M4 F B & 20215F H£66% 5 34H): 4358 ~ 4367 ¢ CPEREE ) Zek it
SCIENCE CHINA PRESS
CrossMark

& click for updates

AR g TR i T HLRI 2 s ot

e, BaRl, kg

1. 52 BRI BT I, BB 8 7 RN T S 000 %, LIl 200433;
2. VAR T AEYFLR, LT 100084
* X ZA A, E-mail: chenjinhui@fudan.edu.cn

2021-03-04 Wik, 2021-06-18 4101, 2021-06-23 357, 2021-06-24 MKk 3
[E XK B AR5 (12025501, 11890714, 11775288)F1H [ER} 4 e B I g 2 TR % 10 (XDB34030200) %% )

e HMREBFHNEELLDEAR SN FNELRE HYHF U BRETRAFTRTI RS SRR T
4 % F 1K (quark-gluon plasma, QGP)IW E Z# 4t 2 — AX RS A T RN RALET FETF L LB R T EH
JIANTAE, B4 (1) FREBFFENFGEZRHNE. AT e FAEARQCPHN, HAXEL T Hh5EF
€34 7] % (quantum chromodynamics, QCD)4 i 48 & Wik &, A IA £ H+2 B ik B AT I/ T, 557=19.6 GeV
ML XE, FRETFAMAEEMGETMBEANEEZR. fli, ERRAEERTHETI9.6GeVE, 57 7
BT FERAEER AR, EXERGEENTI06GeVERX, ZELhHFEAEREER KA THEE,
K HZQCDHENES. Q) AAMETFTR-ERABE R EMELRNEHNE. LRERUGHERIET Bir-F
#R-Ee [] (charge, parity, time, CPT)H% & % # 1 % V76 # A% - R 48 M % 4 LR o, 5230 7 CPTAH AR AR 324 ok &
ERMARTZENRE, MEFRE AT EAEEASHREZH RS, B, KINERZE AT A TO0, i
THSOFRIMELER, BN T KB E®F FNERAZE S @ Dalitzz 2. FrehMl 4 Kb ERITTEHE F-%
FZ A EERRET ENEHERF. Q) ST RRT-RTHEEANNE. LHERRMET FRHuS=3HOH
FTEFRBES-OWFFIERARENSE —F8E, RACNZBAGFEREIER, AFLEHRARRETFTA, BB TR
TF-OREFANERRL. XBHXFEET AN EMEIER, LHEEQGPH F Rk F /- HM M. W R-R 4 &
AL T RERTFFESZENIAR.

Kentdtin]

Py Rt (B MU Y R S5 MBS, 2011
LY EEAR R Y B T2 IR G F 7 TS TARKAY
. BN, e B AT A S R U AR T
RO S SRR T & SRS 2 1] B9 AR R DR
(AT AE I EAT WO A iR RIS, 25l
FHFAFEEE R LM b TY, RPN 2 s A5 M, i, 5
RIS TR, S s AEM]. e AR AIRE T, S5
TR s AR AR I AE AR T, T [ 2R 5
B KB A S e MBS T, BHERY, M8 mds

MAMRERTHE, TRRTEETR, FRENE FRET, S, 2T-HTHEEA

BB BRESR T N5 s A BE P, (R ) 2%
P B AN e M2 B €.8)) 1% (quantum  chromody-
namics, QCD)HEZE5H, (155 e FEF7E— 4L
KERERFINZS, TR R S—a 5i-IE
T4 85 4 (quark-gluon plasma, QGP)".
TR, TR A T A2
N, FEAR S Y e il e 2 A5 B 7 AR QGP. M ey i R
15 B 2 BT Y A R 2 1 2 P B A A 5T A
DRI, A S0 28 PRBE I ASTALLIC o 8 e Tl 5 25 P A i 4%

Chin Sci Bull, 2021, 66: 4358-4367, doi: 10.1360/TB-2021-0237

SIS PREHE, AR, ARART . AR B XHE har T = A WLl A SE IR i s ik . Bl24am R, 2021, 66: 4358-4367

ChenJ H, Ma Y G, Zhu X L. Progress in experimental studies of the mechanism of strange hadron production in relativistic heavy-ion collisions (in Chinese).

© 2021 (PIEREE) A4k

www.scichina.com  csb.scichina.com


https://doi.org/10.1360/TB-2021-0237
http://《中国科学》杂志社
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2021-0237&amp;domain=pdf&amp;date_stamp=2021-07-23

1, FHRXFHY FOE ST, W ERZRCR
UL T F 0 DO A O AR A - R S ) R
2 HFRGE AR, 2028704848, Lee™ 1Y,
SIRUN =N G AP Ok WU et e L) B S i Y 9 1B
BRI R A XX, MR KI5 QGP. #H
XTIV T B X 7 AR A B SR DORRE— AN I A% K/
s e, g% I R T BRI QGPAHAZ Y 5
{1 GeV/fm®)!", e S AR ] P9 @3 ) e
B PRIAEE, PP QGP. Lt T SOFEIANIESS 1,
REAZ Y 2 BHE SO Y PO S L HUS T 2,
— RIS FFQGPIE MU S g0 7 Tkl L BE. i, 1=
REEE B X P R KR BRI, AN A5 peRiE
4 53 1) 5 5 i ) SR AR U B LA 4y S B ObR BE AT A
A L T AT S e

QGPIKZF S i 75 5 J&RafelskiFIMiiller!
202280 k. FA RS wiiES
QCDHE Y FUAAZ (A Im SR AR Y, & a5 res
FEQGPH K ™Az, A ik T A IG5 JEQGPAEAE
PE T Z—. AIXT IR & X 48 T e /NG 23 ] v
RETREMBEE, AR BT & A IR ES P A AR
FIEE, RFQGPH T XI Al & (gg—ss) A AF 74 7L
PR R AR, XA RN RS RE  EE R
fe TR 2 B2, DRI P 25 o0 BB it LA G S(alternating
gradient synchrotron)_I* FI-#l|SPS(super proton synchro-
tron), FEFE|RHIC(relativistic heavy ion collider), )5 %!
e LHC(large hadron collider), I LA I 25 Hu il £
ARG, BE O X HE ) AT R
TP AT Rl — AR B X ) d B R
SEE E ARSI B RS, B, AR
I AR A 04 7 R B PR R S TR R T
FME; AN A7 S5 AU O [ B A T X
(i i e R, LHCH7E BT -5 X S
() /55 22 - E50 =R 1] o U8 ) 2] 3 A AT S R
SR ) THESE QGPIFSY S A 1 T B X v,
KTF/NR G QGPAE 5 WA LA ST Ao A
Z—. TP FFERHICHIE Y STAR (solenoid
tracker at RHIC)SC 5041 R e R A SL 3, a5+
SR 77 A AL S e e A DG T AE.

1 a5l "L S Sk
STARHEIL Al it 4 5 30 J BAHL 85 R s 7 1
I, H 35 R ERIIEQCDMSE, [45: (1) TERfE

Ui LI 2 Y QGP A AT B 2k 2 (2) F4RQCD—ZAH AR
FRIER; (3) SR ATREAETERIQCDAHAS IR F i PO Bt
FORRE AR N, RERERE L IRHAL /N, I
YRR B, U5 QCDYI R A t s E
QCDAHAEAH K A Ty B & 4 2 A B % A0k, )
R T B R B RO R e A A A — A i 2R T2,
ST far 2 AR BT R R, FEREAE X L R AR
19.6 Ge VI VT ] REAETEARAS (4 27, I8 2 A0 17 4
1 BB ity T A% 2R 40 P M IR A S i G R A LT
JeWg?

TS PR SR B A SRR I e, — A AR
XF AT regi R IESE. B (a)has O T B /& STAR
FPRE RIS . B SR T s, 52
LR BT EER B3, TG 2= G
s AR, Bl SR, A. ERRCK TS 172
AT A SR R S 06 R Xt 2 i 1 1 A TR
WK, JFERHIC 200 GeVAHE Rk BIAIL X kR
#, WA R L X BIRGER NN T11.5 GeV)
PR A S B S e X (K TF19.6 GeV)XiE o = 4k
M AR B35 2500, B AL ES5rAr T =4 LL b
1£7.7 GeVXHERE R F /R iR MH, SRIGREE RE iR
MRS FRE. X — IG5 AR AR DO = A 1
TR A Y AR PIR R —Fh AT e
7.7 GeVIXHEH = A T3 RS, T T
XHE R A3 SR b AL A T A S R S —
FHATBESZ7.7 GeVIUXHE A F5 7 IQGP ™™, A5+
SRS AR RS S b FTEwEgsE e bz
ST Fb)ER, REFSE T8 L RHE e
BERPLHI A, &R OB T 58 Fremi b & a1 5%
BRI R, XA 225 S5 S — 8 S256
AT BT R Gu R, O HR T o B s
2 TR - e 1) BN i RAR AR IR, T X AN [ A A
R AE S, DR R0 rp = A B 20

TEAIXHEE B FXHE S, BT ARSI FERZ, 1
PO RN PR S T8 25 [ B QG PIE s 22 (Y 44 Sy 2
78, AIEHSCHHEMA. SMELR. T2 4 50
HRTQ. FE R T I E T D T, KA
T, Lz 5 F U AR /N, mT ARG o £
N RGPS B, RS e R R
B 1A R, RN, B O e R AR e
i DL R GRS G RAIG, ST AR S5 TR
BATERZES, W, ¢S E 4 HQCDY)

4359



MG 8 & 20215128 He6% $£34MH

x10-3
(a)8of AE891 vPHENIX
3 + o E896 oNA57
6ok -.UrQMD 1.3 FaE917 3102
- --HSD
& LI —SHM
=40 . 110
204
oy T - 104
&P oNA49
r #STAR
of #%STARBES | {102
B
mo|
W
2'_ = 410+

10 102 10 102

V5w (GeV)

B 1 (P2 KR ) AT s T AR A T P01 L (a) RIS 25 S TR 2 S T =0 L (o) B SR e R 7 AP, 250 A B STAR SR RE B

(b)
Central AA collisions
1 = 2\ &
F o at
B (P io ©) A $
[ A g STAR
CP ; }A O
g A
@ 10" B []A/NA E
o - -l
= ¥
« ? u A AEyE-
' ® O oo
#
102 + STAR BES E
C NA49
i PG o g gl
10 102
S (GeV)

8

T 255, AR s R DA e A SR A5 SR, SCER R ARSI As R
Figure 1 (Color online) The yield ratio of strange hadron and = meson (a) and the yield ratio of antistrange hadron and strange hadron (b) as a function
of collision energy[m. Open stars are results from the STAR beam energy scan experiment, while other symbols represent early measurements in the

field. Solid lines and dashed lines are the theoretical calculation results
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Figure 3 (Color online) Collision energy dependence of the strange
hadron yield ratio. Squares represent results from central Pb+Pb
collisions at SPS. Open and fill squares denote the ratios obtained in
midrapidity and full rapidity, respectively. Stars are results of central Au
+Au collisions in midrapidity at RHIC-STAR. Dashed lines are the ratio
calculated from the statistical model. The horizontal line on the right side
of the figure shows the ratio calculated from the COAL-SH
(coalescence-Shanghai) model without quark density fluctuation™

R B EEAEM. Ll s H B # e B 8 1E 2 5,
5 3] A% T HEm=2990.95+0.13(stat.)£0.11(syst.)
MeV/c?, JZ %5 S m=2990.60+0.28(stat.)+0.11
(syst.) MeV/c’, P Seit-4if, 155145 5 J1m=2990.89+
0.12(stat.)+0.11(syst.) MeV/c™. B, M55 45 R
R RAZ « ROBB TR B 25 P A R, HBUE SN
Am/m=(0.1£2.0(stat.)+1.0(syst.))x10™*, B=0.41+0.12
(stat.)=0.11(syst.) MeV.

XPFRMELE AR S A 4. AEDT s PR —B
W A, AT — A FERR T L A ST 1
f4. 19564, LeeYang ™ 7 Fie B2, 7ES9 M E A
FIRFRRORSFIE. RIS, Wuls NEsees FiEse T
FRARSFIE. 1957411 DURIB KA T T FRRSE
R R IR, BifS, PHE AR T A AR
HARSPIE(CPRR) ™, ZBF SRS T ik DR Py By
B i FERRORSEE FICPRE N Y R B R A 7 T
YyERA ) & R, ARTCPTHNEIN N, — Ul Ffe
iy TR IS AR B AR, I HIAH, 9
5 R HA SE AR B . MR R — A



= 1 1 1 1 1 -
100~ (a) -
% aof ]
2 | —* 3H—"Hetr, dém+n
2 6o : ]
o B Unbinned ML fit
2 ]
s 4of s
o
O I i
20 -
B -
1 ] [ o] 1 4

0 A PR - PRI PR PRI T
2975 2.980 2.985 2.990 2935 3.000 3.005
H invariant mass (GeV/c?)

1 1 1 1 1 1

E (b)

30F

| S -
E —e— _H—"Hetr' dtp+r* =

20 - — Unbinned ML fit E

15F 3

Counts (2 MeV/c?)

E P O T R 1
2975 2.980 2.985 2.990 2995
*H invariant mass (GeV/c?)

(=] o
TT

= 5

L PRI S | =
3.000 3.005

Bl 4 (P8R () AT 46ALA G+ xS il rh, SE i ady TSP RASIE, nfy TR BT = MO A8 AL (R 5 () S HAR R
TSRS AN i 43 A1 (b)), SO J W AR = IR 52838 A R 45 3, SCR T i R A
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Progress in experimental studies of the mechanism of strange
hadron production in relativistic heavy-ion collisions
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Relativistic heavy-ion collision is an ideal way to study the quark matter in laboratory, among which strangeness
enhancement is one of the significant probes to search and study the new state of matter, the quark gluon plasma (QGP).
Several of our efforts on experimental studies of the strange hadron production are discussed systematically in this review.
They include: (1) Measurement of strange hadron production at relativistic heavy-ion collider (RHIC), to study the nature
of QGP from the probe of strange quark dynamics, and explore the relationship between strange hadron yield ratio and the
quantum chromodynamics (QCD) phase transition, where our data seem to present a clear difference of strange hadron
production as a function of their transverse momentum in Au+Au collisions above or lower than the center of mass energy
JSww=19.6 GeV. For example, the multistrange hadron yield ratio is consistent with the quark coalescence model
prediction when the collision energy is equal to or larger than 19.6 GeV, favoring the formation of QGP in such collisions;
when the collision energy is lower than 19.6 GeV, the yield ratio rapidly deviates from quark coalescence model calculation
result, suggesting the importance of hadronic degree of freedom in such collisions. Such a clear difference of strange
hadron yield ratio vs. collision energies may be an experimental signal of the QCD phase transition, although statistical
uncertainty is still large. (2) Accurate measurement of the mass and the binding energy of the strange nuclei, the hypertriton
and the antihypertriton, where the high precision mass measurement data support the CPT (charge, parity, time) invariant in
hypertriton and antihypertriton system. So far, this is the CPT invariant test in most heavy antimatter nuclei ever explored.
The measurement will also provide experimental constraint on the standard model extension (SME) parameterization.
Meanwhile, we obtain the binding energy of hypertriton far above zero. It updates the commonly used data of nearly
50 years ago in the field and answers the Dalitz’s 2003’s open question on the hypertriton binding energy, where the
discrepancy between data and theoretical calculation seems merged now. The data also provide more accurate constraint on
the theoretical calculation of hyperon-nucleon interaction, particularly on the few body system, where quite a few profound
phenomena pending, such as the so-called charge symmetry breaking on the atomic number 4=4 hypernuclei system. (3)
Measurement of multistrange hadron and nucleon correlations in the momentum space, with first-hand data on the baryon
interaction between strange number S=3 Q hyperon and the S=0 proton, where experimental results suggest strong
attractive interaction between Q and proton, favoring the formation of multistrange dibaryon in such collisions. This
extends the traditional studies of baryon interactions with nucleon scattering from up and down quarks to strange quarks.
We demonstrate how, using precision measurements of Q and proton correlations, the effect of the strong interaction for
this hadron-hadron pair can be studied with precision comparable with predictions from lattice calculations. The
measurement provides a test of the Q-proton dibaryon hypothesis as well. In short, our studies have enriched human
understanding of the strong interaction, especially the properties of the QGP of strange hadron yield enhancement, matter-
antimatter fundamental symmetry and multistrange exotic hadron states.

relativistic heavy-ion collisions, quark gluon plasma, strangeness enhancement, strange hadron, hypertriton,
hyperon-nucleon interaction
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