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Fig. 1. Nuclear matter phase diagram represented by temperature, ba
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superconductor?
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no= 0.16 fm—3

P BE | T e TR RN () 67 T A %0 R 2 2 7S 9 A% 0 SR PR T e I 1 SR [8)

ryon density and isospin asymmetry. Figure taken from Ref. [§].
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Fig. 2. EoS of isospin symmetric nuclear matter and neu-

tron matter as a function of the density, figure taken and
updated from Ref. [29].
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Fig. 3. Esgym(po) (a) and Lgym(po) (b) extracted from terrestrial heavy-ion experiments and astrophysical observations respec-

tively. Panel (a) and panel (b) both are taken from Ref. [24
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Pl 4 o AR 0 AR S ORI S T T 7 R
Fig. 4. Sketch of impact parameter and reaction plane in

Heavy-ion collisions.
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Fig. 5. Diagram of temperature and maximum density in
central Au+Au collisions at 0.2-12.8 GeV/u simulated by
the UrQMD model with hadron phase only. Figure taken
from Ref. [34].
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Fig. 6. Slope of w1 as a function of rapidity at yem = 0 of
proton versus collision energies. Figure taken from Ref. [36].
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Fig. 7. Elliptic flow of proton as a function of collision ener-

gies, figure taken from Ref. [37].
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Positive particle

Negative particle

Au+Au collisions (10%—40%) (a) 3 27 54.4 GeV (b)
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B8 STAR SEH I L 74 so B2 i T A A 55 20 (LB REH O AIOBIOC & . B 3 B A SRR [46]

Fig. 8. Constitute quark number scaled elliptic flow of hadrons as a function of quark number scaled transverse energy measured by

the STAR experiment. Figure taken from Ref. [46].
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4.1.1 K+ AT & SISI8 A X 69 /= A&
BT GSI Y SIS18 /i #5 1) KaoS 5246
T R e 600—1500 MeV /u B Au+Au F
Cu+Cu 5 & FhlffiE v Kt A5 1) 72%0 50 78 pp filf
AR KT A TR TR (ECA 1.57 GeV, [

112101-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 11 (2025)

112101

Le Févre et al.

,===%}U
100 b e

—
o
T

Lynch et al. from
Fuchs et al.

[TITT] Oliinychenko et al.

E=] Danielewicz et al.
Walecka model

/ ) Fermi gas

1 2 3 4 5

Baryon density ng/ng

Pressure/(MeV-fm—3)

P9 X PR T ik I 2 P A A i S BR A P R H
SCHR [34]

Fig. 9. Pressure of the symmetric nuclear matter as a func-
tion of density constrained by experimental measurements.
Figure taken from Ref. [34].
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Fig. 10. Yield ratio of KT in Au+Au and Cu+Cu colli-
sions as a function of collision energy measured by the KaoS
experiment. The hard and soft EoS from the transport mod-
els IQMD and RQMD are represented by dashed and dot-
ted lines, respectively. Figure taken from Ref. [50].
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Fig. 11. Elliptic flow of proton and deuteron as a function of rapidity in Au+Au collisions at 0.4, 1.0, and 1.5 GeV/u mesured by

the FOPI experiment, red dashed line and black line represent the IQMD predictions with hard EoS and soft EoS respectively.
Figure taken from Ref. [56].

X, i in+n—n +n+plbp+p—nt+
n+p A G KA. L, 1EXANRE X Y B T hif
Hll i, R SRRV . ot B PRRLLE, B
SRy 0 X R B 14 BRAR ST T WL . T T, A
A ARSI 3 B DX IR RO Bk R ) — S AR S

80

Symmetry energy S(ng)/MeV

B 12

60

40 +

20

&~ ASY-EOS © Mass (DFT)

r < FOPI-LAND + PREX II

= Tsang et al. 4 HIC (n)
Lynch, Tsang
HIC (isodiff)
ap

HIC(n/p)

Mass (Skyrme) i il
I"*I“_.,,..

A ROS

IAS

0.5 1.0 1.5
Baryon density ng/ng

FIAN TR A S2 6. 181 1 XA SCHK (34]
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clear matter density, symbols represent results obtained

from different experiments. Figure taken from Ref. [34].
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13 (a) 30 MeV/u i Ar+Au I, Bl fURE 1 9 29 4 vh 1 = B2 B S0 30 2 A B2 A9 AR A S AR ol 2 O IS B0 3 B 45 2R
(b) FAz LA 7 B /A BE XA T RERLR (LA X)) SEISTHA (=0 RIE) /e R EUE SCHk (58]

Fig. 13. (a) In 30 meV/u Ar4-Au reactions, Y ex/Yp,cL as a function of polar angle, curves are theoretical calculations; (b) compari-

son the slope of Yhex/YpcL in Oap < 100° from experiment (red band) and theoretical predictions (open circles). Figure taken

from Ref. [58].

TE 9 AT & T 35 MeV /u Ar+Au flfd# & 5t
(R EE R R AR I P A T, ARAS T2 R & S
(A% PR A0 = BE A A B AR b, SR ICT IR
HoE LA

Viex Zyz (Ni — Z;) ®)

Yoa > vz ’
Hry, 98 Z = 1 8¢ Z =2 [ h3LfokiF i 19
FEER, N, ZoR A B 18 R O
S B B Yy ox / Yo, cr B 50 A1 BE O OC AR
Hor R ] i 282 ImQMD+GEMINI 45 %I 75 A [A]
IFRAE S IS E Y T REE AR it L
IS 4 S S A AE R 7 95% RHfERE T,
P HUE A FE 10 RN BE B ST FR BERPR B HL Lym =
(47 £ 14) MeV. RZEJEFHIN, 2455 5 H AU th
PRI X FRBE R R A5 R — 3L

422 PFEREBRENE HIoAE ERFARRE

BT, TR T2 AP CHER, i
LRI A TR TR AR I, Xt
THIBRIAR, TR TR T— 1
B (W 2), 7EEARON R FE AT, BV 2
T2IFAEPECHERR , JET R T3 48 A {5t
TP, 5 TR BAI T, Uit TR A
5L HE AR S LA R TR0 SN2, T AL
TR R T R R E SO AR T
SAIEITREARNG 2, B Are = /2] - \[02)
T R 1 6 B % B A 1

. (2) T LI, et AE R, s
PR35 Loy F9 5 R AT LU LY Py = pox Lgm/3
Roca-Maza 55 P9 3 FXF AN [] B AR AU 25 5L 1) 43
Br, Bk — 248 1 b 7 B E S5 X FRBE R Logm
TETERYZRME S R, B Aryy = 0.101 + 0.00147 Ly, -
PRk, n SR BE AR 0 D A b B R el
DAE R 1L 0135 B2 BT () X FRBE S EL.

1989 4F, Donnelly 45 61 £ H | FH 55 40 B 1
FHEFRRASFIERAE, Sk D & )5 4% W b 53 A
7. REANBE K% (JLab) i) PREX (Pb
Radius Experiment) S1E41F| ] CEBAF (the con-
tinuous electron beam accelerator facility) %< ¥ #2
Rt Sl 1 AR A RS2 IR AR 1Y 953 MeV I HL 2R,
T - 205Ph XU 925 PREX-TT S5 A HR
ar AR ANAL 14 PR, Ho Q1, Q20 Q3 R AR
Wk VDCL Fl VDC2 ok £ 22 1F H 2 il it
FORTHL T RO B SO Fil S3 R DAL R MR R I 25 FH
AR R & K FRIE A Main Dets ) 2 Bt
564 — M H B & Oy PR B Rl A 92 (fused-
silica), AT ML UM M T RO T AL, B E Rl
PRl & —MCHAEI A, BL R AR Y
PHERIRIGIE S B 14 it e 2 3R s BT i
TR, BLFRIEHPERU R4
— A FIER AR, SCPR PREX SE Y, 04 3 HLF
T B AL T AU L A IR (GEM) 87 R 5 r
BRI S, T ARG AR R A
i B OB BRI, LR, AR B A R A
77 10 B B R TR 10 [T ER 2 5 R
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Apy = 550 & 16(stat) =+ 8(sys) , 4% & Z Al 52 56 I &+
FI A 205Ph 1 HL A 22 42, 1531 205Ph B ) F 2 R
4 (0.283 + 0.071) fml62, XX FRAERIR Logm =
(106 + 37) MeVIS. & 15 K 24 §if X FK fig = %L
Leym — Jsym FISEER L5 R MBS T, PREX-TISC5
iR MR 0B, 25 PR B Lym =
(58.9 4 16) MeV 4 HCMELFIER 25 437l FHET (50 2k
FIHE 2k 7. 7] UL PREX-TT H2 B X 7k BE 2 50
(18 HhC (-5 A S 56 P 2 SRAF AR IR 25 5.

Target Septum Q1 Q2

Ny 1AM
] I RN

14 PREX SE303% &R 2I1E . B R HUH SRR [60]
Fig. 14. Schematic draw of PREX-II experiment. Figure
taken from Ref. [60].

120

PREX-II

10—

Constraints on S,—L

L/MeV

15 RE RS 3 F S 45 1 X PR BES ST Laym — Jsym
YRR, BB (5 250 B O PREX-ID 6 45 58, 21 €8 S22 Fl
2R R HA S8 PRI Lsym = (58.9 £ 16) MeV Hy s
fERIIR 22 . [ ST H SC#k [63)

Fig. 15. Constraints on symmetry energy parameters
Lsym — Jsym , open circle presents the results of PREX-II
experiment, solid and dashed horizontal lines represent the
central value and error of Lgym = (58.9 £ 16) MeV, re-
spectively. Figure was taken and updated from Ref. [63].

W, JE8ak— 45N PREX SEIR IR, SR
— PR S HL - HO S 00 A A S 9 R 1 A AETE
D5 S 2 S 1) G A

423 PFERAFRESF XA E

H S e T R R S I T A BUE
JoT i O — - B, S E R AE RN 200 MeV /u—
3000 MeV /u f9 T 25 il 48 1) ol KO & 7= AR 2%
FEN 1.5p5—3.5p) MY, T B4 B i
TR FHOR R, TR S 2 PR BT AT DL
XHRRAERY TRk, P 12 AT UL, H R FRAE Bym 75
1 B AT N A AR KA . AR A R
AR ST B R o A 2 XX R 114 S 6
zEH

T 125 %% DX FR BE BT MR (4544 00 b= A= HE
JRAER, X B R S I, Xl e T
FAR RN AR T AN R, 225k 1
TE 2002 4 1 S 48 b R0 BT B 4R AR R Y L
B (B Z (8] 1 22 ) 1T DIAE S BF 5% s %8 DX X R
REAT R B RBUBEREL . T 5250 b P - 2 R0
HUKG BE 3025, A 1 v 7 2 MR i 1 5 36 50 ok
GSI SIS18 fni##s Y FOPI-LAND 5256 F1 ASY-
EoS 35
4.2.3.1 FOPI-LAND 31§

1993 4F, f[E GSI ) FOPI-LAND 5236 14 ¥k
T 400 MeV /u i Au+Au ki b p - F1E4%
(AT Q = 1K+ T BT ROV 11 J7 7] 9 & S5 0
S, TESCHR I FR A “BF i 04, B TR Y
S N T 1997 4R, BT DIZCCE Th IR HREL
H TR SR A (B3 o PS5 SR L) 2011 4R,
FF T T R, BB TR R T MAR R
(R Q = 1 WRLT) B2 I AN 1520 3 5 PR A
56 . FOPI-LAND 5255 B ¥R 0 45 41 Jm 40 141 16
PR, W4 R CE %) IC F1 PLA 5 FOPI 52
IO — B BOR I &%, Hor 1IC M H B = (ionization
chamber)#RI £, PLA i 71l 512 A8 XU B G H
fEHAEE (PMT) B2 A SBH AR SR A R 252 >
Byt PMT {52 H A8 A 7 dd B, FH 00 ki 1A %
A3 Bt TR] R 76 S DN R R BB, XU PMUT 352 H 1
SRR % AT LA 3 A i 11 B 0 25 3000 3R ) o v
PLE. AT IIRARRER FRORERE B, 7E PLA R
BT IC BRMIES, dE— Bk il . 1C M
PLA 8 3% 0° < ¢ < 360° J7 o7 f Fl 1.2° < 0 < 30°
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WAL 454 1C I p L far | 7 B (5 B PLA
PRINZR A 1 RATHE], AT ASESIHAT 1 < Q < 10
(A% Z. RHE IC A PLA 125 (6] 4346 s
22 EE N, e g S g Y- TR AR SR o0 . LAND 5
MR T8 JEEE N 2 m x 1 m x 1 m A5
i, N T E AN A2 (B X8, B LAND 7EJ8
JF I NI A 0.5 m [ 2 A5, 25I7ER 16
tiRicy LAND1 #l LAND2. 4 i LANDf® 54
FASTEK L FE L SRR 200 m x 10 mx 10 m [ 38k}
DN RRARERIN 2%, B 500 i TE LA 200 em < 10 cm
M) 11 28 GMNEIEE 2.5 mm, N)ZEE 5 mm)
110 ZJEEE 5 mm [ %8 [N [a] B 3 2 g, A4~ 2
NJZ I PmHE A6 S, 10 2 NGBS 5 I
WA 1) PMTSE B[] 30 . 20 43X R B4 2%
FATTARKRHES ], sl T—)2 LAND #l#%. LAND
R #5 ALFE 10 4~ X FE B B 45 2 (LAND1 i
LAND2 735446 5 AR ), HL IR 2 ) 5
JUI A KB A E AR . 5 FOPTIEY PLA 2%
oL, AR 25 500 A B St ) PMT 45 H B ) 158
I {5 2k P s AR A () 22, AT A A IR AR
T E. T X o BB Flp -, % LAND1
F LAND2 44800 #5 Hi 10 23 0 e T 5 mm A9 ¥
RAFEHMES, FERAFA T 1 R BRHZ 0 25 45
RERIIN &, AT LAIXARHAT Q = 1A Q = 2 UKL+
TN TLAND #2814 5T AP B DL SCHk [65).
LAND1 #l LAND243 51| i & T #5253 55 7 m ANl
5m 07 8, H 535 3 55 S O = 73° £ 12° F1
Brap = 45° + 8° FBK AL,

{16 FOPI-LAND SZBG 4400 & A J= P 181 R L SCifk [64]
Fig. 16. Detector layout of the FOPI-LAND experiment.
Figure taken from Ref. [64].

2011 4, Russotto %5 66 | F§ UrQMD %z 1
R 38580 CP BT TR B T %
FHEAEH, BRI R 3 GER 5
k) AT 400 MeV /u 1 Au+Au R FEEE, 145
AP FRBESE A T (9) R B9 TR BB 2
AL

Egm(p) = 12(p/p0)*"® +22(p/p0)”,  (9)
Hiry = 0.5 1y = 1.5 435516 0 BRI B X FRBE. 38
Ik bl S 56 FARE R T Ay v~ AR A0 [ ) 2
S, RITER el S b 6 Rl S0
H: 55<b< 75 fm), FEHE] v =09+04 (BFE
GEit iR 22 T R GER 22), X A E 0 0 4R 2% B Ak
X FRAERER Lym = (83 +26) MeVI0tl; £h4 5044
SR UrQMD FERISAIEE SR B2 B i X FRBE AN
JEE A M G 2R AnEL 12 v i) i ARFER XK. 2013 48
friz B TuQMD (Tibingen QMD model) H /1)
XEFRAERH T T s K1 Gogny J1, #4811
400 MeV /u 9 Au+Au il ## , 3+ 5 FOPI-LAND
S0 A S HRE A SRR R A X AR BE S AN Loy =
(122 + 57) MeV fl Ky = (229 4 363) MeVI07, Jt
T FOPI-LAND 5255 1) J5z 1 v~ 158 I 45 4 152
FIEFE, B UrQMD F1 TuQMD 45 H i BR il J&
—Z.
4.2.3.2 ASY-EoS S£I&

F T FOPI-LAND 5256 il 52 1] (% 52 i+ il
o PSRRI, TEHR IR XN FRAE 7 T () AR AL
P(WAS 4.2.377), 18 GSI T 2011 4F i 4T
ASY-EOS 54w, HHMAETEL R L RHE XL
400 MeV /u B Au+Au flf 3 58, F— 28 &%
N H BT R P SRR SRS B, AR T
— 25 BRI 6T B BE T % DX 1Y 280 [H]. ASY-
EOS SZgnil g Jman &l 17 fs.

B 17 ) BB SE AE 5 B B4 i Microball,
EAEH 50 BUEE N 3.6—5.6 mm [ CsI (T1) Ak
FEL R ) I A~ B, 78 55 (A A XA 60° — 1470, L
F BRI 5 A DX S AR LU S
. CHIMERA #RUl £ 52 B 352 3t CsI (T1) ik
3R A D RUZ I B RSN ERIN 25, 7 56 AR
Bl o 7° <0 <20°. CHIMERAT DL 5 A =
1—4 [RF-. ATOF 5 2 28N, AR
LR 1 m? OB TS 3.7 mPNi e, o < 8°
70 [ %) 25 8] XS g 2 AL 48 AN 98 IR BT
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AN ATCH R 98 JERE A 110 em x 2.5 emx
1em, P4 BIFEA 14 PMT; ATOF i 58k +
() RATRF ], A KT HURE 78 28 A P ) R 40 2
HR A QAT I ] AT AR RE &, ATOF AT LA 43 Hf i far
Z < 10 % ER, (HR%F T 55 A9 B 1 FL far 43 HEK
AT AZ = 2 ATOF R a] 433 5 5+ i fog
FHIG, XFF Li #f 7 SLAUEHE] 53388 300 ps, X T HE
faf @x 10 A% - BLRY S [a] 43 3 R 100 ps. M4 &5
A~ ATOF TG ot (4 R[] 25, 7T LSS B8 7R
2507 1) WA B, LT AT 4% ) B AL B R
+2 cm; BT ATOF HiJ5 W )2 3245, B> Hit
TE KT 1a] LAY {4 437 B 0 HEA 1.25 cm. LAND
B Z8AE FOPI-LAND SZ56 iR E AN, A
AR 2m x 2m, JEER 1 m A 10 8N
HIMZE (LAND1#I LAND2 f949f). 1T LAND
PRI A8 FH T A2 1 P2 M e I T T, &
| LAND WGSBS (veto) KBRS HEHhTH1
HHURT, AR HR AT R AT, OCT ASY-
EoS MSEEGA Y, 3 UL 3CHk [68]. H1F LAND F#
25 L T2 PR BB N S U, 22Xt LAND /9 AT
0 11 R 5 5 S = 1 SOl i == e SR
A BT RN (FEER A FR S 2 SR A BTER),
SECERT A X BRI A 20 R B SRR, T
X 2 )i Microball [AJ#£ ] DIic S EME B, 81 F)
FH Micaroball il CHIMERA i #55 {1435 1 it )2 %
B, B st R E 20% LAF.

KRATTA AToF wall
Microball &, e s o
Start i a " Beam
detector | CHIMERA axis
1
: —
= l'- 1m
Oy
> ' veto wall
1
) Microball
Target ~__ o=
- ‘/
LN LAND

P17 ASY-EOS SEB HI %415 J= P, 18 A SCRR [68]
Fig. 17. ASY-EOS experiment detector layout, figure were
taken from Ref. [68].

& 18 Sy ASY-EOS 52 55 il & 1Y 400 MeV /u
() Au+Au Rl (b < 7.5 fm) H 7R HRL TR

T AR o5 fost SRS iE A OCHR (FRETTHE), AR
FRTHRRAEE AL, B b = AR 45110 UrQMD
FERE (4 = 1.5) FIEK (v = 0.5) XFFRAERT B3 45
R, LR IR TR A AR I, 5 Sk
BRI vy = 0.75 £ 0.1, X X FRbES:
B Logm = (72 + 13) Me VIOl 30425 %60 % FR e Al
W EHTBRE , DL 12 r ) 35 {0 R 2R X 4.

1.3F v=0.75 £ 0.10
1.2F

11F
1.0F
0.9F
0.8F ¢
07F & L]

06" o

0.5 F Soft

04}, . . . .
0.3 0.4 0.5 0.6 0.7

n/,ch
vy /v§

%/(Ger‘l)

K 18 400 MeV/u B AutAu2f il (b < 7.5 fm)
ASY-EOS 5 46 Il 1t 3 ) w7~ A rEORE 1 4 B O A9 LE 1
ol Josh RS Bl B OCHE (BB (7 HE), = A R R 4 A R
UrQMD 78 (v = 1.5) FI¥k (v = 0.5) XF Fr g B 1 57 45
A, TR X BRI I A R AR M A, 15 3] S 50 R
PF AR RIFIT v = 0.75 + 0.1 . & 5 B Sk [68]

Fig. 18. Elliptic flow ratio of neutron and charged particle
as a function of transverse momentum, in semi-central
Au+Au collisions (b < 7.5 fm) at 400 MeV/u measured by
ASY-EoS experiment. Triangles and squares are UrQMD
predictions with hard (v =1.5) and soft (v =0.5) sym-
metry energy, solid line is the linear interpolation of predic-
tions which can describe the data best, correspond to
v =0.75+£0.1. Figure taken from Ref. [68].

424 AR a /ot FHLH RS E Kb ARt &
2002 47, ZE 4 WP m [P AT LAAE S F
FE T X FRRE A LR AT UL ) 5 — R ST
s B () SCEE 108 T ARSE T o /ot PRR AR S F
5% i 2 X FRBE B A, iX SE PRSI o A BE w7
A BR3P REE R, A T8 S A &
T F=A B UIAI O, Tk R RE = T, %7
BFa & R « A F, tEREE « i F
BRI | P R S8 TRV, S /at Y
FERIXT By WU B Bl 5 fiE 5 T 50 2B W R AIR. A
GeV fEX H B TRl b, FSHBAR 32 FH 1
PR (n /mt PR AL ) Bl 2ok A AR E GSI
1 FOPI 52 5 Al i 1] H A Ak 2= 6 58 Fir 1) RIBF
B H L) SwRIT SCH I & 25 58, T i faj 22441
XA | SLIR A R AAH OGBS THE.
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4.2.4.1 FOPI XIGH « F=EiLL Bl =

2007 4% GSI 1) FOPI SL &R T — R HIL 5
4553 0.4, 0.6, 0.8, 1.0, 1.5, 1.93 GeV /u ) “°Ca+
40Ca; 0.4, 1.0, 1.5 GeV/u [ *Ru +% Ru fl %6Zr+
%zr; 0.4, 0.6, 0.8, 1.0, 1.5 GeV/uf¥ ¥7Au+
197 Au B W R GEH n PR PR AILLL L AR A
MR . 3T FOPI 8L 56 iY o /at LU AE I 12 25
R A58 F s B R FE B PR R S 4K, (2
B TR, AW e RS 1 T AN
B RTFRBESEL. 2009 4F 1 RN 4% 72 3T [l 47
e A B AR Y) TBUUO04 5 F iy is AR, 1580 T
400 MeV /u [49Ca+ 4°Ca, %Ru+ %Ru, %Zr+ %7r
FTOTAw 197 Au o0 ilf $8 (b)/bmax < 0.15) H1 )
/a7 e . 19 B R S FOPI SE 5 il &
400 MeV /u MR O RERE Y o /a7 40 b5 Al
RS N/ Z MR C R (%502 TE). IBUU4
RIETI (2= 1) 15 (z = 0.5) B (z = —1) Xf
FREER 1Y = /nt FE&LLL, 25 5 o0 AL 6 = fE |
PR S5 R o R VB R A E A S A A A
WAL, K v = 1 BT BIS 55250 ™%
AT, AT SR NTE p > 2p0 YK,
XIFRBE Esym (p) K. SR, 2010 4F- 15 JK PRAE [79)
e RGN R A A s e e A e o i

2.0

197 197
1.8F Au+197Au
3ri1e6tk M Softer
1.4 967,14 967,
1 (N/zy r+°Zr
1.2 F
9%Ru+%Ru 0.4 A GeV
+ 1.0 L 1 h /)l(
£ 0 0.2 04 06 0.8 L gTE o
L ol b/bunex X% B2

ol (N2

¢ FOPI
- MDI z=1.0
-%-MDI z =0.5
-©-MDI =0
¢ IQMD
0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6
(N/Z)sys

40Ca+40Ca, < -

& 19 FOPI SZEHIE 400 MeV /u Mo o= /nt
JEA L X A ARG N/ Z IR (550280 ) A TBUU04 B2
AIME z = 1.0 (X EoS). 0.5 ("['4§ EoS) 1 0 (A EoS) B 45
HILE, B R BCA SCHK [72]

Fig. 19. n~/nt yield ratio measured the FOPI experiment
in central nucleus-nucleus collisions at 400 MeV/u as a
function of N/Z ratio of the colliding systems (open dia-
monds), and compared simulation results from the
IBUUO04 model for z = 1.0 (soft EoS), 0.5 (medium EoS),
and 0 (hard EoS). Figure taken from Ref. [72].

(ImIQMD), FEiZBRId « fr=A: FEOR H A(1232)
FIN*(1440) B9 5EAE | I F [RFE ) FOPI 52565 14 %k
i, FAF R R XM FRAEZE EoS. 2013 4F, I3
M RN B BUU BERIHE T o= /at (477
ilk, 5 FOPI SLm 8udl LW I, 15 il 4518, RIAE
1 2 X FRBE SRR Y. AT DL FEES b A 2
V£, ZF FOPT SZ500 & 1) n— /mt 72451 FL B I 2%
XX PR eSO FEAE RIXE.

T R S B g, AN R BRI Z5 T
ANFIZE e, At S0 N AR - is BB 5T
F 2014 4F )3 3 44 M “transport model evaluation
project (TMEP)” B3], HLHAEA [l 4m A4
REMT, AR RS, DIk ig it
s B K R AR A R AT Sk, G T A SR 3
) i i AR TR L 5 22 Sk [75). #edlt, TEMP fiffF5¢
T = A FAE 270 MeV /u I H & F Rl 0 5= 4z,
Hrp 4145 4 13T Boltzmann-Uehling-Uhlenbeck
(BUU) #1 6 5T 14> 73 J1 % (QMD) £l
HILLEE, A T AR e 2R, Hh itk a
+i5 2l 1 AR 0 AH BRI SR~ By B RO (79, g
T ia B ()35 6 AR SR, X T R A s
B R ) R G AL R AE L SR
WX EESHEM ST EERN. 55, 18
BEVLELOC #£# /) E895 5255 [, GSI 1) TAPS
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Fig. 20. * multiplicity measured by HADES (squares),
FOPI (filled circles), Stream chamber (triangles), and
E895 experiment (star) as a function of (Apan). Figure
taken from Ref. [81].
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&l 21 SwRIT 52464 & &, &5 B SCk [84)
Fig. 21. STRIT experiment setup. Figure taken from Ref. [84].
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4.2.42  SaRIT LIEME « F=HiLL

H 22 BRAL 22 0 55 07 0 O PE R 4R (RIKEN
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B (TPC)MS) % TPC W TAESMA R 1 M5
HERASER P10 K (90% SR 10% Y F 2 ),
AR F P Ap/p = 2%, F S BT 19 RE
(AE/dz) o] LISE R AT Q = 1—8 Bk F, ilad i
WA E dE/dz (B E, 7T LIS S ot | p, d, t,
34He, Li-O. TPC ) W 4>l 1 (i Tyoto-Array
. Tyoto-Array 35 2 2H 30 A~ RF A MR AR HR
i, BB IC DG RSl R A O B
ZAZ T T BES (multi-pixel photon counter,

MPPC)icsk. TPC HYHi H KATANA N[5

o, B 3AEE N 1 mm, mAA 100 mm
(%8) x 400 mm () KN (Fr i KATANA-
Veto, ¥8 R BC-404), DL &% 12 IR 10 mm,
AR 100 mm (F%) x 400 mm (/&) BYEERAR (FR
A KATANA-Multi, #¥}8 BC-408). KATANA-
Veto B T AR I, i T #4630 19 I 5%
KATANA-Multi 4 7 HE F KATANA-Veto
ROZEm, 5 HuiltEF KATANA-Veto AN, Tyoto-
Array Fll KATANA ‘% 3 58 i 5 19 559 B8 7 4n
& 22 frw B9, S Tk oL Al R 7E SwRIT
S0 RS Y fh & 2514 R Kyoto-Array o AR
>4 5 KATANA-Veto MF5H 7 <20 B9,

| 22 SwRIT SZ 56 77 Tyoto-Array FIHT £ X fah % 34  #%
(KATANA) ey e . 8 B SCk [87)

Fig. 22. Photo of the Tyoto-Array and the KATANA de-
tector of the STRIT experiment. Figure taken from Ref. [87].
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(a) (b) _ Y(n=)/Y(nt) 1324124
6k 132Gy 124Gy | Y(n)/Y(nt)i0s4112 13
Data
© B - 2
g <
E 4 112Sn+ 124Sn 7 * - - 2 ;
/‘; e - - =] = - Fg
— e =) o
1088 1125 ,X & 4+ M
- 4. a A
P = =
2 ek T < g 1t
1:2 1f3 1f4 1f5 1j6
N/Z
B 23 (a) SRRIT E 5 U & 270 MeV/u if, A6 Sn+Sn i R4 o/t 7= & Lk ; (b) & 4t ¥2Sn+'24Sn M 19Sn+112Sn & 48 %

a /ot PR 7 A S BRI RS R TR R B ARIT. 1B IR SCRR [88]
Fig. 23. (a) n~ /a1 yield ratio measured by the STRIT experiment in Sn+Sn collisions with different N/Z ratio; (b) double n~ /nt

yield ratio in *?Sn+!2'Sn and '%Sn+!'12Sn, results from 7 transport models are marked by bands with different color. Figure taken

from Ref. [88].
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SRR YIS, 5 SRR RSO A EHE A — 2 X
WL Br i o1 B ESE P A B 1 i A (hyperon
puzzle)” . I B4R TR 2ok ik Y S
5, Forp HB IR RO A DRI 208 7 1 — AR EAE
SR X P 2575 RE Y BT O, RS- by T
BXT EoS #ALHY 5Tk 18—, Lonardoni
S0 JE TR RN ISR R P Tk, R T T
B4 (YNN) HHEAE RIS BORZS J5 7 Y
. P 24 Fs b R BUE (M) IR (R) 1Y
RFR, Hoap @ XSO 5, 20 X AR A
Py SRR b ANAH AR RS T R R M-
RIOCE, Horh 25 j& T WA il DL A B8 A% Hde 1Y
YNN FHEAE, & B0 = (AR B A P 52 ) DLaE Ak
EoS, {HZM A YNN A1 EAEHIE 1L EoS BYFEE R
ARRZES:, BEWEVFE S EIXH YN AHEAE R
SHR JREOOT T S R A B e AR

2.8

2.4 PNM

9.0 PSR J0348+0432

AN+ANN (II) PSR J1614—2230

S 16
2

1.2}
. AN4ANN (1)

0.8 F

0.4F AN

0 L L . X
11 12 13 14 15
R/km

24 rhyRFUE (M) MIEAR (R) FOCER, Horag (X
R BT, L0 IR R TE R PR Al AR AN AR B
TERE 7 B M-R OCH, Hoh 2% [T IR Al L) il vk i
A ) YNN FHEAE AL B A B E SCHk [96]

Fig. 24. The relationship between the mass (M) and radius
(R) of a neutron star, where the green region represents
pure nuclear matter, and the red region shows the M-R re-
lationship of neutron stars after incorporating AN interac-
tions on top of the nuclear matter, considering two types of
YNN interactions that can both describe hyper-nuclear
data. Figure taken from Ref. [96].

FF SU3) MRMEMARIAIE, Gerstung s 1%
BHTETTET (YN) M =R
(YNN) A BAEF 5 X6 FRAZ 4 o iR 3 A -4 40 ot
TR R BB AR ER, B anE 25 fis. 7T LLE
w TE B X, PR YN M EAE R =k
YNN FHEAE R AR HE R 4. 3 L R) f B af AR
BT AE 525 b G ] B2 U W o 8 B AR Y YN
I YNN AHEAEH.

F(a) Symmetric nuclear matter
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> 200 2+3BF
G.)
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=
<)
100
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K25 xR BT () M TG (b) ', BT T
(YN) FHE T 4% F- 4% T (YNN) = (A B AR T R 2% 1 Y oA
B R, B R B SCHER [99)

Fig. 25. In symmetric nuclear matter (a) and pure neutron
matter (b), the hyperon-nucleon (YN) and three-body hy-
peron-nucleon-nucleon (YNN) interactions as a function of
the density. Figure taken from Ref. [99].
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TR EEAE IR X L8 ol B BB ISR
Jo 5 MRS 8 B - AH EL A P R A o AR
Pl 26 T 7% S B i 3 H 7 45 AIE 1R RE YOG R 101,
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HRER MG RERIFGEAL, REHE E Ak
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3—7 GeV X [AI7E H.O PR EE X R 3 H 7740, 1 #4
FIE R RERS E PR IA 3 H PR R A, R
£ 3 H PE4.

0—10% collisions ® Au+-Au (2022)
T B Au+Au (prelim. new)
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3k [101]

Fig. 26. Production yields of hyper-triton iH as a function
of colliding energies in HICs. Figure taken from Ref. [101].
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Fig. 27. Directed flow of iH and jl\H as a function of the rapidity at 3 GeV Au+Au collisions in 5%-40% centrality. Figure taken

from Ref. [102].
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Fig. 28. Chemical freeze-out temperature (7) and baryon
chemical potential (up) extracted from HICs with collid-
ing energy /snN =2 —5020 GeV. Figure taken from
Ref. [108].
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I, SEE IR AT LAZS A DD A 5 2 e 3
AHAZ I S ) OB X A AR R e AU X
1) T A R S BRI, 6 T AR R A Ty R AR 4544
5T BARIL L. O T REANET 58 B8 P ok
J5T 5 B R 1Y RE AR OC R, RHIC 368 1Yy
STAR SEZHGAE 2018—2022 48] L) 155 — B Be iy
AE R I LI (BES-T), BUS T 3 it e Bl
VA = T.7—27 GeV [ Au-Au ilf 1 4 ; I F
2022—2024 4 5¢ B T BE B 4 1 0 28R 1R
(BES-II), £ 4% — & 51 1Y) & 5 8 55 5, BES-IT A1
T RER /s = 3—13.7 GeV Y Au-Au filf i 51
L1113

T LR py— S B Y BB e T
HHEX, BRIz ie X S 8g 8 7,

FU TR T S RS BT

ik [108] $dEH 72

Table 1. Heavy-ion accelerator in the world and its

typical Experiments, expanded based on data listed

in Ref. [108].
Facility /5NN /GeV  Period Experiments
Bevalac 2.0—2.7  1975-1993 EOS/et al.
SIS18 2.4—2.7 1990—now FOPI/Hades/et al.
FRIB 1.9—2.1 >2025 AT-TPC *
RIBF 1.9—2.1  1986—mnow SaRIT
RAON 1.9—2.0 >2030 LAMPS
HIRFL 2.0—2.4  2008—now CEE/ETE
Nuclotron ~ 2.0—3.5  2000—now BM@N
JPARC-HI  2.0—6.2 >2030 DHS
SIS100 2.7—5.0 >2029 CBM/Hades
NICA 2.7—11.0 >2025 BM@N/MPD

RHIC 3.0—200 2000—2025 STAR
SPS 4.5—17.3 1981—now NA49/NA61/SHINE

AGS 2.7—4.8  2022—now E895/et al.
HIAF 2.2—3.5 >2027 CEE+/CHNS
LHC 2760 2018—now ALICE
LHC 72 >2027 LHCb/ALICE-FT

& T i C 2423 RIKEN 9 RIBF % & |1y
STRIT L&, A JLAS TR SE 7t i 525 n 3E =
MSU 1) FRIB |5 T U R Y EoS 5255,
HIRFL-CSR Wi = A% P i i 354X (CEE)
SEHS | fEE FAIR 25 ¥ (SIS100) A9 CBM/Hades
SCE . R T NICA %6 8% A9 MPD 325 |
HIAF %% & Iy CEE4/CHNS, #i[E RAON %% &
A LAMPS 525645 26 1 Feail g LA R B hnE a5
B E | T TREE 0 2R AR B AU DG SE BG5BT
ST T TR A A A T S N R B R St S
YR B L.

6.1 {E=E FAIR #EF1 CBM 3218

#81E FAIR (facility for antiproton and ion
research) 3¢ B 1Y fil # #% 24 SIS1000, BLA 1Y
SIS18 fEy SISIL00 iiF: A . SIS100 REMEHAILI
58K 2.5 x 10" ion/cycle, fix i AETE A 29 GeV [y
JEF R B TR (LA Au) A 1x 1010
ion/cycle, fxmRERE] 11 A GeV; k¥ (LLlN Ca)
) BE o 14 A GeV. SIS100 Jin # #% T 2017 4
7 AIERIFE, BT 2029 - 4RB1T. 7E FAIR
B A 2 AL 43 T R i e Sl 4 S
% CBM (the compressed baryonic matter) 5%
I M F HADES (the high acceptance di-elec-
tron spectrometer) S5 B0, 33 A S 5625 Rl
BTN SERR)T, E 29 FiR R CBM 5250
Hades SZ50 #0575 22 5] [0,

CBM 5 5 % e — 1> 8] 7 L 255 5 i RE S 98
f, B —A N 0.5 T BT ek,
PRI G5 RGeS 7 AR HES . LE Rk PN Rk
OIS B MRS (MVD) 1R i 2% 42 7 1 D 2%
(STS); STS W5 M2 TH - (IR T) Ml &2
B BAEUIeBERIE N (RICH) FH T2+ &
FERMI A (MUCH), 3% P 4R T 25 42 2 78 ] — 3
B b, FRICE H AR FH AR R PRI R A
F T 26 00 B R A% 0 Y 2 R AR S AR g
(TRD), TRD ) J5 M /& % T 2 < B B 1E d =
(MRPC) #y ©ATH AR &% (TOF), a2 T
) A5 0 S TR R R RO R R R DNAS (PSD).
CBM S8 it i fre e 951448 10 MHz. 1 5%
P AER PR, CBM B £ 4k ORI G fil A 1)
TH TR IR 58 AR R 480 Fn =
e, BT CBM SE46 2 SIS100 JnE #% 19 2 — 14~
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K 29 FAIR 3 H LAY CBM SL560 M HADES 556 04 I 25 41 J5 R B . 1 R B0 SCifk [40]
Fig. 29. Schematic diagram of the detector layout of the CBM experiment and the HADES experiment at the FAIR facility. Figure

taken from Ref. [40].

i, Wit CBM SE55H T 2028 JF i 52 40 MU 4L
CBM S5 R T ot B I s B ok 1, o A —AN e
R & HICs H=E T (045 epm Al
wE). HTFRFAS S5 M EAE ], 764
Hh A T AT AR S KCBR, SORE R S R T
KR AR B 3 A K IR = A ) — Sk -
RN T ST Brh 78, i SR IR
DR, 35 T AR IR SR A T
BN B2 T CBM SE5 i B LS AH G /Y
G5, MRAIMERE S % CBM S5 1Y HE A R
:I:} [115]'

6.2 fi B H#f NICA % & #1 BM@N/MPD

1993 48, B WK S ATF T (JINR) 2K T
i AT DA 4.5 A GeV EH BT Nuclotron
TN AR, 3T Nuclotron B9 [ & #1525 BM@N!10]
T 2018 4EJT 4R, BN@N Fir E 78 55 A RE 1 Bl
2.3 GeV < /snn < 3.5 GeV. 2013 4, JINR )3 3
B — AT e RO B XA ) o o ) o
NICA (the nuclotron-based ion collider acility)!7.
Nuclotron fE4 NICA 7 A#%, ki F 4k S 7E B4 1
2NN R PR PN B B S 11 A GeV, FFIF
JEXHE LR, NICA 38 i E T 2 /R, H
H LA X B 2 3 A2 MPD (multi-
purpose detector)*!l, MPD 5Z 4 19 3 228l %= H br
MR FEAZ Y BOR S J7 B AAZ Y B A 4544 . MPD
S ) PRI g A — G R B 0.5 T 1Y
IR R PRI AT Ry S SR A A
H, WE 30 Fios, N EEREEGE % (TPC)

FHF HRE S8 A R T 1 Sl i, TPC 142
S RATIH AR 28 (TOF), TOF Y 4N A Al 25 4%
Iy A R BERY (ECAL), 8 kil & 1
G TFHIBES:; 78 MPD 3 A4 /N RE DX s B mi
£ X5 TR RERS (FHC), F R 52 1% SF 1 FlE
SRR G BE. MPD SEER T T 2025 ARG T
Kizf7.

6.3 #[E RAON K E LAMPS %I

RAON (the rare isotope accelerator complex
for on-line experiments) J& i [ 1F7E &1k (14 H g
BN ge e E 118, RAON $e & ] LUK p-U Y
It A 88, BT SR B9 RE B 600 MeV, Ar i
JRAERE N 300 A MeV, U HRAYAER N 200 A MeV.
BT RAON Y JBCH P R 4 ] DA™ AR i i Ol 108
particle/s. BE/ N 250 A MeV Y Sn R [A N &K,
XA B e 8 I R I SwRIT S£ 55 A9 Sn+Sn
ilf 48 S 95 AU it /B 7 A LR R B 2
BOBR TR HUORL T, LAMPS S256 A if 4l 45
TR A%, FEIZRE DX 1) [R] 28 52 3 vh B — o
TP

RAON 3% | i) LAMPS 525 19) 8 LT
DA 1y B O T R A% ) B R S O R 1Y) S 5
5. 18 31 2 LAMPS 525 (0 45 00 % A Ji 7 = 1]
LAMPS 5250 i)z e — 40 TR 2 A i 2
22 %M (BDC) FI[A] S s AR% I 4% (T0), #EAY
FEE I R4 % (TPC), FHR I &7 ok 76 T
VESUAR T RE S e g, e 258 OB T 48 531
TPC HYARFRFNT Sy o 222 1 Hy SRR BRI TR I 8%
R RATHT RIS (TOF), FF Ik 7 19
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€ 30 NICA % ¥ b #) MPD SRR 4841 R /s B 18] TR 0 SCik [41]
Fig. 30. Schematic diagram of the detector layout of the MPD experiment at the NICA facility. Figure taken from Ref. [41].

Time projection chamber
(TPC)

Solenoid magnet

Starting counter

(SC)

Vacuum

chamber

Beam drift chamber
(BDC)

Time-of-flight &
trigger array
(BTOF/FTOF)

15111

Neutron detector array
(NDA)

31 8 RAON 4 % |- LAMPS S50 4600 85 575 25 1. F&1 4 B Sk [45)
Fig. 31. Schematic diagram of the LAMPS experiment at the RAON facility. Figure taken from Ref. [45].

TKATHT[E], LAMPS B fie T Ui 0 2508 ) T AR
2 mx2 m RIS (NDA), NDA fff 12X
FFEHMES (Veto) A1 PULL HhFHRMZS, H—4lh
TR 254G 2 J2 3 10 b 7 TRAT I ] R 2%
B2 O AT BRI AR AR 20 S RSE
10 cmx 10 cmx 200 cm F¥ %5 8} A %’%MS%#:HH@&,
BN HEIN S0 W 0 S 1A B AR A
5. RAON ZE ¥ F 2011 4F R el ad, 1RIF 2027
A58 e RE T B TR A I, LAMPS SE50 i3]
T 2030 4F T b5 52 g BRI ().

T BUPCRA T RERGRAE T ES
P&

T T 1989 AF A >4 M HE 2 - ol #4895
4 (heavy-ion research facility at Lanzhou,
HIRFL), HIRFL RE#2 /N T 100 MeV /u ) H B
F A, #E HIRFL %6 & 3k L 2008 47 4 A 1)
22 M B N A8V A AE 5 (HIRFL-CSR) ¢
B, BB 1.1 GeV/u EE TR (UK
Tidr AR 500 MeV /u), SEE0 T 3k 6 #5758
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5 F 5% A IG5 AR Y B . 2] H RGOk Ak
HIRFL-CSR /2 W 68 1t £ i Py i — 1 sy
AEH 25 F N a8, L andE 500 MeV /u 19 U4-U filf
i, BB A ~2.5 MR B L TREE 2 40 MeV (1)
W mAZ P 5, X R IE GeV BEIX A4 FCIRAS
T RRAE S X AT R W R A5 R L AR
FROCHK | B A RS P R S i T 52 HL.

2018 4F i 2l 1 1) 9 I T B P N AR e
(high intensity heavy-ion accelerator facility,
HIAF) figg it S e s om 9.3 GeV B F A
F14.25 GeV /u IE B TR (U R = BE &>
2.6 GeV/u). £T HIAF 3¢ 8 1Y H & Fhlf#Efe =4
3—5 fiE AN IR EE 290 80 MeV Yk v 4% 4
5. HIAF %68 bW B 7R Re AR A b 25 T
A ORI A, oA T 7 AR A B T )
KA (WLIE 26). HIAF 2806 2025 4E 8,
JrR 5T HIAF 2% & 095 & R TR E &
%R RS TR, BB E T RS
ve B R TR AS T RE L ST A AN L
Bt Al . & BRI B T RAZ S5 AT TIA T v 2 1
ORTARY I/ e R € 3 S 3 O N T BT et
HIRFL-CSR il HIAF a5 5% & 09 4k, A4
FEF IR E OB 22 BRI A5 A o S Y
HITA R

71 ZEMEBFMER-LAEFER
(HIRFL-CSR) #1 CEE %%
HIRFL % 3 #4045 iy 7 [l jg 2o 4k (ECR)

SSC (K = 450)
100 AMeV (H.L), 110 MeV (p)

BFUR . B R BE B AR (SFC) . 4325 b M1 fin
WS (SSC), LA KT 2007 4= 8 L 1A HIE AT 3234
(CSRm) FISZEFR (CSRe) (F WL, b TR CSR
TS S5 () RE R A BB A JF R HIRFL-CSR).
HIRFL-CSR #$¢ & 1] Li# He-U M8 2+, Horp
AN S UH i = EHE N 500 MeV /u, 3B 10
ROSHRE RN 1.1 GeV/u. #E4: CSRm fil CSRe
e — 25K BN 55 m RO RIBLL-IT /Y /& Bl
PEFR L. & 32 ff/R S HIRFL-CSR. i &% 41 J)
R

BT R P FEHLIE RS 5, 2019 AFE K A
SRPL A IS T B AL T 34T HIRFL-CSR 2% &
A AR v 2 A% P B i 1S4 (CEE)” i 8 R AR
i H. Kl 33 j& CEE UM #5167~ & K. CEE
AR — G E R 0.5 T M KIEZIE#RS
TR, CEE REAH Y b it e B R 3R AR
SENLERIES (BM) FUE 4 B[R] 45800 25% (T0); #E %k
NS CE — A 2= (TPC), TPC 1 3 Ml
1] (TPC (3 HL T2 ) 2T 2 2 MR
(MRPC) £ R TOF £l &% (iTOF) fuffl. TPC
A DA S HORE AR SR T B RE LR (AE/d)
Mshit, TOF $RIHE 32 B0 s Bk 719’ AT
I R B dE/da- S iy e s -«
FEAF IR, S0P LA SE BT HORL - B S 500 78 A X2
— 2 2 R E B M — AT MRPC #H A
TOF RS (eTOF), ‘BATH T & Al X H Sk
T dE/dx, g fCATHA], FFH R A B s
PR 0 AR - DU sh i f F . CEE 35 i

SFC (K =69)
10 AMeV (H.L), 17—35 MeV (p)

iy
RIBLL2 |
3 @ieds of AMev * CEE
_— N 23

“
i

L CSRm
\?, 1000 A MeV (H.L), <2.8 GeV (p)

uuuuuuu

32 HIRFL-CSR N3 & A J5 s 25 . 181 3R 3 Sk [119]
Fig. 32. Schematic diagram of the HIRFL-CSR facility. Figure taken from Ref. [119].
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TR 24 X, AR IX 8 BN BT
g RG22 f 3 2% (ZDC), ZDC 1) FZ & &
N £ - TR E SRS o0 B CEE 351 %
THERFE N 10 kHz, BFIZE5HE Ap/p < 5% .
CEE JE{CH T 2025 AL HEMNIER 415, 2025 4F4F
JETF R,

ARG 155 A% ) e AL
(CEE) :

=

e >C magnet

D

Beam monitor TO ) TPC

iTOF

P 33 AL e 4 A% BN ek (SR 48 A1 SR 7 A
Fig. 33. Schematic diagram of the CEE experiment.

7.2 BRESTMEFZEE (HIAF)

SRS TR AR A E (HIAF) 20 2 v
— A TR s A5 T AR o o L A% ) o
RETTRE B T A SR AN AT RR 254y |
TUE S R S VR RS I g e g 12, HIAF T
2018 AEFFHARELEE, TiitT 2025 4% AigtT. HIAF
AR S B TR (SECR) . 8 S8 T B4 ik

High-energy station

#¢ (iLinac) . 5 KBENE Ry 34 Tm (14 [5) 25 fin i 2%
(BRing) ARG S IA (SRing), #4% BRing I
SRing A& — N KWW EE R 25 Tm, K 192 m
FR) e BETAE Fr 3 B 1) (HFRS), HIAF 3% F (1) [
RNl 34 frzs 024, HIAF 88 0] DU p-U 1)
H3, BRing Al LLRE BT in s i 5 9.3 GeV, it
5% 2.0 x10'2 ppp (B A FE R T4CH); #2
K40 2CO g il 4.25 GeV /u; B 8512550
HIRERIERE Y 0.8—2.6 GeV /u. T HIAF 2H 1)
BRSO REER XN /snw = 2.2—2.9 GeV.
XANFE I X [ 5 NICA % # |- BM@N. FAIR
%% | CBM/Hades fi—EHE &, 5 STAR BES-
IT [ S 5645 5P iRk RE 2 T 1.

FET HIAF MAZAZ il 8 0] DL A2 % 5 o 3—
5 BRI B | IR 2 80 MeV MR 5, 1% X
Y FOIRZS I 2. QCD FHZE# | A% 25 41 {1t
T RIFHHLE. 75 HIAF 38 FHiM 17— mhk
ST (W E 34), Hrp G 2 4w AR L g &
Ui AT 1 A RE R RO FH SO0 28 ity X S = HE L
Ui EA TP R IET pp, pA Fl AA MYRERE S, TR
A AR S H RS TR L SR AR S TR
PR SC Y. 78 S IiEA AR o H, FHUE
1) CEE & {¥ (CEE+). 1 [ # #% 1% {X (CHNS),
H RIKEN {48 42 A1 A0 B 8 2 00F 52 26 1 122
FEF R PA T AT A S50 2% A b T A&
[d=

/?_“—':—_ﬁ\
== Spectrometer | |

= \\\-:"—::i-v/{i_’

Ion sources

=Y

'
—_— Y-
ot o — (I )

0 50

100 m

& 34

Linear accelerator

Low-energy station

SHR E B N AR (HIAF) AR s i 18 & B SCRik [121]

Fig. 34. Schematic diagram of the HIAF facility. Figure taken from Ref. [121].
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H1 A R A Dy 2 A A FDRL TR R
EEIE e S P S U NS/ Uk o S
ik, B3O T ERERAR EAE R 3EE, JE EoS AHC
MBS (Rl 7 K)o A (o B 4 5 i T
k) SFEX S (b 2) R EAREEE XL,
U AZ ) SR 25 05 BRI S S A% W B AT 53 11 2 KRV
W —. H B iR R S0 AR R A T
ME—TFBt, AT ENTIH AN AT L E
BRI SR R (W) S TR R
(R 2R AR 25 B 4 A A 5 PR — e g
ITAHEBEMEER, FNA T AR UVUEERR e
SR B

T SIS18 SR AGS Jin 2% 1Y 5L 56 5 i
5 2—4.5 A TRV B S FRAZ 0 R ERIR 2505 e D
A, Xt I 0 AL P R T R 8 FR R K 9 R
(230 + 20) MeV. XFF RN EAK PRI, L7
S, TSI 58 A R SR S LI B S A5 IR A
S 2 RIRECK. 2G5 4 e RN
AEHIXSFRRES BN : Egm(po) = (31.6 +2.7) MeV, £}

2 Loym = (58.9 + 16) MeV, Kgym = (—107 £ 88) MeV.

FeF /ot PR TSR X PR EE S AU A R 5
(RSB SPE , A7 FREi s B  Jre ok T PR ASE 7R 2 [
A—ZtE. BT Pb h Bl it 25 SRR AR XTRR
T AE RN BE AN AT 1 EoS. SXH: FfE—H-F1
SRR IR [ FOPI-LAND 523519 400 MeV /u
1) Au+Au Rl 8, 525045 R 455 TuQMD #5A8 I
UrQMD BRI X RT3 X X FR e
SRR I T — B 2R TR 2 B X, WTRRBE Y R
St B RSO B 1 - L R R R
AP REAFFh5 k. ik, ERREEZ R
NI g [l s, FRUR s it L R GeT L s
H I R A T T X T S T R SO0 K
WA EE. SR A UE R SRS TR
FISZERCR (40 CBM 5256 F1 ALICE 52566 5%
FHWTCfih & R 4G0). XFERY S50 T LA AN [ADRL T
{18 7= 0 RN R O e AR v B L B Sl L DR AR Y
Ak XL AR FE R A SRR T T
EREET BN

ARCHHE RBFORZS TR 50, s
T X B TR AR R IR A, B

) AR i % ) Jo PO IR T R 23 A B2 100 MeV, il
(1) P Ay I RAEZ IR T Y EoS %k, —4~
H SR B[] R 2 7F A BRI 00 T P BOIRAS 7 #2
SHINBUAE, F£ 2 EoS MFRBIERBAR? fEE
B Al 4 OIR S O B S B, Has B
EoS W15 (1) b e 050, IR R AR R
N (1 22 KL T-12 B BE 19 /A ) A i 155780 v il
TR Z [ OWAR BAE T B . iR — A
4 AV E R RE RS A IR AN [FVRLF 174 (fh2 i
FE) LA SABATHIRE Bl 1 3 A5 (Bh )12 ), Rtk
AICHER EoS M E7E R AR R it e SO —
|y, MR R, hnseh 72,
1z S BRI B I iyt B AN B
SEHY, XL EAE EoS MRETFHRBR T 2% 5 | R e
AKERRIE, AT 22 FEIR B B soik. A RIS LT
FEoS MKHE B | A7 HEAXTFR | 5L e il I 1Y)
AE SN ST e A 5 S M Y 5 A RS
TER B, Anscik [123]. B T RIS EoS 5%
JE | RIS BEAN X FRBE IR | A% AH B F Y
TUHR, A% RS T BRI W] BRAR R 48 P Ak 1) 1S
S, WEREY | RIAIESE, AHOCHIFIE BY b i
S 3CHk [124]. 7350, ELeAEIR ENF T N B
MRl HoR T HBERON B RV B 5 RN S 50 B 57
RAE T EEARER 025127 S SERf gy 3R B, H STl
f VL fh 3 R A TR RN B0/ B X A TR
AW R0 B RN S 56 T X
2023 4%, BN EFAL T X T ReeE & i
TR e 5 T 1E 800 dee B 0T 5% 0 J ) & ) 11281 G
HRSCHR [129-131)308 T R0T H BERUN AE 4% P iR
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Abstract

The equation of state (EoS) of nuclear matter is a description of the macroscopic properties of nuclear
matter under different thermodynamic conditions or external fields, which is critical for understanding the
theory of the strong interaction—quantum chromodynamics (QCD), the nature of nuclei, the dynamics of
heavy-ion collisions (HICs), the internal structure of compact stars, the merger of binary neutron stars, and
other physical phenomena. Heavy-ion collisions (HICs) are the only method in laboratories to create nuclear
matter with extreme conditions such as high temperatures and high densities. HICs at different energy levels
offer the possibility to quantitatively study the properties of nuclear matter under diverse thermodynamic
conditions. This paper mainly presents the current research status of the EoS of nuclear matter and introduces
the fundamental observables in HICs that are sensitive to the EoS, as well as the typical experiments and
results used to explore the EoS. The progress in studying the EoS containing strangeness is also described and
its possible research directions in the future are also discussed. The status and progress of worldwide heavy-ion
accelerators and experimental spectrometers in the high-baryon density region are introduced, including China’s
large-scale scientific facilities, i.e HIRFL-CSR and HIAF, as well as the CEE experiment. Additionally, the

opportunities and challenges for experimental research on the EoS of nuclear matter in China are discussed.
Keywords: equation of state (EoS), heavy-ion collisions, HIRFL-CSR, HIAF
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