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Abstract: We study the mass spectra and decay process of o and 7y mesons under a strong external magnetic field.

To achieve this goal, we deduce the thermodynamic potential in a two-flavor, hot and magnetized Nambu—Jona-Las-

inio model. We calculate the energy gap equation through the random phase approximation (RPA). Then we use the

Ritus method to calculate the decay triangle diagram and self-energy in the presence of a constant magnetic field B.

Our results indicate that the magnetic field has little influence on the mass of 7y at low temperatures. However, for

quarks and o mesons, their mass clearly changes, which reflects the influence of magnetic catalysis (MC). The pres-

ence of a magnetic field accelerates the decay of the meson while the presence of a chemical potential will decrease

the decay process.
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I. INTRODUCTION

Over the years, studies on the nature and state of
strong interacting substances under extreme conditions
have attracted much attention, where extreme conditions
include high temperature and finite baryon chemical po-
tential [1-3], as well as strong magnetic fields. In this pa-
per we discuss the effects of finite magnetic fields on
strong interacting matter [4-14]. Magnetic field changes
are closely related to high-energy nuclear collisions,
dense stars and cosmic phase transitions. The maximum
magnetic field observed in nature is about 10'2—
10'3 Gauss in pulsars, the maximum magnetic field on
the surface of some magnetospheric stars is around
10— 10 Gauss, and its internal field is estimated to be
10'® —10% Gauss. In the early stage of the RHIC non-
central heavy ion collision, there is also an evidence of a
very strong and instantaneous magnetic field. Depending
on the energy of the collision and impact parameters, the
magnetic field produced in RHIC is about eB ~ 1.5m2 ~
0.03 GeV2, and eB ~ 15m2 ~0.3 GeV? in the LHC [15-
18]. On the other hand, the quark —gluon plasma pro-
duced in high energy heavy-ion collisions went through
many stages in the process of evolution. A large number
of hadrons including # are produced, freeze out and then
survive in the final state [19]. Therefore, the existence of

the background magnetic field generated in the heavy ion
experiment may affect the properties of the early
"charged quarks" in the collision. Although this strong
magnetic field lasts a very short time and disappears very
fast, it may affect the properties of the hadrons formed by
these "magnetized" quarks. Even the properties of neut-
ral mesons may be affected by external magnetic fields
produced in the early stage of heavy ion collisions [16,
17].

This paper is based on the two-flavor NJL model [20-
23]. We calculate the energy gap equation by the mean
field approximation. We use the Ritus method to calcu-
late the decay triangle diagram and self-energy in the
magnetic field through Random Phase Approximation
(RPA), then we obtain the meson decay width and
meson—quark coupling constant. Our result shows that as
quarks which constitutes mesons are magnetized under a
magnetic field, the mass of o grows, whereas the mass of
ny changes very little at low temperature, and the coup-
ling constants g, and g4, are significantly larger than
that without a magnetic field.

The organization of the paper is as follows. In Sec. I,
we give the effective thermodynamic potential. In Sec.
III, we calculate the mass spectra of mesons and the de-
cay constant of o — momy. Section IV gives the numeric-
al results of our work. Finally we summarize and discuss
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some possible extension of our work in Sec. V.

II. EFFECTIVE THERMODYNAMIC POTENTIAL
The Lagrangian density of the SU(2) NJL model is

Ly = Uiy 8, —mo)y + G[(Ww)* + Wiysty)*]. (1)

The Lagrangian density has S Uy (2) xS Ua(2) X Uy(1)
symmetry, where S Uy (2) corresponds to the chiral sym-
metry, S U4(2) corresponds to the conservation of isotop-
ic spin, and Uy(1) corresponds to the conservation of ba-
ryon numbers. In the formula, y and ¢ are quark fields.
When the isospin symmetry is satisfied, we have
my, =mq =my. D* =0 +ieA* is covariant differentiation,
A# = §5AY and A” = —iA* are gauge fields. G is the four-
quark coupling constant. The Pauli matrix 7;,(i = 1,2,3) is
defined in the isospin space.

The thermodynamic potential can be expressed as

T
Q=-—=InZ, 2
- @

with the partition function

Z(T,u, V) = f [d&][dmef dr [ Ex(Ledpnd) 3)

. 1 . .
where V is the volume, 8 = ToH= dig(uy, pq) is the chem-

ical potential of the quark. Following the calculations
such as [24, 25], we have the thermodynamic potential
under the mean field approximation,

Q=- Zan = —ZlnTre_ﬁ [ x( Lty
1% 1%
2
mg—m
=Q, + % +const. “)

where Q, is the contribution of the quark part

d3
QT w=-T) f (zﬂl)’3Trln(,BS_](iw,,,p)). (5)

In this formula S~'(p) = y*p, —my, p° =iw, = 2n+ nT.
It is known that

Trln(y* py — my) = InDet(* p, —my) = 2NNyln(p* —m).
(6)

Using of the summation formula [26]

T Z In(B2(w? + A2)) = A +2TIn(1 +eP4), 7)

one can obtain

d3
Qq(T,ﬂ) = — ZNCNf ff #{Eﬂ + Tln(l + C_B(E”_ﬂ)

+Tln(1 +ePEA)}, (8)

where, E, = /p5 +m2. Regardless of the chemical poten-

tial, u = 0, the formula will change to
Q, = —2N.N dS—p{E +2TIn(1+e P} (9)
q ciVf (271,)3 P :

If the magnetic field is added, one will find that

&p |0/B| dps
. —_— 1
Qnp ;“” 2w J 2 (10)

then, the thermodynamic potential becomes

_ 'QfB| dps3 —B(E
Qq(T’H)__Nc;an7fE{Ef+T1n(l+e AE 1)
+Tln(1+e_ﬁ(Ef+“))}_
(11)

where, E; = \/p% +2n|QfB| +m, @, =2-0,0, charge Q =
diag(Q,, Q4) to the external magnetic field B = (0,0, B) in
z-direction, f'is flavor u or d.

III. DECAY PROCESS IN TWO-FLAVOR
NJL MODEL

The energy gap equation can be derived from the de-
rivative of the thermodynamic potential. From the energy
gap equation we can calculate the mass of the quark and
the single-loop self-energy through RPA [21-23,27] in a
two-flavor NJL model. As for the selection of magnetical
quark propagators, usually we have two methods: Ritus
scheme [18, 28-36] and the Schwinger scheme [11, 12].
In this paper, the Ritus scheme is used to deal with
propagators, which is described in coordinate space,

d3 P _
Sf(x’y) = f_3 e_lp(x_y)Pn(xl’pZ)D/(P)Pn(.Vlﬁpz)’ (12)
; )
where,

Dy(p) =y-p—my, (13)

and the magnetic field related terms are
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Py(x1,p2) = [gn (x1,p2) + a8, (x1,po)]

+Tf[g}if(xl,Pz)—Ing;{l(xl,Pz)]J’le, (14)

the term g,if(xl,pz) = ¢(x1 —syp2/|QBl) is determined by
hermite polynomial H,(¢).

6u(0) = (2! NTIQ BT 2) e Hy (¢/10B1). (15)
(po,0, p2, p3) 1s the momentum of the Fourier
transform, and p = (po,0,—ss2nlQsBl, p3) isthe con-
served Ritus momentum. s¢ = sgn(QsB),
Qr=(2/3,-1/3), and f means quark flavor. I, = 1—-6,0,
where 7 is the landau energy level.

Here, p=

A. Mass spectra of mesons

To illustrate the Ritus scenario clearly, we use neut-
ral mesons as a simple example. In this case, the meson
momentum k = (w,ki,k»,k3) is conserved for neutral
mesons which do not interact with the magnetic field.
The corresponding meson polarization functions in the
momentum space are the Fourier transforms of their ex-
pressions in the coordinate space,

Dy(k) = f d*(x = y)e Dy (x, y),
My (k) = f d*(x = eIy (x, ). (16)

Using random phase approximation, one can obtain

2G
Dy k) = =26, 0" (17)

The mass of a meson is defined by the pole of the denom-
inator at zero momentum

1= 26Ty (w = my, 0) = 0. (18)

The polarization function is [37],

My (w,0) = J; - (* - )2 (w?), (19)
where,
Ey
h L
d3p tan ( ZT)
Jy = 2NNy — =7 (20)
@2n)?  Ey
and

Ef
3 tanh| —
d’p 2T

(2m)3 Ef(4E} —w?)

Jr(w?) = 2NNy . @D

with €;, =0 and e, = 2m,.
Under zero magnetic field

dBp Er—é
My (w,0)= 2NNy | 2 =170 ()

~2fr(Ep), (22)

(2m)? B w_2
fo4
where Ef= \/p*+ m?, for the distribution function
1 c .
fr(Ep) = JET After considering the magnetic field, one

can make the substitution in Eq. (11). Therefore, the self-
energy of mesons under external magnetic field can be
further obtained,

T, (w.0) NZ |Qf |fdP3

1= fr(Ep =) = fr (Ey +n)
X o

"‘)2_6/%4)1\]62 |0sB |fdP3
fin

y 1—fF(Ef—/1)—fF(Ef +/J)
Ef(4E2-w?) '

(23)

B. Decay rate for o — mym

Elementary particles have the tendency to decay. For
a given interaction, the larger the mass difference
between the initial particles and the decay products, the
faster the decay proceeds. Here we define the decay rate
for o — mymy at the one-loop level depicted in Fig. 1 by a
Lorentz conservation matrix M [38]

dro‘—>27r(, _

1 |P| | |
dQ

24

(=
Ty

)
T
(x) 0

Fig. 1. Feynman diagram for the process o — momo.
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2
. m
where my momentum is |P| = \/T” —m3, and M(T,u)=

go'gzzr(,Aa'm,ﬂo .
At a finite temperature and density, the decay rate of
o — nir process is [39]

3 1/m(,/4 m,,n -

ra’—>27ro(T»/J) =looor, (T, 1) = g 858n,

% [Amm (o) [1 +2f (%)] 25)

mg.

where fg (m,/2)=1/(e>
bution function.

o coupling constant and 7 coupling constant are re-
spectively defined by

—1) is the Bose—Einstein distri-

2 _ oo
T
_ Oy, (ko,0)
2 _ T
gm,qq - T (26)

The triangle factor A, ., is defined by

oﬂ(,ﬂ(,(x )’sz) 21 Ncgo‘qqg;r qq [1 Su(x, Y) rs:- Su(}’vz) rs- Su(z»x)] 21 Ncga'qqgm)qq Z f

X Tr|P, (xl,qz)
q*- q

Normalization was carried out using the following for-
mula [33]

f dxfi+ (%) fis () = 6= fir fir remain,

fdxﬁch(X)ﬁ_(X) =012 D)= fir fi- =0,
(31)
f dx fi—(x) fi-(x) = 6x;= fi—fi— ramain,

fdxfk—(x)fH(X) =014k 2 D= fifir =0,

and e 0M-I0-9-PE=Y) in coordinate space can be
changed to (k, p3) momentum space by Fourier transform.
For y—z+#0 and z—x # 0, the relationship of momentum
conservation becomes

I=g+k,  P=q+ps - (32)

Finally, we have the triangle factor

P()”]z)P O1.12) — 7

d*g .
Tr W [go’qqrrrls u(x9y)gﬂoqq
X F,TIS u(ys Z)gm,qqrnis M(Z7 x)] (27)

iA(rnDno(T,,u) =-

The vertex of the meson is expressed as

1
Ty=1 .
M { iT3ys

In Eq. (12), we have defined the propagator of meson in
coordinate space. Here, we let

M=o,

M =ro. @8)

1
Pn(xi.q2) =5 [gﬁ/ (1) + 18| (x1.42)]

iSrr s s
=L |20 Ce1.g2) = Ig, " (x1.92) | y172

2
1 iS
=3 U@+ -] + le [fie (09 = fie (@] 7172
=A+iS rBxy1y2.
(29)

Then, we can obtain the triangle factor A, .,

3 3~
&pd’7’g i) -illy--ip(—)
(2n)°

nn'.,n"

11 r.l_’+m‘1 77
5 P (21.12) Py (21, p2) ——— P, (x1.p2) |
— My q-—my

(30)

|QfB| fd%

y bia (Eq —M) - fr (—Eq —,U)

2E,

A(TJTOJTO (k, p3) szgo'qquzroquC Z
fn

2
S——ZSE2

> (4m2+25)q-p3+38(q-ps)’

(s -4£2) [(m,% ~2g-ps)’ —SEg]
(33)

where S =m3, |psl= \Jm3/4—m3 , |ql= \|q5+2n|QpeBl.

Since we only consider the decay process of o — momo,
the decay constant can be approximated as

3 w/m(zr/4—m,2,0 )

Lo smyn, (T, 1) = g m(z;— 80qq8mqq

% |Agon (T 10| [1 +2f (%)] (34)
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IV. NUMERICAL RESULTS

The chiral condensate or the dynamical quark mass is
controlled by the minimum of the thermodynamic poten-
tial [11, 12, 36, 40, 41]. Using the thermodynamic poten-
tial from Eq. (11), we have

0y

omy

0. (35)

In this work, our choice of parameters are my = 5
MeV, A = 653.3 MeV, G =4.93x10"° MeV?2. The hard-
cutoff regularization scheme is adopted to deal with the
integral in our work. There are other kinds of regulariza-
tion schemes, such as soft-cutoff regularization scheme
and Pauli —Villars regularization scheme; one may find
these methods in Ref. [42].

The diagrams of mass variation corresponding to the
temperature under different external magnetic fields
eB=0,2,5,7m? are plotted in Fig. 2. We observe that
when the temperature increases, the mass of the quark de-
creases first slowly then sharply, and finally changes
slowly after T =200 MeV. For a fixed temperature, the
quark mass gradually increases with the increase of mag-
netic field.

Figure 2 indicates that with the increase of magnetic
field, the temperature when the chiral symmetry is re-
stored increases continuously. This temperature is the so-
called critical temperature 7c. We plot black points in
Fig. 2 and Fig. 3, which means that at this point, the chir-
al symmetry is restored. The temperature of this point is
the critical temperature of the chiral phase transition 7¢.

When m, = 2m,, the temperature is the Mott temper-

ature [5, 36], Twou, Where the decay m — gq is possible.
When m, = 2m, the temperature is the dissociation tem-
perature, Tgiss, Where the o — 7 decay can occur. In the
chiral limit, Ty = Taiss = Tc. When T > Tgiss, @ 0 meson
can decay into two 7 mesons. When T > Tyjo, @ 7 meson
can decay into a pair of positive and negative quarks.
When the temperature is Tmor, there is a distinct trans-
ition in m,. There is also a distinct transition from
My > 2my; 10 my ~ 2my at Ty, SO We set Tivion = Tiss 10
our work, and for the strong magnetic field this relation is
also fulfilled.

The phase transition with temperature is a crossover,
and we see that in the crossover region, the mass of the o
meson increases with the increase of the magnetic field.
However in the crossover region, the mass of the m
meson decreases slightly with the increase of magnetic
field. This result agrees with that in Ref. [43]. When chir-
al symmetry is restored, the mass of the ¢ meson is de-
generate with that of the mp meson. At a finite temperat-
ure, the mass of the constituent quarks increase with the
enhancement of the magnetic field, due to the fact that the
external magnetic field can also cause magnetic catalysis
(MC) [44-46]. In Fig. 2, we can clearly see that T¢ and
Tymon are all increasing, and when the magnetic field is
strong enough, Tvox ~ Tc.

Figure 3 shows the diagrams of mass change corres-
ponding to the temperature under different chemical po-
tentials u =0,100,200,300 MeV, where we fix the mag-
netic filed eB=5m2. From these figures, it is observed
that when the temperature increases, the mass of the
quarks decreases slowly and then decreases quickly. Fi-
nally the mass of quark changes slowly around 7' = 200, 190,
160,90 MeV and tends to stay unchanged for different

1000 1000
eB=0 2
800 eB=2«m,;
my 800 ms
% 600 2mq % 600 2m,
£ s
g 400 E 400
200 My 200 Mg
0 0
0 50 100 150 200 250 300 0 50 100 150 200 250 300
T(MeV) T(MeV)
(a) (b)
1000 1000
B=5m,.?
B 800 me eB=Txmy2
~ =
>
g g
£ s
1
200 Mg
0 S
0 50 100 150 200 250 300 0 50 100 150 200 250 300
T(MeV) T(MeV)
(c) (d)
Fig. 2. (color online) Masses of quarks, o and 7y mesons at eB =0,2,5,7m2 when u =0.
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1000

eB=5+m,? 1
=0

800} mg

M(MeV)

=

1000

eB=5xm?
1=200MeV

800} m,

1000

eB=5xm,2 1
p=100MeV

800} mo

600

M(MeV)

400

200} My,

o 50 100 150 200 250 300
T(MeV)

1000

800} m, eB=5+m,;?

p=300MeV

= 400} H
200} my, Y
c0 50 100 150 260 250 300 0 50 100 150 200 250 300
T(MeV) T(MeV)
() (d)
Fig. 3. (color online) Masses of quark ¢ and 7y mesons at u = 0,100,200,300 MeV when eB = 5m2.

chemical potentials. For a fixed temperature, we find that
as the chemical potential increases, the mass of quark
gradually decreases.

When chiral symmetry is restored, the mass of the o
meson degenerates to the mass of the 7y meson. Here one
can clearly observe that for a fixed strong external mag-
netic field, with increasing chemical potential, the Mott
transition temperature Ty and the critical temperature
Tc for the restoration of chiral symmetry are both de-
creasing gradually. In the crossover region, the mass of
the o0 meson decreases continually with the chemical po-
tential, while the mass of the xy increases with the chem-
ical potential. There is still a sharp change in the mass of
no for the existence of the magnetic field.

In fact, there is some non-monotonical behavior of the
pion mass near the critical temperature, which does not
conflict with the chiral symmetry restoration process.
This behavior was predicted by Son and Stephanov in
Ref. [47] by scaling and universality arguments, and also
observed later by the lattice results in Ref. [48]. This be-
havior is due to the interplay between the pion’s velocity
and its screening mass at finite temperature. The pion’s
velocity drops near Tc, while the screening mass in-
creases with temperature.

Figure 4 shows the corresponding coupling constants
8nyqq and grqq as we change the temperature. Here we fix
the chemical potential =0 and the magnetic fields are
eB=0,2,5,7m2. One can see that the coupling constant
becomes larger with the increase of the magnetic field.
For a fixed magnetic field, the coupling constant is basic-
ally constant at low temperature, then it changes signific-
antly around 7 =200 MeV.

In Fig. 4 (a), the corresponding coupling constant

8nqq increases slightly with the increase of magnetic field
when we choose a fixed temperature. In Fig. 4 (b), the
corresponding coupling constant gq,, also increases with
the increase of magnetic field. When it reaches Tyioy,
8n,qq drops down significantly and then jumps to a high
value.

Figure 5 shows the effects of the chemical potential
through coupling constants gy ., and g,,,. Here we fix
the magnetic field eB = 5m2 and the chemical potentials
are u=0,100,200,300 MeV. In Fig. 5 (a), the coupling
constant becomes smaller with the increase of chemical
potential. For a fixed magnetic field, the coupling con-
stant is basically constant and then changes significantly
when the chemical potential is finite. One can clearly see
that the critical temperature when g4, jumps is decreas-
ing with the increase of chemical potential, which means
adding chemical potential suppresses the decay of the
meson. In Fig. 5 (b), the chemical potential has a signific-
ant impact on coupling constant g,,,, and it decreases
gradually with the increase of temperature.

The variation of the decay width I',_,, ,, with temper-
ature is shown in Fig. 6 and Fig. 7. We fix the chemical
potential u =0 in Fig. 6, and the magnetic fields are re-
spectively eB =0, 2,5,7m,2,. We find that when the mag-
netic field increases, the decay width increases. In Lat-
tice QCD [49], the decay widths of 7y have been calcu-
lated. The decay constant also shows an increase with the
increase of magnetic field. When eB = 0, the decay width
is 84.7 MeV, and when the magnetic field is added, the
decay width becomes 153.1, 310.2, and 510.6 MeV re-
spectively. This is about 1.8 times, 3.7 times and 6.0
times of that in the case of zero magnetic field. With the
increase of temperature, the decay critical point also in-
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7
eB=Tm;2 ]
8 u=0 eB=5m 2
=5 — o= 1
3 —o
24 eB=
£s o
K
> 2
1
0 . . . . .
0 50 100 150 200 250 300

T(MeV)

(a)

Fig. 4.
7
6 eB:Sm,,2 T
p=200
S‘ S — =100
§ 4 — =0
=
23 —
>
: \
1
0
0 50 100 150 200 250 300
T(MeV)
(a)
Fig. 5.
800
p=0
S 600
[]
g
£ 400 — eB=7+m,?
o
tT: eB=5+my;2
5
L 200 — eB=2sm?
_/—“ — B0
0 . . .

T(MeV)
Fig. 6. (color online) Decay width I'y_,r, at different mag-
netic fields when the chemical potential x = 0.

creases from 7 =170 MeV to T =220 MeV. Finally the
decay width I',_,, , decreases, and goes to 0 when the
temperature is around the critical point temperature. At
this temperature, the decay happens rapidly and then
stops.

In Fig. 7 we fix the magnetic field eB = 5m2, and the
chemical potentials are u = 0, 100,200,300 MeV. One find
that when the chemical potential increases, the corres-
ponding decay width I';_, ., decreases, and the decay
critical points move to lower temperature. Their temper-
atures are respectively 210, 189, 159, 72 MeV. Near to
the critical point, I'y_, ,, suddenly changes to 0, which
means the decay process stops. It is clear that the pres-
ence of the chemical potential suppresses the decay of o
meson.

eB=7m;2 ]

b=0 eB=5m 2

eB=2m? ]

eB=0

Joqq(MeV)
o - N w » 3 = ~

~J

50 100 150 200 250 300
T(MeV)

(b)

o

(color online) Coupling constants gx,,, and g4, at different magnetic fields when the chemical potential x =0.

2 — p=300
eB=5m’ =200

— p=100

7
6
5
4 — =0
3
2
1
0

Goqq(MeV)

0 50 100 150 200 250 300
T(MeV)

(b)

(color online) Coupling constants g4, and g4, at different chemical potentials when the magnetic field eB = 5m2.

400
eB=5*m,,2

S 300FY
0
=
% 200 — p=300MeV
e p=200MeV
g — p=100MeV
= 100 — o

c " " " n "

0 50 100 150 200 250 300

T(MeV)
Fig. 7.  (color online) Decay width 'y, at different

chemical potentials when the magnetic field eB = 5m2.

Under the corresponding magnetic field in Fig. 6, the
decay width increases with the increase of magnetic field,
and it drops to zero at T, Which reflects the restora-
tion of chiral symmetry. Similar results on the decay
widths of ¢ mesons at fixed chemical potential 4 =0 can
be found in Ref. [50] for the study of the decay widths of
neutral 7 mesons decaying into photons for different
neutral mesons. The increase of decay width is particu-
larly pronounced when the magnetic field is very large.
When we consider different chemical potentials and fix
the external magnetic field eB = 5m? in Fig. 7, the change
of Tyonn looks very clear and the critical point de-
creases with the chemical potential.

In Ref. [5], they have considered the weak decay con-
stant of my at finite temperature 7, chemical potential u
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and in the presence of a constant magnetic field B. In
their work, they consider the decay constant of mp at
1 =0.In our paper, we mainly calculate the decay con-
stant of ¢ with different chemical potentials and magnet-
ic fields, that is the new point in our paper. We also cal-
culate the mass spectra of mesons.

From all the figures, one may find that the critical
temperature of grq4, 85gq ANd T'or.n, 1S TMort, DOt Tc. In
Refs. [27, 38, 39], Ty—nxr is usually associated with the
chiral phase transition. In their work, the threshold tem-
perature is Tyiss since there is no magnetic field. With the
magnetic field, Tc and Ty are different — this differ-
ence is studied in Refs. [34-36]. Tmoy 18 decreasing with
the increase of chemical potential, which agrees with Ref.
[38]. In that paper, I'nx is first decreasing and then in-
creasing with the increase of chemical potential, and
when the chemical potential is bigger enough, it turns to
zero. In our work, the change of I',_,,,, is different since
we chose a constant magnetic field eB = 5m2. With the
increase of chemical potential, I'y_,, ., is clearly decreas-
ing.

V. SUMMARY AND CONCLUSION

Magnetic fields were generated in the early universe.
They can influence subsequent cosmic phase transitions,
which is important for particle physics in the early uni-
verse. Our results suggest that the presence of an external
magnetic field "magnetizes" quarks in neutral mesons, af-
fecting their thermodynamic properties. The existence of
the magnetic field increases the critical temperature, thus
increasing the symmetry breaking region and suppress-
ing the phase transition to some extent.

From this work, we clearly see that the neutral meson
is also affected by the external magnetic field, which is
mainly due to the “magnetization” of the charged quarks
that make up the meson, which affects the properties of
the meson, such as meson mass, coupling constant, de-
cay width and so on. Here, the effect of the magnetic field
is to increase the critical temperature in the mass spec-
trum, thereby increasing the symmetry breaking region.
At the same time, the existence of the magnetic field
breaks the isospin symmetry, and the separation of quark
energy levels leads to the jump in 7y mass.

The effect of the chemical potential is to decrease the
critical temperature in the mass spectrum. In the case of
fixed strong external magnetic field eB = 5m2, with the
increase of chemical potential, the masses of o, 7y and
quark don't change much at low temperature, while the
coupling constants and decay width all decrease. The ex-
istence of chemical potential reduces the critical temper-
ature and accelerates the restoration of chiral symmetry.
It is worth mentioning that the critical temperature of
8mqq> 8ogq A0d Tor r 1S Tmou, DOt Tc. We know that the
truly critical temperature of o — momy should be T, and
Tyott = Taiss when we consider the magnetic field in our
work.

To conclude, we use SU(2) NJL model to study the
decay process of o — mmy, and our results show that the
magnetic field will enhance the decay process while the
chemical potential will reduce the decay process. In this
work, a general method is used to calculate the decay
constant, which can be extended to other charged mesons,
such as K or p mesons. It can also be extended to other
backgrounds, such as the 3-flavor NJL model, PNJL
model and so on.
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