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Abstract

Abstract

A major goal of high energy heavy ion collisions is to determine the phase diagram
of the nuclear matter, which includes to investigate the property of the matter with ex-
tremely high temperature and high density produced in the collisions, to search for the
possible critical point and the boundary of first-order phase transition. The top heavy ion
collisions energy and the first phase of Beam Energy Scan experiment (BES-I) at RHIC
cover a range of Au+Au collisions energies from +/syy = 7.7 to 200 GeV. The BES-I
experiment confirms the discovery of quark gluon plasma (QGP) at the top RHIC energy
and narrow the boundary of critical point and first-order phase transition down to /sy =
20 GeV. Collective flow is one of the most important hadronic observation constructed by
the final state hadrons. This is because its sensitivity to the very early stage of the system
evolution where QGP is dominant. In this thesis, the elliptic flow (v,) data of particles and
anti-particles are fitted separately by Blast-Wave parametrization to investigate the influ-
ence of radial flow to elliptic flow. Triangular flow (v3;) measured by Solenoidal Tracker
at RHIC (STAR) detector for inclusive charged particles and identified particles are pre-
sented, further, the elliptic and triangular flow of identified particles at RHIC energies are
calculated by A Multi-Phase Transport (AMPT) model.

To understand the difference of elliptic flow between particles and anti-particles ob-
served from BES-I by STAR collaboration, elliptic flow data in minimum bias collisions
from /syn = 7.7-2760 GeV from STAR and ALICE collaboration are fitted by Blast-
Wave parametrization. The fits are performed separately for particles and anti-particles.
The difference of mean transverse velocity between particles and anti-particles extracted
from Blast-Wave parametrization increases with decreasing energy, which is consistent
with the difference of elliptic flow between particles and anti-particles. Possible effects
of feed-down, baryon stopping, antiparticle absorption, and early production times for
antiparticles are discussed.

Triangular flow measured by STAR detector for inclusive charged particles and i-
dentified particles (t*, K*, p, p and ¢) relative to the third-harmonic event plane from
0%—-80% central Au+Au collisions at +/syny = 39 GeV and 200 GeV are presented. The
pseudo-rapidity gap (17g., = 0.05, 0.1 and 0.5) and energy dependence for triangular flow

of inclusive charged particles are discussed. The difference of triangular flow between
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particles and anti-particles shows an energy dependence. The mass ordering at low pr
and baryon and meson splitting at intermediate pr are observed from triangular flow of
identified particles. The influence of radial flow to triangular flow and possible number-
of-constituent quark scaling are discussed. It is worth to notice that the properties of
triangular flow are very similar to elliptic flow but with a smaller magnitude.

The major differences between elliptic and triangular flow are the different response
to the initial conditions and the viscous effect of the system, therefore, better understand-
ing of the initial conditions and viscous effect can be achieved by a combined analysis of
elliptic and triangular flow. The elliptic flow at 4/sxy = 11.5, 39 and 200 GeV and trian-
gular flow at 4/syy = 200 GeV of identified particles (7%, K*, K(s’, p, P, ¢, A and A) from
0%—-80% central Au+Au collisions are analyzed by using AMPT model. It is shown that
most of the experimental results can be reproduced with default AMPT model and string
melting AMPT model with 3 mb parton scattering cross section. The differential and in-
tegrated v, /v; ratios are presented and their dependence of parton scattering cross section
and particle mass are discussed. The predictions to future experiment measurement are

made by AMPT model calculations.

Keywords: RHIC energies, STAR detector, radial flow, elliptic flow, triangular flow
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T AE 18 B — AN A A TR B B B X33, 55 0 2 DARE A0 D' 1) o i A Bz
25 TS AR B A 1 55 U 25 2002 AT DA 2 AN T, AT S s B X33k 1 9 A A 0 10
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(BRI REAMEERD, BT RN RS RRE, AT E B A
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Bl 1-2 RHICHE [X 1 Au+ Auflf fi 75 % ] (59
Fig.1-2 Illustration of non-central Au+Au collision at RHIC 5
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ordering) M5, RIFE/NBEZNE X, MHEKpr T, BEE/NIK T BA KW
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(Number-of-Constituent Quark scaling — NCQ scaling) %50, A A/T5 576 SCHk [RT]
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_7-



My JR 3 MY R 2 2 i 2 648 S

EMG I — /> H e b Bl 2 6 R i 4 0 5 e b S vamB(pr) ~ nM,BVZ,q(pT/nM,B)’
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T SRR AR R o Y, 3R HAR KER 23 B R AR TR 4 1A RO BAE H
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AT 3 I\ O B 7 Al A R B A PR AR, R GEAL T F8 0 1 A B I TR) 23 A B B
i1, TEBES-IZLE0 (1Y) % I e & 1T B8 56 42 Jo 2 33 AQGPAH, 7E X P iE L T AATIA
VRN Wak AR o1 N N D R N a4 ) 27 N P s A SF S D R DA )
WERE T AR RE, XEERHTONFRAU TR 2R ()
(s FH— X IE R FZ AR BEMAE (1.019GeV/c®) 55 F i & #
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N TRMIE T FEwES % w B FEERN, TERCT a5 53 5354 T
(o) o TR T HU AR A, JLFAZS 5K W8T 8 84 B AR
RREMNRGEHE B TP ERE, AT N T R R 32 22 i
FIRI > 1 B BAE RS, T EEAAZ AR, a0 e A 7 R E
TN T HE 9k T O B B A S e A B TR, R R AR AL B R G
F LT 8T SARAH A 106 B 2 1 55w bR FE N 7 — MR
ARG A5 HENQGPAH i B T A, 51,

BES-Ii#) — ™ fi B 2 0L 45 SR 2 1E SORL T~ W vo(pr) 2 22 5% Fill 18 e 5 1) 9t
KA B, 32 0%-80%% O & il Au+Auhlf 8 Foki 1 (XD 5 H 5 il kL 1
(XD B2 2, W RLE A, = v(X) = vo(X), I HAn KNS prdo e Be=1,
K3 T LAE B, B Tl 17280, B HE 201 vy (8 #B B R T Hoxt v
(R Avy B 4850 B8 25 Al 48 BE & 10 PR T 8G I0. o1 T Av, # 0, {EBES-IfE
XA, fsun = 200 GeVEF R 2 (1 5 — 4 53 %5 3 b5 FEAS B A7 (£, {H /2 7EBES-
IREIX, 4437 T b BE 6k T2 fE+10% P RROL, 7RIS RE B = T oaw = 11.5
GeVIt, 414y % i i X OB Tt 7. 7E Rl 1 A B \saw < 11.5 Ge VI, ki
TP E T A T v 2 ZE B RE B RN T RGN, £E y/saw = 200 Ge VALl
FME TN T ZNAFHE, sk, fERE#EEEEN say = 7.7 F11.5 GeV
), oA T BIvy B L H 8 58 T vy 23 K 1.80-F12.30m . {HL A2 7E All 48 BE 5 N v/onw =
7115 GeVIEF, IUA HIEHE A 2 UL 55 4H 5 5 v bn B2 B 1 H I vh &5 ke 3 &=
X3, 1 e FIgitwZ AR, ARt B ) 25 10 ok ) i Al it
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Gt S T QGPAH, X8 n] LLEBES-II H1 43 21 fif o

W R R AL pE E O E TR, AT RIAK 40 E 5 E 1
15 AL ME DG 2R, X U A, 540 5 R I ()4 B U A o B, I
HEAVFZ R E R BB IR, B, 50T 55 P ZE RN 1R &
B (AR BN ) =+ 5 g # M —hybrid) ™9, Nambu-Jona-Lasinio (NJL) #5744 (291,
DL K51 N T 130 3 20080 i i da A 8 TP G X e R TR S TIe vk SE e R I S B b
FroRt il 2] ) pr A 45 5. DRtk 7B AY b B A E SORE - 2 TR) AR ] I 22
Al LA a1 AT Jont 1 BR A SOSE Hh TR B 4 JoT 1 M o A2 8 D0 E 2211

0.06 % autau, 0-80% *=="
L | n-sub EP Op-p
R OA-A
— B AK-K |
Esoﬂ{ ! e
> |
& 0.02- 8 $ .
> Ix
A LJ%\Q
NS S S S
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Kl 1-3 09%-80%%F 0 £ T Au+Aufilp i ok 7 (XD 5B (XD vz 7 B fill i g 5 10 A2
P2 SOk (881 9 B2
Fig.1-3 The difference of v, between particles (X) and corresponding anti-particles (X) from

0%-80% central Au+Au collisions (Fig. 2 in Ref. [B¥])
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B3yl O T A AR R SRR R N T B E, T SR AR 1 2 T
AR, B DL I K A AT 1 e B A BB R A 0. B, B A SO
5710 5 0% TR 98 AR 8 B AR R B B AR R, 4] G G R R DX A A
7 SRS B PR E, J RE T2 1 =B R A (vs) —E AR N = AR
T HETT AR GE - I 4R 25 AR K v DL R R ORI R G A R AR R R T . BAR
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N T IR GOR YR B EAR TR

ZAMBERIZ B T AR K IeE, B 5 2R Bvs A B B
FE TR BE CAn) (R K /N 43 fi j IS I081 R b 7 D 4 3898 T 3 5 S 56 00 i &5
S B i A0 20 4R B A STARG 1R 4R AN R 7 vE 5/ CR AR T, 260
FORBZD WHH Tv 08 3 W 5 H eG4 (7 FRHICHPHENIX M8, fif
FLHCMHIALICE ™11  ATLAS M) [y 45 FEAT T i, STARAEH RILAAN
A AERHICHT 38 2% b 19 AN AS [H] 1 52 56 40 (STAR FIPHENIX) ) 45 3 i 1R 47 1)
— M, EWAREEZEAER RMINES (RHICHLHC) M E 1) 45 R4
ARG o XG5 FE o0 A N VEI, BRI A () S 06 20 P A AR K ) 22 i) 100,
XA G RER ANAT s AT AN SR 78, T AT 170 T A R A 2R s 1
WE, HIERE I XS A [F) Fh SRL 1 v R 3845 58 2 1) 50 T & 40 B Tk v A1 9% T
KA AR A5 2, i an /N B X 3k B HE R 2 S A AR DL A A bR
e IR EF

b & R B, Mlvy S50 B8R AR R, N AT 46 5 108 1) AR B2 ok =18 70 i Sk 3
5. i, E.Rtinskaya® A8t R MR o J1 = BT S AR e T SR A
B 73 2 A T R R 2% A TR S 2 1 1, IS A 8 I TR 20 v R vs R 4
Al LR i 5 G ] 46 2% A PR ) 21— AN R /N YE A TP C. Lang AN
Borghini ()85 i PRI A4 3l 77 S 8 MBI RCHU S T s B R AR (n > 2) TR E
Bl X 35 IR B U R K v, I HN v B I HE. (na(pr) /va(pr)) TEM
X R IR B B X3 (pr > mo, mo N FTAIE S 00T IO 8 10 D N 2. R,
W B E 7 Brva My B 25 2R, FRATTAT LLIRAS B 22 56 T 5% G 00 46 2% A1 FHORK i 42 50
RGEAFE MG S BRI Tvo /vy 7087 40 T WIKIEE A2 B B, 5 i A 7Y 4
BT = ZEOR TR IR AR Bl S, T e AR Y o b AR AR 2, TR
HH G R 38 B B (1) 43 B o) 5 B g X — 37 () 0 0 B A 22 O FE LY

1.3 BN MEETE

[0 AN R i R S0 N VAR s =l L1 1= D i A TR (20 g
—RMEFR AL R AL T AE Bl A 8] ) AR R AR 2 Rl 2R GE ) S AE AR AR
2 18] R U AT A AR e A i R Yy, bl T A s 8] B X RRVEBE B & St AL I
[Ea) F) 8 0 T BRIk /), BRI R BE AR AR SRl AL T 4R 1 S5 471 6 LA /el 8] P 2
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o FET EREHE, AATA ARG £ G A RH A BAE A Buk, A
I AR AR — AN ORE ) I &, AT DO FRATTAR B E R o i AL R T BE A7 AR
I IIQGPAH I B 445 5o BT SRR N 2R Gu i A0 5 0 14 B ) Uk %k, A L Ay
TR AT e R AR R R R SR S R R ) E RN R E R EREE
M2 —.

ERHICH f = A &, ARG b A5 bt SR A5 5 ik 47 10 K &
FORMMFE R A A AEE EE W, Fla, AFEshaE XN REHER, Bk
S5 2 B XU A 5 5 bR BE, B TR R S A R DX S AR B
RGN E AE B I FEAG, AT R BIEBES-TRE X, R 15 H B SOk 7 (1)
PR AT A S, A1 ZEDN (Avy) B E R SRl fE 5 1 B AR w386 i, PRk
1E \/san = 200 Ge VI WL 2 5 5% T BT A L4775 19 88— 41 0 5 so b A PO
Hy ATIAHIX 2 — A FTREIIQGPK 15 5. ILAEA 1R 2 A5 B # ] DLsE 1 1
FR R 5 OB T 2 R A 22 S, (ER A TGV S R I I S 45 . b
b, S B R IR R A A [ JUR ER FE TR R B4 LA S 56 2E00 I B () = MR 45 R AT A
AR EF, 3X 5 AT A R = A s B PR BE 1) B (R (OBt ™= A4 7 P i, sk T
AT = A 3 AT A0 B0 o B TAEAS [F R 200 7 1 = M i 2 A Ai13a 9] 75 22
e 55—, ATEIRBNEE AR RS 28, 77 DO A5 — 2%t
RGTUG 55 A% DL ORGP SR ) 3 L N =, (EL IO AR A 2R o B o A v 7 G
TR IR AR B ) R b, i AR IR v SR AT DU AT B A A [R] B 3 o T R G TG
Pt — AT 00 1 R

SECOEE 6] E A 4R T B T AR 3l 71 % B Blast-Wave 2 £k 16 % e i 72 % 32 2
1%, F FBlast-WaveZ 3 AL %17.7 GeV=2.76 TeV i A~ [ b 28 L 1 1 [ i F) 45
BEAT LG, AR BB KL T 415 SORE T 2 A5 ) 3 X N PR e ) Al R . S
FC AR 7 20 5 Ok 2EL 0 A 1 K T RE R 22 ), SR R T AR I BHLZE RN,
MIRRERE TR T 5 RBLFHEER 2 22, FE1 8 7 45 ) 300 0 AR [0 90 119 52 10

SR A E A 24 T STARFR I 2%, 258 b fn ] R S (6] 1) -1 47 0 28 ok k47
WL 5500 DA B S Aeg ff FH S AP TR SR T AN R R SRR T 1 = Mt 4 T AR
Flp 7 (ot K=, p, pHId) 7E v/onn = 39F1200 GeV i) = f ¥t B 1 5 = (10 22 4L
H, HE TR TFESREFEMBZE, Wk T/ MESIEUEREEHRFE, &
Hh S5 Bl & X [A] A AT RE AR LE 1 2 00 5 T bR

B A E A T 2 i s A (A Multi-Phase Transport model — AMPT),
HHFIFHAMPTHEE R 1+ 5 T /sxw = 11.5, 39H1200 GeVHI A [H] B2 Hi 7 (i, K*,
K%, p, p» QAFIA) MIMABIGA =M. 28 T A F R SR 150 i B 5
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52 B ORT 5 ROR 3 R i 2 22 (V) Blast-Wave 2 UL B0 70 Hr

F2E NT5RNFHERZZERBlast-WaveS # 1k
Rl

KT 5 ROBLF IR R A A, BlAv, # 0, EBES-IHHREENLERZ
—, BEREWREEBES-IHRE X, Xf BT A kL7 2R AU B 1 5 — H 5 5 TR A
EH. AN, TERERERE RN san = 7.7R111.5 Ge VIS I £ T oA 7 1 5 348 /s
T Al 5 T RO B R, X T AR R G 7R RIE T AR R s < 11.5 Ge VR, Aill 48 T Ak
(1) 2 4t Hh AL 32 T A FH I A2 5 A T A A B 40 1A A T e ) & SR
TN 72 7] g IQGPAH & Ml 1 {5 & [T,

N T FEBES-TSE 50 A W W 2 11X 2L I R, B AT R A Blast-WaveZ: £ 4k X
S 58 rhOUL I B A R AT T LS . AR E LS R DO A EE A 48
7 Blast-Wave Z£046 119 7 52 DL S A SCH A8 i Blast-Waveti 8, D25 EE T AAT]
CL 48 HU A5 (1) — LEBlast-Wave Z HU A H0L & 45 R IFAE ML IR AL 45 8 T A ST & 77
%, D345 tH T Blast-Wave 2 U405 Filf 1 52 & /saw = 7.7 — 2760 GeVH [ 5] i
MG &R, HH TR T iE BEBES-1RE X KL 15 [ORL [ 4 (5 908 A~ F5AH 55 (19 7]
REJR R, I JeDafy 45 AR 2 /g

2.1 Blast-WaveZ&#1t

fE40E AT, G. WestfallZ N 51N T K EREE AL (fire ball) AR g B Hh [R) $R
DX 35 110 30 7 o 3K AN AR 2R A A N S A R B A R e 0 R R — A BE AR [ A T
1% (clean cylindrical cut), Y AWZMEZEMF S G, EHPEET 17—
AN FE AR = B OB (X 38—k BR . Westfall 55 A IA A N IX AN K IR R 5 H SR i+
Z R [E M R A . 2 )5, BondorfEE AR R T H #E K IR & G 1
B3 T AE AR X 18 2 3 51, SiemensFIRasmussenif i #5 f2 A Y8 187 46 Bl — AN
FHA2 2K 58 (Blast Wave), M ¥ Bondorf 55 N ()24 20K &y 1 A TE
29, FE204E 7T, Schnedermann® N M SN 7 — MU L& 4SS 2 U5 12
I HBDIAE TR &S, XS F R RIRET, A% A K E
[EB. fEUMLEEA b, Huovinens§ N PI5I N 1 4% [v) i K 1 B2 AE 147 T+ I B2 11 77
) AT BT S NP T 7 R) B 22 B AE ABlast-Wave 2 5040 1 58 = AN S HOCR iR AE
X 2 K o = A AR B . AESTARE VR 4 45 U5 £ AR Br 2% 18] 1) &% ) S MR AR 9 58



W JRVE Tk R R 22 i - 22 8 X

WUZ% 5| N2 J&, Blast-WaveZ Hft T 48 ] LAAR 4F i #0055 S 56 A U0 Wil 21 i 46 [
WMER M, WG, B2 0S89 ABlast-WaveZ 50tk 1, A SRIEEHBTY: 12
S80I B T
AL H g Y Blast-Wave Z U R SR B SCHR (77), e aFENAZS4: 307
FHRERRE (T, BERBEKIRE (o), JE1EShE 28 77 60 M 50 A0 1 & m) J P
(pa)s PRAEAARR ZS (8] ) 5 A2 A 0 A ) 25 17 7 1 (so) o Blast-WaveZ 2040 1) 77 12
L
17 dg, cos(2¢,) Ll @)K (@)L + 25 cos(24, 0
K ddolen(@)IK [B(@ 11 + 25 cos(24,)]
Iy, LMK Z & 1E 3% R ) 8 H Falg) = (pr/T)sinh[p(p)], B =
(mr/T) cosh[p(ps)] . H 13V B B A& A [F) B0 7 Fl 28 2 18 ik A [/ (1) 57 &K X )
B, 1 R B W GE 8, Fmr 5] ABlast-WaveZ (4t *H . Blast-WaveZ H 4k, ) 3
AR B A2 Y ATboost AN 22 551 DL Kz Cooper-FryeiZ: Hi H1 1 ™91,  [F] i) Blast-Wave 2 $§
WIANNEANZRGRH—)Z 2K AR, &8 KRS
Bp(ds) = po + pa cosQey)o TEIXANTTREF, ¢ EFR 2T AL A, R 52
AT DL BRI PR~ 25 468 1) g2 K 38 FEB = tanh(pg)

va(pr) = (2-1)

2.2 Blast-WaveZ# & 5%

LW HAHE R, o T RARZRROMER, HhZz —lEen
TR T ORI AR AN B, AN T HEEARAMRE ST R A AR, A2
BREMMNRGTERL, 2o/t 7 IR 1 2505 80 7 AR AR,
XAEAG S T I B N 1 RS AR G 15 2 AQGPAH Y — N E Z I & . [A]
BESEH ) AT FIB0 7 24 R I T 5+ 73 BE 2R, M A Blast-Wave 2 3046 X R A Hi
TR RS ATEAT G, R AR AU KL 1 (1 3h 77 22 U H IR R DA R R A K
JE, DT AT LA Wiy AS ] b SORE T R R H I TED

Kl P-Taj4s 7 STARE 1 2 K 35 1) [ Blast- Wave’%%ﬁwiﬁ*j?i%ﬁj‘%ﬁHA
g R B, I il e S e 2 AR — IR E T S AN AR EE K. K
?iﬂ‘é‘ﬁj\?ﬁE@Blast-Wave%%iMJc/\iﬂ%E?Ir‘ﬁt[“’], Ht AN

dN R inh h
o f rdrmely | 2P ) o (T EOSTP (2-2)
mrdmr 0 T T

HARMIEK AR, LK CNBIE NS R K%, JF Hp = tanh™' g J5 2 22577
R DD 32 2 X 5 > P AN UG S B sy X2 DR OARE 535 23 A A2 X 5
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e FA 5 Ja R ah B, B DU T8 1 77 57 £ 53 A0 (R p, Al s 3 3% A B0 AE R 3
43 A7 KIBlast-WaveZ ¥4k 75 F2 1. STARA 1E 4R F 5 F2 2¥sn /e 7, KA T M
Ji ¥ A BN B 1 0 AT AT R R LA, R TR FEXHOFEE Tt 7, KA T A
Ji T B IA R R DL R ) B KR (B T ay P s S ). 5
UL E B, STARAEAN ZAF 5wk 7 (o FRIQ) HHAT T LA (K
WEMOERFL, &RKIe A FH3) 750k IR R #3084 SQCD T &
(AL 2 0 R B M(160-190 MeV), FF HIEL3h 2k iR 2 T H e 7
VR IR, X R N TR N R E R TR T, X4 R e
PR ML T A T8 SRR

HNT RN TR E R R, FRATKSTAREG AE 4H & F 110%—5% % L FE 1)
Ry PO AT T EHE, BN N A 4R . B EIoh B Ea%E S & A it
T KA TR X5 0 FEN0%-5% AU & 25 R, fE 3 2T N EIL 7 STARG 1
Hp R G TRATE R Bl T Az HEBR £ & 24k, X 2 R N 7ERHICHE
X, RK—Mara FRIE T LIRS AR O, 771X 26 58 48 Sk i/ T 1R 7T RE A
B AFF A B #5757 A a7 1047 8, B A] B8 I8 A i /£ Blast-Wave Z £ 1L .
HEH TN FHZHIRK, BARNYELHO FEFH, AT
(1) [5) B 8L A AT 8 3 AL IE I Blast-Wave Z 504k B i &5 . & F L B A, AT
B a2 G XK A AR T E AT T RNE, A8 R AE T
AEEmL. WTUER, EHREN T2 5 BTN M EEE ES5eh T
A T IX 5, A S R B B 7 2 R AR R T N — . X Rk
FEON T AT R I WA X TR FHRATG H, M2a T 1% BT e
5T B B TE) o DR, R AT 75 B XS Blast-Wave 2 5046 347 T IR N HI A 7L

03T LB AT A 5 B2 Z=D6RHIC STAR/PHENIX HH0%—80% %} s J&
(LHC ALICEH0%-60%5%F 0> ) [ Au+Aufilf 8 (Pb+Pbhlf 8 ) HF A [ It 1) 45
47 Blast-Wave Z B 4L L& 70 1, F HRHICHE X (1 il 8 B8 &4 /saw = 7.7-200
GeV, TLHCH A §% &84 vsnn = 2.76 TeV. 48L& BT H 1 52 36 3045 K 5 F S0k
(19, 00, BA, 122, 123]. Jy 1 & % iE i sl & X meE s m, 3R A pr < 1.2
GeV/cl X 3t 47 ) & . B T EBES-IRE X 1, KL T 5 I RL 1 04 [ I AN 75 A
% 5, B LYERHICEE X AT A4 (K*, K, p, oA FlRFLF4H (K-,
K%, p, OMA) 45T A . KM FRERK T 3R B & RRLF, EAl
(1 A9 158 38 75 R T 25 1) 30L& R0 Ok T A A A R A B T P IR TELHCRE [X KL
TR KL G B % A AT X 4, TR LB S R T R U L (e, K3,
p+pAIA +AD, BN 2 8] 2 AR /N

-15-



My JR 3 MY R 2 2 i 2 648 S

; v 9 8 7 6 5 4 3 2 1
Strig/ Ogeom (%) 80.70 70-60 60-50 50-40 40-30 30-20 20-10 10-5 5.0 Au+Au, 0%-5%, 200 GeV

— o2f T T ‘\jl‘::“\‘ R G 02 I B

§ o018 I LICS AN i S 018 | eeeesenenns Au+Au (1-0) -

3 Chemical freeze-out temperature'; 8

O ote | e E S o016 - Au+Au (2-0) —

=2 one b B 014 | =

© o

5 o012 | X 5 o012 =

© W) <

5 01 |- (n, K, p) %\g& 1 ) 01 =

a o

£ 008 [ reeeeeen Au+Au (1-0) - £ 008 - (nKp)\ —

E oo |- AutAu (2-0) - P oo |- o -

L L L L L L L L L L L L L L L L L L L L
0 0.1 02 03 0.4 05 0.6 (‘) 0‘.1 o.‘z o.‘s o.‘4 o.‘s o.‘e
Collective velocity < By > (c) Collective Velocity <[3T> (c)
a) STARE 1R ZHADL & 45 1 90, b) ASCHUE G R
a) Blast-Wave fits results from STAR collab- b) Blast-Wave fits results from this thesis.
oration 41,
w - oy N & > A B L T e

K 2-1 HiBlast-WaveZ: $ 4k 52 B Bl 77 27 5k Y i 2 MR i) 2 I o R 140y 2 55 v 4 s 3 IRT 4 2R

XfEE
Fig.2-1 The comparison of y* contour of kinetic freeze-out temperature and transverse expansion

velocity extracted from Blast-Wave parametrization.
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Fig.2-2 Elliptic flow as a function of transverse momentum for Au+Au collisions at +/sxy = 27 GeV
for a selected group of anti-particles. The shaded areas show estimations for the feed down correction.

Solid lines are from blast wave fits and dashed lines are predictions by using the fit parameters.
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Fig.2-3 The simultaneous blast wave fits for elliptic flow of the group of particles (K*,K(S), p, ¢ and
A) from 0%—-80% central Au+Au collisions at +/syn = 7.7-200 GeV and for combined elliptic flow
of particles and anti-particles (s, K*,p + p and A + A) from 0%—60% central Pb+Pb collisions at
v/SnN = 2.76 TeV. Solid lines are from blast wave fits and dashed lines are predictions by using the fit

parameters.
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Fig.2-4 The simultaneous blast wave fits for elliptic flow of the group of anti-particles (K‘,Kg, [0
and A) from 0%-80% central Au+Au collisions at y/syy = 7.7-200 GeV and for combined elliptic
flow of particles and anti-particles (7w*, K*,p + p and A + A) from 0%—60% central Pb+Pb collisions
at 4/sny = 2.76 TeV. Solid lines are from blast wave fits and dashed lines are predictions by using the

fit parameters.
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Fig.2-5 The transverse expansion velocity S as a function of beam energy for particles and

anti-particles with three different temperatures.
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Fig.2-6 The yields of protons, anti-protons and net-protons from 0%—-5% central Nuclei-Nuclei

collisions as a function of the center-of-mass energy. Data is taken from Refs. [I20], 175, [3T].
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E R DN WL A5 SO 1 A R TR K BN [ o, 1Y) L B 2 R 8 E R (1Y
BEINTMT RGN, X R v, N BE A A S R Al e 0 TG I, X5 SR B
B A5 R — 5

2.4 REINE

FEAE F, AT TRHICAE X (LHCHEIX) R0 JF H0%-80% (0%—60%)
[FJAu+Au (Pb+Pb) Filf 18 T XL 7 2 A ST~ 4 (1 A (5 9 20 1) i3k 47 Blast-Wave 5
AL A 45 . Bk kG, 38 i Blast-Wave 2 504k AT PA& #1318 /N B 5
BEXWAWREHTF IS . RS & san< 62.4 GeVE, Blast-Wave 2 346 %
JORL T 4B A0 B 45 SR LR ST B I TR AL R A A 45 R kT 41 [ Blast-Wave
SR A 25 R R AN T I 3 7 2 8 2 /) T Blast-Wave Z £ AL [ UL & 25
SR XF T SOk F 41 (1 Blast-Wave 2 £ 10 45 B 1 ] DUR 47 19 36 iR oA 7 1 5 56 44
o XANGER—J7H A e R B N1 B A BN SR EOR B, B DAZE AR BRI
B IR ARS (] L ARG [ L N TR 2 R e R SR R, 5y — T T AT R Rk
EON T 5HH A RN A =R R AT B A MEERAT R, 4K RS R T
(R =2 52 B 15 G411

FEBES-1RE X, RL ¥ 2 A1 SORL - 2H B2 B HE (%) A6 [ F 43 T R AN P AH &, 1 HL
Ll i BE B B A R R o R SORE T 2H 0 [ 2 T S P EBES-TRE X BE &
Tlf 5 FiE 2 P 185 I T 9820, AL R RE - 2R 10 A v R UG S R i A Al AR P 1 g
WA . 7EBES-IRE X, K15 O B m) 2 K Gl B 2 22 5 007 AUk T 1)
BEE R 2 ZAFAEE T M g5 1, R ERATIA N TE XA BE X R T 5 ROPL T 428

-26-



IV A P 22 A1) 5 07— R SR A ) 9 ) 22 Al ELRE MR SR 1, IX — 22 ) A 3 ROk T
5 SORLF A0 T 98 22 390 (0 — AN T B T e R IR A T B ARRL 1 5 SORL 148 ) 90 11 22
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FLF BIRSCRORE AR 5 k% O B ZE R . A T B8 4F A I 0% L8 AT g 1 248,
AN TR ERHE R TR, TEERANXTOER S, FEEZ S0
B, JU L R Rl A B san< 19.6 GeV TG Bl N I A T IR BT . IX L 4R
A AYEBES-IT 5256 A s 9,  BES-IT SE 56 3 B3¢y Alf 1 78 & /N T /san= 20 GeV [
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F2-1 KT (XO MKFH (XD fEREHERE & snn = 7.7-200 GeV 1) 5 /M i 22 Au+ Auilf 5 FAlE 5 B2 & /san = 2760 Ge V¥ /)M i

Table2-1 Fit parameters pg, p, and s, for the particle group (X) and the anti-particle group (X) from min.-bias Au+Au collisions at y/syy = 7.7 — 200

Z=Pb+PbRlL i 1 SEHLUH & 25 (oo pa A Sesa) o

GeV and Pb+Pb collisions at +/syn = 2760 GeV.

7.7 GeV 11.5 GeV 19.6 GeV 27 GeV 39 GeV 62.4 GeV 200 GeV 2760 GeV

Po(X) 038+0.04 042+0.01 044+0.01 047+0.01 049+0.01 0.51+001 0.55+0.02 0.89+0.02
po(X) 093+0.14 0.77+0.04 0.63+0.01 0.59+0.01 058+0.01 057+001 0.55+0.02 0.89+0.02
pa(x1072X) 2.73+0.28 3.48+0.14 3.79+0.07 3.72+0.05 4.03+0.03 435+0.04 4.62+0.29 3.02+0.10
pa(x1072X) 256 +0.37 3.51+0.18 3.75+0.08 4.00+0.05 4.11+0.03 449+0.05 4.66+029 3.02+0.10
55(x1072X)  3.13+£0.67 236+031 227+0.15 2.74+0.10 242+0.07 2.17+0.09 1.79+0.62 4.62+0.11
55(x1072X) 335+0.73 3.17+£032 262+0.15 235+0.10 2.62+0.06 2.17+0.09 1.75+0.63 4.62+0.11
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WU 5% AT R T T8 LA S 2R 8 R i PR OURS, DRLE ANATR BRI T = MRAE N
T 90 e BB B 25 1AL b AR G ) AR Bk 7 DL A LB S AL BT R

STARG 1E 4 T20134F K K 1 i 0 & 8 & N saw= 200 GeV ] Au+Aufilf fi#
s RS2 B 25 5 (000, 2 S ik (0] STAR A R 400 FH — ki 1 B AR 4 Jy 92 (B2,
S AT R T R s B R, BashE, R EEERE, R AT
DA B b o0 FE ) A2 4K . STARG A 2H W0 Wl Sl vs 19 AFL B A D% 6K 1~ 2 [R] % B 82 ] B
Y386 I gk /S, I R 3 TESTAR G A 41 ] I St 14 JB% P P58 1] B N vs R A S — A8
H, DRI AE R AT A [R] S 56 41 22 TR) F Ll 5 Bl AR g S 445 SR8 L 0 19 B ¢ I A% A5
FAARAA R R AR FE TR B o {H 2 [ J5 STAR &1 4H R AN [R] SE 56 2H 2 [A] v 45 SR B A
RAFH— B, ISR 0 N8, By AN R SE06 20 1) Ji bR 22 1] B8 A
RKHZE R LA B85 R SR AATR v B AT HANBUR BT 5T, MEIRAK T i R4
BIUG S A8 ik v DL R FLs AL 72

A3 FI FH STARSR M 25 % 57 0 R B 7 y/snn= 39 GeV #1200 GeV 1) Au+Aufil
BAT T 081, RS HARFER IR T (x5, K* p, pHIo) vy L5 M & 45
AT GERY IR B 6] B A 47 7 STARER I 2% LA Je S 56 43 A1 o 32 4 FH (1) 1 4R
2%, BT 45 T ) B STARTR M #5247 RL - 48 71 LA KORL v B A4 1R J7 %, B3
FE N1 7 AP I DL R Z MRS S RGOS R, B4 T AR R Sk
Tvs Mg M B4R, It 7T IR UL TR H 5 S AR, B
JEBI T4t T AT NG

3.1 STARERM S

STARIE | %% 2 £7 T 2 EBNLSZ & = RHICHN 3 25 U A4S K B 3% ) 28 =~ —
(PHENIX, PHOBOSHIBRAHMS), E&—1% BRI 25, © EEGHTE — IR
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LEWIH I — RIVHRIEAT b, R %50 BA S A 73 R 1 4RI 28 2 B %
T-STARTR I £ F) 20 1% 4 38 7 LLAE SCHR [133) 7 $k 3. STARG 1 4 5t 2% PASTAR
PRI 2Ry 4 1. B BE STARR M #5 13-Dn i B 54, B v AT LA HE STARER
25 2 B VF 2 1 3R D0 2 2H R R R AR R Gt . A 3 1) 23 A b 32 A0 B 4R
R ONEF A # %2 % (Time Projection Chamber — TPC)  IS3UA1 K AT B [H] £ 2% (Time
of Flight — ToF) [56],

The Solenoid Tracker At RHIC (STAR)

] 3-1 STARSRMNI &5 f#3-D7rs & 18] 1541,
Fig.3-1 The 3-D illustration of STAR detector ™21,

3.1.1 BY[EjF IR 25

TPCH] PAFE 55 43 (0 77 A 1 LA AR R BB G S IX 8, -18 <np <
1.8 1551, TPCAH 0 iy s IS 26 ARV 7 17 70 31 & M5 <-—TPC EastFITPC West. Xf
T — k120, ETPCHIERIEEA (05 <r<2m) &% 0] LLEH #4549
Tlf 98 f o B — N A B ) R B T AT R A R R R TR LA R
(17, XF—AHA10005 2 45 B @ EE 0 F AR, WIS 1 2 HF 2% 0] LUk #1350
pume W) T AR JE A R X — 2e ki, e, Kflp, #E4T EOFTLA kiR e
IR B & P2, BhAh, B WA T0 Ry 3% 2t a] DUAR B 1K o 8 Tl 5 4
WU HF, X TR R EEGRRNFED. X Tah+, M3
Epr=1GeV/chf, HAENENFRT LLARI3% 4.

B 7 R R 42 8 Ok 4 I RL 2 4, TPCHE 4k i ol 4 (1) L B AR & 4
K (dE/dx) 0] UL Sk 3E4T K7 % 50, B B4 BT A A8 E o= 39
GeVI[JAu+Auhill & F1, 78 & PLE X A-1.0 < n < 1035 H N, F] HTPCHE 4
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10?
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momentum (GeV/c)

Bl 3-2 fill 4 A f \/saw= 39 Ge VI Au+Aufilf i 1, 7EJEPREE X B N-1.0 < < LOJEHE N, F

FATPCE WA ()1 ) B R B R ((dE/dx)) BEBHEHIZE4k. B i 2 ABichsel Jy 2 ™)
THEL R FAG F 2 H B R A 45 R

Fig.3-2 The mean ionization energy loss ((dE/dx)) of reconstructed tracks within a pseudo-rapidity

range —1.0 < 7 < 1.0 in the TPC as a function of momentum in Au+Au collisions at /syy= 39

GeV.The dashed lines are theoretical energy loss calculations from Bichsel function ™71,

BRI B SRR (dE/dx)y) BB E R, N T B ATPCH 17 £ 1 i
1278 DA S 42 v ~F- 4 3l B R RS R B ) AR, AT ik A I B AR R 3 AT
DL #4952 AR I AETPCH Rl i SN 22 2 T 154, ap @ AR i i
Bl 2 5 %A% 78 ) e K AT RE A R B 2 LK T0.51. Ak, 0 T RE B R T
% RIeH — s e N, BerEr2dh——itig. NEF LA ST <
0.6 GeV/cHI XA, HFFH(E/dx)"] MR IF I X past 1, KNP M. BEE
KT sh &M, =Mk FIdE/dx)T B E A, H4p > 1 GeV/chf, =Fiki
T WI(E /dx)yy & 3 — 2, A B TPCHIdE /dx) 5 B O & TLIEn Pl =
PR T I 22 57 1o H AR 08 1P ¥ RE B AR X T Bichsel /7 #2 B9 5 B i e 4%
PLomparticte 9 B2 R i B9 7] BL R 7R e
(%) i

< dx >Bichsel

FELEMIZNE T 0 parere HI 70 A1 2 3 AL v i 73 A F o

5| &8

(3-1)

NO particle In

U
=
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3.1.2 XITHETEIR N 28

ToFR M R 4t & 2 T 2 S B B A = (Multi-gap Resistive Plate Chamber —
MRPC) #i& ], I 720105 L I T /ESTARIR M % I 1) 56 4 22 %¢ 581, ToF R 4t
fry [ 7 BNF 1) 23 9% 26 K 249 85ps, ‘el 7 a6 1 A 1 U5 181 A LA K [n| < 0.9 JEE PR
JuHl. ToFS5pVPD (pseudo-Vertex Position Detector) k&1 FH R & 5 44 1% 125 1
KAT B (B —pVPDHE AT 46 ) [A], ToF#& it ¢ (ki) ] 591, 3R45 s /42 78 1) RAT
IS 18] 22 J5 ] LA FH AE G 18 3 5 5 3R I 5% 2ROk R4S 31 H1 A A5 38 1) 5 & g
mg = p*(p - 1), WHE B3,

[EnY
o
=]

IR B

106
10°

104

o
)

m? ((GeV/c?)?)

dZ dS | 'd6" 1 2 é j4
momentum (GeV/c)
3-3 il BB & saw= 39 GeVIJAu+Aufill 8 o, 75 R E X N-0.9 < < 0.975H N, F
P ToFN & i) H 2 42328 Joi & 1) 1 7 B 3l & i A2 4K .
Fig.3-3 The mass square of reconstructed tracks within a pseudo-rapidity range —0.9 < < 0.9 in the
ToF as a function of momentum in Au+Au collisions at y/snn= 39 GeV.

Bl B3¢ T A i RS & saw= 39 GeVIJAu+Auhll i o, 7E % P RE X 45k
N-09 < n < 0.9 H W, A HToFl & i) B & 42 78 it & i -7 5 bl 3 & ) 42
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MzhEWEA (p <3.0GeV/ce) Safr T MK Sr 7 X709, (HEZx 9 7 KIS 7
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a8 X CN1.6 < pr< 1.8 GeV/c B @K T2 KIx, vy (noy, m*) 7540,
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TN WE S, WA —A2-DE A = N WAL B My, U ) TR
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39 GeV, 0%-80%, 1.6 < p. < 1.8 GeV/c
\

10*

10°

10?

N '\.:. .
05 0 05 1 15 &

X(no,, mMp)

B 3-4 TEAlE T B8 5 saw= 39 GeVI110%-80%5%T U £ ) Au+Aufill 1 7, 15 3h it X d5k 1.6 <
pr < 1.8 GeV/cHEER FRILKx, vy (now, m*) (JIE) A Hep g sz A2-D
student-t7 P24l A i £k, BEOEBEHENMSTEE, +Fhnttat N7, K7L TR

WA A B, R A R AR Y T R BR R B BT TS S A BT, m? < 0.6(GeV/c?) .
Fig.3-4 The x,y(no,m?) (see context) distribution of reconstructed tracks for 1.6 < pr < 1.8 GeV/c
from 0%—-80% central Au+Au collisions. The red solid lines are fit results from 2-D student-t
functions, the black dashed contour lines are the fit range of 2-D student-t functions and the crosses
denote the peak position of pions, kaons and protons, the diagonal dashed lines represents an

additional cut, m> < 0.6(GeV/c?)?, to remove remaining proton contamination.
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B 3-5 TEAlE T 8 5 saw= 39 GeVI110%-80%5T U £ ) Au+Aufill 1 1, 15 3h &t X d5k 1.6 <
pr < 1.8 GeV/cHE @R FRIBHI ALY (now, m*) JTA RS Hod 25003 S o S0
Kb, LB S4N1-D student-t7 FE AL G HIT 2R, W € R K € 1 [T 5 88 43 23 ) NmAr F UK
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Fig.3-5 The projection to x(no,m?) from the distribution of reconstructed tracks for 1.6 < pr < 1.8
GeV/c from 0%—-80% central Au+Au collisions. The open circles are experimental data, red solid
line is 1-D student-t fit result, the blue and gray fill area are the yields of pions and kaons and the
black dashed lines shows the fit range.
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Fig.3-6 The m? distribution of reconstructed tracks for 1.6 < pr < 1.8 GeV/c from 0%-80% central

Au+Au collisions.
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Fig.3-7 The m? distribution of reconstructed tracks for 2.2 < pr < 2.4 GeV/c from 0%-80% central

Au+Au collisions.

0.65 GeV/chf, X F & AToFE B HI&EEE, HEWBER-1.5 < nog <25, T
HToF 15 B HIZ I ER-2.5 < nog < 2.5H0.16 < m?> < 0.36 (GeV/c?)?; H#7iTH
B EALT0.65 < p < 1.5 GeV/cltf, HiBR¥& AToF 15 B K12, X T HToF 15 &
AR 2E3R0.16 < m?* < 0.36 (GeV/c?)?s H{RLERIZ&Ep > 1.5 GeV/chf, HEBRE
BToF(s B &I, X T HToFE B & EK0.125 < m? < 0.36 (GeV/c?)?. &
B=145 1 B A XK - B4 18 5 B IR W, A5 R R N T A ToF(E B
B, KHTTPC Mok <2.5 DR EEMAN H, H AR EHIRR
ok

R 3-1 KA (R fig 3k 5 1 48

Table3-1 Cuts used for selection of Kaons candidates

with ToF without ToF
p <0.65 GeV/c 0.16 < m? < 0.36 (GeV/c?)? -15<nokg <25
0.65<p<15GeV/c 0.16 <m? <0.36 (GeV/c?)? —
p=15GeV/c 0.125 < m? < 0.36 (GeV/c?)? —
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momentum (GeV/c)

Kl 3-8 Till 4 fig B v/snn= 39 Ge V¥ Au+Aufilf i 1 F| F ToF m> Tl #k i $k 1% 7] RE KA+
Fig.3-8 The selection of kaon candidates with pre-ToF m? cut of reconstructed tracks at /syn= 39

GeV Au+Au collisions.
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T AR FH 3228 P2 W0 0 e 2 sh J 1 H 5 H R BB A R I 2t 55 T 3 AR A AR
i, B2k FiE. —RF R ML & ] LLRIA N:

M = (Z E)2 -I> ﬁ'z (3-5)
L M—hRFREMALER &, ST 2TRFHRE;
S E—RF RGP A KT R E A,
S HNFRAT AR T EKRKEM.,

BRL b AT DA A 2 3K BSoR TH S/ T 1A A8 i & 3t 1 R EE i T, IR IX Fl
BT AR BN E N: MAK,K) = (Ex- + Ex )* — (Bx+ + P )?- B BOF 4
TRl BE B fsan= 39 GeVIF0%-80% Xt L2 FE B Au+Au Ailf 45 1, 120 & X 1.6
< pr<18GeV/cHE BN FMALTE S M. FHh B0/ R A
Ji 8 AR —FAF (Same Event) T EHEEM M T1E5, NETTUUHEE
HAEGN FHE (1.019 GeV/c?) AbFH —ANBI R, RIAEEH KGN T
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Fig.3-9 The invariant mass distribution of reconstructed ¢ mesons for 1.6 < pr < 1.8 GeV/c from
0%—-80% central Au+Au collisions at +/syn= 39 GeV. The black open circle presents
signal+background (Sig+Bg) from same event, the read shade area presents background (Bg) from

mixed event, and the blue shade area presents pure signal (Sig).
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TSR B TAREA P TR AR ERLIN, KWk E T ARFEF
K" FIK- 2 TEKE, PrAASLEON T I RELE A, 122 T2
BN AR . ESLPRiRET, FATOOT BA AR WL i F A 34T
RA: PRI 5 OO BE XA, 10 AT AL B X JE] BA S SASAS [R] g 54
T A XCTA], AT AL T R — 0o B, TH A B AR A1 T A X ) Y Y
PRt AT IR e N T RS S SR Z R DTk, RATUSAS F A48 — H it
ITRA. BEFRTHE SR B B B X R R, H— B IX E A
T o TIEL M3 LLAh, B LUE 2R & F AT R TH 545 RAR G i 1 T Rk
HEBH. Wa, B HEWA DA Z 28T LR B o 7 78, &AL
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ey B EERRN AR Z R, KR E A SRk ™, ok
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S A N AR IR TR W B RS . FAE P Ik
T FALIFE W] AT S [ B 6 AT S ST I S, TR
2 2P B R OT R AT IZ B IR, 15 B % AR . (H R SN
SeARVROCIG, Wltn, HBTRON, KAEMFERER K7 M2k 7RSS, 28
AP HEVERTHE SR S T g R A WA, O 7N ER B CRy 2 4
FEARR IR XA T S A5 R B2, ANATTEE AR HE AR T~ 3k (0 2 il | 52
T e AT IS B9, H 3 B AR R AR A F A R (0 R AS KL T % AN [R] R
PR EE 8] B 73 G P A7 A, R IR I RIS AR A T ST 1 S R SE A
P T A i 22 AT TE SR AR . FEAST v, BATPRS AEBIY AP e, FF 11 1T V2 32
TP, R4 I e 8 S b S SRV o A U F T T S BT T
(0w 22 o i J5 AEB32 H DAL $8 B8 & +/saw= 200 GeVIF Au-+Aufilf 38 o 7= 4 [ oA
T BT AL W AT P gy S AF 1 T V2 S8 PP S B = AR L

3.3.1 nupEHFEIE

RHICHE [X [¥] Au+Aufil 48 7 £ 443t (1 3 77 5 2L 2 AR5 R 1 TR0 K& 7

FE AT T VEAN 1T 8. AR M0 AR SE PR Se g I & rh,  FATT e 920 I A5 J0 S 1) S s
RRLTE FYTIRITPEYAE I 8 R0 G o R a1 <i5) 3 s 1 TP N ol e B S S

&N 1 &N

= — 1 2 obs - ‘{Jn ’ 3_6
D7 " Trdordy | 22 cosln@ =) (3-6)

n=1

St SRR R T I  G A v Bl I G R R SR T
0l P A
0, 00 B o R S 26 R O K S, G 2 S

Q. cos(n'¥,) = X, = ) wicos(ngy), 3-7)

Q,sin(n'¥,) = ¥, = " w;sin(ngy), (3-8)
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X, o NN RLT AL, woN AR T IRE, EARH, Hpr< 2.0

GeV/clt, w;=pr, % pr>20GeV/ch, w; =2.0. J5F% B8 B=RH 7] LLE 1E:

y - 1 tan”! 2. Wi sin(ng;) ’

n 2. wicos(ng;)

2HH R SRR S — AN S Hh BT A 0 I 1 A R T AT 1, RSO T

SR AR T F I 2: | < 1.0, dea<1.0,0.2 < pr <2.0 GeV/cLh KB &p <

10.0 GeV/co B Ew 2 HIE R RN T H4FF I Pk i K. 75 BEEN
& b FAE T A TEEN: 0 <P, < 271/n.

H 0 ) ) AR SR T 2 EHCR G IR, U8 R SR 7 5=  F T
a5 HLNEMTH, WS58TFH (P ™, fFaEmz, BAFFFm
M Ge itk % . BT K EF AT E A LR FAE IS 2 5 % 57 i 2 857 1
s, RIS AR 10 1) 55§

R = (cos[n(¥, — ¥,p)]) (3-10)

T2, FRATTET DU S A o1 T 43 % 26 6o A S T SR 1 THT 0 S5l U0 00 £ 4 3
ITBIE, MBI )G 145 FEE0 A 520 AT 1 SEn i £ 14
v, = V%R, (3-11)

o —Brml (v BIgsese BRI E i, B (v B SEa 43 i)
R, T =BT Cvs) BIOY SR B INAS B = At

NT BRARARR OCER, JUH R AR AR R R B AR A5 R sg e, FRATTX
ANZEAT BIN AN ERA F) JEBR T T I 44 5 A A 0 8 ol 9 A R 2 X[ AS (] 7 7
HAE (AR o X PHAS T J LR B R DA Copa 1 Guwests 52
Xof LR BN PR RE ) B R SRR . PP R BN E TR S 2 F T
MR EIEAE, RO R X AN . 78R 5 2 B2 U5 F2 BRiF 5
I, I 2R B O pas T LR BB E X A =10 < < —ngap» 170 90 2R B QDwes 0T N
JR R FE X T0) Mngey < < 100 He g, 326 FT 00 R DR (R RS, Dy 17 AT Fvs Xof JEE PR
JEE 1) B P AR50 (00, A SO A A BRATTIE T = P AN ) F SR AR P AT B, 4l
Mgy = 0.05, 0.1AK0.5. FE#IE T 7 HARRRELZ )G, R LR 7R Bk
TS5 S A KT B2 P S A~ THD A s AT westo

H T TGV 2 i Aw 5 A (ARS8 AR B2, P DSOS THIAE 5258 35 3 1K 49 AT B 1%
s — N5y or A, DR EE Y A AP T RN % e — D SEER E R NI A g
o AR H T 4RI 388 1R TR 280 2% I AN o % ) (A A 10, 3K At o %o B A 1) SR
9N 2, REZSFBCEMAFHALRER FHASMIFEARB S5 M. K

(3-9)

_4) -



83 8 RHICHEIX A [ H 25007 = i Y 5007
BI0%5 1 T Al AE & san= 39 Ge VI KT 0 FE N5%—10%1 Au+Aukilf fi# 1 3 4 F
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2. W BB IE 77 v 3 B Hrecentering /7 ¥2: PO fshift 5 vk (141,
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Fig.3-10 The event plane distribution from 5%—10% central Au+Au collisions at +/syn= 39 GeV,
the black solid line is raw event plane distribution and the red cross is the event plane distribution

after recentering.
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qni cos(ng;) = x,; = w; cos(ne;), (3-12)
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Gni SIN(n;) = yn; = w; sin(ngy), (3-13)
AR 18I0 R B P B AE R Al T AR R R AT T (0,00 U 2 <c7> =
i Guir FATTRFOAN XoF o B DX 1] LA K AN [R] 0 552 6 B 1) 23 0 Adi o 17~ i ¥, e o
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¥, . = —|tan_12244—], (3-15)
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N ie = Z % |- (sin(in¥®,)) cos(in®,) + (cos(in,)) sin(in'¥,)| . (3-16)
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R = \J{cosn(®, g — ones]): (3-18)
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Fig.3-11 The 3" 5y, event plane resolution as a function of centrality from Au+Au collisions at
snn= 39 GeV, the pseudo-rapidity gap of the black circles, red cross and blue triangle is 775, =
0.05, 0.10 and 0.50, respectively.
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Fig.3-12 The extraction of triangular flow signal from 0%—-80% central Au+Au collisions at /sNN=
200 GeV with 15, = 0.05 and 2.0 < pr< 2.4 GeV/c.
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Fig.3-13 The yields of ¢ meson as a function of centralities from Au+Au collisions at +/syn= 200
GeV, the pseudo-rapidity range of ¢ meson is —1.0 < 7 < 1.0, the open circles are results from same

event, the read shade area is from mixed event and the blue shade area is the signal of ¢ meson.
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Table3-2 Cuts used for selection of events used for triangular flow analysis

Beam Energy z-vertex range (cm) Number of ToF matched Points

Vsnn= 39 GeV [-40,40] >3
san= 200 GeV [-30,30] >3
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Fig.3-14 The inclusive charged hadron v; results comparison between our analysis and STAR
publication "™ from 20%-30% central Au+Au collisions at \/sxv= 200 GeV, the open circles are

results STAR collaboration, the read filled circles are from our analysis.
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Fig.3-15 The triangular flow as a function of prfrom 0%—80% central Au+Au collisions at /syN=
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200 GeV.
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Fig.4-1 The second harmonic east event plane angle distribution of string melting AMPT model with

3 mb parton scattering cross section, the pseudo-rapidity range is —1.0 < n < —0.05.
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Fig.4-2 The third harmonic east event plane angle distribution of string melting AMPT model with 3

mb parton scattering cross section, the pseudo-rapidity range is —1.0 < < —0.05.
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Fig.4-3 The second and third harmonic event plane resolution of string melting AMPT model as a
function of centrality from Au+Au collisions at y/syy= 11.5, 39 and 200 GeV.The magenta
rhombuses, red triangles and blue squares in the figure are string melting AMPT model with parton

scattering cross section of 1.5 mb, 3 mb and 6 mb, respectively.
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Fig.4-4 vy(pr) results at /sy = 11.5 GeV from 0%—-80% central Au+Au collisions for identified
particles (7v*, K*, p, p and ¢) in comparison to STAR data. The open circles are from STAR * and

the different lines are from different version of AMPT model.
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Fig.4-5 vo(pr) results at 4/syn = 39 GeV from 0%—-80% central Au+Au collisions for identified
particles (7v*, K*, p, p and ¢) in comparison to STAR data. The open circles are from STAR * and

the different lines are from different version of AMPT model.
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Fig.4-6 vo(pr) results at 4/syn = 200 GeV from 0%—-80% central Au+Au collisions for identified
particles (7*, K*, p, p and ¢) in comparison to RHIC data. The open symbols in the panels of 7*, K*,
p and p are from PHENIX "] and the panel of ¢ are from STAR "! and the lines are from AMPT

calculation.
[ 970 BB AR N K — 2, ] BB 1 B2 bR HEAMPTARC B ) 5 45 SR IE 3 W 1
R, R AMPTA R i A7 80 AR EAE A, DR R I A R AR R B T 5
THUS S5 A B B T TR I 20 B LT AR ORiIE 1 B B R A& 3h B )
MIAEXEARYE, 10 = F I AS B 3% X — 0 e B 00 IO A0 G I, vl
AA T 2% T ) AR X R 1] AR 25 Bl 2 1) 8 3R X B B A B8R ok iy, IR A

-70 -



55 4 B RHICHE X A [7) R SR 7 W B 5 = #A it (1 AMPTHE B 5401 93

L 10 Au+Au 200GeV
i 0%-80%

0.2

O STAR Preliminary
— AMPT Def 1
— AMPT Str (1.5mb) -
— AMPT Str 3mb) 1
— AMPT Str (6mb)

1 2 3
P (GeV/c)

4-7 T4 Ge F \/san= 200 Ge VAT 0 FE0%-80% (1) Au+Au filf 8 v,  AMPTHE A 1 55 (1) A [] Fi
FKHT (n*, K=, p, pHIG) B =AU ) & 1410 5 STARE S XS Lh &5 . b s
MONSTAREHE CEUHE B HBZRT), AN [F) Bt 1) B0k B AN [A] il A I AMPTAR 2
Fig.4-7 v3(pr) results at /sy = 200 GeV from 0%—-80% central Au+Au collisions for identified
particles (zt*, K*, p, p and ¢) in comparison to STAR data. The open circles are from STAR (data
taken from Sec. B43) and the different lines are from different version of AMPT model.
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Fig.4-8 va(pr)/v3(pr) results at 4/sny = 200 GeV from 0%—-80% central Au+Au collisions for
identified particles (*, K=, p, p, ¢, A and A). The black circles, magenta rhombuses, red triangles
and blue squares present the results from default AMPT model and string melting AMPT model with
1.5 mb, 3 mb and 6 mb parton scattering cross section, respectively.
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Fig.4-9 Upper panel: pr integrated v,/v3 results at /syy = 39 and 200 GeV from Au+Au collisions
for identified particles (st*, K*, p, p, ¢, A and A). Lower panel: the ratio between integrated v, /vs
ratio of all particle species to that of ;t*.The black circles, magenta rhombuses, red triangles and blue
squares present the results from default AMPT model and string melting AMPT model with 1.5 mb,

3 mb and 6 mb parton scattering cross section, respectively.
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