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Abstract: In this paper, we investigate the temperature dependence of excited baryon’s form factor is
considered in the framework of the soft-wall model of Anti—de - Sitter/Quantum Chromodynamic. Profile
functions of the baryons and the bulk-to-boundary propagator at finite temperature were applied in the
model with thermal dilaton field. The temperature dependence of the excited baryon's form factor is
plotted. It was found that on increasing temperature the value of form factor decreases and near the
Hawking temperature form factor becomes zero.
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1. Introduction

There are various methods for calculating form factors, strong coupling constants, mass,
etc. of elementary particles. One of them is AdS/QCD models which is a way of using the
AdS/CFT correspondence as motivation for modeling QCD starting from a 5D space [1-14].
QCD is not a conformal field theory, so one needs to break a corresponding symmetry in the
AdS space, to obtain, for example, the form factor of baryons. The study of the temperature
dependence of the baryon form factor allows getting a deeper understanding of several physical
phenomena, such as phase transitions in nuclear matter, evaluation of early universe and etc. In
Ref [12] it was calculated and plotted temperature dependence of baryons form factor at finite
temperature in the ground state. We aim is to calculate and plot temperature dependence of
excited baryon form factor in the n=1 and n=2 excited state using Ref [12] and [13] in the
AdS/QCD soft-wall model.

Including temperature dependence of the dilaton and the warping of the anti—de Sitter
(AdS) metric due to temperature, it is possible to reproduce a temperature behavior of the quark
condensate. So, there are two sources of temperature dependence: (1) the warping of the AdS
metric due to temperature, (2) the temperature dependence of the dilaton-background field. The
dilation produces confinement and is responsible for the breaking of conformal invariance and
the spontaneous breaking of chiral symmetry in AdS/QCD soft-wall model.

2. The form factor of excited baryons at finite temperature. The action reads [13]:

S = f dtxdz e™®@ D [g L, . (1)

where determinant /g is specified by
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(e}

where, z is the holographic coordinate, A(z) = log(R/z), R is the AdS radius and thermal factor
f(z, T)=1-(z*/ H*), H is the position of the event horizon, which is related to the black-
hole Hawking temperature by T = 1/H m. where k=383 is a scale parameter.

The dilaton field at a finite temperature [13].

®(z, T) = K(T)%z? (3)
Here

K(T)=kx(1+4;) 4)

NfT? —T?* NFT*-T*

Ap = — 5
r 12N;F?  144N?F* >)

Ny = 2 is the number of quark flavors, F=0.087 GeV is the pseudoscalar meson decay constant
in the chiral limit at finite temperature.

First, one gets the vector bulk-to-boundary propagator at finite temperature using the
universal action. In the Euclidean metric,(Q? = — g?), the corresponding EOM for the Fourier
transform of the bulk-to-boundary propagator V(Q, z, T) reads:

-®(z, T) -d(z, T)
ad, TaZB(Q,Z,T) - QZTB(Q,Z, T)=0 (6)

So, the solution for the bulk-to-boundary propagator at finite temperature reads:

b odx —o(z TVX
V(Q,zT) =o(z T) jo qor ¥ e *@ Diz )
QZ
Q1 =gz

The general formula for finding the exciting baryon form factors at finite temperature is
the following integral:

F,(Q%T) = dezBﬁ(z, T)BR (2, T)V(Q,2T) (8)

where Bt (z,T) and BR(z, T) are left/right profile functions as below:

B} (z,T) = K™*1(T)z™+1Y/2 /2T (n + 1) /T(n + mL + 1) x
x L™ (K2(T)z2), 9)
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sz)(z' T) = KmR+1(T)ZmR+1/2\/2F(Tl + 1)/F(Tl +mlL + 1) x
x LM (K(1)z?).

here
mL=N+L-1
mR=N+L-2

where N = 3, L = 0 are partonic number and magnetic angle momentum of baryons.
Profile functions of baryons obey normalization conditions.

© —K2(T)z?

e 2
f dz — By (z, T)B{%(2,T) = Spm
0

which corresponds to the mass spectrum
4m4

k2

M = M2 (0)(1 + 4;) + (6n — D)(n+m + 1)~

Results the form factor of excited baryon for radial excitations with n=1 is obtained.

['(a(Q,T)+1)I'(m+4)
['(a(Q,T)+m+4)

['(a(Q,T)+2)T(m+2)
'(a(Q,T)+m+4)

F(Q%T) = +(a(Q,T) +m)

If n=2, then profile a function:

['(a(Q,7)+1)r(m+6)
r'(a(Q,T)+m+6)

I'(a(Q,T)+2)+I'(m+3)
r'(a(Q,T)+m+6)

F,(Q%T) = +a(Q,T)

# [(m + 5)(2m + 3) +-a(Q, T)(a(Q,T) + 5)

(10)

(1D

(12)

(13)

(14)

The temperature dependence of right F;r(Q% T), F,z(Q%T) and left F,;(Q3T),
F,,(Q?,T) baryon form factors corresponding to n = 1, 2 states are shown following pictures.
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Fig. 1. The temperature dependence of excited F;; (Q?,T) left baryon form factor at n = 1 state.
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Fig. 4. The temperature dependence of excited F,,(Q?,T) right baryon form factor at n=2 state.
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It can be seen from both figures that the graphs are in the positive region, and as the

temperature increases, the value of the form factor decreases and finally the temperature
approaches zero at T = 0.20 MeV.

3. Summary

Thus, by constructing the temperature dependence of the excited baryon form factors, we

found that at a temperature close to Hawking's temperature approximately T = 221 MEV, the
value of the form factor approaches zero, indicating that the particles interact still that
temperature. The higher temperatures than Hawking temperature indicates that the baryons are
completely dissolved, the quark-gluon plasma is formed, and there are no interactions.
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®OPM ®AKTOP BO3BYKJIEHHBIX BAPUOH IIPHU KOHEYHOM TEMIIEPATYPE
H.A. HacuooBa

Peztome: B nanHoi paboTe HMccieayeTcs TeMIiepaTypHas 3aBUCHMOCTh (hopM-(pakTopa Bo30YKICHHOTO
OapuonHa, paccMaTpuBaeMasi B paMKax MOJAENH Msrkoi crteHkun AmnTtu-ne-Cutrep / KsanToBas
Xpomonmnamuka. [Ipoduinpaple QyHKIMKM OapHOHOB MW Ipomararopa OT O0beMa 0 TPaHHIBl TpU
KOHEYHOH TemIiepaType ObLIM TNPUMEHEHbl B MOJCIH C TEPMOAWIATOHHBIM mojeM. [loctpoena
TeMIepaTypHasi 3aBHCHMOCTH (opmbakTopa BO30YKAEHHOTO OapmoHa. bputo 0OHapyXeHo, 4TO ¢
TIOBBIIIICHHEM TeMIIepaTypsl 3HaueHHe (opM-(paKTopa YMEHBIIAeTCS W BONHM3H TEMIIEpaTypHOTO (opM-
¢axTopa XOKHHIa CTAHOBUTCS PABHBIM HYJIIO.

Kniouesvte cnosa: AJS/CFT-nyanbHOCTh, MOJETb MSTKOW CTEHBI, BO30YXKICHHBIH OapHOH, OCHOBHOM
cocTosiHue, reomeTpus GoHa, hopMm-hakTop.

SONLU TEMPERATURDA HOY9CANLASMIS HALDA OLAN
BARION FORM FAKTORU

N.9. Nasibova

Xiilasa: Mogalods sonlu temperaturda hoyacanlasmis halda olan barionun form faktoruna Anti-de-Sitter
/Kvant Xromodinamikas1 yumsaq divar modelindo arasdirilmigdir. Baryonlarmn profil funksiyalar1 va
daxil-sarhad propagatoru sonlu temperaturda termal dilatonla birge modelo daxil edilmisdir
Hoyocanlasmis barionun form faktorunun temperaturdan asililiq qrafiki qurulmusdur. Mioayyon
olunmusdur ki, temperaturun artmasi ilo form faktorun giymati azalir vo Havking temperaturunun
yaxinliginda form faktorun giymati sifir olur.

Acar sozlar: AAS/KSN dualligi, yumsaq divar modeli, osas hal, hoyacanlagmis baryon, arxafon handasasi,
form faktor.
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