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1. Introduction

The AdS/CFT correspondence [1] postulates a relation [BeBleen weakly coupled string
theories living in the bulk of an anti-de Sitter (AdS) spand atrongly coupled conformally invari-
ant field theories defined on its boundary, based on the fadweatification of the conformal group
of the 4-d Minkowski space and of the isometry group of AdShe efforts within the so-called
AdS/QCD approach rely on the assumption that the AdS/CFliodiary can still describe the
strong coupling regime of a confining gauge theory like QC&spite the breaking of conformal
invariance by radiative corrections.

We here report on recent results obtained in the study of thea¥ Compton scattering off a
spinless target [4]. We show that the obtained amplitudes diot satisfy the expected scaling for
large photon virtualities. At low energy, the obtained #ieand magnetic polarizabilities vanish,
in contradiction with the latest experimental results.

2. Gauge/Gravity duality

The AdS/CFT correspondence conjectures a relation betavd@&mstring theory compactified
onAdS x S and a#” = 4 super-Yang-Mills theory. The operator in CETX) creating asymptotic
states is coupled to the sourgg(X), which is the boundary value of the bulk fieqX,z) 1. Both
generating functions in CFT and AdS are related through:

ZCFT[(R)] = <e[d4x¢b(>‘<‘) ﬂ(x)>CFT = Zstring [(p(zv Z)‘ = ([b(i)] . (2-1)

Z=Zmin
The 5d metric with Lorentz groupQ(1, 3) as isometry subgroup reads (wifa=diag(—1,1,1,1,1))
d$ =a?(z) (dx,dx +dZ), g™=g,=a2(z2n™, m=0,1,234. (2.2)

In the AdS metric,a(z) = R/z (negative curvature, corresponding to a negative cosneabgon-
stant),,/—g=R®/2 (R=1 from now on). The UV limiz — zy, is the CFT boundary. The field
content is made of a 5d vectbr(1) field Am(x,2), dual to the electromagnetic current, and a 5d
massive scalar field(x,z) dual to an operator creating the spinless target.

In the largeN and large 't Hooft couplingt = g&N limit, the 1B string theory reduces to a
lIB SUGRA theory in 10 dimensions, whegf /12 ~ gsN ~ g2,,N >> 1, R being theAdS and S
radius ands the string length. In that limigs < 1 andR > |4 the string theory reduces to classical
SUGRA with decoupling of massive string excitations.

The conformal invariance breaking due to QCD confinementeaimtroduced by an IR cut-
off atz=1/A [5] (“hard-wall“* model) or by a background dilaton fiejd[6] (“soft-wall* model),
used heré The action ford in this x background reads

Sp = %/d“xdz\/—_ge‘x (¢ 8,9, + med?) . (2.3)

The classical free field equation exhibits plane-wave &mistin 4d space®© (x,z) = eP*d(2)
where{®,(z), ne N} is a complete set of Kaluza-Klein (KK) solutions. The Foutiansform of

1We denote by (or justx) the 4d-vector, andthe holographic direction.
2Both approaches reproduce qualitatively the spectra oflying hadron states and various decay and coupling
constants [7].
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the obtained Green function is a bulk to bulk propagator ittexplicit Kéllen-Lehman spectral
representation when summing over the KK excitations:

G(zZ;p)=— i;)jf)inq;—(zq

The action of a classical solution leaves only the boundamyt The classical partition function

Zsp[Ps| = / S o gl (2.4)
P(X,Zmin)=Ps(X)

combined with the holographic identification of two-poinhttions from AdS to CFT leads to

_ 1 %z[ed + X . 3P (Zmin) Pr(Zmin)
(OO =5 S0t / Gp dPiX- ,Zo (zmin) = (29)

From a minimal extension of the action (2.3) though a dynahtig1) bulk field coupled top

1
Shas[®, @", AT = / d’xdzy/=g <—ZF’"”an+eX ((D™®)* Dy + n%q:*qn)) :
with D,® = d,® — ieA, P, then—point correlation functions are obtained by the correspond
Zocp(c,c,n+n) = <exp</ d*x (ny +ny J“+CO+COT>> (2.6)
QCD

— exp(—Siasl®(C), * (8], A"(ny +11,)] ) (2.7)
wherec, c,n+ nare 4d sources for QCD which appear as boundary conditiankddd bulk fields.
Correlation functions of QCD operators are obtained by siaesion to linear-order with respect to
the sources. QCD operators are coupled to asymptotic sthiek are boundary conditions nbr-
malizablebulk fields®©@  ®*(@ (scalar probe). The electromagnetic current is dual to sless
non-normalizablesd vector fieldAn(x,z) which satisfies Maxwell equatiod™(z 1Fm,) = 0,Vn.
Plane-wave solutions read (with the conditizgrg) Ite) = 1)

Au(%2) =n €9A(Z), Al(x,2) =€9%*Ag(z), nP=1 (2.8)

in the Lorentz-like gauge, withy(z) = —i(q-n)/q?d,A(z) andA(z) = QzK(Q2) (Q*=q-q).
Evaluating they*)A — YA’ Compton scattering amplitude on a spinless, or spin-aeerag
target requires to study a 4-point function, the first navigl correlator involving the propaga-
tion inside the bulk. Based on (2.6), one should extract the coefficientmfn, c. This is done
by solving iteratively the coupled classical equationsemts of the free bulk field&(©, &*(©),
®(© . One then deduces the classical action, ug?toThe boundary condition a= 0 for A,
®* O ®© aren, +ny, ¢, andc; which enterin a linear wayin these free fields: then,n,c and
A A0 0 p(0) coeﬁicients are equal. Contracting the result on the phygiane wave bound-

ary conditions forA(® (non-normalizable)®*©, ®© (normalizable) gives the contributions:
)
X < =N 2.9)
contact term s-channel diagram u-channel diagram

3Deep Inelastic Scattering only involves 3-point functigreen evaluating matrix elements of tig1) current on
a given set of intermediate states in AdS.
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3. Compton scattering off an unpolarized target A y*(g1) + P(p1) — y*(a2) + P(p2)

Choosinggi, g andp = p1+ pe as the three independent momenta, the 10 independent-parity
conserving tensors of rank 2 reduce to 5 after implementiagetectromagnetic gauge invariance:

H v H v
THY _ Vl<guv . qlgl _ q2(2:12 _’_qilqg (Q12q22)> +V2<pu ql (p ql)) <p _q2 (p CIZ)>
q]_ Q2 q1q2 ql q2

ot i) (- ) ot ) (- )

p (01-02) v v (PG) > 2 2 2 2 v
Vs <Q2 - ) (p — 0 > = ZVi(pl, P2, 01,02, $,U) % (P01, G2) - (3.1)
q1 Qs =

The DVCS amplitude reduces to the Virtual Compton Scatieaimplitude (VCS) when the pro-

duced photon is real, and is expressed in terms of 3 indepéfolen factors. When additionally

the incoming photon is real, the Real Compton Scatterinditudp depends only of 2 form factors.
One can now rely on the AdS/QCD correspondence to evaluase thmplitudes. In the on-

shell limit (p1 p2 = —mP), the gauge-invariant amplitude (3.1) reduces to

T = @ (260 + 6, (1 1Y)+ 6 (Y 472
Cgi(rnzvqiqgvsv U) = yl(mz,Qiq%,S)iﬁl(rn{q%,q%,U), (32)

and is thus expressed in terms of only 3 Compton form factboba possible 5. The form factors
F1(mP, g2, 03, k?) and 61(m?, g2, 03) obtained from the AdS/QCD correspondence read (similar
results were obtained within the hard wall model in Ref. }J10]

F1 (P, 6, 03,K%) /ledZQZ e X@) Ay(2)) By (z1) Go(z1, 22, K2) B (22) A5 (22) 2,58 X (%) (3.3)
G G.0B) = [dzz°e O AR A B (26 (2). (34

The .#; form factor has a natural Kallen-Lehman spectral represient

© (2 2\ [ (1R 2
A (.G gie) = 5 IR, 35)
M(m?,mé, Q%) = Q/dzz‘ze‘X(Z>K1(Qz) D(2) D (2). (3.6)

The vertex functiorf” reduces to the electromagnetic form factor wheén= m?. Starting from the
on-shell Compton amplitude (3.2), its absorptive part mftirward limit

ImTHY(¢?,s) <dn‘ﬁ>

mz;_S|F(mz7—s,qz)|2 (p“+)—1(q“> (pv+%q“> (3.7)

gives the hadronic tensor of Deep Inelastic Scattering \DdBowing that onlyF_ survives, in
contradiction with Callan-Gross relation. The scalinggendies are governed By(nm?, m2, Q?):

F(m?,mi. Q%) ~ Ol/Qd;ZeX“) B(2) By(2). (3.8)
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ForQ? > m?, Q? > ¥, the scaling of the hadron stap¢z) NOzA (Ais the scaling dimension of the

Z—!

operator creating the spinless hadron) lead%t@?,x) O (1/Q?)2~1 calling for A = 1, while for
Q? > m?, m, the scaling propertieg(z) ~ 2 andg(2) z:oZA lead toF,(Q?) 00 (1/Q?)A1calling
for A =2 [9]. This generic AdS/QCD tension due to the same scalirigioéd for structure func-
tion and form factors is impossible to reconcile with a paiticture in a simple way [8].

The VCS amplitude foy*A — yA’ has the same tensorial structure as point-like scalaretect
dynamic and depends on a single electromagnetic form fﬁt(m?,q{,O) (3.4). In perturbative
QCD, these form factors can in principle be related, throfegtiorization, to generalized par-
ton distributions (GPDs). The partonic interpretation &séd on the convolution of real GPDs
with coefficient functions which contain both a real and aagmnary part. In contrast, the above
holographic DVCS amplitude has no absorptive part, whils #een experimentally (through in-
terference with the Bethe-Heitler amplitude). This may @& stringy corrections. Besides, the
asymptotic behavior iQ? of the holographic DVCS cross-section is governed by thegpdaw
behavior of the electromagnetic form factor, while it is egfed to scale like DIS amplitude.

The Real Compton scatteringf(: q% = 0) amplitude provides informations on electric and
magnetic static polarizabilitiegg and ay, defined as quadratic coefficients (in the photons ener-
gies) in corrections to Thomson scattering, defined in famep; =0 (g = w (1,G), w? < )

A(yrt— ym) = 2€°€; - & + 8y (ag € - & + Pu (81 x G1) - (82 x Go)) - (3.9)

The holographic Compton amplitude leads to vanishingcstadlarizabilitiesag and ay, in con-
tradiction with the most recent experimental values forglom [11]. One way to circumvent this
problem would be to consider a non-minimal coupling betwiderbulk field® and thel (1) field.

To conclude, AdS/QCD Compton amplitude is trivial in the {ewergy limit. It has no par-
tonic interpretation in the high-energy limit. Most popuksdS/QCD models incorporating flavor
symmetry do not cure all the problems.
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