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Fig. 1. QCD phase diagram structure under FL model.
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Fig. 2. (a) Bubble critical configuration at =0 MeV,
T =0,70,100, 105,109 MeV ; (b) bubble critical configura-
tion at T'= 50 MeV , pu = 0,150,200, 230,240 MeV .
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Fig. 3. Surface tension as a function of chemical potential g
when T =Tg.
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Fig. 4. (a) Surface tension as a function of temperature T
when p =0 MeV; (b) surface tension as a function of
chemical potential p when 7°= 50 MeV .

P TR RGO 1) 2 1) BRI T
ST BY WL  ATAE),  220
T X —PBH I, xRS, ek SRR
IS ERE Ve AKX, i@'ﬁj—:ﬁj@, #Hj—jlﬁxﬁ%
TET 5K 7 FR) 5200 KT B0 Vere . A SCHIR [20] 25 11
s ARSI T LR ), k34w = 0 MeV i,
TE0 MeV < T < 109 MeV i [H P4, j—jﬁﬁ%ﬁﬁﬂ@
T 3G K, DRk 3R K AR IR (0 MeV <
T <109 MeV ) JEREIN— B A6, {H7E 109 MeV <
T < 119.8 MeV il Fil I, j—ji@ﬁ/}id\, PRl 1 2R T 5K
FIMNT =109 MeV FF 16 A5 /IN . HIOKS iff fiff 25 2R 2 3%
17K JJ4E T = 109 MeV i 35 3| 55 KAH, Bl )5 08/
(ER, ERE AL T 2% 1T 5K ) Bl 5 R 1 AR AT ER A

XFT =50 MeV (1% &L AT A ALl 734 6 T
T =50 MeV I, A 803 Ve W& A7 0 BT =i 1T
WK, WCTETRRE S OL T, R TET 5K ) S 2 L B 3o
RS TN TR R I O, FEIREE T = 50 MeV
i, %0 MeV < p < 230 Mev i, < B R Tt

211101-6


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

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 21 (2022)

211101

1R T3 R, PRIGTE 0 MeV < i < 230 MeV i il Y,
F Ak 1 — B OUE b  {H AE 230 MeV < p <
256.4 MeV SIS, A, AR K
= 256.4 MeV FFURAS/IN. BOKS i A 45 S 2 3R 1Tk
TIHE 1 = 256.4 MeV B3R Bl i AR, Bl 5/

AR RIFRE K I, "R (30) X 4lit
B =0 MeV K& T =50 MeVIHHL TS IG A
RHEAE R, WE 5 Fis. MRIGIRREAZ A SR
BAL A NP AR SR AR RS E A
Wt HAH R, R R KT R R S 2
KIFHESIAAE, AR KT i A A2 ) S e A
A i 2 P A .

M5 T H, SR I A2 bl 2 TR R ok
P2 T, SegRIB I, M TG B )
I S 2 it A I I L2 A2 AR T in &8 T 55
K. EAPRL AT AR (30) A ke, 4T — T.
o — p B, WA B 2s FRa R 525 A SR 2

Fe— 0, XRHTRWIEI LRI, 28RS
Kt i — 2L

T B 2 B 253 ) B L 28 A AR 1 AR s
ARG H M RERRAL, WEEELUT H AR FE ] h
(32) B H. M (24) AT LB HASEA T Fy /T %t
SRR B EE W, K6 % T p=
0 MeV KT =50 MeV | Fy /T HTEAE G R

MIE 6(a) ATLAE H, 2 p=0 MeVIf, F/T
Wi 2k B T v Sl N R R, R I S R A R
WK KB M T ~ 114.5 MeV I, F,/T ~ 1, |
R TR 2 B BUA T Fy /T 5@ 206, RE5¢
W SRS B P A RF R K i B ). Y R G
JET < 114.5 MeV. M 5(a) AT LIF 1, MR
T < 114.5 MeV i, i 5248 RAR/IN, ARATT 242 K
Tl AR B SR I K 5 RO AR S LA B AR
EEZS BAAE, i 24 114.4 MeV < T < 119.8 MeV
B, I A48 Re i3 KO E R B, AR/ N

(a) (b)

a4t 4t
E° E°
~ S
<, < 0

1t 1t J

0 n n n n n . 0 . . . . .

0 20 40 60 80 100 120 0 50 100 150 200 250 300
T/MeV w/MeV
B 5 (a) p=0 MeVIfIEFLEEGRE THRER; (b) T =50 MeV HHIEALEEMERER p KR

Fig. 5. (a) Typical radius of the critical bubble as a function of temperature 7 when p =0 MeV; (b) typical radius of the critical

bubble as a function of chemical potential ¢ when 7" = 50 MeV .
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Fig. 6. (a) F,/T as a function of temperature 7" when g =0 MeV; (b) F,/T as a function of chemical potential p when

T =50 MeV .
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Analytical solution of surface tension of
quark-hadron phase transition
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2) (Department of Physics, Zhejiang University, Hangzhou 310058, China)
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Abstract

By using the finite temperature field theory, the one-loop effective potential and the dynamics of the
quantum chromodynamics deconfinement phase transition in the framework of Friedberg-Lee model are studied
at finite temperature and density. Our results show that there is a first-order deconfinement phase transition for
the full phase diagram, and the critical temperature is about 119.8 MeV for a zero chemical potential whereas
the critical chemical is around 256.4 MeV when the temperature is fixed at T = 50 MeV. Moreover, in the thin-
wall approximation, we investigate the dynamics of a strong first-order quark-hadron transition via
homogeneous bubble nucleation in the Friedberg-Lee model. Under an appropriate boundary condition, the
equation of motion for the o field is solved, then the evolutions of the bubble critical configuration with radius
r at different temperatures and densities are calculated. The surface tension, the typical radius of the critical
bubble and the shift in the coarse-grained free energy each as a function of temperature and chemical potential
are obtained. In order to gain the reliability and advantages of the thin-wall approximation, our analytical
results based on the thin-wall approximation are compared with those obtained by the exact numerical method
accordingly. Finally, some consequences and possible applications of our results in the quark meson model and

Polyakov quark meson model are also presented in the end of this paper.
Keywords: quantum chromodynamics, Friedberg-Lee model, thin-wall approximation
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