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Abstract

Guo-Liang Ma (Particle physics and nuclear physics)

Directed by Prof. Yu-Gang Ma

Lattice QCD calculations predicted a transition from quark-gluon

plasma(QGP) to hadronic matter at a high temperature or density. Because

this transition may occurr at around ten microseconds after Big Bang, it is

very important to explore this new matter and learn its characters. Exper-

imentally, however, it may be obtained at present in just relativistic heavy

ion collisions. The Relativistic Heavy Ion Collider (RHIC) at Brookhaven

National Laboratory (BNL) is a heavy ion collider of the highest-energy in

the world. It is capable of providing researchers with colliding heavy ion

beams at such an ultra-relativistic energy as 100 GeV per nucleon in cen-

ter of mass system. Since its first run in 2000, many exciting results have

demonstrated that a hot dense matter with strong collective motion which

can not be described with hadronic degrees of freedom has been created at

RHIC.

As a vector meson with two strange constitute quarks, φ meson, is pre-

dicted to be a good probe to QGP phase transition. Because φ meson has a

small cross section with non-strange hadrons, it may carry more information1vii�
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about early state. The yield and elliptic flow of φ meson in Au+Au at

√
s

NN

=62GeV collisions have been measured by using mix-event technique. To-

gether with φ meson measurements in other experiments at RHIC, we find

that the transverse mass distributions of φmeson in central Au+Au collisions

can be described by an exponential shape, while the transverse mass distribu-

tions in peripheral Au+Au, p+p and d+Au collisions can be well described

by a Levy shape. The shape difference may indicate different mechanisms

between them. It was found that the < pT > of φ, Λ§Ξ and Ω do not seem

to follow the < pT > vs mass trend which increases with mass for π§K and

p. It is caused by their small hadronic cross section, which may indicate that

φ meson would carry more information about early state. The measurement

of φ/K− from p+p and Au+Au collisions is not consistent with the current

hadronic rescattering models for the φ production mechanism through kaon

coalescence. The lack of a significant centrality dependence of the φ/K−

effectively rules out kaon coalescence as a dominant production channel for

φ at RHIC energy. When comparing the Rcp and v2 of φ meson to those of

the similar mass Λ baryon, and to the lighter K0
s , we can see clearly that

the φ meson behaves more like the K0
s meson than the Λ baryon. Therefore,

processes relevant to Rcp and v2 at intermediate pT are not driven by the

mass of particle, but by the type of particle, whether it is a baryon or a

meson. The recombination model provides a consistent picture to describe

the trends seen in φ production over a broad range of collision energies and1viii�
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system sizes.

The dynamical fluctuations of particle ratios(k/π, p/π, p/π and (p+p)/π)

in different energies and centralities have been measured with mix-event

technique at RHIC. With the definitions of different dynamical fluctuation

observables, it was observed that dynamical fluctuations decrease with the

number of participants. The simulation results show that hadronic rescat-

tering can decrease the dynamical fluctuations.

The ∆-scaling method has been applied to ultra-relativistic collision data

simulated using LUCIAE model. The ∆-scaling is found to be valid for some

physical variables, such as charged particle multiplicity, strange quarks mul-

tiplicity and number of binary nucleon-nucleon collisions. It was found that

the ∆ parameter is dependent on the size of reaction system. Also, we ob-

served that information entropy from the multiplicity distribution increased

with energy and size of the reaction system. Because of the relation between

∆-scaling and information entropy, our results may indicate that the multi-

plicity fluctuation in light reaction system increases faster than that in heavy

system with the increasing of multiplicity. In addition, We used LUCIAE

model to simulate Pb+Pb and C + C collisions at SPS energy .The heat

capacity was then extracted from event by event temperature fluctuation.

It was found that the heat capacity per hadron multiplicity decreases with

the increasing of beam energy and impact parameter for a given reaction

system. While with the increasing of hadron mass, the heat capacity per1ix�
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hadron multiplicity rises. Furthermore, we found that, for a given hadron,

the heat capacity per hadron multiplicity was almost the same, regardless of

the reaction system.

The effect of hadronic rescattering on the elliptic flow has been investi-

gated by the Cooper-Frye hadronization model from hydrodynamic evolution

followed by an afterburner hadronic rescattering model for Au+Au at
√
s

NN

=200GeV collisions in (20-40%) centrality. It was found that the hadron

yield increased due to the hadronic rescattering, but 20-40% of elliptic flow

v2 in momentum space was suppressed. In addition, hadronic rescattering ef-

fect made the coordinate space of hadrons tend to be in a similar direction to

the momentum space. Therefore, the effect from final hadronic rescattering

on elliptic flow might be considered in order to study early state information

in relativistic heavy ion collisions.

The interesting Mach-like structure has been observed recently in two-

particle correlation function in Au + Au collisions at
√
s

NN
= 200 GeV at

RHIC. Corresponding theoretical studies have just started with many new

ideas. For examples, Shuryak and Stöcker et al think that it is a Mach

shockwave from the jet with large velocities faster than sound velocity of

the created matter. Koch and Xin-Nian Wang claimed that it comes from

a gluon Cherenkov radiation effect. And other theorists interpret it with a

medium flow effect. In our work, with a framework of a multi-phase transport

model(AMPT) with both partonic and hadronic interactions, azimuthal cor-1x�
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relations between trigger particles and associated scattering particles in Au

+ Au collisions at
√
s

NN
= 200 GeV have been studied by the mixing-event

technique. The Mach-like structure has been observed in correlation func-

tion for central collisions. By comparing the scenarios with or without parton

cascade/hadronic rescattering, it is shown that both partonic and hadronic

dynamical mechanisms contribute to the Mach-like structure of the scattered

particle correlation. However, the sole hadronic rescattering cannot repro-

duce the amplitude of Mach-like cone on away side, therefore parton cascade

process shall be responsible for enhancing a larger amplitude of Mach-like

cone on away side. Also the three-particle correlation results support that

the Mach-like structure is produced by parton cascade mechanism.

Keywords: φ meson, Elliptic flow, Dynamical fluctuation, Scaling, Infor-

mation entropy, heat capacity, hadronic rescattering, parton cascade, Mach

cone, LUCIAE model, Hydrodynamics, AMPT model

1xi�
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1�Ù Úó
�éØ­lf-E´�8ØÔnïÄ¥�
÷+���§�:QCDýó34p§½p��G�e�U¬�)�«#�Ô��: =§��f�lfN£Quark Gluon Plasma:

QGP¤0[1], nØþ�Ǒù«#�Ô��4�U�3�»��¿�10−6��, 
éù«Ô��Ïé8
��UÏL�éØ­lf-E5&¢"Ǒ
Ïéù«#�Ô��,l�
�±5�I�UïE�ª����éØ­lf-EC�,\�ì�UþǑØä/Jp"�dÓ�§nØþéQGP�'5Ǒ�FèO,JÑ
�«�U�QGP�&ÿ&Ò"�éØ­lf-EÔn¤Ǒ���fØÔn¥�Ǒ¹��­�
÷+���"
1.1 �éØ­lf-EÔn
1.1.1 �éØ­lf-E�u�Ï~§<�ò�þê�u 4 ��fØÚ¡Ǒ­lf§­lf-E´��\���Ø�qØ3�½^�eu)-E§l
��kÔ�G�u)UC�L§"­lfÔn�ïÄm©uþ�­VÊ�
�¥Ï§���­lf\�ì==U\��þé��­lf§
�Uþé$"­lfÔn�u�é�§Ýþ�6u\�ìEâ!&ÿEâÚO�ÅEâ�u�"<�XÚ/m�¥U­lf-E�ïÄK©uþ­Vl�
��"Äk´ÜîØf¥%£CERN¤òÙ�k� SC \�ìU11�



2 1�Ù ÚóEǑ¥U­lf\�ì±9{I GANIL ¢�¿#ï�¥U\�ìÝ\$1"���8®k RIKEN£F�¤!MSU£{I¤!OAKRIDGE£{I¤!IMP£¥I¤Ú LNS-INFN£¿�|¤���¢�¿�¥U\�ìï¤$1, �¥U­lf-EïÄ�
¹�§<�éØÔ�5���£Ǒ?�Ú�z"�X§��f�lfN�ýó�JÑ, pU��éØ94à�éØU«�\�ìC�Ǒ�Uï¤§X
BEVALAC/Berkely£�1 AGeV¤!SIS/GSI£�1 AGeV¤!AGS/Brookhaven£2*15

AGeV¤ !SPS/CERN(40*200 AGeV)§RHIC/Brookhaven (� % Ø C U þ√
s

NN
�Ǒ62*200GeV)Ú�3ïE� LHC/CERN£�%ØCUþ√

s
NN
�Ǒ 6TeV¤ùǑ<�?1�*Ô�­.�?�Ú�£Jø
#�¢��ã" �X\�ìEâ��åu�§O\
�\�âf�«a±9âf�Uþ" duy3����éØ­lf-E�¯�¬�)�þ�«aéõ�rf§&ÿìEâÚO�ÅEâ�u�r?
E,�Ø�A�Ô�EOÚÿþ,¤kù��Ǒ<�ïÄ�éØ­lf-Em8
�¡#U/"

1.1.2 �éØ­lf-EïÄ�¿Â

ããã 1-1 QCDÍÜ~êÚÄþ=£��6'X.ãþ�:Ǒ¢�êâ:.�fØ´dÏLr�p�^
åP3�å�¥fÚ�f£Ú¡ǑØf¤¤|¤�X12�



ÆÆÆ¬¬¬ÆÆÆ   ØØØ©©© 3Ú"
Øf��Ǒ´d���Ü©f(parton),�)§�(quark)Ú�f(gluon)¤|¤"�´3¢�þl5vk*	�gd�§�½ö�f. nØþ�Ǒù´duÜ©fäkB4�A, ¤±Ø�U*	�gd�§�½ö�f[2]"ã1-1�Ñ
¢�þÿþ�QCDÍÜ~êÚÄþ=£��6'X.3Ï~�¹e, Äþ=£é�, éAu�����QCDÍÜ~ê, l
Ü©f�m��p�^ér, Ü©f�B43�å, ¤±·�*	Ø�gd�Ü©f",
34Ùp§½p���¹e,ù�Äþ=£é�, ù«B4�A�U¬��», §�Ú�fòB4,l
�)�«#�Ô��–§��f�lfN( Quark Gluon Plasma), {¡QGP�. ù«QGP�é�U´�»�Ï(�»��¿�10−6��)��3G�"¤±&¢ù«#�Ô�G�, éuïÄÔ�(��Ä��¤9Ù¥��*�Ä��p�^,9é�»�Ï�/¤Úüz�£�Ô�­.�$Ä5ÆkX­��¿Â"

ããã 1-2 £çã¤QCD �ã§7Ú«��L§��f�lfN�§xÚ«��LrfíN�§�Ú«��LÚ��«�§çÚ�Þ�LRHIC½LHC�C¤²L�´§, ùÚ�Þ�LGSIC¤²L�´§,É:�L�~�ØÔ�, �:�L�:QCDýó��.:[3].ã1-2�Ñ
QCD�ã, ·�w�nØýó3Ô�4Ùp§½öp���ÿ,Ô�ò¬u)drfíN��§��f�lfN��C"�X\�ìEâ!&ÿìEâÚO�ÅEâ�u�§ù��·��±ÏL�éØ­lf-E�)ù�4à�^�,l
�ØÔ�u)ù���C"{IÙ°�°©I[¢�¿��éØéEÅ(RHIC)ÚÜî�Øf¥%��.rféEÅ(LHC)ò3'�p§���þ&¢QGP9Ù5�"13�
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ε/T4
εSB/T4

Tc = (173 +/- 15) MeV 
εc ~ 0.7 GeV/fm3 

RHIC  

LHC  

SPS  3 flavour
2 flavour

‘‘2+1-flavour’’

ããã 1-3 £çã¤�:QCDO��Uþ�ÝÚ§Ý��6'X§ØÓ�Ú��5gØÓ��O�|Ü"7Ú�Þ�LStefan-Boltzmann4�O�(J"çÚ�ÞL«SPS, RHIC, LHC¤U�����Uþ�Ý"ã1-3�Ñ
�:QCDO��ØÓ��O�|Ü¤���Uþ�ÝÚ§Ý��6'X[4]§O��Ñ3�.§ÝTc ∼ 170MeVÚ�.Uþ�Ýǫc ∼ 0.7GeV/fm3�¬u)ØÔ��òB4�C§º�ÑÜ©f�gdÝ"�´ïÄuyØ+´2��´3£2+1¤��O�ÑØU��"�þ��p�^�Ü©fÔ��éA�Stefan-Boltzmann�4�§ùq�L²Ø
�þÏ�	¤/¤�/òB40Ü©fÔ�¥AT�3,«�p�^§=¤/¤�ù«�CÔ�¿Ø�nØþýó�X{�vk?Û�p�^�§��f�lfN"¤±éQGP�C9/¤��CÔ��5�?1¢�ÚnØþ�ïÄ´�~7��"duQGP�U´��Ô�­./¤u��é­���ã§Ǒ
&¢§��3§·�I�34à^�e£p§p�Ý¤5ïÄØÔ�§l
¼�k'�fØ9ØÔ�5���£§
�éØ­lf-EǑù«ïÄJø�U"8
�Ǒ�éØ­lf-E´��U3¢�¿?1��)ÚïÄp§p�ÝQCDØÔ�,&¢QGP���ã"ïÄØÔ��ã§AO´¤¢�G��§ [5]§Ø==éØÔ�±9âfÔnäk�©­��¿Â§
�éuïÄUNÔnǑ´�~k¿Â�"�Ï�»�ÄåÆüz!�#(�¿ÄåÆ±9¥f(­½5�^�§ÑI�k(½�ØÔ�G��§",
QGP��U´-EL§¥'��Ï����ã§�X-EXÚ§Ý½�Ýü$§�)�QGPÔ�7,¬rfzǑéõrf§��ù
rfq¬u)2�p�^§·��&ÿì�U
ÿþ�rf2�^±��&E§�lù
'��Ï�rf�&Eí�14�
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éu�Ï-EL§'�(¯�Ônþ5ïÄ�éØ­lf-EǑ´�'­��"o�§�éØ­lf-E´ïÄp§p�Ý^�e�ØÔ�XÚ£§��f�lfN¤�¢�¿§´<�3¢�¿&¢Ú�p�^9ØÔ��G��§�Ø�5���­��ã"§Ǒ<�3¢�¿pïÄ�»�å
!üz!�#(�¿±9¥f(e%�Ç��¡�ïÄJø
�U"
1.2 QGP�CÚ&ÿ&Ò
1.2.1 QGPýó95�
31973
§<�JÑ
ìCgdnØ[6, 7], ýó
�§��f�m�Äþ=£é�£åléC¤�§§��m�Ú�p�^¬C��5��£ã1-1¤. CollinsÚPerryJÑ�U3$§p��¥f(SÜ�U�3Xgd�òB4�§�Ú�fÔ�[8]§Ú©Xeµ
A neutron has radius of about 0.5õ1 fm, and so has a density of about 8�1014 gm/cm3,

whereas the central density of a neutron star can be as much as 1016 − 1017 gm/cm3. In

this case, one must expect the hadrons to overlap, and their individuality to be confused.

Therefore, we suggest that there is a phase change, and that nuclear matter at such high

densities is a quark soup.31980
§Shuryak²(�JÑ
3p§Ǒ�U�3ù���«Ô�§�ª·¶Ǒ§��f�lfN(Quark Gluon Plasma)[9]§ld'u§��f�lfN£QGP¤�ïÄÅì�m" 15�
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1.2.2 &ÿQGP�&Òdu�éØ­lf-E´��Ä����üzL§§
QGPG�é�U�´ù�L§¥éá6��ã§
·��¢��Uÿþ�rf"��Äþ&E§XÛÏLù
"�rf&Eí�QGP�ã�&E´k�½(J�"Ǒd·�7Lé��
U
�NQGP�ã�&E§
qØÉrf�ã�KǑ�¢�*ÿþ§ǑÒ´¤¢&ÿQGP�&Ò"Ǒ
Ïé§��f�lfN§nØþJÑ
éõ�U�*ÿþ§ù
*ÿþk�®²²L¢��u�
��Ñ
é��(J§k�K�k�u¢�u�§Ǒk��¢�y²�J¿Ø�"du�JÑ�*ÿþéõ§�Ø©òX­Ú�<ó�'X����½éu&ÿQGP�ú�Ǒ'���A�¢�*ÿþ?10�"ÛÉ5�Or�RafelskiïÆ�ǑïÄQGP�C���&� [11]"·���drf�p�^�)ÛÉ5âf�±ÏLrf�A�§

π +N → Λ +K (1-1)d�A�K�´530MeV"
XJu)QGP�C§�C§Ý�V150MeV§ù�~�Cs§��6�þ§¤±ss�UÏL�fLÜ
�)§=¶
g + g → s+ s (1-2)
d�A�K��k300MeV"¤±nØýó3u)QGP�C��Uk�õ�ÛÉ5�)"KochÚMuller�O�Ǒýó3kQGP�C��A'�küX�rf���A¬k�õ�ÛÉ5âf�)[12]"~Xduφ0fÚ"�rf�p�^��¡�~�§φ0f���Or�éõnØ[ýó´��é��QGP/¤���yâ [13–15]"Ǒ
?�ÚïÄQGPÔ��5�§<��^6NåÆ�.�[QGPÔ��üzL§"6NnØýó����p�^v
rl
�ØÔ�XÚ��½��9²ïQGP�§,�QGPòUì6NåÆ�§üz§ÏdQGPò¬k6NåÆ1Ǒ[16–18]"ã1-4 �Ñ
6NåÆ�n�G��§§8
¢�þ®²uyéõy�£~X§rf�ý�616�
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e (GeV/fm3)
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eV
/fm

3 )

n=0 fm−3

EOS I

EOS Q

EOS H

ããã 1-4 6NåÆ�3«ØÓ�G��§£EOS¤"rf���íN£EOS H¤¶��þ�Ü©fn�íN£EOS I¤¶3Tc=164MeVu)�?�C�G��§£EOS Q).k
nØ[ïÆ�^,
Ônþ�Þá�Ǒ&ÿQGP�&Ò"M. Stephanov�<�ǑXJØÔ�u)QGP�C§,
Sëþò¬Ñy²w�Þá§~Xµ§Ý§zÆ³�[19]"k
nØ[JÑ�^,
Åðþ£~Xµ>Ö§ÛÉ§�ê�¤�Þá�ǑQGP&�§¿ýó3QGP�Úrf��¥§�¬ké��ØÓ[20]"Bass�<JÑ�^²ï¼ê�Ǒ���¨5ïÄØÓâføl�NXÚ���[21]"'uÅ¯�ÔnþÞá�ïÄ8
�?uu��ã§·�F"ÏLé§�ïÄǑïÄQGP�C9Ù�'5�Jø�Ï"XJQGPG�3�éØ­lf-E�¥�)§���Äþé��âf£jet¤BLQGPÔ�§§¬��Uþ§nØþ�ǑQGP�¥�U�£dE/dx¤´rfÔ��¥�A��§ù�¡Ǒjet quenching [22]"dnØ®²¤õ)º
RHICþéõ¢�y�~XµpÄþâf���Ø³§�é�jet����"
1.3 �Ø©�8�9ïÄSN·�þ°A^ÔnïÄ¤�ǑÌ�¤
ë\
RICH-STAR��.ISÜ��8§¿17�
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Ù¥k'φ0fÔn�¢�êâ©Û"nØþ�Ǒφ0f�rf��p�^�¡'��§¿ýóXJQGP�)φ0f���ò¬Or"φ0f�Ǒ��¥þÛÉ0f´dü�s§�|¤�§�´§äk��Ú�fé�C��þ§¤±ïÄφ0f�Ø?�ÏfÚý�6§�±�Ï·�n)ù
Ônþ�.´äkâf«a©a�A5�´äkâf�þ©a�A5",	§·�Ǒ}Á3¢�êâþ©Û
âf'Ç£k/πÚp/π�¤�Þá§ÏLØÓ�*ÿþJ�ÄåÆ�Þá§Ïé�U�QGP�C�5�Þá�&Ò"∆IÝÚ&E�®²3¥U­lf-E��
A^§�y²´ïÄ¥U�í�C�é��&�§·�òÙ^3�éØ­lf-E+�u�§��´ÄU
kÏu&ÿQGP�C",	§RHIC�¢�þ®²uy
rf�ý�6�±�6NåÆé��£ã§�´rf2�^érf�ý�6�KǑ�ïÄ�Ø´é�Ù§~XµRQMD�ïÄuyrf2Ñ�¬�)�½þ�ý�6§
AMPT�.¥rf2Ñ�éý�6�KǑ%é�"·��ïÄ�^6NåÆ+rf2Ñ��.§ïÄ
rf2Ñ�36NåÆ¥éý�6��^"¢�þ§Nõ*ÿ�¢�y�|±jet quenching�Ônãµ§'X*ÿ��é��jet��§ù�)ºǑjetBL-E�)���Ô��§Uþ���K"Ó�ù
����Uþ7ò­#©��0��¥§ù
���Uþ�±ÏL­�^���âfé£5§
�3away sideuy
aqkêâÅ�(��)"·�ò|^��äkÜ©fÚrf�p�^�õ�Ñ$�.£AMPT¤§ïÄ
Ü©fÚrf�p�^éüâfÚnâf'é�KǑ"�Ø©Ì��)±eA�SNµ1!m�
RHICU«�φ0f���Úý�6�ïÄ£�<ó�Ǒ©Û
√
s

NN
=62GeVAu+Au �¢�êâ©Û¤"2!3¢�þ©Û
RHICU«âf'Ç�Þá�X-EXÚÚ-E¥%Ý��65"3!^LUCIAE�.éâfõ­ê��∆IÝÚ&E�?1
ïÄ"4!^LUCIAE�.lÅ¯��§Ý�ÞáJ�ÑØÓâf�9N"5!�^6NåÆ+rf2Ñ��.ïÄ
rf2Ñ�érfý�6v2�KǑ"6!�^AMPT�.ïÄ
Ü©fÚrf�p�^éüâfÚnâf'é18�
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1.4 �Ø©(��Ø©(�Xeµ1�ÙÚó"1�ÙQã�éØ­lf-EïÄyG§�)®m��RHIC�éØ­lf-E�¢�y�Ú8
�éØ­lf-EïÄ�nØ�.£Ì�´��<�ó��'��
nØ�.¤§���{ü0�"1nÙ�[0�RHIC-STAR&ÿì��E§0�
·�3STARþm��φ0fÔnÚâf'Ç�Þá�¢�êâ©Ûó�"1oÙ0��^LUCIAE�.éâfõ­ê∆IÝ§&E�Ú9N�O�(J¿�Ñ?Ø"1ÊÙ0��^6NåÆ+rf2Ñ��.érf2Ñ�érfý�6v2��A?1ïÄ"18Ù0�
AMPT�.éüâfÚnâf'é�ïÄ§�Ñ
Ü©fÚrf�p�^éüâfÚnâf'é�KǑ"���Ùé�Ø©�
o(Ú�""

19�
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1�Ù �éØ­lf-E�¢�yG9nØ�.
glþ�­Vl�
�±5§ISþéQGPÔ�&¢�'5�FèO§�
�éØ­lf-E��.¢���3ISþ��ØÔn¢�¿ï¤¿Ý\$1§ùǑ§��f�lfN�&¢ïÄV\
#�¹å§X{I BNL� AGSÚRHIC!Üî� CERN�

SPSÚ LHC�"�éØ­lf-E��.¢����ï¤Ú$1§Ǒ�éØ­lf-EÔn�ïÄmÿ
#�Û¡§�<��ØÔ��£��
#�*�Ú�z§éu§��f�lfN�ïÄ§éu·��£·��»�å
òk­��¿Â"
2.1 ®m��RHIC¢�yG0��C�á3{IÙ°�°©I[¢�¿��éØ­lféEÅ(RHIC)Ñy
éõ­��¢�(J§ù
(JL²3RHICéEÅ�200GeV�Au+AuéE¥�)
�«#Ô�[23]"e¡·òé�
­��¢�(J?1{ü�0�"ÄkRHICéEÅé�
­�âf�ÌÆÏL��ÿþ½­���{?1
ÿþ"ã2-1�Ñ
Au+Au200GeV-E¥3¥%¯Ý«�ØÓâfØÓ-E¥%Ý�î��þ©Ù"ÏLéù
âf�ÿþ, RHIC�¢�uy200GeVAu+Au¥�«âf���m�'Ç�±é���ÚO�.¤£ã"ÏLÚO�.�[Ü§�±w�·��AXÚzÆ²ï��§ÝTch = 163 ± 4MeV (ã2-2)"Ó�ã2-3�Ñ
9z+»�6�.111�



12 1�Ù �éØ­lf-E�¢�yG9nØ�.é200GeVAu+Au¥%-E¥¥%¯ÝØÓâfî�ÄþÌ�[Ü¤��8N6�ÝβTÚÄåÆÈ(§ÝTfo��p�ã. �±w�π,KÚp�ÄåÆÈ(§ÝTfo$uzÆ²ï��§ÝTch, 
éuφÚΩ, §��ÄåÆÈ(§ÝTfo�zÆ²ï��§ÝTch��, `²§���/øl
�AXÚ,Úrf�2�p�^'�f,¤±ïÄù
âf�±¼��AÑ-E�Ï3zÆ²ï�ÿ�&E"ã2-4�Ñ
200GeVAu+Au-E¥¥%¯ÝØÓâf�Ø?�Ïf�Rcp(0-5%/40-

60%)�ÿþ(J, Ø?�Ïf�Rcp�¢�(JL²3200GeVAu+Au¥%-E¥âf����Ø³"ã2-4�Ñ
,��Ø?�Ïf�RAA, �±w�200GeVAu+Au¥%-E�éu200GeVp+p-E���Ø³, 
200GeVd+Au%vkØ³"ù«Ø?�Ïf�Rcp½RAA�Ø³y�, �±^jet quechingnØé��)º"ùL²3200GeVAu+Au¥%-E¥(¢/¤
�«���Ô�.,	, ã2-6�Ñ
200GeVAu+Auminus-bias-E¥ØÓâf�ý�6î�ÄþpT�65, ·�uy3$îÄþ«�âf�ý�6äk�þüS�A:,ù�±^6NåÆé��£ã"
3¥mîÄþ«�âf�ý�6K�±©Ǒüaµ0fÚ­f. ã2-6¥.
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Uâf|©§�IÝ
v2/nq�pT/nq��65"�Ä�ã2-4Ø?�ÏfRcpâf«a©aA5, RHICU«�ù«âf«a©a�A5�Ñ
��§�|ÜrfzÔnãµ. ,	, ã2-7�Ñ
200GeVp+p, 200GeVd+Au¥%-EÚ200GeVAu+Au¥%-E¥2-âf�'é¼ê(4.0 < ptrig
T < 6.0GeV/c,2.0 < passo

T < 4.0GeV/c), �·�(½��î�Äþé��jetâf�>uâf�, *ÿ§����îÄÄþ'�����âf�©Ù��¹, éu200GeVp+p, 200GeVd+Au·�w�
§���kÄþé��jet��âf�Ñ"
3200GeVAu+Au¥%-E¥,���jet��K
§�âjet quenching�Ä�g�,ù�U´du��jetBL200GeVAu+Au¥%-E�)���Ô�,Uþ��þ���¤E¤"¤±3200GeVAu+Au¥%-E¥4k�U�)
�«#�QCDÔ�G�"
2.2 �éØ­lf-E�¥~^�nØ�.0�Ǒ
3nØþ)º�éØ­lf-E¢�þuy�¢�y�§<�JÑÄu�«Ôn
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ããã 2-7 200GeVp+p, 200GeVd+Au¥%-EÚ200GeVAu+Au¥%-E¥2-âf�'é¼ê[27, 31].g��nØ�."z�nØ�.Ñ3�½§Ý½�
�¡)º
¢�(J§Ù¥'�Í¶��.kHIJING�.§6NåÆ�.§AMPT�.�"du�.¯õ§e¡==éÚ�<Ø©�'�n��.µ6NåÆ�.§AMPT�.ÚLUCIAE�.?1�e{ü�0�"
2.2.1 6NåÆ�.�éØ6NåÆ�§ÏLUþÄþÅðÚÀ­fêÅð½Âµ

∂µT
µν = 0, ∂µN

µ
i = 0, (2-1)ùpT µνL«UþÄþÜþ, Nµ

i L«1i¥À�ÅðÖ�6¥þ"¤¢ÅðÖ§~X­fê§ÛÉê§ì§�ê§>Ö�"éun�6N§UþÄþÜþT µνÚÀ­fê6¥þ�±�ǑXe{ü�/ªµ
T µν = (ǫ+ p)uµuν − pgµν , Nµ

B = ρBu
µ, (2-2)ùpǫ, p, ÚρB´36N�Û�·X¥Uþ�Ý§Øå§ÚÀ­fê�Ý"Ù¥Nµ

B =

(ρB,
−→
0 )§gµν = diag(+,-,-,-)§6N�Ýuµ = γ(1,−→v )(Ù¥−→v Ǒ6N�(k��I�m�116�



ÆÆÆ¬¬¬ÆÆÆ   ØØØ©©© 17n�Ý§γ = (1 −−→v 2)−1/2ǑâÕ[Â Ïf).3»�é¡�1+1�6NåÆ§3z=0�,UþÄþÅðúª5-2{z�Ñ:

∂tE + ∂T [(E + p)vT ] = −(
vT

rT
+

1

t
)(E + p), (2-3)

∂tM + ∂T [MvT + p] = −(
vT

rT

+
1

t
)M, (2-4)

∂tR + ∂T [RvT ] = −(
vT

rT
+

1

t
)R, (2-5)ùp½ÂµE ≡ T 00, M ≡ T 0T , and R ≡ N0

B. ùpT�I´î�©þ. þ¡n�úª==�Ñ
z=0²¡�üz, du·�|^p�*�ØC�IÝ,·��±�^âÕ[Cz��z 6= 0²¡�üz�¹.3»�Øé¡�2+1�6NåÆ§XJ·�?1Xe��ICz§
xµ = (t, x, y, z) −→ x̄m = (τ, x, y, η)

t = τ cosh η

z = τ sinh η

τ =
√
t2 − z2

η = Artanh(z/t) .

(2-6)K6NåÆ�§K�±{zǑµ
T ττ

, τ + (vxT
ττ ), x + (vyT

ττ), y = −1

τ
(T ττ + p) − (p vx), x − (p vy), y , (2-7)

T τx
, τ + (vxT

τx), x + (vyT
τx), y = −p, x −

1

τ
T τx , (2-8)

T τy
, τ + (vxT

τy), x + (vyT
τy), y = −p, y −

1

τ
T τy , (2-9)

1

τ 2
p, η = 0 , (2-10)

jτ
, τ + (vxj

τ ), x + (vyj
τ ), y = −1

τ
jτ , (2-11)�âp�*�ØC�IÝ,Ǒ�±�^âÕ[Cz��z 6= 0²¡�üz�¹.117�



18 1�Ù �éØ­lf-E�¢�yG9nØ�.6NåÆ�§òé�©�QGPÔ�Uì�A�G��§?1üz(ã 1-4)"�6N�Uþ�Ý�����½��.Uþ�Ý�§QGPòu)rfz. 6NåÆ�rfzÏ~�^Cooper-Frye�{[32].

E
dNi

d3p
=

dNi

dypTdpTdφp
=

gi

(2π)3

∫

Σ

fi

(

p · u(x), x
)

p · d3σ(x) , (2-12)ùpd3σµ(x) ǑR�uÈ(�­¡Σ(x)�ü ¥þ§
pµfi d
3σµ´äkÄþp�ÏL�­¡�âf�Ïþ§fiǑ1i«âf���m©Ù"6NåÆ�.éRHICU«�éõ¢�y�§Xî�ÄþÌÚý�6��Ñ
é��£ã"3�<Ø©¥§ò�^��U?�1+1�6NåÆ�.§ïÄ"�rf2Ñ�éâfý�6�KǑ§��Ø©1ÊÙ"

2.2.2 AMPT�.õ�Ñ$�.AMPT´���)õ��^L§��AkÛ�éØ­lf-E�.[33]"§©ü�����µ(I)vkuKzÅ��AMPT�.§·�¡§Ǒ%���

ããã 2-8 %���AMPT�.�(�«¿ã"118�
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ããã 2-9 äkuKzÅ��AMPT�.�(�«¿ã"�AMPT�.[35]¶(II)äkuKzÅ��AMPT�. [36]"ã2-8Úã2-9�Ñ
ùü«�����«¿ã"ü«��ÑÌ��)o�Ì�|¤Ü©µ(1)��^�§(2)Ü©f�p�^§(3)rfzL§§(4)rf�p�^"e¡©Oéo�|¤Ü©��
`²"
(1)��^�Ì��)minijet�Ü©fÚ^�-uu��I�mÚÄþ�m©Ù§ù
´���gHIJING�.[22]��A�m©Ù"3HIJING�.¥ü�-E�fØSØfæ^Woods-Saxon©Ù§3ü�Ø­U«�Øf�m�M-E�)
minijet�Ü©fÚ-u�u"3äkuKzÅ��AMPT�.¥§-u�u¬Äk�âLUND��Å���¤rf [37]§,��)�rf�â§����Úg^�©)ǑÜ©f§ù�±�n)Ǒu�Kz"Kz�Ü©f©Ù3Kz�rf£u¤�±�"Kz�)�Ü©f/¤�m�IPǑtf = EH/m

2
T,H , ùpEHÚmT,HL«Kz�rf�UþÚî��þ"�)�Ü©f��þæ^6�þmu=5.6MeV,md=9.9MeV,ms=199MeV"

(2)Ü©f�p�^"minijetÜ©fÚuKz�)�Ü©f�m��p�^?éL§£=Ü©f�Ñ$L§¤�^Å�[ùÑ$�§?1Ñ$§KÜ©f��m©Ù��X�mu)üz"ùpÅ�[ùÑ$L§��^Zhang�ZPC?1�[[34]§�ü�Ü©f�m�ål�u√

σ/π�§Ü©f�mòu)Ñ�"8
ZPC==�)Ü©f�m�üN119�



20 1�Ù �éØ­lf-E�¢�yG9nØ�.Ñ�§�A�-E�¡�^�6QCD¼�:

dσp

dt
=

9πα2
s

2
(1 +

µ2

s
)

1

(t− µ2)2
(2-13)

Ù¥αsǑÍÜ~ê§sÚt�LIO�MandelstamCþ"k��¶-�þµ�6uÜ©fÔ��§ÝÚ�Ý§·�ÏL�½µ�±��Ü©f�p�^�o�¡"£3�Ø©�O�¥·�©ª�½Ü©f�p�^��¡Ǒ10mb"¤
(3)ü�ØÓ�����AMPT�.æ^
ØÓ�rfzÅ�"�Ü©f�mØ2k�U��p�^u)�§%����AMPT�.�^LUNDu����{?1rfz[37, 38]§
äkuKzÅ��AMPT�.�^��{ü�Ü©f|Ü�.§ò�C�Ü©fUìÙ|©|Ü¤0f½­f"3|ÜL§¥§��±
3ÄþÅð§ÏL|Ü§����§ÚÙØC�þ�=�«rf��C§
�ä|Ü�)=�«âf"|Ü/¤�rf�)
Ø
η‘, Σ∗ÚΞ∗±	¤kHIJING�.¥�rf"¿�Ǒrf/¤L§ǑI����m§Ǒ0.7fm/c",	§rf�/¤´�X�müz3�AXÚØÓ�mÚ ��)�§¤±3XÚüz�L§¥/¤��Ü©fÚrf����mL§"
(4)rf2Ñ�"�rfzL§(å§¤k�)�rfòu)2Ñ��p�^"ART�.�±^5�[ù�L§"ù��.8
��Ä
π, ρ, ω, η, K, K∗, φ §N ,

∆, N∗(1440), N∗(1535), Λ, Σ, Ξ, ÚΩ�rf"ART�.�Ä
­f-­f§0f-0f§­f-0f�m��p�^"¿�Ä
Ó ^gdÝ§ØfÚK0f�²þ|�A§U
é�/£ã
AGSUþ�¢�(J[39–41]"
AMPT�.®²éRHICUþe�éõ¢�y��Ñ
é��£ã"~X§âf�î�Äþ©Ù§ý�6§HBT�"�©ò|^AMPT�.?12(3)-âf'é�ïÄ§��Ø©18Ù" 120�
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2.2.3 LUCIAE�.
LUCIAE3.0´���éØ5Ø-Ø-E�.[42]§§ïá3Í¶FRITIOF�.[43]Ä:þ�"FRITIOF�.´��u�.§rf�£ã¤����þ��éØu"rf-rf-E�£ã¤ü�-ErfSÜ�Ü©f�õgÑ�"3FRITIOF�.¥§ü�rf�m�-Edup�Äþ=£½©Ù4Ü©fÑ�
�-u"ù
-u�òu��Ô�ÅË��f§���âLUNDu���.��¤#�rf"3FRITIOF�.¥Ø-Ø-E{ü/£�ǑØf-Øf-E�S\§Ï
)ºØ-Ø-E¢�(J  Øn�"LUCIAE3.0�.Ì�3e�n�¡�
u�µ£1¤�Ä
ë\öØf!�*öØfÚ�)âfm"��p�^£2Ñ�¤[44]§ÏǑrf2Ñ��A��´ØN�À�"�ü�rf�m�ål÷v:

dmin ≤
√

σtotal

π
, (2-14)Kü�rf�mò¬u)-E. Ù¥σtotal´o��p�^�¡(ü :fm2),
ürf��åldmin3ürf��%X?1O�"XJü�rf3�)�p�éX�1(�C),Kürf��åldmin½ÂǑR�uürfÄþ���ål"XJü�rf3�)�p��X�1(�l), Kürf��åldmin½ÂǑürf��/¤��ål"·�b�rf���üg-E�m,rfUì²;�;,���1����Ú,��rf����^ål÷v-E^�"·��âzé-Eu)�k�,¿�X�m�üzØä�#·��-EL"XJo�-E�¡Ú�5-E�¡÷v:

σelastic

σtotal

≥ η (2-15)Krfò��Ǒu)�5Ñ�,ÄKu)��5Ñ�. ùpη´��[0,1]�mþ!©Ù��Åê"
-E�Äþ=£t�©Ù÷v
dσ

dt
∼ exp(Bt) (2-16)121�



22 1�Ù �éØ­lf-E�¢�yG9nØ�.ùpBéu���5Ñ��6uü�Ñ�rf��þ"Ñ�Æ3LUCIAE§S¥��Å�3[0,2π]þ!©Ù"333��5Ñ�L§¥,L2-1¥�rf�A���Ä,Ù¥Y =Λ or Σ�f"�Ó�AÔØÓ�A�Ô��A~X(π N), äNUì���?1, ·�ÏLO��é�A���U5���
û½��5�A��Ô"éuÙ§�vk�Ä����5�A�þUì�5�A?n.£2¤LUCIAE^�Æ�.£FIRECRACKER MODEL¤§�Ä
�éØ5Ø-Ø-E�Ïu�8�,
u�U�¤8N�^8NUþu��f�¯¢§ǑÒ´�Ä
uu�8N�A[45]"3�Æ�.¥§5gu-E¥�A�u¬/¤��ìq§ù��ìq2±�«8N��ª?1�p�^"¿b½ìq¥��Cu¬/¤�p�^�þf�§¬u��Ô�ÅË��f§Ó�u���ÉUþ�Ý�KǑ"ù
�f��)�Auu�î�Uþ�-u§ù��-u¬Â u"Â �u'�~uk�õ�Uþ�Ý§k��O\
uÜþ"k�uÜþÚ�f�5�mkXe'Xµ
κeff = κ0(1 − ξ)−α (2-17)ùpκ0´�-uu�Üþ"αǑ��ëê§
ξ(ξ ≤ 1)�âeªO�µ

ξ =
ln(k2

Tmax/s0)

ln(s/s0) +
∑n−1

j=2 ln(k2
Tj/s0)

(2-18)LLL 2-1 3LUCIAE�.¥�¹���5Ñ��.

πN ⇋ ∆ π πN ⇋ ρ N

N N ⇋ ∆ N π π ⇋k k

π N ⇋ k Y π N ⇋ k Y

π Y ⇋ k Ξ π Y ⇋ k Ξ

k N ⇋ π Y k N ⇋ π Y

k Y ⇋ π Ξ k Y ⇋ π Ξ

k N ⇋ k Ξ k N ⇋ k Ξ

π Ξ ⇋ k Ω− π Ξ ⇋ k Ω−

k Ξ ⇋ π Ω− k Ξ ⇋ π Ω−

N N annihilation Y N annihilation122�



ÆÆÆ¬¬¬ÆÆÆ   ØØØ©©© 235L«��-u�õ�fu� l�~u�ºÝ"ùp-u�õ�fukn-2��f§kTj´÷vk2
Tj ≥ s0��f�î�Äþ"ùp√

s0´;.�rf�þ�þ?�ºÝ"ëêαÚs0Ñ´ÏL[Üp+p�êâ
(½[46]"£3¤LUCIAEÚ\
ÛÉ§�Ø$��z�A§ÏLÚ\k�uÜþòJETSET^��¥�uÜþ9ÛÉ�)k'�ëêC¤�\�Uþ!�AXÚ��9¥%Ýk'�ëê§��U��/�N¢�(J[47]"3LUND�u���.¥§���þǑm�î�Äþpt�q-qé�ud±eAÇ�)µ
exp(

−πm2

κeff
)exp(

−πp2
t

κeff
) (2-19)�§w«XJuÜþκeffO\§ssu�éuuuÚddu���ÚpîÄþptâf���ò¬�Jp"b½��uÜþǑκeff1�u�ÛÉ§�Ø³Ïf´λ1§uÜþǑκeff2�u�ÛÉ§�Ø³Ïf´λ2 �±�â±eúªO�µ

λ2 = λ
κeff1/κeff2

1 (2-20)ùpduλ´�u1�§þª`²���uÜþKéA�ÛÉ§�Ø³�A��[46]"
LUCIAE�.éSPS�éØ­lf-E�éõ¢�*ÿþXÛÉ5§J/Ψ��Ñ
é��)ºÚ[Ü"�<Ø©ò�^ù��.§é�éØ­lf-E¥�∆IÝÚ9N�Ônþ?1ïÄ§��e©1oÙ"

123�
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1nÙ �éØ­lf-E�¢�ÿþ
þ°A^ÔnïÄ¤�ǑRHIC-STARISÜ�|�¤
§ë\
{IÙ°�°©¢�¿��éØ­lféEÅ��éØ­lf-E¢�§¿©Û
STAR&ÿì¤���¢�êâ"�éØ­lf-E¢��8�´&¢´Ä�3§��f�lfN£QGP¤9QGP�C"l2000
§RHIC1�g�AuØ+AuØ3�%ØCUþ√

s
NN

=130GeV�-E¢�±5§®²�U�
200GeVAu+Au, 200GeVp+p,

200GeVd+Au, 62GeVAu+AuÚ200GeVCu+Cu�¢�, ¿m�
ØÓ�¡�¢�*	þ�ÿþ. nØýó�§��f�lfN�C�§�þ�f¬KÜǑsÚs§�§¤±ÛÉâf���¬Or"φ0f´dü�sÚs§�|¤�¥þ0f§nØþ�Ǒ�UÌ�l£1¤s+ s→ φ,(2) ggg → φ ,(3) K +K → φA«�A��)"QGP�Cu)�§ÛÉ§�Ú�f�¹þ¬���O\§¤±φ����ýó¬ké�Or"¤±ïÄRHICU«�φ�)§éuïÄ§��f�lf��)k­��Ôn¿Â"Ó�§8
�RHICU«�ý�6ÚØ?�Ïf�ÿþ§uy§�äk0fÚ­f�©aÚâf�þ©a"φ0f��þ´1.02GeV§�Cu�f��þ0.938GeV§�´�f´��­f"¤±ïÄφ0f�ý�6ÚØ?�Ïf§k|uu�ù«0fÚ­f�©aÚâf�þ©a"nØþýó�u)QGP�C�§,
Ônþ~Xâf'Ç¬kÉ~�ÄåÆÞá§¤±3¢�þïÄâf'Ç�ÄåÆÞáòk|uQGP�C�&¢"125�
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3.1 RHIC-STAR¢�C�0�

RHICéEÅ�á3{IÙ°�°©I[¢�¿£Brookhaven National Labora-

tory§U. S. A.¤§±�3.8km§�±\�­lfÚ4z�f��éØUþ£zéØf�p�éE�%XUþ√
s

NN
��200GeV¤?1-E§8�´&¢�Uu)�QGP�C"�dÓ�§RHICéEÅ8
�3u�4z��få¿��zéØf�p�éE�%XUþ√

s
NN
Ǒ500GeV§O��?1g^ÔnïÄOy"Ǒ
\�7lfå����péE�%XUþ√

s
NN

200GeV§7lfåk�3Tandem Van de Graaff facility\��15MeV/Øf§,�²LíÄÓÚ\�ìTandem-to-Boosterå�\��95MeV/Øf",�ò7lfå=£�Alternating Gradient Synchrotron (AGS)\�ì\��10.8GeV/Øf§25\RHICéEÅ�\��¥�\��100GeV/Øf"RHICéEÅ|^2���^
;��£7�Ú��¤^5Ú�7lfå§�´§�Ñk�gÕá� =Úà�^
"3ü���??1lféE§��RHICéEÅk6���:§Ù¥o�:?Ù�
&ÿì§©O´STAR§PHENIX§PHOBOSÚBRAHMS"Ù¥STARÚPHENIXǑü����&ÿì"

ããã 3-1 STAR&ÿì�C�ßÀã§ØÓ�f&ÿì�I5u±�"126�
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ããã 3-2 STAR&ÿì�C�²¡�¡ã§ØÓ�f&ÿì�I5u±�"
STAR&ÿì£The Solenoidal Tracker at RHIC¤´RHICéEÅ�Ì��ü�&ÿì��, ã3-1Úã3-2©O�Ñ
STAR&ÿì�áNßÀãÚ�¡ã"§�Ì��O8�ÏLÿþ�>âfà,£ÄþÚâf«a�¤ïÄ�éØ­lf-E�)-EXÚüz§/¤���Ô�5�±9&ÿ&¢�U�QGP�C"STAR&ÿì´d��Ì&ÿì�mÝK¿£TPC¤ÚNõf&ÿì|¤"STAR&ÿì±��þ!�Ú�+^
¤�7, ^
�ÝǑ6.85 m§S�»5.27 m,	�»7.32 m"STAR&ÿì÷�Ù�¶����^|����|BZ| = 0.5T , ^5 =�>âf�à,¤Ú^�/G,l
��§��Äþ"STAR&ÿìCX��¯Ý|η| < 1.5Ú»��mÆÝǑ2π"STAR&ÿì�)ü�SÜ&ÿì7º:&ÿì£SVT¤Ú7^G&ÿì£SSD¤§��3'��Cå6� �§ǑÿþfPCâf�1�PCº:Jø�°Ý� �©E"ü�
ÆÝ�mÝK¿£FTPC¤§KIÿþ�¯Ý2.8 < |η| < 3.8«m�âfà,",	§�1�mÌ¤£TOF¤�S�3TPC×L�§|^âf��1�méØÓâf?1�O§¥IÜ�|�3KI�STAR&ÿìTOF�,?§ýO,?�¤���STAR&ÿìâf�N©EUå¬��é��Jp"STAR&ÿìkÌ��trigger&ÿìµ"ÆÝþUì£ZDC¤§¥127�
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ããã 3-3 STAR&ÿì�Ì&ÿì�mÝK¿(TPC)�ßÀã.%trigger×/&ÿì£CTB¤§å6Oêì£BBC¤"ü�"ÆÝþUì���3�l-E«∼18m�0ÆÝ �§CXǑ2.5 mrad, ^5&ÿ��A�¥f"ZDC&ÒÌ�^5iÀ\�ìå6�6rÚ�Ǒ¢�¯��>u(trigger). CTB´CXuTPCL¡��X�7¡&ÿì§Ì�^5ÀJ¥%-E¯�"BBC&ÿìCX�¯Ý3.3 < |η| < 5.0§^5ÿþ5g�üûpp-E£NSD¤¥�/beam-jets/"BBC&ÿì��3TPC�üà,´ü�ð
N&ÿì.Ù�trigger&ÿì�k^5�ǑTOF¯�>u��º: �&ÿì§^5>upîÄþâf¯��>^þUì(EMC)"�mÝK¿(TPC)´STAR&ÿì�Ì�|¤Ü©"§�	/´��4.2 m�§�»Ǒ4.0 m��×/G§S�»Ú	�»©O´0.5 mÚ2.0 m"§�±ÿþ�>âf�Äþ��0.15 < pT < 30GeV/c"�mÝK¿(TPC)CX���m�2πÆÝ,S×CX�¯Ý|η| < 2.0§	×CX�¯Ý|η| < 1.0"ã3-3w«
TPC�ßÀã"ùpù�TPC�¥m���©Ǒü�Ü©§¥m���\þ28 kV�pØ, 183�f>{|¤128�



ÆÆÆ¬¬¬ÆÆÆ   ØØØ©©© 29�>{óòl¥m���	>��mD�∼ 135V/cm�þ!>|"TPC�ó�íNǑP10(Ar90% + CH410%), íØ��32 mpar">f3ù«ó�íN¥¤£�Ýé¯,3135V/cm�þ!>|¥Ǒ∼ 5.45 cm/µs"&ÿì�ÖÑÑ�±õj�'¿(MWPC),

136608�ÖÑ�Jø(x,y)��I&E, 512�ÖÑ�Jøz�I&E, oO7Z�õ���:"��>âfBL�mÝK¿�,¬�ó�íN>l, >l�>f3>|¥¤£��mÝK¿üà§&Ò�ÖÑ���§²LÈ©�/êiz§ÏL1nSTARêâ¼�XÚ£DAQ¤"3�pù
�©�êi&Ò�?n¤Ǒ�
k^�þ§~X�>:£hit¤,»,£track¤, º:£vertex¤�"Kalman Filter �{�^5[Ü¤k�>:����^oN£gloabl¤»,"r��¯�¥¤k�global»,�(x,y)=(0,0)ò�§ù�uy¯���^º:"¯��^º:�©EÇ31000^»,±eǑ∼ 350 µm�¤k�ål¯��^º:�n��mål(DCA)�u3 cm�global»,§3#�»,��à�5g¯��^º:���e§­#^Kalman�{[Ü§ù�­#���âf»,��primary»,"&ÿìéuprimary»,�&ÿ�Ç�6âf«a,î�Äþ,õ­ê�"éu��Nfit > 24 ,

|η| < 0.7 §DCA < 3.0 cm ÚpT > 0.4GeV/c�primaryπâf»,5`§3¥%-E¥�ÇǑ∼80%, ±>-E¥�ÇǑ∼90%"

ããã 3-4 �>âf�>lUþ��éî�ÄþpT�©Ù [48].129�



30 1nÙ �éØ­lf-E�¢�ÿþ�mÝK¿(TPC)ÏL�>âf�>lU�dE/dx5EOâf�«a"âf�²þ>lU��±^Bethe-Bloch5L« [49]§
<
dE

dx
>= 2πN0r

2
emec

2ρ
Zz2

Aβ2
[ln

2meγ
2v2EM

I2
− 2β2] (3-1)Ù¥zǑâf�>Ö£±eǑü ¤§β=v/cǑâf��Ý, ρǑ0���Ý§N0ǑCÏ\�Û~ê§meǑ>f�þ§re = e2/meǑ²;>^�»§cǑ1�§ZǑíN��fSê§AǑíN��fþ§γ = 1/

√

1 − β2§IǑ²þ�-uU"EM = 2mec
2β2/(1 − β2)´üg-E���=£Uþ.ã 3-4 �±w�ØÓ�âfäk�Ó�Äþ,�´§��Uþ��´ØÓ�"éuAu+Au-E§dE/dx�©E�±�π�K�∼0.7GeV/c,

protonÚπ§K�∼1.1GeV/c"ÏLéPCâf­ï�
���âf§XK0
s , Λ(Λ)�±ÿþ�0.3 < pT < 7.0GeV/c, φ�±0.4 < pT < 4.0GeV/c"

ããã 3-5 3200GeVd+Au-E¥TOFÿþ��>âf�1/βéÄþp�©Ù [50].lRHIC�RunIIIm©§STAR&ÿìSC
d·�¥IÜ�|)���1�mÌ¤£TOF¤"Ǒ,==CX
&ÿì∼0.3%§�´��JpPIDâf�©E�Äþ��§ã 3-5�Ñ
200GeVd+Au-E¥TOFÿþ��>âf�1/β éÄþp�©Ù,�±w�|^
TOF±�, π�K«©�∼1.6GeV/c, protonÚπ§K�∼3.0GeV/c"���1�mÌ¤130�
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TOF�)�Úï��3?1�¥"
3.2 φ0f�¢�&ÿ
3.2.1 φ0f�¢�&ÿ�¿Âgl1963
32.23GeV/c�-EUþK−Úp�rf-E�A¥ÏLK+ +K−��A�­�uyφ0f±5 [51]§φ0f±9§�5���Ñ´���~k¿g�ïÄ�K"�Ǒ���þ���Û£hidden)�ÛÉ¥þ0f§§´dü�ÛÉ§�sÚs¤|¤�"<�uyφ0f���3Ä�âf�-E�¥´ÉØ³�§ù��Ǒ´duOZI5KÚå�,ù�5K�Ǒ3��Ú"��äkØë��§�����AL§ò¬�³� [51–53]"
3�éØ­lf-E�¥s§�ò¬�þ��),
�k�U���uÚd§����9z.ÛÉ5Or��Ǒ´��QGP�U�)�&Ò [11, 12], 
φ0f����OrǑ�ýóǑQGP�)�&Ò�� [13–15]"

φ0f�Æ·�V´45fm/c,§¬±49.6%�©|'PCǑK+ÚK−,Ǒké��Ü©PCǑµ+Úµ−,½e+Úe−"8
�õê<�Ǒφ0f3rf0�¥du§ÚÙ��ÛÉrf��p�^�¡�~�Ú§�²þgd§'�� [14]§Ï
φ0f�U3§/¤�'���øÍu�AXÚ§l
�����zÆÈ(£chemical freezeout)"¤±φ0f�±���õ�5gu�A'��Ï§ǑÒ´§/¤�Ï�&E",
3,��¡§Alvarez-RusoÚV. Koch�^��Û½�é¡�.§¿�Ä
nÚo¥þ0fº:§φ0f�rf0�gd§�
¬C�'�� [54]"¤±ÏLφ0f¢�ÿþU
����yù
nØ"'u0�¥¥þ0f��Æ�ïÄ��Ñ´��ØÔn.éa,��ïÄ��"φ0f��þÚ°Ý�ýó¬duØ0��5��UC
UC"Asakawa,KoÚSongýóφ0f��þdurfÔ�¥õN�A¬C� [55, 56]"¿�knØýó�QGP�Cu)�§d131�



32 1nÙ �éØ­lf-E�¢�ÿþV�f­ï�φ0f��þ¸¬ÑyV¸(� [57]",	§�
nØýó
�C�§φ0f�°Ý¬kCz [58–60]"'uφ0f�)�Å�8
�´��'�k�Æ��K"k
nØ�Ǒ3�éØ­lf-E¥ÛÉ§��U²L�fKÜ
�þ�)¿�é¯/��9zÚ²ï [61, 62]"3ù���«�¸e§φ0fé�U²LÛÉ§��|Ü
�)§
Ø´�Ä�âf-E¥�OZI5K³�",��¡§knØ�Ǒrf�"��p�^K +K → φ¬2�)Ñφ0f"�
�)rf2Ñ���.XRQMD [63]ÚUrQMD[64]ýóφ/K−¬�Xë\Øfê�O\
O\.Ó�,2Ñ��.Ǒýó
φ0fÚ�f�²þîÄþ¬�Xë\Øfê�O\
O\"¤±¢�ÿþφ0f�±ïÄφ0f�)�Å�"ÏLé8N6�ïÄ�±ïÄØØ-EL§¥ØÔ�üzØG��§"�
âfXπ,K,p®²uyäkér�»�6[65, 66]"XJφ0f�rfÔ�ké���^�¡,Kφ0f�»�6òÌ�5gÜ©f�ã�üz, ¤±ïÄφ0f�»�6�±Ǒ·�Jø5gÜ©füz�&E"
φ0f�Ø?�Ïf�±u�8
¢�þuy�Ø?�Ïf�âf«a�65"¢�þuyΛ, p, K0

S Ú�>âf�Ø?�ÏfRCP©Ǒ0fÚ­füa [28]"duφ0f��þé�C­f�fp��þ, ¤±ÿþφ0f�Ø?�ÏfkÏu«©Ø?�Ïf�.´âf«a©a�´�þ©a"ý�6v2®²uy�±^5ïÄRHICU«�éØ­lf-E�Ï�&E"8
§RHIC¢�uy3'�$�î�Äþ0 < pT < 2GeV/c§rf�ý�6�±6NåÆé��£ã§äký�6�þüS�5Æ§ùL²-E�)�Ü©fÔ�NX�U��
½�9²ï[30, 67–69]",
3¥mî�Äþ«�2 < pT < 5GeV/c§rf�ý�6äk|©§�êIÝ£NCQ-scaling), ù
5��|Ü�.�(J��� [70–74]"Q,φ0f��þé�C­f�fp��þ§¤±¢�þÿþφ0f�ý�6v2òkÏu«©ý�6v2�.´âf«a©a�´�þ©a"132�
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√
s

NN
=62GeVAu+Au-E¥�φ0f����Úý�6�¢�ÿþ§e¡�Ù!·ò±62GeVAu+AuǑ~0�φ0f�¢�©Û�{�Ñ62GeVAu+Au�(J"3k'φ0f�Ôn�?ØÙ!§·ò(ÜRHICUþeÙ��AXÚ�φ0f�(J?1XÚ5©Û.

3.2.2 φ0f�¢�­��{[·Ü¯�£Mix-event¤�{]

0..1 ¯�ÀJ 362GeVAu+Au-E¥�φ0f©Û¥·��^mininum bias trig-

ger �¯�"mininum bias trigger´�âü�"ÆÝþUì(ZDC)Ú¥%trigger×/&ÿì(CTB)�&Ò
½Â�"duØÓ�-Eu)3ØÓ�º:ZV ertex, ¤±·��^ZV ertexcut ��·��©Û�¯�u)3&ÿì���CX���S"362GeVAu+Au-E¥, ·���|ZV ertex| ≤ 30cm"3ù��cute,·������©Û¯�Ǒ8z����mininum bias �¯�.

0..2 ¥%Ýy© ·��â�?��ë�õ­ê�©Ùòù
mininum bias trigger �¯�©Ǒ4�¥%Ý(0-20%,20-40%,40-60%Ú60-80%)"¤¢ë�õ­êÒ´z�¯�¥�¯Ý|η| < 0.5��>primary»,�ê8.ã3-6�Ñ
62GeVAu+Au �-E�¥ÿþ��?��ë�õ­ê�©Ù.L 3-1�Ñ
362GeVAu+Au �-E¥%Ý��?��ë�õ­ê�½Â.

0..3 TrackÀJ 362GeVAu+Au�-E�¥ü^K0f»,þÀJprimary»,. ¤LLL 3-1 362GeVAu+Au �-E�¥¥%Ýy©¤æ^��?��ë�õ­ê�½Â.

centrality Uncorrected Ref. Mult. Range

0-20% RefMult ≥ 222

20-40% 222 > RefMult ≥ 102

40-60% 102 > RefMult ≥ 38

60-80% 38 > RefMult ≥ 9133�
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uncorrected  Ref. Mult.
0 100 200 300 400 500 600
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n
t
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20

%

ããã 3-6 362GeVAu+Au �-E�¥ÿþ��²&ÿ�Ç?��ë�õ­ê�©Ù"�y©o�¥%ÝǑµ0-20%,20-40%,40-60%Ú60-80%"¢primary »,Ò´3TPC�»,­ï�§¤k�>âf»,�ò��¯�º:§¤kål¯�º:���ål£DCA¤�u3 cm, �¡Ǒprimary»,"z��^5­ïφ0f�K0f»,¤÷v�^�£cuts)�3
L3-2¥"Ǒ
(½K0f»,§·��^âf3TPC&ÿì¥�U�dE/dx�O�K0f»,9�A�Äþ"ÿþ��< dE/dx >éÄþp�­��±é���^Bethe-Bloch­�£ã"ã3-7¥ùÚ��f�Ñ
362GeVAu+Au �-E�¥^5­�φ0f�K+ÚK−0f(≤ 2σK), �A�­��L�A�Bethe-Bloch­�[Ü"�A�K0f»,3­�±©EÇǑσK±��Ñ, ­ïφ0fL§¥·�CzσKê5À�K0f»,, dd�5�Ø��ǑXÚØ���Ü©�Ä" LLL 3-2 362GeVAu+Au�-EÀJK0f»,�cuts.

Track cuts

DCA < 3cm

Number of hits on track > 15

Number of hits on track/ Total possible hits > 15

Pseudo-rapidity |η| < 1.0

Momentum of track 0.1 < p < 4.0 GeV/c

Kaon PID efficiency < 2σK134�
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-1 -0.5 0 0.5 1

-510

momentum X charge

dE
/d

x(
G

eV
/c

m
)

-K +K

ããã 3-7 £çã¤362GeVAu+Au�-E�¥ÿþ��>�primary»,�dE /dx Vs. Äþ�©Ùã. ü^ùÚ��f´·��φ0f­�¥�^�K+ÚK−.

0..4 ·Ü¯��{J�φ0f&Ò ·��^·Ü¯�£Mix-event¤�{ÏLφ→K+ +

K−PC���φ0f&Ò. ·Ü¯��{Ì��)ü�Ü©: �Ó¯�(same event)¥�φ0f­�Ú·Ü¯�(mix event)¥�µ��E[75, 76].3�Ó¯�¥,·�r¤kÏL»,cuts�K0f»,,é¤k�K+ + K−�|ÜO�ÙÄåÆCþ. ~XK+ +K−é�¯Ý, î�ÄþpTÚØC�þ"duK+ +K−|Ü�)
¤k�K0f»,, ¤±Ù¥ý�Ü©´�µ,�k4��Ü©´φ0f, ¤±XÛ3ù
K+ +K−�|Ü¥�K�µ¤Ǒ'�"·��^·Ü¯��{�EK+ +K−ØC�þ©Ù�¥��µ"ü�·Ü¯�7L÷vXe^�µ£1¤§�7L5g�Ó�¯�º:�m�(bin)§=äk�C�Vertexz"ù´duSTAR&ÿìk�½�CX��§�z�¯��¯�:Å¯�Cz�§ù¬UCØÓ¯���Â�m§ù
ØÓ¬�5·Ü¯��5��µÚý¢�µ�Ø��"·�©Û¥V ertexz�m�°ÝǑ6 cm"(2) ü�·Ü¯�7Lk�Ó�ë�õ­ê§ù�y§�5gu�Ó-E¥%Ý"·�ò3z��¥%ÝO�·Ü¯�¥¤k�K+ + K−�|ÜO�ÙÄåÆCþX¯Ý, î�ÄþpTÚØC�þ§ò·Ü¯����ØC�þ�µò31.04 < minv < 1.2 GeV/c28���Ó¯�"ã3-8�þã�Ñ135�
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62GeVAu+Au360-80%¥%Ý-E¥�Ó¯��&ÒÚ5g·Ü¯���µ§
eã�Ñ
�Ø�µ����φ0f�ØC�þ¸"·�5¿�E,k��
��µí33���þ©Ù¥§ù
�µ�U5g,
°�����PC�Ô£XµK∗,ρ�),Ǒ�U5g�p'é�¥Õ�p�^é(Xe+ + e−)[77]"du�^TPC�dE/dxéJrK0fÚ�K>f«©m5, ¤±ék�Ud1f=C5�>fé(γ → e+e−)Ø�Ǒ´K+ +K−, ¬é·���φ0f�&Ò�J��)KǑ"Ǒ
~�1f=C5�>fé�KǑ§·��^
��ÆÝ�cut: ��ü�K0f�m��mÆÝ�u0.04lÝ"ù�cuték��~�
1f=C5�>fé�µ"·��^��Breit-Wigner¼ê\�����µ[ÜØÓpTm��φ0f�ØC�þ¸"úª 3-2�Ñ
·��A�[Üúª:

dN

dm
=

AΓ

(m−m0)2 + Γ2/4
+B (3-2)Ù¥A´¡È,Γ´°Ý(Full Width Half Maximum , �FWHM), m0´�����þ �(GeV/c), B´�µ"Ù¥A, m0ÚΓÑ´gdëê"ã3-8�eã�Ñ
·�é62GeVAu+Au360-80%¥%Ý��0.4 < pT < 3.2GeV/c�φ0f�ØC�þ¸�[Ü"ÏL[ÜØÓ¥%ÝØÓpTm��φ0f�ØC�þ¸§ã3-9�Ñ
�?��362GeVAu+Au�-EØÓ¥%Ý����î�ÄþpT©Ù"

0..5 �Ç?� ·��^GEANT�[&ÿì5��φ0f�?�Ïf, �)(½»,, PCÚ&ÿ�Ç"3·��GEANT�AkÛ�[¥·�b½φ0f100%ÏLφ →

K+ + K−PC"·���AkÛ�[�»,i\ý¢�STAR�êâ, ¿�åÏLIO�STAR&ÿì­ïÚ&ÿ©Û^��. 3���¯�­��, ÏL�&ÿì��>:�&E, ·��±(½�AkÛ»,Ú�ÙéA��­�Ñ5�»,, l
�±O�Ñφ0f�(½»,��ÇÚ&ÿ�Ç"
φ0f­ï�Ç§·�ÏL'�Ñ\�φ0f�©ÙÚ136�
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E
nt

rie
s/

2M
eV
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10000

15000

20000

25000
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)2Invariant Mass(GeV/c

0.4GeV < pt < 3.2GeV
 / ndf 2χ  53.42 / 30

Raw Yield  865± 2.325e+004 
FWHM      0.00032± 0.00716 
Mass      0.000± 1.019 

0.98 1 1.02 1.04 1.06 1.08 1.1
-500

0
500

1000
1500
2000
2500
3000
3500
4000

-
+ K+ K→ φ

ããã 3-8 þã:362GeVAu+Au(¥%Ý60-80%)�-E5gu�Ó¯��&Ò�Oê(¢%�:)Ú5g·Ü¯���µ(¢�). eã: 362GeVAu+Au(¥%Ý60-80%)�-E¥§î�ÄþǑ0.4 < pT <

3.2GeV/c�φ0f3�Ø�µ��ØC�þ©Ù"

0.5 1.0 1.5 2.0 2.5 3.0

1E-5

1E-4

1E-3

0.01

0.1

 

 

 in Au+Au 62GeV

dN
2 /(2

P TN
ev

dy
dP

T)

P
T
(GeV/c)

 0-20%
 20-40%
 40-60%
 60-80%

ããã 3-9 �?��362GeVAu+Au�-E3ØÓ¥%Ý�raw���î�ÄþpT©Ù137�



38 1nÙ �éØ­lf-E�¢�ÿþPC�ÔK+ +K−ÏL
l��cuts�φ0f�©Ù
��"ã3-10�Ñ
62GeVAu+Au-E�ØÓ¥%Ý�o�?�Ïf�î�ÄþpT�65.

0..6 î��þÌ�¼��[Ü 3·���φ�o�&ÿ�Ç�,·�éraw���î�ÄþpT©Ù?1�Ç?�, ·���Xã3-11¤«�62GeVAu+AuØÓ¥%Ý-E¥φ0f�î��þ©Ù"·��^�ê¼ê3-3é62GeVAu+Au -E�ØÓ¥%Ý?1[Ü§ã3-11���Ñ�A�[Ü"
1

2πmt

dN2

dmtdy
=

dN/dy

2πT (mφ + T )
e−(mt−mφ)/T (3-3)ùpdN/dyÚT´ü�gd[Üëê"dN/dy�Ñ�A�ØÓ¥%�φ0f���§TL«φ0f�k��$ÄÆøÍ§Ý"

0..7 XÚØ� XÚØ��Ì�5
5gu3lK+K−ØC�þ©Ù¥J�φ0f���� �§±9âf�O��Ç"·�^ØÓ��µ[Ü±9ØÓ�&Ò�µ8�Ïf5�OØÓpTm��φ0f����XÚØ�§·��OǑ∼5%"·�ÏLCzPCK0f�U�dE/dx�nσcut§��âf�O��Ç�5�XÚØ�Ǒ∼8%"��§�Ä·�éî��þÌ[Ü�XÚØ�§·��O62GeVAu+Au�-E�¥dN/dyÚ〈pt〉XÚØ�

 A
cc

ep
ta

nc
e

×
E

ffi
ci

en
cy

 

(GeV/c)
T

p
0 0.5 1 1.5 2 2.5 3 3.50

0.1

0.2

0.3

0.4

0.5

0-20%
20-40%
40-60%
60-80%

ããã 3-10 362GeVAu+Au�-E3ØÓ¥%Ý��φ�o�&ÿ�Ç�î�ÄþpT�'X"138�



ÆÆÆ¬¬¬ÆÆÆ   ØØØ©©© 39

)
2

 (GeV/c0-mTm
0 0.5 1 1.5 2 2.5

)2
/G

eV
4

 (
c

d
y

T
d

m
T

 mπ2
N2

d

-510

-410

-310

-210

-110

1

10

0-80%*10
0%-20%
20%-40%
40%-60%
60%-80%ããã 3-11 362GeVAu+Au�-E3ØÓ¥%Ý�î��þ©Ù.Ǒ∼10%"

3.2.3 φ0f�ý�6��A²¡ÿþ�{·�^·Ü¯��{J�
62GeVAu+Au-E¥φ0f�ý�6"Ǒ
J��ß�φ0f�&Ò§^·�3φ0f��ý�6�©Û¥^�φ0f���©Û¥�Ó�cuts"·��^IO�¯�²¡��{û½�A¯�²¡[78, 79]"¯�²¡ÆÝΨ�±ÏLúª3-4

Ψ =
1

2
tan−1[(

∑

i

wisin(2φi))/(
∑

i

wicos(2φi))] (3-4)|^¤kprimary »,?1�EÑ5"ùp�Ú�Ii�)¤k��>�primary »,§wi´�A��­"3·��©Û¥¤k|η| < 1.0 Ú0.1 < pT < 4.0GeV/c�>�primary »,�^5(½z�¯��¯�²¡"3·��©Û¥·��Än«�­µ(1) du·��&ÿìØ´100%CXÇ§·��^��φÆÝ��­5²ïdu&ÿìCXÇØv�5�KǑ"(2) du5gØÓ¢�run�Þá§·�Ú\��run�­"(3),	§pT��­�^5²ïØÓî�Äþâfé¯�²¡��z§éu0.1 < pT < 2.0GeV/c�âf§§�pT�­3·��O�¥�Ǒ§�pT§
139�



40 1nÙ �éØ­lf-E�¢�ÿþéu2.0 < pT < 4.0GeV/c�âf�pT�­ð�Ǒ2.0"Ó�Ǒ
;�φ0f�ü^PCK+ +K−é¯�²¡�KǑ£ù�¡�g'é¤§z�éK+ +K−ÑkgC���¯�²¡§�A�¯�²¡�ï�âf»,¥Ñr�A�ùéK+ + K−�ØK"ã3-12�Ñ
62GeVAu+Au-E¥�ï�¯�²¡Ψ�©Ù,�±wÑ¯�²¡3¢�¿X�x-y²¡þ´þ!©Ù�"�)�φ0f��µ¤æ^�·Ü¯��{�©Ûφ0f�����{´���,��ØÓ�/�3φ0fý�6©Û¥ü�·Ü¯��¯�²¡�ÆÝ«O����u0.1πlÝ, ù������±��)��µU
����Ný¢��µ"3ØÓ�pTm��ØÓ�� Æ(φ-Ψ)�m�¥·�J�Ñφ0f�raw��§,�·�ÏLúª3-5

dN

d(φ− Ψ)
= A[1 + 2v2cos2(φ− Ψ)] (3-5)éÙ?1[Ü§�±��φ0f��?��ý�6vobs

2 "ã3-13�Ñ
é62GeVAu+Au-E30.4 < pT < 3.6GeV/c�φ0f�φ − Ψ�ÆÝ©ÙÚ�A�[Ü§����?��vobs
2 = 0.037 ± 0.0127"du·�òφ− Ψ�ÆÝ©Ǒ5�«m,¤±·��Ädum��ê8¤�5�é[Ü(J�KǑ§·��O5�m��[Ü(J'ý¢�(J$�7%"3

 / ndf 2χ    119 / 99
p0        26± 6.541e+004 
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ÆÆÆ¬¬¬ÆÆÆ   ØØØ©©© 41�©�±e(J¥m��A(bin effect)�5�Ø�Ñ®²?�"duk���A²¡©EÇE¤·�*	��vobs
2 �(J'ý¢�v2��§¤±·��éÙ?1©EÇ?�"·��^f¯�(subevent)��{§=r��¯�¥�âf�Å©Ǒü�f¯�§lü�f¯�©O�O�¯�²¡Ψ1ÚΨ2§lüö�«O∆Ψ = |Ψ1 − Ψ2|�©Ù¥��·�é�A²¡�©EÇ"éu62GeVAu+Au§·����A²¡�©EÇǑ0.6888 ± 0.0001"ã3-14�Ñ
62GeVAu+Au-E¥ü�f¯�¯�²¡�∆Ψ = |Ψ1 − Ψ2|�©Ù"±e·��φ0f�ý�6�(Jþ®�Ä
�A²¡©EÇ�?�"

3.2.4 k'φ0f����ÿþ(JÚ?Øã3-15�Ñ
3RHICU«ØÓUþÚØÓ-EXÚ¥£200GeVAu+Au(year4),

130GeVAu+Au, 62GeVAu+Au, 200GeVd+Au, 200GeVp+p)ÿþ��φ0f�î�ØC�þ�©Ù§Ù¥:Ǒ¢�:§�Ǒ[Ü­�"·�uyéAu+Au¥%-E�î�ØC�þ�©Ù�±^�ê¼ê3-3é��[Ü§�´éuAu+Au±>-E, d+AuÚp+p-E§

0.0 0.5 1.0 1.5 2.0 2.5 3.0

205000

210000

215000

220000

225000

230000

235000

240000

245000

250000

255000

 0.4<p
T
<3.6GeV/c

 

 

Au+Au 62GeVData: 0.4<pT<3.6GeV/c
Model: V2 cos fit
  
Chi^2/DoF = 78978810.23068
R^2 =  0.74032
  
A 221588.03747 +/- 3974.38826
V2
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5%),200GeVd+Au(¥%Ý0-20%)Ú200GeVp+p )"��[Ü��î��þ��K�^��Levy¼ê [80, 81][Ü�Ü·"
1

2πmt

dN2

dmtdy
=
dN

dy

(n− 1)(n− 2)

2πnT (nT +mφ(n− 2))
(1 +

mT −mφ

nT
)−n (3-6)Ó�ã3-16�Ñ
RHICØÓ-EXÚ�üNØf-EêNbinary8��î�ØC�þ�©Ù/G'�,·��±²w�w�ù«/G�Cz.,	, ·�Ǒ5¿�8��200GeVAu+Au�î�ØC�þ�©Ù3'�p�î�ØC�þ«��éu200GeVp+p´�Ø³
,
,��¡200GeVd+AuKwØ�ù«Ø³"¤±ù«/G�CzÚØ³�Ä�U�A
3ØÓ-EXÚ¥ØÓ��AÅ�"ã3-17�Ñ
RHICUþØÓ-EXÚ¥φ0f���ë\Øfê£Npart¤�65"φ0f���XNpart±9Uþ�O\
O\"
ã3-18�Ñ
²þzéë\Øfê�)�¥m¯Ý��dN/(dy0.5Npart) �XNpartO\
��5�O\§3'�¥%-E�ªu�Ú"
�3200GeVAu+Au�«¥%Ý-E²þzéë\Øfê�)�¥m¯Ý��²wpu200GeVp+p"3�Ó�Npart§²þzéë\Øfê�)�¥m¯Ý���XUþ�O\
O\"ã3-19�±wÑ§lAGS�SPS2�RHICUþ§�XUþ�O\§A+A-E¥%¯Ýφ0f��Ǒ´3��O\�"143�
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RHICUþØÓ-EXÚ¥φ0f²þî�Äþ< pT >�ë\Øfê£Npart¤�65©ùp< pT >ÏLéφ0fî�Äþ< pT >½î�Äþ< mT >Ì�[Ü��§�N
ØÓXÚ¥φ0f�ÄåÆøÍ��²þî�Äþ½k�§Ý"3�Ó�Uþe§φ0fî�Äþ< pT >�XNpart�O\
O\"éu���Ó�Npart§φ0fî�Äþ< pT >�XUþ�O\
O\"ã3-20eã�Ñ
200GeVAu+Au�¥%-E¥rf�²þî�Äþ< pT >�rf�þ�65"φ,Λ , Ξ ÚΩ�Xrf�þO\�ª³ØÓuπ−, K− Ú p"XJ`π−, K−Úpäk8N»�6§§�8N»�6ék�U´5guÜ©f�ãÚrf�ã�oÚ"
φ,Λ , Ξ and Ω�rf�p�^�¡'��§¤±§��8N6òÄ�þ�NÜ©f�ã�&E"ã3-21þã�Ñφ/π−'Ç3A+A[82–87] Úp+p[88]-E¥�XUþ�O�
O�©�´A+A-E¥φ/π−'Ç²wpup+p-E§ù`²
A+A-E�φ0f�)Jø
�k|��¸"ã3-21eã�Ñ
RHICUþØÓ-EXÚ¥φ/K−�ë\ØfêNpart�65©·�uyφ/K−'ÇA�Ø�XNpartÚ-EXÚ�Cz
Cz©¯¢þ¢�þuyφ/K−'ÇA�Ø�6uXÚ��§ǑØ�6Uþ"�Ä�p+p-E�~ØÓuA+A-E§ùq`²3p+p-EÚA+A-E¥éuφÚK�)�Ukaq�Å�©�
rf2Ñ��.£XRQMD[63], UrQMD[64]¤�Ǒ�U��2/3�φ0f���5gurf�ã�K+ + K− → φ2�)"3ù
�.¥�)KK̄ÚK-�f�)φ0f�Å�§¿ýóφ/K−'Ç¬�X-E¥%ÝNpart�O\
O\§ã3-21eã��%�¬�ÑUrQMDýó�φ/K−'Ç�Npart�65£Ǒ
Ú¢�êâ'�§·��UrQMD�(J�þ��3.4�Ïf���
¢�êâ�pÝ¤"�dÓ�§UrQMDǑýó
p,K,φ0f�< pT >l±>-E�¥%-E¬k��40-50%�O�,lþ¡�(J�±wÑù�·��¢�(JǑ´Ø���",	3K+ + K− → φ�rf2Ñ��.¥, φ0f�ÄþAT´~p = ~p1 + ~p2, ~p1Ú~p2´K+ÚK−�Äþ, ¤±φ0f�²þîÄþ< pT >φAT´K0f146�
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partNããã 3-21 þãµA+A-E£¢%�:¤Úp+p-E£�%�:¤¥φ/π−�Uþ�65"XÚØ�®²��)"eãµRHICØÓ-EXÚ�φ/K−�Npart��65"êâ�Ø�®²�)XÚØ�"�< pT >Kü�, ùǑ�RHIC-E¢�(JØÎ"φ/K−'Ç�¢�(Jq�L²sÚsrfzǑφ0fÚK0f�Å�Ø�X-E¥%ÝÚ-EXÚ�Cz
Cz"ÏL¢�êâ�rf2Ñ��.(J�'�, L²rf2�)K+ +K− → φ Å�3RHICU«Ø��U´φ0f/¤�Ì�Å�"rf�Ø?�ÏfRAAÚRCP�âf�65�ÿþkÏu·�éÜ©frfzÅ��n)"Ø?�ÏfRCP�½ÂǑ:

Rcp(pt) =
[dn/(N central

binary dpt)]
central

[dn/(Nperipheral
binary dpt)]peripheral

(3-7)ùpNbinary´ØfüN-E�ê8,ù�±ÏLGlauber�.?1(½[89, 90].ã3-22�Ñ
362GeVAu+AuØÓ¥%Ý'Ç�φ0f�Ø?�ÏfRcp�pT�65"147�
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ÆÆÆ¬¬¬ÆÆÆ   ØØØ©©© 49·�uy�X-EC��5�¥%,q�Rcp�éuØfüN-E�ê8IÝ(J�)�Ø³k¤Or.ã3-23� Ñ 
 3200GeVAu+Au, 62GeVAu+Au Ú200GeVd+Au- E ¥φ0 f �Ø ? � Ï fRcp�pT� 6 5 " · � u y 3 ¥ m î Ä þ « �(2.0 < pt <

6.0GeV/c), 200GeVAu+Au�Rcp�éuØfüN-E�ê8IÝ(J�)�Ø³,
62GeVAu+Au�Rcp�Ø³k¤ü$, 200GeVd+Au�RcpvkØ³§ùCq÷vØfüN-E�ê8IÝ"�+φ0f��þ�CΛ + Λ­f��þ§3200GeVAu+Au-E¥·�uyφ0f�Rcp��CuK0
S0f�Rcp
�lΛ + Λ­f"¤±φ0f�Ø?�ÏfRcp�âf«a�65�|©§�|Ü�.[74, 91, 92]�ãµ���"ù
�.�Ǒ3¥mî�Äþ«�rf���û½urf|©§��ê8(ǑÒ´âf�«a), 
Ø´rf��þ"Das and Hwa [91]ïÆ
|©§�|ÜÅ��)ºp+p-E¥�Þâf�A, �Ǒ��Ü©f¬�°§�|Ü¤rf",
3�éØ­lf-E¥, ���s½s�U�/¤�Ü©fÔ�¥�§�|Ü¤φ0f"�,Ü©fÔ�k�A�§Ý,¬?�φ0f�/¤AÇÚÄþ©Ù[74, 92]"

3.2.5 k'φ0f�ý�6�ÿþ(JÚ?Øã3-24�Ñ
200GeVAu+AuÚ62GeVAu+Au-E¥�φ0fý�6v2�î�ÄþpT�65"·�w�φ0fý�6�XpTO\
O\§��ªu�Ú"
�62GeVAu+Au-E¥φ0fý�6v2�u200GeVAu+Au"3200GeVAu+Au-E¥§3$î�Äþ«�(0∼2GeV/c)§φ0fý�6v2puKs
�uΛ, ù÷v6NåÆýó�3$îÄþ«��âf�ý�6÷vâf�þ�üS�5Æ"φ0fý�6v2�1Ǒ|±3RHIC�-E¥�UÑy
�Ï�8N$ÄÚ9z�,�[16, 93]"
3¥mî�Äþ«�(2∼5GeV/c)§·�uy��CKs0f�ý�6§
ØÓuäk�C�þ­fΛ�ý�6"ùǑ�¢�þ*ÿ��âfý�6�|©§�êIÝ£NCQ-scaling¤��149�
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ããã 3-24 200GeVAu+AuÚ62GeVAu+Au-E¥�φ0fý�6v2�pT�65"�§TIÝ�ǑXJ^âf�|©§�ê�Øâf�ý�6Úî�Äþ§K¤krf�v2/n�pT /n�'Xé¤krfò´Ó�^­�"ù�rf�ý�6ò¬�©Ǒüaµ0fÚ­f [28]"φ0fý�6÷v|©§�êIÝL²φ0fý�6AT/¤3Ü©f�ã§´Ü©f8N$Äüz�(J§¿V«XÛÉ§�ÚÏ~�u!d§�Ñ��9z"·��^äkuKzÚÜ©f�p�^�AMPT�.��[200GeVAu+Au-E¥φ0fý�6§�Ñ
é��[Ü(J [94]"
3.3 K/π�âf'ÇÞá�¢�ÿþâf'Ç�Ǒ��rÝþ§LÆX���AXÚ�zÆ¤©�|¤§§ïÄ��XÚ´Ä?u²ïG����é��¢�*ÿþ(ã2-2)"±
�âf'ÇïÄÑ´8¥3¯�²þ�âf'Çþ§Ù¥ã3-25�Ñ
3�éØUþAu+Au½Pb+Pb¥%-E¥��mÈ©�âf'Ç< K+ > / < π+ >§< K+ > / < π+ >§< φ > / < π > �Uþ�65±9�
�.[Ü�(J§ù
âf'Ç�XUþ�O\
O\§�´��5¿�´< K+ > / < π+ >3�%Uþ∼10GeV�mk��Û%�þ,�qeü�ª³§k
n150�
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π+ >§< φ > / < π > �Uþ�65"Ù¥§(UrQMD 2.0: :�[96], HSD: J�-:�[97] , kÛÉ5Ø�Ú�ÚOrfíN�.[98, 99] µJ�§�²ï�ÚOrfíN�.µ¢�"
151�
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ããã 3-26 200GeVAu+AuØÓ¥%Ý-E¥âf'Çp/π£þã¤§p/π£eã¤�î�Äþ�65"�%£¢%¤:©OéA�>£¥5¤π 0f"53GeVp+p�êâǑw«3ã¥ [101]"¢�L«3�f�5¥ÿþ�(p+ p)/(π+ + π−)�(J" [102].
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3200GeVAu+AuØÓ¥%Ý-E¥âf'Çp/π£þã¤§p/π£eã¤�î�Äþ�65"�X¥%Ý�O\, âf'Çp/πÚp/π3¥mîÄþ«�(2 < pT < 5GeV/c)Åì�C1.0, ù�y��±é��^§�|Ü�.5)º [103]½­fJunction�. [104]5)º"�´±þïÄÑ´é¯�²þ��âf'Ç�5�¤�m�, �´éuâf'Ç�Å�¯��Þá�5�q´N�QºNA49¢�|éuSPSU«Pb+Pb-E¥âf'Ç?1daïÄ[105], ã3-27�Ñ
SPSU«Pb+Pb-E¥âf'ÇK+ + K−/π+π−Úp +

p/π+π− �Uþ�65"��uy�XUþ�O�,K+ + K−/π+π−�Þá´~��,
p+ p/π+π−(´O\�,
�´K�"ù
*ÿþ3RHICU«¬´�o1ǑQ?·�ò�éù�¯K,3RHICU«�maq�¢�ïÄ"
3.3.1 ·Ü¯�'ÇÞá��{L3-3�Ñ
3·��âf'Ç¢�©Û¥¤æ^�Cuts, ·�©Û
n��AXÚAu+Au62eV,200GeVAu+AuÚd+Au200GeV-E"·��^STAR&ÿ�dE/dx?1âf�O, duSTAR&ÿ�dE/dx�©Ù3�pÄþ?(KÚπ0f3∼0.6 GeV/c,�f3∼1

GeV/c)âf�O��"¤±·�Ǒ
U����«©m�«âf,·�éK,πÚpÄþ?1
LS¤«�ÄþÀJ"LLL 3-3 362GeVAu+Au,200GeVAu+AuÚd+Au200GeV-E�âf'Ç©Û¥¤æ^�cuts.¢�cuts

|V ertexz| < 30cm

DCA < 3cm

Number of hits on track > 15

Number of hits on track/ Total possible hits > 0.55

Pseudo-rapidity |η| < 1.0

Pion Kaon and Proton PID efficiency < 2σ

Momentum of Pion and Kaon track 0.2GeV/c < pT ,p < 0.6GeV/c

Momentum of Proton track 0.2GeV/c < pT ,p < 1.0GeV/c153�
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ããã 3-29 62GeVAu+Au-E¥5g�Ó¯��Np+p£þã¤ÚNπ£eã¤�ë�õ­êRefMult�Cz" 154�
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ããã 3-30 62GeVAu+Au-E¥5g·Ü¯��âf'Ç(p+ p)/π�ë�õ­êRefMult�'X"·�3ùpÄk0�·�¤�^�¢�êâ©Û�{(·Ü¯��{), ±J�62GeVAu+Au-E¥(p + p)/πǑ~"ã3-28�Ñ
362GeVAu+Au-E¥�Ó¯�¥���âf'Ç(p + p)/π Vs. ë�õ­ê(Ref. Mult.)�©Ù"Ó�·���362GeVAu+Au-E¥�Ó¯�¥���âf�êNp+p(ã3-29þã)ÚNπ(ã3-29eã)�ë�õ­ê�©Ù"·�3z��ë�õ­ê,UìNp+pÚNπ�©Ù�ÅÄ�����vk'é�Np+p ÚNπ, l
·���·Ü¯��(p+ p)/π�ë�õ­ê�©Ù(ã3-30)"��, ·��âSTARIO�y©¥%Ý��{, éØÓ��AXÚUì�A�ë�õ­ê?1
¥%Ýy©"ù�·��±���Ó¯�Ú·Ü¯�¥�âf'Ç�©Ù,ÏL'�üö�ØÓ, ·�Ä�Ñâf'Ç�ÄåÆÞá"ã3-31�Ñ
62GeVAu+Au-E¥0-5%¥%Ý5g�Ó¯�Ú·Ü¯��ØÓâf'Ç£K/π,(p+ p)/π,p/πÚp/π¤�Þá©Ù"Ǒ 
 ½ þ� £ ãâ f ' Ç� 9 å ÆÞ á, ·� ½ Â 
o � ¢� * ÿþ(σdyn,∆S,∆DÚ∆ν), ·�©O3�Ó¯�Ú·Ü¯�¥?1J�, ½Âüö��155�
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ããã 3-31 62GeVAu+Au-E¥0-5%¥%Ý5g�Ó¯�Ú·Ü¯��ØÓâf'Ç£K/π,(p +

p)/π,p/πÚp/π¤�Þá©Ù"(::same event,�:mix event)ǑÄåÆÞá"ùp�úª3-8´Ǒ
ÚNA49¢�|�(J?1'�§·�÷^
NA49¢�|�½Â�{"úª3-9·��^
&E���{,&E��A
���AXÚ�·Ï§Ý[106, 107], ·�F"|^�Ó¯�Ú·Ü¯��&E���O5&¢�AXÚ�ÄåÆÞá. úª3-10Úúª3-115guSTAR�À�>ÖÞá��{[108], �´ØÓ�´·�ùp´^�Ó¯�Ú·Ü¯�¥ü�*ÿþ��OL«ÄåÆÞá,
�==�^�Ó¯��*ÿþ,�Ï´Ǒ
�ØK·Ü¯�¥�ÄåÆÞá£~Xµdu&ÿ�ÇÞá��Ï�5�Þá¤,·��^ý¢�¢�êâ?1�µ��["
σ = RMS/Mean; σdyn = sign(σ2

same − σ2
mix)

√

|σ2
same − σ2

mix| (3-8)

S = −
∫

P (x) lnP (x)dx; ∆S = |Ssame − Smix| (3-9)156�
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D2 =
< N2

1 >

< N1 >2
+
< N2

2 >

< N2 >2
− 2

< N1N2 >

< N1 >< N2 >
; ∆D = |Dsame −Dmix| (3-10)

ν =
< N1(N1 − 1) >

< N1 >2
+
< N2(N2 − 1) >

< N2 >2
− 2

< N1N2 >

< N1 >< N2 >
; ∆ν = |νsame − νmix| (3-11)

3.3.2 'ÇÞá�ÿþ(JÚ?Øã3-32�Ñ
362GeVAu+Au,200GeVAu+AuÚ200GeVd+Au-E¥ØÓâf'Ç(K/π,(p + p)/π,p/πÚp/π) �ÄåÆÞáσdyn�Npart�65"·�w�3Au+Au-E¥σdyn�XNpart�O\
ü$,ÑǑ��, Ó�, 62GeVAu+Au-E�σdyn���u200GeVAu+Au-E"3200GeVd+Au-E¥,σdyn�XNpart�O\
ü$, �´k
�(~X:K/π)üǑ
K�"du8
XÚØ��©Ûó��3?1�¥,¤±�ã±9±eAã�´w«
¥%�§Ø�òÌ�5gu·�ØÓ�¢�cuts�ÀJ"ã3-33�Ñ
ØÓâf'Ç�&E���∆S3ØÓ-EXÚ¥�Npart�65"�

10 100

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

 

 

Au+Au62GeV
 k/
 (p+pbar)/
 p/
 pbar/

d+Au200GeV
 k/
 (p+pbar)/
 p/
 pbar/

Au+Au200GeV
 k/
 (p+pbar)/
 p/
 pbar/

dy
n

Npartããã 3-32 62GeVAu+Au,200GeVAu+AuÚd+Au200GeV-E¥ØÓâf'Ç(K/π,(p+ p)/π,p/πÚp/π)�ÄåÆÞáσdyn�Npart�65" 157�
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Npartããã 3-33 62GeVAu+Au,200GeVAu+AuÚ200GeVd+Au-E¥ØÓâf'Ç(K/π,(p + p)/π,p/πÚp/π)�ÄåÆÞá∆S�Npart�65"XNpart�O\,200GeVd+Au-EÚ200GeVAu+Au-E�∆Sq�|¤
�^ëYeü�­�, `²d&E���L«�âf'Ç�ÄåÆÞá�Xë\Øfê8½¥%Ý�O\
~�"Ó�, 62GeVAu+Au-E�∆S���u200GeVAu+Au-E�∆S"ã3-34Úã3-35�Ñ
ØÓâf'Ç�∆DÚ∆ν3ØÓ-EXÚ¥�Npart�65"�
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Npartããã 3-35 62GeVAu+Au,200GeVAu+AuÚ200GeVd+Au-E¥ØÓâf'Ç(K/π,(p+ p)/π,p/πÚp/π)�ÄåÆÞá∆ν�Npart�65"XNpart�O\, d∆DÚ∆ν«�âf'Ç�ÄåÆÞá�Xë\Øfê8½¥%Ý�O\
~�"�A�62GeVAu+Au-E�ÄåÆ���u200GeVAu+Au-E"·��^äkuKz�AMPT�.3�Ó�cutse£vk�Ä&ÿì&ÿ�Ç�Þá¤�[
62GeVAu+Au-E¥âf'Ç�ÄåÆÞá, ã3-36�Ñ
p/π�ÄåÆÞáσdyn,∆S,∆DÚ∆ν�Npart�65"�±w�rf2Ñ�¬ü$âf'Ç�ÄåÆÞá,
�ù«�Aq�é±>-EKǑ�Ǒr�"^·Ü¯���{·�uy3·�½Â�o�ÄåÆÞá�*ÿþ¥, ·�uy
§�kaq�NpartÚUþ�65: =âf'Ç�ÄåÆÞá�Xë\Øfê8½¥%Ý�O\
~�"�A�62GeVAu+Au-E�ÄåÆ���u200GeVAu+Au-E"²L�^AMPT�.��[,uyrf2Ñ�¬ü$âf'Ç�ÄåÆÞá"

159�
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ããã 3-36 62GeVAu+Au-E¥âf'Ç(p/π) �ÄåÆÞáσdyn,∆S,∆DÚ∆ν�Npart�65"�¬:¢�:;�%��:rf2Ñ��
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1oÙ LUCIAE�.éÞáÔn�ïÄ
4.1 ∆IÝ�&E�
4.1.1 é∆IÝ�&E�0�ÚïÄyG3Ôn­.¥IÝy�´���~k¿ÂÚÊH�y�"1972
§Koba,

NielsenÚOlesen3���©Ù¥JÑ�<¡�ǑKNOIÝ�ïÆ[109]¶3pU�Ä�âf-E�A¥§�^IÝCþ
z =

n

< n >
(4-1)IÝ�)âf�õ­ê©Ù§ù¤kâf�õ­ê©Ù¬á3Ó�^IÝ­�þ:

< n > P (n) = Ψ(z) (4-2)
��A�Uþ�', ù�¡ǑKNOIÝ"¢�(JL², KNOIÝ3ISRUþ(
√
s

NN

63GeV)e´Cq¤á�,
3�pUþIÝÆ�»�",	3¥$U­lf-E¥, Botet�<éINDRA�Elab/A =25-150MeV�Xe+Sn¢�êâ���>Öê£Zmax¤�∆IÝ©Û"¤¢∆IÝ,Ò´éuØ-Ø-E¥����ÅCþm§3�X��Ø-Ø-E¤|¤�Xn¥7,¬k��VÇ©ÙPN(m), XJ��«161�
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ããã 4-1 3¥UØÓUþ£Elab/A = 25 (¢%��), 32 (¢%�¬), 39 (¢%þnÆ/), 45 (¢%enÆ/), 50 (�%��Ú¢%ÊÆ((GSI), 65 (�%�¬), 80 (�%þnÆ/), 100(�%!/), 150 (�%�i)MeV)Xe + Sn�-EXÚ¥�)����¡�>Ö©Ù�∆-IÝ"�ãµ3¥%Xe + Sn�-E¥ØÓUþ£Elab/A = 25, 32, 39 Ú45MeV¤�)����¡�>Ö©Ù�÷v∆ = 1/2�∆IÝ"mãµ3¥%Xe + Sn�-E¥ØÓUþ£Elab/A = 45, 50, 65, 80, 100 Ú150MeV¤�)����¡�>Ö©Ù�÷v∆ = 1.0�∆IÝ"IÝCþ,

z = (m−m∗)/ < m >∆ (4-3)5L«VÇ©Ù
< m >∆ PN(m) = Ψ(z) = Ψ((m−m∗)/ < m >∆) (4-4)ùp�m∗´m���A�§1/2 ≤ ∆ ≤ 1£Ônþ∆¤÷v�^�¤§3m4´m�²þ�"KòØÓUþe��ÅCþ£��´õ­ê¤©ÙLã¤4-4ª�Ψ(z)/ªò´���Uþ�'�/ª§ù��∆IÝ"�∆=1�§Ï~∆IÝ¡Ǒ1�IÝÆ,ù�§Ò£�
KNOIÝ�/ª"INDRA�|�(Juy345MeV\�Uþe���>ÖêZmax©Ù÷vØÓ�∆IÝ§=l∆=1/2�IÝ�∆=1IÝ�Cz§L²
Ø3dUþNCu)
lkS����Þá�£�S�¤�Cz[110, 111]"ã4-1�Ñ
ù«∆IÝÇ�Cz. C5§ê{f�3Texas AM�Æ�¢�þuyé�þê36NC��ØXÚ�õ­���©Û,uy
XÚ35.6MeV/uNC�-uU�u)
aq�∆IÝ�Cz§(ÜÙ�162�



ÆÆÆ¬¬¬ÆÆÆ   ØØØ©©© 63Ônþ�âC§XZipf½Æ[112]Ú��Þá[113]�§V«XÔ���Cz[114, 115]",	3�éØ­lf-EïÄ¥, HwaÚC. B. YanguyXJ�^IÝCþ[116, 117],

z = pT/K(Npart) (4-5)ùpK�6uë\Øfê8Npart, Kπ0f�ØÓ¥%Ý�pTÌ�±�IÝ3
Ψ(z) = A(Nbinary)K

2(Npart)
1

2πpT

dNπ

dpT

(4-6)�­�þ, ùpA�6uØfüN-E�ê8Nbinary"ã4-2�Ñ
200GeVAu+AuØÓ¥%Ý-E¥π0âf�î�ÄþpT©ÙIÝã"Ó�, M. Biyajima�<uy3130GeVAu+Au-E¥�>âf��¯Ý©ÙǑ÷v�«�¯ÝηIÝ.ã4-3�Ñ
200GeVAu+Au-E¥ØÓ¥%Ý�dNch/dη�ηIÝ. ��uyù�IÝy��±���Ornstein-Uhlenbeck�ÅL§¤£ã[118, 119].&E�´dShannonJÑ�£ãXÚ�Å5�Ônþ[120]"½ÂǑ
H = −

∫

P (m) lnP (m)dm (4-7)Ù¥§
∫

P (m)dm = 1 (4-8)§L«�ÅCþm��Å5���§d�ÅCþ�©ÙP£m¤¤û½"ê{f31999
ÄgJÑõ­ê&E�§¿�Ǒ§�U´¥U�í�C����â[106]§ã4-4�ÑÙ�
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45-55%ããã 4-3 200GeVAu+Au-E¥dNch/dη�ØÓ¥%Ý�ηIÝ"^�:íN�.Ú©fÄåÆ�.�[�(J§3�C§Ý∼5MeV�m, &E�k�����"�5López�<|^õ­ê&E�ïÄ
XÚº��'5[121]"

4.1.2 é∆IÝ�&E��ïÄ�{0�·�r∆IÝÚ&E���{Ú\�éØ­lf-EïÄ�¥, �^LUCIAE�.ép+p!C+CÚPb+Pbn�XÚ3pU-E£Elab=20-200AGeV¤��¹�
Monte

Carlo�[§¿é�[�(J?1∆IÝÚ&E��ïÄ"·�uyXJ�ÅCþm�VÇ©ÙP(m)´pd©Ùµ
P (m) =

1√
2πσ

exp[−1

2
(
m− µ

σ
)2] (4-9)ùpµ ≡< m >= m∗, σ´pd©Ù�°Ý"XJù��pdVÇ©ÙP(m)�Ì∆IÝÆ�{, K7L÷v:

µ∆ ∝ σ (4-10)XJVÇ©ÙP(m)´��?¿�©Ù,
ù��VÇ©ÙP(m)�Ì∆IÝÆ�{,K7L÷v:

HP (m) = ∆ ln < m > +HΨ(z) (4-11)Ù¥HP (m)ǑVÇ©ÙP(m)�&E�, HΨ(z)Ǒ∆IÝ�Ψ(z)¼ê�&E�.164�
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165�



66 1oÙ LUCIAE�.éÞáÔn�ïÄ3,��¡, pdVÇ©ÙP(m)�&E�K�íÑXe'X:

Hgauss = ln σ + (1 + ln 2π)/2 (4-12)ùp·�w�&E�HÚpd©Ù�°Ý�éA§&E��N
XÚ¥�ÅCþmÞá�§Ý"
∆ëê�Ñ
�X�ÅCþ�²þ�< m >�CzéA&E��Cz�¯ú§Ý"
4.1.3 é∆IÝ�&E��O�(JÚ?Ø·�À�zg¯��)âf�õ­ê�Ǒ�ÅCþm§�^LUCIAE�.ép+p!C+CÚPb+Pb-E�z�Uþ:·��[õg¥%-E¯�(b=0fm)§¿¼���8�z�õ­ê©Ù§?1
∆IÝ"·�éz�Uþ:�âfõ­ê©Ù§O�
ÙéA�²þ�meanÚ��RMS, ¿éÙ?1
pd[Ü, uyz�Uþ:�
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<m>ããã 4-6 �^��ê[ÜRMS�mean�'X, J�Ñ∆�êëþ. éup+p-E∆=1.35, C+C-E∆=1.0,

Pb+Pb-E∆=0.8.âfõ­ê©ÙÑÄ�÷vpd©Ù"ã4-5�Ñ
·��^úª4-10[Ü�âfõ­ê©Ù�RMS�< m > �'X£ã4-6¤ÚJ�Ñ∆�êëþ"éup+p-E∆=1.35,

C+C-E∆=1.0, Pb+Pb-E∆=0.8"�dÓ�§·�Ǒ�^úª4-11[Ü
âfõ­ê©Ù�&E�H�²þâfõ­ê< m > �'X£ã4-6¤§éA��
���ê[Ü�Ó�(J"Ó�·���IÝ�âf©Ù�Ψ(z)¼ê�&E�H0: H0(p+p)=-0.36,

H0(C+C)=-0.76, H0(Pb+Pb)=-0.85"ã4-7�Ñ
·�éup+p!C+CÚPb+Pbn�-EXÚØÓ-EUþe£Elab =

20 − 200AGeV )�âfõ­ê�∆IÝã"�±uyn«ØÓ-EXÚØÓ-EUþ�âfõ­ê3ØÓ�∆��IÝeé��á3
�^­�þ§=÷v∆IÝ",	§ã4-8�Ñ
Pb+Pb-E¥ØÓ�Uþe�ÛÉ§�ê8ÚØfüN-Eê©O÷v∆=0.5Ú∆=0.7�IÝ"ùpÛÉ§�ê8·�´�âÛÉrf¥�|©ÛÉ§�ê8�Ú���"ã4-9�Ñ
p+p, C+CÚPb+Pb-E¥âfõ­ê&E��Uþ�65§âfõ­ê&E��XUþ�O�
O�§�X-EXÚNÈ�C�
C�"Ó�éuPb+Pb-167�
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ããã 4-9 �ã: p+p, C+CÚPb+Pb-E¥âfõ­ê&E��Uþ�65. mã: Pb+Pb-E¥ÛÉ§�êÚØfüN-Eê�&E��Uþ�65.

E¥ÛÉ§�ê8ÚØfüN-Eê�&E�Ǒkaq�(J"···��^�éØØØ-E�.LUCIAEép+p§C+C§Pb+Pbn�XÚ3ØÓUþ?1
�AkÛ�[§¿é¤���êâ?1
∆IÝÚ&E��©Û"·�uyn�XÚ�±�n�ØÓ�∆ëê?1IÝ§éup+p-E∆=1.35,C+C-E∆=1.0, Pb+Pb-E∆=0.8"âfõ­ê�&E�§�N
âfõ­ê�Þá���§�XUþÚXÚº��O\
O\"du∆ëê�N
âfõ­ê�&E��X²þâfõ­ê£< m >)Cz
Cz�¯ú§¤±éu'���p+p-EXÚ§�X²þâfõ­ê�O\§âfõ­ê�&E�O\�Ý�'­��AXÚ£C+CÚPb+Pb¤O\�¯"�Ä�LUCIAE¥´��rf2Ñ��.§∆ëê�º��A�U5gu­�AXÚ¥rf2Ñ��ã�þ����âfPC�5�âfõ­ê�'é�A"duLUCIAE�.Ø�)�C�Å�§¤±·��XUþ�O\vk*	�∆ëê��CÚ&E��4�:§ùǑ´Ün�"·�e�Ú���^�k�CÅ��½äkÜ©f�AÅ���.é∆IÝÚ&E�?1?�Ú�ïÄ" 169�
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4.2 §Ý�ÞáÚ9N
4.2.1 §Ý�ÞáÚ9N�0�ÚïÄyG9N´��ÚXÚ�C���'�Ônþ§éu�?�C§�Uk�����Cz§
éu�?�C§�U¬ÑyuÑ"3¥U­lf-E¥§þU­��ïÄǑïÄØÔ���í�CJø
kå�óä [122–124]"3�éØ­lf-E¥ïÄ-EXÚ�9Nþ�CzkÏu·�&ÿ��U�QGP�C±9û½�C�?ê"L. StodolskyÚE. V.

ShuryakïÆÏL[Üü¯�âf�î�Äþ£�þ¤©ÙJ�ü¯�âf�§Ý§�ïÑ§ÝÞáXn§JÑ�AXÚ�9N[125–127]"du3�éØ­lf-E¥�)
�þ�âf§ùÒǑ·�|^Å¯��§Ý�ÞáJ�9NJø
^�"·��^
rfÑ��.LUCIAEé�[
SPSU«Pb+PbÚC+C3ØÓUþÚØÓ¥%Ý�-E§ÏLJ�Ñâf�ü¯�§Ý§?
���A�)��«âfXÚ�§Ý©Ù£Þá¤§lù
§Ý©Ù¥§J�Ñ�«âf£Xπ§K§p§Λ, φ¤�9N"
4.2.2 §Ý�ÞáÚ9N�©Û�{±J�160AGeV Pb+Pbé%-E(b=0fm)�)�π+�9NǑ~0�·�J�9N��{"�^LUCIAE�.�[
õ�¯�,¿òù
¯��XnÚO��π+o�î��þ(mT )©Ù£inclusive), Xã4-10¤«"�^úª4-13µ

d2N

mTdydmT
= Ae−

mT
T (4-13)5[Üþãî��þ©Ù§J�Ñ8�zXêA= 30093§§ÝT=0.1636GeV"ã4-11�ã�Ñπ+0f�ü¯�î��þÌ§b�§½÷vúª4-13§u´òü¯�π+0fî�ÄþÌ(ã4-11�ã)¥�:�\£1¤ª½=deª)ÑéA�§Ýµ

Ti = − mT

ln[( d2N
mT dydmT

)i/A]
(4-14)170�
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mT-m0(GeV)ããã 4-10 160AGeVPb+Pbé%-E(b=0fm) ¤k¯�ÚO�nÜ�π+0fî��þ©Ù,��L�A��ê¼ê[Ü.éü¯�¥z�:i�Ñ�§Ý��â²þ=��ü¯�§Ý:

T =
N

∑

i

Ti

N
(4-15)Ù¥NǑü¯�î��þÌ¥:��ê"duâf�§ÝÌ�û½u$î�þ«�âfê�©Ù¶,��¡3pî�þ«�âfê��§ü¯�î��þÌ¥pî�þÜ©�:�Ø���£lã4-11�ã�±wÑ¤, ¤±·���
mT −m0 ≤ 0.5GeV �:�O�"ò���ü¯��âf§ÝT�ÚO,��π+�§Ý©ÙXã4-11mã¤«"b�π+�§Ý©Ù£Þá¤äkXe�AÇ©Ù/ª[128, 129]µ

P (T ) ∝ exp[−Cv(
∆T

T
)2] (4-16)ã4-11mã¥���Ñ
·��A�[Ü"·��±wÑ9N�N
XÚ§Ý�Þá§9N��§Ý�Þá��"du9N´��2òþ§�Ä�ØÓ�-EXÚ!ØÓ-EUþÚØÓ-E¥%Ýe�)�âfêþØÓ, ¤±æ^8�z�9NCv/N§ùp�N´âf�õ­ê"K8�z�9NCv/N=éAuü âf¤þ,ü §Ý¤I��Uþ§§éuØÓ«a�rfíNÚØÓXÚäk�'5§�äkÔn¿Â"3160AGeVPb+Pbé%-E(b=0fm)¥, éuπ+, J�Ñ�Cv=1180.6 , N=633.848 , ¤±ÙéA�Cv/N= 1.6568 " 171�
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4.2.3 §Ý�ÞáÚ9N�O�(JÚ?Øã4-12�Ñ
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3160AGeVPb+Pbé%(b=0fm)-E¥âf9NÚâf�þ��6'X"·�w�3�ÓUþe§âf��þ��§9N��"ù`²,p�Ó�§Ý,­�âfI��õ�Uþ"ã4-13mã�Ñ
160AGeVPb+Pb-E¥π+�9NÚ-Eëêb��6'X, �X-Eëê�O\, π+�9NÅì�~�"ù`²3±>-E¥XÚ�§ÝÞá��u¥%-E,,pü §Ý�éN´�
,ù�8
RHIC¢�¥ÿþ�²ï¼ê[130], pT�Þá[131], ·>ÖÞá[108]�(J´���"ã4-14�Ñ
Pb+PbÚC+CüXÚ¥�π+�9NÚ-EUþ�'X§·��uyéuØÓ-EXÚ3�Ó�-EUþe�)�Ó�«aâf9N´Cq�Ó�,`²
âfíN9N�Uäk�AXÚ�'5.ã4-15�Ñ
Pb+Pbé%-E(b=0fm)π+âf�9N�§Ý�Cz"�X§Ý�þ,, âf�9NÅì~�"XJ·�¯k��ù��«'X§KÏLÿþâf9N,·��±íÑéA�âfXÚ�§Ý.¤±âf9N�ÿþ�U�·�ïÄ�AXÚJø
��é��§ÝO"�´·�7L�Ñ, 3·��ïÄ¥·��^úª4-13[Üâf�î��þ©Ù,��173�
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âfÄåÆøÍ§ÝTf�Þá"3·��8
�ïÄ¥,·�Ì�ïÄ
¥%-E(b=0fm)¥âf9N�5Æ,¤±d-EëêCzÚå�NÈ�Þá38
ïÄ��S�z��Ǒ'�f[125]"·��3�Ä�^�ÄNÈÞá��{?19N�ïÄ,�A�ó��3?1�¥"·��^LUCIAE�.�[
SPSU«�Pb+Pb§C+CØÓUþÚØÓ¥%Ý�-E§¿ÏLâf§Ý©ÙJ�Ñ
ØÓâf�9N"uyéuÓ�-EXÚ§âf�9N�-EUþ�,p
eü§�X�p�^ëêb�O�
~�§
�uyâf�9Näk�âf�þ�C�
C��'X"Ó��uyØÓ-EXÚ¥Ó�«âfäk�Ó�9N"âf9N�ÿþ�U�·�ïÄ�AXÚJø
��é��§ÝO"duLUCIAE�.¥vk�ÄQGP�C�&E§XJQGP/¤§
�ã4-13�ãL«�9N�âf�þ�'Xéu§��,¤á§
�ù«'XU
�¹Lrfz�{§�o�Jp"�âf�§Ý§�±ÏLJpu,d,s§��§Ý��§du§���þ£6�þ¤'��§kQGP�)��AXÚrf�9N'vkQGP�)��A�$§ùòkÏuQGP��&ÿ"
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1ÊÙ 6NåÆ+rf2Ñ��.éý�6�ïÄ
âf�ý�6v2, Xúª5-1´âfÄþ�m©Ù�F|��m�1���Xê,�N
âfÄþ�mx-y�����É5"´
u3�¥%ØØ-E¥Øf����I�m©Ù���É5§²L-E�ÄåÆüz,��u�Ǒ�)âfÄþ�mǑäk��É5"¢�þ, ÏL�ï¯��A²¡��{[79], lâfÄþ�m©Ù�F|��m¥J�Ñ
�AâfÄþ�m©Ù�ý�5��ëêv2,

E
d3N

d3p
=

1

2π

d2N

pTdpTdy
(1 +

∞
∑

i=1

2v2 cos[n(φ− Ψr)]) (5-1)·�r§��âf�ý�6"ÏLéâfý�6�ïÄ,k|u�Ï·�ïÄØ�A�ÄåÆÅ� [132]"3�éØ­lf-E¥,<����Ǒ-E�üzL§�UÌ�©Ǒù�A��
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78 1ÊÙ 6NåÆ+rf2Ñ��.éý�6�ïÄã: ü��fØ�ì��-E�)
ý²ï��ã, ù��ãÌ��Ü©f�ML§¤Ú£, ǑknØ�Ǒù��ã�U/¤�«#Ô�”ÚÀævà�”(Color Glass

Condensate)[133, 134];1���ã´§��f�lfN(QGP)�²ï�ã,nØþ�Ǒ§÷v6NåÆ�üz5Æ;,�QGP�rfz,ù
�)�rf¬u)2Ñ��p�^;��rf2Ñ�(å, rføl�AXÚl
�&ÿì&ÿ�"ã5-1�Ñ
���éØ­lf-E�AXÚ�U���üz«¿ã.Ǒ
£ãQGP�üzL§,6NåÆ�{£ã´�«k���{"ã5-2�Ñ
6NåÆ¤æ^�ØÓ�n«G��§[16], J��Ñ
rf��íN�G��§(EOS H), �Ñ
��'���(�C2
s = 0.15;:J��Ñ
��þÜ©fn�íN�G��§(EOS I),äk��'���(�C2

s = 1/3"¢��Ñ
��äk�?�C�G��§(EOS Q), §3�C§ÝTc=164MeVu)��d9(∆e = 1.15GeV/fm3)d��þÜ©fn�íN�rf��íN��?QGP�C"î8Ǒ�6NåÆ�.éuéõ¢�y��Ñ
é��£ã, ~Xâf�î�Äþ©Ù,ý�6, HBT'é�"du�ÙÌ�X­Ùéâfý�6�ïÄ, ¤±e¡·�ò�0�6NåÆéâf�ý�6�ïÄ"ã5-3þã�Ñ
6NåÆ�[130GeVAu+Au�£b = 7 fm¤-E�)�3î�²¡(x-y)ØÓ�ǑUþ�Ý��p�ã[16]"·��±w�²L6NåÆ�§�üz,�A
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ããã 5-3 þãµ130GeVAu+Au�£b = 7 fm¤-Eî�²¡ØÓ�Ǒ(2, 4, 6 Ú8 fm/c)Uþ�Ý��p�ã"�p��L�pUþ�Ý�5, 15, . . . , 95 %. ,	§çÚ�¢�§J�§:J��L�·Ü�§���íN�ÚøÍ�ã��C¶eãµ130GeVAu+Au£b = 7 fm¤-E�AXÚ�I�m��É5ǫxÚÄþ�m��É5ǫp��müz"XÚî�²¡���d���çý�CǑ���îý�"Ǒ
½þ�ïÄ�AXÚ�m©Ù�Cz,ã5-3eã�Ñ
�I�m��É5ǫx =< ((y2 − x2)/((y2 + x2) >ëêÚÄþ�m��É5ǫp =< ((p2
x − p2

y)/((p
2
x + p2

y) >ëê��müz"�±w��X�müz,�I�m��É5Åì~�,
Äþ�m��É5ÅìO�"Ù¥¢��Läk�C�EOS

QG��§�(J,
J��Lvk�C�EOS IG��§�(J"
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130GeVAu+Au-E¥ØÓâf�ý�6�Xî�Äþ��65[68]. 
�Ǒ�^äk�CG��§EOS QO����(J, �±uy3î�Äþ$u2GeV/c�«�, 6NåÆé�/£ã
¢�(J"
�3$îÄþ«��3ý�6��þüS�5Æ"
�^Ù§vk�C�G��§KØUé¢�(J�Ñé��£ã,ùq�L²3$î�Äþ«�, �AXÚAT��
�«9²ï�Ô�G�(QGP), ¿��Uu)
Ô���Cz"(éu'�pî�Äþ�ý�6¢�(J�6NåÆ�ØÎ,¢�þuy�3|©§�IÝy�,�±�^§�|Ü�.£ã"),	,ã5-5|^rf?é�.RQMDÚUrQMD��[���200GeVAu+Au�-Eâf�ý�6�(J[135]"lRQMD�.�(J,�±w��+3rf2Ñ�
âf¿vký�6, ²Lrf2Ñ�rf�ý�6�)�,�´þ�þ�'¢�êâ�"ùq�L²rf�ý�6¿Ø�½��5gu�Ï�QGP�üz½Ü©f��p�^,rf�2Ñ�Ǒ�±�)ý�6"Ǒ
ïÄrf2Ñ��^érfý�6�KǑ,·��^��6NåÆ+rf2Ñ��.ïÄ36NåÆüz�rfz�)�rf�ý�6²Lrf2Ñ�kN��Czº
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ããã 5-5 200GeVAu+Au�-E«�>rfÚë\Øfê��6'X"¢�:5guSTAR¢�4âf��{"¢%���Läkrf2Ñ�RQMD�.�(J§�%���Lvkrf2Ñ�RQMD�.�(J§�%nÆ´UrQMD�(J. 180�



ÆÆÆ¬¬¬ÆÆÆ   ØØØ©©© 81·�uyrf2Ñ�é6NåÆ�)�ý�6äk�½Ø³�^,,	·��ïÄ
rf2Ñ�éâfÄþ©Ù±9�I�m���É5�KǑ"
5.1 6NåÆ+rf2Ñ��.{ü0�·��^��.©Ǒü�Ü©:(1)6NåÆ�üz9�Arfz§(2)rf2Ñ�L§"·�ïÄ
200GeVAu+Au(¥%Ý20-40%) ��¥%-E¥�rf�ý�6Érf2Ñ��KǑ"�´36NåÆüz�ã,·�¿vk�^»�Øé¡�2+1�6NåÆ,Ǒ
{üå�·�æ^
1+1��6NåÆ�§"¤±3rfz�ã,Ǒ
�)rf�ý�6, ·��^
�«UE�Cooper-Frye Øé¡rfz�{, �rf�Äþ�mäk��É5©Ù"ùaqu�Ä��\rf2Ñ��.���)�rf���É5�m,·��Ǒù«��É5�m5gu6N½Ü©fÔ����É5=zǑ�rf���É5"�+ù3nØþ´ØgU�,�´·��Ì�8�´ïÄrf2Ñ��^érfý�6�KǑ,
�·�ÏL�^ØÓrfz�{,·�uy·����(Ø¿ØUC,¤±·��Ǒ·��(Ø´Ün�"äN��e©"e¡·�ò©üÜ©0�·���."
5.1.1 6NåÆ�.9rfz�{�éØ6NåÆ�§ÏLUþ!ÄþÅðÚÀ­fêÅð½Â [136–139]µ

∂µT
µν = 0, ∂µN

µ
i = 0, (5-2)ùpT µνL«UþÄþÜþ§Nµ

i L«1i«ÀÅðÖ�6¥þ"ùp·���ÄÀ­fêÅð"·��O�¥Ù§ÅðÖ§~XÛÉê§ì§�ê§>Ö3r�p�^ºÝþ´g,Åð�§=�A�6¥þ�u"§¤±Åð�§g,¤á"éun�6N§UþÄþÜþT µνÚÀ­fê6¥þ�±�ǑXe{ü�/ªµ
T µν = (ǫ+ p)uµuν − pgµν , Nµ

B = ρBu
µ, (5-3)ùpǫ, p, and ρB´36N�Û�·X¥Uþ�Ý§Øå§ÚÀ­fê�Ý"Ù¥Nµ

B =181�
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(ρB,

−→
0 )§gµν = diag(+,-,-,-)§6N�Ýuµ = γ(1,−→v )(Ù¥−→v Ǒ6N�(k��I�m�n�Ý§γ = (1 −−→v 2)−1/2ǑâÕ[Â Ïf)"3z=0�, UþÄþÅðúª5-2{z�Ñ:

∂tE + ∂T [(E + p)vT ] = −(
vT

rT

+
1

t
)(E + p), (5-4)

∂tM + ∂T [MvT + p] = −(
vT

rT
+

1

t
)M, (5-5)

∂tR + ∂T [RvT ] = −(
vT

rT
+

1

t
)R, (5-6)ùp·�½Â, E ≡ T 00, M ≡ T 0T , and R ≡ N0

B. ùpT�I´î�©þ"þ¡n�úª==�Ñ
z=0²¡�üz, du·�p�*�ØC�IÝ,·��±�^âÕ[Cz��z 6= 0²¡�üz�¹"·��[
200GeVAu+Au3¥%ÝǑ20-40%-E�¹, �©Uþ�Ý= 10.3

GeV/fm3, �©�m= 0.6 fm/c, ,�^±þ�6NåÆ�§?1�Î/�p�IÝØC�6NåÆüz"�6N�Uþ�Ý���.Uþ�Ý( = 0.42 GeV/fm3), MIT��.(EOS)[140]£ã�QGP�òu)rfz"rfz�rf/¤��n��rfíN,�±^�A�EOS�§£ã"6NåÆ�rfzÏ~�^Cooper-Frye�{[32]"3·���[¥, ·�b��)�rf´ÄþÚ�I�m´��É5�§äk��aqã5-6¤«�/G"·�b�200GeVAu+Au(¥%Ý20-40%)-E�¤k�)�rf�Äþ�m�²þ
ããã 5-6 200GeVAu+Au(¥%Ý20-40%)-Eâfrfz���I�m©Ù/G£�ã¤ÚÄþ�m©Ù/G£mã¤" 182�



ÆÆÆ¬¬¬ÆÆÆ   ØØØ©©© 83��É5F ≡<Px/Py>= 1.18.äN�)rf�Äþ!�I�m�²þ��É5��{Xe:

Rx = RTxcosθ, Px = PTx cosψ (5-7)

Ry = RTysinθ, Py = PTy sinψ (5-8)

Rz = t ∗ tanhy, Pz = mT sinh y (5-9)

t = ξtanhy, E =
√

P 2
x + P 2

y + P 2
z +m2

0 (5-10)

< PTx/PTy >=< RTy/RTx >= F (5-11)

< θ/ψ >= 1 (5-12)ùpmT =
√

p2
T +m2

0"(Rx, Ry, Rz, t) Ú(Px, Py, Pz, E) ©OǑâf��IÚÄþ�o¥þ"·�b½rf�Å��)3ü�¥/7Ø­U«�S"ξ Úy ü��Å©Ù3[0,14]

fm/cÚ[-5,5]�Åê"éurf�î��m�©Ù§PTx and RTy´ü�[0,4] GeV/cÚ[0,7]

fm��ÅCþ, ��§�(½�, PTy and RTx�±ÏL²þ��É5ÏfF£5-11¤��"²Lúª5-7Ú5-8��rf�î��IÚî�Äþ"�F=1��ÿ,·���{Ò��£�
IO�Cooper-Frye�rfz�{"θ and ψ´ü��Å©Ù3[0,2π] ��I�mÚÄþ�m�î�²¡�ÆÝ"·�b�¤k�rf�)u��»�u�
, =θ ÚψkXX�§5-12 ¤«�'é"ù«'éL«��ψ��Å(½±�, θÏL��¥%�Ǒψ,183�



84 1ÊÙ 6NåÆ+rf2Ñ��.éý�6�ïÄ°ÝǑσ�pd©Ù¥Ä��)"3·�%��O�¥,·�À�²þÄþ�m��É5ÏfF=1.18, θ-ψ�'épd°Ýσ=0.2π"
5.1.2 rf2Ñ��.·��^�éØØØ-E�.LUCIAE?1·��rf2Ñ�L§"�6NåÆ�.¥�6N�Ürfz�¤�§¤k�rf�IÚÄþ�m&EòÑ\�LUCIAE�rf2Ñ��.�¥[42, 141]"'uLUCIAE�.¥rf2Ñ�L§�0���1�Ù"
5.2 6NåÆ+rf2Ñ��.éý�6�O�(JÚ?Øã5-7�Ñ
200GeVAu+Au(¥%Ý20-40%)-E¥π−§K−Úp�î�Äþ©Ù§¢�ÚJ�©O�Lrf2Ñ���Ú�
�îÄþ©Ù§¢%:´¢�êâ[68]"·��±w�²Lrf2Ñ��(J���[Ü
¢�êâ"
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2 /d
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 - in hydrodynamics
 - in hydrodynamics+rescattering
 K- in expriment
 K- in hydrodynamics
 K- in hydrodynamics+rescattering
 antiprotons in expriment
 antiprotons in hydrodynamics
 antiprotons in hydrodynamics+rescattering

 

 

ããã 5-7 200GeVAu+Au(¥%Ý20-40%)-E�)�π−§K−Úp�î�Äþ©Ù"¢�ÚJ�©O�Lrf2Ñ���Ú�
�îÄþ©Ù"¢%:´¢�êâ[68]"184�
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ããã 5-8 200GeVAu+Au(¥%Ý20-40%)-E¥π− +K−,h− + h+, pÚΛ + Λ�ý�6�î�Äþ�65"¢�:5g©z[28, 142]"Ó�·��âúª5-13µ
v2 ≡<

p2
x − p2

y

p2
x + p2

y

> (5-13)O � Ñ r f 2 Ñ � 
 � r f Ä þ � m � � É 5(= ý � 6v2). ã5-8�Ñ
200GeVAu+Au(¥%Ý20-40%)-E¥π− + K−,h− + h+, pÚΛ + Λ �ý�6�î�Äþ�65"Ǒ
ïÄrf��I�m��É5,·�½Â�I�m���É5ÏfǑ:

ǫ2 ≡<
x2 − y2

x2 + y2
> (5-14)ã5-9�9(a),(c)Ú(e)�Ñ
6NåÆ+rf2Ñ��.�[�200GeVAu+Au(¥%Ý20-40%)-E¥(π++π−), (k++k−), (P+P ) Ú(Λ+Λ)�î�Äþ©Ù, ÄþÚ�I�m��É5Ïfv2Úǫ2�3rf2Ñ�
��î�Äþ�65"·�w�rfî�Äþ©ÙÚ�I�m��É5Ïfǫ23rf2Ñ�±�O\
,¿�ǫ2UC
§��KÒ.,��¡,
3rf2Ñ�±�rf�ý�6~�"Ǒ
½þ�£ãù
Cz,·�½Â
n�ÏfspT

, sv2
ÚDǫ2, ½ÂúªXe:

spT
(pT ) ≡

dN
dydpT after

dN
dydpT before

(5-15)185�



86 1ÊÙ 6NåÆ+rf2Ñ��.éý�6�ïÄ

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

-0.1

0.0

0.1

0.2

0.3

0.4 (e)

(d)(c)

D
2

 

 

pT(GeV/c)

0.0

0.1

0.2

0.3

0.4

0.5

2

 

v 2

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 

 
 K
 p
 

(b) spT

=dN/dpT(after)/dN/dpT(before)

 

 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

s p T

 

 

 

 s v2

 

 

sv2=v2(after)/v2(before)

10-4

10-3

10-2

10-1

100

101

102

103

104

(a)

 

 

 

 

before rescattering
    k 
 p   

after rescattering
    k 
 p   

(1
/2

p T)d
N

2 /d
p Tdy

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
0.0

0.1

0.2

0.3

0.4

0.5

0.6
(f)

 

 

 

 

pT(GeV/c)

D 2= (after)- (before)

ããã 5-9 (a),(c) Ú(e): 6NåÆ+rf2Ñ��.¥200GeVAu+Au(¥%Ý20-40%)-E¥rf2Ñ���(¢%)Ú�
(�%) π+ + π−(�¬)§K+ +K−(��),p+ p(þnÆ) ÚΛ + Λ(enÆ)�î�Äþ©Ù,ý�6,ǫ2�î�Äþ�65. (b),(d) Ú(f):sPT
, sv2
ÚDǫ2�î�Äþ�65.

186�
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sv2
(pT ) ≡ V2(pT )after

V2(pT )before
(5-16)

Dǫ2(pT ) ≡ ǫ(pT )after − ǫ(pT )before (5-17)ã5-9m9(b),(d)Ú(f)�Ñ
6NåÆ+rf2Ñ��.�[�200GeVAu+Au(¥%Ý20-40%)-E¥(π++π−), (k++k−), (P+P ) Ú(Λ+Λ)o«âf�spT
sv2
ÚDǫ2î�Äþ�65"l(b)ã·��±wÑrf���²Lrf2Ñ�O\
,
Ùéu'�pî�Äþ�âfO\�õ�
"ùL²rf2Ñ���)
éõg?âf,
�ù
�)�g?âf�î�Äþ�'rf2Ñ�u)�
�âf��"(d)ã�Ñsv2

�Xî�Äþ�O\
O\, Åì��1.0§ùL²rf2Ñ�érf�ý�6�Ø³�^�Xî�Äþ�O\
~f, ��­�âfØ³�x³"ù`²rf2Ñ����5g6NåÆüz�5�rfÄþ�m���É5Åì~f, ªu��Ó5"l(f)ã·�w�rf2Ñ�UC
rf�I�m���"·�uy²Lrf2Ñ�§20 ∼ 40%�ý�6v2��K
"XJý�kù�§Ýý�6���,�o�ÏLïÄrf�ý�6��-E�Ï�&E
,rf2Ñ���^AT��Ä"Ǒ
ïÄ·�(J��.�65, ·�ÏLUC·��rfz�{�ÑØÓ�rf��m©Ù�Ǒrf2Ñ��.�Ñ\, �ïÄù��UCéu·�(Ø�KǑ£ã5-10¤"durf2Ñ��
�rf���m&EØU�¢�¤ÿþ, ¤±·�2b½n«ØÓ�rf��mÑ\:

(I)·�~�Äþ�mÚ�I�m�'é�§Ý"ÏǑ·�b��AXÚ´��»�u�
, ¤±·�Äþ�mÚ�I�m�ÆÝθÚψ�3��Ó��pd¼ê�'é,3·�þ¡%��pd'é°ÝǑσ= 0.2π(��), ·�òÙNǑσ= 0.5π(�¬), 
Ù��%����±ØC"ù�UC�,·�3ã5-10�Ñ
¤k�>âf�aqã5-9�©Û,�±187�
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ããã 5-10 (a), (c) Ú(e): 6NåÆ+rf2Ñ��.�[�200GeVAu+Au(¥%Ý20-40%)-E¥ØÓ�rfz�{e, rf2Ñ�
(�%)�(¢%)�>âf�î�Äþ©Ù,ý�6,ǫ2�î�Äþ�65. ��Ú�¬�AuÄþÚ�I�mÑäk��É5rfz�{, �´���Auψ-φ'é�°ÝǑ0.2π, �¬�Auψ-φ'é�°ÝǑ0.5π. !/�Au�k�I�m��É5�rf�{. nÆ/�Au�kÄþ�m��É5�rf�{.; (b),(d) Ú(f): o«rfz�{¥�sPT
, sv2

ÚDǫ2�î�Äþ�65.

188�



ÆÆÆ¬¬¬ÆÆÆ   ØØØ©©© 89w�Äþ�mÚ�I�m�'é�§Ý�r,rf2Ñ��)�âfq��õ,érfý�6�Ø³�r"
éu�I�m��É5ǫ2�KǑØ´é²w"
(II)XJ·�==�3�I�m���É5, 
Äþ�mb½Ǒ��Ó5, K²Lrf2Ñ�¬k�o��y�Q? ã5-10¥�!/�Ñ
·��[�(J"·��±w��+kéõ�g?âf�)§rf2Ñ�ØU�)rf�ý�6§ùØÓuRQMDÚUrQMD�O�(J"3�prf2Ñ��±�)�½�rfý�6"3,��¡§rf�I�m���É5ǫ2²Lrf2Ñ�Ǒ��
"ùǑ´Ün�§durf2Ñ�äk��Ø³rfý�6��^§ù�LUCIAE�.¥rf�Ñ�Æ´þ!©Ù����"durf2Ñ�å�
���Ñ��A§¤±rf�Äþ�m��É5£=ý�6v2¤, AT�)3rf2Ñ��m�QGP½Ü©f�ã"o�§rf�ý�6�)3rfz�
"
(III)ã5-10¥�nÆ/L«·���±Äþ�m���É5§
�I�mKǑ��Ó5"·�uyrf2Ñ�E,Ø³rf�ý�6v2§¿��)
�Äþ�m©Ùª��Ó��I�m��É5ǫ2"o�§�Ø3·�%��rfz�{�´±þ�n«rfz§·�Ñuyrf2Ñ�¬�)�þ�g?âf§Ø³rf�Äþ�m��É5£ý�6v2¤§¿��X�m�üz��I�m��É5�Äþ�m��É5ªuÓ����"·�5¿�3ã5-8¥§�Ärf2Ñ�±�rf�ý�63'�p�î�Äþ£pT ≥ 2¤¿ØU��[Ü¢�êâ"·��Ǒù«�O���U��Ï5gu·��Äþ�m²þ��É5Ïf�rfz�{§du·���.vk�Äî�.¡(x-y)¥Øf�©ÙÚ6NåÆ�î�.¡���É5�ÄåÆüz[143, 144]",	���U��Ï:´Ü©f�p�^[145]½jet quenching [146, 147]�ééý�6�KǑ,���Ǒù
�AéupîÄþ�âf�5�KǑ'��,
ù
3·���.¥¿vk��Ä"�,,·��ó��Ì�8�´ïÄrf2Ñ�érf�ý�6�KǑ.189�



90 1ÊÙ 6NåÆ+rf2Ñ��.éý�6�ïÄo�§·��^��6NåÆ+rf2Ñ��.3200GeVAu+Au(¥%Ý20-40%)-E¥ïÄ
rf2Ñ�érf�ý�6�KǑ"·��^��É5�Cooper-Frye�rfz�{�Ñ
��É5��rf��m§²Lrf2Ñ�±�,·�uyrf�ý�6É�
Ø³§��k20 ∼ 40%�rf�ý�6v2�rf2Ñ�
��K"
�rf2Ñ�éf�ý�6�ù«Ø³�^�Xâfî�Äþ�O\
~f"ù�Ù§�.�(J´Ø���"~X3Texas�Æ�õ�Ñ$�.¥,�¤kÜ©f�¤§����g-E,ù�Ü©fäk
Äþ�m��É5
�I�m���É5'��[36, 94], Ü©f¬ÏL§�|Ü�.|Ü¤rf, ,�uy���rf2Ñ��.ARTérf�ý�6�KǑ'�f"ØÓ��Ï�UüöØÓ�rfz�{§3·���.�rfz^�´6N�Uþ�Ý��,��.�,u)â,�rfz",	,��6NåÆ+RQMDrf2Ñ��.[148]¥uyrf2Ñ�éurf�ý�6�KǑ'�f,
ØÓu©z[135]¥RQMD�)rf�ý�6�(Ø"�C3©z[149]�Ä
ÚÀævà�(CGC)�KǑ, �rf�ý�6ò¬O\, Ǒ
��Ú¢�þ���(J,Krf2Ñ���Ñ�^ò~�rf�ý�6, ù´�·��(J����"
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18Ù AMPT�.é2£3¤-âf'é�ïÄ
6.1 2£3¤-âf'é�¢�ÚnØïÄyGâf�5(jet)�ïÄ´8
RHIC�¢�(J¥é­���Ü©§®²uL
éõ­��(J[150]"Ù¥3200GeVAu+Au�¥%-E¥*	��é��pîÄþ�âf�5���[31]§��Ǒ´jet quenchingÅ����­��¢�yâ"XJý����5�UþÏL�/¤�#Ô��p�^
��K§�où
���Uþ7,¬­#©��±��0��¥�[151–154]"ÏdXÛòù
��K�Uþé£5´��
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φ∆ η∆ããã 6-1 3200GeVp+p Ú200GeVAu+Au (¥%Ý0-5%)-E¥�µ�Ø���âf(ü«î�ÄþpTÀJ:0.15 < passo
T < 4.0GeV/cþü, 2.0 < passo

T < 4.0GeV/ceü)�éu>uâf(4.0 < ptrig
T <

6.0GeV/c)�∆φ£ã(a)Úã(b)¤Ú∆η£ã(c)Úã(d)¤'é©Ù [155]"191�
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¢�þ®²ÏLüâf'é��{­�Ñ
��ù
���Uþ��âf[155]"ã6-1�Ñ
3200GeVp+pÚ200GeVAu+Au(¥%Ý0-5%)-E¥§3�Ó�>uâf(trigger particle)î�ÄþÀJ(4.0 < ptrig
T < 6.0GeV/c)e§M���âf(hard associated particle) £2.0 < passo

T < 4.0GeV/c¤Ú^���âf(soft associated

particle)£0.15 < passo
T < 4.0GeV/c¤�éu>uâf�ÆÝ∆φÚ�¯Ý∆η�©Ù"·��±w�3Au+Au�¥%-E¥§3Ú>uâf�����à£away side¤M���âf���K
(fãb)§
Ñy
éõ^���âf(fãa)§ù`²3Au+Au¥%-E¥���5���Uþ©��^���âf",	,fãcÚd�Ñ
3200GeVp+pÚ200GeVAu+Au(¥%Ý0-5%)-E¥MÚ^���âf�éu>uâf��¯Ý∆η�©Ù. ·�w���^âf�∆η©Ù, Au+Au¥%-E¥away side¥A�´²�, ù�U´duAu+Au¥%-E¥away sideà���âf�0���p�^�9z��«Ly",	ã6-2�ã�Ñ
200GeVAu+Au (¥%Ý0-5%)-E¥away sideà��âf�²þîÄþ< pT >��X-E¥%Ý�Cz'X§l±>-E�¥%-E§away side���âf�²þîÄþÅìeü§®²�~�Cinclusiveâf�²þîÄþ§duinclusive
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ããã 6-2 �ã: 3ü«ØÓ�>uâf�î�ÄþÀJe�à(away side)��âf�²þîÄþ< pT >�¥%Ý�65 [155]; mã:3200GeVp+p,200GeVd+AuÚ200GeVAu+Au(¥%Ý0-5%)-E¥�à��âf�²þîÄþ< pT >�∆φÆÝ�65 [157]. 192�
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���AXÚ�9åÆ5�§ù���«(J`²3Au+Au¥%-E¥���jet�)���âf�5�®²�~�C���AXÚ/¤�90��9åÆ5�",	ã6-2mãp+p, d+AuÚAu+Au(¥%Ý0-5%)¥away side���âf�²þîÄþ�∆φÆÝ�65§�±w�Au+Au�Ù�ü��AXÚ�/G´ØÓ�§3∆φ− π = 0� �Au+Au(¥%Ý0-5%)�²þîÄþ��§�~�C���AXÚ)¤�inclusiveâf�²þîÄþ§ùl,��ý¡�Ñ3Au+Au¥%-E¥§�����âf�9z���yâ"ã6-3�ã�Ñ
200GeVAu+Au-E¥>uâf32.5 < ptrig
T < 4.0GeV/c,��âfî�Äþ32.0 < passo

T < 3.0GeV/cØÓ¥%Ý�üâf'é¼ê"·�3'�¥%�ü�¥%Ý-E¥w�§3away sideù�àw�
��k¿g�V¸(�"
��X-E¥%Ý�Cz�ü�V¸�ål´Cz�"·�½Âaway side¥ü�¸�mål�����3�ëêD"ã6-3mã�Ñ
3200GeVAu+Au,62GeVAu+AuÚ200GeVCu+Cu¥3�ëêDÚë\Øfê8Npart��6'X"'uù�ÛA�away side�V¸(� [157, 158]§Úå
nØ[4��,�"~XµCasalderrey-SolanaÚShuryak��Ǒù�U´dujet��Ý�~¯§¯L
-E�)�Ô�¥�(�§l
Ñy�êâÀÂÅ[159]"SatarovÚStöckerïÄ
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ããã 6-3 � ã:200GeVAu+Au- E ¥ ü â f ' é ¼ ê � / G � X ¥ % Ý C z. m ã:3200GeVAu+Au,62.4GeVAu+Au , 200GeVCu+Cu -E¥'é¼ê�3�ëêDÚë\Øfê��6'X. [156] 193�



94 18Ù AMPT�.é2£3¤-âf'é�ïÄ3��*��QGPÔ�¥§d��¯�$Ä�jet Úå�êâÅ [160]"KochÚ�#
Æ¬K�Ǒù´du-E¥§jetBLQCDÔ���f��Ô�ÅË�¤E¤[161]"Armesto�K�Ǒ§ù«ÛA�(�´du0��6Ä
Úå�.:�A
E¤ [162]"RuppertÚMüller�±�^��äkÚÖ�jet-u
�lfN8N$Ä��{�)ù��ÛA(�[163]"Renk ÚRuppertK�^
��0�üz��éØ�.�Ñ
)º"ChaudhuriÏLïÄjet quenching3�éØ6NåÆ¥�üz?Ø
ù��ÛA�V¸(�y�[165]"
AntinoriÚShuryaké�é��­��§�jetÚå�êâÅǑ�Ñ
?Ø[166]",	§Hwa��^§�|Ü�.é¢�þ��âf�î�ÄþÌ�Ñ
é��£ã[167]",	§Ǒ
?�ÚïÄaêâ�å
§<��ïÆ
nâf'é��{"

ããã 6-4 3-âf'é�kÏ«¿ã§þ1µêâÀÂÅéA�3-âf'é¶e1µÛ=�jetéA�3-âf'é" 194�
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ØÓ�ÔnãµéAX33-âf'é�ÌþkØÓ�/G"ùp∆φi =

φasso
i − φtrig(i=1,2), ´ü���âf�éuÓ��>uâf�� Æ"ÏLïÄnâf'é§·��Ǒ'%�´ã6-4¥mþÆ�'éã(∆φ1,2 > 1), ÏLé§�ïÄ�U¬�Ï·��«�.�o´aêâ(��å
"8
éunâf'é�ïÄ�Ø´3¢�þ�´nØþÑ´ffåÚ"·�ò�^AMPT�.é2(3)-âf'é?1ïÄ§äN�{Ú(J�e©"

6.2 é2-âf'é�ïÄ�{0�
·��^AMPT�.�[
200GeVAu+AuØÓ-E¥%Ý�-E,é¢�þ�2-âf'é?1
�["Ǒ
­ï��âf�∆φ©Ù§·��^·Ü¯�£mix-event¤��{"ü«��Ú>uâf�pTÀJ|Ü�ïÄ:(1) 3 < ptrig

T < 6 GeV/c Ú0.15 < passoc
T < 3

GeV/c£·��§^���âf§du^�âf3ù�î�Äþ´ÓÚ£/ �"¤£2¤µ2.5 < ptrig
T < 4 GeV/c and 1.0 < passoc

T < 2.5 GeV/c£·��§M���âf¤"3ùü«ÀJe§��Ú>uâf��¯ÝÑ´|η| < 1.0"3�Ó¯�£same event¤¥,·�\È¤k÷v±þ^��âf,��Ù�éu>uâf�∆φ = φ− φtrig©Ù"Ǒ
l�Ó¯�¥�ØK�µ, ·��^·Ü¯���{"ùp�µ��ǑÌ�5guý�6��z[155, 158]"·�·Üü�-Eëê�~�C�ü�¯�Ǒ��·Ü¯�,ÄÑ�A�∆φ�Ǒ�µ©Ù"Ǒ
l�Ó¯��∆φ©Ù�ØK�µ, ·��^ZYAM �{(zero yield at minimum) [158], =·�30.95 < ∆φ < 1.05ò·Ü¯��∆φ©Ù8���Ó¯�éA?"ã6-5±3uKz�AMPT�.rf2Ñ��√
s

NN
=200GeVAu + Au

(¥%Ý20-40%)-EǑ~§�ã�Ñ
·��Ø�µ�
��Ó¯�Ú·Ü¯��'é&Ò§mã�Ñ
�^ZYAM�{�Ø�µ±���
��âf�'é©Ù"195�
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dN
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pT
trig: 3-6 GeV/c,

pT
asso: 0.15-3 GeV/c

 same events
 mixed events

ããã 6-5 �ã:(a):uKz�AMPT�.rf2Ñ��200GeVAu + Au (¥%Ý20-40%)-E¥��Ø�µ���âf(0.15 < passoc
T < 3 GeV/c)�éu>uâf(3 < ptrig

T < 6 GeV/c)�∆φ©Ù(��).J�´5gu·Ü¯���µ,ÒK¡È´ZYAM8�z�¡È; mã:�A�Ø�µ±����âf�éu>uâf�∆φ©Ù(��),¢�ǑéÙ�üpd[Ü.

6.3 é2-âf'é�O�(JÚ?Ø3©z [155]§¢�(JL²3200GeVAu+Au¥%-E¥�pîÄþ�âf�'é�$îÄþ�âf3away side��°§ù|±���jet�U�­#©��ãµ"3·��O�¥§Ǒ
O\>uâf�ÚOþ§·��½>uâf�î�Äþ3 < ptrig
T < 6

GeV/c§��âfEǑ0.15 < passoc
T < 3 GeV/c§>uâfÚ��âfÑǑ|η| < 1.0"ã6-6�Ñ
3200GeVAu+AuØÓ¥%Ý�ØÓ�^�e�-E¥, ^���âf�éu>uâf�∆φ©Ù"du¢�þ�Uÿþ�>�âf§
·���[Ǒ
O\ÚOþ�Ä
¤krf§Ï
·��¢�êâ�þ��1.58�Ïf§±Öv¥5âf��z[85, 155, 168]"éurf2Ñ��
�%���AMPT�.�(J§·�duO��ÚO�Øv§��Ñ
0-10%¥%Ý�(J"luKzAMPT�.�(J§·�w�rf2Ñ�Or
��âf�∆φ'é©Ù"
�3uKzAMPT�.¥§3rf2Ñ�
�Ñ*	�ér�aqêâÆ(��'éÑy§ùL²aêâ(�3Ü©f9é�L§¥®²�)" 196�
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 default after hadron cascade
 default before hadron cascade
 Star Data 0-5% 

        (4-6)X(0.15-4)GeV/c factor=1.58

 

 

0-10%,(3-6)X(0.15-3)GeV/c
 melt after hadron cascade
 melt before hadron cascade

1/
N

tri
gd

N
/d

(rad)

 

 

10-20%,(3-6)X(0.15-3)GeV/c
 melt after hadron cascade
 melt before hadron cascade
 default after hadron cascade

1/
N

tri
gd

N
/d

 

 

20-40%,(3-6)X(0.15-3)GeV/c
 melt after hadron cascade
 melt before hadron cascade
 default after hadron cascade

1/
N

tri
gd

N
/d

 

 

 

40-80%,(3-6)X(0.15-3)GeV/c
 melt after hadron cascade
 melt before hadron cascade
 default after hadron cascade

1/
N

tri
gd

N
/d

ããã 6-6 200GeVAu+AuØÓ¥%Ý�-E¥, ^���âf(0.15 < passoc
T < 3.0 GeV/c)�éu>uâf(3.0 < ptrig

T < 6.0GeV/c)�∆φ©Ù. nÆ/:3uKzAMPT�.rf2Ñ�±��(J; ��: 3uKzAMPT�.rf2Ñ��
�(J; !/:3%���AMPT�.rf2Ñ�±��(J; ÊÆ(: 3%���AMPT�.rf2Ñ��
�(J. �¬:¢�êâ:,5g©z[155], 5¿3©z[155]¥,

4.0 < ptrig
T < 6.0 GeV/c Ú0.15 < passoc

T < 4.0 GeV/c .

197�
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3200GeVAu+AuØÓ¥%Ý�ØÓ^�e-E¥§M���âf(1.0 < passoc
T < 2.5 GeV/c)�éu>uâf(2.5 < ptrig

T < 4.0 GeV/c)�∆φ©Ù"·�w�d�rf2Ñ�éuM���âf�KǑ§�é^���âf�'²w��§ùL²rf2Ñ��)
�þ�^���âf§�´éM���âf�KǑ'��",	§·�3uKzAMPT�.�(J¥§3rf2Ñ�
�Ñ*	�
aêâ(�§
3%���AMPT�.�(J¥§�´3rf2Ñ���(J¥uy
aêâ(�"·��±w�%���AMPT�.�Ñ
'äkuKzÅ��AMPT�.�ǑÜn���âf�ê8§ù´duuKzAMPT�.�âf�î�Äþ©Ù�%���AMPT�.�'�^§ù´�U
u3Ü©f?éL§¥�^�´§�6�þ[33]§
��^§��9�þ�§�U¬k¤Uõ[169, 170]",
, 3·�8
�ïÄ¥,'é¼ê�/G´·�ïÄ�­:"Ǒ
'�ØÓ^�e'é¼ê�/G,·��ØÓ¥%Ý�AMPT�(J�þØÓ�Ïf��¢�êâ�pÝ,�A�Ïf�I53ã6-7¥. é²w·��±w�uKzAMPT�.�'u%���AMPT�.3/Gþ�±���£ã¢�êâ"Ǒ
½þ�ïÄaêâ(��/G, ·�ïÄ
aêâ�3�ëêD, §�½ÂǑ��âf��∆φ©Ù¥§away sideàü�V¸¥%�m�ål���"3�ëêD�N
away sideàêâÆ���½��"ã6-8�Ñ
200GeVAu+Au-E¥3�ëêD�-E¥%Ý��65"�±w�·�3uKzAMPT�.rf2Ñ�±��(JUé�/£ã
¢�(J§�+·��O�Ǒ
O\êâ�ÚOþ
�¢��cutk�
ØÓ",
%���AMPT�.�(J'¢�:�$éõ"ùL²==krf2Ñ�Øv
�)�¢�þ*	���o��3�ëê"Ǒ
£ã¢�êâ§Ü©f�?éL§´7��"ùpI��Ñ�´§3HIJING�.¥d-E�ML§�)�minijet�5¬ÏL�f3�½=£§��Uþ��C�u§ù�¡Ǒjet quenching [22]¶
3AMPT�.198�
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10-20% (2.5-4)X(1-2.5)GeV/c
 melt after hadron cascade  factor=1/5
 melt before hadron cascade  factor=1/5
 default after hadron cascade  factor=1/2
 Phenix Data 10-20%  faxtor=1.58

1/
N

tri
gd

N
/d

 

 

20-40% (2.5-4)X(1-2.5)GeV/c
 melt after hadron cascade  factor=1/5
 melt before hadron cascade  factor=1/5
 default after hadron cascade  factor=1/2
 Phenix Data 20-40%  factor=1.58

1/
N

tri
gd

N
/d

(rad)

 

 

40-90% (2.5-4)X(1-2.5)GeV/c
 melt after hadron cascade  factor=1/4
 melt before hadron cascade  factor=1/4
 default after hadron cascade  factor=1/2
 Phenix Data 60-90%  factor=1.58

1/
N

tri
gd

N
/d

 

 

0-10% (2.5-4)X(1-2.5)GeV/c
 melt after hadron cascade  factor=1/12
 melt before hadron cascade  factor=1/12
 default after hadron cascade  factor=1/5
 default before hadron cascade  factor=1/5
 Phenix Data 0-5%  factor=1.58

1/
N

tri
gd

N
/d

ããã 6-7 200GeVAu+AuØÓ¥%Ý�-E¥, M���âf(1.0 < passoc
T < 2.5 GeV/c)�éu>uâf(2.5 < ptrig

T < 4.0 GeV/c)�∆φ©Ù"nÆ/:3uKzAMPT�.rf2Ñ�±��(J; ¢%��:3uKzAMPT�.rf2Ñ��
�(J; !/: 3%���AMPT�.rf2Ñ�±��(J; ÊÆ(:3%���AMPT�.rf2Ñ��
�(J; �%��9ÒK«�: ¢�êâ:9¢��Ø(½5,5g©z [158].

199�



100 18Ù AMPT�.é2£3¤-âf'é�ïÄ¥§¤¢�-jet quenching.¢�þ´ZPC�.¥�Ü©f�m�Ñ�?éL§"du8
ZPC�.¥��)
üNÑ�L§£2⇋2¤§
�p��2⇋3L§éujet quenching��z¿vk��Ä"8
®knØ(J�Ǒ2⇋3L§�Uéujet quenchingké­���z[171, 172]",
·��(JL²2⇋2Ǒ�±�)��Ǒ�U5gupîÄþ�jet

quenching
�)�aêâ(�",	§ã6-9�Ñ
3200GeVAu+Au-E¥�^äkuKzÅ��AMPT�.3rf2Ñ�±�é^���âf�
5��ïÄ§¿�¢�êâ?1
'�"fã(a)�Ñ
near side Úaway side��âf�ê8�-Eëê��65">uâfvk��)3near side���âfê¥"��âfê8�X-Eëê�O\
~�§
AMPT�.�Ñ�(J'¢�êâ�péõ§ù`²�.�)
�õ�^���âf"fã(b)�Ñ
200GeVAu+Au(¥%Ý0-5%)¥%-E¥near side Úaway side��âf�î�ÄþpT©Ù"fã(c)�Ñ
3near side Úaway sidepo�î�Äþ(Cq�u��Uþ)�-Eëê�65"ùp>uâf�î�Äþ��)3near side�à¥. ·��±w�3near side
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impact parameter b (fm)ããã 6-8 3200GeVAu+Au-E¥3�ëêD�-E¥%Ý��65. (�.cut: 2.5 < ptrig
T < 4.0 GeV/cÚ1.0 < passoc

T < 3 GeV/c; ¢�cut: 2.5 < ptrig
T < 4 GeV/c Ú2.0 < passoc

T < 3.0 GeV/c). �%:: 3uKzAMPT�.rf2Ñ�±��(J; ��%�¢%:: 3%���AMPT�.rf2Ñ�±��(J; ¢%:: ¢�êâ:, 5g©z [156]. 1100�
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~�,�.(J'¢�êâ�Ñp"fã(d)w«
away side²þî�Äþ〈pT 〉Ú-Eëê�65"away side²þî�Äþ�.(J'¢�êâÑ$, �X-Eëê�~�
~�, L²3Au+Au¥%-E¥, ÏLÜ©f9é�L§,��âf�?�Ú^zÚ9z [155]"
6.4 é3-âf'é�ïÄ�{0�·��^·Ü¯�(mix-event)�{Ä�
AMPT�.¥200GeVAu+AuØÓ¥%Ý�3-âf'é¼ê"33-âf'é�ïÄ¥, >uâf�î�Äþcut·�ÀJ2.5 <
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ããã 6-9 3200GeVAu+Au-E¥, 3uKzAMPT�.rf2Ñ�±���.O�(J((pT cuts: 3 <

ptrig
T < 6 GeV/c and 0.15 < passoc

T < 3 GeV/c))Ú¢�(J(pT cuts: 4 < ptrig
T < 6 GeV/c and 0.15 <

passoc
T < 4 GeV/c)�'�. �%:ǑAMPT�.�(J,¢%:Ǒ¢�êâ[155].��L«near side, nÆ/L«away side. ã(a): ��âfê�-Eëê��65; ã(b): 200GeVAu+Au¥%-E¥(¥%Ý0-5%)��âf�î�Äþ©Ù. ã(c): 3near side Úaway sidepo�î�ÄþÚ-Eëê�'X; ã(d): away

side²þî�Äþ〈pT 〉Ú-Eëê�'X. 1101�
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ptrig

T < 4 GeV/c§��âfǑ1.0 < passoc
T < 2.5 GeV/c">uâfÚ��âf��¯ÝÑǑ|η| < 1.0"3�Ó¯�¥§·�\È∆φ1 = φ1 − φtrig �∆φ2 = φ2 − φtrig�'é©Ù"ã6-10�(a)�ã�Ñ
3uKzAMPT�.¥rf2Ñ�±��200GeVAu+Au ¥%-E(¥%Ý0-10%)Ǒ~§�Ñ
�Ó¯�¥�3-âf'é�o�&Ò"·��Ǒ3draw�&Ò¥§Ì��3n«�µ"(I)���'é�>uÚ��âfé����µ��âf�m�'é"·��^��¯�¥�>uÚ��âfé�,��¯�¥�����âf·Ü
��, ·��§M^(hard-soft)�µ(fã(b))"(II)���'é���âfé����µ>uâf�m�'é"·��^��¯�¥��é��âf�,��¯�¥�>uâf·Ü
��, ·��§^^(soft-soft)�µ(fã(c))"(III)´dn�p�Ø'é�âf(�)2���âfÚ1�>uâf)
E¤, ·�ÏL·Ü©O5guØÓn�¯��2���âfÚ1�>uâf
��, ·��§�Å�µ(fã(d))"du·Ü¯��{���M^�µÚ^^�µǑ¹k�Å�µ§3ã(b)Ú(c)¥®²�ØK
�A�Å�µ��z"��, ·�3o�3-âf'é&Ò¥, �Ø
M^!^^Ú�Å�µ(8�0.8 < |∆φ1,2| < 1.2��/«�Ǒ")�,����ý��3-âf'é&Ò"ã6-11(a)�Ñ
3uKzAMPT�.¥rf2Ñ�±��200GeVAu+Au¥%-E(¥%Ý0-10%)�3-âf'é&Ò, ã(b)ǑÙéA�n�ã"Ǒ
ïÄaway side¥��âf�>uâf�3-âf'é, ã(c)Ú(d)©O�Ñ
31 < ∆φ1,2 < 5.28«��ÛÜ�3-âf'é¼ê��p�ã�ü�Ún�Ì.

6.5 é3-âf'é�O�(JÚ?Ø33-âf'é�ïÄ¥, ·�ò3-âf'é¼ê©Ù©ǑÊ�a,��«�"(1) ¥%(center)«�(|∆φ1,2 − π| < 0.8), ù�«�Ì��N>uâfÚ2�5gaway side¥%«����âf�m�'é; (2) Û=(deflected)«�(|∆φ1,2 − (π ± 1)| < 0.8), ù�«�Ì��N
>uâfÚ2�5guaway sideÓ��êâ¸¥���âf�m�'é; (3) ê1102�
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(b)hard-soft background
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(c)soft-soft background
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ããã 6-10 £çã¤3rf2Ñ�±��uKzAMPT�.¥200GeVAu+Au¥%-E(¥%Ý0-10%)3-âf'é&ÒÄ���{"(a) same event¥Raw�&Ò. (b) Hard-soft�µ. (c) Soft-soft�µ. (d) �Å�µ.â«�(|∆φ1 − (π ± 1)| < 0.8 and |∆φ2 − (π ∓ 1)| < 0.8), ù�«��N
>uâfÚ2�©O5guØÓêâ¸���âf�m�'é"ÏǑnØþ�ǑXJ3-E/¤�#Ô�¥kêâÀÂÅÑy§ò¬�ù�«��5'é; (4) near 'é«�(|∆φ1,2| < 0.5)§ù�«��N
>uâfÚ2�near side��âf��m�'é; (5)near-away'é«�(1 < ∆φ1,2 < 5.28 Ú|∆φ2,1| < 0.5), §�N
>uâf, 1�near side��âfÚ1�away

side��âf�m�'é"e¡·�ò8¥°å,éùÊ�«��3-âf'é�mïÄ"ã6-12�Ñ
3uKzAMPT�.¥200GeVAu+Au-E3rf2Ñ�
Ú�ØÓ¥%Ý3ÛÜ(1 < ∆φ1,2 < 5.28)�3-âf'é©Ù"·�3200GeVAu+Au�¥%-E¥§Ø=3rf2Ñ�
�´rf2Ñ��Ñ*ÿ�
¥%«�'é§êâ«�'éÚÛ=«�'é"
��X-Ed¥%-ECǑ±>-E§êâ«�'éÚÛ=«�'éq�Åì~f§
¥%«�'éÅìOr"3uKzAMPT�.¥§¥%«�'é§êâ«1103�



104 18Ù AMPT�.é2£3¤-âf'é�ïÄ
0

10

20

30

40

50

60

0

10

20

30

40

50

60

1
φ∆

-1 0 1 2 3 4 5
2φ∆

-1

0

1

2

3

4

5

0

10

20

30

40

50

60

(a)Au+Au200GeV(0-10%)

1
φ∆-1 0 1 2 3 4 5

2
φ∆

-1
0

1
2

3
4

5
-10

0
10
20
30
40
50
60
70

φ∆dφ∆dtrigN
N2d

(b)

-5

0

5

10

15

20

25

30

35

-5

0

5

10

15

20

25

30

35

1
φ∆

1 1.5 2 2.5 3 3.5 4 4.5 5

2φ∆

1

1.5
2

2.5

3

3.5
4

4.5

5

-5

0

5

10

15

20

25

30

35

(c)<5.28
1,2

φ∆1<

1
φ∆

1 1.5 2 2.5 3 3.5 4 4.5 5

2
φ∆

1
1.522.5

33.5
44.55

-5
0
5

10
15
20
25
30
35
40

2
φ∆d

1
φ∆d

trig
N

N2d
(d)

ããã 6-11 £çã¤3rf2Ñ�±��uKzAMPT�.¥200GeVAu+Au¥%-E(¥%Ý0-10%)�µ�Ø�3-âf'é&Ò"(a) Ú(b):�µ�Ø�3-âf'é&Ò(−1 < ∆φ1,2 < 5.28).(c) and (d):ÛÜ��µ�Ø�3-âf'é&Ò(1 < ∆φ1,2 < 5.28).�'éÚÛ=«�'é´Ó��3�§ùL²��jet²LÜ©f��p�^§Ü©¬��B�Ü©fÔ�§Ü©¬�Û=§Ü©¬�)aqêâ(���I6"Ǒ
½þ�ïÄØÓ«�S�3-âf'é§·��âeª½ÂØÓ«��²þ�3-âf'é�Ýρ,
ρ =

∫ ∫

region
d2N

Ntrigd∆φ1d∆φ2

d∆φ1d∆φ2
∫ ∫

region
d∆φ1∆φ2

(6-1)�AÈ©H9�Az��a,��«�"ã6-13�(a)ã�Ñ
uKzAMPT�.¥200GeVAu+Au-E3rf2Ñ�
�ØÓ«��²þ�3-âf'é�Ýρ�ë\Øfê�65"·��±w�rf2Ñ��ØÓ«��²þ�3-âf'é�Ýü$§`²rf2Ñ�¬Ü©/��3-âf'érÝ"�Ä�ã6-7¥§rf2Ñ�é2-âf'é�KǑé�§¤±3-âf'ééurf2Ñ��A�Ǒ¯a"1104�
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(a)melt before(0-10%)
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(b)melt after(0-10%)
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(e)melt before(20-40%)
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(f)melt after(20-40%)
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(g)melt before(40-60%)
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(h)melt after(40-60%)
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(i)melt before(60-80%)
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(j)melt after(60-80%)
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(c)melt before(10-20%)
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ããã 6-12 £çã¤uKzAMPT�.¥200GeVAu+Au-E3rf2Ñ�
£�9¤�£m9¤ÛÜ��µ�Ø�3-âf'é&Ò(1 < ∆φ1,2 < 5.28)"(a) Ú(b): ¥%Ý0-10%; (c) Ú(d): ¥%Ý10-20%; (e) Ú(f):¥%Ý20-40%;(g)Ú(h): ¥%Ý40-60%;(i) Ú(j): ¥%Ý60-80%.1105�
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center/deflected Úcenter/cone�Ý'�Xë\Øfê�O\
~�"ùL²3±>-E¥¥%'é´Ì��§��jet��âf�õ���BÑ�AXÚ"
�Xë\Øfê�O\§3¥%-E¥���5���âf©Ǒn�Ì�Ü©§Ü©�5��BL�AXÚ§Ü©�Û=§Ü©/¤aqêâÅ��I6",	§3�ã¥§·�uydeflected/cone�Ý'Ǒ�Xë\Øfê�O\
~�"ùL²�Xë\Øfê�O\§Û=«��'é�éuêâ«�'é�rÝÅì~f",	§·��^��vkÜ©f?é�%���AMPT�.�[
200GeVAu+Au(¥%Ý0-10%)¥%-E�3-âf'é§ã6-14fã(b)�Ñ
rf2Ñ�±�%���AMPT�.¥200GeVAu+Au(¥%Ý0-10%)¥%-E¥ÛÜ��µ�Ø�3-âf'é(1 < ∆φ1,2 < 5.28)"fã(a)�Ñ
éA�rf2Ñ�±��uKzAMPT�.�O�(J"·�w�vkÜ©f�p�^�%���AMPT�.¥3ù�«��'é3¡Èþ�A/��uäkÜ©f�p�^�uKzAMPT�.�'é¡È"ù�·�ã(c)Ú(d)uKzAMPT�.Ú%���AMPT�.2-âf'é�(J���"¤±XJ
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ããã 6-13 ã(a): 3uKzAMPT�.¥200GeVAu+Au-E3rf2Ñ�
�ØÓ«��²þ�3-âf'é�Ýρ�ë\Øfê�65. ã(b) :3uKzAMPT�.¥200GeVAu+Au-E3rf2Ñ�
�3-âf'é�Ý'Ç�ë\Øfê�65. 1106�
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(b)default after(0-10%)
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(rad)φ∆ (rad)φããã 6-14 £çã¤200GeVAu+Au¥%-E(¥%Ý0-10%)¥ÛÜ��µ�Ø�2£3¤-âf'é&Ò(1 < ∆φ1,2 < 5.28)"ã(a): 3uKzAMPT�.¥rf2Ñ�±��200GeVAu+Au¥%-E(¥%Ý0-

10%)¥ÛÜ��µ�Ø�3-âf'é; ã(b): 3%���AMPT�.¥rf2Ñ�±�200GeVAu+Au¥%-E(¥%Ý0-10%)¥ÛÜ��µ�Ø�3-âf'é; ã(c):3uKzAMPT�.¥rf2Ñ�±��200GeVAu+Au¥%-E(¥%Ý0-10%)¥ÛÜ��µ�Ø�2-âf'é; ã(d): 3%���AMPT�.¥rf2Ñ�±�200GeVAu+Au¥%-E(¥%Ý0-10%)¥ÛÜ��µ�Ø�2-âf'é;1107�
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[160] L. M. Satarov, H. Stöcker and I. N. Mishustin, Phys. Lett. B 627, (2005) 64

[161] V. Koch et al., arXiv:nucl-th/0507063

[162] N. Armesto et al., arXiv:hep-ph/0411341

[163] J. Ruppert, B.Müller, Phys. Lett. B 618, (2005) 123

[164] T. Renk et al., arXiv: nucl-th/ 0509036

[165] A. K. Chaudhuri, arXiv:nucl-th/0503028

[166] F. Antinori and E. V. Shuryak, J. Phys.G 31, (2005) L19

[167] R. Hwa and Z. Tan, Phys. Rev. C 72,(2005) 057902

[168] S.S. Adler et al. [PHENIX Collaboration], Phys. Rev. C 69, (2004)034909

[169] C. M. Ko, Private Communication

[170] Lie-Wen Chen and Che Ming Ko arXiv:nucl-th/0602025

[171] Z. Xu and C. Greiner, Phys. Rev. C 71, (2005) 064901

[172] W. Liu and C. M. Ko, arXiv:nucl-th/06030041119�



120 ë � © z

1120�



ÆÆÆ¬¬¬ÆÆÆ   ØØØ©©© 121

�ÖÆ¬Æ ÏmuLØ©
• 1��öØ©

1© Ma Guo-Liang et al. ∆-scaling and information entropy in ultra-relativistic nucleus-

nucleus collisions Chin. Phys. Lett. Vol.20 (2003) 1013

2© êI�et al. 158AGeV ��éØ­lf-E�rf¯Ý©ÙÚ§Ý[ÜpUÔn�ØÔnVol.27 (2003) 901

3© êI�et al. �éØ­lf-E�§ÝÞáÚ9NpUÔn�ØÔnVol.28 (2004) 398

4© G. L. Ma et al. Effect of Hadronic Rescattering on the Elliptic Flow after the Hydro-

dynamics Model Nukleonika (Accepted)

5© G. L. Ma et al. Di-hadron azimuthal correlation andMach-like cone structure in par-

ton/hadron transportmodel (Submitted to Phys. Lett. B)

• Ü�Ø©
1© Y. G. Ma et al. ∆-scaling and heat capacity in relativistic ion collisions J. Phys. G: 31

(2005) 1179

2© Y. G. Ma et al. Strange quark collectivity of φ meson at RHIC Acta Phys. Hung. A

(2006) in press

3© Z. J. He et al. Strangeness in a chemically equilibrating quark-gluon plasma Phys. Rev.

C 69 (2004) 034906

4© Long Jia-Li et al. Chemical Equilibration and Dilepton Production of Quark-Gluon

Plasma at RHIC Energies Chin. Phys. Lett., Vol.21 (2004) 47

5© åL�et al. zÆ�²ï§�-�fÔ�¥��þV�f��)ÔnÆ�52 (2003) 2831

6© Y. G. Ma et al. Isoscaling in the lattice gas model Phys. Rev. C 69 (2004) 064610

7© Y. B. Wei et al. Exploring Binding Energy and Separation Energy Dependences of HBT

Strength Phys. Lett. B 586 (2004) 225

• RHIC-STARÜ�|Ø©
1© J. Adams et al. Multistrange Baryon Production in Au-Au Collisions at

√
s

NN
=130

GeV Phys. Rev. lett. 92 (2004) 182301

2© J. Adams et al. Azimuthal Anisotropy and Correlations at Large Transverse Momenta

in p+p and Au+Au Collisions at
√
s

NN
=200 GeV Phys. Rev. lett. 93 (2004) 252301

3© J. Adams et al. Open Charm Yields in d+Au Collisions at
√
s

NN
=200 GeV Phys. Rev.

lett. 94 (2005) 062301 1121�



122 �ÖÆ¬Æ ÏmuLØ©
4© J. Adams et al. Multiplicity and Pseudorapidity Distributions of Photons in Au+Au

Collisions at
√
s

NN
=62.4 GeV Phys. Rev. lett. 95 (2005) 062301

5© J. Adams et al. Multistrange Baryon Elliptic Flow in Au+Au Collisions at
√
s

NN
=200

GeV Phys. Rev. lett. 95 (2005) 122301

6© J. Adams et al. Production of e+e−pairs accompanied by nuclear dissociation in ultra-

peripheral heavy-ion collisions Phys. Rev. C 70 (2004) 031902

7© J. Adams et al. Centrality and pseudorapidity dependence of charged hadron production

at intermediate pT in Au+Au collisions at
√
s

NN
=130 GeV Phys. Rev. C 70 (2004)

044901

1122�


