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Fig. 1. The potential field of QGP droplet.
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Fig. 2. (a;)—(a3) Energy density; (b;)—(bs) entropy density and (c;)—(c3) pressure of QGP droplets with radius r» =1, 1.5, 6 fm re-

spectively.
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K3 FfEkr=1fmM QGP i, W& s, u, d=ME 5, MY u, dMFSEMANEE  (a) BBERE; (b) KiR; (o) W% EE
Fig. 3. Thermodynamic quantities of QGP droplet r = 1fm considering s, u, d quarks and u, d quarks in it, respectively:
(a) Energy density; (b) pressure; (c) entropy density.
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Fig. 4. Self-similarity structure of a meson and a resonant

state in (a) meson aspect and (b) quark aspect.
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.o _4q1
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_ SuAir 167

V) = =~ mlEe £ B (A

(17)
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A OWUIR 75 O HE SR 2 FL. % 3] st R 40 1Y o 48
AREYRIR/N, BE Lk, N T A E,
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F KA T2 10, Hiz ghzs [ n] & e K -t
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N T HEIES B o BEIR R E L C R, 5K
fitt T Au+Au i RE R /san = 39 GeV T 1Y 7 2
20 (25) 2, IFI3HT 1 il SR EE R ) I B AR AL
SRR o > 1, RIS, R g > 1,
2 Sq, < Spg. PITE AARALSSH B9 52 00 T, 3%
WERSEH WD FEAF R B ERE T, ¢ 0
FAEUE I 5 s, HIE 5 AT g B R EE R
MRIMTREA, BT LATESRF-AH T, KA 320 5 AR
SRR 1) 52 M FEAH AR R BT B K, FRATTINIZAE AR S
TR BRI 250 B KA 32 B F AR Z5 48 500

1.050

1.045
1.040 |
1.035 | ¢

1.030

q1

1.025
1.020 *

1.015 | ¢

4
1.010 . . . . .
0.150 0.151 0.152 0.153 0.154 0.155 0.156

T/GeV

Bl 5 Aut+Au Bl RE R /snn = 39 GeV Hu Il L I Bt 3T
PR AR L2 4 S0 R g A2 AL

Fig. 5. The relationship between the factor ¢; and the
temperature T near to the critical temperature in Au+Au
collision at /sNN = 39 GeV .

R 1 s, AR T Aut-Au RS RE =
VAN = 7.7, 11.5, 19.6, 27, 39 GeV H1, 0—5% X 0>
FET Y qu, qo . For, FHAR IR EE Ak 2 S50 A A
QCD W55 2 Pl MR8 A W] Al 43 175 450 1 T 4
L T B 7 . HoHY i 27 T A% S QCD HR
H 5859 31 22 A S A 3L R FH A AT T iR
(lattice spacing) Yl Fl. HH & 1 RIS W] lf 42 fig 1t
T, g > 1, UL T A ARRIEEHRT K A AR .
Bifi £ Al 45 e SR N, ARARIRE AR S, K AT i)

ZSMRAEK, g AR K. i T A A,
AP35 M 23 Wi 2 Al 8 i 185 RO 1 K. 52 pR Al
FERE A, SRR R, & FECE R AR 1A
iz gl NI = A AR, PRI AL 2548 1 s e AR 15
A 4.

MRAEZR 1 g B 27 3w B9 B0 A2 A AT
a1 85 {8 B 5 Al 5 BB it /s M 39 GeV A% 3
19.6 GeV T/ (WA 6 Fr7), Fpis/ )N 31 il 18 e 5
VAN = 11.5, 7.7 GeV I, ¢y IR K.
I, F& AT AE HIAF B9 fE X /onn = 2.2—
4.5 GeVILHIN, ¢ REUEITMIE 1.042.

1.070
1.065 |
1.060 |
1.055 |
1.050 |
1.045 1 3

9% T S S
1.035 |
1.030 |

1.025

1.020 . . . . . .
0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45

n/GeV

q1

6 Au+Au RiERER /sSNnw="7.7, 11.5, 19.6, 27,39 GeV ,
0— 5% X0 R, KA 71 H ARG 14 52 iR 1948 1E W 7
q1 ALE R L L R A

Fig. 6. The relationship between the factor ¢; for K
meson and chemical potential x4 in Au+Au collisions at
VSN = 7.7, 11.5, 19.6, 27, 39 GeV for 0-5% centrality.

3.1.2 KAFHIHAHELSA

3.1.1 53 S PR A BB T R Rl
fefE ™ KA1 A A S /52 m - ¢ . 383t ¢
A LIS 5 A P KA F AR A

Bsu R RGEHEN—TEIEMNRS, K
MTFAEREHER (15) U5 H su A R G800 — 10 2%

#£1  AutAulliEfER /saw = 7.7, 11.5, 19.6, 27, 39 GeV , 0— 5% ¥L.OFEE TR, ik TBFEM J7 B3R ! K AT A 4H

WEHEIRBEIENT ¢ M g2

Table 1. The factors g1 and g2 for K meson in Au+Au collisions at +/sny = 7.7, 11.5, 19.6, 27, 39 GeV for 0-5%

centrality solved by TBFM.

V38N /GeV T/GeV ue/GeV T'min/fm ro/fm q1 q2
7.7 0.1424 £ 0.00137 0.42 0.11 6.3 1.04222 £+ 0.003525 1.13941 + 0.010415
11.5 0.1483 + 0.00142 0.316 0.11 6.5 1.04204 £ 0.004635 1.12682 4+ 0.01063
19.6 0.1527 £ 0.00147 0.206 0.09 6.75 1.04129 4+ 0.002445 1.14432 4+ 0.005105
27 0.1541 + 0.00148 0.156 0.1 6.8 1.04470 £ 0.001435 1.12251 4+ 0.00039
39 0.155 £ 0.00149 0.112 0.1 6.85 1.04710 + 0.001615 1.11388 + 0.00012
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JEAA 60

g1
[+ (a1 — 1) AHg — u¥)| T
= — (26

Tr[1+ (a1 = 1) B — p)] O
Hob, g RACES, Fra s REMGTBEE, ¥
NIRRT T HOTAT. HUES% St (61.62),
BT KA TS O R T AU 1

1
[1+(q1 — 1)Blex - ] @D -1
3, e = T KA TR pr, g S
KAFAIZ AR % g, — L, PO
B B,
BUR KA T OB TR (27) 3, TS0
Y KA FHORERARE TR AU S0

» (27)

ng=Trpng =

o gk 2 _
UK = Tng ) dpxpgex ik,
oE  gx [™° Pk
P=2—=2 [ K p
K7 oV 62 o pKaK(pK) 1K
gk o
SK = 772752 dep?([ﬁKlnﬁK — (]. + T_LK)II’I(]. =+ 7_1[()],
0

(28)
Hrbrpg HKATHBNER, g0 = 2 WKAT ABE-[FfL
JiE %) ] I B A~ (spin-isospin degeneracy factor).
X FEURE AR ) SN I 0 8 ) SR IE.

MG K AR 2 B TR AR 2% B (28) 20
AL FETR RO (27) SRE R E | R A
S % B2 55 U BE RN 1 RE A5 H8) 52 e PR gq AHSG. A0
K7 FR, LA Aut-Au fiEf#RER /s =19.6, 39 GeV
JB, ¥R 1 xRS REE T ¢ BEARA, TR

I T AARRISS G SZIE T Y K A TR | R
TG B2, JT SRAEAE A AR ZE s B S TE 61 7
TR WiE 7(a) R, FEARREERE S T, AEE
2 o I VL T o TS A VL o B, 43 il o
R, 52 [ AEBL 5 AT 52 0] 19 6 2 % 88 A 3K 13 ]
AR BOK, TEARIRUR . IR0 FISR AR BAE T3
Wi R Y A AR LSS F X KA F RIsZ . 1B 7(Db)
K /sn = 19.6, 39 GeV Hilf {8 i K /32 F A4S
PN B SR, IR H S BRI i 45 R AT
PO, SE s oA ), SR RN R i 2 R R 3L
BI7E [R) — i pE i T, PR o Bl TR T imiag ok
B H T RE I B S KRBT SR S K. e
[ 5 it BE 1], AR R B, AR BLAS A T 1
JESR MK, & 7(c) & /San = 19.6,39 GeV Filf f# |
Z AARIZE R0 T KA TR R R ]
Ay, AFREE AR T, B R B TR 1 e i 4
K. FETRLE [ E TS DL T, R RE IR, A2 FAH
AL 235 ) 5% M 1 0 285 0 K. 3k s oy Al A 7 o
R, BEPRI L RSN ISR AH BAE R =k i A5
KA FHRIBHE n A F Z 08 B B AR ZS i 2
TOARS L H B 2, W% QLB = 3 .

B 7T DR K A 752 H A LSS R 52 Y
P2, R KA 7 RORL T80 A R, Z B RE
it GRS pr MAREE y (OCR, IE 7T U K
IR Sl A1 R

d&’>N  gViwmrcoshy
2nprdprdy (2m)3
1
X q1 ? (29)

[1+ (q1 — 1)Bmrcoshy] -1 —1

— Without self-similarity structure —— With self-similarity structure, \sxy = 19.6 GeV —— With self-similarity structure, [Syy = 39 GeV

3

4 10
(a)

2 o 8r

9 3

) )

T v 6

o e}

= 5 =
1 . . . 9 .
0.150 0.155 0.160 0.165 0.170 0.150  0.155

(b)
4 / <
1
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[\v]

T
—
\ a
N
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A A 0.5 A A A
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T/GeV

T/GeV

B 7 AutAufiffERER /snn = 19.6, 39 GeV Y, 52 FIAH LA MR Wi B K A T B0 ) 2 i A e S AR AS IR BE I i 22 4k (a) REARE

L (b) R (c) W g

Fig. 7. Thermodynamic quantities of kaon with and without the self-similarity structure influence in Au+Au collisions at

V3NN = 39, 19.6 GeV near the phase transition temperature: (a) Energy density; (b) pressure; (c) entropy density.
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Hr, pr BEESH RPN, mr=/mZ+p?
HKA T HIBE TR Vi = 7V 8 KA T7ESE SR
2% Z i ia ghzs 0], 85 B R i g A )ik
17 Lorentz 5 #4533, v & Lorentz £&%X. ¥ TBFM
KRR ¢ fRAF] (29) R, AT LIS H KA T-HY
PSR TE A

¥ AutAu filf 1 68 7 /saw = 7.7, 11.5, 19.6,
27, 39 GeV, 0—5% X0 R, TBFM K521
q RA B S A A, JF S8 (KT +
K™)/2 B AR As R T, E 8 fizs. WILIE ), 78
PR AR LSS #4522 e T (A Bl i 15 o3 A 5 SE g 2%
TRAFE BT X UL F AR LSS P AE A T 26 5 BE Al
2z, T KA.

[Au+Au, |y| <1.0 ©snn=7.7 GeV x10?
0 sy = 11.5 GeV X 10
J3nN = 19.6 GeV X1

103

102 L

10!

100

42N/ (2npydpydy)/ (GeV—2.c?)

F o+ SN = 27 GeVx2x10-1
X O 38N = 39 C.}e\/><3><10*2 )
0.5 1.0 1.5 2.0
pr/(GeV.c™1)

Bl 8 Au+tAufiH¥EERE /snw=7.7, 11.5, 19.6, 27,39 GeV ,
0—5% Xt B, |yl <0.1°F, KAF32 [ AL T
(KT +K™)/2 ByRESh i 3540 . 5 2 HoX #9523 B4 >k A
STAR 5255 4 3]

Fig. 8. Transverse momentum spectrum of (KT +K7)/2
mesons in Au4-Au collisions at /sny = 7.7, 11.5, 19.6, 27,
39 GeV for 0-5% centrality, in mid-rapidity |y| < 0.1. The

experimental data are from STARI%,
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Fig. 9. The pressure in hadron phase with and without the
influence of self-similarity structure on K and mmesons in
Au+Au collisions at /syv = 39 GeV , and the pressure of
QGP droplets at radius » =1, 1.5, 6 fm as a function of

temperature 7.
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Fig. 10. The phase diagram with considering (1) QGP in
thermodynamic limit (TL) and ideal hadron gas (IHG),
(2) QGP in thermodynamic limit and hadron gas (HG)
with the influence of self-similarity structure (SSS), (3)—(5)
QGP droplet with the boundary effect (BE) at radius
r=1,1.5,6 fm and ideal hadron gas (IHG), respectively,
(6) QGP droplet with the boundary effect (BE) at radius
r =1fm and hadron gas with the influence of self-simila-
rity structure (SSS). We also list the results from fRG model (],
DSEI66] and lattice QCDM24] for comparison.
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Abstract

We investigate the boundary effect of small-scale s quark matter and the self-similarity structure influence
of strange hadrons in the hadron gas on quark-gluon plasma (QGP)-hadron phase transition. In this study, the
multiple reflection expansion method is used to investigate the boundary effect of QGP droplets containing s
quarks. The calculation reveals that under the influence of boundary effect, small-scale s quark matter exhibits
that energy density, entropy density, and pressure are all lower. In the hadron phase, there exists a two-body
self-similarity structure between K mesons and neighboring m mesons, subjected to collective flow, quantum
correlations, and strong interactions. By using two-body fractal model to study the self-similarity structure of
the K meson in meson and quark aspects, it is found that the self-similarity structure of the K meson exists in
hadron phase, resluting in an increase in the energy density, entropy density, and pressure of the K meson.
Furthermore, under the influence of self-similarity structure, the derived transverse momentum spectrum of K
meson shows excellent agreement with experimental data (Fig. (a)). This study predicts that in the HIAF
energy region, the self-similarity structure factor of K meson ¢ approaches 1.042. Additionaly, under the
combined influence of boundary effects and self-similarity structure of K and m mesons, the phase transition
temperature of s quark matter increases (Fig. (b)). Morover, if the boundary of s quark matter is more curved,
the increase of phase transition temperature becomes more pronounced compared to the effect of self-similarity
structure alone.
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