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Abstract

Experimental results from the Relativistic Heavy Ion Collider (RHIC)which is located
at BNL have confirmed the formation of a hot and dense medium in the early stages of
high-energy heavy-ion collisions. Thus one of the prerequisites for the formation of a Quark
Gluon Plasma (QGP) in such collisions has been established. High statistics data on ¢
meson elliptic flow and yields as a function of transverse momentum (pr) have been used

to support the picture of formation of a hot and dense medium with partonic collectivity at

RHIC.

We report the results of ¢ meson production for rapidities y < 0.5 and transverse
momentum 0.4GeV/c < pr < 5GeV/c in Cu+Cu collisions at 62.4 GeV and 200 GeV. The
data were taken by the STAR detector at RHIC. A detailed study of the energy and system
size dependence of ¢ meson production namely pr spectra and rapidity density is carried out
using both the Cu+Cu and Au+Au data. At a given beam energy, the transverse momentum
distributions for ¢ mesons are observed to be similar in yield and shape for Cu+Cu and
Au+Au colliding systems with similar average numbers of participating nucleons and are
found to be enhanced relative to those from p+p collisions with a different trend compared
to strange baryons. Enhancement of ¢ production in Cu+Cu and Au+Au relative to p+p

collisions would clearly indicate the formation of a dense partonic medium in these collisions.

Significant reduction in non-flow systematic uncertainty of the measurement has been
reached by implementing correlation technique between interested particles at mid-rapidity.
We also present the result of elliptic flow of strange hadrons from Cu+Cu collisions accu-

mulated by the STAR detector at RHIC when collision energies is 62.4 GeV and 200 GeV.



vi ABSTRACT

To study the system size dependence of elliptic flow, we present a detailed comparison with

previously published results from Au+Au collisions at 200 GeV.

Local temperature effect on strangeness enhancement in relativistic heavy ion collisions
is presented in the framework of thermal model. K*/h™ ratios become smaller with the
increasing of freezeout temperature. Since most strangeness particles of final-state particles
are from kaon meson, temperature effect can play a role for the strangeness production
in a hot dense matter where a slight different temperature distribution could be produced
by jet energy loss. This phenomenon is predicted by thermal model calculation at RHIC
energy. =~ /¢ ratios in central Au+Au collisions at 200GeV from thermal model depend on
the freeze out temperature obviously when 7, is different. It should be one of the reasons
why strangeness enhancement of =— and ¢ is different though they include two strange

quarks. These results indicate that thermodynamics is an important factor for strangeness

production and strangeness enhancement phenomenon.

Specific heat capacities of m meson and different quarks after parton cascade AMPT
model in Au+Au collisions at 200 GeV have been tentatively extracted from the event-
by event temperature fluctuations in the region of low transverse mass. The specific heat
capacity of m meson shows a slight dropping trend with increasing impact parameter. The
specific heat capacities of different quarks increase with the mass of quark and the sum of
up and down quark’s specific heat capacities was found to be approximately equal to that

of ™ meson.

Keywords: RHIC, ¢ meson, nuclear modification factor, strangeness enhancement, elliptic

flow, THURMUS Model, thermodynamics, specific heat capacities, AMPT Model
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T, AR, AR RN EE IR 5 20 Jim B i A 6 8 A% -AZ A4 T BR 2 1 (QM2008), NAG60SE
06 20 FEHT AT T KRR ot p TERS A DN 1 B o 7 1 77800, HVE EEKAY T8 m2fs /o
[24] @SRRI RO 18 10 7 JE MR A — A AR AR DR PR A

B B 3 kR S 2B T QGP, B 5 vt ] LU I A % B e % B K B i
TAEAF AR [25-27]. 1XFE, ARG AT S 00 i 5K KRS, o 7t il fE
ML FE AR A (0] 1) 27 1 5 e R ] PR A S A, A R BIOZDN AT . P, fEFEAR
Filf i 5 B K o 37 B AR AN FRIE ] B kg . i, SR B AEE AT
filf42 H (K117 B L p+pi 1) (RlEf A% 1 R0 — 2 R ) S5 (RS [20, 21, 28-30]. JE
92, BR ERAE20MHZS0F AU IR T ofr 17 WG s A1 QGPHE J (1 BEARER B [31].

2, B RHICH S GE R SR s 24T, K RENS ORI — (5 5.



ST e 9

I T N A AR B 5 L1 (RHICH 77 25 (R B A B AS B S 1) I A T A AT
EH AN 31], MER GBS R o Kp 25 R85 W42 1 5 A KR
KF o oI T 77 iy Z4lfm/c, IXTEWRAE KEB I o 1 RENS 56 HE L M AL 35 2 19 1 2K
BR(T ~ 10fm/e) BB R IXFE, K ot 75 Of B AT R0 70 R0 fE 2, i
e R T AT AR B AR N, RUTR R G T WIS e B R . B, o T
(¥ (pr) Bl AR 0 JBE PRI RE AN 23 o K p R AR AR ] A2

ML FIEMR T, o0 TBA KA T HP RS AR vk, L E R Rk — Ak
WA 4k, BUESIR EOA R AR TIEERZ e T, RN ER
THFIRIE . W T AS A AR, aT UNRSEH B il Cliok. X8, gty
FERHICH ARG A I ST o A 11 3842 e AL

STARSE B 4120045 1200555 K AR 1Y R FEA S0 20 D AR I s g 4t 1A A . s
R RO T R B IR T, BRI, RO AR S X B RHICH R
PP AR B A BAE R
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$£_F RHICHEWItES FMliiEXRNEE

)‘d

20004, RHICHS — X Au+Au 1E it L A2 E 5130 GeVHI ML LI LK, O &
FHAEAL T 62.4 GeVAI200 GeV K HJCu+Culit i 5245, 9.2 GeV. 62.4 GeV. 130 GeVA1200
GeV N Au+Aufilf 8 555 F1200 GeV IfIp+p,d+Auhlf 5 5256, F£IF e T AN [F) J7 TH 1 55 56 W0
SRR IR i o 3K — T AT 1] A AL T 5 AT 5 5 g ] 5K TR AR G 10 R
FEHL(RHIC), FIAERHIC E I ISTARBEAY , A STARIE A 1) 3= B4R B0 2% I 18] 5 5%

% (TPC),

2.1 tEIIEEEFXEH RHIC

RHICIE R 58 B T-19994, 2 H HrtH 5 B A 1a 47 v 10 Ik 8 i e v 1 o 29 1 0] 48 e
BHo ERXAMNEDSR T, HEEFRIGERE AT LI E] 100 GeV/u, X G g 5 A8 £
] 5 0 B - S RE R T LA B =

RHICX #EHLI EH AR R3.8 km, S IEAT 100048 FHEk . & nT LR R s i 7 5l # 4
B ¥ . fERHICT, &8 7w LA NE 254 17100 GeV, 2l N2 x 10%em™2s~1, 11 )5
TR AR IR 250 GeV, A 4 x 10%cm 2571, £ 2-145 1 T RHICSZE /) — 28 - 3 2
2-145 N TRHICE: B4 A . ‘B4 Tandem Van de Graaff I #%, Booster il

S 11-



12 5 RHICHG 8 B3 1 hlf 1 52 06205

Top Aut+Au /5, 200 GeV

Top p+p /Syn 500 GeV

Ave. luminosity (Au+Au) ~2x10% cm2s7!
Ave. luminosity (p+p) ~4x10%0 cm—2s71
Bunches per ring 60

Ions per bunch (Au) 10°

Ions per bunch (proton) 10t
Crossing points 6

Beam lifetime (store length) ~ 10 hours
RHIC circumference 3.8 km

F 2-1: HHRHICHKLE SH.

2-1: A7 S 5K S A T I S AL A s R

#& 1 Alternating Gradient Synchrotron (AGS). 7#ET-Pulsed Sputter Ton Source#: &1/ f]
G SR A IR 5 T P A R B e XA AR PR T BE RN 1 MeV
%, AT R 4+32e IO B TR (% h32N b 2 B i 0 89) . XA AR R
#eBooster I F B K 95 MeVAERAZ - I+ 1E— 5 2185 o7 235 s by +77e RRGTEN

-12-
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FIAGS. fEAGSH, &3 FHRPINHE S 8.86 GeV £:#% 1 If 3k — 25 B Figel N B
To W AR B UG BT S A% AGS-To-RHIC (ATR) ¥ B 451 E ARHICHK, "EA14E
AMINRERR FAE R FERHICER Py HE— 20 s 20 Al 1 A s ME 2 g . A T4 7, T

W Linear Accelerator [ A~ +& Tandem P=2E [ o

FERHICK) FE ML L s A 7S AN X 00, FLrb PUAS O 4 o L3 il A . e AT o0l 2
ST ER 6:00 A7 E ISTAR, 8:00 A7 & MPHENIX, 10:00 A7 & PHOBOSHI 2:00 7 &

IBRAHMS.,

2.2 STAR LUGZHRYZEE

i N P BT ST AR A RHIC-STARE B S AE 4L 4, 200 T STARSE IR 411847

I3 At S TARZEN 25 BT 15 21 1) 52 46 K o

STAR(Solenoidal Tracker At RHIC) [32]HEAX/E HRHIC X FEAL 11— A = B2 i
VEZ IR BRI BT R . B 2-2 N IEANSTARIE M n i E . MWEHF R LA 1, STAR
WA — ANIRTE IR TS, R TREA A A o A STARBE 43 1) 80 #5604 -
I 5%, A time projection chamber(TPC), #i I8 (6 B [A] #E 5% %, A pair of radial-

drift forward TPC (FTPC), #i# 1 H#LE GEAS, A barrel electromagnetic calorimeter

Silicon

i Vertex
Coils  Magnet Tracker

E-M
~~Calorimeter
Time
Projection

Trigger
Barrel

N Ay,
_ ST )Y IS

Electronics !

Platform

B 2-2: STARIKIMZE R% .

-13-



14 55 RHICHIDN 10 58 1Al i S22k

(BEMC), il [t L S fE#S, An endcap electromagnetic calorimeter (EEMC), H I
JE Ml R BRI 4%, A central scintillator barrel (CTB), RN #%, Beam beam counters
(BBC), ZFRifg#s, A pair of zero degree calorimeters (ZDCs), KATH[AIHEY, A time-
of-flight detector (TOF), &I mi#RMAE, A pseudo-vertex position detectors (pVPDs),

MR AR RAR M 2%, A ring-imaging Cerenkov detector (RICH) FIEETI A 4R &%, A

silicon vertex tracker (SVT).

CTBT;

<~ ZDC  FTPC i mFTPC £ZDC—*

=1 T T 1
= = = =

I------------I ?

2-3:  STARSZHAI2001AF LRI A5 HI T 18] s ALHE— AN w0 228 1) iU A BB 25 (EMC), I I R AR a4 1)
%ﬂ%?% & (RICH), F1—MA] K474 (TOF).

Bl 2-3¢5 T STARIE S FI I, AP m] BLEDI 5 2R # AR A A2 3R T (1
fEek b, L I (A B S e E RN AR o I ) BOY E (TPC)E LT B IR B — K
NAK, HARNOKI R . B R ARINE F AL e A A T LA, DR EE T )b R R0 X 1)
Ml < 1.8, BRI A PR DX dsliy HoRE 7 A9 Sh A R AEIN RO = B4, K
H U RINE AR RN #5 (CTB) . CTBs2 52K 2m K BRHAMRRAL B PRI
IPAGAEAR VY PIL,  EBEHIR A e OBl T o AR N PR35 A0 R Dy e T e

-14 -
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M ER(SVT), AT LARISRS AR T A B A5 S e /NI A FR) I [B) 9358 = (F TPC) AL T
TR D25 (K P s, EA Tl DA R A DR 7 e D 2.5 < |n| < 4, #J€ T TPCHE
PREET7 1) (R0 S T o S JEE T AR 245 (p VP Ds ) PRS0 SO 10 A 1L, P DA AL 4
AR, EZAR I ) AT R i e ds o FRAESNE — X R FLR I 2% (BBC) M X %
JES I ERERS(ZDC), RS A ik A o 4 &1 1) HLURE F22 E 5% (BEMC) Al # F) HL R 2 fig
% (EEMC) AL TN M B 1AM, SR iera gk pr i, nl DU R s i sh & e 7D
T . AECTBH, A7 AR BRI BR AR fih A 25 2 K AT I 8035 A (TOF) P AU
Forp AN PR N BRI S8 RAT I T 2R 2, 55— A 2 2 AR = (MR PC) i
JRHR) RAT IR TR 25, T LIRS 36 a1l HEURE 3 7 K 22 GeV, 107308 BT v AEI (] 4%
WA AMITE A — AN IE B SAE B HI #5 (RICH), EERIIAUY 1m?, " RAR K
SRR 200 . STAR MR E MR v LASE AL AR T 7] _E[110.25 810,50 T )34 2J iy o

2.2.1 FEEIFRNMIE: BF8)#%2 52 = (Time Projection Chamber)

IS 1) 52 5% %8 A g STAR A i = 22 (4R I 4%, € A0 A8 B oh O 4 T 2R LT N R
G o B AR BIERME [ (E P EIE A |n| < 1.8, BB TTALM, Ap =2m), W]
PLIC S5 K B AlE 8 7 A2 R 745 B [33]0 W 2-4 2 R P R I I B = R . N ]
DL Y, I AR N0 5mBI2m A D 3 137, B AE AN A 4 20 45 P A (1
WX, B MNEBXKEE 2. 1me W IEAS X AR I [R] 435 3 v e () — AN B R
ik (cathode central membrane, CM) Tk I, EBIRRME b iy s 21 428k Ve XA
AT LA FL PR R TR R AR VRS X T S RS o A PN IR DX P S kg 2 b PR B AR 1
MRS, PR X AR 24.75m3, BLTH 789 1 IR A L3R 90% M 48 U R 10% 1)
P8 JIT 2H B 1) Pro VR A0 10 s SR 15 78 24 BE KUl i 2mbar PRSI A o 7 75437 £
(71 b, TR BERE & A8 ARG+ AN, ) A S

FE T RE ST 55 MUZ-AZ R 8 26 (R s FiRE 1, BTN 3 & 2 28 P E100 MeV /¢ LA

-15-



16 55 RHICHIDN 10 58 1Al i S22k

— Sectors

Outer Field Cage
& Support Tube

Inner
Field
Cage

Sector
Support—Wheel

B 2-4: STARIN[RE#EETPC,

Fo BRI I R B N, R SRR G IR AR R R R
FE—ADRAT, e R P AERRR & R ISR BE R 08 LT i AR K.
BEAE RS AT I 42 (2m) BRI RER SR KL N LA MeV o X887 UL 7 A2 ) L2 I
A 55 = (A IO SE M 1 L 5.45 em /s (TR ) BH AR S 45245 o IXSREERE (VD L T I 2%

ES S ORISR E e e

P 2-5 Btz g I TR 058 3 AR A T ARAN B Y AR G iAo I H) 5 =B R L 244
B X, BRLAR124 . IXLETE X I AR Z /MR B e R IEAT 144,000 82 H e
BRSO AN B2y, B 32 ie th fr, R ARG 13HEE A, B4
HHE. BRI, iR T R I R BOE =, R AN AT BRI X
RANFEAAIE, XJE T FE I AR E LA 2, DRI T B A 1 L0 AR T AR B 38 ) 5
A TR /S o JXRE BT AT DAORAIE BVE 20001 ) 22 B EUR R IR e 2 HH AR B AARE 1452

-16 -
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Outer Pads Inner Pads
6.2 mm x 19.5 mm 2.85mmx 11.5 mm
Total of 3,942 Pads Total of 1,750 Pads

Row 1 thru 8 on 48 mm Centers
6.7 x 20 mm Centers Row 8 thru 13 on 52 mm Centers

Cross Spacing 3.35 mm

/ 600.00 mm from DETECTOR CENTER

) I~
) I~ ~ fe -
I~
I~
g : T
3 8
o) ™ 87 x 3.35 =291.45 mm
0 : \—1
o ©
1" "
S &
= ™
) X
g o |
- ! | 8- —
| B~ — 3.35 mm CROSS SPACING
L— — —
— - |— 48.00 mm RADIAL SPACING
- f— 52.00 mm :
6.70 mm CROSS SPACING
(7 x 48) + (5 x 52) = 596.00 mm -=|

20 mm RADIAL SPACIN
— 31 x 20 = 620.00 mm

——

1271.95 mm from DETECTOR CENTER

B 2-5: TPCEH s XA REK.

Aoy HEA . DI )58 = T A 1t A TR B o 2.85 x 11.5mm? i EE 2t v
FITHIAR 6.2 x 19.5mm? e AR )R A B2 X e th R et A A 78 B X,
P RS R AN £ 22 1 H % (Multi Wire Proportional Chambers, MWPC), fij F ik
D RN AR XA G =2, — R4, —REhifrsis, e
R 2 LU, DRI AR K IR AT DA RS SR () W 1~ 2 55 IO AR i PR it
PR R B A5 5w LA HORL 7 AR I 1), AR5 AR SR AL S vl UG 2 i 3 - AR s, 3
XA T DU, mn] DA 21y KL A IR ) P58 5 TP AR L

TEAS 247 R AR fa, W AT AR I th 242, A SR T AHEH &1
M A . XHER S, TSRS R RS . 4 R 7 E TP CHY BE 451 2% AT LA

HiBethe-Bloch>k 7~ [34],

dE 722 2myPulEy
<%> = ZWNorzmeCQpAﬁg [In 7

— 208" (2-1)

-17-



18 55 RHICHIDN 10 58 1Al i S22k

dE/dx (keV/cm)

B 2-6: iR AR TPC UARI RERE UK.

Hohz b7 (Che W BAE) , S=v/c b7 IR, p A TRINEE L, Ny BTk
NS, m AT R, 1 = e/m AGIHBRRER, G, ZhREIIR T
B, AWARERIBRT R, v=1/\/1- 52, D FEREER. Ey = 2m.23%/(1 - 52)/2
SRR i K IR e . IR — AN 4B Bl p/N T 0.8 GeV/e VG, 7, KFIpfEfEA
IR . [FIREI, LEIXANB R Y, X B ORI mT DL 4% F SRR 3T %
ille B 2-625 HY T AESTARMTP CHEMI 2% il 5 21 i) A [RURL 5~ 1) BE T 0 2R (dE /dx) . AN ]
R A AR R, A BT A A B 3 AN DR TR, BT g 4 K AN T
(1o X T AutAufibfi, WX dE /de ) E ] DA K3 #E 2~ 0.7 GeV/e, pHlr, K4
HEF~1.1 GeV/eo X T 955K 7, BIWKS, A, @ISR LM 540, BB
1£0.3 < pr < 7.0 GeV /c 18 B AR IF 1oy S 0 ke, A o B gl sy 1) B e vk 2 R R B
BRI TAE SRR AR . X T OREEARRL T, BIANKQIA, Sk R G F A7 v g ] DL )

Flpr = 5.0 GeV/co

- 18-



K — =

F=F KWNEHZE

KB RATEZEVEA A A28 EE Cut-CufibfiE KRG o/t 71 S, T7ikHI4h
I BAEGEvE = AVFIE B A 1 HE T Cut-CuflAu+Aufilb i RGiop N 1 RIIL S — o7 R 7
F3 7 AIURTR 152 S0 R 43 28 8 RS RVl AR S g S AR

3.1 §E-fRATE R4 oI FBISLI IR

FFORS 18 120 Al 4 52 36 1) AT 9T H Bk A2 5 4k QCD B T0 5 A58 10 ot 248 0 0
HIPE . STARSEHZH CL2e R4 T B e i 703 A 200GeVAI64GeV i) Cut-Cufl Au+Aufilf
ARG B . R T o 1 LA BT B WE 9T AL RL 1 A A% ) B o B — AR Y
R . ot 7= CRIMRLF U iR RN R EA . REL—MAT, BENR
B (my=1019.45640.020MeV /c?) B Lt ufld & e s A 78 E, il FEmpiAd a5
ZrisHSAL T, FrClEaw A7 R T o TAX THER R M A 4 /A1
IR ok 23 48T, i DA AR AR F e U O B4 1) 3 i Sk L . o T I A7 fir K4
Je45fm /¢, 3X LU K BRI A7 i 2L B A S A ] REAE K ERAM IS AR I HLE A 38 ARS8 A 91 R
ST BB A AR TR IS TR 28 U o DRI B AT AT e A Al RIS S, 2 T AR
T HL BRI S A B R ) I AT R

FAC LA HISTARSEIN S SEAR 18 B B TRk fE P o/ T BT IR 24 7. A

-19-



20 o — 5 SRR ik

S S 23 A #8532 B A o1 IR U Rl AR 4 RO R it R T e
RIHHIE . BRItz Ah, FAEAT IR 7 1S e B A A 4 2R . IX LS 45 R i
LA ) AT T B 1 - L g N D0 5 3R AL X 18 B il v 7 A i R A AN [ B
FRE2RY, DT FE S0 2 iy PR 0T 18 T 8 7l 93 AR 4 AR ) PR R

3.1.1 SRIGEIERIER&HE

AT T3 Mt T AE20054F HSTARIR M 5 73 21 B4 Alf 48 2 ¢ 1) S 46 B o o XLk
o3 M 45 AL & 1 I ] #5E = W E 3 0.5 0 B ISR AR AT B . 6 T AR IR
7£200GeVCu+Cutl62GeVCu+Cufill i T o 1 43 #r i, FATAE Fminimum bias trig-
gerfJZ /. Minimum bias trigger;& R #5 P4~ % 1 i & fE 4% (ZDC) Al 1 Latrigger i JE ER I
#x (CTB) WMfa 5 1iE X ). ik AR (VertexZ) | T MU BELF £
T B2, TSR FA 19| Vertex Z) <30cmm. R AR Foce B K20 48 4 SE 36 Hds vh 2
%2 EH(|In))< 0.558 I 5 i Primary trackff1 %L H )5 Aii fGlauberfs BT 5ok 15 2
7o B 3-145H 7200 GeV Au+Au flff = I R B 1B 226 2 U0 70 A

X - R P AR G A o 1 I o A R AT RIFEAE ] A K ALK R EH, 4K

10

10"

10

10°

10

_1|||| ||||||||| ||||||||| |||||I1T| |||||n1] ||||n1T| T

il e L MR e i ol B H ol b
50 100 150 200 250 300 350 400 450

3-1: {200 GeV Cu+Cu fltf# - Il B R SR M BCRE IR 2% 2 THOMi . LRI AN B BER -
0-10%, 10-20%, 20-30%, 30-40%, 40-50% Fi! 50-60% .

-920-
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21

TR RE R N Primary 427 . Primary 21545 (1) 2 AETPCH /2 St ik A2 vh, iy HRE
AR A S A ) AT T Tl I, PR AR T A B/ R S (DCA) D T 3em P42 . AN
K T -G R A oA KA AR T N %3 A2 IR AR RR AR T 3R3-2H1 .

% 3-1:
STARSEH A1 E M) Cut+Cullp i 0 Z S 50T 8 (Npard) FTPIARRLTAZ T80 Noin) ZEBIE . [?
Centrality 200GeVNL“™  200GeVNGUC"  62GeVNILT™ 62GeV NGO
0-10 99.0 + 1.5- 1.2 188.8 + 154 -13.4 96.4 + 1.1-2.6 161.8 + 12.1-7.5
1020 74.6 + 1.3-1.0 123.6 +9.4-83 722+ 06-19 1075+ 6.3-8.6
20-30  53.7+1.0-0.7 776+ 54-47 518+ 05-1.2 684+ 3.6-4.7
} 30-40 378 +0.7-0.5 477 +28-27 362+ 04-08 423 +2.0-26
40-50 262+ 0.5-04 292+ 1.6-14 249+ 04-06 259+ 1.0-15
50-60 1724+ 04-02 168+ 09-0.7 163+ 04-03 151+ 0.6-0.6

KT PRURIE AR R ) i R AR 5, IR 2 cutsA I INAE KA-ixik s L, HIFE TR
3-277,

Applied Cuts for ¢
Primary Track Yes

Track Number of Fit Points nFit > 15
Track Fit Points to Maximum Points Ratio nFit / nMax > 0.52
Track Pseudo-Rapidity In| < 1.0

0.1 GeV/c <p<12.0GeV/c
0.1 GeV/c <p; < 12.0GeV/c
—2.0 < noggon < 2.0
0—DipAngle > 0.04 Radian

Track Momentum

Track Transverse Momentum
Track PID by dE/dx

Track Pair é—DipAngle

= 3-2:

List of cuts used for the ¢ meson measurement.

HAPdE /dx s ok FAETPCOH ¥AT IS FE M A B . SEI0 Bl & 311 (dF/dx) Xt
ZE plI X & Al LU Bethe-Blochef 20 R if s fifiid . & 3-245 1 T7E200 GeV Cu+Cu Hlf fif
b KRy R IR (A B do) B AR 4k G &R, 254 1t 2 AR AH W 1) Bethe-Bloch i £ 4

AN
=1 o

-21 -
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10°

*

0.1
0.09
» Kaons
0.08

0.07

Centrality
Cu+Cu 200 GeV 20-30%
0.06

0.05

dE/dx

0.04
0.03
0.02

-,I_'f]IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0.01

0

Rigidity

B 3-2: 200 GeV Cu+Cu i 4 rhdl & 1wy AR (primary) R (dE /d) FE) 5O R 55010 .

312 ¢ FHIEM

O 5 B BUE B TR 5 S (Event Mixing) J7¥% [35-37]. ‘EHFEH AR5, AH
[FE1 (Same Event) VR & FH A (Mixed Event) 3 Aiio

e S rh, EFTE KR K- PRk g —mn, 438 mE i, X3
VAN 2 o TR, M4 R 2 A G 5, BAHNRAST R4 el
BT o FAF T o AT HIBR TS 52— RSB S b IR IR A A VAR
# Like-sign pair 7L 4] A 15 5t 29, 36, 37). fERATHIHr, RAREFM4 7ok
Wit KT+ K- AR A P A1 5t FHmRG I, AR A Fak
BAr, CRAR MR S L. T BRI A TR R 56 I R A A R S A A
ORI AR B OCHR,  HTTRA I PA S 6 25006 2 a0 A

e

o EATTLATHAN R SHAAALN VertexZ, BARMEIEIEH (-30cm,30cm) X 7] 5 4101
DXTa), G HE[R—AN X (A N AT IR & o 3X 24 RHIC Cu+Cu 1, Ky
BB VerterZ (WM ARMPEX ) S, RuTgek a3 FARVertexZ
() =L T LB B8R 5 A ) o FEL T F) 20145 715 5

-9292_
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o PN HAEL AR R SO AR I 5% £ T8, BHRIES 15k B T R
L.

o X THEE AT, TR S LA URIAR [F) A AT A3 ) AP T LT

50000

40000

30000

20000

10000

.'l\III‘I\III\III'\IIIIIIIIlII

10-20% Cu+Cu 200 GeV

1.2< p, < 1.5 GeV/c
4000

o

M

inv

& 3-3: ¢ meson invariant mass distribution from Au+ Au collisions at 200 GeV. Left plot: Red histogram
represents the invariant mass distribution from same event while black histogram is from mixed event. The
peak at invariant mass around 1.019 GeV/c? is the ¢ meson signal. Right plot: ¢ meson invariant mass
distribution after background subtraction from event mixing. The fit to the peak is a Breit-Wigner plus a

linear function.

— AN DURR Z AR AR Ao S B iy, TS bris SRR ) Rl SN
11425 18, TRA SR BIL0UC iT A RO G Ge vk ik i 5 R 0 i 25 0 X FE, 75 30 1R A Jik
ARGt B v T A A oA, SE BRI BRI AR S F AT IH — B [ AR R K.
X (AR 2 oA AN T 43 A A 1 PP Xk (1.04 < g, < 1.2 GeV/c?)o

-923-
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3-3HF 22 B 4 7200 GeV Cu+Cu Rl AE 0-60% H 0o FE I AH [ - AF R A FH4F 0 A, 1
AN A G E S5 o TR TR AT BRI LUE 2, A RS04 O
DRAGHER, EHMRERZAE, o TR SAE . WE Gk o) iR 44 &
Tt TR B o TR X, 2L S5 o A AR ) A o A R L 7 5 F —

A IVERE B PYARAT LR 15 58k PR REAN TR A Ao, ST S ok (3 S 5
R SLIRA AR T4 (e K, p%) AR AT AR A B ORI 1 AT LA FOW (et + e7)
137 H T TPCHI(AE /dx) IR AR KA+ FIIE S FL - X 53 7K, B DUR A AT B
T HRARI L PR RIN A S KT+ K, S50 BA TS o/ TG 5 50 A58 md . 18
RERSEAEL,  FRATT N TE X 8 L 106 R R (8] 1 B2 (0—DipAngle) R/, — /N T-0.0490 % . 2K
AN A 18] 14 245 160 7 5K 0. 043RS T AA 24 1 11 Bk 28 v 1506 75 5L

I J5 B AT 18 F Breit-Wigner B B0 — AN H4GR B RS o FIIAL R E DA (F

-3 IAIIE) o A3 3-145H T Breit-Wigner i HUE 2

iN AT )
dm — (m —mg)?+T2/4

P AR, XN TR, TRAZ R % & (Full Width Half Maximum,

B (3-1)

A SFWHMD , mo bl 78l A S, BRI R, HhA, mofl THUE A H 2
o BHOEZ I, AR S BT Rt ERB R, B 33 A R PR (S e 4
i 17200 GeV CutCulilfAiAE 0-60% L JER ¢ 5 HIAZ T U A AEA . Tl A A
[ SEAN ) prlal B ot 3~ B ANAR i, AT AT DL IR MY A 5 7 H 2

3.1.3 BRI ERIRWE FER MR R AZ IE

PA_EA3 2] o1 v B0l SEBEAT ZRI a5 R AR I A R B I . XA R
Monte Carlofbi U S H, A GEANTH (A0 480 4% S B K H 8 o 1 BB IR D
T. 7 GEANT MCHERIH, BE oM T 100%8 5 K+ + K134, 5511 MCRZ Kk
NECSE SR R, — RS W R AR ) STARAR I 28 5 gt AR A HT 5 R . A 5e 3 1 3
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PR G, I 5SS IR A A5 R, BRATT ) DA R S 2R TN FLRE I 14 4 B
Py H SR IR AR, S50 it 20 M R A I cuts (5 3-2) A BN F A A28 R 97T ), mT LA
TS oA T IR A5 BBUBCR AR BRI ECR, FRONBIEN 1. B 3-445 H 7200 GeV
Cu+Cu fEFE T H LB 10% 20% 048 1E 87 BERE R Zh & pror A FTIHL, BIED 7 REE
prd&in, WGEBEN, E pr > 1.6 GeV /e JaaiE . F ARSI bl A Al 4 0 JE AR 4 1T
AT

0-8 T T T T T T L B B | x{n‘ﬂdf & 111

pl 0.3682 £ 0.0256
pl 06347 £ 00309
p2 30009 £0.3968
p3 0022 £ 00226

0.6 - [ Flat pT{1O—20%)
# Exp Weighted P;

Acc*Eff

| 1 1
T
¥

3-4: 200 GeV Cu+Cufilif#Ed, ANFEOET PR MBI BCR BRI B pr ISR AT
gtk HEREL f(pr) = a x exp[—(b/pr)?] + ¢ WA BRI 1E D BAEIER T

3.2 200 GeVFAG2 GeV -3 Al 1E R o 9T F BY F= 50

3.2.1 fA-ARHES N TR FEIERE

X oI T REATRCRAE IR Z G ] BLAR 2 /e T AR B A BEAE B ) SR R,
B AGETH 2 B Ak, B shE T DU € BRI [37) FATH T
Levy b #(Equation 3-3)fUA X853 Ay, il 4- 1577, MAUS 3 HCH S 47 PR BE R (17
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(AN /dy) A1 5347 ¥4} % (Inverse Slope Parameter).

my = \/pi +mg (3-2)

1 &N dN/dy(n —1)(n — 2)
2mmy dimydy 21T ey (N Levy + mg(n — 2))
mr — Mg, _,
1+ — _
(1 B, 33)

322 N FEHHIRFIZRE

SIS TR B RGO I T B, D BT P AW H R 5 296 (B Rl
AL R R B R AT AR, ORI, (8 pr e, 5 pr =1.1 eV /clX 1% #i
€, 2ZJRHEH pr ETF), BBIOBORTS AR ISR (5 P — . S i
BB RGRIESHTN . SRR, Bl AR B AR 2 (R i

o UUBRMEIEK N TARIBRISA, HIUAIF P Fit points, (dE/dx)ik#e4F (~8%); b

6—DipAngle cut;F= EZER] (~5%); ¢

AR B T AR S, il 3B 2 TR 19 2 2 s RS R I 22001 (~4.5%);  d

AR S FAFIT AL T, AR A DO AR AR (~2.1%); e

TPCH B AN FI B, EH B 07 80N S e B i 2250 5 DS A9 2253, Full-

Field vs. Reversed Full-Field (~3.0%).

TRXLEN KRG (Va? + 02 + A+ A)RBIR M RRIREAN~11%. LI, RGRZED
B IR SRS AT A AT N AR ELE GEANT MCopHrid Re

- 926 -



3.3 200 GeVE-fRAlIE F o/ T B[R

FEIX B BATPHRG R S 56 B R oA IR (v) MIERE . FRATIN P B tE SR 1
T3 (38, EAT LI RDRE AR 2 6] 73 AT AR S T

BN 1 &N =
dp - %ppoTdy(l + Zl 2u,c08n(p — U,)]) (3-4)
X pr My B3, &S| v R y KAk E, X (Equation 3-4)A] LA AL
dN
io— 1) o A(1 + 2v9c082(p — V) (3-5)

Forbwo KO i S F I [38],  IXARAURT BLWCRE 3 (7 A ARG 211 1 7 A o 5 HO

331 $-HEREES BT ENERRAPE

ERHIC-STARI) 5 56 o A7 P9 A 48000 28 ] LU ok ok s M I R 10 e B~ 1l o —
AN 22 2 0 B ] 4% 5% = (Time Projection Chamber), 75 — 8 & Forward Time Projection

Chamber(FTPC). i FFTPCH & 1 P EED I, PRI e Rl D SRR M

SR by PRI E I B (RORL T 7O Ff O ATRAE o 2 B8 B LA PRI 38 ) B B L RIR
WHCK, TEIN o weights KA AT, ML LRSI, i F9bieh—
FESR I AT I R UL, BERIVISATHR DLAT REAS—HF, PITEL o weights B W iZ AR [R] i A
Flo B£8R, I pr weightsn] LURET AR PIIOSHHER . BT QRS
P

T, = (arctan %) /2,0 < Uy <7 (3-6)

@ = (@0 Q) = wicos(2p), 3 wisin(2:)) (37)

Horb, wist ¢ weights Al pr weightsﬂ‘]% A ?'EXULWesthTPC%DEast-FTPCﬁJ\%"Jiﬁﬁﬂﬁ
FIMEIE, ARJ5 AT B BBEAN B S N T T o SRAEAT 21 AR 1 S B THEE AN 907,

_97-
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MBALE IE AT —IRIBIE [40], BLa 1 ZAR 10 S NP AR AR o
U =T+ Z 1/n(— < sin2n¥ > cos2nV+ < cos2n¥ > sin2nV¥)(n = 1,2,3,4......) (3-8)

FHARAE S A T R A2 32 o 206 A2 4R 3-38 HOR IR 461

Applied Cuts

Global Track Yes

Track Number of Fit Points 6 < nFit < 12

Track Fit Points to Maximum Points Ratio 0.52 < nFit / nMax > 1.05
Track Pseudo-Rapidity 2.5 < |n| < 4.0

Track Transverse Momentum 0.1 GeV/cipr <2.0 GeV/c
global dca < 2.0 cm

% 3-3: List of cuts for event plane angle calculation.

B 3-645 T EABIE RSB B F R AR . AR B, R
ST R AP IAEAREE (RF) o

KAL) S =PI (AR 8 H B AT R, AP AT e IR, B e, =R
P23 9 2 (R TSR] LU L TS0 (sub-event) J7 ik 53 [38]. FATHEREA FABEHL
RS S5y O AN & AT AR AR B H 1 7 S0 . RIS TS AP, ARl
USRI W ARG, MR ST 7RSO [38] T Eq.(14) R Eq.(11), AT BATHE H S

| FlowPhiWest_x | FlowPhiWest_x

3
x10 Entries 2.265053e+08

ook ] LA I P R -
T AT
AN NI | A
wl | LS
v I

0||||

|2||||3||||4|| 5||||s|

o
=

Thu Mar 13 13:11:30 2008

B 3-5: 200 GeV Cu+CufilifEt, o weightstEAN R FTPCX [8] )43 4f
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| EventPlane_Shift | EventPlane_Shift
250 10 Entries 2.347158e+007
g [ T T T T | T T T T T T T T I T T T T I Mea" 1-5?1
2 T RMS 0.907
o L %2 [ ndf 149/ 179
200 — p0 1.304e+005+ 27

150 :— —:

100 :— —:

50 :— —:

C 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | N

% 0.5 1 15 z 25 3

3-6: 200 GeV Cu+Cufliffirf, 0-60% F Fr-=fi-F-ii o34 o £0 ¢ 40t N3 Bk B M4 24 o

53 HEE r = (cos[2(Vy — U,,)]):

_ VT

(cos[2(V2 = W) = N exp(—x3/4) % [o(x3/4) + L(x3/4)] (3-9)
(cos[2(T§ — W,,)]) = V/{cos[2(¥q — Uy)]) (3-10)
X2 = v2/0 = v3V2N (3-11)

BG, BATMITRE 3-10 THEFH I Fal 73 WK (cos[2(W, — W,p)]) o ARJE ARG JT RS 3-9 7]
LU T HRal xge AT 3- 11 UE H, XA RH VNBIELL, BT ABEAS SR 43
PRI o = V2x§e A xoARNTTHE 3-9, WRUKR ISP ik, B, il
KER vy = 08 1 (03" 5E WL 5 B FARRE T A1 30 A1 P EL AU A RIS £1) W] A
FLAL MRS . FAIAF 31200 GeV Cu+Cu il fiEH 0-60% H0 B NI HE34 16%.
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3.3.2 200 GeV §A-$HAlHE R G/ FBIHE R 7

T HAP LI R 2 5, e S K0 SR I R RS . AT 1
I AN BTEE (395U vgbs, X ogP VEF 3 HEAAE IE 45 B S vy

Invariant mass method A& J & I\ K+ K—-pool H#&HUH KTK~ — ¢ I [39]. &
WM R SR B KK o B 5 5 ML A 1 W 3 5y, T8 5 5 R S Sep o5
M 19 Z2 FT ABEERCH AR N 45 5 I 510 wo o 5B THSHAR R AR BT AT K K%Y
VB AR TR AT R FR, FRN va(mine):

Vo (Minw) = (co82(pr+r- — Va)), (3-12)

SRJE AR AT 5 AN 5O i, KRBT 51 g

V2(Miny) = V250 (Miny) + V25 (Miny)[1 = (Miny )] (3-13)
Fort, vog = vog WAE O TAE T voy 1M vop JETT I V20 (Miny)=S/(S+B) J& 155 Hl
TR, ERARTE My, M0 A0 T S4B AT LI A [A) S v AR it A1 il
KHSL, TS AL BRZL &1 5 5 AR 5 73 Al T Breit-Wigner B 3030 & 7157
iy UL, XMV B 51 0B ma, JCTE AL, T LM E A ek HORIT L [39]. £
TP AT IR T AT i (80— VK R BRI P IR BR BOK A IE , RAABESE pr-binfy T ANl 4]
3T T A pr-bin THURUIRG] . W, ZEA T AT X R4 5 bin, BEH K
D RGERIE I R I Gk

A pr-bin SHT, BATE] 0y vs. pr Re FEIFPRZE F T B T R R
SRR R
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mass_v2 p2
Entries 222000
Mean 1.051
0.017 Mean y 0.01563
RMS 0.02978
! RMS y 0.7067
0.0165 1) ¥2 | ndf 53.74 | 67
! ) vghe 0.01551+ 0.00791
0.016 RETTTTH = a0 0.02662 + 0.00245
: [T a1 -0.01042 + 0.00237
0.0155 : ‘ WTT #
0.015 + + %
- 1
0.0145 — + —
0.014 | | | | | -
1 1.02 1.04 1.06 1.08 11

3-7: 200 GeV Cu+CulilifE ™, invariant mass method $£H o/ THGE s M . BRI AR
3-13FURIZ AT, I 08

0.3 ' ' | ' ' | ' |
0.2 Cu+Cu @ 200 GeV minibias(0-60%) o
o 01 —
>

N b i
0.1 * 0

1 | 1 I 1 | 1 I 1 I

0 1 2 3 4 5

P, (GeV/c)

3-8: 200 GeV Cu+Cufiltdi ¢ iR BEE B M B A AR R B LA 7 R A4 T 24 A
I CEEe

=
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Yavand

o

= SRR T IL
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EME RRLERIAIE

KRR EE S RS R o B8 oo 57 B Al 42 R At e A
Tl AR G0 R AR, JFEE— D THE T o 737 SRS M T RE - R R I o R 5 R
QI T AL E Ay S o7 AR 1T, A DRE S 0 Hicdhs 1) &5 SRR AR AAR g 2 A T DL a0t
177l

41 HEMIRERTRHES o THEE R NEN S K5

FLF B ) B R SE s BRI R R, SARSERNYEGE. B 4148
I TAE 62.4GeVAHI 200GeV 1) Hil- i flf 4 2 42 2 A b B2 R 13 22 20 A o X b 2% 43
A1 AT LA Levy B BF I A LU R R Levy BN A R o S = i e
H iy = \/m A Tpeo AR XA BB 3. 21 /n —0, Levyif ¥ il Lo
T AL R 45 B oR B . X T200GeV CutCuRllAut+Aukilf i R 48 A & H LI N0 I, 5
BT Lo, Mt A3 AH LI AE o 3X SR T 7 45 7€ fll 38 R S8 BE 5 M N5, o 1 1185 572

X T 3X P Rl i AR G A AL TE AR . B A- 1R Au+ Audilf i &R SE[41-43] 0 FE S 40-

50% (Npare = 76.7)F1Cu+Culilf i 58 48 1 0 BE A10-20% ( Npart=T74.6)1E200GeVHE AT T L

Bo BRI G5 R AR HH DUAE R 28 48 RE B0 62.4Ge V IR {5k o

A-245 H T7200GeVHI62.4GeVIF Cu+CuflAu+Auflf & R g5
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34 FPUE SR SRR

Cu+Cu \/sy, = 200 GeV Cu+Cu \s, = 62.4 GeV
10\\\\|\\\\‘\\\\‘\\\\‘\\\\|§\H|\\H‘\\H‘\\\\‘\\\\H
ik M 40-50% Au+Aux 10 i A 40-60% Au+Aux 102 ]
5 g, S ”@%@a E
3 e Q
S [ 1
F [N - N
8 10'3?%AA L T, By o ]
~ F A ‘m IO =
4 R N N .
—~10 5%%\9 A, m O ¥ GG%Q s, H E
a2 oo AL B Fo e TRy g 3
c 10 %}{3, & A B, AA-\
> 6b L] . A I e % A 3
5 10°F iR & £ PN -
- _F R NN A ~ <
%10'7; ﬁ‘c* E}\{k ‘0\\0 E3 ﬁ:& ‘ib\% [ E
& 10°F O0-10% e ‘3’\4} * T ® E
> 0 O10-200% x10 ., ¢ § T E
=z A20-30% x1o2 Y ?
Ne) 10710; 0 30-40% X10° 5}, + N E
L f ©40-50% X10* I - Levy function 3
107 %50-60% X10°
poteb b Lo b b b b b b Ly |
3 4 5 1 2 3 4 5

Transverse Momentum p_ (GeV/c)

B 4-1: 200 GeVHI62 GeVCu+Cufilh fiii 78 A [7] v B 1 ¢> ?1 SR BEE R B Epr IR R AT
X & Aii, &I A e L BN T 100 MO R LR IR B B A, i 2k )
RLevy &, BHRZERZESKIHEZEM D,

& O asAu ﬁ;‘z‘o‘a‘eg{é” N ‘é‘z!‘eev ]

> F % Cu+Cu o 3

g = op+p W *if" - E

E +* ]

© 0.1? F{fk el .

E O 3

A 00 FHHHHH——— - ——— ] FHHHHH —

5 i \sw=200GevV T \ﬁ 62. 4 GeV :

% 0.02- %M@@@** 4
= 3 # ko @

S oo -+ i

e C T ‘ﬁ]*%ﬁ ]

5 N I i

R 0.005 L HHH} L HHH} ; % ) HHH‘ - HHH‘ ) B

§ o \sy =200 GeV \[Sy = 624 GeV

1100 E3 E

D 1000F [;][j@ 3 E

I B PRt

A 700F 3 (% =

o S0k k3 :
v 1 234 10 20 100200 1 2 34 10 20 100200

Average Number of Participating Nucleons <Npart>
4-2: 200 GeVHI62 GeVCu+Cu,Au+Autlp+phli i RGE T oIk . B b )i 22 s e v Hl

RYGRZE.
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AN /dy, AN /dy /Ny Flpr B N,y 5 A 19 45 A7 o 35 26 25 51 22 0 T 46 4 52 B 4 & 40
() B 5~ dAN/dy,dN /dy/ Npar Mprbs B HIA 5 7 B0AS HCR T 508 3 1) =89 1 1 b 2R
ﬁﬁ 7\% EE Ej]? j:% E/{]Npartﬂ% y% 7\? o ?\jﬁ\ ﬁlﬁ % g/ﬁ\ %Npart7dN/dy$upT% ﬁj\ ﬁ %E624GGVE/‘J EH‘ ,ﬂ% g‘

EL200GeV i B i B L

412 RZIEEREF

BOP R IAT Z R B IR N T Bp OB o X T Ny X A 7 R B

> > Npart __d*Naa/prdydpr /Npart
fctRAA (pT)_ oy /dydpr oTrtel

 20-30%

l

ﬁ#ﬂié

-~ 1
eC. o ]
.—O—' i
@) —
)
)
SF¥
0% 2
| I I I T e e |

Y T T P T P e

Nuclear Modification Factor
N W b U N 0O

e fo e =

| | [P A - [ [
2 aF T T L B B Lo L IS L B
5 5 oF ¥ 20-309 E
§§%; 0-10% *Ran £ 3 20-30% E
""1'8; AuAu ¥ E
§ 16 E

Modific
3
=3
—htt
e
[T IS O R OO P P P R R P
| T
e
P
R~
aida
|

Nuclear i
OO0 0Okt
N B O
L
~E !%'
+

2 3 4 5 2 3 4
Transverse Momentum P, (GeVic) Transverse Momentum P, (GeVic)

4-3: 200GeVHERE F Cut-CuMAu+Aufillfi 22 50 L 1) o1 AL 1E A5 F B2 14 7 400 b B ol 33 e 1
WK F o B, S0 AR Cut-Cufiidi, “F0 mNE AutAufilffiE

b ] 4-300 LU H 0 T Cut- Cul Au Aufil 8 2 455K 367 25 i A T 5543 31 1 4%
{6 TE DF 7 RS (R AR S AR AL o 254 438 vl BE AT [ B IR, N NCuCu iy L K 24
S N Auwdw N Ay ] 5% L 1 Ny, b5 B BRI A T 5575 B B %48 IE X T 7R Cudt-Cufil 1 5
Gi I ) B 7 T Au-+ Auhli R4
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7F\/Sy = 200 GeV =
6~ Au+Au  Cu+Cu =
S;OK_ —e *(p o ¥ E
(/\T EAK == ]
= 4f T @ [T -
s f " lrllﬁéfl 3
£8 f Tl%lﬂ?él%? ]
= E
N_ H Lo L Lo
2 gf\sw= 624GeV 1
— 5: Syn = 62. () .
i r O Au+Au I l ]
> 4’77%0 . lil % .
32 - u+Cu ] l 0 .
ZEE 30\[Spy = 200 Gevl lé [F‘T T | E
S omm 1 il [ SRR
- % Cu+Cu T$L7 | 111 l Cl) l .
| — el L =

i

1 1 1 | \‘ 1 1 1 L1 1 \‘ 1 1 1 1
1 2 345 10 20 100 200
Average Number of Participating Nucleons <Npan>

B 4-4: FZAZ AL P R SR p -+ p Rl A A T R IR RO N O ROBPE o L AN [
HAu+ A Cu+Cufilb fif KRG EFIp T 145 KA LK HSTAR. ML 11200 GeVAER T p+phil il REE I 45
K HSTAR, 1M62.4 GeVEER L FK HISR [44]. B R 22056 RG0R 22 F g 2.

43 o FRIFEFEF FIERMFA S

B A-Arm] DU K A E+277 5P T i BEAT LA 5 1R 37 57 65 o 0 50 6 4 o v
I o i FLIX ST I 77 57 1 085 I A9 3 S 1 o T 5 B Al o 5 (1 398 T
IS, AE DAL R A IR . AR o T AL e A s AN —4F, BRI R
bl R B 1Ry A P T R B S AN T S e A Dt o 1 K R R
THEREREEE K~ A, HEEHEER. K MA 20, o — R E s, mH e
(Rt R B AN, AR AT 77 57 T e AT T Rl o 1 IR 45 RAAR BRI . IXHERR 1 hE
TR G R o AT A A PE T R AN S A S S R A

FEE B T REF A, o 1 AR R B DA 2 IR R, i 2 T i ss 4l
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F o fEAKHES.6 GeVIRIp+phlt i 1, oo 1 (1 A4F 1 3 222 th T-OZIEE I [40], >4 flk 4k fie &
H6.84GeVRI2T AGeVIF I oS F7= A B 2 XA . T ERHICEE X (¥1p+pfilf 1 7%
FLIL T R R OZIIARAE FH I REX, I HAHXHS B Fhlk i h o 1 1 w7 e T A A
BEAEHE 1) o0 JE AR o B ARATT AT BAAS HR S5 18 p+philk 3 o /1 7 I O ZIH A RE A FE AR T
W B TLE Y B o1 B

QAT TR T ey A W vt B 2y 1 AR KR 2 200G e VA u+ Aufil 1 R 48 47 5+ VT T
AL 1T Hod 3 AN GRS b S A i T IR & 7 5 e b . i
Y @7 (K37 S R T v R RIE FE AR S I BE AT HOMUME SCRE T 7y S P R B e AT il Ji R L g
AR AR Ao [N R ] T e T S o1 A S M T e A Rl O B AR O
> Rl HH S0 o 0 A 3 B

4.4 200 GeVE-$RATIE 2R 5 o T HIHE R 7T

Cu+Cufit it RGeH A W B ARRBNY,  FrLl A 148 HF-TPC(Forward TPC) K& F
PR B 4-5 45 T CutCu(0-60%) FlAu+Au(0-80%) fEAll 1 R 4L hE 4 /sy = 200
GeV N IR ¢, K s"A RN R Bpr 70 Ao AEAR R LSS RGERE R T, O T B TE

N T T T T T ]
z 0.25 7 .60 Cu+Cu@200GeV  0-80% Au+Au@200GeV
[ o K © K3 _
3} 02 m pA.+% B A+R o 9 o g
% L g0 =
S 0151 o -
S % o
2 AL
> | _
o 0.1 R 2 (] +
e e onm
S 005 o " —
brd B
= gs
< (o) i ﬁ oo ERRRRRRRRRAS Rt RRSShl P —

0 1 2 3 4

Transverse Momentum P, (GeVic)

4-5:  Cu+Cu(0-60%)FlAu+Au(0-80%)TEREHE RALHE T N \/syn = 200 GeV FEEHUH KK ¢, K sPFIA )
WG R B pr 1R 53 AT o
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B SRR

A AT SR R 2R SRR, FRATTRE200 GeViER

He B

R4 REAT T4, DU ERRLR R S8 R A2 .

& 4-6:

N PR FR e 2 I R R

M 4-6 K sPFIAT) 25 ] U H e ATIFES 2 I RE & T I Cut-Culilt 48 R 48 118 ) 2%
WAL Au+-Auhili i R G 2 .

Vol (N €per)

0.4

0.

N

T
0-

T \ \ T
60% COU*‘CU@ZOOGGV 0-80% Au+Au@200GeV
o K )

1.‘5 2
(m_-m)/n, (GeV/c?)

80% ) fill- i R FL e 18 M /5 v =200 Ge VI I — Ji5 K sC 1A PR R

-38-
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3
=
IR
ot
Nk
i
&
X
It
10
e
3
3t

{EX— IR T2 L THURMUSROOTRE >4 o FEAith H 26 ¥ 55 M 148 v A 29 1Al
FEORE B H . BATT S A RHIC_E200Ge VA uAwH Ly SR 177 451 b 16 52 96 45

RAF WA A S K

5.1 FITANFHEEME R IR

F T PH A SUL R AR vy e A% 0 B 1) Kl 45 R G vt By 2 R o D = e AT 90 50l
B IEW R EEGE T T 22 B, TR W R £3 R Gu ik Ty S i RN 27 S M IE R 22 40 o A
Ty AR . T i A R R SR AR R il e Y L B 2, AT
LI 25 R G AR [45-48) hy BEAith () L 1E W AR ZR e v g 27 A o iy ELAE 0 D 2R 25 4 A
N W REECRURL T AR T R R TR BN S A P (. S G IR A AR
Wlete ,ppMipphil 1t 2 Gt A ILHAT T 2513k NS 1 2 Kor Kt id 7 A A 5 0 S g
Bl s A o AE A EOEWR SR A8 B 0 A iy, JRATTRR 1 225% 18 R M X1 Ak ik
EN_E Ay AN o R AR R AR S8 DA D A O PR 3 A TR 98 5 OR R
17 SR R, (E KR (1 S 56 Bl o B 45 SRR ]y 5 1B A 0 B

FAE B B IE N R ZrGe vt Ay S R v ] = 2RILAR ) 2 SRR IR ) 2 R 3
MPEs . EAT AR T, 53 (), A PEATR 1. FIHRATTZ B IE N R 2550
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40 o LT P AREI Ay FERTOY

VI 2R () 1 858 2 g, 3R 7 5 1 1 EBE RIS e fai E FE IR 7, L A, 24 e TN &
T v R ) R A S B PO, SR T 3K B i [ % B R] PLR 7R iliemitted from the hot dense

matter at temperature 7" is [49]

dBp . g _ _
(T 7s) = o [ Gl e 1) (5-1)

Y E SRR AR BN S, A TR MBS . ARPE; = /m? + p2
FEFIEM R Eh 3520 By, A 5 205 A R AT A0 Qa 70 I A 3 A S A F s M AL
o WE W, A B EESBR T U 1 = Biug + Sips + Quug Kt . 5™
(K] S| e it 1~ K Ay 75 SO AT 5 5 e N AU A . =1 RoR R ar s 2158
G

5.2 BIEM RS A FREAEIIE RN

AT REAmEA SR, RATH B EW RS0 2 i %

F200GeVAuAuH R A2 1) 2 Bloki 1 1AL, B 5-187s

AR P 16 TMe VIR, Y AT DU FE3 5206 ot i) 45 2R

"y

central Au+Auys,,=200GeV

i
g i

X THERMUS MODEL ?

*

Ratio
—x
—6—

H——

10*

% STAR DATA

2 | | | | | | | | | | |
10 T KIKY Plp pim pit KU AKY it oKt Qe QIE

B 5-1: 2 5%200 GeVAu+AuP O RRHIC-STARSLIGE R S Ir 45 3, TN 5 R B IENRE4:
TH ) SRR R R4 25
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F A 18 v Rl 7 2 (et B ) R e e S P R AR LA S 3R A
RERE P jet U — Ry e i (507 —DA] oA e Ja [l 1 =) S T v [55] [ If ey - 4T
Bte A EATTPEAN ST T 7 SbL 1 (107 b B it P AN T S M RN 1 (R AR A D

B BATIERE KT/ ORBT L. ARS8 7 flf 38 242 1) 77 S RE 1 K 20 s kaon fi
T WU YRS R e A P Hkaon TRV, BT RAWTSCK T /At R] LU B B4 Y
TR RGBT e

B 52 T LA KT /R R 4l B Rl B2 (K T s s, i ELIXAS ARG 7 S v
FIH AR A AR UK, A7 S VAT A% LU B S P o X 6 00 B et 7 vl o 5 AT
AHEL A P RS o 40 K TR 3 5 £ A AN 18 o 0 1 Rl R e 1) 27 S PRk 59 o T L ettt J 11
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MiskA: QCD Lagrangian

0.1 Notations

AP ERATH T BRI natural units: ¢ =h = kg = 1.
X1, AT 2 X MinkowskiZ [8] fF) B - 25 AR bR A1 DY 4E B 2 % 8 (1) contravariant vectors

ot = (2%,2",2% %) = (t,2) = (t,2,9,2) (0-1)
p" = @°,p",p°,p°) = (E,p) = (E,pr,p:) = (E, s, py,p-) (0-2)
HF-2FARBR R 1) metric tensor g, At
1 0 0 O
0-1 0 O
L =" = 0-3
m g 00 -1 0 (0-3)
00 0 -1

covariant vector Flcontravariant vector it g,, R
Ty = Gt (0-4)

%ﬂ’
= g"x, (0-5)

AR, AR O, ERMTREL (index) RRRA. WANKIE o FI bR =452 XN -

a-b=a"b, = gat’ =ad’° —a-b (0-6)

BREEAE ISEAT 0, 2 I o YRAE TR )

AR 2 T ) S Bl B A PSR pt T T N

Lo .amu s opra . v I N S S S -
pr =0 =m0, =g ox” ( 920" ‘ozl "0a?’ 81’3) (0-8)
H gammafifEy* AL T . E A1 L anticommutation relation
A" =AY A = 20" (0-9)

0.2 SU(3)¢ invariant QCD Lagrangian

We denote ¢f a quark field with color o and flavor f and adopt a vector notation in color space: q; =

column(q}, qJQc, q?) The free Lagrangian is written as:

Lo=" a5 (in"0u —my)qy (0-10)
7

It is invariant under arbitrary global SU(3)c¢ transformations in color space:

4 — (¢}) =Usq}, vut =Uutu =1, detU =1 (0-11)
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The U(3)c matrices can be written as

U = exp (—igs%ea) (0-12)

where A* (a = 1,2, ...,8) denote the generators of the fundamental representation of the SU(3)¢ algebra, and 6, are
arbitrary parameters. In SU(3)¢, the matrices A\* correspond to the eight Gell-Mann matrices and they satisfy the
commutation relations

A% AP = AN — AP = 2i 7P Ne (0-13)
with f2%¢ structure constants, which are real and totally antisymmetric.

As in the QED case, to satisfy the invariance under local SU(3)c¢ transformations: 6, = 6,(x), 8 independent

gauge bosons G (x) - gluons are introduced. Define:

Dlgy = |0 —ig, - Gh(w)| 0 = 0" — ig. " (x)]as (0-14)

To require D*q; to transform in exactly the same way as gy, the transformation properties of the gauge fields
under an infinitesimal SU(3)¢ transformation:
G! = (GH) = G* — 9"(504) + g+ f**°60,G* (0-15)

Unlike the QED case, the non-commutativity of the SU(3)c matrices gives rise to an additional term involving

the gluon fields themselves. To build a gauge invariant kinetic term for the gluon fields, the field strengths were

introduced:
G (2) = L [D" DY) = 9G¥ — VG — ig [GM, GV] = G ()
gs 2 (0-16)
GH¥(z) = "Gl — 0"GE + g f*"° G GY.
The final SU(3)¢ invariant QCD Lagrangian is:
1 v a — .
Locp = —EGQL G, + Z qr(iv" D, —my)gy (0-17)
f
It is worthwhile to decompose the Lagrangian into different pieces:
1 v v a a —Q (. (o3
Laop = — 1 (0"Gy = 0" GE)(0.GY — 0,G) + > a7 (9" 0y — my)qf
f
>\a
Nels ey A B 0-18
+gGa;qfw(2)aﬁqf (0-18)

2
_ 92: FUO"GY — 0V GGG — % £ fuae GRGEGLGE

The first line contains the correct kinetic terms for different fields. The second line shows the color interaction
between quarks and gluons. In the last line, owing to the non-abelian character of the SU(3)c group, the GL” G},

term generates the cubic and quartic gluon self-interactions.

0.3 Chiral symmetry and effective chiral Lagrangian

In the absence of quark masses, the QCD Lagrangian can be written:

1 v a o= -
Locp = *EGZL Gy +iGry" Duqr + iGry" Duqr (0-19)

It is invariant under independent global G = SU(Ny)r ® SU(N¢)r transformations of the left-and right-handed

quarks in flavor space:

G G
qrL = g4z, qrR — gRQR; gr.r € SU(Nf)L,r (0-20)
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This chiral symmetry, which should be approximately good for light quark sector (u,d, s), is however not seen
in the hadronic spectrum. Moreover, the octet of pseudoscalar mesons are much lighter than all the other hadronic
states. Hence, the ground state of the theory (the vacuum) should not be symmetric under the chiral group. In the
Goldstone’s theorem, an octet of pseudoscalar massless bosons is introduced and the symmetry SU(3). ® SU(3)r

spontaneously breaks down and the quark condensate
v = (0|au|0) = (0|dd|0) = (0]3s]0) < O (0-21)
The Goldstone nature of the pseudoscalar mesons implies strong constraints on their interactions, which can
be most easily analyzed on the basis of an effective Lagrangian. The Goldstone boson fields can be collected in a

3 x 3 unitary matrix U(¢).
—j i U rrij
(01 4k10) — 2U" (9) (0-22)

A convenient parametrization is given by

U(¢) = exp(iv2®/f) (0-23)
T m + +
S RCAR "
bx) =3¢ = m _% T % K° (0-24)
K~ K° _2ms

The matrix U(¢) transforms linearly under the chiral group, but the induced transformation on the Goldstone fields

=
¢ is highly non-linear.

We should write the most general Lagrangian involving the matrix U(¢) and organize it in terms of increasing

powers of the momentum or, equivalently, in terms of an increasing number of derivatives:

Lesr(U) = Z Lon (0-25)

The terms with a minimum number of derivatives will dominate in the low energy domain. To lowest order,

the effective chiral Lagrangian is uniquely given by the term

f2
ZTr[aﬂUTa“U}

%Tf[au@a*‘@} +

Lo

. (0-26)

2 T(@7 ,2)(@7 @) + 0@/ f)

The non-linearity of the effective Lagrangian relates amplitudes with different numbers of Goldstone bosons,

allowing for absolute predictions in terms of f.

Considering the quark masses, the corrections induced by the non-zero masses are taken into account through

the term
Ly = MTr[/\/l(U + UM, M = diag(ma, mq, ms)
2

1 1 (0-27)
Lon = |v] § == Tr[M®?] + - Tr[M®*] + O(9°/ f°
ol {~ e TMO + oM + 0@/ 1)

The relation between the physical meson masses and the quark masses can be obtained rom the trace in the
quadratic mass term. Although the absolute values of the quark masses cannot be fixed from this approach because
of the factor |v|/f in each mass, one can obtain information about quark mass ratios after taking out this common

factor. One of the famous ratios advocated by Weinberg is:

My ma: ms = 0.55: 1: 20.3 (0-28)
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N

MiskB: EHESE

NS 2 R RE B TR G L

Biorken @, znjorken = — 220 MU T DR SR AT A RO, SN 2.

p=(hadron)
o%mmwxﬂmfpﬁiﬂi*Eﬁ%%m@%ﬂkﬁﬁmﬁ¢%ﬁ@§%%ﬁo
. *%ﬁrng = /% + m2.
o ‘%Eyz (zg i—pz) HHApo = mr coshy, p. = mrsinhyo.

1 2 .
JEPLEEn = 5 In (:ﬂ%) o HH|p| = prcoshn, p, = prsinhn.
- z

FATHREA T TAHEAERINEIE 1 +2 — 1 + 2"+ .o PIDNED TR B TRBRIRFRE RN /ISR .
WHOLT, 2-HERGUT A RS BEREE T (Vs > mn), *ﬁﬁf’ﬁfﬁﬁﬁﬁ‘]?ﬁﬁ%ﬂ%?ﬂ‘]ﬂ]é&@]i%

pf = (xlﬁ,0,0,mﬁ), ph = (xzﬁ,O,O7 —3;‘2£) (0-29)
2 2 2 2
N RFS RIS 51045 B2
HT3hmsyE,
% (z1 + 72) Zpoj
(0-31)
R
K Apo; = prj coshy; M pl; = pr;sinhy;, AJLIGH]
1 /
1 = ﬁ ;ijey
. (0-32)
T2 = 7 ;Plirjeiy]
HTEAREIERRL TG, MBI B8 PR ppy = ppo = prs AEPIREXTE, y12 ~ 0, FTLAGE:
2
X1 =2 =TT = % (0-33)
E—IER T, BiIHzBjorken = 21 = 2p1/+/50
BT THEdRs ¥, H KA RSIEBHZ /s/2, o LGl iR 7132 Feynman x
2p.
= -34
TF s (0-34)
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