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Correlations and fluctuations in a magnetized three-flavor PNJL model with
and without inverse magnetic catalysis effect
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The correlations 72, 7?5, y%’, and quadratic (quartic) fluctuations % ;. ¥5,. 3, of baryon number B,
electric charge Q and strangeness S are investigated in a three-flavor PNJL model at finite temperature and
magnetic field. The inverse magnetic catalysis (IMC) effect is introduced through the magnetic field
dependent parameters G(eB) or Ty(eB), and we make comparison of the results in the cases with and
without IMC effect. Since including IMC effect does not change the strength of phase transition under
external magnetic field, it does not lead to qualitative difference in the correlations and fluctuations, but
modifies their values. The correlations and fluctuations increase with temperature, and then show the peak
around the pseudocritical temperatures of chiral restoration and deconfinement phase transitions. The peak

structure in )(f lQ , 78, and )(f are much more apparent than in others. The correlations and fluctuations along

the phase transition line under external magnetic field are characterized by the scaled correlations 1} =

75V (eB.TS.(eB)) . . . ax _ X34(eBT5.(eB))
T (eB=0.T%. (cB-0)) and scaled quadratic (quartic) fluctuations 75 , = 7 (¢B=0.T5, (eB=0))

and X # Y at the pseudocritical temperature 77, of chiral restoration phase transition. They increase with

,withX,Y = B, 0, S,

magnetic fields due to the increase of phase transition strength under magnetic fields. Among them, )??IQ
increases fastest, which may serve as the magnetometer of QCD.

DOI: 10.1103/fm5f-ctr3

I. INTRODUCTION

Motivated by the strong magnetic field in the core of
compact stars and in the initial stage of relativistic heavy
ion collisions, the study on quantum chromodynamics
(QCD) phase structure under external electromagnetic
fields has attracted much attention [1-56].

The lattice QCD (LQCD) simulations [7—15] observe the
inverse magnetic catalysis (IMC) phenomena of u and d
quarks, which means the decreasing chiral condensates
near the pseudocritical temperature T, of chiral restoration
phase transition and the decreasing pseudocritical temper-
ature 7, under external magnetic field. Meanwhile, it is
reported that the renormalized Polyakov loop increases
with magnetic fields and the transition temperature of
deconfinement decreases as the magnetic field grows [7—
12]. On analytical side, how to explain the inverse magnetic
catalysis phenomena is the open question. Many scenarios
are proposed [10,17-52], such as magnetic inhibition of
mesons, sphalerons, gluon screening effect, weakening of
strong coupling, and anomalous magnetic moment.

The thermodynamical properties of QCD matter are also
influenced by the external magnetic field. Among the
thermodynamic quantities, the correlations and fluctuations
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of the conserved charges are accessible in both theoretical
calculations and experimental measurements. They can serve
as the useful probes to study the QCD phase transitions, such
as to identify the critical end point (CEP) of QCD phase
diagram in the temperature-baryon chemical potential plane
[57-63] and to serve as the possible magnetometer of QCD
(probing the presence of magnetic fields in QCD matter)
[15,64-67]. However, they are much less explored at the
chiral restoration phase transition (crossover) with finite
temperature, magnetic field and vanishing chemical poten-
tial. Except for the LQCD calculations [15,64-66], the
analytical investigations at vanishing chemical potential,
finite temperature and magnetic field [67-72] have been
conducted in frame of the hadron resonance gas model,
Polyakov loop extended Nambu-Jona-Lasinio (PNJL) model
and Polyakov loop extended chiral quark model. It should be
mentioned that with three-flavor quarks, the IMC effect is not
well-considered [67-71].

In our current paper, the correlations y? lQ 255, lelS and
quadratic (quartic) fluctuations x5, ;(g 4234 of baryon
number B, electric charge Q and strangeness S are studied
in a three-flavor PNJL model at finite temperature and
magnetic field. The IMC effect is introduced through the
magnetic field dependent coupling between quarks G(eB)
[31,32,72-75] and magnetic field dependent interaction
between quarks and Polyakov loop T (eB) [43,46,52,72],
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respectively. The comparison between the results in the
cases with and without IMC effect are made. After the brief
introduction, Sec. II presents our three-flavor magnetized
PNJL model and the definition of correlatlons )( 5O BS 4%,
and quadratic (quartic) fluctuations % ,, ;(2‘ 445 4 Section I1I
discusses the numerical results of correlations and fluctua-
tions at finite temperature and magnetic field in the cases
without IMC effect and with IMC effect. Finally, we give the
summary in Sec. I'V.

II. THEORETICAL FRAMEWORK

The three-flavor PNJL model wunder external
magnetic field is defined with the Lagrangian density
[76-82],

£ :l/_/(l}’MDﬂ —ﬁ’lo) l//+£4+£6—l/l((1>,<i)),

8
Ly=GY [(#daw)* + (Firsiaw)?],
a=0

Lo = —K[detp(1 + ys)y + detip(1 — y5)y],
U®, ) = T4[ bzz( Lo - [’63 (®* + @%) +%@¢>2

(1)

L=y(iy"D,—ig)y —U(D,D) —I—Z
a=0

+ K53 (0 0w) (wiPy) +
+ K (wiysAOw) (wiysASw) + Kgs (wabw) (Wiy) + K
+ K (wiysAw) (wiysity),

with the effective coupling constants,

1
Ki = G+1K(o, +0,+0,).

1
K = Ki = K§ = G F 5Ko,,
1
KiC:KSi:G:FEKGd,
1
KéE:K7i:G:F§K6u,

1
Ki=G¥F 6[((20'“ + 206, —o0y),

1
K& = Ky =F ——=K(o, — 0,),
03 30 :FZ\/E ( )
2
K(?S = KétO =+ \1/2_K(0u + Ogq — 20s)’
1
Ky =K& =+——K(o,—0,). 3
38 83 23 ( @) (3)

K (wiys2®w) (wiysAw) + Kg (i) (5% ) +
s(WiysABy) (piysAy) + K3 (0 Pw) (wiby)

The covariant derivative D* = ¢* + iQA* — i A* couples
quarks to the two external fields, the magnetic field B =
V x A and the temporal gluon field A* = §5.A° with A° =
gA%,/2 = —iA, in Euclidean space. The gauge coupling
g is combined with the SU(3) gauge field .A%(x) to define
A*#(x), and 4, are the Gell-Mann matrices in color space.
We consider magnetic field B = (0, 0, B) along the z-axis by
setting A, = (0,0, xB,0) in Landau gauge, which couples
quarks of electric charge 0 = diag(Q,, 0,4, O;) =
diag(2/3e,—1/3e,—1/3e). iy = diag(mi, md, my) is the
current quark mass matrix in ﬂavor space. The four-fermion
interaction £, represents the interaction in scalar and pseu-
doscalar channels, with Gell-Mann matrices A,,a = 1,2,

.,8 and 1y = /2/3I in flavor space. The six-fermion
interaction or Kobayashi-Maskawa-’"t Hooft term L is related
to the U,(1) anomaly [83-87]. The Polyakov potential
U(D, ®) describes deconfinement, where @ is the trace of
the Polyakov loop @& = (Tr.L)/N., with L(x)=
Pexpli foﬂ drA,(x,7)] = explifA4] and g = 1/T, the coef-
ﬁcient bz(t) = ay —+ Cllt+ a2t2 =+ a3t3 with ¢t = To/T is
temperature dependent, and the other coefficients b3 and
b, are constants.

It is useful to convert the six-fermion interaction into an
effective four-fermion interaction in the mean field approxi-
mation, and the Lagrangian density can be rewritten as [88,89]

o (@A) 4+ K3 (priysAy) ] 4 Ko (@) (520 ) + K3 (WiysPw) (WiysAw)

Ko (Wiysi®y) (WiysAOw) + Kog (WA ) (wAy)

[
and chiral condensates,

o, = (uu), o, = (dd), o, = (5s). (4)

The thermodynamic potential in mean-field level con-
tains the mean-field part and quark part,

Q =2G(o; + 065+ 07)

|Q/B] dp.
Q== 72‘”’/2—;%

f=ud.s

—4K0,040, + U(D, D) + Q.

+TIn(1 +3®e 5 + 30 E 4 e Er)

.
I +e
+ TIn (1 4305 4 3de™E 4 7E7)),

where f = u, d, s means quark flavors, / Landau levels,
a; =2 -0, spin factor and E?E = E; £+ uy; contains

quark energy E; = \/ p?+2I |Q/B| + m]% of longitudinal
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momentum p, and effective quark masses m, = mg —
4Go, + 2Ko 04, my = mg - 4Go, + 2Ko 05, mg = my—
4Go, +2Ko,0,4, and quark chemical potential p, =

2 .
u Ho .y Ho " Ko | Ks
TS Ha =T 5 e =TT with pg, g, s

the chemical potential corresponding to the baryon number
B, electric charge Q and strangeness S, respectively.

The ground state at finite temperature, chemical potential
and magnetic field is determined by minimizing the
thermodynamic potential,

0Q

_:()7 (f: usdas)a

aGf

0Q

T2,

(0]

0Q

D (5)

The thermodynamic potential Q is a function of order
parameters (chiral condensates o, and Polyakov loop
®, @), and hence we obtain five coupled gap equations.
At vanishing quark chemical potential (up = pp = ps =
0) and finite temperature, the chiral symmetry restoration
and deconfinement process are smooth crossover. By
considering the derivative of the order parameters (chiral
condensates and Polyakov loop) with respect to the temper-
ature, the pseuocritical temperatures 77, and Tﬁc of chiral

restoration and deconfinement phase transitions are deter-
do,, __ 0,104
2

mined by the location of the peak of <3¢ with 6,4, =
and 92, respectively. The strength of chiral restoration and
deconfinement phase transitions is characterized by the

peak value of % and %, respectively.

The fluctuations and correlations of baryon number B,
electric charge Q, and strangeness S can be obtained by
taking the derivatives of the thermodynamic potential Q
with respect to the chemical potentials fiy = pux/T,

(X =B, Q,S), evaluated at zero quark chemical potential,

)(B»%S - _M ) (6)
Opp Oy O |0

In this work, we focus on the correlations 1Q 55, )(?15,
quadratic fluctuations y%, )(QQ, x> and quartic fluctuations
22,22, 73 at finite temperature, magnetic field and vanish-
ing quark chemical potential. To understand the property of
correlations and fluctuations along the phase transition line

under external magnetic field, the scaled correlations g5} =

7Y (eB.T5.(eB))
17 (eB=0.T¢,(eB=0))

. N 254(eB.T;c(eB)) .
tions ){%{4 :m, with X, Y = B, Q, S, and

X #Y at the pseudocritical temperature 779, of chiral
restoration phase transition are also studied.

and scaled quadratic (quartic) fluctua-

III. NUMERICAL RESULTS

Because of the contact interaction in NJL model, the
ultraviolet divergence cannot be eliminated through
renormalization, and a proper regularization scheme is
needed. In this part, we apply the covariant Pauli-Villars
regularization [18]. By fitting the physical quantities, pion
mass m, = 138 MeV, pion decay constant f, = 93 MeV,
kaon mass myg = 495.7 MeV, ' meson mass my =
957.5 MeV in vacuum, we fix the current masses of light
quarks m{ = mg = 5.5 MeV, and obtain the parameters
my = 154.7 MeV, GA?=3.627, KA’ =92.835, A=
1101 MeV [89]. For the Polyakov potential, the parameters
are chosen as [77] ag = 6.75, a; = —1.95, a, = 2.625,
as = —744, b3 = 075, b4 = 75, and TO =270 MeV.

The typical results of PNJL model with the original
parameters determined from the vacuum properties
present the catalysis phenomena at finite temperature
and vanishing quark chemical potential. The order param-
eters, chiral condensates o,/6,9,064/64.05/6s and
Polyakov loop @, @, increase with the magnetic field in
the whole temperature region. The pseudocritical temper-
atures for chiral restoration and deconfinement phase
transitions increase with the magnetic field. The strength
of chiral restoration and deconfinement phase transitions
also increases with the magnetic field (see the black line
in Fig. 1 lower panel). It should be mentioned that the
catalysis phenomena of chiral condensates at high temper-
ature and pseudocritical temperature of chiral restoration
phase transition under external magnetic field are contrary
to LQCD results [7-15], but the increasing strength of
chiral restoration phase transition with increasing magnetic
field is consistent with LQCD results [7-9].

By fitting the LQCD reported decreasing pseudocritical
temperature of chiral symmetry restoration T%.(eB)/
T¢.(eB = 0) under external magnetic field [7], we intro-
duce the IMC effect in our three-flavor PNJL model
through a magnetic field dependent parameter G(eB)
and Ty(eB), respectively, which represent the influence
of external magnetic field to the quark-gluon interaction.
On one side, the coupling between quarks plays a signifi-
cant role in determining the spontaneous breaking and
restoration of chiral symmetry. Considering the direct
interaction between quarks and external magnetic field, a
magnetic field dependent coupling G(eB) [31,32,72-75] is
introduced into the PNJL model. On the other side, the
interaction between the Polyakov loop and sea quarks may
be important for the mechanism of IMC [10]. A magnetic
field dependent Polyakov loop scale parameter 7 (eB)
[43,46,52,72] is introduced into the PNJL model to mimic
the reaction of the gluon sector to the presence of magnetic
fields. As plotted in Fig. 1, G(eB) and Ty(eB) are both
monotonic decreasing functions of magnetic field. We have
checked that, with our fitted parameter G(eB) or T(eB),
the increase (decrease) of chiral condensates with magnetic
fields at the low (high) temperature, the increase of
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FIG. 1. (upper panel) Magnetic field dependent parameters

G(eB) (red line) and T((eB) (blue line) fitted from LQCD
reported decreasing pseudocritical temperature of chiral restora-
tion phase transition 7%.(eB)/T%,(eB = 0) under external mag-
netic field [7]. (lower panel) Strength of chiral restoration phase
transition (% at T = TY,) under external magnetic field with
IMC effect (blue and red lines) and without IMC effect
(black line).

Polyakov loop with magnetic fields in the whole temper-
ature region and the reduction of pseudocritical temperature
of deconfinement phase transition under magnetic fields
can be realized. Moreover, the inclusion of IMC effect does
not change the strength of chiral restoration phase transition

under external magnetic field, see Fig. 1 lower panel, where

d;’;” at the pseudocritical temperature of chiral restoration

phase transition increases with magnetic fields and are
almost coincident in the cases with and without IMC effect.
This indicates that including IMC effect will not lead to
qualitative difference in the results of correlations and
fluctuations [70,72].

In the following part, we use the G(eB) and T((eB)
scheme to consider the IMC effect, respectively, and make
detailed comparison between the results of correlations and
fluctuations with and without IMC effect.

Figure 2 depicts the correlations y22, —5, y2% with
IMC effect (blue and red lines) and without IMC effect
(black lines) as functions of temperature T /T%,., where T,
is the pseudocritical temperature of chiral restoration phase
transition with the given magnetic field when IMC effect is
included or not. At fixed magnetic fields eB/m2 = 10, 20,
when considering the IMC effect with G(eB) and T(eB)

schemes, the correlations y” IQ, —B5, ;(IQIS increase with

temperature and then have the peak structure. For )(f 1Q , the
peak is apparent and is located around the pseudocritical
temperatures of chiral restoration and deconfinement phase
transitions. —y?5 and y2° have the wide peak. These
properties are qualitatively similar as the case without
IMC effect, but quantitative difference exists. The value
of ;(lle with IMC effect are larger than those without IMC
effect around 7, and in the higher temperature region. The

value of —y%$ and &’ including IMC effect with the G(eB)
(Ty(eB)) scheme are smaller (larger) than those without

IMC effect around T7,., but —xB5 and ;(IQIS with IMC effect
are larger than those without IMC effect in the higher-

temperature region. In the right panels, we plot the scaled

correlations j?lg, 755, ;21Q1S at the pseudocritical temperature
of chiral restoration phase transition as functions of
magnetic field with IMC effect (blue and red lines) and
without IMC effect (black lines), and LQCD results
[15,65,660] are depicted in the black vertical lines for

references. 77 lQ, 755, and 73 lS increase with magnetic field.
Different methods to consider IMC effect do not lead to
qualitative difference in the results, and only cause some
quantitative changes. Including the IMC effect with G(eB)
and Ty(eB) schemes, 7°¢ increases faster. 755 and 72°
increase faster (slower) in the Ty(eB)(G(eB)) scheme.

Figure 3 plots the quadratic fluctuations %, ;(ZQ, 25 with
IMC effect (blue and red lines) and without IMC effect
(black lines) as functions of temperature 7/T%,., where T,
is the pseudocritical temperature of chiral restoration phase
transition with the given magnetic field when IMC effect is
included or not. At fixed magnetic fields eB/m2 = 10, 20,

when considering the IMC effect with G(eB) and Ty(eB)
schemes, x5, )(29 , x> increase with temperature and have the
wide peak around the pseudocritical temperatures of chiral
restoration and deconfinement phase transitions. 5 and ;(2Q
show more apparent peaks than y3. These properties are
qualitatively similar as the case without IMC effect, but
quantitative difference exists. For y% and ;(QQ, in case of
weak magnetic field, their value including IMC effect with
the Ty(eB) (G(eB)) scheme is larger (smaller) than those
without IMC effect around 77, and their value with IMC
effect are larger than those without IMC effect in the
higher-temperature region. In case of strong magnetic field,
the value of ¥ and )(2Q with IMC effect are larger than those
without IMC effect around 7%, and in the higher temper-
ature region. For y3, in both weak and strong magnetic field
cases, its value including IMC effect with the T,(eB)
(G(eB)) scheme is larger (smaller) than those without IMC
effect around 7', and the value with IMC effect are larger
than those without IMC effect in the higher-temperature
region. In the right panels, we plot the scaled quadratic

fluctuations 72, 79, 73 at the pseudocritical temperature of
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FIG. 2. (First row) The correlation ;(f ,Q as a function of temperature 7'/T%,. with fixed magnetic field eB = 10m2 (left panel) and

eB = 20m? (middle panel), and the scaled correlation )?f 1Q (right panel) at T = T7,. as a function of magnetic field. (Second row) The
correlation —y ¥ as a function of temperature 7/7T¢,. with fixed magnetic field eB = 10m (left panel) and eB = 20m7 (middle panel),

and the scaled correlation )?fls (right panel) at T = T, as a function of magnetic field. (Third row) The correlation ;(?ls as a function of

temperature T/T%,. with fixed magnetic field eB = 10m2 (left panel) and eB = 20m2 (middle panel), and the scaled correlation )?%S
(right panel) at T = T7,. as a function of magnetic field. The black vertical lines in the right panels are the LQCD results [15,65,66]. For
all panels, the blue (red) lines are the results in case of considering IMC effect in the T(eB) (G(eB)) scheme, and the black lines are the
results without IMC effect. T',. is the pseudocritical temperature of chiral restoration phase transition with the given magnetic field when

IMC effect is included or not.

chiral restoration phase transition as functions of magnetic
field with IMC effect (blue and red lines) and without IMC
effect (black lines), and LQCD results [15,65] are depicted
in the black vertical lines for references. 7%, 79, and 73
increase with magnetic field. Different methods to consider
IMC effect do not lead to qualitative difference in the
results, and only cause some quantitative changes. In weak
magnetic field cases, 7% and )?2Q including the IMC effect
with the To(eB) (G(eB)) scheme increase faster (slower)
than without IMC effect, and in strong magnetic field cases,
78 and ;2? with the IMC effect increase faster than without
IMC effect. 5 increases faster in the T(eB) scheme and
increases slower in the G(eB) scheme as magnetic
field grows.

Figure 4 shows the quartic fluctuations x%, ;(g, x5 with
IMC effect (blue and red lines) and without IMC effect

(black lines) as functions of temperature T/T,., where T,
is the pseudocritical temperature of chiral restoration phase
transition with the given magnetic field when IMC effect is
included or not. At fixed magnetic fields eB/m2 = 10, 20,
when considering the IMC effect with G(eB) and Ty(eB)
schemes, v, ;(g, and y; increase with temperature and have
the peak around the pseudocritical temperatures of chiral
restoration and deconfinement phase transitions. y% and ;(f
show sharper peak than y3. These properties are qualita-
tively similar as the case without IMC effect, but quanti-
tative difference exists. In the weak magnetic field case,
quartic fluctuations y%, 72, y3 are not sensitive to the
introduction of IMC effect. In the strong magnetic field
case, the peak value of y% including IMC effect is larger
than without IMC effect, the peak value of )(f including
IMC effect with the G(eB) (To(eB)) scheme is larger

014026-5



SHIJUN MAO and SHUAI YANG

PHYS. REV. D 112, 014026 (2025)

0.20f
0.15
& 0.10f

0.05¢

0.00

2
.
2.2f------ To(eB)
e y]
Lol GEB) s
B M ,’. ””,’”a
laa C e
“< 1.6t L
"
1.3' /_;;‘;
Las0®
=

0.5
0.4}
Qe 0.3
<
0.2}
0.1t
0.0f

0.6 0.8 1.0 1.2 1.4

[ eB/m2=10 e B

06 08 1.0 12 14 06 08

T/T5e

T/T;e eB/m>

10 12 14 0 5 10 15 20

FIG. 3. (First row) The quadratic fluctuation ¥ as a function of temperature 7'/ T4, with fixed magnetic field eB = 10m2 (left panel)
and eB = 20m? (middle panel), and the scaled quadratic fluctuation 7% (right panel) at T = T, as a function of magnetic field. (Second

row) The quadratic fluctuation ;(ZQ as a function of temperature T /T, with fixed magnetic field eB = 10m2 (left panel) and eB = 20m2

(middle panel), and the scaled quadratic fluctuation ;22Q (right panel) at T = T¥,. as a function of magnetic field. (Third row) The
quadratic fluctuation ;(g as a function of temperature 7/7T°,. with fixed magnetic field eB = 10m2 (left panel) and eB = 20m2 (middle
panel), and the scaled quadratic fluctuation )?5 (right panel) at T = T¥,. as a function of magnetic field. The black vertical lines in the
right panels are the LQCD results [15,65]. For all panels, the blue (red) lines are the results in case of considering IMC effect in the
Ty(eB) (G(eB)) scheme, and the black lines are the results without IMC effect. 7%, is the pseudocritical temperature of chiral
restoration phase transition with the given magnetic field when IMC effect is included or not.

(smaller) than without IMC effect, and the value of )(;f with
IMC effect is smaller (larger) than those without IMC effect
around 7%, (in the higher-temperature region). In the right

panels, we plot the scaled quartic fluctuations 7%, )??, 75 at
the pseudocritical temperature of chiral restoration phase
transition as functions of magnetic field with IMC effect
(blue and red lines) and without IMC effect (black lines).
They increase with magnetic field. Different methods to
consider IMC effect do not lead to qualitative difference in

the results, and only cause some quantitative changes.
Including the IMC effect does not alter % too much. ;?f
increases faster (slower) in the G(eB)(Ty(eB)) scheme.
Including the IMC effect with G(eB) and T(eB) schemes,
73 increases slower than without IMC effect.

The peak structure of fluctuations and correlations is

caused by the phase transition (crossover). When turning

on the external magnetic field, the strength of phase
transition increases (see Fig. 1 lower panel), and this leads
to the enhancement of the fluctuations and correlations
around the phase transition. It is noticeable that fluctuations
and correlations related with strangeness (13, x5, —¢55, ¥%)
are less sensitive to the magnetic field than others
B a2 8. 42.472), and the peak structure of y3,yS,
—B5, 2% is less apparent than y5, ¥, v, 42,452, cither.
The reason is that all up, down and strange quarks make
contribution tO)(zB’ﬂ(zgv)(fv)(g’)(ﬁQa but;(g,;(i, _)(11915’)(1%5 are
mainly related to strange quarks, which are much more
heavier than up and down quarks. The quadratic fluctuations
28,4545 and correlation ¥t 2, —85, 2% are qualitatively
consistent with LQCD simulations [15,64]. The scaled
correlations and fluctuations increase with magnetic field.
Among them, )?f IQ increases fastest, which may serve as a
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FIG.4. (First row) The quartic fluctuation y# as a function of temperature T/T % with fixed magnetic field eB = 10m2 (left panel) and

eB = 20m2 (middle panel), and the scaled quadratic fluctuation 7% (right panel) at T = T
row) The quartic fluctuation )(f as a function of temperature 7'/7T

pc

¢ as a function of magnetic field. (Second
with fixed magnetic field eB = 10m2 (left panel) and eB = 20m2

(middle panel), and the scaled quadratic fluctuation )?f (right panel) at T = T4, as a function of magnetic field. (Third row) The quartic
fluctuation )(f as a function of temperature T /T, with fixed magnetic field eB = 10m2 (left panel) and eB = 20m2 (middle panel), and
the scaled quadratic fluctuation )22 (right panel) at T = T¥, as a function of magnetic field. Here, the blue (red) lines are the results in
case of considering IMC effect in the Ty(eB) (G(eB)) scheme, and the black lines are the results without IMC effect. T, is the
pseudocritical temperature of chiral restoration phase transition with the given magnetic field when IMC effect is included or not.

magnetometer of QCD [15,66]. These properties are quali-
tatively consistent with the LQCD results [15,65,66],
depicted in the vertical lines in Figs. 2 and 3 right panels.
At the quantitative level, 772, 785, 25 78 and 75 are
reasonably good, and ;22Q overshoots the LQCD result.

IV. SUMMARY

The correlations y72. x%5, ¥%’, and fluctuations x5,

)(2Q.4v x5, at finite temperature and magnetic field are
investigated in frame of a three-flavor PNJL model. The
IMC effect is introduced into the PNJL model by two
methods, the magnetic field dependent coupling between
quarks G(eB), and magnetic field dependent interaction
between quarks and Polyakov loop T(eB). We make
comparison of the results in the cases with and without
IMC effect.

The PNJL model with IMC effect recovers the decreas-
ing pseudocritical temperature of phase transitions under
external magnetic field and the properties of order param-
eters reported in LQCD simulations. But the increasing
strength of chiral restoration phase transition under external
magnetic field is obtained in the cases with and without
IMC effect. Therefore, the inclusion of IMC effect does not
lead to qualitative difference in the results of correlations
and fluctuations, and only causes some quantitative
changes.

BO  BS

The Xi1 s X11s )(%S, and fluctuations
)(‘29,4, 134, )(5’4 show similar properties at finite temperature
and magnetic field. The correlations and fluctuations first

increase with temperature, and then show the peak around
the pseudocritical temperatures of chiral restoration and

deconfinement phase transitions. The peak structure in ){le,
78, and ;(f is much more apparent than in other correlations

correlations
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and fluctuations. To demonstrate the correlations and

fluctuations along the phase transition line under external

magnetic field, we calculate the scaled correlations ;?? Q,

785, #%°, and scaled fluctuations 2% ,, 79,, 75, at the
pseudocritical temperature of chiral restoration phase
transition. They increase with magnetic fields, which is
caused by the increase of phase transition strength under
external magnetic field. Among them, )?le increases fastest,

which may serve as the magnetometer of QCD. These

properties of correlations and quadratic fluctuations are
qualitatively consistent with the LQCD results.
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