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LD EFELLFARLZOTH 5,

ARAEFE O run Tld RHIC JIi##:F - PHENIX JllE# &

BRI 724 4

IR ZEICEE L 72720, 22 AL F— 200GeV T
#13.1nb™1, 63GeV TH 0.5nb™1, 22.6GeV THJ 5nb~!
DIEZE% L, 200GV T—F DF T 4 VRN TRELC
10,000 %2 % I/ K% BIIIL T3,

PHENIX O 7 — % #0513, EHGES &R 7Oz,
N ERORE, FEHEERES)OWE, J/v K0
W, Fv—sWTEROUNE, BEELTAERONER L
%L OFRERPESN TS, 2 s PHENIX ORFID 3 4E
MOBEZHBET S L, RHIC D4E-&1E25 D0 B R 18
EEEIRENER SN TBY, ZoREBIEF OO~
Tl $TAZ L3 TELWEHmIND, FiEDE Y =
N DEROIGNE, 74— 7 R TN —F VA Y
TIANVF—IEZZIELL70THY, F7-FEHEER
EEFIORAILZ OFBEIRELINEL O b, HARIIF%
BrxTAEREAMING, WENFETVET -5 DL
BOFERL, Z OWEA O ERN B 1ET 5
CERMORBLTVS, ZOEBEWEDHEIICH LA
DOWENTIRETH D2 HET HRL, L) —BoOWs
EREIT TV 5,

Wi & Al B A% 7244 (CERN), SPS fnadigsic BT
BT A IVE — T 225, NA60 EEREZTo T, K
FEERS R TRAE 2212 L) A & N7 B E O IR AT
HOWICHFAE L FHENDIRETH L7+ —2 - TV —
v 7I5A< (QCP) RETH 202 MHT L2 L% H
e L7z a—RTxllEERTH L, LICEOHEN%
BETHb [J/0 RTOIHIRG | % @ EaEReiiatifs
vy ar¥rs et A EEIEICE DERKT S
2k, SHITIEEE S TW DD F ORFE AR S
NTVnZewv [ I 2=k RARZER 1.5GeV DL 2.5GeV
DUF OB BT 2 INEOHINEL ] 25 QGP 26 Ol #E

17



Bah &9 0 E BIR L T\ b, AREREIE 2004 412U
LA VI L =A% A VY MEIC AR 5 EER
WZEDIE L 727 — & DN & b iTATVv, e OBAEL
72 ary s eV FEE D OMREERT I &
BW7E L7 SHICERT— VR OET— 5 L A
T-E TR ERE REEIT Y, 20T — 5 OPEITRD)
L7z BfE, BFOT7T—% X0 IR&7% QCGP IZBT 518
HrEIXHT AL EIT> T b,

LRV F = AT (KEK) @ 12GeV BT
yrubtariEHnT, BETEEETICBIA 047 Vs
DI HIEIE 2 EET 5 KR T IT o720 2 DFEERIL KEK-
PSE325 & LT 1997 £ X ) F— Z EZ A L, 2002 4F
3HICKRT L7ze ZOZETIE, N7 & —HHFDJEFH
BEHRPTOEREOE LY, MBEAKYTH HETHET
BIUOK T EHRETAZ EICE ) EENEL, HF
BNTOH A T VIRREORRSIRIE % LRI E S5 2 5
CEERHEE LTS, WRWIESNZETHETTO
AEEESAIE, e DT TIIAFELERICHN, W
#E253T 100 FISEL, w FETO Y — 7 OB EMICEE
HMONFO Y ORBEIZE2ET - BETFTRHEATE W
T R A% B L2 T EEEREOHEBCILE =R
BHEEEIZ BT B &) B ICHE S T, BRI OBES
e plw OEBESAIZD L DTLANRY bT LELDE
TIWEIEZITV, ZOFERT— ¥ HRTEERD ORI
QCD sum rule * HW-HBHOFELEFETH S L\
WEREET, 70, KEEX, ¢ PETOETFHHEF AR
7 N7 LAOEEEMICO vt AEEHIL, FOKETE
FIZ OV TRRMERTTH 5,

3. BEFINEBRS SOA F 2 BOMZE (R, IR *,
Jameson®*, Kondrashev**, |14 *7, B () *T, MR
R () 8, g %)

WEAERE ICRERTEUE L7z, B8 N — v v VA A — 7 A
BT O RUN TOEZEICEHELTB Y, RHIC /BN
HEETH D AGS TORME LR 50% % 5k LTV b, 20D
BN 2 TSR S— 3 v L A — 27 AT HHIC AGS
WBEASNBETETH D, ZOBMBEN—V X VAL—Y
BRI OV TIZH(EE L 1FIZF LT 2 258 Wi
W (3T) BRETLZENTRETH L, TNICL-> TR
KAE VAR D HIEED 5% LT 30% & % ) IBET
HolcA Y M) YTy 7 BIRBIBO AR D IAEFICA S, L
L, ZOMEEZ L —7IZAY HEEAHIRE AT
TFOAE Y HFRADPAYE YHAMEIC L TREMAEE S
TLE I 720, EBOEZETIIFEER L — 712X B
BEHIEDPATRTH Y, FFHlLFEH I I 2L —-2arvr
ToTWw5, 40 RUN CEERM R LT — 5 #IUEL,
KD RUN TOREN 2@ FEL TWhb,

EREREAF VEE LT, TNETICEWT T A~ HE
AEEEH WL —F— A+ VIO E, T4+ ViR
DA T 5 B RS L 72BN O 5E % 47 - T
B o AAEFEITRMER & BT E AR AP FET ISR E L A
FEEREZ B L7 BIFERFE Y — 4 THRIE 65 mA DL 1255
LNTBY, REAF VAL VS L TERNZ R
FRAEER L TW5, BfE, i, TV, Fr¥N, F5
e EDEMA & Y HRAEIZOWTOREBEZE LT TV 5,

18

4. BFHEMEEE AV AERLERFROZIBEDHE
CEEL, T, S, KM ) *Y, frE *2, e, R
RO OKRH T, R R0 HH (AMEA A4 B
WERTIEE) )

INFTHTE— 2% AVETEE OWMERELO S
a2 FEBICIET L 2 LT, BEETHEOBESA D PE
SNTEZ, TNENLER IS T 27201213
REFMNIALER TR BT 5 &) wifsh 2 v
LT b B, BRFRETIZF D0 DORERKEEY OB
%, MHBROBELEZIToTEY, MIZEDLZWHEW
IKEKER D HERICKI) LT\ b, RIEFE ISR L L
TMWDC #Bi%s L, 20—8&E L ORI ESR AT
At HIMAC T 400 MeV/A DY — A% V72— L5 A k
2T o720 FWELG T O A F— 25T % Nal #iH
WO L AN F — SREERL M BRI WET 5720, T
KFES VT amEErHwi-C—oa7 A M &f7o 72,

5. /\RKOVHIBROIRRAGIAZE (05 *3, B *3, ik
*AUOERE *2, R4 R, CEIES, WL YT, AR YT)

FA 1L, BIEFHN QCD % M\ 72T OREE D 7EH % i
&L, BIREE - #EICBIT 5 QCD MR 4 7251
e No YBROMAEZ R E L THFEEZT-> T b, L
TELMEREE ZOREEET,

(1) /8= P v ABEHWBTDAY HEEORZE

RHIC-Spin TOEEE % UHICE &, ZTHHMOAY V1
EB X MR S— N VAR OEfTo T\Whb, 74— -
TV —F VI X BET A R ORISR S — - v
AR DPEDLEART KT B, (RARGEIET I EEL O R
fEIC L VRAR Y + — 7 SAEREER CESNTWEDY, 7
W= VORISR R ERAEEDFR > T D, TV —
F 25 AT DEFE I, RHIC-Spin 12 THIE S5 S A
T A E  IBS R B IS 5, £ 2°C, D5
DB DS XA RET-O A ¥ 2 IR O R Tl
FAFTHEL T2, /NE VP IR TIE, BOITHEZ
572013 7V —F VA IR Tk L WHIBRDS 20 D)
FEINSWVELDPEN W L ER L, $72, K&7%
Pr fHITIZ 7V — & V3 Ai ORBBESEDOLEIZ 7 + —
7L TN —% v OBMEBBEOFGICL ) IESRED AL
NEBLZ LRI, E512, WMESAFEFDLSDAY
VIR B W TV —F A DFFFIC O W TR,
BIIEEOA FT-OWMEEOESPLERSNSL AL
VIR, 74— &7V —F ¥ OEELEFE BN
TOREED D D 7V —F VBB O Z 5138 T X 5
wERY, WBIIV—F VB L IEDOFFERNED
WEHTHAZ LR LT,

(2) BEFHEMN/S— b YAV T ORISR

BT AV F = BT EELEROR 4 2R % 5T 5
124E, 28— b U ASE OE RO R T ERIRE D
WENSHMEE %5, TNHIE EMC R ERLEHELOR) R &
LTHIOLNT WS, JEFHAERDOBE 12 B W CEELI g
ZEMET LIS, NS OETERIREIY A7z 89— b
CRMDLEII D, FIT, BREBMKEME o 2B T
BN — s v i B3/ L, HiAc BT EENIC L 559
GEPEELEL B £ O Drell-Yan (@842 0 F2ERE % AV TR TN
IN= N U GARDOBERIT o T RFRICE Y 7+ — 7 5075

PR 16 MR



I EMC #3220 P x #38 (x = 0.3~0.6) THTIN
=T A& Db 2ERBENSL, 7+ =77 ) —
T VAR REL ORI S v x I (x < 0.01)
TI~28BENELLE>oTVDLIEER LT,

(3) /NP v ORI

BFDODAE NI 4+ =R TN —=F VDA 72T
8= M OWLEAESE D TS T AWEESH Y, F
DAL IN L YN F VAR Y R 2 L CZEI’
FTHIENEZOND, 2D LD BRRETET S 720, /3
A F Y OIEFRIFHICEL L VY) b2V NY VO
WA DO WTIRNT 24T 5720 VU ML AN F oD
Rl T RE SRR L2ARERIC X > TIELILE NS
DT, ZOBFMERIEES & ORFEEEER L7 LT/
T Y OBBEHEEICOWTFHEI 24T o 720 ZDFERAY »
TRt L 72N F  OBMEEIL, TAVAEVIKFELT
I S R RO E S R o7z, ThbLIER
ixdoNY) F VBB A TV — NEET 5 DIk
L, FEoN) F i3 7al— bERLZIEEROT DY
WM =T RIROBEMISATH L) T EIRENTZ,
F 720 T =B BV TR SN AR ICOWT L
Baftolz, O T —IREEHIKRERERETOS
FEAREMES RSN TEB Y, ATV —F V0 mTh—
WVIREEZ TR L CTRELT B EZZ BN T WD, o Tl
FHORTHR—NVREOHEENP S T —REHMHICBNTH
AP SN D Z e TFHENE, ERD T — o
HAET THLZEREUEOL L ICES TR EZML T LI
Ly, WREEIEIYIBIEER L, $72, ZOW
FHOJHE I AV F — I EFH BB T T 5 2 L 25 L H
2% 0, ZOMRDOIMADLERAEIT L B HIER O HE
AR L 72,0

(4) WAV YOEwEANRY FVONIE

VAR, WS OPDEES NV —-FIZBWT, D, Ds AV
YO LVEIERIREE (01, 11) 2RV THER I, L
L, ThODOHEE - BEERE, ChETORT I v
BRICIEHPCTE VI ARG SN, Bwr +— 7 L8}
W7 4 — 7 ORFEREEIZEE T A WFFE DS BUE S A AT D
NTWb, ZAIMEOBEPASE NS o — 73 A
A FURFER D ANTZAHNINV =T v 2 fns L
FFEZ, 74— 7 ORMTERINRIE % T & 5 72T IZHLY
ANTZRT v v VERIZREEE L, BT 4 — 7 LW
74— 755 7% 5 Heavy-light XV Y OEmANRT LD
WFE x24T o720 FEF, Fos 2SR L7-EHITIX, D, Ds®
HExidZ 1 %AMOBVEE CHEATE,ZLEHL 2
IZL72. MRS, 2V roffiighs - %) 71 2K
RETELHLVEBETOFELER L, £/, $724
Do TWEWB, Bs AV v ORHEIREDEE - filEEe—
FIZoOWTOFEEIT> 720

(5) 71 A4 T VxR & S DRI D52

QCD OEMB T, WA T NVFRMEE ZD BN %
SEFA L 72 NJL RN IED (BT oMt iai 7 + — 7 il %
AT, BER CORTOMEERILERAIT VS, 74
T IVRERED M L TOFREBREIZOVWTE, FEoTwb
AR OEALORME LB ATV A,

*UIERERERERIRIEE, *? WOORFER, *P FRIENI

BRI 724 4

B, *JLEBFER, *°RMIER, *C BalitHsE, T YA
ST UH—F TV, s, 0 BN

1. Experimental study of spin structure of pro-
ton using RHIC polarized proton collider

[See: International Cooperation Research 1. Study of
Spin Physics Using RHIC]

2. Experimental study of hadron physics using
RHIC and other accelerators

We are studying high-energy heavy-ion collision with
the PHENIX detector at RHIC, in order to discover the
quark gluon plasma in which quarks and gluons are de-
confined. We have performed detailed analyses on the
previously obtained data, and carried out a new run
(Cu-Cu collision) in 2004 which showed us the nuclear
size dependence of high density matter characteristic pro-
duced by RHIC. From the analyses, we have improved the
understanding of the “Jet Quenching” phenomenon and
anisotropy of particle flows. These experimental observa-
tions are consistent with the quark gluon plasma forma-
tion.

In the NA6O experiment at CERN (The European Or-
ganization for Nuclear Research) we carried out a proton-
nucleus collision experiment which is important for de-
tail analysis of the experiment (di-muon productions in
Indium-Indium interaction) performed in 2004.

The KEK-PS E325 experiment was performed from
1997 to 2002, to explore the partial restoration of chiral
symmetry at the normal nuclear density. We measured in-
variant mass spectra in eTe”. and KTK™. channel in the
12-GeV proton + nucleus reactions, and investigated the
spectral modification of vector mesons (g, p and w) due to
the chiral symmetry restoration. Final results of the eTe™.
spectra reached about 100 times the previously published
results, and obtained the excess in the lower-mass side of
the ® meson peak as well as w meson.

3. Study of Accelerator and Ion source

The normal-conducting helical snake magnet launched
last year is working well and the proton polarization
reached about 50% at the end of AGS. In addition the
super-conducting helical snake magnet will be installed in
AGS soon. This magnet has same magnetic structure as
the normal one but much more magnetic power (3T), so
it can rotate the proton spin by 30% as compared with 5%
with the normal one.

As a high intensity heavy ion source, we are developing
a new type of laser ion source together with a linear ac-
celerator, which matches the new source. We have started
test experiments for these devices, and reached the world
record of over 65 mA with a Carbon beam.

4. Study of unstable nuclei structure with pro-
ton elastic scattering

Proton elastic scattering is a suitable method for mea-
suring the density distribution of nuclei. Reverse kinemat-
ics is needed to apply the method to unstable nuclei beam,
and we have been developing detectors and tools including
a solid hydrogen target. A thin solid hydrogen target with-
out a window is already ready to use, and we carried out
beam tests at the HIMAC accelerator of the National In-
stitute of Radiological Sciences (NIRS) and the tandem ac-
celerator of Kyoto University for newly developed MWDCs
and Nal detectors respectively this year.
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5. Theoretical study of hadron physics

(1) Spin structure of the nucleon with quarks and glu-
ons

We have performed global analyses for available lep-
ton deep-inelastic scattering data, in order to determine
the polarized parton distribution functions (pol-PDF) and
their uncertainty estimation. We have investigated effects
of the polarized gluon distribution, whose shape is largely
unknown, on the double spin asymmetry for 7° production
recently measured at RHIC. We have found that the gluon
polarization must be close to zero when 7° asymmetries
show negative in the low p_T region, and also a possibil-
ity of negative 7° asymmetries due to scattering between
quarks and negatively polarized gluons in the high p_T
region.

(2) Parton distribution in nuclei

We determined the parton distribution in nuclei includ-
ing mass number dependence using experimental cross sec-
tion value of deep inelastic scattering and the Drell-Yan
process of various nuclear targets. It is very important
to calculate scattering cross sections with nuclear targets.
Moreover this study shows that quark distribution is about
20% smaller than parton distribution at x = 0.3-0.6 be-
cause of the EMC effect, and sea quark and gluon distribu-
tion is 10-20% smaller at x < 0.01 because of the shadow
effect.

(3) Topological configuration in hadron physics

The spin of the nucleon comes from that of gluon and
quarks, as well as the orbital angular momentum of the
partons. The orbital motion may induce intrinsic defor-
mations of baryons due to the centrifugal force. To esti-
mate this effect, we studied the spin polarized Skyrmions
coupled with the electromagnetic field via the gauged
Wess-Zumino term and calculated configurations of the
Skyrmion and the gauge field. We found that the magnetic
field forms a dipole structure owing to a circular electric
current around the spin quantization axis of the soliton.
The electric charge distributions turn out to have char-
acteristic structures depending on the total charge, which
suggests that the intrinsic deformation of baryons is due to
orbital motions of the constituents. We also analyze solu-
tions of vortex excitations in the color ferromagnetic states
and evaluate their energies. Since the color ferromagnetic
state is stabilized by forming the quantum Hall state of off-
diagonal gluons in dense and cold medium, the obtained
vortex is an analogue of quasi particle in the usual quan-
tum Hall system. We point out that the states transform
to the color superconducting phase due to the multiple
creation of vortices as the density becomes large.

(4) Mass spectra of heavy mesons

Recently, bound states of heavy quark and light anti-
quark have been actively studied because newly discovered
excited states (07, 17) of D and D_s mesons are not well
explained by the ordinary potential models. Our potential
model including the relativistic effect of quarks reproduced
masses of D and D_s mesons within 1% error with an ef-
fective Hamiltonian including heavy quark symmetry and
chiral symmetry.

(5) Chiral symmetry and a model of the nucleon

The NJL model, which can be regarded as an effective
theory of QCD emphasizing chiral symmetry and its spon-
taneous break-down, is used to study a structural trans-
formation of nucleon in nuclear matter.
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