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@ Regge Theory: study of analytical properties of scattering as a
function of complex angular momentum

A(s,t) ~ /0,

@ j(t) is a function fixed by the spectrum of the particles being
exchanged with given quantum numbers: Regge trajectory;

@ If the particles have the quantum numbers of the vaccum the Regge
trajectory is known as the pomeron;

@ Soft (jo = 1.09) and Hard (jo = 1.4) pomerons have been successful
in describing successfully the elastic pp and Deep Inelastic Scattering
(DIS) processes;

@ How are the soft and hard pomeron related? Are they the same
object?
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The gauge/gravity duality is a tool to study strongly coupled
Quantum Field Theories using a classical weakly coupled
gravitational theory in a higher dimensional space-time;

Fields in the bulk have normalizable and non-normalizable modes

¢ (2.x) ~ g0z + ¢, 25
Operator insertion is dual to the non-normalizable mode of the dual
field;

Expectation values are dual to the normalizable mode of the dual
field;

The pomeron trajectory is dual to the graviton's Regge trajectory.

ZQFT[J] — efsonfshell
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@ v*p — X, sum over final states X
o F(Q%x) = Q LimA(s,t =0)

4nlq s

@ Hadronic tensor:

WH = | / d*xe' (H, P|[J* (x), J” (0)] |H, P)

Artur Amorim The gauge/gravity duality and the pomeron



Holographic dual of large N Yang-Mills theory:
S = M,%/vf/df’x —ge2® [R +4(00) + V (o)

o ds? = e?A?) (dz2 4 n,,dx*dx”), ® = & (z) dual to the
energy-momentum tensor and lagrangian respectively;

@ Spacetime coordinates (x;, z). z is associated with the inverse of the
4D RG scale;

A = e® is identified with the running ‘t Hooft coupling;

The potential is fixed in order to reproduce the S funciton of the
field theory.
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@ Proton target: normalizable modes of a scalar dual to |H, P)
T (x,2) = eP>v(2) ;

@ J* act like sources so they are dual to non-normalizable modes of a
U(1) gauge field in the bulk

1
Sa=—3 / d°X/=g e ® (FasF?® + BRabca FPFY) ;
@ Second term motivated by the fact that there are only two possible

tensor structures allowed by causality. Higher order corrections from
string theory.
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o AN (X;k,A) = nu(N) fi(z) e*~

[—@% + &40, (e"7°0,) + BAgs] fo(2) =0,
Dy =—2e A (—AK—dA+A) 0, + Ao - Q7
@ The pomeron is dual to the spin J fields in the graviton Regge
trajectory;

@ In the Regge limit only the TT components of these fields matter;

@ Linearize action to get vertices with the graviton and generalize it to
spin J.
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@ Non-Minimal coupling U(1) gauge field

ﬁJ / d5X¢jge_¢ |:an18’3‘2 R S FOgD”J_’_
Freages ... 9ot Foor (eAD ], + 8,0,) +
2Fregr 00t Frr (0, — JA) 0, by,

Dl = e A (0, - (J-2)A),
Df = e 24 (02— (24~ 1) A0, — (J = 2) A+ J(J - 1) A7)

@ Minimal coupling scalar field

Ry / X/ =g e ® (TO...0T) hay..a, -
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A(A -4 :
% + JA2672A+

+(J=2) (ab+ b (A A2) +cd?) | hIT.,, =0

{v2 —2e A0V, —

a,b,c are fitting parameters;
Compatible with the graviton EOM and with the AdS case;

Second term comes from tree level coupling of a closed string;

e 6 6 o

All terms of dimension inverse squared length compared with the
first two points are included;

AL -4) 2 d 1
(B):E(Jz)(1+ﬁ)+w3(ﬁ4)

@ d is a constant and /; is a length scale set by the QCD string.
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@ In the Regge limit the + - - - + component decouples from the other
components;

{[0:+24—20] [0, — A| + V3 — m? () €} 0= DAA]T =0
@ Integrating over the light-cone coordinates

dwtdw™ _ i _ )
/#n+---+,~~f (w,z,2) = —ge(J 1)(AJFA)GJ(Zy Z,11)

@ Gy(z,z,11) is a propagator on the transverse space of the scattering
process and satisfies

[53 — 209, — e A (2/\2 +A- 2A<i>) ~A(A - 4)} Gy = —e25%(x, x)
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@ The resulting EOM can be transformed in a 1-d quantum mechanics
problem;

G(z,1) = eT*e® M 2(z2), [02+t— V(2)]¥(z) =0;

@ The solution for the propagator is then

@ The scattering amplitude with exchange of a spin J field is then

Byiys? 0B 2J(ALA)+3AL5A 2 (=
As(s,t) = > dzdze v (2)

£2(z ;
x (fé(z)Di+ QéﬁD{) (00 NG)(2,2,0)]
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@ We need to sum over all even spin J fields J > 2;

@ Sommerfeld-Watson transform

EZ (s? + (=s)’) = 7w [ d) s+ (=s)
5 ;

= 2 2wi sinwJ

@ Deform the contour from even spin J fields to to the poles J = j,(t)
defined by t,(J) = t;

Zh SJ"/dze U-2)A+B—@

< 7y°>+Q2 )wn<n() 2,

_ _ 7 Bi@Fi0) min(0)'
hy, = — 2T o) i + cot 5 Jn(0)

/d Aa=in(0) ¢~ 6B 12 (3) 7% (j,(0), 2)
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D =eA (Aaz + A? +AB) ,

IS
\ I

*2*‘(8 (A-2B)o, + B+ A+ B — AB).

@ The result is the same as the minimal coupling witht the
wave-functions modified by these operators

F2(X’ Q2) — Z (fMC(Q2) + fNMC(QQ)>X1,j"7
fMC(Q2 Q2Jn/dze Jn—3 <fQ+ )wn’

. i _3 A o
anMC(Qz) _ EHQZJ" / dz e—(Jn_i)A (fcz)DJ_ + QQ2D|> wn .
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x> =1.1, x> = 1.7 just for minimal coupling;

13 fittable points explain 240 experimental points;
Need to test the model in other processes;

QCD is not able to explain low Q2 points. We do!
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e X2 = 1.5 with minimal coupling only;
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Figure: pp scattering at center of mass energie of 30.54 a) and 7000 b) GeV.
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