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Abstract

Quantum chromodynamics is a gauge filed theory to describe strong interactions. QCD has
two basic properties: Quark Confinement and Asymptotic freedom. According to the Lattice
QCD, a new phase of matter, known as quark-gluon-plasma, could be created under condition
of extremely high temperature and low baryon density. Large relativistic heavy ion colliders
were built in order to search for this new form of matter. The Relativistic Heavy Ion Collider
(RHIC) in Brookhaven National Laboratory (BNL) is located in the Long Island of New York.
There are two experiments which are still in operation at RHIC: the STAR experiment and the
PHENIX experiment. The STAR and PHENIX experiments have accumulated lots of exper-
imental evidence to prove that a new form of matter with extremely high temperature, high
density, and strong interaction has been created, which is called sQGP.

Since strange quark and strange particles have been discovered in 1950s, the Hyperon-
Nucleon (YN) interaction has become a new frontier of particle and nuclear physics. On one
aspect, the research on YN interaction will help us to understand the Baryon-Baryon interac-
tion. On another aspect, YN interaction is believed to be dominated in neutron stars, which
makes it also important in cosmology. The Relativistic Heavy Ion Collider provides a good op-
portunity for the YN research especially for the study of hyper triton, the lightest hypernuclei,
which is the most abundantly produced in collisions.

Hypertriton has two main decay modes: the mesonic decay and non-mesonic decay. The
total branching ratio of mesonic decay is larger than 98%. In this dissertation, we will focus on
the two main decay channels, i.e. the two body and three body n~decay channels. The STAR
minimum biased data with center-of-mass energy /s =7.7GeV, 11.5GeV, 19.6GeV, 27GeV,
39GeV and 200GeV collected in year 2010 and 2011 are used for the reconstruction of 3 H
signals. We calculated the lifetime and ratio of branching ratios for 3 H after detector efficiency,
acceptance and event number correction. Here the ratio is defined as B.R.(2-body)/B.R.(2-body
plus 3-body). The lifetime result is 142*7{(stat.)+28(syst.) , and the ratio is 0.32002(stat.) +
0.01(syst.) .

Traditional theory tells us a hypertriton is a weakly bounded state of a deutron and a
A. Thus, the lifetime of 3 H would be close to that of a free A, which is 263ps. Some early
experimental results are indeed close to free A lifetime but mostly with large error bars. Since
2000, with help of TPC technology, results from RHIC-STAR, LHC-Alice and GSI-HypH]I,

including the result from this dissertation, show results which are significantly smaller than
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lifetime of a free A. This indicates our understanding of 3 H structure may need modification.

The STAR zero degree calorimeter (ZDC) cannot be maintained in a proper status after its
installation for over 10 years due to radiation. Considering that the ZDC modules on BRAHMS
are idle since 2006, we planned to move those modules to STAR as replacements for the cur-
rent STAR-ZDC modules. After calibration for the high voltage, the new modules have been
installed at STAR since 2010. In this dissertation, we calculated the energy resolution of the
ZDC modules and results show that for 200GeV Au+Au collisions, the energy resolutions for
both sides are around 27%. This resolution is a little higher when compared to the test beam re-
sult in the very beginning, which is 20%. However, with a resolution of 27%, the ZDC modules
are still in good status.

The heavy flavor tracker (HFT) was fully installed in 2014 and started data collection
since then. In order to include HFT hits information into High Level Trigger (HLT) system, we
tested the reconstruction efficiency and CPU time consumption with HLT-HFT code. The result
shows a good reconstruction efficiency if the primary vertex could be accurately determined,

while the CPU time consumption is far from being accepted.

Keywords: Hypertriton; Hyper-nuclues; strangeness; STAR; RHIC

v



B I
R \%
B—F I EETMHE ..o 1
L1 RIS R R T e 1
L R e 2
L3 O I 4
14 AIRHB BT RERE ..o 5
141 JURTHER A TEEIE oo 7
142 R B 9
1.4.3 RHIC EQGPHIF=AE A IGUEDE .o, 10
1.5 ARSCHIIZERIGER oo 11
BoE A EETHHESIIEE 13
2.1 AR E B TRFEHL .o 13
2.2 BB RIHRIES e 15
220 B 15
222 IR R 15
223 RATHI RIS 18
22 R R g et 19
2.2.5 BRI B 21
2.3 STARMIERMZETF AR Lo 23
231 BES-TAE AR .o 23
232 eRHICTHI oo 25
233 ATPCTRAIR oo 25



HA T8 T & LR BT O SER T T H %

BT BRRIERRIEGIE 27
3 R 27
30 B G 27
302 B e 28
3.2 IS EAE HATFTT . oo 29
321 AR ERI G I E 29
32 ARG R 30
33 SOBIRZIIIRII oo 31
34 SARTEARTERIEN oo 31
340 BRI 31
342 SHIE SR oo 32
343 T I 34
344 FCRRBEZIEBIE oo 36
345 SHEMMIMIE ..o 38
34,6 R I T o 39
3.5 PIARTEARTE T o 40
350 BRI 40
352 SHEESIIER Lo 41
353 RCRMBEZIEBIE ©oo e 41
354 RGN o 43
3.6 KB T 43
3.7 RBHARIITIE (o 44
3.8 XS HA SCHRG IR .o 46
BNE FEEMRSEBNZIESEESYIE 49
A1 STAR T B oo e e 49
4.2 STAR-ZDCHIZIE .o 50
A R I 52
A3 AR T e 52
A3 B 53
B 55



HA T8 T & LR BT O SER T T H %

BRE STAREM AR R .o 57
5.1 STARMUEIN A ZRGE .o 57
52 B RGE .o 58
5.3 R B 60
5.4 HFETHARIB IR ..o 61
540 PR 61
54 R G I 62
543 RIS o 63
544 IR 64
5.4.5  FEARCER R T RE ..o 64
5.6 69

BN E RO R 71
0.1 R 71
0.2 B 72

B R i 73

1= ;S 79

R R 85

R A AR M EARIRE B 89
A S B 89
A B o 89

B B o, i

VII






F—E HENREBTFMIE

1.1 RFYBFARES

W1 W) B2 WA O B b DA FE TR AR BAE FH B 2R 240048 11 1R 45 IS 5
PR AR (Democritus) A& H T “JRT7 BIMES, AT DL R T
Py, JF HIR AT o8 s, ST RIHCR BRG], R E KT 2 4
TN, “IR+7 XM, B T e .

H218974, SRl 57 B 1 (Sir Joseph John Thomson) £ FH# b &
LT, R B A TR T ORI S«

19054, Z[NriH (Albert Einstein, 1879-1955) & s 17 (K FE A G5 1 BT 2
o 19094, f5AE (Ernest Rutherford, 1871-1937) #ei R FHuEsiAy, KG M i
LR L Rl Gy IE L SR T AZAZAT o 19114F, = B tH ook 1 R JEE St U S5, iE
ST A IE IR FRBIAEAE . 19134F, PFEWEES KK (Niels Bohr, 1885-1962) #f
HH P RIE AL RES . 19194, SR AR T, BN FAEE.  19244F, f#A5
%'E (Louis de Broglie, 1892-1987) fEfli-it Ch i@ aFIIdshk. 19254F, HiA]
(Wolfgang Pauli, 1900-1958) & AR, 19264F, f¥Eis (Erwin Schrodinger,
1887-1961) =244 B W JE R il B 15 7 #E . 19274F, #EfREE (Werner Heisenberg,
1901-1976) $&HAHE IR B . 193147, WA NFIR FRWR T A E. 19324,
Arflifg 7. (James Chadwick, 1891-1974) KILH 1. 19324, Z¢ffifk (Carl Ander-
son, 1905-1991) KILIEH T. 19344, %)I|F5H (Hideki Yukawa, 1907-1981)
TR A AR R R, TS T M SR A AR AT, BE SR KB A
To 19474, #f)g/K (Cecil Powell, 1903-1969) %5 N &K Iafr 1. 19524F, gyl
(Donald Glaser, 1926-2013) KW . HALE S HFZEAT LUE BlumiE g . 19554F, K
A48 (Owen Chamberlain, 1920-2006)% 5 JFi 1.

BT E IR W LR IR 28 BOR ) R g, 20ME40504FER 2 J5, WnK®. A
B w AR ERUETRL TR . B T 60EARH), SEE R & Mok AR &t =
IR AR BRI R BEIRE L T, U T A IR ENA “Ri1 3P ” .
UL, PE2E AT AN X AL J LA ), B 2 (R 1A i) RE AR S JE AR 1, A8
DFEARLFAEWB R 2 W) 03X 28 L0 AR 2 001 AT 43282

19614, %2 (Murray Gell-Mann, 1929- ) #& il kS UG)RERE IS K58 1 2 25,
X —BIA A DU Hu, d, s=ADMEESCRME M, IF H i 251X =AY
“Quark” [1]. I, u, d, sN TR A5 AR IT, BI=FOANE “BRIE” . R

1
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TIARIE R EERIR 74N, ZHBRIETS T —2dk 7 i47E, Q% Hr,
19644F, i & vl i 30 B 5K S50 % R R A= ORI TQ . 19684F, SLACH]H
TR FE AR PR RO S50 T ORI T w s WA 52,30 FF LRSI R T 5% 5 .

TEMMBNQ (sss)J5, NTRIVEAH LIRFAAE I, N T ERIEA 18, #
MAFHE (Oscar Greenberg, 1932- ) ZE19644EHEH T (At IS, A AR e B A4k
=AW, B (color) HHE: R. G. B.

19644F, #4721 (Sheldon Glashow, 1932- ) 25 AT E TR Ew (¢) HIFEA,
19734F, /MK, (Kobayashi Makoto, 1944- ) Flz5 )18 (Masukawa Toshihide, 1940-
) WABRKN AT CPHIARIING, TE TS (b) TS5 (O KIfFE7E. 19744,
A8 v b SCE FSEIG = 10 T 2 (Samuel Ting, 1936- ) A AR 26 2 i 25 rho0 ) B
yRf (Burton Richter, 1931-) Z3 IR I T J/y(ce)bi T 19774, FermiskH s K I
TS . 19954, FermiSti = RIUL TINS5, 2, ik EAEM =54
R RILIFIH T =S w i FZE R T

11 SR =4S ) R

ki EyHB AR BMe ¥ B¥r 1 L 27 EGeV/A)
d : 0 0 0 o 1 -1 -1 1 0.35
u : 0 0 0 o 1+ 1 32 1 0.35
s : -1 0 0 o o0 o -1 1 ~0.5
c : 0 1 0 o o0 o0 3 1 1.5
b : 0 0 -1 0o 0 0 -1 1 45
t : 0 0 0 1 o o % 1 173

12 FRREE

B KSR R LA S & 22 U IR g, A T R IR Bk 1 2 [R] R AH AR
NATEJE T brvERLAY (Standard Model) . 19544F, 474 7* (Chen-Ning Yang, 1922- )
AR (Robert Mills, 1927-1999) $2H! T Yang-Mills Vs 2L (4], A ARHERLAY (1) &
DT R 7 3ehb. 19614, #h7 . A (Steven Weinberg, 1933-) FlIp#Hii (Abdus
Salam, 1926-1996) 55CHEH THFIG — S, W 95AH B4 5 s REAH ELAVE F 45 551
19674, #AAKS (Steven Weinberg, 1933- ) FIEEHIUI 5] N T Higgs L il fid B I A3 3E Ak
THIFR6]. 19734, CERNAIL T ggu. ik, S9mEeH) 285 . 19834EK
PR W= ZBE - 1) AR 5 PR UER R SO () — 3. 2 5, 9aAE AR A A B bR
VERATRY e, A T BRAE LS S AR EAE SR EL A RN e R AT LA T bR AR Y

BUAE I BRUERSR AL S T 6 IS ARL 7, W LT R, B A CREFSEETT)
h TN R TR T, SRR AR, A0 (LLERE GRS A AER
BRI T, FEBOZEBIG . MRPARERA, A rE s b=/, WL
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B AR R

Z5 . FE (@ AFE A, BE (o, TREw (o) NWH AL iEw (o
MRS T (b)) M = AT RA L UK. HER T AR T
7, e IAT36R . RN, Pl o =40 B (o) R rFHir (v
NG w PR T (o) AR o PReh e (v A=A A= T
o, HA S AR T REEAER, AU = AUR T e . Alma sy
AR AR RE B 1, T (g JLAT8F, S uidH I AR ALHE 1, Ot
Ty R WA AR A% 1, uw=RZ3 o2 AR g M A I B4 1. st oy
FEHIiggsP T, JEPTAT AR 7 iR (MR IR BR T HiggsBith 14h, HAb B 1 #iAT
MVEAANE, ] DT PR AtE, ORI 1

mass - =2.3 MeV/c? =1.275 GeV/c? =173.07 GeV/c? 0 =126 GeV/c?
charge - 2/3 u 2/3 C 2/3 t 0 0
spin = 1/2 12 12 1 9 0
up charm top gluon
=4.8 MeV/c? =95 MeV/c? =4.18 GeV/c? 0
13 d 113 S -1/3 b 0
12 1/2 112 1 ”
down strange bottom photon
0.511 MeV/c? 105.7 MeV/c? 1.777 GeVic? 91.2 GeV/c?
-1 -1 -1 0
12 e 12 ]’1 12 T 1 z
electron muon tau Z boson

<2.2eVic? <0.17 MeV/c? <15.5 MeV/c* 80.4 GeV/c*

. Do o Dw ., Do 7
112 € 112 112 1

electron muon tau
neutrino neutrino neutrino

K1 PR S AR 7. WA =S T AT AR A ey Ty
WERIZB 7 USRI P AR 5 B K Higg s B (L 1

W boson

TEFRERE R B rh,  RIR 6 VR BEACRL 1 R 22 Ta] (0 A0 T AR 4l a7t 5 1
R IARE 1o B2 R T X EIEAR T2 M AH AR . XA 7, BT
N 558 MEER. = A2 M4k E T (Baryon), —XIiE &= 5 n] LA A+
(Meson), HFFINFHFR AT (Hadron) . ¥ S H55mAH HAEH 2 555 5AF
Mo Bk r S A e, #as i b ER .

PRUERBE RS D AN T oA AR 9940 BAE - A i A BAE L, 9F 5 B s i
W T wmwE Zy TS RS A RYDRLF A LR HE R, IRAE
AR I AAAE — R A, Hetn: fERErh IR A S 5 A EAEH ;s 19984,
H AR Zph X il PRI 28 A S P i IR g R Wos, i RA SRR T E(T]: R
TR MR — BB B S IR T UESE . X B bRV v] RE IR R E — P B IE
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leptons

D

quarks

photon

Higgs boson

weak bosons

P 1.2 b UERRRY rh LAk 12 TR A BAEH o
1.3 ETGmNE

w3 J)%% (Quantum Chromo-Dynamics, QCD) &b smAH B.AFE )5 J 2= 21
Wo BN ISR AR DURBIS UGHE, B TECh . R e i —Fh i
O, WNAESUGHEMEEAL K. \FIIRT, X NAES UGREMIFEREX 5. QCDHLRK
) 158584 HE RIS UG) BT FREEUE o

QCDH! i H f B H AR JSE 2 Wt H 1 (Asymptotic Freedom) F1¢2%[4] (Color
Confinement) .

19734, H/KYI%¢ (Frank Wilczek) . # 2 (David Gross) [8]'5 ¢35 (David
Politzer) [91&F >4 A (0 fi 5 (R BAT B e AT T2 TAME 33 (1) Bl 0K, "EATTZ ) B AH HAR
MGG Rz, 48 i s e A2 (Al A% 38 1) Bl sk, e AT Tl R AH HAR
i aslkom, X 2E 20 adh. B13RR T SE5N45 M AH BAE G oMl
BN EH QR . Jorb o & B0 e anaU1- 1R .

£ 1
4r Boln(QA?)
M3 AT LLE Y, BEE SR H R Ok, (s 2 R) AR BAE F B A . 31X
YT, PSS T R PR B N B e B JS gk ik B P A S R R KT
FEAE XTI IE RS T E R . X, BT e L CRE S SRR LD

4

a(Q) =
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5 July 2009
Q) . .
s a Deep Inelastic Scattering
04| oe e'e” Annihilation |
o® Heavy Quarkonia
03+
0.2+
0.1¢
=QCD ay(Mz)=0.1184 = 0.0007
1 100

1

" Q[GeV]
K 1.3 oAl BAEH R G  Ble M5 = 7 O Atk th 2k [10].  °] LA H B 8l &35 0/,
0 tur 2 TR) IR AH B AF AR P38 0

ik PUE N, S g5 S wik kZw—id, UEP s e F4E. X
EE TR, IERERA O IAEAE,  H S ve WA 2]

1.4 HEXHLEEFHiE

HQCD I #i ik A i B ig vl LA B — AN HER,  BIFE— N Ao 1 o BE 5 %% B 41 1
(1-3GeV/fm®), 581 IS o MOSE R H R, Bk — Mo ) BB A
ETE B A% (Quark-Gluon-Plasms, QGP) .

[FINF, AR S ORARNE B, AT 5= A2t S T 20 () — N B e
TG BRI 3 AW T TE B o A8 KB KEZ AT T AN Z R I TR Y, 526 P ) i
WA T i 725 T AL, R QGPII L Ay B W70 5 IS . K14k
N T KRR T A R B

A% 5B P 05) )% (Lattice QCD, LQCD) [WiH5, K AQGPAHHZAL fr 7 %
() I LR FE T, K 29 h1150MeV~180MeV([11]. 1.5/ 7~ TLQCDV 5 i) A [\ 4 vk 40
A N RGBT RG AR e/ TR IR T /T 2SR . B AT LR
ARG B A, BIT/T=10F, AN RGH H B EREE N, XEWRE
KA TQGPHAL, & wfRzs 7. [H, LQCDVFH )& Stk )1 2% i EAK T-Stefan-
Boltzmanntl R, IX 15 B LB 25 v e~ 2 RT3 SR A7 A — € IAH BAEH o

h T IE R AEQGPIT y EE A my RE B S, SEEG b R R AN R B N R
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Sloyje, 19),
Cf %
qrs)
" Uoyeipe; snemoroiu WS

=

@f@§C@Q
«* 3 T2

&
S x

i W, Z bosons A\/\;photon
r &%) meson @ oalaxy
u aq »
on @@ | * star
Lmuon Ttau
H N black
V neutrino

K14 e BRI I T i B B . RIS B, H TS A R R e 1 x
AL AT DUBCOL 3y 5 ) — e R R

16.0 | —
14.0 ¢
12.0 ¢
10.0 ¢ 3 g
8.0 r
6.0 r
4.0 1
20
0.0

s/'l'4

o
/

3 flavour ——

2 flavour

T/Me

1.0 1.5 2.0 2.5 3.0 3.5 4.0

Kl 1.5 LQCDUFHE WA k4l & N REAL TR T RGE ) 5= hie/ TG W ET /T 178
Wo AT kK78 EE Stefan-Boltzmann bz [R BT 76 A7 B . [11]

k. FTHEE T, — BRI FEORT16/M R 1% B IXFE 0 R 1A% Ik 21 Bl o
TN, 2 AR ] AR R N o R PR R D ) T e, R A IR E S T
XPHE o AT T[] e B S BG,  ) E SI2 50 ] DA B B = 1R 0D R BB . AR 2 1 0 4
A CALERR N ) A fm/e) W77 A2 QGP IR AT 5T o




o A B TR

1.4.1  J0LfElERFneTENEW

FEAR N BB X R, PR BT AR B 1 LA R A L6 T s . 6 IR
AT IRR A% (Projectile) F§EAZ (Target), 1P AME T 0 TE H T2 8 5 )
FIER B FR WAL 4 S48 (Impact Parameter), LLb3R 7R, REAESHCN FRINHE, FROAH O
Xf i (Central Collision); lf 4 2 HU T U MEEAL A2 NN, FR oAy J Sl fit
(Peripheral Collision) ; 2 %0{r L B 2 [A][1), A LARRA X OMildE (Mid-Central
Collision) . [ 1.671 FroR B g — Wk SR 2 e Ol . 76— VO, S 58 0N (A%
THASEHE T (Participants); AR AN E, AT 2 G B GERZ TR 5%
ME T (Spectator) o [AIH, MR I Alf4E 2 $0b 1) KN, AT LA SO 0 X6 O R i
(Centrality) [12]:

b g
< db
centrality = fooo 3’; (1-2)
| 4edp
X, bR SHE, ot Rl kI -
Projectile Spectator

V0
g&@%

o o

Target Spectator

Before collision After collision

B 1.6 AR IS B - rp LA A

L b, BRI A 2 b S A BEALYE GV R B R E ) HS, BRI
2R R, RIRL T2 B (Multiplicity) #F & Glauber2y #i[13]. 1M H., i f
ZEH S SABAREEN SR, B, SE ERA—Ms R 1 2 wACR i e
NIEEASP S RNy S

SRS PR X R A R G A AT BA2r A LU R LA IR WP, Rl e, o
TAb. W B RTRA TR LB L TRN.8 R B R4 ) A 43X LA

AT (Pre-equilibrium) BB LY BUR A= T-ME4E & A2 J5 191 fm/ e (A s (]
ZW. R, HRSET 2 EEAERBAER (Parton Cascade), [RIF, 474wz
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CGC

i
A

Initial )
Glasma Thermalized

Singularity sQGP

17 AR & i P s s S

Hadron Gas

Hadron gas QCD phase

transition

QGP Thermalization

N2

& z
(32
K

B 1.8 A v Hh X i B I TR 35 A s R

EWIE Gets) o 1] LURH IR TP 167 B0 BOIR & AR B ) R color string#i 8. color-glass con-
densatef5 R MITYPLQCDE AL S . F5 53 7 bR B IR IR [R) s A0 AT LA dania T Rk dinid

HLVE R @47 (Local Thermal Equilibrium) BBt . fERERE R4S — 10fm/clf)
WAL, RGN JRECPEDRA BN, RGN EREE LB R REE, KEN
SrLRAE, TR IE QGPYI i, LN ) ZR Ge ] DL AL A A Ade, BRI mT AASE R 3t A
D15 TR AT Al -

T"(x) = u"u’(e(x) + P(x)) = g P(x), 9,T"(x)=0 (1-3)

Hrp, TR RIEESREKE, e)ZMREEE, P)ZEM, w2/ scm

P UG 746 (Hadronization) Wi, fEJmil#criiiz G, REAMEK, R4
fR) e BT AR AR HQGPHIAH B AT LAAIIE, R GHPIRAR 2 D NQGPAH 7] 5 5]
SRTH, U ARG BEAAL M BN, QGPH IS wItth B A iR 1. BN RS
A2 o ANTE R AR, RO (Chemical Freeze-out) o MG, & FisE—[1)
R CAHE T, AR Z TR 2 R A S B S5 e
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B AR TR TR

Jh, 28l 1% % (Kinematical Freeze-out) FhYB:. Bt RAEMIE—D K,
T BB RSB 5 k. e, R s R e R ok, RIERR
NIEB R
142 FEMLWKRE

M20tH 2180 90T 4fi, MRk PHAZ 1y (European Organization for Nuclear Re-
search, CERN) [ ¢ i1 X} ## Ml (Super Proton Synchrotron, SPS) Wi & ih T
XTQGPHISEIAFT . (HJE, QGPRAFLE THEHE Z J5 HIde /N RSl Bt el py, AT 1Jcv2:
X AT ELE DRI, 1 A R T e 0] Al A3 R S R AH G L £ PRl e b AT BT 9. H R,
MR RZ 1~ A O R R Y 57~ X AL (Large Hadron Collider, LHC) F13€ [E A7 & 50 i 3C
KK %= (Brookhaven National Laboratory, BNL) [AIXI & B 7 Xf L (Relativistic
Heavy Ion Collider, RHIC) — E{EBEATAHIRIIWIT. [FIIN, GSIZIE 22 H & 75T
H.0» (GSI Helmholtz Centre for Heavy Ion Research) 1 IF7F £ i 2 it 5 2 1 X FE ML
(Facility for Anti-proton and Ion Research, FAIR), Jf¥iltt 20184 Wi o

(]
=
=)
]
©
N
o
o
5
'_.

o ¥

" critical point = e 3
N\ ¥ .

»

RA,
s,
&
&, s, v
3
©
7)

Hadrons

. Atomic nuclei Neutron stars

Baryon density

K 1.9 QGPAHIE . FrGdifiZe T A1 55 AHATAT M S B0 DA ) 25 S J0e 1 25 1 1A . wh 7
SR DR A W et ) B AR A2 A R e T KRB L™ AP i R AR sy, {E
HP RO TR, A A B 2 _E .
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K19 Rers T QGPIIAHIE . K la il B 8U% B, RS RE 480
FE o R RE XIS, <5 v AR A AR P AR R 1 . A e B O B B e B X, S e
MPAT LGRAE, TEQGPIRAS . WAMRESZ A ihde e AHAR th e . oy, i Ze i) (= (o sg
I3 IR LA A AR & — AR, 21 0 230 40 W 5= A A 4~ i (crossover)
AR R . PP OO AT SRR IR 3 0, 2 S5 b — B AR S FR I AHAZ Iy 5 i (Critical
Point) . X H & FAlEE T 5, A QGPAE{E, WAL 54 B R 25 4k T-QGPAH, &
AU AH AR M4 1) 5 AR EE AR . O RN R I X EOR B R T RHICH LHCATE f#
Y QGPAH s T AHAEAH E P A7 B . B TLHCH W FERE AR =, TRHICAH XS 1T 5
R B, I HAT AAEAR RV A 0 FE Re e, DRIRHICHT W] AR o AH AL I 7 R
HAT, S-HAHAZ I S S S RHIC—AME E 2R T A%

1.4.3 RHIC_EQGPHIF=4 R HHXIEHE

RHICIH ¥ H I — 820 T3 3#QGP. &L L F1iz1T, RHIC LA R T K
HQGPAAE M AR . - ZAHE:

1. Ki 7% (Particle Spectra) . i % SEAG Hokr 1 Zh 3 5 AH S I 3R ok Sk AT
LEAR, AILATHE A S PR S (T« P (up) SR, XLy Efh
TH IR I ) e R 2 KT T ST R AEQGP T R I RE I

2. WK (Jet Quenching) o EAHX 1 5 B 5 0 i vp 7= A8 1) R A ) 2 35 40 - i
Hjete MK, fEHOERET, jett™ Ml RIS, BUFT R T A kIS . X
WARRE A, AErhoibsErh, SEsh R 170 7l TRk AL mR BUE Y U, 2%
RAAR KPR K

3. @Mk as (Strangeness Enhancement) . RHICYEX i o1 B4 FH A% 88 &
AR, AR E . HE RS R M I, BEAE N DR EE B N, A SR T
(MK~ ¢35 W HAWIE . BOgX IR /EQGPHI T, 1% FEARK, 1y [F N &
B A Ay S BN 1) R BRI

4. 2 (Anisotropic Flow) o JEXF O E & Fhiff vl Al e AR b 2 ) 2 75
) S PR IR, SRS ) e e A Ay il i A U RE 1 1 B B TR TR % 1) ek . R T AR B))
2] (1) 43 A w] CATE A B e o o 14T

PN _ 1 _an
d*p  2x prdprdy

(1+ > 2v,cosln(p —¥,]) (1-4)

n=1
Horp, prfi s, yE R, W IR T 0] 5 ik 2 5 e IR B Y-
[, @b AEXS T R NPT 7 A7 A o XA T 158 B e IT SR £, R R 3t
Elliptic Flow) , 287 R4 F RS I H 2R ET .

B4, HATLHCHIRHICH] S 30 # & W, Ly BEA& 700 A 25 o [A) AH B AR F] 23 IR 59 AN
], Al A A2 IQGPL P A AR s A FLAE F L DRI Bk Oy st R 5 57 3 IR 1 55 19 14
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B AR R

(sQGP)
1.5 ARXBIASFLEER

ZNESEINEEE-S 4 AN

BT E G TR B AR DT S, S T AR AR N ) 2k
RIS ARAER Y 32 A1 (g 0 22 (R AR B AT . IR AR T HIXHE
il R 512 60 2

B R TR T B AL EISTARSEIG ALK S g . IR A
247 RKSTAR EZ M ER T tKil o

F=FVRM T T ARSI T EE T AR, B STAR KA i H = AR 4 5
ASEHEAMRHE S, IR E G oML b2 e JFXS ARSI 20 45 R T e .

FPUE S 4 T STAR-ZDCZ K (1) A LK 5 e AT Bl EAT (10 e 20 % (10
S
A T A A SRR P R HFTIEAT A2 128 A IR A DG TAE RS i
INEEATR S A EE 18 AL AR K e 2R

O

e
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FE BANREBRTHHESRKE

21 HHIILESTFXTEN

X8 T B 7 X4 ML (Relativistic Heavy Ton Collider, RHIC) [14,1514v T 3% & K
AT E i SO E K s, BMET19914, IF T20004F I 4533 47 11 K 6] 4 L
RHIC 2t 5t 55— & 8 XU AF A R R BN 4%, I HAR 20105 B R Y 38 -1 6 43
Bl (Large Hadron Collider, LHC) & i aitH 5t b i KA F8 L. RHICH) XUl A7 38 %
THAE A & AT LU [R] IS 7 B 2% B0 P N gt sl sORE 1O, IR AR B aF I 0 i R B R AR AT
o AHS T FE RS, X RENLAA A B ) BTD R e R, XML DL 2
() fe B FH TR ON, RS I Y fAT B R e B % . RHICH ik H iz — B2
T ) A A e U R v R R AR e PR, LRI SO ) OB S —-5 i iR A B
F4& (Quark-Gluon-Plasma, QGP), VL XARZEY)FIIAY, B 40 5= 55 REEVER] R
Ao FERHIC E—3L oA /N AN R0 4 i, oA DU R i 28T S0 368, 4
56:0007 B [ISTAR (Solenoid Tracker at RHIC), 8:00f7 & fJPHENIX (Pioneering High
Energy Nuclear Interaction eXperiment) [16], 10:00f7 & #¥JPHOBOS (PHysics Background
for non-Scientists) [17], PL&2:0007 % FJBRAHMS (Broad RAnge Hadron Magnetic Spec-
trometers) [18]. PHOBOS{£2005%6 J1 5 1k T #i#li R 4E, BRAHMSH {E20065£6 /{5 11
THERAE. HAT, HASTARNMPHENIX{IRTEEAT. ARG, AnL102EK T
i, RHICH AL WL S, 7620164 M Au+Au@200GeVIFEIZATH, P AR
S CAIER] T87 x 10%°em™2s7!, X ERHICH 152 194345141, 2.1 7R T 20014
2220164 Au+Aufilf it P (R R SR o

Heavy ion runs - time evolution of Au+Au

2016 AutAu /
1000 [ /-

2014 Aut+Au

1200

800

600

400 |

2011 AutAu 2010 Aut+Au

200
_— 2007 AutAu
2004 AutAu
0 2001 AutAu |

0 2 4 6 8§ 10 12 14 16 18 20 22
Time [weeks in physics]

K 2.1 20014 2220164FRHIC Au+Aufilf 5 [ R 7e B o A HH 2 RN Run W46 5 TF 510 S5 50,
Yo XM Lyy = AtAL, HALATERE, A5 A AR PR T B0

Integrated nucleon-pair luminosity Lyy [pb™']
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Kl 2.2 AR B LA L. b bRyt T RHICH LA E 245y, DL AERHICH
FEERh, PRI OB IS AT T )

RHIC&Z H— &Y RGHM P, WE2207R, FEAFRE 7HFRE U (Electron
Beam Ion Source, EBIS). SHiPUIz nig4s ( Radio-Frequency Quadrupole, RFQ). H
k4 (Linear Accelerator, Linac). H{58%% (Booster Synchrotron) . AZZF#H i [F] 2
I 2% (Alternating Gradient Synchrotron) LA MRHIC EAEAF IR 254> Hirp, RHICE
AR EARZ 01Km, A3 TN IA15], — DOV (Blue Ring), J)
— /A BN (Yellow Ring) o A FRRFRRLIN,  BEER R (PR A N & 07 miz 8, 38
INep O £ D7 W) . RHICTH LU 2 #p R B ki1, Q3G i p iU Fizd. &1
PaHe. R TRZOAL B TZSCuy R T Au, SR 72580, Hd &R 7%
A ABOINE 2 5 = 100Ge VAR 1, i1 R LABIE 2% Fi250Ge VAR 1. B T INdiAH 7]
Ry LAAE, RHICHRECERE IR POIEA FIFF SRR o R4k, RHICKE ] LUId AR AL 5t
1, XGRS, WHRLHC, #EM B F2.150H 720004 LR
[RVRL P8 S HE6T B IR B0 FR e

RLFAERHICH JE D IR o Bl Bl EBISS ™ 2E 47 A7 324 H A (1)
Ji7, REEN1TkeVERIZ T, XUEE IR A 800 ARFQuEE— 2 Ind $1300ke VAR T,
2 Ja ¥ NLinact 1Jf — 22 I i# 22MeVEEAZ 1, 2R J5 1E ABooster, fEBooster 1 4 Il
B|70MeVEAZ )5, XLt —/ N F g (Stripper Foil) LA & H %40 £,
ISy, S AT ATT+, BEEATOMeVEZ 1o ZJ5, AT ANAGSHE— 2 i
FIRHICHIE A e S, BI9GeVAZ T, JFFF— Uil i 3 & K de 5 P AN AZ A0 FL 1 5
Jh, SIIZANLTENTY, BER N9GeVERZ T, FELERHICH H gk fin s 1) f 28 4 fik

=]

&b
He B o
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o AN B R SR

% 2.1  RHIC H20005 LICREFAE R 2R A K B &, A0 sk T STARSKRAE T Wy BEA 4 1) 6 4% .

BATHT O XERSE UL R BER(GeV) \ BATHT O XHERSE UL R BER(GeV)

Runl Au+Au 130 Runl1 p+p 500
Run2 AutAu 200 . AutAu 196, 27, 200
d+Au 200 p+p 200, 510
Run3
p+p 200 U+U 193
Runl12
Au+Au 62.4, 200 Cu+Au 200
Run4
p+p 200 Au+Au 5
Runs Cu+Cu 22, 62.4, 200 Runl3 p+p 510
un
p+p 200, 410 Au+Au 15, 200
Runl14
Run6 p+p 62.4, 200 SHe+Au 200
Run7 Au+Au 9.2, 200 p+p 200
d+Au 200 Runl5 p+Au 200
Run8 p+p 200 p+Al 200
Au+Au 9.2 Au+Au 200
Runl6
Run9 p+p 200, 500 d+Au 19.6, 39, 624,
200
Runl10 Au+Au 7.7, 11.5, 39,
62.4, 200

2.2 WRLERTIRNEE

WRLR B AT IR 2% (Solenoid Tracker at RHIC, STAR) [19]/&RHIC | H {8k {Eiz
ATHIMAS R SEIO S E 2 —, B HARNE . T AARR. Ao E d 78 ) S5 mi
STARSE H— R F ) F M s A4 sy, Hop R 245 7. K% % (Time Projection
Chamber, TPC) [20]. KATHS[AJ#RM #% (Time of Flight, TOF). uF#Ml£% (Muon
Telescope Detector, MTD). WK 2% (Beam Beam Counter, BBC). %5 fmfE#
(Zero Degree Calorimeter, ZDC) [21]. J&ET 4R M#S (pseudo Vertex Position Detector,
pVPD) 555, K2.3E/R T 4 STARIY & F L HI#5 o
221 sk

STARMI 3 5 th — He K6.85K, W IR5.27K,  AME7.32K ) K B0 i 5% il 4k 7= A=
11221, STARMIMEAK fe s 76 R J7 1] 77 420.5T (Full Field)5(#0.25T (Half Field) ]
Wiss. ‘T LI PRAE A FHO.STHRIA I, TPCHN F I RE 3 FE AR AR a8 AR 50
Wi, e BRI WA AN I3 E T [22], Witk s G Y A M ARAIE T TPC A JE U
(4288 AR L
222 RJEIRFLE

N #E52 % (TPC) ZSTAR EHEAZ ORI ZS . K249 E7R T STARK [ $E 52 =
P =4, WER TR HTPCE — M K4.22K, WAR0.5K, FMR2K 1780 [ A

15
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- =~
- -
.-

-
=
-
-
-
-
Pl
-

-
-
-

e \"."’i"A N
K 2.3 MR ERARI S NE R, B RRE T STARK LA £ Z A HRI 25 .

o T TPCHARBL B JUFITEAR, PRINVGHE v] LA sedn i Al JRPRRE-1.8%11.81X —[X.
[f]o W6Ak, TPCHYELH 43 A AR PPN, A0 ) 352 X 38 40 A 12l X (sector)
A X A4y A N X (Inner Pads) A4 X (Outer Pads) P 4. b Py s
B N 13HE T (pad), FRHEM]EE 48mm (551-8HE) 2 52mm (58-13HE),
AN R SE82.85mmx 1 1.5mm,  [F] —HE AN B 2 [ AH BE3.35mm, - BN Y 35
XA 1750 3 F e AR RS X 2 A 32HE 5 A, B HEIR FE20mm, AN AR
SFoN6.2mmx19.5mm, A —HE AN A Z A AHEE6. 7mm, NS X A 39424
B A B A AMIE B BITPCH 3t R 45[23]. 2.5 7R T TPCHEAN i X 1) 45 749 K
HRSF. TPCH ST T H190% 148 < LA K 10% 1 FH B S AR AL B I P o A, JL T 3
TR UE RS2 R [24] ETPCHIH L (Z=0) A7LE, —INH28keV i [ 1) BH B i
WTPC A AN %, B S N IS H135V/em, HFEH A 1w idi %
2345.45cm/ps. AN, TPCIEAH WOL R G H LA UK IR 3T Il [25]. #2.2%1
th T TPCI LA EE IS4

%22 STARRIFGE EE S8 [20]

Number of Anode Sectors 24
Number of Pads 136608
Cathode Potential 28kV
Drift Gas P10
Pressure Atmospheric + 2mbar
Signalto Noise Ratio 20:1
Drift Velocity 5.45cm/us

Transverse Diffusion (o) 230um/ \cm
Longitudinal Diffusion (o) 360um/ \cm
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AR TR TE 2 R S 3

Sector
Support—Wheel

143 x 6.7 = 958.10 mm—-l
T

PLA3 Bk - ZETPCHI 1)

Outer Field Cage
& Support Tube

= Sectors

Inner
Field
Cage

Kl 2.4 STARHIERGE ) =4 m K.

/

20 mm RADIAL SPACIN
T 31x20=620.00 mm

Quter Pads
6.2 mmx 19.5 mm
Total of 3,942 Pads

6.7 x 20 mm Centers

97 x 6.7 = 649.90 mm

—
| A
|

—— 183 x 3.35 = 613.05 mm —

Il

:/

[~

52.00 mm
6.70 mm CROSS SPACING

(7 x 48) + (5 x 52) = 596.00 mm —|
1271.95 mm from DETECTOR CENTER

Inner Pads

285mmx 11.5 mm

Total of 1,750 Pads

Row 1 thru 8 on 48 mm Centers
Row 8 thru 13 on 52 mm Centers
Cross Spacing 3.35 mm

600.00 mm from DETECTOR CENTER

I._

87 x3.35=291.45mm

3.35 mm CROSS SPACING

l— 48.00 mm RADIAL SPACING

2.5 TPCHEEA B X KITEAN 4544 R

17

YA R I TPCRY, R4 5P IR R AMER = A ik, XL 7
B Wl T 2 W5 Z 5 75 7 SHTPCH i [ BHARIZ Bl o IR A FEL - AETPC A 38 AR R 3 R 2 AR
(1), T CAARPRIE AL ) H) o] DAAS 2 fE 7= AR N I Z 07 ) ARk, SRR, PRI 7155
P A AL B 1, nT DA BIXAIY 7 1) (AR BR . DAk, FRATTAT LIS 244N 1
MR = dEAA bR, JEEE R T ROHE AR . BEAh, MRETIERIF B R, AR
RERPIK (dE/dx) . E2.6H IR Tl ik STARYE 2k T A4 AR 43 2]
ITPCATHE . Horp, ZcEguman i, A B MIRLE . B A AR 1 S 3 s A [ ) BE B 4
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K 2.6 7R EME RSB FSTAR-TPCIEEE . A RmAR I, AR IALE . iR
AFEBEARE T AW BEESURIE /dx.

EAFR IR G, IR MR, 2E84MnrismEB, v L33 HEEs)
wpr, FIN_EAEER S AR, nDIESILAS)Ep. MPEBethe-BlochA =, f12-1,
BLFAEA P GE 301 2 55 0L I Rh SIS DL T B 2 AH 17

dE 772 2m,y*V*Ey 5
<dx> 27rN0r m,c pA,B [In 7 - 2p67] 2-1)

Fo, NPT RMAE S H 4, r RS BHCEAE, mJe TR, o2EH, oM
5, ZRSBETIFE, ARSHET R, BRRTHE, v=1/J1-5, L& F¥HE
. Ey it KB aes. LAk, FeA1t v DU HiE Bethe-Bloch 24 3 U 51 e
1 9 5 SR DA (1 BE B 40 AR IR ZE R S R T o FRATTE Xn 4 -

:mb\#

o

In < >expertmental (2_2)

E >theoretical

RAZHE RN 7% . LSBT 01, #H—A %h?ﬂﬁnﬁmmn@fﬁjﬁﬁ?& Ui ]
FOREH S BT Re R (AR, —okdE, WU REE i 1. B2 7255
T &R T I R REUR B RO R . BT AT EUE ESTAR-TPCEP, Ty FRE
T DR S FE oK . BLAu+AufilEi 61, TPCH] AES /N T-0.7Ge V /e i F Y X
WHAFKA -, EhE/NT1.1GeV/cl)E [ 4550 H 1

FEA T ARG PR 7~ 5 5 e ) p At b, ik R N E @ R, FRATT T LAY,
FHSTAR [ £ 8s Hd HHAR 2 AFa e bL 1 Ao 1 3 .

223 TYATHTEERMER

KAT I )R 2% (Time of Flight, TOF) [2613& 1 ] £ B s B ZH A (Multi-
Gap Resistive Plate Chamber, MRPC) i [ FH K5 A il £ s 1) (1) — ARl 25 « MRPCHY
A2 BRI AZ L JALICE (A Large Ion Collider Experiment) SE56 2 & Ji& J 5 H
IR BEAL F ). STARMY KAT IS [AJER I &5 A2 B 5 /R 3 120064 FF i wF i, JF
20094 45 24 1 o

_R

_H.

\

~

ZUJD
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o AN B R SR

—~ 10
E E o)
g | 1
g | 1
o B[ -
= |
~ 1
g ° .
i 1
L] i

=

/

UL 5

T

/2.7 STAR-TPCH R FIRIF I R SEI R R, LT MR Eig Lk, e
S AT RORLF Re 4 5 Bl B 1 40 A

STAR-TOFZ:%% F'TPCZ 4b, BEMCULN. ‘& J& HI120N 4T (Tray) 4R, 3
H RO RN PE M %A 6041 o BEAN SR TEAR K FE JE240em, 58 & /221.3cm, % 48.5¢cm,
B EH23NBE (Module) s BEAMABLER HOAN H.JC (Pad) 41k, REA FLAL [ )
46.3cmx3.15cm.  FEATOFE FE 4723040 H UG, [K]2.8 i 7R T TOF-MRPC ) A5 B 5 1)
TN B P R AR LA R b ) RO IR AT SRS B A B, B AR 2 )
AH0.22mmff B T s B IR TR R L 48 X 107 QIR iR BEAT Ay FE AR I 5 v A
o AR RN, SRR N, BT AR T s SR AR A N LR
A E S .

TOFA] LA 56457 - 211 1 21 FRDRG ff e 1], JCERE ] 23 26K T-100ps, 154545 JE 0 A
PRI 2825 HH IR Aa I (R FNTPCES H (R ARE, BTt ol LAV 345 200kE 7 (1) RAT I R) e DA %
RATHEB. A TR TR, WATEE USRI E. 46T
TOFEE, AT DA Bl AR 6 R T I 0 0 B BRI B Y I [27]. 2.9/ T AE
HTOFZ JG X i+ KA T afv TR 7 IR RO

224 TEERER

STARM ZJEFfig %8 (Zero Degree Calorimeter, ZDC) [21,281J& H] Tl & xof f =2
JE N R PR AR R BE R R T BE A . ZDCH ESTAR I H T k3% & /M & 55
ff (Minimum Biased Events) )5 Z il #RMI#% « —. FRATTS7E 268 DU = Hh P40 1 A
H7DC.,
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Honey comb length = 20.8 cm
electrode length = 20.2 cm

pad width = 3.15cm

pad interval = 0.3cm

honey comb thickness = 4mm

(not shown: mylar 0.35mm)

outer glass thickness = 1.1mm

I —
I ——
—t inner glass thickness = 0.54mm
]

- gas gap = 220micron
<—PC Board thickness = 1.5 mm

inner glass length = 20.0 cm
outer glass length = 20.6 cm
' PC board length =21.0 cm |

honey comb

1 PC board

pad

electrode (graphite)
glass

Il |

i
0 0.5: H3 74 8[4; 89 9.4 position (cm)
0.8‘1.1 8.6
1.0
& 2.8 TOF-MRPCIK) 4k ¥y b ]~ 7R &
2_—
S T
Q 18l ] 1.2<p,<1.4 GeV/c
™~ :
16
o
1.4 o 0 05 1,15
LN Mass “(GeV/c")
12[ T\
1 :--‘ J*':"""H“‘”““‘ "'”f’*'l‘r\\l'!‘-mmun
_ Il"i I‘l l‘ 1 lI 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 11 1 1 I 1 1 11 l
0.6 0.5 1 15 2 25 3 35
p (GeV/c)

K29 {Ed+Au@200GeVXHET, /] TTOFZ JaxF 1+ KA1\ aft A B MRUR .
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225 ERFITHFNE

STAR-TPCI¥ 7 0] 73 HF R AEmm = 4 b, 17D, DA 5 e s T H AR K
fepme 2 b, IS FITPCIC VA 30 0 W IR W) T &0 (Primary Vertex)  FH /R 25 T01 i
(Secondary Vertex) o A T $& i STARER M #% X 1% 8 55 A7 H R 25 5 {100 I 48 00 1% 0 7
A& 71, STARK & T HEHIREKINIZS (Heavy Flavor Tracker, HFT) [29].

STAR-HFTH H &5 | = A F 2 TR 2, BHR Z KM EF  (Pixel Detector,
PXL) [30]. 6] ZHEEEI S (Intermediate Silicon Tracker, IST) [31]. #Ef &4l
7% (Silicon Strip Detector, SSD) [29]. % [&ZITPCI N 12 450cm, HFTH = AR 2%
WL FTPCIIN S, MW IMAMEIREPXL, ISTHISSD. SERR 23647 & Q2. 10178
12118 = A 1~ 2% Ak T 7 i ] o BN HFTHR I 25 76 3ARS &0 K ] RO &4 th
SPRLT e (DU ok BE AR FRAS B o 3 T R BT IO = AN 74800 #8157 5 (R A

.,

\" e -

K 2.10 HFT{ESTAR L[R2 B i & .

1% EZRMZR T H— R0 E N 640x640/F ) CMOSHL KR AL ), R MEE IR
F330umx30um, A& NS H2emx2em. B+ ACMOSZ % — ML IT (Sensor) ,
FEVUA R K G — A 2 AR KPS (Ladder), JLh =Hfy F4NZ, —Hfr T
WIZ, A& TDNBEIIR BT BEAPXLIRIIZS . E2.12/8 7 T PXLAR &5 AL R G .
FI2.13 )75 T PXLAR 25 AL K FE A . R R INAS 288 TTPCHA, 2142 h2.4em,
HNEAR N 8eme FEANPXLIKAL B 2 HEE /N T30um.

HRE]E RN 28 2 AR et i (Pad) M. fE—NERIEIC (Sensor) |
12516447 S ILT68A 1 Fr, BRI 7T RSP N7 Temxdem, BRI TTH T —
AR BED] (Ladder), 24T BEF R B T BEANISTER M &5 . B2 14/ 7R TIST %3
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T 30 IST ;SD Beampipe
. oo

le X VW
1, D
Lo D

130

K 2.11 HFTZESTAR (K] 2250 B AR 7

8.cm radius

K213 PXLAS AR MALIEEES . 2ot m i, AR SEbe iR o A ] LUE 2 1 2
FEAMEIR T2 T DNCMOSZLEIN, I HARAMERKER A WA Z
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o AN B R SR

FISTARFI ) — 5K o ISTZEE TPXLIAMI, TR V154 14em. ISTIRAR [m) B 147
B T2um, ZJ7 MR 3 R 181 Lume

TR A PRI 2 2 e RE T A o TO8ANRERA S M B T RE B - (Wafer), 32t
(RPN 5 A T8 M Sk » 16X AEI L v AR T — AR FE S (Ladder), 2045
BEFN A EE N R 2S o SSDIFIEAR N 22em, KN 106cm, i T-12 <n < 1.2MAHRE

Yl . SSDIIAR BT 20 HE 4 A 20um, ZJ5 MW VE73 HEE N 740um . E2.15 %78 T SSDI)
~EE.

£ 20145 DL S 20154E 1111217 . HFTRAE T 55 Au+Au. p+Auflip+pfE N I K EX]
FEECHE, XX LCH A (1 TR B, HFTX D%, DA T RIS g5 g+ ik Nl
iR

2.3 STARBYIRMEFHRITX!

FUE RS, STARMIN ARG, [AINMALR T KBS tidE, A TR
FEMRA R, 72 H TR B, STARSEH TR Z KK W B Hbx, I T ks
YT AR 2T+ vt-Rl

B2 16/ 75 T STARAK KA T Tt &l J JEmb 3. Jhrb, HFTERM & 22
FE20145F 228 5E SR IF T IR B R B e T3 vHRISE —BirBe (BES-D thCZesg i, 3k
TBES-IFMRER, feim vt RIS —Br B (BES-ID KJT4A; [N, X1 A El
(Spin) MWL O TP IR, XK ATW*. Ag. Drell-Yanid P25 e TR NIIFST: & TH
AR BRI AR S TE G, 3R D ORI 7= B TRl (eRHIC) THRIMMHES . [,
it JE7s T FAIRRILHCSE B (KN (8] R DL A 2% . i ok, BATTeoxt JLAS EE T4
TS R R AN A 2
2.3.1 BES-lgE2f3itxl

STARRBE AV R 2 H br 2 — 204 TR BRI e 55— B Beda flivl-&
AFE T RO RN \5n=7.7, 11.5, 19.6, 27, 39, 62.4GeV ¥4 &Ml FE 155, *F
XL B8, 19.6GeVIIRER T, ARG S RECLH K. XU, AL
RMAZAT19.6GeVEL TR RE ok T4k ik, S TR BUN AR R R TP AE T
J R HE R 5, <20GeV X [H], I EHRHAE T S/ i) E 8] B

XRHICT 35, BEAS W AE R B BRAIC, R AR K SR RO A 25, BB
BEAR. ABEAEBES-TIFY BL, RHICHEH] BB L 7-72 41 (e-cooling) HEAR . RCRHAEAF Ly
A BEELAE3-10GeV 2 8] (R4 43 1Y) 58 B4 vy B HT AT K3 201045 o IX 1S STAR R] LAAE B 3
[T 1) P R AR 21 AL 06 22 (V0 K
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Sk

K 2.14  HhE)ZEEERIZSISTI I A s = K .

K215 FEREERM 2 SSDH 7~ = 1K
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B HDW R T B TR SR B

,

o HFT: HF, y-jet, y-hadron, e-p, e-e,.. A
T STAR Core
® | BES-| | ’ecooling,  BES-Il, VsyyS 20Gev  Programs
I v I ) Il v
Spin: W, Ag, Ay, DY(?)
[ >
Forward tracking upgrade, connection to eRHIC\
\. ' iy
% CBM (Vsyy < 12GeV
w [ > é
O
5 LHC full energy program

' D
More involvements in Future Upgrade Programs!
Kl 2.16 STARMIAKTFH it Rl m &l

2.3.2 eRHICitXl

HF- 8 0 (eRHIC) [32,3313F Rl 32 24 H bR i il - 551 R ik i 53 B
T B, e, K . AT ez, b, R NI 215-30Ge VI
Ret, AT I RERE 4 50-325GeV, &N AH130GeVER % 1o frhe-pHle-AwhffiEi 1,
XS RERE 73 )8 #1110 em s~ AT 107 em s~

EeRHICH)THRIT, ¥ 5777 AR R FE RSP EHUN  (Deep Inelastic Scattering,
DIS), JFLAMERWIF I TN EREif . ROy 28T, AL EA N, K2
WU T N EB S I — bR T R . EI2.17 7R T eRHICTHH R R 2 &

2.3.3 iTPCHZITXI

YE N STARS A% L FIERM A, TPCLAIZAT 10247, R Z WX A HIL T AR
2. FEBAIR BTt 4, TPCIR PSR X 3 th v R 134, R A4 48K [ ]
Bt [)ENF PAY 308 s DX ) skt B B /N TR Bt X o L2 SE B (AR v, P 50 Bt XX
I 2% ) ) A0 000 585 S AR T A Bt X DAL, ATPC U KIlHs 184 0 P 358 Bt DX 152+ () 4
w=[34].

B h e s ORI 2 AL, R EE: AR I I A B R R TR O AR
FIAE/dx 7 HE%, $eim TR IRE S5 RET DR 7 IR AR 728 AT B8 U 1R 42 728 25K 2850
CIRYYIIEIVOE (19 ¥ -=v VAR E ST I

HAT, iTPCUHRIDN T Wk X e th i Tt T T & fEARBTET,
s R RS B R AR AN . AR B iR 2.3
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FFAG Recirculating Electron Rings ERL Cryomodules
1.3-5.3 GeV @
6.6-21.2 GeV @ Beam D\ump
/ Energy Recovery Linac,
Coherent 132 Gey Polarized
Electron/Cooler Electron Source
Detector |
hadrons
Detector Il
100 meters
\ From AGS
K 2.17 STAR[eRHICT R~ .
2.3 ATPCTIRIFT AR B DXk A RO RACR AN [FIRID T 58 Hey201105 5802 H AT IE A2
I RS
UES ‘ devTA devTB devTC  devTD devTE devTF y2011
iS4 32 40 40 32 50 32 13
JF(em) | 0.67x2.0 0.67x1.6 0.5x1.6 0.5x2.0 0.335x1.28 0.4x2.0 0.335x1.15
iy 2162 2572 3496 2762 6494 3456 1750

T 0] IX AN [R] 7 S R AT, LA b X G 0 T AR R R
Je, AT LA S N R p M RERAE [dx P 73 %, TG PRI &% B B [35]. RIS,
W R IR G5 HE T35 v ROT IR B I AR A UK [35]. DRI, d5 23045 T devTCTy
%, IR 3R T st A i R DU S TR X . X2k, AW
JUSF A4.5mmx15.5mm, SA404HE, 337083 Ao
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BT BRENERTEGNE

3.1 B%4E

3.1.1 BF5##%

B AsEwE T, HimtaRMrEFafEA°, =+, 2 =, =0, =,

o DLRCEATRE THORAS, Bl FIs0%, @ raUe A e b1, Sl g nE
%ﬁ& HMAI ) T4 T ~ 100ps, HEKEE Ner ~ 10em. HorpmE—H 420, &
Sl R A (20 > A+y), FHirht=74%x10"2s,

SEHS FORLIN B EE — N T AR AE19534F . I E A B 2K M. Danysz # J. Pniewski {§f
F—AN 2 8 600um M GS#Z FLIE %, Ll i A Bk A 8500095 ] (Z14525908K) 11
A, SR T BB B TR AR [36]. IWEIFRRTLLE L, — AN g )
T IR S — M T BrikAg) b, P T KRERF, Hh—ANE A AT
T0umJG KA T A% . AT B, XA R TR R A — A, X ERT
YRR EA— ORI H & S e R, BT mER R . B3 e BRI A
Ly/BE P iUy

N
4 & ;

aaaaaaaaaaaaaa

K 3.1 LB RPCEY P22 M. Danysz 1. Pniewskio A7 & R BB SR = R iaE, J
) R RT 22 50um.

Xof T FRRIE 5T AT LAES B FRAT ) B AR 1 R0 30 A% 1 TR AR E AR, BIYN (Hyperon
Nucleus) HHEAEH. YNMHEAEH 5% -1 (NN MHEAEH, Br-87 (YY)
HAFH— KA TE 81 (BB) MAHEAEH. Kk, SFYNAHEARH B se gk —
R EBBAH TLAEH] .

HE Ak, YNAH LA B A A 7E il v 2 R A o PR 05 R AR . v A N R B
WS A XSS BRI, SYNAR AR FH A 50T LI A6 - 2 Y R 46 1
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(R BEAR[37,38],  [A) I3 B T vk i IS k8 1~ 2 3% (Hyperon Puzzle) [39-41]. fxilr
Mg R Wor, rh B i AN KB BT I, A AL Y P A A AR 45 X LA
R[42,43], XFYNAHEAE FH BTS00 AT B T fifd 1R 0 6 )

EEF-EPAHEAERT, 7% THTAE R TURIRAN, e NP 2
(1o XTNNAHE AR BB 507 SE0e b 3 EAKSENNEUN, FI2E, XSPYNULKY YA B AEH &
HERW AR YNERY YHUN « (H02, BN 71 ar il b s, se8e B
DL ARS8 I 1A, AT DAY NAH ELAR F (R B R A PR

AL TR A TR A% A RIRAEAE, SR I 3 A A% 1 AL 1,
R e ARG MR, WA ar. 854 RS0 YNAT BAE B BUsE, BT DU AZ 2 1R i ()
FUYNA LA IS 52 o
3.1.2 Wiz

A Hoa H AT CAN B e/ G5 R d fa B K A% o 1813202 iR PR i ) 4
K. KA () A%, &R A . B (b)) E
AZE T, A AN AT A o X AT DURR AR A i A A A
AP AN TRV R T AT, B A 2 R A ELAE AR
XFTABATT 53 0 T AR 1 IR AH ELAE P 808, AT I 2 B A B B |l — ANz
—ANETAR, WE (e .

(b)

(a)

SH

Kl 3.2 AR 1) 4 R 7s R

SHAE MM R, APl BREAEA 7l R4 o 515 2
()3 HIR) 3 AR J 7 S 3. 11 7s[44]

MRS TR ATLAE W, X HIN S, A FIEEAR R 7 S HIE R 798.3%, ) HEAR
MEZT R EFTANFRERES, SAREARE A S R T Ak, i H kS
RIERTEW 7 L 2 FIA R 797.4% . Ah, BRI S REAT, X—IN (N=2, 3,
4) RS, o EARIE S L S5a0E 1 3z teoh2[44], BR:

FTGH—- 7 +’He) TGH—-7n +p+d TGH—-7 +p+p+n)
IGH-n"+3H) TGH-a"+n+d TGH->7"+n+n+p)

2 3-1)
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3.1 BTN HEREARE 7y S L

Channel I (sec™!) Branching Ratio (%)
*He + 7~ and *H + ° 0.146 x 10'° 37.34
d+p+nandd+n+n° 0.235 x 10'° 60.09
p+p+n+n andp+n+n+a’ 0.368 x 108 0.94
All mesonic channels 0.385 x 10'°
d+n 0.67 x 107 0.17
p+n+n 0.57 x 108 1.46
All nonmesonic channels 0.64 x 108
All channels 0.391 x 10'°

AT e 2, SHZ R —Mikkd 5 — DAL, A EATZ AR AR FH 58 A
W UUE  HI A7 [44,45) RO BRI, AZd A TR AR LA FOF AN o, 3 Hod H
WA A RIS RS . TEXFIES N, SHPAMS G Res i/, B HWAmS+
IR B AR A dir, RI263ps. RN, /N 4 B A 749 HIK) 32 AR M ) -1 = A3
RTE . PAiTE 2k n S 3R T i n s TR E I ELH A Ry
B-R~(3\H—>3He+7r)

R; = (3-2)
B-R-(3AH—>X+7r—)

BEAh, BUSTFHEARH, FEOHIEETMON = 5, WIRs 5 HH AL & IR AR N [46]:

Ry = v/BA(1.07 - 0.60 /B, + 0.27B,) (3-3)
3.2 A L3 HAARR

H T3 IR B B0y, B v ) B )00 3 S 30 v 7 = 2 Bl AR P R oK, A
M3 AR 3 A v R R S50 Hh VR A A T YNAH ELAE FH PR . st b, BATT—fd i
&S HI A7 AT S5 AEBA LA S22 73 SCEE IR FUAEL R, KX HEFATHIT 9T
321 BIREMASRIEE

FETPCEFHA AT, AT 2248 A% FLI 3 M0 2 R E 9 H

LK (Nuclear Emulsion) s fig il sxlr FUORL A28 IRE I FLIRE, 8002t IE
WEAHFLIB A RE IR o A% LS IR 3 2 B o 7 R AR At A4 AT I RS FR TR 5 0

[ Bl KR (Cecil Powell, 1903-1969) %5 AfE_Fihad =, PU+H4EMRERS T
FURE R R B I RIS 380 7 L JRE S, A4ty WKL 1 Al i FLIR IS ™ AR L . v vl
K 1 F S AR AR FLIR SR 52 5 LR A ok (1) 07 sC 2 B 78 A Wk 1) B SR RN BE ==
BTATHF ST AT — RV S A REE MR AR 4T AR IR T, IRl sk e 51k
KM ISR XK, b0 b B g iR 2% B /N DA e - R, mT LA R 1
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(AP I R I 45 2 S0 R sl o) bR AR R KB, W DUAIIE R T (W R . X PR T
ME, —ERRE BT LI o Ry i =42 Rl ko JL 3001

8NP (118 VAR K (3 SRTHE 51 V@ O PP =i AR N E -3 i WA E (S )
19524F, EEMBEE K7 ZE (Donald Glaser, 1926- ) 52 MU R b 27 A< 0 i JE
R TAME.

IR E R P E A (RS R AR B N S RS . AERE
SEMNREET, SR, A3 2548 NI AR SRR R (B 9 Ak T #olRas . it
I, HEmAS R T A, SEHG 2 A AR, S kT 12
Mo ZJa, MR R SRR R AR 7 B DA e 255 B i A 5
T2 B IR IR, W BR BT 2 B IR I 4R S o
3.2.2 HHXLER

24, CAH 2 LR HI A fr LA R GER 7 S AT T, th4h, 24
X3 HAFAT R T . R3.281H T 20604 LUK 43 S 5600 5t 193 HAZ iy LA KL R; 1)
{H.

32 19644 3 403 HUEFAT (13 43 52560 I 5t o

Fhr SRR 73 i (ps) R; LR
1962 emulsion 0.39*+0-12 [47]
1963  helium bubble chamber 0.39 £ 0.07 [48]
1964 emulsion 903(2)O [49]
1968  helium bubble chamber ~ 232*3 0.36*908 [50]
1969 emulsion 285*15] [51]
1970 emulsion 0.417003 <R3 < 0467007 [52]
1970 emulsion 12832 [53]
1970  helium bubble chamber ~ 264*%) [54]
1973 emulsion 246*82 0.30 + 0.07 [46]
2010 TPC 18282 + 27 [55]
2013 TPC 183137 + 37 [56]
2016 TPC 181534 + 33 [57]

39 —

MER320T LA, 20102 Fi 0 — oAl FH A% 3L 5 B 20 700 3 Sk i 93 He
XN 45 R LR B AT Ay, HE A BRI ST . A 19704 1]
H[S31G0 ViR ZE BN, R D 1 A i A0 B S 1R N T AR 2 i LR BRI B HA i )
flith. M20104ESTAR. 20134FEHypHILA A220164F ALICE ) il £ #3448 F] T TPCZ% H §i )™
AR I A% o A AT A & SR N AR A iy o X VR B BRAT) 2 R HES R
A FEAIB A 1E T o
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B RO R A R i )

FEA B RIKL/NAT R, AR B AR A STARAF I HIR P A4 J = AR I AR TE kA7
K, IS HAF i AL 70 S HE ) A

3.3 RiBMZHIELIR

&@ﬁ&%ﬁ% H— MR TP — DNRT 7 — NAB AR, AR R —
A R BITAZ /E20104F ZESTAR & BR [11[55,58,59]  E3.3 )8 7% T 30 3o A 4 5 A% i 7 1) 15 2|
%ﬂﬁ%ﬁﬁﬁﬁi%oE$ﬁﬁ@ﬁ%%%E%Em”%%ﬁﬁTi%ﬂ4wo

A350:.---1‘- B140_,....
300 | 120 F
‘2 250 :— % 100 E_
S 200F S eof
8 150} 1 S eof
100 E O  signal candidates 3 40 E O signal candidates
§ rotated background E E rotated background
50 _ """ signal+background fit E 20 _ ----- signal+background fit _
0 C_ld 1 1 . 0 [ 1 1
2.95 3 3.05 3.1 2.95 3 3.05 3.1
®*He + Invariant mass (GeV/c?) *He + n* Invariant mass (GeV/c?)

K] 3.3 2010%STARKILAIEIM (ZEED Fm (4D 8k S He a1 P 4R 55 A5 18 F A4 1)
A . K, REERE RS, B2 R, REAImME RN R
FAT TG IRLA Mk .

3.4 ZHARTEMEN

FEATT R, g 32 T 8 HI STARKH 38 13 HI) — A 8 A0 3 )3 HdE AT F A 1 1 4
3.41 BUEMARRIIERE

S =R S AR T () T A A2 BEAT ] T STAR 20104F BA 201 14F (1 45 d,  f4%: Runll
VS5w=27GeV, Runl0 /5;=39GeVHI Runll +/5,=200GeV{I /M2 (Minimum Bias,
MB) 3. O TIERCEAT B UL g, IR ER 5 A0 S B A AR 5 R
S, JATD0 G MG T ACEEZ T 10 AL BV, TR BIZE WP 25V, 04T T ik, Bk
KIS Bl A LA RE AN A DTk B Ak, AT T A Id. pRla 4252 tefi 1 ik
o XL RPHIE S AFHIE T R33ME3 4

R 33 S REARE BT B A R

|VertexZ| VertexR  Statistics
Runll 27 GeV < 50cm < 2cm 53 M

Run10 39 GeV < 40cm < 2cm 134M
Runl0 200 GeV < 30cm <2cm 517M
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R34 ARIEARTE HO A R R i A

pr Inl | nHitsFit | nHitsDedx | nHitsFit/nHitsPoss
Cuts | > 0.2GeV/c | <1 > 25 > 15 > 0.52

3.4 3k Fepr & I A XSTAR-TPCI 5, B 8)) 5 /N T0.15GeV/c ) 5 HL RL £ 2%
FETPCH 4T ¥ o X 2 5 & I 20 763X AN 0 [l WTPC R A3 55 4 (1) 43 e B 43 7 6.
nHitsFitse 75 F A A2 A A o3~ 75 AN 2 — i & BUEDBROR,  F R H R A 2 K
57, nHitsPoss & 5 IX AR n] B8 B A 15 2 7640 2 SKknHitsFit/nHitsPoss K
T0.5292 0 T HIBRIEAE— Rt oL, BI— M43 308 7 T AL ] DR DA i 2k v [ 7 P~ 52 1710 A TR
AW S5 nHitsDedxs $5H TR b AR RE BT A B i e N4k, t T 2208 25
FARIBASI A WG DL, X AME — 2/ T nHitsFit.

3.42 SHIESHEN

RIAS HIR 73 am AR A, B )32 K B A LA K, T STAR-TPCi N =13t 1R
M PE B AT 60cm, PRI AT HHTPC H A M th 423, 1y JLREIE S HIR 348 ™ ) ok
Ko AE 40 HIE R FT, FRATEHM— A0 B HEE MBS Birh & (Distance
of Closest Approach, DCA) . ‘Bl [F)5E A I 4 AR sl — 4% X [AARE 5 — AN 2% [H) 1
AP R . R AR T, T TPCI S (AL E 73 2K 2, ANIR)— AT A
R TR ORE 1~ 2 TA) 1R B o 25 AN R i i oA 0, B BRIEDCAR /NI 454538, 1T LA
BEIFIAIBR A1 5 (Combinatorial Background), $ 15 ML,

TEARTENZES, J TR, TR H= A8 40 (1) 7 4 44 U5 KR B /Nt
T 795, WTEd R — 9K, Tph %, o TAH="T9. A, A ERA
BB E I PTA HhAR E ) ar A AT S IR

L SN AR A xscEp, Hohxyl Bl AR R oR = 4EAA bR, plit Wt AR 5 3R s =4k

3.

2. B L B AN AR A0, Ul XN AR AR R A R I N IR T A A
Ko

3. S DY -5 FF UG 10 o K O 0E G I B R os T A O e S 9
xvO123K 78 4w 5 A1y 2« SRR T E A IR BT A1) = 4EAR AR, pvO123K 7R H
G N1 2R R IR R ) = 4E B &

4. A5 36 B B Rk AT — AN ECE, ] AR AR s I A A 3 B IR 4, T
FIDCAN B ) =4 A bR sh . filhn: xv0232& " gm 5 A2k 78I 2. 35k
TR IR T DC AL B 1) = AR e

5. B R A U yEF 24 R, U IR 5O = 4E AR AR sl B B AR R T ) B Ry

=

Ho
K345 T H= AR n A ik i . 30, A0 TG R A B A B, JHZS
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A\ A (Virtual)

5 Primary Vertex
3.4 S HE=AREAR R

MAHETI ™ A A AT — BUR B 5 348, X BUM AR O A K8, A8 ml o — A
R o AEASTTBA 2 AR b 4544 B D B A A 23 H— A S AR TE 1K) A

N T HRH, BAR B R LT (ALY, Blld. p. 7. STARIIARHES)
PRy e mT LGS R 5 R p, mffng i, 7R Hn, & XN

1 < dE/dx > measured
L 3-4
" R 08 < dE/d-x > Bichsel ( )

b, RIEBERSVRIIIHE, < dE/dx > peasurea W EAF RN — SARIE 1554 LT AR
FEIREW, < dE/dx > piensere IR Bichsel 2 M HAG 2 BAG BE L.ttt ARHn, nI LA
FHE - FRARIE I BB 2 BlobE 778 i 4 B REB I 2200, b ik 21020 ki1

MIfER . R0, STARIFARGEM Fdif %], ABEATGIA—DFEZ, How Xh:
dE dE
Z = ln(E)experimenml - ln(a)theoretical (3'5)

HE XAT LG H, Hng 2800, 24 B 7 R0 1S5 A 1 REF 5 B TH B 22 5, 3L
fEBHT 170, BEAHEIR REH 5 IAS I BEFHUIEIT . 7EXTd pe o AT SO0 I FH ) )
WA A i s, EKIZ < 02; Xp. a5, Kl < 2.0. STAR-TOFH AJ LA
2 AN RGO RIS I, (H R IS BITOFK I 233 — 20 B B 1 TR R 5F
BEARFRATT A gEvt, FRATAE 73 #r b A A - TOFIN A5 5
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TEXS T AT I 8 A8 7= WY R AT RL 740 2 5, FRATD % B AT H & b B e 45 AT Ceut)
K0S A2 108 BEAT 6 P LAGI B R FB 2y AL 518 e AE VR E M R b, AT SE IR
HEIAAEE2 CHRAZdRI B Fp) s $RBNX P4 FIDCA L, i 2 b fifr B R E X
Hxv012. [FA1BE, FRATTAT DAAH 4k 4% xv013HIxv023, #5 Rk, FRATLAX =4S mih =4
TR R — =M%, R = AT O AR S AR IR R T . FF¥pv01231
pv01232 5pv0123313)) & 1) X S AE RS HI ) o [RINF, Glid 3EA A7 Exv0123, AR
2 fEpv0123, FATTHT LA BEAS HIARE . 2k, S H AR $h S5 i 48 e
To FRok, FADET DLV B W HIDCA 3 A8 K 0 48 0 Ath 75 221 3 41 A8 5 1)
fHo B IX IR AR R TPRE, ATLARROC RN T 5, AL,

[, AEfE Hcutly, FATW T ERE e, B KcuttZ . 8™ ks, 1)
SR e . [N, BUATPCH M AR S BAUE R, ARG
HLAL R L P AR S AR A o BT L = AR AR SRS T cut IOALAL,  BLACEE 2 (R A 4

=l
Ho

PRI = AR E A TE R HIN, B 13 I 40 fheutdh,  JRATTIC I 1 H A4t — AN i
WA ITERRTE 5o BARIIGE 2, JATE A prlixs, MG RBUTA, R
Jo BERIXA HEANARY AR it i ZEWE /N T ILSEAR) i . PR O H o 22/ T AN
di)iite, BTLSHATT e H— AN AR —ANMidzd. Bk, T8 g Pep-n AR i
N AWRT B ERER 3 4515 5

AL T IR BRI 550, I AR fe E B SE T LA s, AT TAT BLAS 203 HI A
AR
343 BRMEN

EAF BN SR BRI 25, BATE T EA3 2 S0 . 1 R AR
PREHR pMaZ o2k B 1 HEA R R . EME SEAMRZ, WK
TRAF L, like-sign/unlike-signik FHERE 15 5cidie T IRTERATT LA = AR 3222 5] 43 5 - 44
XTI

AT, BN REFA PR AR S, XA B A A AL IO A
BEMSHLZHE, Ra, RONARFEAPEREEAR ™Y, WA — D Fiffdik
PedMp, RGN —AFifErhikFen, SRJG M H]5 SRS 5 AR A A 2 AR A
ste BIhd. pHn KRBAHPFAE, A1 ASAAAERE . Bl LIS 2 &1 5
[R50 o VA ST AR SF I BR IR R 1 2 (R ORI, (R 75 2L B R R

Like-sign/unlike-signit &g, T —MRYF I RFT, Wn s ot KREME 5
wltn, d. phrsAES, Wd. pSrt RIS 5. XM IEERE S, HE
AN TR S FE MR Z, [ REAR LF BT BRoRE 1~ TR G, — M 1328 )
P EARN TR, DUAGHE BUR 18 A T g R
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BEH T Sk e e, WAL ) h B AR AN T AE TR 7 AL A S — )
EHCREME 2. —RNE, FTAEHRER - bz . fFHX— TN
T B R, RGN T IR SCICER Tk A3 HAN, i85k B TR SN, b T bR4E
PRI R ORIE,  — M BRATT I 7 47 A e 4% 180°, [N 180° A & H i xf #R M. 44K, 1E
RS O, AT W] LU AN IR A B, AH 2 55 B RO I g5, 491 dn g
F590°LL J2270°, RJGREE R G . B35 R T el 15 5tk ek 180° I i n = . &
MR PV AR M (X0, o, 20)»  BEFEHTABRR K (x1, y1,21), N AN (pxi, pyi, pz1), WeEs 54k
WA (X2, y2,22), BB R (pxa, pya, pz2)s WIBER T G IS B SR N«

pX2=-—pXxi ;  pya=-pyi ; P =Pl (3-6)
MEBRIE RN :
X =2x0— X1 ; Y2=2y0—-y1 ; =2 (3-7)
Pa(X2,y2,22)
\. .

K35 Jighlts sikiedi 18007 Kl P Ol MR, PVEMIMG UL E . Py e Z iy
Mizh&E, PRl RrshE.

ETRMIMI ST, JRAV T T RS0 7 e HedAAS FRVIRTRLATEE T 180°.
2I BTG5 155 5 A R 26 PR SR AR . A5 SN TE R0 A 22
LR, TR BRI R T3 HA SR A T, 0P, 6«

AE 13,66, F TV XU R BRSPS 702, JF A 25 ST 97 10 7 2ok
WS

_xrs

fue®) = pole™m —e 7 )+ py (3-8)
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‘@ 250 T ‘ L ‘ L T T T T ‘ T T ‘ L ‘ T 2 140 T ‘ L ‘ L L L ‘ L ‘ T T ‘ LI
€t . b s T i ]
8 I Runll27GevV Signal b 8 [ Runl039Gev Signal ]
F xZ 7 ndf 2020 1201 27 ndf 3722 |
r Yield 44.70 +12.83 b L Yield 54.73 +14.43 7
200 — Mean 2.992 £0.002 — L Mean 2.990 +0.002 |
r 7 100— —
150 — — [ B
L 4 80— —
[ ] 60— —
100 — — L 4
| - 40 — —
50— — L ]
: ------ rotated background ] 20 | e rotated background L %
- signal+background fit + 't L signal+background fit |
0 71 L1 ‘ | ‘ | — ‘ | — ‘ | — ‘ | ‘ L 7\ 0 71 | ‘ L1 ‘ | ‘ | ‘ | ‘ | — ‘ L T
2.96 2.98 3 3.02 3.04 3.06 3.08 2.96 2.98 3 3.02 3.04 3.06 3.08
M, (d+p+7)(GeV) M, (d+p+)(GeV)
j2] 800 T ‘ LI ‘ L L L ‘ T ‘ L ‘ T emn) 1200 T T T ‘ T T ‘ T T T T T T T T L
IS C ] No L 4
=] r . b
8 [ _Runll 200GeV Signal ] S 3 . B
700 %7 ndf 79021 ] > L« Signal ]
C Yield 142.65 *+35.41 1000—_.._..... ]
c Mean 2991 £0.000 E i rotated background i
600~ . N signal+background E
C ] o + g
r ] & 800— -
500~ — 3 g
C ] (2] L J
L
C ] [ ~ i
400 — — 3 600 _
C b O L J
C ] o r b
300 — - r bl
F 4 400— —
200~ — F R
r . + ] i i
C e Signal +4 + ] 200— —
100 T rotated background = - Run10 39GeV MB —
- signal+background fit 3 i Runl1 27GeV MB + 200GeV MB i
ol co b b b b b 10 ol co e b b b b by
2.96 2.98 3 3.02 3.04 MS'?g S(OGS v) 2.96 2.98 3 3.02 3.04 3.06 3.08
+p+17)(Ge - 2
mass, (d+p+7) (GeV/c?)

Bl 3.6 SH=AREEARAEAN A FU0 R AE &1 A (1) AR 5T & i (a) 3] (d) 7353 KH27GeV,
39GeV. 200GeVUI N =AM e A2 aMAL s, E, B r =S smam, 2
I SN S S, BER LR T RS, AR SEE 2G5 mas.

Fig@®) = forg(o) + gaus(x) (3-9)
TN SRR W2, AL (55 5 Rk 25 7 SR B B Uy v
SRR B, TR TR (5 5400 A (A S A iy ot e r et
K357
3.4.4 HEMFZEEIE
AR F TIHMGT G, BB B I i FTPCHY K 2R L R 2 B it
PSR 2, SREA AT B¢ P HIG 2L 4. STARAT — 2 5HE N Embedding P
PRV ST ORI S0 . JUIEA U . S5 Monte Carlo )y HHRH 5 k7
e BRI i AR, KIS HIO A 55— A S I SR A e
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#* 3.5 AFfEE N = A EAE R HEOE

Energy |[Vertex Z| Events f\H

27 GeV <50 cm 53M 42416
39 GeV <40 cm 134 M 53+13
200GeV  <30cm 517M  128+30

X% )5 HH STAR-Geant U H R AU &5 (W N . 2 Jm, 4R H A TPCAR 128 A4 1) U7 X
R PAT AR, SRR IR b 58— FEI A 5ok R He - D A T8t 2%
FRHCLF ML 1T hmid,  FA I A RN R HS BT A T8N 1 HI B (1 T
{E, RICATPCIE#E M AR (BRI

— Event Input
'

Event Level Cuts

- RlMcL@y A

All track level
cuts except for:

1) flag (After all events) Calculate Efficiency
2) Nsigma, Z Rebin (With Binomial Error)

3) nhitsDeDx

}444444444444» Fill MC L/By) ©

Next Event

K 3.7 TR CR S AR TR

BI3. 7@ R Tt S H= AR B BCR IR A o 5 TR A, g id
JE R EEA AL fG, K hRad S HAG BRI — DN BT EAYT, R ER TR %A
W 2 A1 LAAD 5 SEBG B 70 T e 4 — RERIE R A, BRI R bR id il K HAE RN B T
BB, i Jm AN LT PREA D) 05 SRR g, B4 44 DX R0 . F A 2503

2ot DAEVREE, AT AR RO R BE R /5,=27GeV . 39GeVH1200GeV £t L
TAFEC/(By) KA . B3B38 T EARRIMRCR . b, WR3Ee/By) KIANFE 734
T[2.4, 8cm, [8, 13)cm, [13, 25)cm =X [i],

FERR, WD R X AR RS . A IF A 3-100778,

Nev27(%)627—i + Nev39(%)€39—i + NEVZOO(%)EZOO—i
a7 Nev27(4Y) + Noao(2) + Novaoo () G-10
y dy dy

K Neor#527GeVEER MM M F IR, i 4527GeV R i€/ (By) X IR ¥ AR,
Dy R [ R RO He R R A A 2 B LA PP He ) R A8 e T A M,
AT = HERA PR ™ B 1T He AN AR 7™ 4 L5 3 IR AN AR P BAE — 7 3 [l N 2 BT L
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5

Edficienc

0.02

0.015

0.01

0.005

3.8 JH=MIEARTE H R AN

P

- Run11_27
. Run10.39

T T

— Run10_62
— Run11_200

-

1 1 1 1 | 1 1 1 1 | 1 1 1 1 [

5 10 15 20 25

By
ANFIE ) (By) DX TA] (R E AL B

PN

He B ~

3.45 SHEFMHINE

R RS AR T 5 SRR A ) 2L

/L\\

s

N(7) = N(0)e '™ = N(0)e“/#reD (3-11)

;H\:EF‘7 thHﬂLI‘Eﬂ, Tﬁ*ﬁ?%ﬁ9 5%%%&&7 ,BZV/C, Y = 1/\/(1 _ﬁZ)’ Cy‘jj[[ijgo ii
P, BATR BRI BUEE ¢/ (By) M orAiJa, B RTE L5 15 B G arr. RAEH =

IEATE NG, BA PRI

E=R=AN

S50 M [24, 8)cm, [8, 13)em, [13, 25)cm =X

o JEHR=ANX RIS HIY 4. 3.9/ 7R T ARl e/ (By) X T IR 1 Dt o
FEAF BB XA T E S, B BLERATT I S Embedding ) 5 VA 15 245> X TH) B 2%,
B HAEREAS DX TR ANAS P2 R3.681 M T = AR SEASEAEREN/ (By) IV R U

LA

3.6 JHEMIEAREAEREANC/ (By) XA T 28R A

£/ (By) Counts Efficiecy(%) Yield

[2.4,8) 74.83+25.67 0.36+0.01  20605+7085
[8,13) 66.89+22.47 1.36+0.03 4917+1655
[13,25) 36.00+12.49 0.81+0.02  4428+1541

TEAF B BEANC/ (By) DX IR AN AR P B, AT I f5 /I 1) 5 V2 R v 550 HER) 3 i o
B3.10/8 7 TP BEEC/ (By) oA b IRATRT LA R, ik =54 s, B 1S

T3tz 1948 (stat.) pse
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1200 ——

T T T T T T T B o mbinéd Data : Bin1

(B)

Combinéd Data : Bin0

1000

=]

x2ndf 10.91/18 ] 50

x?/ndf 10.16/12

800
600 301

400 20

S

=]
I\\I‘\I\\ll\II‘II\!'\\I\‘I\\I

200 100

TT T[T T T[T T T[T T T[T T T [TTT
IJIJlIJllIllIJlIJllJlIJlIJlI

Background Background

v e by b b b Lo

e by b b b b e e TR Y
2.96 2.98 3 3.02 3.04 3.06 3.08 2.96 298 3 3.02 3.04 3.06 3.08

T T T T T T B ombinéd Data I Bin2 T T T T T B hmbinéd Data  Bin'3

x2Indf 6.61/12 x2/ndf 15.90/19

200

50

(2]
[=]
S
T T T[T T T T[T T T[T T T[T T T TITT

llll[lllllllllllllllllll

cen b b b b b
!\\I[\\II[\!II‘\II\‘\II\

Kl 3.9 AFEe/ByXIEFEHS . KB () AFH=AXREEIFREL, (b 24,
)cmlX 1], (¢) A8, 13)emX[H] (d) H[13, 25)cmlX i, (d) P sl A A G vHk
B RRIUG ARG, AR HI TR AR

3.46 RFIZES

X Z AR AR S, BATEEZERNAKRIEN KRG iR 2. — Kk A T Xbin e (1) 1%
P, fELL BRI, FRATERAE FH4MeV hbingi K S TS HIAN 8. fE 0 Mt RS R %
N, FATEEAEH2Me VR TFHE LR Z, 55—k A THidbcutiE+, FEAHFpr
6] FIDCA LL S p-r= % ¥4 B ) R AU A ZIPVIIDCA o« % LA b 9 2835 22 11 20 B S He 45 313 1
*3.77,

37 S HEARFEAEEM N RGO
AR JHeutf  HleufH I HR(ps) ARAEIRE(%)

bin width 4MeV 2MeV 21 1+92(stat ) 8.76
DCA23 0.8 0.65 189*%8(stat.) 2.58
DCA-A ratide JEAE-02 165 3(star.) 14.95
Combined 17.52

B T LA PSR A BRI, BATIE S RS T HAE & I TPCH AR B Al A 5 i
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oL 4 T L e L B B B S ]
F _ 2.46 .
35 ct=5.801],, cm =
3 =
25 P=19
2 -
1.5 =
1= ?=09 7
0.5 —
= NDF = 4 3
o_ TR NN ST SYIN N TSNS I ST T T I T T A A T O M 7
2 4 6 8 10 12

o
a

=~
()
3

CA

Kl 3.10 3 H= A AR T (1) A7 i 0] o
(A DRI IR AL 28 s e PR R 22 o I AN IR ZS0R: T DA El X 3- 125K R B Al

o3 . T3
3 AH+material ¢ AH*P ¢ _TpdtTpA

_t_ _ _t_
e Optmaterial X/IT//’ ~ e Iprtp ><)LT/P <e Tpp ></IT/P < 1‘5% (3_12)

KPS HTUAEPDGH &R, LA EIR, XA T AKE 200 o
KoL BRI S R GRS, ROMEEIM BN RGEIREN: 14.95%.
W2, I BRGNS H=ARIEARE WIS 1K 77 fir 4 194783 (srat.) £34(syst.) o

35 MEARTEEW

3 HW R AR TE ¥ FE A D48 AR 58 /e BT TR IR B FO6 A — AN R IR/ 4
3.5.1 BUIEHEARRNIESE

FE WA TEASTE (A, A T Runl0/11 R /S FPA R B8 0 5 i 22 10 8o . H
PRI 8 DA SIE A I A 2 T P cut W3 8FT7R o R RN 1 H T AN 7] i it 450 v 031

Hi (¥3He LA K He (8 o 75 AR R b A3 A 0 B AR R A0 T et 5 =R 8 BL, liAs
FEBEAIH T

H 3.8 2R EEARTH EAAE A BOR A E R LU S HH S He R He ) it .

|VertexZ| VertexR Statistics 3He 3He
Runl07.7GeV < 70cm < 2cm 4 M 6388+80 0
Runl0 11.5GeV < 50cm <2cm 11 M 5330+73 0

Runll 19.6 GeV  <70cm  <2cm 31M 4941+70 0
Runll127GeV  <50cm  <2cm 49 M 4179+65 19+4
Runl039GeV  <40cm  <2cm 118 M 5252+72 133412
Runl10200GeV  <30cm < 2cm 223 M 685083 2213+47
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352 SHIESHEN

XTI AR ARE AT, [FAER), AT ESE AP He Ma, Hr, o %
A Fng, 1P He 58 ZME . 7EXPHef %m0, 75 Z9 = &, TPCHT#RI £
(PP HelR Tk B T ESERHESL, EA ek A T AR S EE MR, 2R, XL Hetr
HAS HIN 582 RAE DT RAFAAEN, TEER L. @ 0 RATRI, X He T 1T
HAB /NS &M KMDCA, WEB1ITHAEFiR. XFE—K, BdEHFEDCA <
lemiPHe, AT LSR5 1P HefF 5, WEB A E PR,

Es_ . @ L LA e e o
5 - N . g N before strict cuts ]
= IZ("He)l<0.2 . ] S0tk rigidity>1GeV/c && dea<lem && |Z|<0.2
S 2.5[ o ] E E
L ] s
2f - 10° E
15f - 10'E
1 - 10°
0.5 : — 10°
0- B Bl i bty M B Lol
S 4 3 2 - 0 1 3 4 5 -1 08 -06 -04 -0.2 0 0.2 0.4
rigidity(GeV/c) Z(He)

Bl 3.1 S HM R ARGE AL o He I 400 o 7 AT H 2k AScut 2 J5 BT A He [FIDCARE 45 W1l
(Rigidity) 1347 . A7 BT cut J5 400 HH oK (K He I Z IR A o

B3 12/87R T MR AR dh dh &5 i . NPT LUR Y, AN T =B S, W
A3 AR S 1) T A T R v

fE R B R, 53R AT R BL, AT — 4P He AR R — 4k 1)
I, ARIGTHE AR DCA R, X s o, BUASUE HE R WA E .
i, FRATTRT AT S A AR T RIS HAG 5o W3 13)0TR .

MEH T UE H, EARGER T, FRATET LAE2.991GeV/e, HB3HME, KA
B ENAAR TG, RATEU B SRk, TSR B
FrERE, W3 4B R. &nE—RE, F YRR EREKEATS e, ERAGE T
P A FE 2 Ja 4 s IV 3.9
3.5.3 WEMEZTEEIE

AL FHSTARFF #E IIEmbedding % [543 21 7244 3 4% 18 2 2 b pr ¥ 40 A, 4
B3 14 A B TR EAEIE T MR I B BIAR =2 J5, A 15452 73HK)
J3 i A 12338 (stat.) o
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Primary Vertex
B 3.12 SHP PRSI A e

5 T T T T T g 160 e e e e e g 120 e e )
£ 160~  Runl0 7.7 GeV minbias Signal 4 g | Run10 11 GeV minbias Signal 34 8 [ Runll 19 GeV minbias Signal ]
S E K/ndf 315/33 1 G40 ¥/ndf 303733 1§ L 2/ ndf  37.9/34
140~ Yield 51.61+ 17.35 r Yield 43.60+ 16.46 100 — Yield 41.74+14.00 —|
F Mean 2991+ 0.001 1 1390 Mean 2.99140.001 4 [ Mean 2.991+0.001 7
120~ - F Bl b
100 = (s 3 [
80 % LI 7 6
60 } 1 60 — | “ b
40 * Signal 3 40 } * signal ! [ * signal = ;
20 :_ — rotated background _: 0 i — rotated background E 20— — rotated background ]
F oo —signal+background fit (a) ] F — signal+background fit (b) ] [ 4 — signal+background fit (c) 1
Y P o AN PN EPEPIPN IS AR PR A Ny AT I I I PPN I Al (Y.) A EPAT EAPEI RPN IR PRI IR R |
294 296 298 3 302 3.04 3~26 3.08 3.1 994 296 298 3 302 304 306 308 31 994 296 298 3 302 304 306 308 31
M, (He+n)(GeV) M,,,CHe+T)(GeV) M, CHe+)(GeV)
3160n.|H.]v.”[.:,.H[u.”v-me zuof"|‘.,[.‘.‘.H|‘.‘|.y.‘.v-|v.‘|: 32507w-w|wwww-\-.w-.\-w'\"‘\_"ww‘t
g E Runl1 27 GeV minbias Signal 1 § 220F Run10 39 GeV minbias Signal 1 § L Run10 200 GeV minbias Signal ]
S 27ndl a3673 4 & 20 windfl 384/ 1 S [ w/ndl  443/34
r Yield 45.47+15.68 7 2005 Yield 85.55+ 2098 F Yield 85.47+20.32
E Mean 2.991+0.001 | E eld 85552 20.98 3 200 - Mean 2.991+0.000 |
120 — 180 Mean 2,992 +0.002 —| r ]
100f 160 E L ]
F 1401 4 Wr 1
80|~ 120 E r ]
F 100 = L ]
= { F 4 ey ]
F < 80 s [ 1
40 :_ o signal + + 60;’ f e o signal f
F — rotated background +< 40 ;_ — rotated background —; = — rotated background B
» N — signal+background fit (d) ] 20 — signal+background fit (e) = r — signal+background fit B
e inflninr (L (L renain i L e RIR (1) ot Lo e e e 1 1 5 (L S RN AN RATTAN APRFIFIN ARFAF AT R |
994 296 298 3 302 304 306 308 31 294 296 298 3 302 304 306 3.08 3.1 Y94 295 298 3 302 304 306 308 31

M, CHe+1)(GeV) M, CHe+m)(GeV) M, CHe+)(GeV)

iny iny

Kl 313 JHPRIEARAEAN ] Fon RAERE T M AR . & (@) 2 () 25187.7GeV,
11.5GeV. 19.6GeV. 27GeV. 39GeV. 200GeVHER | [IAAE Fi G il o
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& T A B B B B L L o b 25—
L 1400~ - 2 [ o 200GeV ]
> T« Signal ] 2 [ 39GeV
= 1500 rotated background B é L 27GeV(from 39GeV) b
< signal+background ] 3 020 . 19GeV(from 39GeV) —s—
o r ] I o 11GeV(from 39GeV) 1
£ 1000 - [ o 7GeV(from 39GeV) ]
a2 [ ] 0.15— —
C 800 — L —— —o—
3 I 1 i —6—
o I 1 r ==
600— - 0.1 e -
L ] r ——3—
400~ r g —o— ]
B Runl07.7GeV MB + 11.5GeV MB | 0.05- & .
200— Runll 19.6GeV MB + 27GeV MB ] E—o— 1
H Run10 39GeV MB + 200GeV MB r° ]
ol Lo b b b b e by | GH"J‘H‘J...lMlHJ‘...J‘...\HHlH..

296 2.98 3 2302‘ :‘3.04‘ 2306‘ 508‘
mass.__(*He+n) (GeV/c

Kl 314 e EE HPAR AR I AN B A OF 2 I AR R i . A7 S HIT AR AR A Al g
N EARCRB pr 130

[

N W[
D 3 N

5 55 6
pT(GeV/c)

3.9 2RFEARIEE M PR RER LA I A R H 4

Dataset Event # Statistics
Runl0 7.7 GeV 4 M 52+17
Runl011.5GeV 11 M 44+16
Runll 19.6 GeV 31 M 42+14
Runll 27 GeV 49 M 45+16
Run10 39 GeV 118 M 86+21
Run10200 GeV 223 M 85+20
Combined 337+46

35.4 RBRENINE
5 SRR, AR R R ZE FERA LR LA T —Fk Abin s 1
HFE, —FOk Adhdbcut iR, H AR KN IR 105N,
%310 HMIRTEARTE FAL 1) R 1R 20T

TR 2R Bin% | ¢ fl DCA(z~) | DCA12 fl DCAGH)
AR (%) | 5.69 2.44 5.69

L TR DAANTE, P AR G A R B RS IR 841 % L, BV
WA EARAF RS HAR R 12342 (stat.)=10(syst.) -

3.6 WEHHHZIE

ISR A A = AR AT AT T AN IR e (K, i HAE AN Rl e B (10
AR FAHAT ORI X, 0 T T2 R v S, BT R B S R 2 BN (] (1 e
B (FEDHTH, BATEFR P REE 2L 2139 GeV), RITHELSANRER b HAEH 552
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FE HH A W3-13,

N, =Yield,/Yieldyy X EventNumber, (3-13)

Ho, NAEYHTAEE NSRS, Yield S 40T 66 TR 4, Yieldso 39
GeViit & N AL, EventNumber. & i e 5. BARNG LR, 4]
IS HIFANAS P20k v 55, (H H AT = Ik Se 550, DR AT 1 3 He 1) =40k A
AR I, SHe M= A S R SR IR 1,

K311 SHe/ Hi J HA LA
Energy (GeV) ‘ Counts ‘ Efficiency (%) ‘ Event Number (M) ‘ Yield (/M)
7.7 8587 0.423 3.98 5101
11.5 7161 0.426 10.98 1531
19.6 6321 0.403 31.15 504
27 5312 0.402 48.65 272
39 6456 0.407 118.02 134
200 5822 0.424 222.73 62
2 T3Hel) =8z Ja, v DLk & ORI R S48 7. ibE g R W
2312011,
X312 RS AR AR R
Two Body Three Body
Energy (GeV)
Event # (M) | Scaled # (M) | Event # (M) | Scaled # (M)

7.7 3.98 151.04 - -

11.5 10.98 125.07 - -

19.6 31.15 116.70 - -

27 48.65 98.31 53.31 107.73

39 118.02 118.02 134.41 134.41
200 222.73 102.16 516.87 237.08
Total 435.51 711.30 704.59 479.22

X FHFHATEIEZ G, AT LSRN A, PR AR TE 1 4 8T 4E
T711.30M¥139GeVE i, T =R IEAZTE (1) 0 AT A H 17 479.22M1¥139Ge VBt . iX HE 4
Pt B A 105 HE AR (0 73 32 Lo
3.7 P HFMWHINIL

ZATHRATC A 53 M1 343 2 T3 HeH P AR 38 A8 38 DL S = 44 38 740 38 4 1) AN AR 77
KRS HIR P28 2D, s/ Nge vk i 22, FRAT TR HE P AR TN = AR (R 50dl & Ik 2 3 HIYY
Fiw. It Ja, WAV RAE B AN J7 ok A o 75 v M HiR 2. K35 EoR
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T IR A3 ar & LR i 7 A i Ole IR AT LR & JF 2 5 1 HA fi
N 14224 (stat.)£28(syst.) pse

1P T T g w Gy T
S e H L Mesw ] B ct=4.26:>%2 cm ]
8 JH—"He+m ] 550 = "eVY—0.62 .
—.— iH >d+p+ 7 h r b
10} E
E 5/ 3
E 2242
= *
1= E
a— —
ol a5t £=3.2
3 -
F NDF = 4
2l o Lo L b e Coovvn by v v b by by by 0 T
10 5 10 15 20 25 30 2.5, 35 ) a5 5 55 €
ct(cm) ct (cm)

3.5 LEEBEEIFZ IR/ By) XTIV BU A0, o 20080 e PRI AR TS
{OEVE/R SRRV € AP N = SR €/ P AW G2 P NUTR A € RIE 1Y I N2 P d s IR N
FASEEAE S, ISR HEUG N THFE Rer S 8. 4 BUE B B et AL oL .

N T ITERE, BATEEB. 160 H T L6054 LUK HAR fi BEAT 1 38 o
LA S0 0 e R 2R

— 500 ]
8_ = R. H. Dalitz, 1962 -
S as0F- orisotsondess R. H. Dalitz, 1963
2 = 180,1307(1969) ) M. Rayet, 1966 =
= ‘L L UL B. Ram, 1971 -
QD 400— PRDI, e H. Mansour, 1979  —]
= - 66(1970) ‘e J. G. Congleton, 1992 —
I = H. Kamada, 1998 -
m< 350 NPB67, ]
E _ PRL20, 2w9(1073) =
300(— 819(1968) SCIENCE —
— A 328,58(2010) ]
e S A = Alice =
- PLB.754,360 -
200 — (2016) -
[ sennen 1 by -
150— l vl + 3
100f— 1 170(2013) 2016 2
- NPB16, -
- T 46(1970) -
50— M STAR 2016 Result T
- PR136,B1803(1964) [777) free A (PDG) —
- I STAR free A .

0

Kl 3.16 20122604 AR LK HEEAT (K BE 18 o1 55 LA R S s i & i 25 o b A7 Bl 4 R K
KFD BT, Pk A b ar iR 2245 R s s, Bdin b7 EE N bR T 4L
PEACUE ;A Rh (0 1 R 2 BEASTHEBE . 265psAb IS (5 K2 Sk HPDG A A iy, 20 (0 524k
FESTARM B MATF . [44-46,49-51,53-57,60-65]
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—H LK, SHERHE N Nt — DA S 59 R4 Zs . AFR BF, IXFF
(V3 HIY 75 i 2 B % B2 10 AR R 4L B WA, 19664F M. Rayet Al R. H. Dalitz HJl j& 7F X
FERAR N B BV TOHI A fir, RS 2 TTQH)MIVEH 291.030, - 1100z £
w611 FHIR LA,  E B F11964-19734F 1 2 18] 1 JL AN 5256, B T 19704
K3 T Nuclear Physics B &5 R LLAL, MR I/RTE 230 H N, 3 H A fy 20 A1 i 48
AR ZFfr. M19704E3X — W] /N T AZF i 1 45 AR A BT AR dAE 58 3 BU%
FUN ) B RN . SARRE, 20004E 2 A7 45 R o, T IR = A E )
SLEG I 45 K 2 A0 R 220 I N I R R A8 A . 7520004 2 J5, TPCHEEH AR ZE W {E K
BRI ETFARAT A, BT AT T TS Ee 45 K. 20105 RHIC-STAR & 41
Mg R o, SHI 6 A 1828 (stat.) + 27(syst.) ps, 20134EGSI-HypHI# 1E 41 ) 45 R
H183*3(stat.) £ 37(syst.) ps, 20165FLHC-Alice )45 R NIk 18130 (stat.) + 33(syst.) pso iX
SO R B 25 RARAE R B, I BB/ TAERALS A A dr,  IF H AR AN
G RGER T AR 3 AT4E R 142731 (star.)£28(syst.) ps. 45 IXLESLIG I 45 R,
BATRIAE H AT TPCEOARTS, R VF ] LU B3 HIW 25w 22 W] i/ T HE R4S A ) 75 1
X AR TR B X LA A 1) B A 5 gk [66]

3.8 XAHXLER;AYiE

FESTAR,  FATT AT LA [R] A F 4 A4 DL R = A2 I AN AN ] R S A8 Tl ok BEALS H,  3xX Al
1R IRATE A3 B B T 0T LA 23 HIW A5 i, 38 n] DAvE X A 1 B AR E 1 4y S 2 L.
FEXS A LA TE T AL I ) AR B AT B R JG, A3 B E5 R & R=0.321003(stat.) +
0.01(syst.) » FHPRI T X an3-147R .

_ B.R.3_poay
B.R.3_pogy + B.R.3_poay

E3 12RO AN T R E R o AKX B IRATE IR R IFAIA,
HEZERXNTIHME, S Hod+p+n 53H —° He+ 7 XMW AR TE & HATE 1)
Iy S FEIE97%, I RES UG K TRy (H & W& 2 1A (M) 22 ) <3 AR /o RIFAEISR B AT
IREF I Z A .

MI19734F G. Keyes 55 NI SCF W LAE H, 3 HEAFITAZdA RN 59 RAZS, A
GELRERZI 130 KeV, MR MIMHZ) 40.35 +0.04[46]. ML R, FRATHIRMERY N1k,
HREFERN G MRS R E, WEIFRAWNERZEN. E317ER T RIS R 5G.
Keyes% N 45 R0 Lo B iR th 22 e vHSL I 24 HIR L IET = S, RiBEFE AL A hE
(1AR 1k 2k [67].

19594F, DalitzZ5 ARV T AN B RER UL T, RibEAE /(s> + pPIFIAR Lk i Zk[68].
BATEKI3. 187 7R T 19704ED. Bertrand. 19734EG. Keyes fII fESTAR 45 5L

MEIHATLLE 1, D. Bertrand®: N4 R 2o, SHIY A ENZ AT = % H2&G.
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B RO R A R i )

il

~0.6
5 R,q,,=0.35:2% R=\B(1.07-0.60/B+0.27B)
€ 05 oo

‘f:E Rsrar=0-32%¢ o5

B
o
m 0.4

~-2/(X) : NPB 67,269(1973)
—+2/(2+3) : STAR

0.3

—
——

0.2
B,g73=0.1 Gig:gg
—_—
01 —_——k—————— Bsrar=0-1 3ig:gz61
O_|||||||||||||||||||||||||||||||||||||||||||||||||
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

B, (MeV)

B 3.7 BUSTFESIHIEIES = 10, RsBEHAL RN, RAREEE SOAG.
Keyes% NS5, 2041 1 B STARMIMI EE 45 R

Keyes MIFATI & RAALT T = AT = W MliZerhin), JERgI i 17 = 1o A,
19924]. G. Conleton ) FIR 15 45 641 5 AT &3, FATINA, X5 HA TER
WA R T B 5 20 IR B ok S
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Rs D. Bertrand et al. NPB 16,77,1970

i . 0.4170-0% < Ry < 0.467003 ]
! Il G. Keyes et al. NPB 67, 269, 1973

osl I 0.35 & 0.04 i
—

STAR Result
" 0.32 £ 0.05(stat.) + 0.01(syst.)

10

K318 HIRIFEMAF AR (J= 187 = 3 1E T, RBHE/(s* + pHinfuiige. i,
sHpIEfRT, = OFNJ, = DA N AR [ 4RME . s? /(s + p?)IIALE K FH T0. E. Overseth% A 1]
SEEGI 69, M4k, B B A2 19704ED. Bertrand ) (s, W5 50 oK HG. Keyes,
2L JESTARI 45
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mUE FEBEENNESERS R

RHIC A 5 3 Fig4T AN 525, EISTAR. PHENIX. BRAHMS L A& PHOBOS ¥t
Mg TAH R HREds (Zero Degree Calorimeter, ZDC) [21,28]. IX4EZDCI1) 3 %
A FH 2 I8 6] i R A6 T WA R T ) KSR B A IR RE S, AR AT AR DAy g 0 0
SEREMIERINLR[21,70]0 [FIIF,  HRI 28 P MZDCHI 77515 5t n] BLUR T fih &% B /M 22 =
1, BRI ZDCH 4 STARSil A& R G I — AN E Iy . EX—%, FATELNHISTAR-
ZDCIIZIEE, VAR H 201 14E 51201 54 SEBRis 4T Hh R BE &4 M .

41 STAREE=HESS

STARIWZDC#% %% 720004, & tH6M AL (Module)  2H i, o =4~ 22 4%
TSTARTEM A5 IR, 53 = A2 T, Kl4.12ZDCI e s Bl MWK
LA, ZDCHIR 224 T ik 2 J5, RAFEBZ=007 "% 18m. X237 ) LA
PRAE A P A K A G R (PR 23 B R T T s e (M i A7 20 v, T LAt P vy R 7
WA LA, S AR, ASITRZDC . XA, ZDCH] LA 2R
JG A R kL, o R R, —ekYE, A RIZDCH T AR A
/NF4 mrad[21].

[ T A2 1T A PP LIE P PR T T T T T T TN U E R R B B T ST T Ty P E R SR T T I TN T 1T 1T 1T 1T 1T 17T ]
" DX =
» S0} dipole magnet ]
B N ions :
Q | ions \ / _
£ o ZDC] — [i» neutrons |
= - — Intersection 7 .
S - | | point | “  protons ]
Q 50 =
1 v b v b by b by Ly v by vy by .
-20 -15 -10 -5 0 5 10 15 20
Meters

|
Centimeter

Protons 10
|

1

-20 -10 0 10 20 30 40

Centimeter

Kl 4.1 ZDC2#epr Bl b EEDZZDCZEEA B MK, N B EAE 55 1 iR
K.
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ZDCH)REA 2t B WO 6 H A% 34 5 DA RO AR A vy, i l4.3vh 2 I B
e UANBHIEHS T (B~ 1D 7RSSR, SR AEBS . iR GR T 4T
FIILH AR SR M UMeRERES, KB T IUMERER M KL h45°, K T fliixee
6 AP VR FEOCLT BA G A I A, AR AP BRE T45°. 2424 FISTARY
Fe— Uy, = ANZDCREE S KA AR I TRCE o LB RS — H RIS — el b, 2%
HZDCHISMD (Shower Maximum Detector), ‘& 1] LLERAE NS v 147 & 5 S IF T
e 25 B 0 M (71761 G043 45 R STAR b H p — il 22285 (1 ZDC & H:SMDIY
S

Fiber
Ribbon

vvvvvvvvvv
AAAAAAAAAA

v, N
Tungsten /
Plates 5

)i
Be

22222

Kl 42 AEAZDCEH K RER., E@ﬁ?ﬁESTAR;c%H’JZDcEﬁM@Hﬁ)#

4.2 STAR-ZDCHIZIE

STAR 2% 5 e ds e 0] %256 120004, i TRHICSEE AW =, 2 4 5
Pl e e kiR — A ERPIRES . % IEFIBRAHMS LIZDC T 4 T-20064F 45 144
M —BEWNE, A3 T STARIFE# T IHMWZDC, {E%3E2ISTARZ T, AT
X ILHEAT T ZIBE .

X T REAZDCREHRT T, FEw B 55 B0 ) i s 2305 42— AN TRT L ) G &R

gain = ax HV? “4-1)

Hr, a5p#lie 5 LA ZH. #it Lit, b 5PMTHK,
FEIRAME A R 25 BUPMT, BT b, AEFRATHIINR A, 4 T 5w . 5w s )
FIREZA AN BB, AT R 4- 1O %, ana4-20TR .

In(gain) = Ina + b X In(HV) = py X In(HV) + p, 4-2)
Tk Z T a5 2 AR, BRATEH T 5 Serb p FAE AR R T AN
ARG ity E4 38R .
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S AR AUE S A R A HER

| vestwo_|
—

ZDC Module —> ZDC Signal
Bottom PMT

K43 ZDCHHIEAZE 7R = K o

M NG, SR AR MISMDRE B, P U SMDA B, THE S Ot HAL s 3G
ZDCEIH R H O AR A o IR —2k, W TR R RS0 i W A5 8 A 0 = A2 T A5 5
YT E W T ZDCE . Z i, A4 3 T REANZDCEBHR 1) v s 5 i B (1)
KER, WE4AfoR, BAKPESHMERLITIR.

ZDC Gains vs. HV

ZDC 2-1
& ZDC 2-2
-4-ZDC 2-3
v ZDC 2-4
~«+-ZDC 2-5
-+ ZDC 2-6

ol . !
10 > 3 4
HV (kV)

Kl 4.4 ZDCHEBR i s L5 i v G 3R & o

R 41 ZDCHAFELRM N B 45 B4

itk Po P

2-1  4.63+0.016 -3.92+0.017
22 4.17+0.024 -437+0.026
2-3  42410.026 -3.72+0.027
2-4  414+0.023 -3.92+0.023
2-5  443+0.196 -4.37+0.217
2-6  436+0.015 -4.16+0.016

M 44 R FA TP BRATT LG W, FAZDCEER I po B HUEIEAR—B, X 5BAT
ZHTITUY AT A o
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4.3 SCIGFRI

N T WERZDCHE YA % 428 BISTARZ Ji A8 56 b i TP iR I, FRATTFkIE T A [A]
Ay AR EMB RS A . A T20114E AL T BUD R i
1200GeVIAu+AuK it 20145E15Ge VI Au+Auk it 20144E200GeV [ Au+Au b it «
20144E200GeV f{°He + Audiiit, LAA20154E200GeV I Au+Audiin . EARR 75 Tk
fgfe ka2,

F 42 HTor SR R AEAE B
Ay BATHT UL RAEE(syy) AR

2011 12130083 200 GeV Au+Au
2014 15067001 15 GeV Au+Au
2014 15186001 200 GeV SHe + Au
2014 15122044 200 GeV Au+Au
2015 16134022 200 GeV p+Au

431 55K

MERE kL, AR P ZDCRSHNT, 2 DR A 55 T 55 S B 2k e
XFRE BRI AN S ARG R A BAELLN, R B
(A5 5 RNV AZ R B 26 < 3 - 1B, 4R, ZSEPrisfT G omsm, ki 1R
TN A RE . 5T R 8 (shower leakage) &5, S {EFFXAN LB T 5. AT AFRATTI
it B HAYERF A — A KRBT A 1K HI AT

PR KRB AE R4S El4.6 X4 TP IR T =ANAN I SERR IS ATEE T KB &Y
L. fEIXEeE g, ZEMpgE) (E/NEa, b, eflf) SKEARMZDC, AHMpz hEe,
d, gflh) KAPEMZDC, o LE8, /NEafilc R e FE00 1 25— ANtk PhlE 28
TN /N DRI R R RO A AR, PRI S =B BT Ela, b, e,
dRIR TR AL 2 T 5 (0 AT DL R 358 0 DY AN /N B 43 3 b e A Ax X
A T 40L& I IS B 40 A, ARG BRATH — S B8R A XA A, HR
FRPIAIZ A 5 RN B AR, 3] DUSE DU ) S s AN [ AR R 2 1) R B g o Al
PUEIE, FATEE T 28 MR B U I X TR AT R, IR RO RS S Bk X (0], %
SRF M 8 2 DR A AR R IR T o =6 - 3 0 1Bk E, 5 MY
H BRI LLAE N 0.5, B8 =N 55 T ANBE A LU YR 0.33 .

4.5 7R £ 201 14 500 & BE H200Ge VI Au+Au it . MBIl LLE H, ZROIZE
TRV — AN ) EL 0 0.84, B AN FIEE AN R 1) () EL A 4036 PRI AR A
S AR I ELAE 40,84, 55 = ASFIEE —AMEER 2 A EL 45 40.39

4.6 7R £ 20144 U0 R BE H200Ge VI Au+Au it . MBI LIE H, ZROZE

R AR LU DN 0.61, B = ANRTER AN Tl A LU DA0.33;5 PN ER AN
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Rils

FEEREA ML S RER D PR

AR ] K LB 0.61, 55 =ANRIEE —AMRERL 2 [a] i Ee 5] 240.28 .

K147 78 I & 20144 50y R BE F:200Ge V[P He+Aus it . XN 5 LA EPANR
ANFE AT, WA AR R R A S S A — AR B A NI ) & He, 330
OIS R A& Aue IXRPAKEIFR AT AL 1S P ZDC i b B 3R 3 ANF] - PR He P
G HJE&H AT, XA A G gl thZDCH R AR D AEFRATT B A BT
H, JUFEAZME S BB SR TR, WRTAwA GRS A0, MZDCH Y .
MR DU Y, ZRONES RN — AN ] )LL) 240.70, 5 = ANFIEE AN 2 [A) (1)
LE A 240.30.

bR T UL BRI = AN ER AL, RATEEF 720144 FT0 R BEE 15Ge VI Au+Aulf
WMAI20154E i 0 &R AEE200GeV [fp+Aul fit. XTRTE M S, KA FUL RAERE KD, T
VELEZDC b= AR 2 g (05 5 Ui DL B G e E S, pllse e A fm -+,
WICEAEE . P AR AN, FRATTERAT H T ZDC AT e 46 258 1A 5 HA SR v AR A
RiE bl g R R X 15GeVIAu+Aus i, 4 4638 : 1.61 : 1, PGl
H7.35:2.37 1 1, X200GeV¥p+Audii, ARM46.88:3.10:1, PuflI’49.80:2.75: 1.

MEL S Rk E, AW H ] 5 B AR 2 0] ) e 22 AR E A BV 2, 3K
Y AL T AL T FR) v P BB AL AT DA 1 o RSEERAS B 1) AR AR A5 BEYE

)

(9)

®

(e) I

slope = 0.84 slope = 0.84

Tower 2 |

.

Q) 100 20b0 30'00) 1000 2o|oo 3000 ) 1000 2000 3000 ) 10 20b0 30'00
ADC (Tower1) ADC (Tower?2) ADC (Tower1) ADC (Tower2)

Kl 4.5 ZDCAEPRANMEEEL 2 (] i 3 1 LA

432 BEETIER

TEZDCHTE 2 A, WA LA S AR, 15 2] ZDCRE R 7 W% Ao /E = 20%
at E, = 100 GeV[21]. EARTIH, MK ERZDCA LKA 22 1945 T R i RE & 4>
Hra . TAMEHIR B T Ol 1 B IR TH L ZDCI RE 7 R . O Tk i et
P oS A, FRATTE SR AT I ) BRI #S TOF ) 22 BN T2, [] s 2 5 R i) 5 - 5 4
A TDCIEMEAES00225002 [7] o X AN e 45 A1 PT LA B A THEBRAR 2 (1) 75 e Ak
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Xods . @ip M 13 @}%5 (h) ]

) L £ slope = 0.61 ¢ slope = 0.33 S  slope = 0.61 | £ slope=0.28

= [ © % % [ O

O = = - =

t=2000f 1 + 1

o [

a .

< 1000F ’//////,,//f’~*'”i_ ;
7000 2000 3000) 1000 2000 3000 ) 1000 2000 3000 ) 1000 2000 3000

ADC (Towerl)  ADC (Tower2) ADC (Tower1)  ADC (Tower2)
P 4.6 ZDCAN[E PR B [R] 0 3 1 LG A o

3000}
2000f

100

)

c) 1L
slope = 0.70 (©

TowerX

C
3
8

AD

il

& 1000 2000 30007 1000 2000”3000
ADC (Tower1) ADC (Tower2)

Kl 4.7 ZDCAE AN 2 ] i 3 1 LA

S F20114E 5 O & fE #200Ge VI Au+Aurf i, W K4.801 7, B 2 2 AR
MZDCHIRE B i, A M2 MZDCI e & #i 4. Hrp 4t 2 ADCIE S E T,
AR i 22 o A i Ze . AT BUE Y, RIS PU I BE O R AR A
HNog/E =26%.

X F20144F 0 R BETE200GeV I Au+Audl i, 4.9, HEH I LLEH, R

M RE R R o p/E = 29%, VORGSR D E o /E = 27%.
o T-20144F J5i 0 R AER200Ge VPP He+ Au i, WE4.107~. BT R ZE IR 5%
mi, HAWMEEE W RS g, LR PR N40%.

AW AEE 1720145 50 R AEE15Ge VI Au+Audiiit, BIOyREENAR, kAW
WY ) AR 0 T 20155E A p+ A DR Ol Au— 5 55 oKy T eIk W

54



Y

Rils

TR AL B2 5 R RO

MEL RISl LU, AR TS5 R 20% I BE L0 #5201 152 A120144E )51
AR AEFE200Ge V 1 AEF 70 4 ol U AR SRR e s v, (B AEAL T A IVE LA
11720144 He+ Aud it 1 1) BEB 20 HF 3 40%, i T AR U . FATTA 00 AT Be & b T
RPN (beam-beam cross angle) &I KIE My, (HIE N NSz 3t — 25 8,
BT N VA 2 S A

[%2] F » F
=180 @) 2180
=S ] =
Ot60f East - o160 West
© 2indf = 274.67/177 © L 2/ndf = 240.87/177
C Mean = 215 o Mean = 215
120:— Sigma =55 120:— Sigma =55
1005— 1005
80 80F
60 60F
40F 40F
20F 20f
S [V T B = AV O =408 500500408 400600790 400
ADC ADC
Kl 4.8 HHIztT4% 51213008373 3 ZDCHE T4 4%
@ [T T ] J2 T AN RARAN AN RAREE ML AR RARRE RS
SIS (a) ST (b) 1
3 i East ] 3 i West ]
ot x?ndf = 123.52/87 O eol- x2ndf = 123.73/87 -
8o Mean = 79 ] i Mean = 84
- Sigma = 23 . L Sigma = 23
- ] 60
60— L
a0 s
20'_J | 20-
O VT T ) = R O O 08500500 400 400600 700 800

ADC ADC
K 4.9 HHIEITY S 15122044153 3| IZDCHE 4> W,

4.4 R4

EART, AN TSTARIKIZEE B /e, LLA20105EZDCITI 2 B LA K 22 %% Jm H
EEFRBATH R S ZE, TATKIMZDCA & [IPMTEE A RS R 1T, &
JE 5wy N etk ok RAER W B LB T fE R, AT T ZDCAR 7 P ) A
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ﬂ F ﬂeo__l.l TT I TTrT1T I TTroT I TTr 1T I TTTT I TTrTT I TT 1T I TTT1]
S 30f St (b) 1
3 30f- West E
O L 22/ = 86.07/87
5 - Mean = 77
a Sigma = 31
15F

100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800

ADC ADC
K 410 HHIZ 7% 515186001152 IZDCHE & 4> #E %

e e s MR, R ILAE201 14 J 0y R BE 7E200Ge VIF Au+Aus Ji Y, 2= 74 7 00 1)
HOPRNoE/E = 26%, {E20145F Jit0r 3 BEFE00Ge VI Au+Aul i, AR g &
R Noe/E = 29%, VilGeS 03 F Hog/E = 27%. SZDClF 2 3ijog/E =
20% ) Be A HER A LG, o TR AR RO IR, AR RE o PR R e, EA
SRAEABLMYE N . BT H A7 IZDCA R AT LLIE 5 18 TAE. xS F20144F 50 & fg
H200GeV P He+ AwR I M EE R, Mog/E = 40%, AL & BT AR KMING fMA
TSR . A AT I HT B A A AR SRHIAFH I S0 25 2 34 (3R 2% (77-80] .
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FHE STAREMEMA FRS

A Hm O SR T, ARHICE K G, 4t HZ24EmMARmuis, R
AN S, 7E2016%E I Au+Au@200Ge VI IE 1T H1, PR E B4k 3] 787 x
10%cm™2s™", IXJERHICHEVF S 43651410 EWE SRS T, MR 50 R BE
T /S =200GeV [ Au-+ Awhf Fi S K 24 4 50kHz, 1 Ji/0r R AE 5 /5, =200GeV [ p+p*f
FEMAR CAILE] T IMHz,  5,,=500GeV [FIp+pl i il 4 51 i 518 4MHz. 1 5 W1tk s 1)
S AT A EE,  STAREE 35 HL R ZiDAQ1000, H: Xt F-200GeV I Au+Aukf fif (1) K 4
BHAAN A 1000Hz, IX AT 200GeV I 4 X HE M 5, oA Z90% 1S4 H- AT IMER
W N K Mo—J71H, AMVEGER I RS CanhooXHE FAE . & md g &R
TS P 80F AR m. ik, STARKE T HOMfilR 24[81), foilr AMlik
PRI SRRSO e AR . SRR R DR KRR BE IR R FH A B 0 Bl R SR R, 7
R PR IS T A 753 380K B SN R IR AT
5.1 STARBEM AL RS

STARPIfil R RGREAE A — RV 2%, AR ERAEHRZDC.  RATI AR
MIZSTOF. WM ZRMZEBBC 0 AU 35 S5 2 ) o R X S fish i 2 7 fik & 2R 4 1)
A8 7 ) S S A KR, A ARl . —B iR Rk . Sl . B
AT i ik 5 1] T (1) 73 AN 5. 17 o

5.1 STARMIS R R G AL N N (Y I TR) T

il g R | EaR —Firflk ZEik sk
Wi [ P[] Y 45 1.5us 100us 5 ms >10 ms

STARIW B il A . — B fik A A — B fid ke 28 AL T BEAMIRR fil & 248, H R Gi45 1)
WS R,

MBI AT CLE Y, il R4 PRI g . B i A7 4 4F £ (Data Storage and Ma-
nipulation Board, DSM) LA A fil & % H| 570 (Trigger Control Unit, TCU) @ pk. it
S a s BRI & K Bt AL 12 4 DSME B, DSM T HCHs bl 1% 45 TCUM — i fil A 3%
gt, it ik R, gl B Zpriilk Rkt G, Bk
Z5DAQIEAT LK

WA fi & 2, vl DA & fe /Mg 22 (Minimum Biased, MB) F4f. =i s m ki
T DGR S (UM R A A JERR I, EmT DUk 1 s SR A TR,
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N
CTB Detector
System

|
P
MWC Detector
System
~—

T—
VTC Detector
System

Operation  RHIC
Control  Strobe

EM

] '
[A—

|
S
VPD Detector Bl
System
—\—>
------ -

Trigger Level 0
Trigger Level 0
Data Storage and

Manipulation Boards:
DSM Boards

STAR TRIGGER

I'ngger detector

Operation
Control

Trigger Level 1

Operation
Control

Trigger detector

data o
| Trigger Level 2

1 100ps avel
Calorimeter " e Level 1 ™
Abort and
""""" Accepts )
------- = Results from Level 0 Level 2
New N Level 0 Trigger Abort and
Detect Hardware Analysis Information Accepts
_________ 0o DAQ
Detector Subsystem
) »
Control/Data Words -
I'rigger Level 0
Detector and DAQ Busy ]
O C I Tngger Control Unit
peration Control (Tcu)
RHIC Strobe ——————————————————p!
| ——— Detector Subsystem Control/Data Words

Trigger Status Info.

K] 5.1 STARAKH ik RGE &5~ = K

I B AR A R AT T I — A LA R #s . BRI, STARKRE T il fil &k R 48
(High Level Trigger, HLT)

52 =M%k FR%

STAR H Hif ¥ s B fink e 28 48 2t 75 J 56 =B fil R R G i kit bk RE TR I, PRt
YRR A DU i & R . AE R M ik R4, HLTS/E Fi44 R A G WA W WITPCI 42 125
%5 TOFH) ®AT I [R5 S A 2 il i 5 e
BEMC) [¥HE & A5 E AN A PSR I 25 (105 A AR 42 B i) HORL AR F R A TR T 28 01
e B fik R 5% 450 e L TR AR AE BV e T DA S R AR S BN S AR R 2 A R, A
5E K IR TF S5 BE ) R A A AR, IR Pk AT EOGE FHAokd k. Tl
REHLT— 5 1 0] AR K (38 s BT S e sk AR, 59— T LT R i P ik 4 1
WAEH 51z, AT DAPRIE s i A A R S A He M S SR . STAR-
HLTHZ 45k an &5 2.

M af BLE H, HLTYE S ETPCAE B G, &4 e X 5 B & B 1% B — 5 SL3
(Sector Level 3) #HlL#% b, & A245SLIFL A 0T NTPCHI244 Fi X o 3X LESL34s B I
HATTPCAR L ) A, Ak, HLTH 23 32 HXTOF. BEMCHIME B KKBSED M
AHFTHIu FHM 2% (Muon Telescope Detector, MTD) H{5 & . £l SL3E M 12205

7% (Barrel Electronic Magnet Calorimeter,
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BIE  STAREMMilR R4

Total 24/SL3 machines

Kl 5.2 STARfilk REEMEH R K.

SR A B0 2% 1455 B — 9% AGL3 (Global Level 3) Hl#sH. 20134E2 1, TPC)#H
X [ E AL A8 R SL3NLAR 2 RETHERE D), )G, HLTRE AT T A9, IR
L ITRINLES, TR TR ORI .

20114, HLT#H T &H HeF 0k, JEIhiE] T 1814He[82]. X &1 HE -
B UOWN B R PR ZE A%, R A R I I R P TORL . S 3JER T I R
(FIHe 1) J5t &L 43 AT o

*Hei(*He)

102

Counts

2 2.5 3 3.5 " 4.5
Mass (GeV/c?)
B5.3 R R i R e B TIol B A
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53 *2IERK

K2 PEP (Karman Filter) & —FAR BT 773 & R] LU SEAS LI & AN [H]
) 20 A A0 158 2 I B, PO LAE T — AN ZIE . R 2 380 N TS0
R AATTE PO 3R T AR I T 45 7 . 7E EHEAI804EAY, R. Frithwirth# R & &
B NBT e B v TR D2 B A28 FE AL (83 ]

BN RBAM PG TR A 28R 2 8B 1) SR BRI A LR

o N RGNPIRSBE N TR 224, WA RGN — A 8)& RS (dynamic system) o
BTAMGE EA B RGHPIRES AT LLH — MRS KRBk HE, ik — TR 7= AN [R] 1) i
Zo WEEF 20 R GEPRETT CL A — TR ZI PR SRR, wnal5-157s:

Xi; = FroiXio + wiy (5-1)
[, RGUIREXFNERAT N E AT m2 1A R W X527 :
my = Hkxk,t + € (5-2)
LES-1R15-2H, R IIZAE N B, FREMR RFEHANIERE, HZMR RSN &
PIFERE, wRom T FEmg s, e MTEME S . X PR S &R REALE, JFHAAE R 2
JEWE S FRATME R BE ML 75 () Al R I E I F R S A, Blw ~ N, Qy), € ~
N(0, Qo)

2 UER B APy, BITI (predict) ANEEHT (correct) . FEAMZHIX HLH
W21, A e AR S R W T R

R, = cov(r}) (5-3)

Qc = coviwy} (5-4)

Vi = G;'=covig) (5-5)

C, = covi{xi—x.,} (5-6)

A, ool TR AT T ZPR G T AT Z) R GORAS,  Jofthi bR Sk FAR#EBARL. rf 2l

AR, S NHAE, RUEMEREWT 72, QuFIV,J3 il & i P2 M 75 Il gk
by 7. CHRMIEE S B S EZE M T %

TEER W B, ALk — 1IN 200 R GRS AT kI ZRIRES -
' = Fxe (5-7)
Ci' = F G FL | + Qi (5-8)

g3 J7 M, FATEAN Z B n] DU RS B AR GRS I R AL, Rl 3RATTE
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Y4 E (measurement residual) A H 7 7K.

o= - Hx ! (5-9)

R{' = V,+H,C{'H] (5-10)

H10k, AEA 2, FATAT LG 2R GORAS K T ey AU my o HZ, AR
BTGV TR e W INAELA A 75 M A P, AT e T e UL AR A 1 AT AR T
EAMEIE W T R 21 (Kalman Gain) SRSZHLT, <2 I8 KR 3 2 AL BIFE T
X RR e RE, RIS R 7 e R 2R A E LE

K, = C{'H](V,+H,C{'H})™! (5-11)
= GH]G, (5-12)

EVEAR R G, AT US R 2 RGNS AT, BB IEZ )G
IR GRS 20 AR I 5 72 Cy
xp !+ Ki(my — Hxf ™) (5-13)
(1 - KH)C! (5-14)

Xk

Cr

I, ARG AN SRORYE, BUE: Jefi Tk — TR GUIRE R T AI ZI AR
A&, AR5 26 ARG AT N AT BOWIE,  JFE IR IER. 8 Rk, W]
AR SE LA FH RIS 20 RPRS KT + 1IN 21, IF LA ABIES . B5.4)875 TR 208
TARRAE K

5.4 HFTHYRZTEE MK

STAR ) EERAR B IR 25 T2 N 20144F TFaa 8t RSz B b, HFTIW DY E 458 m]
DA B34 TPCAR TR 1G5 22 DU AN ks BE AR AR o RORBEIN 1 X068 J5L ) TR R R % T 1)
SrHERE)), Hm TAIDY. DAFEI SRAE R AR . FEATAE10712 ~ 107 s E K IR T IR E
Fifie

H THHFTIIABIHLT R G, AR T — B M HFTIARIE E R, R
R RE ) AT TR TR PRGN A R AR D Ik R
541 FHEMH

N T AT AR EA I, AT THOING S A= AR 88 =4 T — TN R L
flo Horn, S TR T, FRATHE ™ A2 AT (AT 46 T0 A B [ 52 24(0,0,0). 2 )5, F&
AT H GEANTASTARFE 7 AU STARTR I 28X FEAF (W ma 8 o AEFART, SR A046 T p (1) 47
BTG oA, AT LLBOE AN A A DS S . BARI S H 35 .27
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Measurement Update (“Correct”)

Time Update (“Predict”)

(1) Compute the Kalman gain

(1) Project the state ahead K, = CngGk

oy = Fro1mp1
k S (2) Update estimate with measurement

T = kjllz_l + Kk(mk — Hkx],z_l)
k—
Ck l= Fk—lck—ng—l + Qr-1 (8) Update the error covariance

Cr = (1 - K H,)Cy!

(2) Project the error covariance ahead

Initial estimates for Z,_;and Pj_1

K54 AHR2IEPM TARIEE84]. 22 MR RS EL — INZIFRES, BIRIAIRE . 20
JIHEN “HN” I RE, BN R GAEKIN ZPPRES TN D, AR P AR TS A
JIHERE “EIE” MR, AR R TR, DU EIMERE IE. BIESTRZ 5 2 1nl 2
XN AN ZPRZSHITIN,  FFA WG

5.2 i HHGEANTASTARKAUA M #5% Wi N 25 3 IR AT 45 T R 53 AT o
| PVx PVy PVz

mean 0 0 0
o 0.01 0.01 5.0

XFSTARIT S, WIRELNE RG22 em, KWL T ST B AEXFy J7 18] ()43 Aii
W HALE, MAEzT I, 2 DNHETE . Zad DL R AT LLAS 2RI 25 )
Wi N, AL FEHFT A& AR 5 5 120 An Sl . o 1 7R e, AR T4
AT BB RS 3078
542 MWEVBRINS

TEAT R P AT A A Ny, FRATT 7T 2 5E M e W AR T A AL . T 28 W 4R 0 s
FEOPBGE: BUEBOEMELE s —ME 5 m0f s, A IS R4 (Beam
Line), WIHGEL 5 AMEAS sz )7 AP — AN E T BT TR, mHHE0=EY
F1z EAME S ROFES L EPER, En, AT 2 7 B ol SR IX
), CAILA B AE N WIUATH sz 7 W AR AR . Tixs y 7 W) AR BRBRIA AN 220 DL b —15 42
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53  JETHIING?= 2 1 FAER 5L K 40 GEANT 2 Ja A U158 2 HFT % 215 5 AN
‘EV.O Ev.l Ev2 Ev3 Ev4 EvS5 Ev6 Ev7 Ev8 Ev9 Ev.l0

PXL-0 | 21 29 911 72 624 264 896 1041 363 1306 121
PXL-1 14 15 606 45 391 159 549 690 257 820 84
IST 19 21 790 64 496 211 823 89 336 1063 100
SSD 12 19 779 57 494 207 850 907 336 1134 96
Total 66 84 3086 238 2005 841 3118 3534 1291 4323 401
NTrack | 142 170 5741 478 3848 1768 5895 7100 2374 8393 755

BN A S A, FATTERS Arh R T A4S B T A

*54 TNRALE.

\ Ev0 Ev. Ev2 Ev3 Ev4 Ev5 Ev6 Ev7 Ev8 Ev9 Ev.10

Nhits | 66 84 3086 238 2005 841 3118 3534 1291 4323 401
Pvz | -235 -17.68 -3.69 -2.06 -4.69 280 -6.64 398 505 299 148

MEHF LR, X ES S L (> 2000 F4:, LU e IS S
T4 S A D A, Wi S, TS B IR e R 228 K. M8k, AT
DACSCGHE T A ) 450925, Lh i FHO-1)2 i10-2 )2 4L 2 0-3 2k i B 7 B e vt, 2ot ik,
WA v A— e R R AR SR T S 27 o7 B PRV 26

Ty 7, FHIEREPRIZATI, AT LA HVPD. ZDCAESR M & >k 15 WAl & Tl
MALE . BAEIFA T EZE P R HEmh v H PV, &

5.4.3 EMEFEEE

FESTAR AR AR P, SR B IS AME 5 /L, R PRI T 2B e
FEHFT/TPCH B [A] [ SM 2 8 T B M. A RGBT IR HOE — Dol &SRS, Wil
R YR AT

B5.5 7R T AR 2 DEBCREAT A0 FAL I S A R . I rh R (0 HL R s 151
BRIz T L, O K GRS AR BRI A Y, i O A A R R S AR B A A
SALE, OO RRRIG TRALE, R S Sk P iR AL B R s T R —AME
RALE, 2L IR RN B I R R .

MBS S R, BEAE AT IS 2R 5 RORBIETIN, iR 22 SR
Mo MRS S E R RN e, BRI A T SRR

BeAh, AR E AR, BATS B AEM MBS iR MR, F
Kl L A5 5 iR 25, B MR R ARSI . IXAE R J7 VR AT LUAT 500 348 s T A B I )
G

FERS. 65 7, BT B 1 E 5 2 (0 S E =R DY AT S IR b
IPIREHEAT ez AR, A B AL, A A AL b, B EIRIR T
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r, C)

A

r - Track parameters
C - Precision

5.5 AP B R AT A A R o BT R £ L R T S BRIRAS AT, B
AR LRI FZ RN, AR L RN ARG S E, AR MER
WIS E, By B kI fa A BRI N — M55 S ALE, a0 hMERREE
ZJE I TIIAE o
MALE R R, hEREN RS R, TR HFRE S A EA R
HE o rh AN B AR IR B S s A R 2 R N PR A () A o R A B ) — /N B AR I
O R R PV — AN 5 /) ) 542328 Csinglet) s 2R (0 3R i3k — 25 PV B A
55 X 4278 (doublet) s 5 (4. /s B i3E— 20 PV AT =AM 5 M4 B — R
(triplet) ; ZL AR ERAF RN, HPVAIPIANME 5 S4B Se #EHFT i 1B 1278 (track
candidate) .
544 EXESEH

TESTARMSEFrxf R, AFAEIXFE— R GO0, BIATI CBPR LA 1D R AR J it
[N A, BRINES G o DL 2 T4 3L B AR A s T ok SR BURR Ay 2 3450
i (Pile-up) o {EFAIFET IR, FATHE 20 22 FRIX — R0 IR 5 M 6

ESehrilate, A T Z 87 E HDINGS A, IR TP BEHLTR A
F—ANFAE T A, DUCREATINR . RSP, ol DA H I FIPile-up FAF K15 5
Hit
5.4.5 EMWMEFINEIHFE

TERE I B, AT 5 oo TE B2 e 6 T HF TR (1) F AL R 2 A RV #6. o T
REMAZIHLTH, FRATTReH 2 I EA R A% K T-90%, I [TH FE R 1%/ T-50ms f 2
k.

B, BRAVESAFLEF I T 1000 Pile-upfis 5 5. FAKK IR B 0 5.5
MRo

MRS SH AT LA, A& A3 Pile-upl, &3 8 2 k1 $% S48 T LA S AT
PV &K B, JF H A E Mm%, FR, CPUR M HFE R A m. 20
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K 5.6 AR 2RO HAF =BT RIS A AR A AL, A A . E
B R THG  E e R, P B SR (1 KBl AR, R B AR AR AR 5 A H 42
HE o Fp N P R AR A (0 R T A R 2 IR I A ) A R 2K N BURIE . R
AN RARIE s SRR AR RN = AR AL RIR e SEHFTAR I
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T LR 27 ot 1 27 13— M VR TR il g B U TR SR BB 9

K 5.7 AR S F AT RS EA R R, R S AN S T RS RS
Kl5.6—5.
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5.5 HWOFEMEMZCRME . b, R RN S A Pile-upfFE, R 2
451000/ Pile-upfs 5 (K FH1E

‘ ‘EV.O Ev.1 Ev.2 Ev3 Ev4  Average

nMcPoints 58 83 3088 229 2007
pPvz* 234 -601 005 -633 -6.96
_ Eff 1.000 0.750 0.932 0.870 0.875 00915
wj/o Pile-up
Ghost Rate 0 0 3/369 0 0
CPU TIme(ms) 0 0 93.3 725  84.0
nPileupHits 1000 1000 1000 1000 1000
PVz -0.67 -0.67 032 032 032
w/ Pile-up Eff 0 0 0.756 0 0 0.539
Ghost Rate 1/1 0 84/406 0 32/32
CPU Time(ms) | 550 555 11033 8680 11618

A 1000/ Pile-upfs 5 1, — 7 2 B3 NPz B w2 is g mi, 55— 51, g
(IR T EA R . B0 T CPUR I AE

2 58 3 00557 1A A 2 E SEBRIZ AT I 7] LA VPD, ZDCEEFR I Z8 okl sz o B8 T
kXS Pile-up Sl H T FIFEPile-up A —FE T AL B . Las R R,

#* 5.6 A5 ARPile-upFAF—HE A UL B A3 B A B R RICPUI T AE .

‘ ‘ Ev0 Ev.l Ev2 Ev3 Ev4 Average

nMcPoints 58 83 3088 229 2007
nPileupHits 1000 1000 1000 1000 1000

PVz 234 -601 005 -633 -6.96
w/ Pile-up Eft 1.000 0.750 0.886 0.87 0.875 0.882
Ghost Rate 0 0 51/429 0 0

CPU Time(ms) | 170 130 15180 110 630

MR LAE 0] DU 28 PV ZA BN, Pile-up5 S b K 203 1 520 L
AR ARSRATYSR T F A I )4 — 5 (1) 5%

N T SR R Pile-up /s 5 AT CPUI TR W AE I 52, AT A T L4
FFEv.ARIAT TR, g5 RuE iR,

MR LLE AT AN R 2 1 Pile-up 5 I, X RCR ISR /N, X CPUIN [A]
THFER AR K

F I, O T KR Is AT S E NS S ERNE S A E, &’A
M20144F200GeV ] Au+Auit $5 F 5 1 6 B 7 K935k 4F, & T & )= 80 2% DA
JMAHEAHFTINAG S50, HagRnES 8P R, Hr, 20144ESSDIfF R IEHIa1T, Ktk
HAFSIHARIEA
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* 5.7  AFHEVAHIIAA [FPile-up £t 16T CPURY [A] LL & B A SR I . L PVz R A7
[ 7 A AN Pile-up A

‘ Ev4
Fixed PVz -6.96 -6.96 -696 -696 -696 -6.96
Pileup Hits 0 1000 3000 5000 7000 9000
Eff 0.875 0.875 0.875 0.875 0.875 0.875
Ghost Rate 0 0 0 0 0 0
CPU Time(ms) 84 630 3390 8250 15440 28400

Ist Hits PxI Hits
Ist PxI
E Entries 7155 C Entries 7155
12000 Mean 665.9 80— Mean  1.61e+04
[ StdDev 6145 = StdDev 4375
F 70
1000 E
: 60—
800 sob-
600~ 40
L 30—
400(— =
L 20
200— =
= 10
oL bttt L T
50579661806 2000 230030003805 4005" 43352000 0 5000 10000 15000 20000 25000 30000 35000 40000

Hit # Hit #

5.8 Al H £93.5k[1120144-200GeV Au+Auwk] fiE FAE, Al vh T REZ R A 7= A 1O 3UE 5 4

H o

MEPRTELE H, B TPXLINGRBERZ, WL ERENE S, o, HiE
FISSDA KM A IMAZER, I FAFEAHFT ] LA~ K 252000055 05 BRI,
BATZ BT 05 S BRI BN T TFME, H I8 EIME 5 AUECE X CPURY (] Y FE
(R, A8 R B AR I D 75 B I v e il s KRS I 2 AT 4047, CPUIN[A]
THFERIH I KU AE 5 s B NG, XU AR R = s AR 8 R AR ORI I, R T AE
T KR RIS TR E O A8 20 Ky 8 = s 42308 e I = i A8 20 Ak Sk A2 0 FR e R v

-
o
o

Efficiency
8
> R
R
I3
7

T
A
i34
E ¥
iy
(1
o

N TR RGN AT TN SR ©
RS DXt 45 20 Sl W A R
R L I SN oe S:7C

.
eestiot

T,
LS
o
H
.

~N @®
==

2]
o

(3]
=]

TTTTRTCTT CTRITTo T

3
o

N W
==

TTITTITTTIT AT T

-
o

TTTT

.
I RS R o liigaly

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Nhits

K 5.9 HEMRCRESEIHE S R LRI R

cﬂ
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A, BATEH T KRZA10004 AR BT B CR 5 G 5 BE R, W
K590 7. MWK AT LLE H, BEEE SEENIG N, SR LI E /0% L .
IR, TR IS 1 T 2 (R SRR
546 it

TEARZT Y, FRATTE A 244 T STARK fmy B fisk & & 48 e HoAF N H, R0 T
XTHFTHEAT A2 08 TR AR DGR o e M RATTAS 2 T R ) LA S5 ik 5%,
X IEH WSTARSAT, RIHFT(E 5 mi 82K, HPVzI AL B R HEf e, 12
A R AT A B ORAE,  RIERS INPile-up M5 5 1L, BEMRCRWASAH RNREN . H
O HETRE R XS T CPUIN R FE AR TIIE ALY, BEEE 5 RGN, CPUIN )
FEWE BTE, I BT AR I TR b T R R R IE o DRI R P I T R
HARVERE— 0 (R g A A o
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9
fu
Gk
o
T
=
i

AN S 2 AR A2 A HI STAR R e 003 HIK) 73 fiwr LA A2 73 S U BB RBEAT T U
Ho
FE N, FAVE R TOHAEW A T B 5EATE, M =R RTE H > d+p+7
MPARFERTEH - He + 7 o £ = AKERTER 2 Hreh, AT TSTARSLE 21
FE20105 LA K201 T4E R AR I 0 R AE LN 5,=27GeV 39GeV LA £ 200GeViX =/ fig
g ZE s PR SEARIE R A R TE SE R AT 720105 BLA201 14K
B0 RAE LA \5n=7.7GeV. 11.5GeV. 19.6GeV. 27GeV. 39GeVLL [200GeVix
N BER K de /i 22 2t . AE AT, BT RS T S AEZ S ] (AL BV, TR
PZH B B VAT TR R R, A n KX 7 py o BEATEE R, AT
{E3S = FAR B S M Z RN Hey ditATH00 . BRANRAMEH] 7 KR 3 h S HeR 12
HEREAT PG LLSE i m e b, IR0 A3 21 T 3 H el PIARORT — AR S A T A IR AN AR B 1

ZJE s AEXT S E A, BT TR ke A = AR AR AR IE 1 3 B
o R AP He A 1 Rl 0T (¥ 5 A Sy e e 171800 BtAb,  Fedi T3 id STAR$Zft
fibr#EJri%, RIEmbedding, X #0185 A RCR MR AT T8 1E, REAE T4
AR TE 3 HIRANAL ™ it

Ja s FATRE P AR T AR TE N = PRI ARTE 19 2 10 45 RBEAT T 5 9F LU G vk iR 22
I bR AT, R ANEINE 2] T HN A dr L gevh iR ZE . [Ny, B4l
NP He AN R BE BT A9 AR 50 A (0 RO 2 L 3 7 39GeVIX—figs, JHEHIE
I RSO 551 HPAR I AR TE 73 SCHG 5 W A I — AR S AR TE 73 SCHE 2 R EE B, X
RYERZE, WAL L E TBin%E DL T4 S B LA R w2, JAE 3
I HFR) 25 i i «

T = 1422 (stat.)£28(syst.) ps
I3 S OB A

BRpody
R= g2 ibei;?-S—hody = 0.32700%(stat.) + 0.01(syst.) «

—H LK, FRATE A SE R BEAR A S — DNAF— AN T2 A R 59 R4 4 . fEIXHE
IR T, S HI A N AXES N T H HSAR A . (2RI ER, B4
W2 /N T1263ps, X5 AT Z 0 B . % & 23 JLAEGSI-HypHIFLHC-Alice SE %
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AL R, A TAT LA BIX A — AP ik, RV HI 77 i W /T H HHESA,
TESHEA TN, A TR IR A F AR F B BRAT T 1) i

A Sy oA T AR B AL 45 T XFSTAR-ZDCH) %) i J 78 25 B8 543 #  1g l) :
STAR[HZDC{E20104E 455K H BRAMHS [ N B ZDCH . ER ey, AT ZDCHAT T
FIRIMZIE TAE. Sbfa, AT T20114:200GeV i Au+Au. 20144E15GeV ] Au+Au.
200GeV ) He+Au. 200GeV [fJAu+Au bl £ 2015-200GeV i) Au+Auft $idi, XZDCHIZ]
FERS LA S Re B4 2R EAT T I

MELSRER, 2011FEMAu+Audlii, RGP RER > 28 Hop/E = 26%,
TE20144F 70 R AE1200Ge VI Au+ Aw i, RIMBEE DR Mo /E = 29%, PHfllfe
HAWENoR/E = 27%. X8R 5ZDC AT F NS AR i3 2 og/E = 20% 1) fig
HOPEML, BT AR, AR RE R A iR, AR A )
TG . BB H BT ZDCAR AT BAIE 5 1 T A% .

RSB T A FISTARIGHT BRI 2%, BY SWRGEI 8%, Ak A7 12328 25 440 3k 1)
FHOCTAE. MR H S HFT 285 S A R H af MHLT R S b . 2k, &
AT A THIING™ A4 7 KA 100054, JF2% 1 T Pile-upff 520 . 7548 FHAH SCRE 3k
TR EMZ G, TAGE] T XFEILAWIZ ML |k, T 1EE FSTARF A,
RPHFTAS 5 s A KIS, PV E RE U8 HEf A 2, 4208 1) 3 R 0% v] LA 3 4R
ik, B HY Pile-upHIME 5 i, HAMEMA A RKKALN. LR, H AR e
T-CPUR (A AERI ¥ HI HE AL, B 5 AU E RN, CPURHVEFE W BT, If
HT T FE A I TR s g b T IR RS 2 B o DRI R e 0 5 BT LR — 2P 1)
Sk AL o

6.2 RE

STARGEWIF H A AL ORI AE PRI %, Lo BE 270 )5 67 A1 28 e 58 DA S AN s PR 422308
H R AN 23 8] 73 R A AR A FAT T AT DT I HFR P A4 S = AR AR T8 HE A4 i He STARKY
AR TR, ITPCRE 47 STARM K SE 4 1928 6] 73 %, HF TR AL HATT R LIRS
T PR ALY S AT AR TH A LA A IR TV B B o IR BT R TGBE 250 AR RAESTAR I HIF T4
WORARES s o B HEE TR AN, Bl PREAS 21 SERS 6 (1 47 drr LA S U (ER . 1KY
BN FRAT TR HE ), 94 YNAH BLAE A Sk — A0 1R B
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AGS Alternating Gradient Synchrotron

ALICE A Large Ion Collider Experiment

BES-I Beam Energy Scan Phase |

BES-II Beam Energy Scan Phase 11

BEMC Barrel Electronic Magnet Calorimeter

BNL Brookhaven National Laboratory
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DCA Distance of Closest Approach

DIS Deep Inelastic Scattering

DSM Data Storage and Manipulation]
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FAIR Facility for Anti-proton and Ion Research
GEANTA4STAR GEANT simulator for STAR

GSI SGI Helmholtz Center for Heavy Ion Research
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HLT High Level Trigger

HypHI Hypernuclear spectroscopy with heavy ion beams
IST Intermediate Silicon Tracker

LHC Large Hadron Collider

Linac Linear Accelerator

MB Minimum Bias

MC Monte Carlo
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QCD Quantum Chromo-dynamics

QGP Quark Gluon Plasma
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pVPD
RCF
RFQ
RHIC
SMD
SPS
SSD
STAR
TCU
TOF
TPC
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pseudo Vertex Position Detector
RHIC Computing Facility
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Super Proton Synchrotron
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A precise measurement of the hypertriton lifetime and the ratio between the branching ratios of its
two main decay channels has been made through the two body and three body decay channels with
data of Au+Au collisions at /s, = 7.7, 11.5, 19.6, 27, 39 and 200 GeV at STAR. The hypertriton

lifetime is 155f§§(stat.) + 31(syst.) ps with the combined channels. It is shorter than the lifetime of
a free A and is consistent with recent results from HypHI experiment at GSI and ALICE experiment
at LHC. The ratio of B.R.(iHﬁzHeJrﬂ_)/B.R.QH_,‘HPM_) is 0.42f8:8g(stat.) + 0.12(syst.) . It is consistent

with the early results from helium bubble chamber experiments.

KEYWORDS: hypertriton, hyperon-nucleon interaction, lifetime, decay branching ratio

1. Introduction

Since the first observation of hypernucleus by M. Danysz and J. Pniewski in 1952 [1], the study
of hypernucleus became a subject of big interest by physicists. The hyperon nucleon (YN) interaction
will provide insight into the QCD theory and will also help to understand the equation of state of high
density matter such as the one in neutron stars [2]. Hypertriton, the lightest hypernucleus, can be
abundantly produced in Relativistic Heavy Ion Collider (RHIC), and is a good probe to study the YN
interaction in laboratory. The lifetime of /3\H is related to the strength of the YN interaction inside
the nucleus [3, 4], and thus a precise measurement of iH lifetime will help us understand the YN
interaction [3, 5].

2. Datasets and Signal Reconstruction

The Solenoid Tracker At RHIC (STAR) [6] is a detector system that is located at RHIC of
Brookhaven National Laboratory. The main detector of the STAR is Time Projection Chamber (TPC)
[7]. The TPC provides momentum and energy loss information of outgoing particles generated in a
collision. With this information, particles like 3He, deuteron, proton, and 7 can be cleanly identified,
which enables the reconstruction of the /3\H through its two main channels : /3\H —3 He + 7~ and
SHod+p+n.

In this analysis, different datasets are used for two body and three body approaches. In the two
body decay part, minimum-bias-trigger events from six different Au-Au collision energies, including
7.7 GeV, 11.5 GeV, 19.6 GeV, 27 GeV, 39 GeV and 200 GeV, are used for the iH reconstruction. In
the three body decay part, minimum-bias-trigger events from three Au-Au collision energies, includ-
ing 27 GeV, 39 GeV and 200 GeV, are used. The primary vertex z position cut, the event number, and
the statistics of *He daughters are summarized in Table I. The counts of f\H, 3He and 3He candidates
are also listed in the table. Only tracks with p, > 0.2 GeV/c and pseudo-rapidity |n| < 1.0 are used in
both analyses.

The ZH signals are reconstructed from the decays of daughters. The background distributions
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This article is available under the terms of the Creative Commons Attribution 4.0 License. Any further distribution of this work must maintain attribution to the
author(s) and the title of the article, journal citation, and DOI.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.7566%2FJPSCP.17.021005&domain=pdf&date_stamp=2017-07-18

Proceedings of the 12th International Conference on Hypernuclear and Strange Particle Physics (HY P2015)
Downloaded from journalsjps.jp by 221.11.67.197 on 07/20/17

JPS Conf. Proc. 17, 021005 (2017) 021005-2

Table I. The datasets for 3H analyses. The 3 H, *He and 3He candidates statistics are also shown.

f\H—>3He+7r‘ f\H—>d+p+ﬂ"
Year & Energy |VertexZ| | Statistics °He °He G\H+3Xﬁ ) | Statistics  3H
Runl10 7.7 GeV <70 cm 4 M 8587 0 52 - -
Runl0 11.5 GeV <50cm 11M 7161 0 44 - -
Runll 19.6 GeV <70 cm 31 M 6321 0 42 - -
Runll 27 GeV <50cm 49 M 5312 19 45 53 M 25
Runl10 39 GeV <40cm 118 M 6456 133 86 134 M 52
Run10/11 200 GeV <30 cm 223 M 5822 2213 85 517 M 136

are derived by rotating one of its daughters by 180 degrees in the azimuthal angle. For example,
we rotated *He in the two body analysis and the deuteron in the three body channel analysis. This
represents residual combinatorial background [8, 9]. The background was then fitted with a double
exponential function: f(x) oc exp(—ﬁ) - exp(—%), where x is the invariant mass, p; and p, are
two individual parameters. The f\H candidates are derived from the bin-by-bin counts in the mass
range [2.986,2.994] GeV/c? after subtraction of the residual combinatorial background. To extract the
iH signals, a group of topological cuts, including the decay length of /3\H, the closest distance (DCA)
of iH to the primary vertex and the DCA between daughters, are applied. These cuts are optimized
separately for the two body and the three body analyses based on the detector response simulation
data.

3. Lifetime and Ratio

The decay of f’\H obeys the radioactive decay law: N(f) = Noe /T = Nye /7<) where I stands
for the iH decay length. We reconstruct the ?\H signals in four //By bins for the two body analysis
and only three bins for the three body analysis due to fewer counts. Then the yields of f\H are
corrected by the reconstruction efficiency and detector acceptance. The yields are normalized by the
number of events, which is the same number as in the yield fitting for both channels. The lifetime
parameter can be derived by fitting the data points of the two body and three body analyses together.
The minimum y? method is used for the determination of the lifetime. In Figure 1, we show the yield
of ?\H in its two decay channels on the left panel. The right panel shows the y? distribution of the
fitting. As a result, the measured lifetime is 155f§§(stat.) ps.

As we can reconstruct f\H in its two main decay channels: iH —3 He + 7~ and f\H —-d+p+n
at the same time in the STAR experiment, it’s possible to measure the ratio between the decay branch-
ing ratios of the two channels. The parameter Ny is derived from the yield fitting of both chan-
nels. Then we can calculate the ratio as ratio = B.R.(sA Ho3He+7) /B'R'(i and the result is

0.427007 (stat.) .

We considered two sources of the systematic uncertainties for the lifetime and branching ratio
measurement: 1) The choice of bin width. The original analyses are using a bin width of 4 MeV,
and we here use a bin width of 2 MeV for systematic uncertainty estimation. 2) The choice of the
topological cuts: for the two body analysis, the decay length of f\H, the DCA of n~ to the primary
vertex, the DCA between daughters and the DCA of ?\H to the primary vertex are considered; for the
three body analysis, the DCA between proton and pion, and the DCA between proton-pion pair to
the primary vertex are considered. Within these two kinds of contributions considered, the systematic
error for the lifetime is 31 ps, and it is 0.12 for the decay branching ratio.

As a further cross-check on the analysis procedure, the A is reconstructed via the A — p + 7~

H—-d+p+n7)
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Fig. 1. The yield of hypertriton for both the two body and the three body channel analyses. In the left panel:
the red dots indicate the two body channel and the blue boxes indicate the three body channel. The yield has
already been corrected by theoretical branching ratios (40.15% for the three body channel and 24.88% for
the two body channel [3]). The right panel shows the y? distribution of lifetime fitting with the minimum y?

method. The distribution shows the best estimation of the lifetime is 155J_’§§(stat.) ps.

decay channel in the same data set. We use exactly the same method to obtain the A lifetime and the
result is 260 + 1 ps. It is well consistent with the 7 = 263 + 2 ps compiled by the Particle Data Group
[10].

4. Discussion and Summary

Since 1960s, there have been several measurements for the lifetime of ?\H [8,11-18]. We draw
a summary plot in Fig 2. For a long time, the ?\H is believed to be a weakly bound state of a A
and a deuteron, so the lifetime of j\H should be close to that of a free A. From Fig 2, we can find
that some of the measurements [12, 13, 15, 16] show lifetime values close to that of A, while others
[8,11, 14, 17, 18] show shorter lifetime value than the A. The measurements in [12—-14, 16] used
nuclear emulsion technique. Their results are close to the A lifetime except for [14]. They discussed
that this may be due to dissociation of the lightly bound A and deuteron when traveling in a dense
medium. The measurement in [11] used helium bubble chamber, and the result was also very short
with large statistical uncertainty. Since 2010, there are several new measurements from STAR [8],
GSI [17] and ALICE [18]. Their results are consistent with each other and all show a shorter lifetime
than the free A. Saito and his colleagues have carried out a statistical combination of the available
lifetime measurements and concluded that the lifetime of f\H could be shorter than the A’s [19]. Our
measurement indicates that the interaction between a A and a neutron may be stronger than expected
[4] and further theoretical study is required.

The branching ratio of 7 mesonic decay of ?\H is considered to be closely related to its spin
assignment [20]. Our measurement is in agreement with the mean value of helium bubble chamber
results 0.35 + 0.04 [16]. It is a little lower than the value obtained from high statistical measure-
ments based on the nuclear emulsion technique, where the author claimed a spin assignment of 1/2 is
confirmed in their data [21]. More theoretical understanding on the nature of the /3\H is needed.

In summary, we present here an improved result of iH lifetime as 155f§§(stat.) + 31(syst.) ps.
We also present the ratio between the branching ratios of 3 H, i.e. B.R.¢ nsHesn) / B-R-G Hodspinys

to be ratio :0.42i8:82(stat.) +0.12(syst.) . Our lifetime value is shorter than the free A’s, which calls

for further theoretical study of 13\H structure.
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Fig. 2. A summary of measurements of f\H lifetime so far. The green and red star results are STAR result
of 2010 and the present analysis. The other measurements are from [8, 11-18]. The magenta shadow is the
theoretical calculation by Dalitz in 1966 [22].

5. Acknowledgement

We thank the HYP2015 organizers for giving an opportunity of presenting this talk. Finance

support on the international travel by the National Natural Science Foundation of China with grant
No. 11322547 and 11275250 is appreciated.

References

(1]
(2]
(3]
(4]
(5]
(6]
(7]
(8]
[9]
(10]
(11]
[12]
(13]
(14]
[15]
[16]
(17]
(18]
[19]
(20]
(21]
[22]

M. Danysz, J. Pniewski: Phil. Mag. 44 (1953) 348.
J. M. Lattimer, M. Prakash: Science 304 (2004) 536.

H. Kamada, J. Golak, K. Muyagawa, H. Witala, W. Glockle: Phys. Rev. C 57 (1998) 1595.

R.H. Dalitz, G. Rajasekharan: Phys. Lett. 1 (1962) 58.
M. Juric et al.: Nucl. Phys. B 52 (1973) 1.

K.H. Ackermann et al.: Nucl. Instrum. Methods Phys. Res., Sect. A 499 (2003) 624.

M. Anderson, et al.: Nucl. Instrum. Methods A 499 (2003) 659.
B. 1. Abeleyv, et al.: Science 328 (2010) 58.

J.H. Chen: Nucl. Phys. A 835 (2010) 117.

K.A. Olive, et al: Chin. Phys. C 38 (2014) 090001.

R. J. Prem, P. H. Steinberg: Phys. Rev. 136 (1964) B1803.

G. Keyes et al.: Phys. Rev. Lett. 20 (1968) 819.

R. E. Phillips, J. Schneps: Phys. Rev. 180 (1969) 1307.

G. Bohm et al.: Nucl. Phys. B 16 (1970) 46.

G. Keyes et al.: Phys. Rev. D 1 (1970) 66.

G. Keyes, J. Sacton, J. H. Wickens, M. M. Block: Nucl. Phys. B 67 (1973) 269.
C.Rappold et al.: Nucl. Phys. A 913 (2013) 170.

J.Adam et al.: Phys. Lett. B 754 (2016) 360.

C.Rappold et al.: Phys. Lett. B 728 (2014) 543.

R.H. Dalitz, L. Liu: Phys. Rev. 116 (1959) 1312.

D.Bertrand et al.: Nucl. Phys. B 16 (1970) 77.

M. Rayet, R.H. Dalitz: Nuovo Cim., A 46 (1966) 786.



	Yifei-Xu-thesis
	相对论重离子碰撞中超氚核的实验研究
	摘 要
	Abstract
	目 录
	第一章 相对论重离子碰撞
	1.1 粒子物理学发展史
	1.2 标准模型
	1.3 量子色动力学
	1.4 相对论重离子碰撞
	1.4.1 几何描述和时间演化
	1.4.2 主要的实验装置
	1.4.3 RHIC上QGP的产生及相关证据

	1.5 本文的内容和结构

	第二章 相对论重离子碰撞实验装置
	2.1 相对论重离子对撞机
	2.2 螺线管径迹探测器
	2.2.1 磁铁
	2.2.2 时间投影室
	2.2.3 飞行时间探测器
	2.2.4 零度量能器
	2.2.5 重味径迹探测器

	2.3 STAR的探测器升级计划
	2.3.1 BES-II能量扫描计划
	2.3.2 eRHIC计划
	2.3.3 iTPC升级计划


	第三章 超氚核的重构和寿命测量
	3.1 超核物理
	3.1.1 超子与超核
	3.1.2 超氚核

	3.2 历史上对3H的研究
	3.2.1 核乳胶室和氦气泡室
	3.2.2 相关结果

	3.3 反超氚核的发现
	3.4 三体衰变道的重构
	3.4.1 数据样本的选择
	3.4.2 3H信号的重构
	3.4.3 背景的重构
	3.4.4 效率和接受度修正
	3.4.5 3H寿命的测量
	3.4.6 系统误差分析

	3.5 两体衰变道重构
	3.5.1 数据样本的选择
	3.5.2 3H信号的重构
	3.5.3 效率和接受度修正
	3.5.4 系统误差的测量

	3.6 对事件数的刻度
	3.7 对3H寿命的讨论
	3.8 对3H分支比R3的讨论

	第四章 零度量能器的刻度与能量分辨率
	4.1 STAR零度量能器
	4.2 STAR-ZDC的刻度
	4.3 实验表现
	4.3.1 信号响应
	4.3.2 能量分辨率

	4.4 总结

	第五章 STAR高阶触发系统
	5.1 STAR的低阶触发系统
	5.2 高阶触发系统
	5.3 卡曼滤波
	5.4 HFT的径迹重构测试
	5.4.1 产生事件
	5.4.2 确定初始顶点
	5.4.3 重构径迹
	5.4.4 连环对撞事件
	5.4.5 重构效率和时间消耗
	5.4.6 结论


	第六章 总结与展望
	6.1 总结
	6.2 展望

	参考文献
	图目录
	表目录
	主要符号对照表
	附录 A 发表论文和学术报告清单
	A.1 主要论文清单
	A.2 其他合作文章

	致 谢


	Yifei-Xu-HYP2015-proceeding



