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Fermionic DIS from a deformed string/gauge correspondence model
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From a deformed AdsSspace, we used the string/gauge duality to study the deep inelastic scattering for unpolarized fermions with spin 1/2,
considering the large Bjorkenparameter regime. Here, we also took into account an anomalous dimension of an operator which represents
fermions at the boundary. From this analysis, we compute the corresponding structure functions, which are depetentiothe photon
virtuality ¢. The results achieved are in agreement with the experimental data.

Keywords:Deformed string/gauge correspondence; fermions; deep inelastic scattering; structure functions.

DOI: https://doi.org/10.31349/SuplRevMexFis.3.0308076

1. Introduction DIS for baryons.
Here, throughout AdS/CFT duality, using a deformed

Deep Inelastic Scattering (DIS) is an important tool in or-background holographic model we will calculate the proton
der to promote the fully understanding of the hadrons strucstructure functions, in the large regime, F1 = Fi(z, ¢*)
ture and its composition. As DIS belongs to the realm ofandF» = F»(z, ¢*). These structure functions are written as
strong interactions the appropriate theory to deal with it isa function of the photon virtuality®, and the Bjorken param-
the SU(3) gauge field theory called as QCD. From the be-€terz.
ginning of the QCD itself some important works, for instance  In particular, our AdS/QCD model with a deforméd.S;
in Refs. [1, 2], relate that the insertion of an anomalous conbackground breaks the conformal symmetry producing a
tribution 4 can change the canonical dimensifg,, of an mass gap for the fermionic fields. Deformed holographic
operator®, such as[0] = A.., + 7 and relate this anoma- models were used for several purposes within AdS/QCD con-
lous dimension with the DIS. text, as can be seen in Refs. [13-20].

This work is organized as follows: in Sec. 2 we describe
the DIS phenomenology. In Sec. 3 we present our deformed

regimes, and then, we will study DIS from an aIternativeAdS space model where we compute the electromagnetic and

perspective known as anti-de Sitter/Conformal Field Theony€rmionic fields. In Sec. 4 we calculate the DIS interac-
(AJS/CFT) correspondence. This correspondence relates sfion action and derive the corresponding structure functions

2 2 i
perstring theory in a 10-dimensional curved spacetime to 41(¢" ) and F5(¢”, z). In Sec. 6 we present our numeri-
conformal\ = 4 super Yang-Mills theory (SYM) with sym- cal results for the structure functions and compare them with

metry groupSU (N), for N — oo, living in 3-+1 dimensional available experimental data. In Sec. 6 we present our conclu-

Minkowski spacetime. For an important review, one can se€'°™
Ref. [3].
This correspondence becomes fully applicable afte2. Deep Inelastic Scattering phenomenology
breaking the conformal symmetry. By doing this, one can his kind of . in hiah
build a phenomenological holographic approach known aJ Is kind of scattering processes occurs In high-energy

AdS/QCD. In this field, one has many important works deal_regimes and itis achieved by colliding a leptdhgnd a pro-
’ ton (p), through the exchange of a virtual photon, which is

ing with DIS and bringing new understandings and results. db ’ h ¢ duced
This can be seen for instance in Refs. [4-12]. This set ofepresente Yp — £X. The many fragments produced are

references includes the studies of DIS for scalar, mesoni&epresented bi. . .

and baryonic particles. The important Ref. [4] dealt with In the context of the scattering theory,_ DIS_ is ruled by
the holographic DIS within hardwall model for scalars andgS°me parameters, .SUCh as the photon virtuajitgnd the
fermions considering large, small and exponentially smaIIBjorken variabler, given by:

Bjorken parameter scenarios. Vector particle DIS was stud- 7>

ied, for instance in Ref. [9], whilst in Refs. [6-8, 10] studied T="5p. q’ @

In this work, we will explore the fact the perturbative
techniques applied to QCD do not work well at low energy
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where P is the initial proton momentum, defined &8 = scale. Here, we take, n, - - - to refer to the Adg space. We
— M2 also separate intg, v, - - - for the Minkowski spacetime and
The DIS scattering amplitude can be written as: the holographic: coordinate. The metrig,,, has signature
(—,+,+,+) and will describe the gauge theory (boundary)
i My x X /d4y et TY(X |JH(y)| P), (2)  ofthe deformed AdS space.
It is worthwhile to mention that the deformed

where the electromagnetic current associated to quark is regtring/gauge model presented here is different from the orig-
resented by, (z). inal softwall model (SWM) [22]. Here, in the deformed
By using the optical theorem one can write the transitionmodel the conformal factor is introduced in the AdSetric
amplitudeW** or the forward Compton scattering ampli- instead in the action as in the SWM. As a consequence of
tudeas a function of the forward matrix element of two pro- this, the deformed model brakes fermion’s conformal invari-

ton currents averaged over the spin, so that: ance producing discrete spectrum for fermions whilst SWM
i . does not.
Wwh = EZ/‘#y e" TP, s|T {J"(y) J*(0)}|P,s), The deformed string/gauge correspondence model is
s 3) based on Refs. [13]. The same deformation in the Ad&s

where| P, s) are the normalizable proton states considering itapphed to compute the spectrum of several particles, with

with spins. For a review one can see Ref. [21]. various spins, also including spin 1/2 fermions [18]. This

: . . L . fermionic computation is closely related to the present dis-
By taking the imaginary part of the transition amplitude, cussion of DIS with fermionic target.

written in a Fourier space, and taking into account the follow- : . . .
ing conditiong, W#" = ¢, W = 0, the hadronic tensor . _Thg holographic descrlpt|or_1 of DIS usgd n th|s work
s . ) is inspired by Ref. [4] considering largeregime or in the
has a decomposition given by: . T L
supergravity approximation. From such a description, the

v AdS/CFT duality connects the matrix element of DIS pre-
sented in Eq.4) with the supergravity interaction action in

AdS spacesS;,;, so that:

W v 4"q

L (77“ _ Z
2z ® v

a2l (P“ + q) (P” + q) : (4)

2z 2x 77u<P+q75X|J“(O)‘P7 S) = Sint7 (8)

H — 2
The scalar functlonsFLg = F}xQ(“”’q ) are the DIS here, we are considering that the fermionic particle was scat-
Structure Functions that we are going to compute holograpl}-ered off by a virtual photon with polarization,. On the

ically. Besides for our purpose, we are going to consider On%ther hand. the interaction action reads:
unpolarized leptons and target protons. ' '

| Suc=gv [ dedlyy=go" UxT, s, ©
3. The deformed string/ gauge correspondence
model and the DIS whith gy a coupling constant which depends on the elec-

) ) ] tric charge of the fermion and,, are Dirac gamma matrices
The deformed string/gauge model, used in this work, can bgaced in curved spaces* is the massless electromagnetic
considered as a variation of the original AAS/CFT COITesponNgyauge boson field and the spinaks and ¥ y are the initial

dence. In the deformed version, we have introduced an eX;,q final states for the fermion.

ponential factor**" in the AdS, metric. This deformation

suggests that we should take into account an anomalous dé'.l. Calculating the electromagnetic field
mension in this approach.

In our model, the bulk field takes the following form: In this section we will present the massless gauge field in
. the deformed AdS space. It will represent the virtual photon
S = /d zv—g L, (5)  at UV, responsible the electromagnetic interaction, needed in
DIS.
where/ is the Lagrangean density, apds the determinant The action for a five dimensional massless gauge figld
of the metricg,,,, of the deformedddS5 space, given by: is written as:

4% = gunda™da™ = *AC) (422 + ny,dy"dy”) . (6) §= [ Vg {7 (10)

Note that we set the AdS radidg= 1.
k whereF™" = 9™ ¢"™ — 9™ ¢™ and the following equations of
A(z) = —logz + 3 22, (7)  motion, given byd,,[\/—g F™"] = 0. By Considering the
gauge fixing as follows:
with z the holographic coordinate and where the constant
has dimension of Ge¥Mwhich is associated with a QCD mass Dy ¢ 4+ e 10, (e? ¢.) =0, (11)
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where A = A(z) is given by Eq. [7), one gets after some 4. The DIS interaction action

algebra
igy Here, we will compute the DIS interaction action by using

bu(z0) = — " B(zq), (12)  Eas. ) and ©), together with the final and the initial spinor

2 states¥ x and¥;, respectively, so that:

where T'[a] is the Gamma function andB(z,q) = .

U (1—¢*/2k; 2; —k2?/2) is the Tricomi hypergeometric Sint = 5 @2m)* 6% (Px — P —q) 1"

function.

i o X |:ﬂsx Tu PR Us,; IL + asX Tu PL Us7,IR ) (18)

3.2. Calculating the fermionic states

. L . where theZr,;, are defined in terms of the solutions of the
i-ghgei\?ecr?gr;/ f[cz)r‘st]he fermionic fields in the deformed AdS Spacechiral fermions and the solution of the fielg} so that:

S = / dPa/g U —ms) T, (13) Ir/ = / dz B(2,q) ¥ (2, Px) ¥y (2, P) . (19)

From this action one can derive the corresponding equatioAs we interested in a spin independent scenario, and by sum-
of motion given by() — ms5)¥ = 0, wherelp is defined as:  ming over spin, one can write the structure functions, such

1—=x
My \/M5+q2 (x) Ir1Igr

lD = efA(z),}/Sa5 + e*A(Z)y“aﬂ + 2A/(Z)’}/5, (14)

2
whereds; = d,, andms is the baryon bulk mass. Now, one Fl(qQ’x) _ Yett
can decompose the spin@irinto right- and left-handed chiral 4
components, and applying some math, one has

2 M2 1
. (2 + 12 (q+0) —, (20
Uty (2) + [Viyn ()] mn() = M2G,1 (). (15) Gttt % ) |ag @
Note that the above equation represents a@ftihger equa- 2 Y @ a oy 1
tion which considers right and left sectors. Also note that Fa(q”,x) = 8 x (72 + k) Mi)%’ (21)

M,, is the boundary baryon mass for each medg ; and
the corresponding potentials is written as: whereMy = Mx (q?, z) is mass of the effective final hadron

2 2A(2) AG) g1 related to the mass of the initial hadron:
Vr/r(z) = mse + mze”F A (2). (16)

By using the solutions provided by E4.5) one can read the M3 (g% x) = M§ + ¢ <1x$> : (22)

final spinor statel y and the initial spinor stat&,. These are

linear combinations of the chiral solutions;, ;. Besidess;

andsx are the spin of the initial and final states, respectively5. Numerical results for the structure func-
Regarding the bulk mass, one can relate it to the confor- tions

mal dimensiom\,,, of a boundary operatda®. In pure AdSg

space, one has: Here, we will summarize our numerical results related to

) the structure function? (x, ¢*) and F»(x, ¢?), and consid-
ering some values of the Bjorken parameter, suchras;
Within the ho]ographic context the Concept of the anoma_o.65.,0.75,0.85. . BeSideS, we compare our .results with the
lous dimension has appeared in some studies, for instanc@vailable experimental data, as presented in Ref. [30], from

Refs. [23—-27]. Taking into account those cases, the effectivéLAC and in Ref. [31], from BCDMS.

ImEY| = Agan — 2. (7

conformal dimension if\.g = Acan + 7, and then, on can In order to get our results, we solved numerically
write |ms| = Acan + v — 2, Wherey is the anomalous con- Egs. (L5) and R1). In the figure below one can see the main
tribution. results achieved in this work. This figure shows the structure

In this work we will resort to the anomalous dimension to function F»(z, ¢*) as a function of;? considerings = 0.65
calculate the structure functions in fermionic DIS. BesidesWwith ms = 0.505 GeV, k = 0.374 GeV?, g2; = 1.83 andy
we will follow [29] where one can see that if we are deal- = 0.005;2 = 0.75 with m; = 0.565 GeV, k = 0.340 GeV?,
ing with the Bjorken variable: — 1 (largez regime) the g2 = 1.65 andy = 0.065, andr = 0.85 with m; = 0.878
parton distribution functions (PDFs) seem to indicate that thé>eV, k = 0.196 GeV?, g2; = 1.83 and~ = 0.378.
proton can be considered as a single particle (disregarding Note that these values of;, k,ggff and~ for each value
the internal constituents). This is applied in Ref. [10], with of z assure that the computed proton mass, from [E5), (s
Acan = 3/2. m,=0.938 GeV.
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0.100f e - contribution to the canonical conformal dimension of a CFT
“H ! operator.
The results for (x, ¢%) when compared with ones com-
ing from experimental data are in agreement. In particular,
for largex (or z = 0.85) regime.
e YWl Eee ' | The complete calculations done in this work, including

Fa(x,%)

el \“w& Ty all details, can be seen in Ref. [32].
0.00¢ i 3
*  x=0.75SLAC ‘1\\
+ x=0.75BCOMS f\
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