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Abstract: We study the deep inelastic scattering (DIS) of a proton-targeted lepton in the presence of gluon con-
densation using gauge/gravity duality. We use a modified AdSs background where the modification parameter ¢ cor-
responds to the gluon condensation in the boundary theory. First, by examining the electromagnetic field, we estab-
lish that a non-zero ¢ can increase field magnitude. Our aim is to obtain the acceptable value of ¢ for this scattering.
Our method is based on setting the mass of the proton as an eigenvalue of the baryonic state equations of the DIS to

find the acceptable value of the parameter ¢ on the other side of the equations. Therefore, in the second step, we cal-

culate wave function equations for the baryonic states where the mass of the proton target requires a value contribu-

tion of ¢ as ¢ =0.0120 GeV*. Proceeding with the electromagnetic field and baryonic states, we derive the holo-

graphic interaction action related to the amplitude of the scattering. Finally, we compute the corresponding structure

functions numerically as functions of x and ¢, which are Bjorken variables and the lepton momentum transfers, re-

spectively. Comparing the Jlab Hall C data with our theoretical calculations, our results are acceptable.
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I. INTRODUCTION

Deep inelastic scattering (DIS) process is used to
study the internal structure of protons [1], which is a
puzzle in quantum chromodynamics (QCD). The main
difficulty emanates from the fact that massless gluons and
nearly massless quarks give rise to the mass of the proton
M ~ 1 GeV. One can say that from the perspective of spe-
cial relativity, the missing mass could be due to the kinet-
ic energy of quarks and gluons inside the proton;
however, the mentioned kinetic energy is insufficient to
describe the total vanishing mass. To learn more about
this topic, breaking the conformal symmetry in QCD is
another reason that should be considered. It leads to an-
omalous dimension contributions in the DIS. Recall that
QCD coupling is large at low energies; hence, perturba-
tion calculations cannot be used to study many properties
of hadrons. Therefore, an alternative way to study DIS is

to use a holographic approach.

In AdS/CFT description, a strongly coupled field the-
ory at the boundary of the AdS space can be described us-
ing a weakly coupled gravitational theory in bulk AdS [2,
3]. In other words, a ten-dimensional geometry at the cor-
responding boundary is an exact dual of a supersymmet-
ric SU(N) gauge theory with large N in the bulk. In par-
ticular, the string theory in the AdSsx S5 space is a dual
of a four-dimensional gauge theory. AdS/CFT duality has
originally been considered for conformal theories;
however, it has been generalized to non-conformal theor-
ies such as QCD. Therefore, in any case of interest, a
QCD problem can be studied by assuming an appropriate
AdS background. In the current holographic study, a DIS
process with a proton target is considered using a modi-
fiedAdSs background. In a phenomenological holograph-
ic approach, AdS/QCD attempts to adapt a five-dimen-
sional effective field theory to QCD as much as possible.
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Therefore mass gap, confinement, and supersymmetry
breaking are obtained by considering modifications in
gravitational duals. To break the conformal symmetry,
one can modify the radial coordinate, which is the 5th di-
mension of spacetime, as discussed in reference [4]. In
the AdS/QCD approach, the anomalous dimension asso-
ciated with DIS is replaced by introducing a modification
parameter in the gravity dual. Because of this, a holo-
graphic modified model can deal with phenomenological
aspects of DIS. An anomalous dimension is introduced
into the holographic context to fit the masses for mesons,
baryons, and glueballs [5—7]. The correct modification
parameter value in different models can be determined
using phenomenology to set the values of known physic-
al quantities. For example, one may adopt a modified
AdS that introduces the gluon condensation on the QCD
side of duality.

Originally, gluon condensation was a measure of the
non-perturbative physics in zero-temperature QCD [8]. It
was later identified as an order parameter for confine-
ment to study certain non-perturbative phenomena
[9-12]. The gluon condensate G, is the vacuum expecta-
tion value of the operator =Gy, G**, where G, is the
gluon field strength tensor. A non-zero trace of the en-
ergy-momentum tensor appears in a full quantum theory
of QCD. The anomaly implies a non-zero gluon condens-
ate, which can be calculated as [13—15],

AGH(T) = Ga(T) = G2(0) = =(&(T) =3 P(T)), (1)

where G,(T) denotes the thermal gluon condensate;
G»(0), which is equal to the condensate value at the de-
confinement transition temperature, is the zero temperat-
ure condensate vale; &(T) is the energy density; and P(T)
is the pressure of the QGP system.

A well-known modified holographic model introdu-
cing gluon condensation in the boundary theory is given
by the following background metric in the Minkowski
spacetime [16],

ds? =g, dxX™ dx"
2

:L_z(\h—c2z8(—dt2+2dx,?)+dz2), )

Z

3 1+cz?
= 4/=ln ——— . 3
¢(2) \/;HI_CZ4 +¢0 3)

In the above dilaton-wall solution, i = 1,2,3 are orthogon-
al spatial boundary coordinates, z denotes the 5th dimen-
sion radial coordinate, and z = 0 sets the boundary. ¢ is a

1
constant, ¢ = —, and z. denotes the IR cutoff. It shows

that z is defined from zero to the IR limit as usual. To cla-

rify, parameter ¢ does not bound the upper limit of z to
values less than the cutoff; in fact, it should be inter-

1
preted as ¢ < —. In other words, for a very large value of

z, the parametzer ¢ tends to an infinitesimal value based on
the range 1—c?z% > 0. Furthermore, we perform calcula-
tions in the unit where L = 1. To investigate the appear-
ance of the forth correction of radial coordinate (with the
coefficient denoted as ¢) in the metric, it is worth men-
tioning that the dilaton field is dual to a scalar operator
and the metric is dual to the energy-momentum tensor of
the dual field theory [17] (discussion further in [18, 19]).
Expanding the dilaton profile near z = 0 will give

@(2) = o+ Vot +.... 4)

According to the holographic dictionary, ¢ and c are the
source and parameter associated with the confinement,
respectively. We expect the constant piece to correspond
to the source for the operator TrG, and coefficient of z4
to give the gluon condensate [20]. It is evident that ¢ in
the background metric breaks the conformal symmetry;
hence, the gluon condensation appears in the boundary
theory. The relevant phenomenological information
shows that its value lies in the range 0<c <0.9 GeV*
[21-23], and recent lattice calculations based on a QCD
sum rule method show that the gluon condensate behaves
as a rapid change around T, [24, 25]. We are interested in
obtaining the exact value of ¢ in a proton-targeted DIS
process.

The holographic description of the gluon condensa-
tion allows several physical quantities to be studied in
this context. First, to familiarize with its phenomenolo-
gical aspects, it should be noted that the dilaton wall solu-
tion represented by (2), (3) is related to the zero temperat-
ure case; hence, this is suitable for studying DIS and its
physics. As expected, one can readily confirm that in the
limit ¢ +— 0, (2) reduces to AdSs which does not present
the mass gap, whereas the modification of the radial co-
ordinate can yield more phenomenological results. In
fact, it has become an approach to discuss more phe-
nomenological aspects using modified AdS [26-28].

In a work related to our study [29], such a scattering
was investigated using a deformed AdS. Since models
with anomalous dimension in AdS/QCD lead to mass-
scale fermionic field generation, several works have em-
ployed them to solve DIS [29-61]. In view of all the
abovementioned motivations, we will use a holographic
model of gluon condensation, given by (2) and (3), to
study DIS with the proton target.

This remainder of this paper is structured as follows.
After a brief overview of the DIS properties using holo-
graphy in Sec. II, we study the electromagnetic interac-
tions and baryonic states in deep inelastic scattering in
Secs. III and IV, respectively. Based on these results, Sec.

013101-2



Deep inelastic scattering with proton target in the presence of gluon condensation...

Chin. Phys. C 47, 013101 (2023)

V presents the interaction action, and subsequently, we
discuss the structure functions according to the relation-
ship between the action and scattering amplitude. In Sec.
VI, we briefly review and discuss our results.

II. DIS PARAMETRIZATION AND
HOLOGRAPHY

First, a brief overview of deep inelastic scattering is
provided to clarify our motivation and goals. The main
application of DIS in particle physics is to study the in-
ternal hadronic structure and strong interactions. Con-
sider a DIS process in which a lepton is scattered off a
proton target, as shown in Fig. 1. During this scattering, a
virtual photon is exchanged. Proton fragmentation cre-
ates a lepton and some final hadronic states. It should be
noted that the production of final hadronic states depends
on the four momentums of the initial lepton transfers.
Therefore, the four momentums leads to the expulsion of
inner quarks and gluons of the proton. Finally, the quark
anti-quark pairs are hadronized. According to Ref. [62],
DIS is parametrized using the Bjorken dynamical vari-
able which is defined as

x=—o )

where ¢ is the momentum transferred by the lepton to the
proton target via a virtual photon and P is the initial mo-
mentum of the proton. We adopt the method explained in
[62] and rederived in [5, 29]. Hence, the hadronic trans-
ition amplitude is given as

H v 2 H v
Wﬂv:Fl(nyv_g)+_§F2(Pﬂ+q_)(Pv+q_), ©)
q q 2x 2x

where F1, = F,(x,q°) are structure functions.
Next, we relate the abovementioned matrix to holo-
graphy. From the AdS/QCD dictionary, elements of (6)

Fig. 1. Deep inelastic scattering process of the lepton on the
proton by exchange of the virtual photon.

on the QCD side are associated with the interaction ac-
tion on the AdS side as [30],

Nu < P+q, sx|J*(0)|P, s; >= Ko S ints @)

where 7, is the polarization of the virtual photon, |P,s; >
represents a normalizable proton state with spin s;, J* is
the electromagnetic quark current, and sy denotes the fi-
nal state. It is worth mentioning that K.g is an effective
factor that adjusts the bulk supergravity quantities to the
boundary phenomenologically. This is based on a differ-
ent perspective presented in Ref. [5] that the bulk/bound-
ary quantities of (7) are proportional and not necessarily
equal.
The interaction action is written as

Sint = gv f dzd'ye ™ \g# BT, ¥, (®)

where gy is a coupling constant related to the electric
charge of the baryon, ¢ is the dilaton field, /=g is given
by the metric, ¢* is the electromagnetic gauge field, ¥;
and Wy are the initial and final state spinors for the bary-
on, respectively, and I, are Dirac gamma matrices in the
curved space. By computing all the above quantities ac-
cording to (2) and (3), the interaction action of DIS can
be studied.

III. ELECTROMAGNETIC INTERACTIONS IN
DEEP INELASTIC SCATTERING

A photon is exchanged during scattering, hence, we
study the electromagnetic interactions in the bulk. It can
be described as the presence of photon in the modified
AdS. The action of a five-dimensional massless gauge
field ¢" is given by

1
S=-3 f d>xe ¢ =gF™F . 9)

where F™" = §"¢" —3"¢™ with m,n representing the 5-di-
mensional space including the Minkowski spacetime co-
ordinates, u,v, and z; and ¢ is the dilaton field given by
(3). Note that ¢ and ¢ should be differentiated. In fact (9)
is an action showing the gauge field ¢ on a background
coupled to a dilaton field ¢. From (9), the equation of
motion of such an electromagnetic field is derived as

Omle™® V=gF™] =0. (10)

Considering m,n = u,v,z , the relation (10) leads to

1 3 3
du| -1 +cz4)1_‘/;(1 - cz‘l)lJr‘/;F“z =0,
z
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This obeys the 5—dimensional Maxwell equation supple-

1 41-4/T at+T o | _
o E(l tez) Vil —ez) F=1=0. D hented by a gauge condition, which we take to be
To solve the equations of motion of the gauge field in e ¥ \-gdu¢' + (™ \-g,) = 0. (12)
(11), we first fix the gauge. Suppose there is an electro-
magnetic field in the bulk defined with the metric (2). From (12), one can write
z (1+cz4)17\/¥(1—cz4)1+‘/§
6ﬂ¢ﬂ + 2 =0z ;)= 0, (13)
A+ Vid—eh* Vi z
hence, should be convergent and the assumption is taken as fol-
lows: Gl == 0. Then, we can obtain ¢;(z,q) versus z
1+4V6cz* +7¢%7 <. . .
Oy, + 0,06, — 1= du¢.=0. (14)  that describes the behaviour of the electromagnetic field
Z(1-c%z

Using the gauge (14) together with (11) leads to the fol-
lowing equations,

O¢. —0,0.¢/ =0, (15)

1+4V6cz* +7¢228
72(1—c2z8)

Oy + 02, — 8.4, =0. (16)

At this point, one can consider a photon with a particular
polarization as 7,¢* = 0 for simplicity; hence, only the ¢*
component contributes to the scattering [5, 30, 33]. In the
latter case, we need to solve only (16). This equation can-
not be solved analytically; hence, we use numerical meth-
ods. Let us consider ¢,(z,q.y) =1,e9"¢1(z.q), and the
condition ¢,(z,¢,y)|_, =n,€'% in (16). We use reference
[5] for the initial condition, because we should obtain
similar results at the boundary z=0. At the IR limit we
take the Neumann boundary condition. Therefore, ¢;(z,q)

in the bulk. Figure 2 shows ¢;(z,q) for different values of
¢* and c. Plot (a) shows that for large values of ¢, in-
creasing the parameter ¢ does not affect ¢,(z,q) signific-
antly. In addition, ¢; has its maximum value near the
boundary (z=0). In plot (b), for small values of ¢, in-
creasing the parameter ¢ increases the magnitude of ¢,
which is more visible with large values of z. Plot (c) is a
comparison of ¢; at different values of ¢*> and a fixed c.
It is evident that ¢; is stronger when ¢? is smaller. In oth-
er words, the magnitude of the electromagnetic field is
larger for smaller values of ¢°.

IV. BARYONIC STATE EQUATIONS IN DEEP
INELASTIC SCATTERING
In this section, we study the baryonic initial and final

states for further requirements of the interaction action
(8). The action for the fermionic fields is written as

S = f dx’e™ Vg P(D —ms)¥. (17)

100 ¢%=10GeV? 100~ ¢ =1Ge\V? 101 ¢=0.01GeV*
\ ——¢=0.001 GeV* ——¢=0.001 GeV* ——q?=1Ge\?
08 \ i 08f
¢=0.01GeV* 08 ¢=0.01GeV* o = 10 GeV?
_ 06 N _ 06}
8 T 06f 8
® o4 ® S 4l
04}
02} ‘ 02}
N 02}
0.07\ Il Il \A -“‘\A-‘_‘ .\- Il Il Il Il Il Il Il Il 0'07\ Il Il Il Il Il Il
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30

(a) z

Fig. 2.

(b)

()

(color online) Electromagnetic field in the bulk with (a) large value of ¢> = 10 GeV? and two different values of ¢ = 0.01 GeV*

and ¢ = 0.001 GeV*, (b) small value of ¢*> = 1 GeV? and two different values of ¢ =0.01 GeV* and ¢ =0.001 GeV*, (c) two different values
of parameter ¢* = 1 GeV? and ¢* = 10 GeV? at fixed value of ¢ = 0.01 GeV*.
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where ms is the baryon bulk mass and the operator P is
defined as

1 .
D = gmnezya (am + Ewrbnczbc) s (18)

in which g" is given by metric (2), vo=¥u5),
1 o
{Ya> v} = 2nap and X5 = 7w ys1 [63-67]. v, are Dirac's
gamma matrices. a, b, c are flat spaces, and m, n, p, q are
AdS space indices. As before, u,v represent the

Minkowski space. The equations of motion of fermionic
states are

(P —ms)¥ =0. (19)
With the metric (2), vielbeins are computed as

2.8y\%
a_(l —cz )46(1
en_ z n’
a=t,x1,x2,Xx3,
p, 1

n z

b=z (20)

b
e 0,

The above terms give us the first term of (18). Now, we
calculate the second term. Spin connection is given by

W = e49,,e" + eﬁepbl";m, 21

where the Christoffel symbols are

1
Fﬁn = Egpq(angmq + amgnq - aqgmn)- (22)
. . V1-c2z8
From the metric (2), one may write g,, = #Uﬂv
z

1 C
and g, = —. Hence, the only non-vanishing terms are
Z

I, =T% % T . After computation, they are written as

uvot 2z
. 1+
L TR
. 1
Fzz :Z
1+228
pe 21+ g (23)

\ 44 _Z(l _szg) Ve

In addition, from (2) combined with (20) and (22), the
relation (21) turns to

WY =-wk = _(d¥ez) c2) ) (24)
g g 2(1-c2z8)i 1

hence, other components of w? are zero. Using these
solutions, (18) is given by

z (1+c%2%) 5

D=2y, + i ) v, 25
v (l—czzg)iy## z(l—czzs)zy 23

and (19) is written as

1 2.8
_2(+—CZ)375_m5 ¥ =,
zZ(1—c2z8)3

(26)

5 < ]

7y’ 0+ Y
(-8

Since the spinor is either left-handed or right-handed, and
since Kaluza-Klein modes are dual to the chirality
spinors, these components are decomposed and expan-
ded as

lIIL/R(X#,Z) = anf/R(Xﬂ))(z/R(Z), 27)

and by applying (27) in the equation of motion (26), we
obtain the coupled equations as

(1+c%2) m5) M,
C’)Z _Z—X - = A o 1 5 28
( R X,(2) a _CZZS);XR(Z) (28)
(6 ) (1+c%2% _ mj) () = -M, @. (29)
4 ZQ(I—CQZS)% z Xk - (1—c218)%XL .

Decoupling (28) and (29) leads to the following equation,
which describes both left-handed and right-handed sec-
tors as

2.8

(1+c%z )x i@)

2(1-c2¥): 2
1+c278

(—CZ)3¢@>\,M(Z)

2(1-c28): 2

=My, (2). (30)

—(1-c*i(0.-2

x (1-c?2%) (9. -2

Below, we create a Schrodinger-like equation by apply-
ing a transformation similar to

1
_20-28)7

X (D) = ———, (D), 31)

(1—c2z8)s

hence, Eq. (30) is written as
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42161115(1’115 + ])

” ms(ms ¥ 1) —c28Qm2 +7) +c¢
\/l—czzg(—lﬁR/L(z)+ 5

z2(1 _ CZZS)Z

In (32), ms is a parameter on the AdS side of the gauge/
gravity duality and is related to the baryon mass on the
gauge side; hence, the normalizable solutions of the equa-
tions above are dual to the states in the boundary theory.
In pure AdS space, the bulk mass is related to the canon-
ical conformal dimension A.,, of a boundary operator as

Im29S| = Acan — 2. (33)

Recall that QCD is not a conformal field theory since it
has a mass gap. Hence, the gravity side should be modi-
fied, resulting in an unpure AdS. If AdS is modified, the
canonical dimension A¢,, of an operator has an anomal-
ous contribution y, implying an effective scaling dimen-
sion.

Ims| = Acan +y—2. (34)

The contribution of the anomaly is related to how one
modifies the theory. For example, in Ref. [5], the modi-
fication of the scale introduces the mass gap in the theory.
Therefore, the anomalous contribution represents the en-
ergy scale in the theory and leads to the mass spectra.
Hence, the main task is to find the value of the bulk mass
in (34). In AdS/CFT dictionary, when the bulk mass is re-
lated to the dimension, it means that the energy scale of
the boundary theory is holographically related to the loc-
alization in the z-coordinate; therefore, we have z-de-
pendent mass in the bulk. Let us focus on ms. One can fit
ms numerically as Eq. (32) has normalizable solutions.
By fixing M as the proton mass, we should find suitable
values for ¢ and ms, which give us well-defined solutions.

Figures 3 and 4 show the initial (»=1) and final (for
two excited states as n=2, 3) chiral components of the

0.5¢

0.0

Wiz]

-0.5f

0.0 0.5 1.0 1.5 2.0 25 3.0
(a) z

Fig. 4.
(b) n=3, by considering ¢ = 0.0120 GeV* and ms = 0.081 GeV.

Yr/L(2) = Mg (2) (32)

wave function. To solve Eq. (32) numerically, we fix pro-
ton mass M as the eigenvalue of the equation; therefore,
ms and ¢ are found as ¢=0.0120GeV* and
ms = 0.081 GeV. Interestingly, the value of parameter ¢
on the AdS side is close to the phenomenological GC
value of QCD as found G, =0.010+0.0023 GeV* in Ref.
[26]. Another consequence of the presence of ¢ is that the
anomaly y in (34) affects the bulk mass intensely. After
obtaining both left-handed and right-handed modes from
(32), we have

_:(113:%%
e 1-vs

2

1+’)/5

W,
2

= iy i i 35
RN (=W + (= Wilus (p), (39)

as the initial wave function for the target proton and

-0.8;. ‘ ‘ ‘ ‘ ‘ ‘
00 05 10 15 20 25 30
z

Fig. 3. (color online) Left-handed (dashed) and right-handed
(solid) sectors of wave function from (32) for the initial state

(target proton), by considering ¢ = 0.0120 GeV* and ms = 0.081
GeV.

0.5¢

0.0

Wz]

-0.5¢

00 05 10 15 20 25 30
(b z

(color online) Left-handed (dashed) and right-handed (solid) sectors of wave function from (32) for the final state (a) »=2 and
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V. MODIFIED GEOMETRY AND THE ACTION
1+ 1-
(Tys)l//g +( LE )WRK] s, (p), OF DEEP INELASTIC SCATTERING

1
_20-28)3
iPy.y
e

2

T -y

( ) (36) According to (7) and (8), we can find the interaction

action with the electromagnetic field and the baryonic

as the final wave function for the hadronic state. These states obtained from (16) and (35)—(36), respectively. The
will be used later. interaction action (8) is written as

- 1 g T =1 |
Sint =gvfdzd4ye"/’v—g¢“‘l’xeﬁya\l’i=gvfdzd4y2(1—cz4)”‘/;(1+cz4)1*‘/;¢“‘1‘x2(1—c2z8)36ﬁ7a‘Pi

1 5 3 5 3 =
=gv f dadty5 (1= Vi ety Vi,

(37
and from (36), we get
e et 1+vy 1-vy
=m0 (5 o
Therefore, (37) is given by
8 —i(P,—P—q).y 1 5442 s_Af3 E!JLHZ\":m _ A N N A
Sim =" f ded’ye O gy (1 —e) ViV m[usx<PLw{+PRwﬁm<Psz+PRwsaus,]
—278)i
1 5 3 5 3
=2-2n*s' P, - P=qnp fdzz—z(l —e) Vi eV
e_au—%:g)% i X A . A
X mﬂﬁl [its, Yo PrUS YT WL + s, Vi Prus Y. (39)
By defining the following integral
e_d(‘_irx)% 1 H 3 s_A/[? ;
Bri = f & —e) Vi e Vigwk vk, (40)
(39) is written as
Sin = S Qn)t6* (P, — P s,y Prits By + s, y, P
it = - (2m)70°(P, - — ' [its, Yy Prus, Br + its, v, Prus, Brl, (41)
and (7) is written as
M < Pxlu(@)IP; >=%"6“(PX = P=qnplitg, v Prits BL + ity Prus B,
8. _ A _ A
ny < Pil-’u(Q)|PX >:?64(PX _P_Q)nv[us,yuPRMstL +us,7/4PLusXBR], (42)

1
where g% = KZ.¢%(2n)%, and g = iR K2 should be fitted numerically as shown in Table 1. With (6), we get
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2
n 8 - D - VD
MW == > > =0 S(My ~(P+q)) s, ¥ Prus, s v Prous, B

4

M? s;,sx

+ g, YH Pr ug, i,y P us, B Br + g, Y P ug, i,y Pr uy, Br B + i, Y P ug i,y P Us, Bi]. (43)

Since our calculation is spin independent, we write

Z(us)a(]?) (#5)p(p) = (V' P+ M), (44)

N

with the summation over the initial and final spin states, and then applying trace engineering we arrive at

2
v & !
M, W = =0 ) (M5~ (P+q)) {(B§+B§>[(P-n)2—§n~n<P2+P~q> + 81 B M} M - (45)
M}

where p=v"p,, {ys,y.} =0, and Pg/ry* =y*Prjr. Sum-
ming the outgoing states Py and carrying it on to the con-
tinuum limit, we have the invariant mass delta function,
which is related to the functional form of the mass spec-
trum of the produced particles with the excitation num-
ber n [30],

2\ —1
S(M% —(P+q)*) (%) . (46)

We consider the lowest state produced at the collision,
since the spectrum is linear with », and the delta will ac-
count for l/M)Z( [30, 33]. With the transversal polariza-
tion (n-g = 0), the hadronic tensor (6) is obtained as

. 2x
Myt WH =772F1(612,x)+F(U.P)ze(qz,x), (47)

where F; and F, are

2 2 2
2\ S 2 oo M) ]
F](q ,.X)— Z MQMXgLBR+(BL+BR)(4—x+T V?{’
(48)
and
2 2
8, 1
Faq’0 = 2L+ 8)—. (49)
X X

respectively. Furthermore, M, is the mass of the initial
hadron, and My is the mass of the final hadron as

1_
My = M§+q2(7x). (50)

Numerical strategy

As mentioned in Sec. IV, in the equation of states, the
eigenvalue of the ground state should be near the square
of the proton mass. Hence, we consider the ranges
0<ms<1GeV and 0.001 <c <1 GeV*, whereas the ei-
genvalue of the ground state equation is in the range from
0.876 GeV to 1 GeV (Mproon = 0.938 GeV). Accordingly,
we ontain a set of suitable values of the parameters ms
and c, and their approximate ranges are 0.001 <ms <
0.2GeV and 0.006 < ¢ < 0.02 GeV*, respectively. In the
next step, we look for the appropriate values of KZ. as
ms and c¢ satisfy their ranges and our theoretical calcula-
tions can be fitted with the experimental data for F;,. As
shown in Table 1, in accordance with the acceptable
ranges for ‘Kfﬁ, ms, and ¢, we need to continue by consid-
ering 0.01-0.04 order of x and small ¢*> which works
well with our model. In sweep spectrum form, we de-
termine a set of ms and ¢ and then for each set, we fit the
experimental data for F, to get K% using the least
squares method. It is mentioned that for ms, the scanning
step is 0.01, and for ¢, the scanning step is 0.001. The op-
timal parameter values with the smallest uncertainty are
ms=0.081 GeV, ¢=0.0120GeV*, K2 =37.3259. The
uncertainty of ¢ originates from the size of the scanning
step. Using this parameters set, we obtain the proton
structure function F, as a function of ¢°.

Figure 5 shows a comparison between Jlab Hall C

Table 1.
¢ =0.0120 GeV*. Note that the value of parameter ¢ is deman-

Adjustment of parameter k2. at different x with

ded by the phenomenological value of the proton mass.

X ms/GeV c/GeV* kgﬁ‘
0.015
0.025 0.081 0.012 37.3259
0.04
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Fig. 5.
results and square dots are experimental data.

(b)

data [68] and our theoretical results. In plots (a), (b), (c),
our results have good agreements with the experimental
data at x=0.015, x=0.025 and x=0.04. Note that the
electromagnetic wave function and the hadron function
are independent of the Bjorken variable x. In our calcula-
tion, this variable only appears in the F, formula (49),
which introduces some uncertainty that is more visible in
diagram (a). In practice, the GC model is suitable for
scattering of these values of x. Applying the background
(2) and (3) on the one hand and setting the proton as the
DIS target on the other results in certain specific small
values of the ¢ parameter being acceptable. Our model
was effective for the mentioned region of x values (which
are not large), compared to the large values, as an altern-
ative to [29] discussing large x values in the soft- wall
model.

There are differences between the applications of the
SW model that was used in the same DIS in [29] and our
current study. The modification parameter in [29] ap-
pears in an exponential function having dimension mass
squared (GeV?) and is associated with a QCD mass scale.
The background metric is not coupled to a dilaton field.
Considering such physics with the modified exponential
function and owing to the kinematical region in this refer-
ence, their model is expected to produce better results for
large x. With the goal of discussing other areas of x, we
considered a different model. In our case, the modifica-
tion parameter introduced as ¢ has the dimension of
(GeV*), also there is a coupled dilaton field in the
action. The background structure and the proton target
strongly require a small value of the ¢ parameter and non-
large x.

? GeV? ? GeV?

()

(color online) (a), (b), (c) Comparison between Jlab Hall C data [68] and our theoretical results. Dashed lines are theoretical

VI. CONCLUSIONS

In a holographic description of DIS, we found effects
of the parameter ¢ appearing in the background metric,
representing gluon condensation in the boundary theory.
Because there is a proton target in the scattering, the mass
of the proton and the value of ¢ parameter both play an
important role in this study. One of our aims was to de-
termine the value of ¢ from experimental data. First, we
found the behavior of the electromagnetic field with re-
spect to z for different values of ¢. We have shown that
the ¢ parameter can increase the magnitude of this field,
especially for small values of ¢>. Then, we solved the
equation of baryonic wave function numerically and set
the proton mass as the ground state eigenvalue to find the
best bulk mass, ¢ parameter and the kgﬁ values. Hence,
only small values of ¢ lead to a well-defined solution of
the equation, or the proton target requires a small value of
c. It could be suggested that since the ¢ parameter breaks
the conformal symmetry, its value represents the confine-
ment. Hence, in our study case, the confinement is not
strong.

Based on the abovementioned results, we discussed
the structure functions in the scattering versus Jlab Hall C
data (with order 0.01 —0.04 of x and small ¢?). Numeric-
ally, we used an appropriate set of bulk mass and ¢ in the
form of a sweep spectrum, which were already determ-
ined to fit the experimental data and structure function.
With this formalism at finite x [30], our results are useful
for understanding QCD and proton structure.
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