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Abstract

We investigate the dependence of the axial-vector transition form factor and radius of the
nucleons on the temperature of the medium, using the AdS/QCD soft-wall model which is
based on AdS/CFT duality. The dependencies of the axial-vector transition form factor and
radius of nucleons on the square of the momentum transfer and the temperature are plot-
ted. We observe that the value of the axial-vector transition form factor and the radius of
nucleons decreases as increases temperature.
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1. Introduction

Studying the interactions between hadrons allows getting a deeper knowledge
of several physical phenomena, such as chemical potential, phase transitions in nu-
clear matter, and the evaluation of the early universe, etc. There are several meth-
ods which were created to solve the strong interaction or QCD problems. One such
a method is the AdS/QCD soft-wall model is based on gauge/gravity duality [1]
which is useful in the calculation of form factors, strong coupling constants, mass
of elementary particles. With the application of the holographic QCD approach the
electromagnetic, axial-vector and gravitational form factors of the nucleons were
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studied in a hot medium in Refs. [2-4, 9, 11]. Moreover, the temperature depend-
encies of meson-nucleon coupling constants were studied at finite temperatures
from the AdS/QCD soft-wall model [5-9]. This approach enables us to study the ax-
ial-vector radius of nucleons [12] at finite temperature.

2. Axial-vector transition form factor and radius of nucleons at finite temperature.

In this work, we use AdS/QCD soft-wall model, in which the @ (r, T) thermal dila-
ton field is used in the action as the following form [10]:

S(T) = f d*x dr e?@T) \/EL(x, r,T). (1)

Here r is the holographic coordinate, x is the set of Minkovski coordinates. \/E is
the determinant of AdS Schwarzschild metric [10] and L(x,r,T) is the interaction
Lagrangian term. The expression of the dilaton field is as follows:

2 2 2
ONf-1 T2 Nf—1<T2> , o)

B 12F2

,T) = Kfr? =
¢(r.T) = Krr N, 12F2' T 2N?

Here, Ny — is the quark flavour number, F — is the pion decay constant. From the
interaction of neutrons with axial-vector mesons at finite temperatures, we can ex-
amine the nucleon axial-vector transition form factor and radius. To obtain the ax-
ial-vector and axial-vector transition radius of the nucleon, we obtained the axial-
vector transition form factor of nucleons at finite temperature [1]. The axial-vector
form factor should be obtained from the axial-vector current of the nucleons. The
axial-vector current of the nucleons as follows:

jrex) = lﬁ(x)y”ysgw(x), (a=1,2,3) (3)

Here y# and y° are Dirac matrices. 1(x) and ¥ (x) are spinors in 4-dimensional
Minkovski space-time. To obtain axial-vector transition form factor of nucleons the
interaction Lagrangian which contains minimal, magnetic type and three-field in-
teraction Lagrangian terms is written as follows:

1 _
L(x,7,T) = E{(Nl(x' r,T)IT'M Ay (x,7,T)N;(x,7,T) — N, (x,7, T)I'™ X
i _
X Ay (x, 7, T)N,(x,7,T)} + Ekl{N1 (x, 7, T)T"NFy,w Ny (x,7,T) +

+N,(x, 7, T)TMNEyy Ny (x,7,T)} + %{Nl(x, r, T)I'MAyN,(x,7,T) +

+N,(x, 7, T)X*(x, 7, T)[M Ay (x, 7, T)N, (x,7,T)}. (4)
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Here gy is Yukava constant, X (x, r, T) is the scalar field in 5-dimensional space-time
and has the following expression:

1 1
<X(rT) >= v(r,T) =~ EMqar + EZ(TW. (5)

a =./N;/2m (N, = 3) is the normalized parameter. M, is the mass of u and d
quarks. X (T)is the chiral condensate at finite temperature [2-11]. The Fourier
transformation of spinors are the following form:

Ny(x,r,T) = Ny (x,7,T) + Nig(x, 7, T) =
_ 1
-~ (2m)*

N,(x,7,T) = Ny (x,7,T) + Nog(x,7r,T) =

f 4’ e~ ¥ [Fyy (r, Ty (0) + Fun(r Tup(@)]

1
(2m)*

j d*p’ emiPx [Fo,(r, Tu,(p) + For(r, Tug(p)].

N,(x,7,T) = Ny, (x,7,T) + Nig (x, 7, T) =

1
(2m)*

f d*p’ e X [Fy,(r, T)U, (p") + Fir(r, g,
where
Ny(x,7,T) = Nyy (x,7,T) + Nyp(x,7,T) =

1
- (2m*

f d*p’ e *[F;, (r, T)a, (p") + F3p(r, T)ir(p")] (6)
and

. .
w =S4y, @ =51-y) (7)

Fi;(r,T) va F,g(r, T) are the left and right profil function of nucleons as follow-
ing form for ground states of nucleons (n=0) [10]:

5 —oT) 3 —o(,T)
F& o T) =V2Kirze™ 2 ., F§y,(r,T) =V2Kkrze  z . (8)
For excited states of nucleons (n = 1)
2 5 —@(r,T)
Fii(r,T) = §K73~r§e—2 L2 (K?r?), (9)
2
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R 2,5 3 200D
F1,1/2(T,T) = §KT7‘26 2 Li(Kfre).

Ay (x,r,T) is the axial-vector propagator of axial-vector meson and has the fol-
lowing expression [2]:
A@Q,r,T) = (I + ar))U(ar, 0,K*(T)r?). (10)

Here a; = Q%/4K?(T).I'(n) is Gamma function, U(x, y, z) is Tricomi function.
By taking into account the expression (1) in the action and after calculating for
the bulk theory and using the holographic identification the following form:

Zxp(A3(T)) = eisqt(A#(q,r,T)) = Zaas(Ap). (11)

We have obtained the expression of the axial-vector transition current as the
following form:
a

JE@'p.T) = Gar (MG u(p). (12)

The expression of G4 (T) at finite temperature is the following form:

1 [ee]
Gar(T) = E,f drA(Q,r,T) X
0
X [ E™* (r, TYE™ (7, T) — B (r, TYE™ (1, T)] +
ky [
+7f drr (8,A(Q,7,T)) X
0
X [1*"1([‘)* (r, TYES™ (r,T) + B (r, T)ES™ (7, T)] +
+2g, [ ara@@r.m)200,7) x
0

x [, R (r,T) = B (r, TERY (T, (13)

The axial-vector radius of the nucleon at finite temperature is found by deriving
the normalized axial-vector form factor [2] with respect Q2. Axial-vector and axial-
vector transition radius of nucleons at finite temperature has the following expres-
sion:

 —6dG,(Q%T)
Gar(Q?,0)dQ¥
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_6dGAT(Q2) T)
G4(Q%,0)dQ? "

rAZT(T) = (15)

3. Numerical result

We have used the MATEMATICA package for numerical calculation and plot the
temperature dependence graphs of G47(Q%,T)/Gar(Q?,0) form factor and radii.
We presented the numerical results for the choice of parameters for two flavors
Ny = 2, and pion decay constant F = 0.087 GeV. In Fig. 1. a) we consider the de-
pendencies of the normalized axial-vector transition form factor of nucleon on tem-
perature and the momentum square of nucleons. In Fig. 1, b), momentum square
of dependence of the normalized axial-vector transition form factor of nucleon at
different values of temperature. c) temperature dependence of axial-vector transi-
tion form factor of nucleon at values of parameter a = 0.1, 0.2, 0.3. In Fig. 2,a) we
present the temperature dependence of axial-vector radius, and b) the temperance
dependence of axial-vector transition radius of nucleon.

L
G_AT(, T)
G_AM, D) 0.5
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Fig. 1. a) The dependencies of G, (Q2,T)/Gar(Q%,0) form factor on T and Q2 b) Q2

dependence of the G4+ (Q? T)/G,7r(Q?,0) at different values of T c) T dependence of
G4r(Q?,T)/G4r(Q%,0) at different values of parameter a respectively.
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Fig. 2. a) The temperature dependence of axial-vector radius, b) the temperature de-
pendence of axial-vector transition radius of nucleon.
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4. Conclusion

In the present work, we have investigated the temperature dependence of the
axial-vector transition form factor at finite temperature in the soft-wall model of
holographic QCD. Numerical analysis shows that the axial-vector transition form
factor decreases with increasing temperature. This means in a hot medium, the
decay has less probability. This result may be used in neutrino experiments. Our
result for the nucleon axial-vector radius (0.626) is consistent with the experimental
value (0.67) [13] and other models’ results (0.647) [14] at zero temperature.
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