Tokyo [1]. Protons are polarized through the transfer of
the electron population difference in photo-excited #ftpl
states of pentacene molecule. By this method, proton polar-
ization of about 20% can be obtained at a low magnetic field
of 0.1 T and at a relatively high temperature of 100 K. Al-
though this target has been successfully applied to Rl beam
gxpgrimeqts [2, 3], further impr'ove'ment in proton pOIaﬁzer"nagneticfield of about 80 mT.
tion is desirable for future applications.

At present, the photon number of the photo-excited light
source is the bottleneck in achieving higher polarizatien b
cause the photon number is fewer than the electron number laser
of the pentacene. Simply, for increasing the photon num-

Figure 1. Optical chopper blades

ber, the best laser light would be continuous wave. How- w;s;o

ever, one problem arises that the lifetimes of the magnetic

sub-levels in triplet states are different. A sublevel vihhic i .

has the largest population decays with the shortest lifetim i

Therefore, by irradiating laser light for long time the elec mag. !

tron polarization is decreased while the photon number is sweep i
1

increased. Thus, the photo-excited light must be pulsed. In

our system, the pulse structure is determined by the rafatin i
speed and slit width of optical chopper. time

When the duty factor, which is product of width and repFigure 2. Time chart for polarization. When the laser iredes
etition frequency of the pulse, is increased, the polaomat  the crystal, the electron polarization can be made. Just aft
would be decreased by expanding the pulse width. There-the irradiation of laser light, the microwave irradiatediahe
fore, we examine that to what extent the proton polarization magnetic field strength was swept in order to transfer the-ele
is enhanced when both the duty factor and the repetition tron polarization to the protons.

frequency are changed.
Figure 2 shows a typical timing chart of polarization pro-

2. Optical system cess. In the first step, the laser right irradiated the clysta
For the optical excitation of pentacene molecules, an An the second step, just after the irradiation of laser light
ion laser (Coherent TSM25) with a wavelength ranginge irradiated the microwave and swept the magnetic field
from 454.5 nm to 528.7 nm and a total maximum outpatrength in order to transfer the electron polarizatiorhi® t
power of 25 W is used. Since the output light of this laserotons. These steps were repeated at a typical frequency
is continuous wave (CW), the light is mechanically pulseaf several kHz.
by using an optical chopper (Fig. 1). The frequency of laserWe measured polarization after 10-min build up with the
pulse can be changed by varying rotating speed of the ppise NMR method. This magnitude of polarization is de-
tical chopper . In addition the duty factor can be easifined as the proton polarization rate. The result is shown
changed by shifting the overlap of two chopper blades. ThisFig. 3 where the proton polarization rate is plotted as a
optical system enables us to change the duty factor frorfuliction of the duty factor. In the previous work [1], the
to 50%, and the repetition frequency from 0.75 to 10.5 kHepetition frequency and the duty factor were 2.5 kHz and
5%,respectively. The measured data are normalized by the
3. Measurement and result previous data. At the high frequency limit, the polariza-
As the material to be polarized, we used a single crystaln rate is proportional to the duty factor. In the present
naphthalene doped with pentacene (0.001mol%). The cry@rks, we found that the proton polarization rate takes the
tal size was 14 mm in diameter and 2.5 mm in thicknesaaximum value when the repetition frequency and the duty
Protons were polarized at a temperature of 100 K and irfieetor were 10.5 kHz and 50%, respectively. The polariza-
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tion rate was improved by a factor of 7.5 compared with thiéherefore, the saturated polarization is determined by the

previous works. From this result, one can expect that thalance between A and. It is seen from the figure that

polarization is enhanced by increasing the duty factor atite magnitude of saturated polarization with a duty factor

repetition frequency. of 50% (set-50) is improved by a factor of 4 compared with
that of set-5.

-+ T T T T T

2 sf ]

5 8‘1’:52 e v 4. Summary |

';‘.’: Egg igz A We have studied the pulse structure dependence on the

S 60 e50 kH: ; 2 A ] proton polarization rate. The proton polarization rate was

9 <A>6-0 kHz ' o o measured by changing the duty factor from 5% to 50% and

= 7.5 kHz o

S 4L Ao iz $ . . * the repetition frequency from 0.75 kHz to 10.5 kHz. It was

g V105 kifz . o found that the proton poIarizat.ion'rate depend§ strongly on

:.3 o o - the pulse structure. The polarization rate was improved by

N R & " " " a factor of 7.5 compared with the previous work by set-

E 8 B oo o o o ting the duty factor to 50% and the repetition frequency to

£ o . 4.0 . Y o ] 10.5 kHz. In addition, the build up curve of polarization
60 10 20 30 40 50 was measured at duty factors of 5%, 15%, 30%, and 50%.

Duty [%] The magnitude of saturated polarization was improved by a

Figure 3. The polarization rate was measured by changingya d[f;\ctor of 4 compared with the previous work. .
factor and repetition frequency. We _expect thgt these results can be understood by co_n5|d-
ering lifetime difference among the electron photo-extite
We measured the build up curve of polarization by changiplet states. A theoretical model which quantity dealthwi
ing the duty factor and the repetition frequency as sumnthis polarization mechanism is now under construction.
rized in Tablel. Measured data are shown in Fig.4.

Table 1. The polarization conditions by changing the duty itue References

repetition frequency. _ [1] T. Wakuiet al, Nucl. Instrum. Meth. A550(2005) 521.
name | Duty Repetition freg. [2] M. Hatanoet al, Eur. Phys. J. /25 (2005) 255.
Sets | 5% 2.5 kHz [3] S. Sakaguchet al. Proceedings of ISPUNO7, World
Set-15| 15% 5.0 kHz Scientific (2009) 245.

Set-30| 30% 9.0 kHz [4] M. linuma. Ph. D thesis, Kyoto University, (1997).
Set-50| 50% 9.0 kHz

T
Aset—50]
®set—30
Hset—15 ]
@ set-5

Proton polarization [arb. unit]

0 5 10 15 20 25
Time [hour]

Figure 4. The build up curve of polarization measured by ghan
ing a duty factor.

The buildup curve of Fig.4 is represented as

P(t 1—exp—Tt)), 1)

)= o
were A is proportional to polarization rate, afds relax-
ation rate of polarization. The saturated polarizationds d
scribed as

P(eo) O ——. (2)
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Method of pulse shape analysis for segmented Ge detectors

S. Go, S. Shimoura, E. Ideguchi, S. Ota, H. Miya, H. Bhba

Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo
aRIKEN (The Institute of Physical and Chemical Research)

GRAPE consists of 18 detectors and each detector con-
tains two planer-type Ge crystals with effective radius @f 3
mm and thickness of 20 mm. Each detector is composed of
a common anode between two crystals and two 3 cath-
odes. Fig.1 shows the definition of the coordinate. Carri-
ers are generated whe#ray interacts with Ge crystal, and
move along the electric field in the crystal. Charge signal
at cathode is induced by the movement of carriers and the
pulse shape depend on the interaction point @y. So the
interaction point ofy ray can be deduced from pulse shape
analysis. Our group developed the method of position ex-
traction using the analog pulse shape techriigue

Y
cathode anode cathode

i 6cm

Figure 2. DSP system consisting two 9-ch ADC and our daughter
modules (TechnoAP, APU7110-A40) .

nals can be simulated by calculating the three-dimensional
/ electric potential and using the weighting potential pro-
— posed in the Schokley-Ramo theorénBy using this theo-
rem, the time evolution of induced char@¢;) is expressed
E— as follows:

PR

( ) . one important. The time evolution of induced charge sig-

2cm 2cm
Qi) = noe (@u(Xn(ti),Yn(ti),Zn(t))
Figure 1. Schematic view of detector. Two Ge planer crystals = @u(Xe(ti), Ye(ti), Ze(ti)), (2

with effective radius of 30 mm and thickness of 20 mm. Each

detector has a common anode between two crystals and two g’he tlme at index, \_Nh'Ch corresponds to' the new Flme
« 3 cathodes. for a carrier after moving byzfrom the previous position

at timei — 1. tj is calculated according the the following
In 2008, we started to upgrade the system by adoptiaguation.

a digital signal processing (DSP) technology. The outputs
from the preamplifier are digitized by 100-MHz flash ADC
and are processed by digital filtering such as trapezoidal — Vsat dzti—0 3)
shaping, constant fraction time pick off, and so on (Fig.2).” ' * HE(X(4),Y(4),Z(t)) 2o ="
In order to add a position extraction capability to the DSP o
system, we are trying to find a simple algorithm. As a cafio IS the number of carriers;is elementary charge. The po-
didate of such algorithm, the moments of the digitized si%‘-t'On of the carriers (electron and hole) at titnis denoted
nals has been examirfédThen-th moment of the signal is PY (X(t),Y(ti),Z(t)), which is determined by the static

1+ HEX ()Y (t),2(t))

expressed as: electric fieldE(X(t;),Y (t),Z(ti)), the mobilitiesu, and sat-
uration velocityvsy, for each carrier.qy is the weighting

Sith x f(t) dQ(t) potential. It is assumed in this simulation that the elettro

{thh = Sim) == (1) and the hole move alorgdirection. Pulse shapes at each

segment were calculated with dz =1 mm.
whereQ(t;) denotes digitized charge from charge sensitive The extraction of th&Z position was examined. From
preamplifier, and denotes digitized time. The first momenFEig 3, these pulse shapes have differnt shapes depending
corresponds to the average of the pulse shape, the seaamthe interaction points. In the case tiais small (near
one corresponds to RMS, and the third skewness. from anode), the rising of pulse becomes slow because of
In order to extract three-dimensional position, a detail¢lde long elapsed time of holes. The average with time of
comparison between the real pulse shape and the simulgtglde shape becomes bigger. On the other hand, &hign
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Figure 3. The example of simulated pulse shapes. In thistbase —_ . T8 °
y-ray interacts at (x, y, z) = (0, 0, Z). Virtual axis corresgisn 80 t oo
to time and horizontal axis to current. Pulse heights are re- : : : : . s :
-40 -30 20 -10 O 10 20 30 40

main relatively constant. (Top Figure) Simulated pulsepsisa
at the center segment. (Below figure) Simulated pulse shape
summed over signals from the all segments.

T(center) - T(sum) [ns]

small (distant from anode), the rising of pulse is fast an'aIgure 4. The sumulateq Correlgtlon O.f first moment. Eactfsoi
corresponds to the interaction points (x, y, z)=(0, 0, Z)eTh

the average with time of pulse shape becomes small. So

the average of the pulse shape may have a good sensitivit
g P P Y 9 y s useful to extract z-position.

correlation between the first moment of sum and hit segment

to theZ position. Fig 4 shows the correlation between the
mean time of the pulse at the center segment and that of the
pulse summed over the all segment. From this Figure, the
combination of first moment is useful to extratposition.

The extraction ofX andY positions will also be exam-
ined with the simulated pulse shapes of non-hit segments,
and also comparison between simulation and measurement
is important. These approaches are now in progress.
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Algebraic Na model (Applications for 12C)
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In this report, we show that the algebraic approach can
be effective method foNa cluster study by creating spa- 20
tially extended Pauli allowed states. Here, we 88, R);,
algebra to make large harmonic oscillation quant8li{3)
model space. By using this model space, we investigate the
relation between monopole transition strength and symplec St

tic structure in2C. Moreover, we apply this model spaceto @ 0 P00 threshold
study decay properties of excited states'f@. For this pur- = sl _

pose, we combin8 2, R); approach with complex scaling 10l ° Wio truncation -

method for resonance states. e = | » SP(2R) truncation

Recently, cluster structures dfla nuclei arounda
threshold region have been studied both for experimental -20
and theoretical sides. Some of these excited states are as-
sumed to have dilute states of relatiweclusters. In*?C,
such kinds of & cluster structure appear around gresh-

20 40 60 80 100 120
dimension

Figure 1. Energy convergence of the 8ystem as a function of

old energy region as a resonance [1, 2]. In addition, dilute the number of basis states with (black dot) or without (white
4a cluster structures are also suggested in the excited state$®) SA2 R) truncation. The dotted lines are the energies
of 180 near 4 threshold. Thus, théla cluster studies ~ OPtined by using pseudo-potential method [3].

have been focusing on largiirvalues. In order to see thegf 3¢ system can be specified BU(3) quantaN(A, 1),
physics aroundNa threshold, we need to use experimentgjherep — N, — Ny, ¢ = Ny andp shows the multiplicity of
a threshold energy correctly. For this purpose, we USe @i states arose from the linear combinatiorNefand N,

thogonal condition model (OCM) [3, 4, 5]. In the usual prasajrs. The & Pauli allowed wave functions are expanded
cedure of OCM, the pseudo-potential method is used whegro|iows [7]:

the projection operator to Pauli forbidden states is added

to the original Hamiltonian. However, considering an ap(r,R) = % A,'i',i‘A,\’,é”pV,\'fl(f\,’z“)p’J’K(?, R), 1)
plicability for more a clusters, we use only Pauli allowed NN

states when we expand the wave function. Here, basis StalfiSre the indexi denotes an abbreviation of thi K

which have large number of H.O. quanta are effectively pre-

, Y P'a@hd N(A, p)p. The coefficientsAy *° are determined
ﬁ]a{r?gfgsgs(;?gcthsqz, R). [6, 7] algebra orSU(3) basis by orthogonal condition to Pau:ILi' l%orbidden states [4].

N L) IK -
Experimentally, it is suggested that theseluster struc- Vn, - (T-R) is expressed by

tures appear with large monopole transition strength [8, _

10]. V\F/)ep expect tha(‘tJ thtsqz,pR)z model is also sguite[d (N2, 12, N, 12[IN(A, 1), 3, K) [uny 1, (F)un 1, (R)o- (2)

to investigate the origin of the large monopole transitioh >

strength. Moreover, we need to check whether it can deHowever, simply using these basis is not convenient to

rive resonance states by correctly taking its boundary condescribe the spatially extended states aroundtl@esh-

tion. There is a well known procedure called complex scalld. Because of the fact that the multiplicity increases as

ing method (CSM) [11] which describes resonance statdkincreases, we need to use another indexhich distin-

In CSM, the boundary condition of the resonance stai@gishes the quanta of tf®n2, R), algebra by taking uni-

aroundNa threshold is transformed to the regular waviary transformation fronp index. Thez-index shows that

functions which decay to zero as the relativer distances this transformation acts only fardirection. The quantum

increase which is the same as that of bound states. ThéwgmberA are obtained as a solution and eigenvalue of the

fore, we can calculate resonance states by using finite n{easimir operator of this algebra. We show the validity to

ber of basis set. We couple OCM generated by8p@,R), use thisSp(2,R); truncation method. As for the two-body

algebra and CSM. We focus on the two and theesuclei nuclear interaction, we use-a folding potential [12]. In

and convince basic properties. the present stage, Coulomb and three-body potentials [13]
Here, we mention how model space can be construcaé not taken into account for simplicity. In Fig. 1, we show

for algebraic approach. We set harmonic oscillator quarite energy as a function of the number of basis states. When

N; andN, for eacha — a Jacobi coordinate. Basis statewe apply the basis states sorted®g(2,R) algebra (black

dot), the energy convergence becomes much faster than the
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case without it (white dot). We can see that 852, R);
algebra can be a powerful method to generate the basis sets 1
arounda threshold.

In order to investigate what causes the large monopole 3
transition strength it?C, we see the relation between the Pl
monopole transition strength and symplectic structuree Th >
A of the ground state is dominated Ay= 5/2 configuration é 0r
about 94%. This indicates that thecan be a good quantum 5
number to characterize the ground state rather ®id(B) 05l
quanta: 80,4) configuration ofSU(3) occupies about 66%
in the present calculation. The monopole operators can be
also written by generators &p(2, R); algebra. Therefore, _1-8 _‘6 _‘4 2
it is natural to expect that th®p(2, R); quanta/A has close Er [MeV]
relation to the strength of the monopole transition strengt
We calculate monopole transition strength from the groun
state to the excited'Ostates. With this analysis, we confirm
that the strong monopole transition is closely related & th
A of the excited states. In conclusion, we have constructed algebraic approach

As a next step, we combine this algebraic approach wiir Na nuclei which is applicable foN = 3 system. We
CSM to treat the resonance states. Before calculating Hige confirmed that the strong monopole transition strength
resonance states ofri3we check the reliability in @ cases. in 12C is related to theSp(2,R); quantaA. We have also
Expansion of the basis states ia & done by the following suggested that the use®f(2, R), algebra to make the Pauli
procedure which is the same as far 8alculation: Instead allowed states is effective even if we treat resonancesstate
of using the pseudo-potential to project out the Pauli fdrbiby using CSM. To ensure it, we calculated two and three
den states, we solve the equation systems. The result shows that we can use this procedure
(I:i _ EN)I5|<D) 0. 3) feor 3a cluster,_if we take care of the complex rotation angle

and the oscillation quanta.
whereP is projection operator to Pauli allowed states. The
complex scaling method is applied to the above equation,
and we have

b.s. approx. ®

2]

[ ZRCE

igure 2.  Complex energies offOstates in'?C. Here,
b-trajectory for each complex rotation angk are shown
around secondOstate.
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point aroundd = 3° has good correspondence with the en-

ergy (~5 MeV) given by bound state approximation. This

state has linear chain configuration (The occupancy is about

45% in the present calculation).
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Activities of Nuclear Shell-Model Studies in CNS

N. Shimizi®, T. Otsuk&P:€ and Y. Utsund

apepartment of Physics, Graduate School of Science, UniyarsTokyo
bcenter for Nuclear Study, Graduate School of Science, Wsityeof Tokyo
CNational Superconducting Cyclotron Laboratory, Michigate University
dadvanced Science Research Center, Japan Atomic Energgygen

1. Introduction original code. These benchmark results was reported in

Our group has actively performed nuclear shell-mod@ef- [4]. Afterward, this code played an essential role to
calculations to investigate nuclear structure and its undg@€velop a new framework of performing large-scale shell-
lying physics. These theoretical works have been supporfégdel calculations [5].
by thg CNS’.RIKEN Nishina Center, and the Departmeptgf Monopole Interaction and Shell Evolutions
Physics, University of Tokyo [1]. As a part of these activi- ) . ) .
ties, we introduced a PC cluster consisting of 4 nodes and §Ve investigated novel simple properties of the monopole
Quad-core Xeon CPUs. We summarize major achievemeffRgnPonent of the effective nucleon-nucleon interactias an
of our activities in the following sections individually. ~ Proposed themonopole-based universal interactiovvy

[6]. TheVwu consists of two terms. The first term is the
2. Code Development for the Monte Carlo Shell Model Gayssian central force, and should contain many compli-

The Monte Carlo shell model method (MCSM) has beeated processes including multiple meson exchanges. The
developed since 1995 [2] in order to avoid the difficulty afecond one is the tensor force comprisedraindp meson
diagonalizing the Hamiltonian matrix which has very largexchanges [7].
dimensions in the nuclear shell model. The MCSM hasFigure 1 shows applications &y to the shell evolu-
been successfully applied in the nuclear-structure stydytion assuming a filling configuration. Figure 1 (a) depicts
to the medium-heavy nuclei, including exotic nuclei [3]. neutron single-particle energies (SPEs) aroinxR20 for

As its applicability is enlarged, the MCSM code has be@*8~20. Starting from SPEs &=8, one sees the evolu-
extended accordingly. For instance, the MCSM was réen of theN=20 gap, in a basically consistent manner with
cently used to perforrab initio calculations. Neverthelesspther shell-model studies [8, 9]. While the change is mono-
the original MCSM code has some limitations that restritdénic without the tensor force, the tensor force produces a
its use in more up-to-date nuclear-structure calculatiéms sharp widening fronZ=8 to 14, and then stabilizes the gap
particular, it can handle only isospin-conserving interatowardsZ=20. It is worth mentioning that the normal SPEs
tions. In mostab initio calculations, the isospin symmetnarise atZ=20, whereas aZ=8 the inversion betweenfg),
is not assumed to be conserved. and Ips/, occurs and 0z, is rather close to fi3 5, leaving

In order to overcome these limitations and fully utilizéhe major gap all=16. The central force lowers the neutron
modern computational technologies, we initiated a projetl;,, SPE more than thef§,, SPE as protons occupy the
to write a novel MCSM code from scratch. The new MCSMd-shell due to larger overlaps, yielding a witle=20 gap

code is equipped with the following features: at%%Ca. TheN=20 gap aZ~14 is, however, largely due to
1. The code is written in modern Fortran 95. :geoaensor force, and becomes smaller if protons are excited
3/2:
2. Hybrid parallel computing based on Message Passing-igure 1 (b) shows proton SPEs for t@e28 core of
Interface library (MPI) and OpenMP is used. 68-78Ni, by starting from empirical values &=40. The

SPE of Iy is not known empirically, and is placed above
1ps/, by the energy difference predicted by the GXPF1A
4. It can evaluate many physical quantities which afteraction. The orbit &, crosses ps/, at N=45 consis-

important inab initio calculations €.g. root-mean- tently with a recent experiment, and thé;3-0fs, split-
square radius). ting is reduced by 2 MeV fronN=40 to 50. For both, the

tensor force plays crucial roles. This lowering ofs@, is

5. The code incorporates a new algorithm for the calcgeen in other shell model results, while the change is about
lation of the Hamiltonian matrix elements. a half of the present value.

At the fiscal year 2009, the new code has been partiallyigure 1 (c) shows neutron SPEs relative &3 9 on top
completed and enabled us to calculate the Hamiltonian n04-"°Zr-1°°Sn, starting from empirical values @40 ob-
trix elements using the angular-momentum and parity pi@ned by averaging with spectroscopic factors. The low-
jection for any Slater determinant basis, and the eigerva@fing of 07/, is remarkable. If there were no tensor-force
of the Hamiltonian can be obtained with those matrix eléffects, @7/ and (hy1/, do not repel, ending up with quite
ments. Since calculating the Hamiltonian matrix elemeatdifferent shell structure fot°°Sn, making this nucleus
is the most time-consuming part in MCSM, it is worth exmuch softer. The closer spacing @, and @ls, in 101gp
amining its computing performance by comparing with threeems to be seen experimentally.

3. It can handle isospin-breaking interaction.
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Figure 1. (color online) Single-particle energies caltedbbyVyy interaction. The dashed lines are obtained by the centregéfo
only, while the solid lines include both the central forceldhe tensor force. Some statesj. 0f7/2 in (b), are hole states. Taken
from [6].

TheViwu produces a variety of the shell evolution, corf4] N. Shimizu, Y. Utsuno, T. Abe, and T. Otsuka, RIKEN
necting stable and exotic nucled,g, exotic Ne-Mg with Accel. Prog. Rep43, 46, (2010).
40Ca, 58Ni with exotic "8Ni, and 2°Zr with exotic 1°%Sn. [5] N. Shimizu, Y. Utsuno, T. Mizusaki, T. Otsuka, T. Abe,
The shell structure appears to vary considerably in exotic and M. Honma, Phys. Re@ 82, 061305(R) (2010).
nuclei. [6] T. Otsuka, T. Suzuki, M. Honma, Y. Utsuno, N. Tsun-
oda, K. Tsukiyama, and M. H.-Jensen, Phys. Rev. Lett.
4. Beta-Decay of K Isotopes beyontll = 28 104, 012501 (2010).

One-body potentials such as the Woods-Saxon potent@! T. Otsuka, T. Suzuki, R. Fujimoto, H. Grawe and Y.
have been successful in describing the shell structure of Akaishi, Phys. Rev. Let®5, 232502 (2005).

near-stable nuclei. The one-body picture always givegg Y. Utsuno, T. Otsuka, T. Mizusaki and M. Honma,
smooth and monotonic change in the shell structure as the phys. Rev. G0, 054315 (1999).

number of nucleons varies. On the other hand, the shedt F. Nowacki and A. Poves, Phys. Rev.%®, 014310

model interactionVmy, which was discussed in Sect.3, (2009).

could cause a different behavior in very neutron-rich rgtQ]Y. Utsuno, T. Otsuka, B. A. Brown, M. Honma, and T.

gions. Itis thus of great interest to find such a manifestatio  Mizusaki, RIKEN Accel. Prog. Rep3, 44 (2010).

of shell evolution. [11]Y. Utsuno, T. Otsuka, B. A. Brown, M. Honma, and T.
TheVwu predicts the proton shell evolution to be quite  Mizusaki, AIP Conf. Proc112Q 81 (2009).

different from that predicted by the potential picture. The

1sy, orbit moves abovedy , at N = 28, and it goes down

below (dz/» at N = 32, where fs); is fully filled. This is

an example of nonmonotonic shell evolution, which is never

given by the one-body picture. If non-monotonic shell evo-

lution occurs, the ground state 8fK must be 3/2. Al-

though there is no direct measurement of the spin/parity of

51K, we have found that it is highly likely that the ground

state is 3/2. Our finding is supported by the good agree-

ment between thg decay properties observed experimen-

tally and those obtained theoretically [10,11]. The exper-

imental decay pattern cannot be explained from the" 1/2

state oK.
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The 8th CNS-EFES Summer School (CNS-EFES09)

H. Yamaguchi, H. Hamagaki, N. Itag&kiS. Kubono, T. NakatsukaQaS. Ota, T. Otsul®
H. Sakaf, S. Shimoura, and T. Suziki

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

apepartment of Physics, Graduate School of Science, UniyarsTokyo

bNishina Center, RIKEN (The Institute of Physical and ChairiReseach)
CDepartment of Physics, Nihon University

The 8th CNS-EFES International Summer School (CNfarticipants were from foreign institutes, and 5 particitsa
EFESQ09) was organized jointly by the Center for Nuclearere foreign researchers belonging to domestic institutes
Study (CNS), the University of Tokyo, and the Japan Soci-Five lectures on Aug. 27 were held at the Koshiba hall
ety for the Promotion of Science (JSPS) Core-to-Core Pin-the Hongo campus and were broadcasted via the Inter-
gram “International Research Network for Exotic Femtoet. The student and postdoc sessions were also held in the
Systems (EFES)”, in the period of Aug. 26 — Sep. 1, 200&chool. 21 talks and 15 posters were presented by gradu-
The summer school was held at the Nishina hall in the Waate students and postdocs. Attendances communicated each
campus of RIKEN and at the Koshiba hall in the Hongather in the free discussion time between the lectures and
campus, the University of Tokyo. This summer school was the welcome and farewell parties with a relaxed atmo-
the eighth one in the series which aimed at providing gragphere.

uate students and postdocs with basic knowledge and peAll information concerning the summer school is open
spectives of nuclear physics. It consisted of lectures for access at the following URL:

leading scientists in the fields of both experimental and the

oretical nuclear physics. Each lecture started with amintr http://www.cns.s.u-tokyo.ac.jp

ductory talk from the fundamental point of view and ended /index.php?Events/CNSEFES/2009
with up-to-date topics in the relevant field.
The lecturers and the lecture titles are listed below. This summer school was supported in part by the Inter-

national Exchange Program of the Graduate School of Sci-
M.H. Jensen (Oslo) “Nuclear interactions and the shelence, the University of Tokyo. The financial support was
model” indispensable to organize this summer school successfully
The organizers deeply appreciate various accommodations
provided by RIKEN Nishina center for the school. They
are also grateful to administration staffs of the CNS and the
P. van Duppen (Leuven) “Nuclear  structure  studiesGraduate School of Science for their helpful supports. They
along Z=28 and 82 closed proton shells using riank graduate students and postdocs in the CNS for their
dioactive ion beams” dedicated efforts. Finally, the organizers acknowledge al
the lecturers and participants for their contributionshis t
S. Shimoura (CNS, Tokyo) “Reactions of RI beams forsummer school.
studying exotic nuclei”

C. Bertulani (Texas A & M Commerce) “Coulomb ex-
citation of exotic beams”

H. Horiuchi (RCNP, Osaka) “Coexistence of cluster
states and mean-field states”

N. Ishii (Tokyo) “Hadronic interactions in lattice QCD”

H. Sakurai (Nishina Center, RIKEN) “RIBF project —
present status and perspectives—"

K. Makishima (Tokyo/RIKEN) “Highlights from recent
cosmic X-ray observations”

T. Kawabata (Kyoto) “Alpha inelastic scattering and
cluster structures in light nuclei”

T. Gunji (CNS, Tokyo) “Experimental studies of hot and
dense QCD medium in relativistic heavy ion colli-
sions”

This year, 100 participants, including 10 lecturers from
10 countries, attended the school. Three lecturers and 27
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Laboratory Exercise for Undergraduate Students

S. Ota, K. Yako, H. Tokieda, K. Ozafand S. Shimoura
Center for Nuclear Study, Graduate School of Science, Wsityeof Tokyo

apepartment of Physics, University of Tokyo

Nuclear scattering experiments were performed as a lab

ratory exercise for undergraduate students of the Unigersi o o Uei 8, Group2
of Tokyo. This program was aiming at providing under- 3 " a+%Au
graduate students with an opportunity to learn how to stud = E,=26 MeV
subatomic physics by using an ion beam from an acceler 2 o5 ‘ 1
tor. In 2009, 31 students joined this program. s

The four beam times were scheduled in the secor g ",
semester for third-year students, and 8 (or 7) students pz 00 , L % e s n
ticipated in each beam time. The experimentwas performe "o 50 100 150

at the RIKEN accelerator research facility (RARF) using ¢ CM Scattering Angle (deg)

26-MeV alpha beam accelerated by the AVF cyclotron. The
alpha beam extracted from the AVF cyclotron was trangsigyre 1. Ratio of the measured cross section forahd®7Au
ported to the CRIB beam line inthe E7 experimental hall. In - g|astic scattering to the Rutherford scattering crossaest
each beam time, the students were divided into two groups

and took one of the following two subjects: )
gamma rays emitted from the cascade decay of the rota-

1. Size of a nucleus through the measurement of eladignal bands were measured by a high purity germanium
scattering ort®’Au. detector located 50 cm away from the target. The energies
of the gamma rays were recorded by the MCA system. The
2. Deformation of nuclei through the measurement gfain and the efit ciency of the detector system had been
gamma rays emitted in the cascade decay of higlgilibrated with standard gamma-ray source&bika, %°Co,
excited™>Gd and'8‘Os. 1333, and!®’Cs. The typical spectra of the gamma rays
from the cascade decay of the rotational band$i6d and
Before the experiment, the students learned the basi¢g are shown in Fig. 2. The gamma rays from the 12+
handling of the semiconductor detectors and electronic ¢j+ and 10+ 8+ decay i#P4Gd and!840s were success-
cuits at the Hongo campus, qnq attended a radiation safgm, identi 4 ed. Based on the energies of the gamma rays,
lecture at RIKEN. They also joined a tour to the Rl beagje moment of inertia and the deformation parameters of
factory at RIKEN. the excited states were discussed by using a classical rigid
In the a+!"Au measurementy particles scattered fromyotor model and a irrotational uid model. The students
the Au target with a thickness of 1.42 mg/cm2 were dgsynd that the reality lies between the two extreme mod-
tected by a silicon PIN-diode located 11 cm away frog)s, The initial population among the levels in the rotaaion
the target. A collimator with a diameter of 6 mm was aland was also discussed by taking the effect of the internal
tached on the silicon detector. The energy spectrum of t$hversion into account.
scattered a particles was recorded by a multi-channel anayse pelieve this program was very impressive for the stu-
lyzer (MCA) system. The beam was stopped by a Farad@ts. It was the first time for most of the students to use
cup in the scattering chamber. The cross section for the |glye experimental equipments. They learned basic things
pha elastic scattering was measured in the angular rangg¥ut the experimental nuclear physics and how to extract
Blap = 25-160". physics from the data. The authors would like to thank
The measured cross section was compared with the ¢§-y. Uwamino, Prof. Y. Sakurai, Dr. H. Otsu, Dr. N. Aoi,
culated cross section for the Rutherford scattering as Bhoye cNS accelerator group, and the RARF cyclotron crew

tentialmodel calculation, and the radius of the gold nugleu

was discussed. Some students obtained the radius of 10 fm
by using a classical model where the trajectory ofdhear-
ticle in the nuclear potential is obtained by the Runge-&utt
method. Others tried to understand the scattering process
by calculating the angular distribution by the distortedreva
Born approximation with a Coulomb wave function and a
realistic nuclear potential.

In the measurement of the rotational bands, excited
states in'®*Gd and'®‘Os nuclei were populated by the
1525m(@,2n) and'®AW(a,2n) reactions, respectively. The
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Symposium, Workshop, Seminar, Colloquium, and PAC
A. Symposium

1. The International Symposium on Origin of Matter and Evalntof Galaxies 2010 (OMEG2010)
March 8 — 10, 2010, Osaka, Japan
This is the 10th international symposium of nuclear astysjds, which started in 1988 by INS (predecessor of
CNS) together with RIKEN. It was hosted this time by sevettituons; Research Center for Nuclear Physics,
Osaka University (RCNP), RIKEN Nishina Center (RNC), Ceffite Nuclear Study, University of Tokyo (CNS),
Division of Theoretical Astrophysics, National Astronarai Observatory of Japan (NAO), High Energy Accelera-
tor Research Organization (KEK), Japan Atomic Energy AgédaEA), Konan University.

The symposium was participated by 120 researchers, inc28 people from outside of Japan. Special emphasis
was placed this time on the weak interaction as well as thetrelenagnetic interaction for astrophysics. The
symposium proceedings will be published in a book of AIP eoerfice series.

Organizing committee was compromised of |. Tanihata (RGéRjr), T. Kishimoto (RCNP, co-chair), T. Ka-
jino (NAQJ, co-chair), S. Kubono (CNS, co-chair), W. AokiARJ), S. Chiba (JAEA), K. Kato (Hokkaido), Y.
Fujita (Osaka), H. Miyatake (KEK), T. Motobayashi (RIKEN, Nishimura (RIKEN), K. Nomoto (IPMU), A.
Tamii (RCNP), H. Toki (RCNP), and H. Utsunomiya (Konan), hydkawa (JAEA, scientific secretary), H. J. Ong
(RCNP, scientific secretary), and T. Shima (RCNP, sciergdiretary)

B. Workshop

1. Arctic FIDIPRO-EFES workshop
April 20-24, 2009, Saariselka, Finland
Topics of the workshop covered nuclear structure theoryexiperiments with special focus on future developments.
On the theoretical side, new developments in describingenwithin the energy-density-functional and shell-model
methods were discussed, with a particular emphasis ontsteucf exotic nuclei.
On the experimental side, the physics opportunities of fhgraded facilities at JYFL and emerging opportunities
at other facilities like ISOLDE, SPIRAL2, RIKEN and FAIR wediscussed. The upgrades at JYFL consists of
the new recoil separator MARA in the present laboratory drelupgraded IGISOL facility to be located in the
extension building of the experimental hall served alsoH®y high-intensity proton beams from the new MC30
cyclotron. The symposium was hosted by University of Jyyisknd TORIJIN

2. EFES workshop for “ab-initio calculations and nuclear &s
October 12, Hilton Waikoloa Village, Hawaii, USA
The workshop was hosted by JUSTIPEN and TORIJIN

3. JUSTIPEN-EFES workshop on unstable nuclei,
December 7-9, 2009, RIKEN, Japan
The workshop was hosted by JUSTIPEN and TORIJIN

C. CNS Seminar

1. “Low-lying Proton Intruder State if®B”,
S. Ota (Center for Nuclear Study, the University of TokyodlyJa1th, 2009.

2. “Measurement of Low-mass Vector Mesons in Hot-Medium @édily Relativistic Heavy-lon Collisions”
Y. Tsuchimoto (Center for Nuclear Study, the University okyo) Sept. 8th, 2009.

3. “Recent results on th¥B(p,a)’Be and!!B(p,a)®Be reactions studied by means of the THM”
S. Romano (Univ. of Catania) Dec. 17th, 2009.
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4, “Effects of distortion of the intercluster motion in lightinlei”
G. Pizzone (INFN - LAS) Dec. 17th, 2009.

5. “Nuclear Astrophysics at Catania”
S. Cherubini (Univ. of Catania) Dec. 17th, 2009.

6. “Presolar grains from meteorites: a new window to stars”
S. Amari (Washington University, St. Louis, USA) Mar. 128910.

7. “The measurement dfNa+a in inverse kinematics and tféNa(a, p) stellar reaction rate”
Dam Nguyen Binh (CNS, Univ. of Tokyo) Mar. 30th, 2010.

E. Program Advisory Committee for Nuclear-Physics Experinents at Rl Beam Factory

1. The 5th Program Advisory CommitteeNP-PAC) meeting for Nuclear Physics Experiments at RI Beam Factory
Date: June 18-19, 2009
Place: Conference room, 2F RIBF building

2. The 6th Program Advisory CommitteeNP-PAC) meeting for Nuclear Physics Experiments at Rl Beam Factory
Date: December 3—4, 2009

Place: Conference room, 2F RIBF building
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CNS Reports

#79 “Deuteron beam polarimeter in the Nuclotron ring and anialypower for thed-p elastic scattering at 88MeV”
T. Uesaka, K. Suda, P. K. Kurilkin, V. P. Ladygin, Yu. V. GuirthA. Yu. Isupov, K. Itoh, M. Janek, J. T. .Karachuk,
T. Kawabata, A. N. Khrenoyv, A. S. Kiselev, V. A. Kizka, J. Kim, V. A. Krasnov, A. N. Livanov, Y. Maeda,
A. I. Malakhov, V. Matousek, M. Morhach, S. M. Piyadin, S. GeARikov, S. Sakaguchi, H. Sakai, Y. Sasamoto,
K. Sekiguchi, I. Turzo, and T. A. Vasiliev, May. 2009.

#80 “CNS Annual Report 2007”,
edited by E. Ideguchi, Aug. 2009.

#82 “Computer modelling of Electromagnetic Fields for RIKEN X\Cyclotron”,
A. S. Vorozhtsov, S. B. Vorozhtsov, S. Watanabe, S. Kubono

#83 “CNS Annual Report 2008”,
edited by S. Michimasa, Feb. 2010.
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Publication List

A. Original Papers

1.

10.

11.

12.

13.

14.

15.

16.

K. Aamodt, et al. for the ALICE Collaboration: “First proteproton collisions at the LHC as observed with the
ALICE detector-Measurement of the charged-particle pseagidity density at/s= 900 GeV”, Eur. Phys. I65,
111-125, 2010,
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H. Watanabe, K. Yoneda: “Application of Doppler-shift atitation method to the de-excitatigmays from the in-
flight 12Be beam”, Proc. of the 6th Japan-Italy Symposium on HeamPloysics, Tokai, Japan, 11-15 November
2008, AIP Conf. Proc1120(2009) 265-269.

P. von Neumann-Cosel, T. Adachi, C.A. Bertulani, J. Carldr, Dozono, H. Fujita, K. Fujita, Y. Fujita,

H. Hashimoto, K. Hatanaka, M. Itoh, Y. Kalmykov, K. Kato, TaKabata, H. Matsubara, K. Nakanishi, R. Nevel-
ing, H. Okamura, |. Poltoratska, V.Yu. Ponomarev, A. RichB: Rubio, H. Sakaguchi, Y. Sakemi, Y. Sasamoto,
Y. Shimbara, Y. Shimizu, F.D. Smit, Y. Tameshige, A. TamilWambach, M. Yosoi, J. Zenihiro, “Complete dipole

response in 208Pb from high-resolution polarized prot@itedng at 0 degrees”, Proc.13th Intern.Symposium on
Capture Gamma-Ray Spectroscopy and Related Topics, Gal@ggrmany, 25-29 Aug.2008, J.Jolie, A.Zilges,
N.Warr, A.Blazhev, Eds., p.404, AIP Conf. Proc. 1090 (2009)

T. Suzukiand T. Otsuka: “Structure of Light Neutron-richdlei and Important Roles of Tensor Interaction”, Proc.
of the International Conference on Nuclear Structure andddyics, May. 4-8, 2009, Dubrovnik, Croatia, AlIP
Conf. Proc.1165(2009) 54-56.

C. Theses

1.

R. Akimoto: “Development of Time Projection Chamber usingsGElectron Multiplier, for Use as an Active
Target”, Master Thesis, the Unviversity of Tokyo, March 120

. Y. Hori: “Simulation Study for Foward Tracking Calorimetar LHC-ALICE experiment”, Master Thesis, the

Unviversity of Tokyo, March, 2010

. H. Miya: “Development of Tracking Chamber for High-resatut Nuclear Spectroscopy with Rl beam”, Master

Thesis, University of Tokyo, March (2010).

. H. Tokieda: “Cathode Readout Drift Chambers for the SHARAGE&rometer”, Master Thesis, University of

Tokyo, March (2010).

. Jun-young Moon: “Study of astrophysically important naelstates of’P using radioactive ion beam”, Ph. D

Thesis, Chung-Ang university (Seoul, Korea), August 2009
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Talks and Presentations

A. Conferences

1.

10.

11.

12.

13.

14.

15.

16.

H. Hamagaki: “A Critical Review of the Recent Results frone&lo-Magnetic Measurements”, 12th Heavy lon
Cafe, at the University of Tokyo, Tokyo, May 9, 2009.

. H. Hamagaki: “Discoveries of Hydro-Dynamical Behavior ilgH-Energy Heavy-lon Collisions”, 13th Heavy lon

Cafe, at the University of Tokyo, Tokyo, Nov. 11, 2009.

. T. Guniji, et al.: “Practice n GRID/CAF”, at the Workshop on KQE Analysis Workshop for Asian Communities,

Jan. 21-23, Hiroshima, Japan

. T. Guniji, et al.: “Development of W+Si Tracking Calorimeserd readout for LHC-ALICE”, at the Detector work-

shop for RIBF experiments, Dec. 21-22, 2009, RIKEN, Wakpada

. T. Gunji, et al.: "k CNSIZB1F %5 GEMBF L Active Target GEM-TPGDEHFE”, at the 6th Workshop on

Micor Pattern Gas Detector, Dec. 11-12, Kobe Universityada

. T. Gunji, et al.: “Forward Physics at LHC energy”, at the Waltkp on ALICE upgrades in Asian countries, Nov.

11-15, Yonsei University, Korea

. T. Gunji: “Heavy Quarkonia Production in High Energy HeawonICollisions at RHIC and Perspectives for the

LHC”, at the Workshop on the Expanding Future of High Energycear Physics at LHC and RHIC, Oct. 13,
2009, Waikoloa, Hawaii, USA.

. T. Gunji: “Heavy Quarks and Quarkonia Production at RHIC d&abe of hot and dense QCD medium”, at the

International Symposium on Multiparticle Dynamics, Sd}8-09, Gold Sands, Gomel, Belarus

. T. Gunji: “Quarkonia Melting in expanding hot and dense roediat RHIC”, at the workshop on Heavy Quarko-

nium Production in Heavy lon Collisions, May 25-29, ECT*efto, Italy

Y.L. Yamaguchi for the PHENIX collaboration (Oral): “Measments of low pT direct photons in PHENIX”, at the
Workshop on the Expanding Future of High Energy Nuclear Risyast LHC and RHIC, Oct. 13, 2009, Waikoloa,
Hawaii, USA.

R. Akimoto, H. Hamagaki, T. Guniji, Y. Yamaguchi and Y. Horir@D): “Measurement of the basic features of
Thick-GEM and Resistive GEM” at the 1st International caoafee on Micro Pattern Gaseous Detectors, Jun.
12-15, 2009, Orthodox Academy of Crete Conference CenteteCGreece.

R. Akimoto, S. Ota, S. Michimasa, T. Gunji, H. Yamaguchi, TagHimoto, H. Tokieda, T. Tsuji, S. Kawase,
H. Hamagaki, T. Uesaka, S. Kubono, T. Isobe, T. Kawabata, Zaw@, H. Suzuki, D. Nagae, T. Moriguchi,

Y. Ito, Y. Ishibashi, H. Ooishi, Y. Abe (Oral): “Design andnb@mance of CNS active target TPC” at the Detector
workshop for RIBF experiments, Dec. 21-22, 2009, RIKEN, @/alapan.

Y. Hori, et al.: “A simulation study for a Forward Calorimetepgrade plan in ALICE at LHC”, at the Workshop
on ALICE upgrades in Asian countries, Nov. 11-15, Yonseiérsity, Korea

A. Saito (oral): “The®He+°He anda+8He cluster states itfBe via inelastic scattering”, International Symposium
on Forefronts of Researches in Exotic Nuclear Structuréig@th2010), March 1-4, 2010, Tokamachi, Niigata,
Japan.

S. Shimoura (invited): “Recent developments of radiati@tedtor systems for RIBF experiments”, Workshop
On Developments of new Scintillator Detectors for GammacBpscopy and Imaging, November 16-17, 2009,
Milano, Italy.

S. Ota, S. Shimoura, N. Aoi, E. Takeshita, S. Takeuchi, Hu8yH. Baba, T. Fukuchi, T. Fukui, Y. Hashimoto,
E. Ideguchi, K. leki, N. lwasa, H. lwasaki, S. Kanno, Y. Kon@ioNakabayashi, T. Nakamura, M. Niikura, T. Oku-
mura, T.K. Onishi, H. Sakurai, M. Shinohara, D. Suzuki, M3Gzuki, M. Tamaki, K. Tanaka, Y. Togano, Y. Wak-
abayashi, K. Yamada: “High Resolution In-beam Spectrogadgsland-of-inversion nuclei via alpha induced
reaction”, International Workshop on Direct Reactionshwiixotic Beams (DREB2009), December 16-19, 2009,
Tallahassee, Florida, USA.
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18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

. S. Michimasa (invited): “SHARAQ Overview and Scientific Brams”, Sept. 9-10, 2009, JUSEIPEN Workshop.

T. Uesaka (Invited): “Polarized Solid Proton Target in Lovagetic Field and at High Temperature”, 13th Inter-
national Workshop on Polarized Sources, Targets and Rattny, Sept. 7-11, 2009, Ferrara, Italy.

T. Kawahara, T. Uesaka, Y. Shimizu, S. Sakaguchi, T. WaktaljO*Pulse structure dependence of the proton spin
polarization rate”, 13th International Workshop on Pdad Sources, Targets and Polarimetry Sep. 07-11, 2009,
Camera di Commercio, Ferrara, Italy.

T. Uesaka (Invited): “SHARAQ Spectrometer —Current stadnsl future experimental plans—", International
Symposium of Exotic Nuclei 2009, Sep. 28—Oct. 2, 2009, Sdehssia

T. Uesaka (Invited): “Current status and future experirakptogram of the SHARAQ Spectrometer”, 7th Japan-
China Joint Nuclear Physics Symposium, Nov. 9-13, 2009veisity of Tsukuba, Ibaraki, Japan

T. Uesaka (Oral): “The SHARAQ Spectrometer”, ICHOR-EFE&inational Symposium on New Facet of Spin-
Isospin Responses 2010, Feb. 18-21, 2010, University ofd,cfokyo, Japan

T. Uesaka, R. Akimoto, S. Ota, S. Michimasa, T. Gunji, H. Ygoehi, T. Hashimoto, H. Tokieda, T. Tsuji,
S. Kawase, H. Hamagaki, S. Kubono, T. Kawabata, T. Isobe, Zaw@, H. Suzuki, D. Nagae, T. Moriguchi,
Y. Ito, Y. Ishibashi, H. Oishi, Y. Abe, N. Kamiguchi, SHARA®ltaboration (Oral): “CNS active targets for Miss-
ing Mass Spectroscopy with Rl beams”, Detector WorkshoRiB8F Experiments, Dec. 21-22, 2010, RIKEN,
Saitama, Japan

Y. Shimizu (Oral): “Spin dependent momentum distributidmpmton in3He studied via proton induced exclusive
knockout reaction”, 19th International IUPAP Conferenog=@w-Body Problems in Physics, FB19, Aug. 31-Sep.
5, University of Bonn, Bonn, Germany.

Y. Sasamoto, T. Uesaka, H. Sakai, S. Shimoura, S. Noji, KoYa&kMichimasa, S. Ota, A. Saito, K. Miki, H. Tok-
ieda, H. Miya, S. Kawase, T. Kubo, K. Yoshida, T. Ohnishi, ¥n#gisawa, N. Fukuda, H. Takeda, D. Kameda,
N. Aoi, S. Takeuchi, T. Ichihara, H. Baba, S. Sakaguchi, Yintu, H. Schiet, P. Doornembal, T. Kawabata,
K. Itoh, T. Kawahara, Y. Maeda, T. Saitoh, M. Itoh, R.G.T. ey M. Sasano, P. Roussel-Chomaz, G.P.A. Berg,
“The super-allowed Fermi type charge exchange reactiorstiatdies of isovector non-spin-flip monopole reso-
nance”, ICHOR-EFES International Symposium on New Fac&pif-Isospin Responses (SIR2010) , Feb. 18-21,
2010, Koshiba Hall, University of Tokyo, Japan.

S. Ota (Oral): “High-resolution in-beam spectroscopy tansl-of-inversion nuclei via alpha induced reactions™ Di
rect Reactions with Exotic Beams (DREB) 2009, Dec. 16-10926lorida State University, Tallahassee, Florida,
USA.

S. Ota (Oral): “Active Targetin CNS, UT”, Instrumentatioisdussion session, Direct Reactions with Exotic Beams
(DREB) 2009, Dec. 16, 2009, Florida State University, Tadlssee, Florida, USA.

S. Ota (Oral): “Active Target Development in CNS”, GET-ACRAGeneral Meeting, Jan. 11-15, 2010, Ferme de
la Ranconniére, Crepon, France.

S. Ota (Oral): “Study of giant resonances in unstable nweiiti CNS Active Target”, ICHOR-EFES International
Symposium on New Facet of Spin-lIsospin Responses (SIR208). 18-21, 2010, Koshiba Hall, University of
Tokyo, Japan.

K. Miki, H. Sakai, T. Uesaka, H. Baba, G.P.A. Berg, N. FukudaKameda, T. Kawabata, S. Kawase, T. Kubo,
K. Kusaka, S. Michimasa, H. Miya, S. Noji, T. Ohnishi, S. Q&a,Saito, Y. Sasamoto, M. Sasano, S. Shimoura,
H. Takeda, H. Tokieda, K. Yako, Y. Yanagisawa, A. YoshidaYlshida and R.G.T. Zegers (Oral): “Search for the
Isovector Spin Monopole Resonance via &b %0Zr(t,2He) Reactions at 300 MeV/u”, The 4th LACM-EFES-
JUSTIPEN Workshop, Mar. 15-17, 2010, Oak Ridge Nationalbratory, Tennessee, USA

K. Miki, H. Sakai, T. Uesaka, H. Baba, G.P.A. Berg, N. FukudaKameda, T. Kawabata, S. Kawase, T. Kubo,
K. Kusaka, S. Michimasa, H. Miya, S. Noji, T. Ohnishi, S. Q% Saito, Y. Sasamoto, M. Sasano, S. Shimoura,
H. Takeda, H. Tokieda, K. Yako, Y. Yanagisawa, A. YoshidaY&shida and R.G.T. Zegers (Oral): “Measurement
of the2%8Pb and®Zr(t,2 He) reactions at 300 MeV/u — the first physics measurement witARBAR —”, ICHOR-
EFES International Symposium on New Facet of Spin-lsospispRnses (SIR2010), Feb. 18-21, 2010, University
of Tokyo, Tokyo, Japan
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34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

H. Yamaguchi, T. Hashimoto, S. Hayakawa, D.N. Binh, D. Kalnld S. Kubono (Oral): “Nuclear astrophysics
and structure studies using low-energy Rl beams at CRIBY,Japan-China Joint Nuclear Physics Symposium,
November 9-13, 2009, Tsukuba University, Ibaraki, Japan.

H. Yamaguchi, T. Hashimoto, S. Hayakawa, D.N. Binh, D. Kahkl S. Kubono (Oral): “Status of the studies on
nuclear reactions and structures at CRIB”, The 6th Intéonat Workshop on “Physics with Stopped and Slow
Radioisotope Beams (SSRI), Mar 1-2, 2010, Tokyo Institéifeechnology, Tokyo, Japan.

H. Yamaguchi, T. Hashimoto, S. Hayakawa, D.N. Binh, D. Kahl] S. Kubono (Oral): “Studies for alpha-induced
astrophysical reactions at CRIB”, The 10th. InternatidBaiposium on. Origin of Matter and Evolution of the
Galaxies (OMEG10), March 8-10, 2010, RCNP, Osaka UniweGisaka, Japan.

T. Suzuki and T. Otsuka (Oral): “Structure of Light Neutraich Nuclei and Important Roles of Tensor Interac-
tion”, International Conference on Nuclear Structure aryth@mics, May 2009, Dubrovnik, Croatia

T. Suzuki (Invited): “Structure of Light Exotic Nuclei”, bernational Conference on Nuclear Structure and Related
Topics, June 2009, Dubna, Russia

T. Suzuki (Invited): “Neutrino-induced Reactions on Nuaed Nucleosynthesis in Stars”, Neutrinos and Dark
Matter 2009, Sept. 2009, Wisconsin University, U.S.A.

T. Suzuki, M. Honma, K. Higashiyama, T. Yoshida, T. Kajino,Qtsuka, H. Umeda and K. Nomoto (Oral):
“Neutrino-induced Reactions on Ni and Fe Isotopes and Mudgnthesis in Stars”, 3rd Joint Meeting of the
APS-DNP and Physical Society of Japan, Oct. 2009, Hawa,Al.

T. Suzuki (Invited): “Spin Resposes in Nuclei, Neutrinahiited Reactions and Nucleo- synthesis in Stars”, 7th
Japan-China Joint Nuclear Physics Symposium, Nov. 2008, dhTsukuba, Japan

T. Suzuki (Oral): “Gamow-Teller Transitions in Astrophgal Processes”, EFES- JUSTIPEN workshop, Dec. 2009,
RIKEN, Wako, Japan

T. Suzuki (Oral): “Shell Model Study of Spin Modes in Ni and Ca Isotopes”, EFES-NSCLWorkshop on Per-
spectives on the Modern Shell Model and Related Experinh@ofaics, Feb. 2010, Michigan State University,
U.S.A.

T. Suzuki (Invited): “Nuclear Weak Processes and Nucletisgis in Stars”, ICOR-EFES International Symposium
on New Facet of Spin-isospin Responses (SIR2010), Feb., KaEhiba Hall, Univ. of Tokyo, Japan

T. Suzuki, T. Yoshida and Y. Utsuno (Poster and Short Ordfjalf-lives of N=126 Isotones and the r-Process”,
10th International Symposium on Origin of Matter and Evimotof the Galaxies (OMEG10), Mar. 2010, RCNP,
Osaka, Japan

T. Suzuki (Oral): “GT and FF Transitions in AstrophysicabBesses”, The 4th LACM- EFES-JUSTIPEN Work-
shop, Mar. 2010, Oak Ridge, USA

T. Yoshida and K. Kato (Oral): “Algebraic N alpha model (apgtions for'?C)”, Hadron and Nuclear Physics
(HNPOQ9), Nov. 16-19, 2009, RCNP, Osaka, Japan.

B. JPS Meetings

1.

2.

T. Guniji: “Quarkonia Melting in expanding hot and dense medat RHIC”, at the 3rd Joint Meeting of the APS
Division of Nuclear Physics and Physical Society of Japart, @4—17, 2009, Hilton Waikoloa Village, Hawaii,
USA.

T. Gunji: “J/y Production in High energy heavy ion collisions at RHIC”, la¢ 1PS Spring meeting, Mar. 20-23,
2010, Okayama University, Okayama, Japan.

Y. Tsuchimoto, for the PHENIX Collaboration: “Measuremefitow-Mass Vector Mesons (LVM)in PHENIX at
RHIC”, at the 3rd Joint Meeting of the APS Division of Nuclddrysics and Physical Society of Japan, Oct. 14-17,
2009, Hilton Waikoloa Village, Hawaii, USA.
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10.

11.

12.

13.

14.

15.

16.

17.

. Y. Aramaki, for the PHENIX Collaboration: “Neutral pion pilaction with respect to the reaction planefisyn =

200 GeV Au+Au collisions at PHENIX”, 3rd Joint Meeting of tivuclear Physics Divisions of the APS and The
Physical Society of Japan, October 13-17, 2009, Waikoleayai, USA.

. S. Sano, for the ALICE Collaboration: “LHC-ALICEE& 351 % i Z & HI7E" at the JIPS Spring meeting, Mar.

20-23, 2010, Okayama University, Okayama, Japan.

. A. Takahara, for the PHENIX Collaboration: “Study &fy photoproduction in ultra-peripheral Au+Au collisions

at the PHENIX experiment”, at the JPS Spring meeting, Max23) 2010, Okayama University, Okayama, Japan.

. R. Akimoto, S. Ota, S. Michimasa, T. Gunji, H. Yamaguchi, BsHimoto, H. Tokieda, H. Hamagaki, T. Uesaka,

S. Kubono (Oral): “Simulation study of performance of aetiharget GEM TPC”, at the 3rd Joint Meeting of
the APS Division of Nuclear Physics and Physical Societyapfah, Oct. 14-17, 2009, Hilton Waikoloa Village,
Hawaii, USA.

. R. Akimoto, S. Ota, S. Michimasa, T. Gunji, H. Yamaguchi, Tasdimoto, H. Tokieda, T. Tsuji, S. Kawase,

H. Hamagaki, T. Uesaka, S. Kubono, T. Isobe, T. Kawabata,zZaw@, H. Suzuki, D. Nagae, T. Moriguchi, Y. Ito,
Y. Ishibashi, H. Ooishi, Y. Abe (Oral): “Performance evdioa of active target GEM-TPC” at the JPS Spring
meeting, Mar. 20-23, 2010, Okayama University, Okayanjzaida

. T. Tsuji, H. Hamagaki, T. Guniji, Y. Hori, E. Kistenev, M. ChiA. Sukhanov, R. Seto, for the PHENIX FoCal

group: “Study of basic properties of the Forward Caloriméte PHENIX upgrade”, at the JPS Spring meeting,
Mar. 20-23, 2010, Okayama University, Okayama, Japan.

. E. Ideguchi (invited): “Lifetime measurements of Rl beand &igh-spin studies with degraded beams”, Workshop

on Physics Opportunities with GRETINA, Third Joint Meetiafithe Nuclear Physics Divisions of the APS and
JPS, October 13, 2009, Hawaii, USA.

H. Miya, S. Shimoura, A. Saito, K. Miki, M. Sasano, S. Itoh, lkahashi, T. Kawabata, Y. Shimbara, K. Yako,
Y. Shimizu, H. Baba, H. Kurei, S. Michimasa, K. NakanishiN®ji, S. Ota, Y. Sasamoto, H. Tokieda, T. Uesaka
H. Sakai (Oral): ‘Performance evaluation of Low PressurdtMtfire Drift Chamber for Rl beam” Third Joint
Meeting of the Nuclear Physics Divisions of the APS and JR$glaer 13-17, 2009, Hawaii, USA.

S. Go, S. Shimoura, E. Ideguchi, S. Ota, H. Miya, H. Baba (Otdlew method of digital pulse shape analysis of
signals for segmented Ge detectors”, Third Joint MeetinfpeNuclear Physics Divisions of the APS and the JPS,
October 13-17, 2009, Hawaii, USA.

E. Ideguchi, S. Ota, T. Morikawa, M. Oshima, M. Koizumi, Y.hTcA. Kimura, H. Harada, K. Furutaka, S. Naka-
mura, F. Kitatani, Y. Hatsukawa, T. Shizuma, M. SugawaralViiyatake, Y.X. Watanabe, Y. Hirayama, M. Oi
(Oral): “Study of High-Spin States iA°S”, JPS Spring Meeting, March 20-23, 2010, Okayama Unigersi
Okayama, Japan.

S. Go, S. Shimoura, E. Ideguchi, S. Ota, H. Miya, H. Baba (Of&lew method of digital pulse shape analysis
of signals from segmented Ge detectors by using momentS' S}Ring Meeting, March 20-23, 2010, Okayama
University, Okayama, Japan.

S. Michimasa, H. Tokieda, S. Noji, S. Ota, S. Shimoura, T.dlas H. Sakai, P. Roussel-Chomaz, J-F. Libin,
P. Gangnant, C. Spetaels (Oral): “Performance of Detettstalled at SHARAQ Final Focal Plane”, JPS Spring
Meeting, March 20-23, 2010, Okayama University, Okayarapad.

S. Kawase, S. Ota, H. Baba, S. Shimoura, T. Uesaka (Oraljfdifreance Evaluation of Charge-to-Time-Converter
(QTC)”, the 65th JPS Annual Meeting, Mar. 20-23, 2010, Okag#&Jniversity, Okayama, Japan.

H. Tokieda, S. Michimasa, S. Ota, S. Shimoura, T. Uesaka,d§, N. Sakai, P. Roussel-Chomaz, J-F. Libin,
P. Gangnant, and C. Spitaels (Oral): “Performance of FBtahe Tracking Detector CRDC for SHARAQ”, Third
Joint Meeting of the Nuclear Physics Divisions of the APS #redJPS, Oct. 13—-17, 2009, Hawaii, USA.

T. Uesaka, K. Nakanishi, H. Kurei, S. Ota, S. Michimasa, At&¥, Sasamoto, H. Miya, H. Tokieda, S. Shimoura,
K. Miki, S. Noji, H. Sakai (Oral):, “Field mapping measuremtef SHARAQ dipole magnets”, Third Joint Meeting
of the Nuclear Physics Divisions of the APS and the JPS , (t17, 2009, Hawaii, USA.
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19.

20.

21.

22.

23.

24,

25.

26.

Y. Sasamoto, T. Uesaka, T. Kawabata, G.P.A. Berg, K. Nakar8sNoji, H. Takeda, S. Shimoura, H. Sakai (Oral):
“lon optical studies in the high resolution beam line and $H#ARAQ spectrometer”, 3rd Joint Meeting of the
Nuclear Physics Divisions of the APS and JPS, Oct. 13—17 28ilton Waikooa Village, Hawaii, USA.

S. Ota, S. Shimoura, N. Aoi, E. Takeshita, S. Takeuchi, HugyH. Baba, T. Fukuchi, T. Fukui, Y. Hashimoto,
E. Ideguchi, K. leki, N. lwasa, H. lwasaki, S. Kanno, Y. KondoKubo, K. Kurita, T. Minemura, S. Michimasa,
T. Motobayashi, T. Murakami, T. Nakabayashi, T. NakamuraNvkura, T. Okumura, T.K. Onishi, H. Sakurai,
M. Shinohara, D. Suzuki, M. Suzuki, M. Tamaki, K. Tanaka, dg@no, Y. Wakabayashi, K. Yamada (Oral): “High
Resolution Gamma-ray Spectroscopy of N=20 Neutron-riclel&iwia Direct Reactions”, the 65th JPS Annual
Meeting, Mar. 20-23, 2010, Okayama University, Okayampada

K. Miki, H. Sakai, T. Uesaka, H. Baba, G.P.A. Berg, N. FukudaKameda, T. Kawabata, S. Kawase, T. Kubo,
K. Kusaka, S. Michimasa, H. Miya, S. Noji, T. Ohnishi, S. Q% Saito, Y. Sasamoto, M. Sasano, S. Shimoura,
H. Takeda, H. Tokieda, K. Yako, Y. Yanagisawa, A. YoshidaY&shida and R.G.T. Zegers (Oral): “Measurement
of the the isovector spin monopole resonance vig tiieb°Zr(t,® He) reactions at 300 MeV/u”, at the JPS Spring

meeting, Mar. 20-23, 2010, Okayama University, Okayanzaida

H. Yamaguchi, T. Hashimoto, S. Hayakawa, D.N. Binh, D. Kahil S. Kubono (Oral): “Study on astrophysical
reactions using low-energy RI beams”, Workshop on FrostiemMNuclear Astrophysics I, Third Joint Meeting of
the Nuclear Physics Divisions of the APS and JPS, Octobet7,32009, Hilton Waikoloa Village, Hawaii, USA.

Y. Wakabayashi , H. Yamaguchi, T. Hashimoto, S. Hayakaw&urihara, D.N. Binh, D. Kahl, S. Kubono, S.
Nishimura, Y. Gono, M. Suga, Y. Fujita (Oral): “Beta-decagasurement of 46Cr”, at third joint meeting of the
APS and the JPS, Oct. 13-17, 2009, Waikoloa, Hawaii

S. Hayakawa, H. Yamaguchi, T. Hashimoto, Y. Wakabayash\. Binh, D.M. Kahl, S. Kubono, N. lwasa,
N. Kume, Y. Miura, T. Teranishi, J.J. He, Y.K. Kwon, T. Komaltara, S. Kato and S. Wanajo (Oral): “Direct
measurement of th&C(a, p)'*N stellar reaction”, at 3rd Joint Meeting of the APS DivisiohNuclear Physics
and the Physical Society of Japan, Oct. 13—-17, 2009, HalWaij.

T.Suzuki (Oral): “Beta decay modes of nuclei in the third lpeagion of the r-process”, at the 65th JPS Annual
meeting, Mar. 20-23, 2010, Okayama University, Okayanzaida

T. Yoshida and K. Kato, (Oral): Study &fC structure based on Sp(2,R) algebra”, at the JPS meeting 2a23,
2010, Okayama University, Okayama, Japan.

T. Yoshida and K. Kato, (Oral): “Algebraic N alpha model (fpgtions for'?C)”, at the APS and JPS meeting,
Oct. 13-17, 2009, Waikoloa, Hawaii, US.

C. Lectures

1.

2.

3.

4.

Hideki Hamagaki: “Birth of our Universe — Early universe ateomillionth of a second after the Big Bang —”
Public lecture in the Open Campus of the University of Tokygianized by the Center for Nuclear Study, Aug. 6
2009, University of Tokyo, Tokyo, Japan.

T. Gunji: “Experimental Studies of hot and dense QCD mediyrRRblativistic Heavy lon Collisions” at the CNS-
EFES Summer School 2009, 8/26-9/1, RIKEN, Saitama, Japan

S. Shimoura: “Reactions of Rl beams for studying exotic elicThe 8th CNS-EFES International Summer School
(CNS-EFES09), Aug. 26 — Sep. 1, 2009, Wako, Japan

S. Kubono: “Special series of lectures on Nuclear AstrofdsjsGraduate school of science, Tsukuba University
Jan. 6 -8, 2010

D. Seminars

1.

Y. Tsuchimoto: “Measurement of Low-mass Vector Mesons in-Medium created by Relativistic Heavy-lon
Collisions”, at the CNS/RIBF Seminar, Aug. 29, 2009, RIKEB¥jtama, Japan.
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2. S. Ota: “Low-lying Proton Intruder State ##B”, at the CNS/RIBF Seminar, July 21st, 2009, RIKEN, Saitama
Japan.

3. D.N. Binh: “The measurement é#Na+a in inverse kinematics and tiéNa(a,p) stellar reaction rate”, at the
CNS/RIBF Seminar, March 30th, 2010, RIKEN, Saitama, Japan.
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