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The low x limit: Regge theory

Regge (high energy) limit: .

Cosmic ray
v=2.2 (best fit) data
160f +10 "
t 2 2
\J/ s>>|t], Q° >> AQCD 0 ) £ 2170500%8 4 g8 304-0-
S > 120k pp : 21.705%0505 4+ 56,085~
S as(Q7) << 1 3
% 100
x=t|/s << 1 S
60 t
. | S
Regge theory prediction: dopes £
2ol 4 i2q 2 =
3 EEg 3
~ @) ~ (01 NI NI,
A(s,1) ~ s = o(s) ~ s T B
Vs (GeV)

Explanation by Regge principles:

Reggeization
Exchange of “something” in the t-channel
carrying the Q.N. of the vacuum:
1 alt)
k X 2 (ﬂo)

SOFT POMERON: 1, = (0) — 1 = 0.08
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QCD and the Regge limit: s >> [f|

Ladder-type diagrams: e Multi Regge Kinematics:
2 — 2+n Impose strong ordering in rapidity:
- kl]i s Yo
IS Vi >> Y>> L >> ),
ko Vo
. ks, s e Dominated by: @, log(s/so)
° 0o
F——— kui . yu - ~
S Sarem . oo~
- n=0

Need of resummation: (Y = log(s/so))

3 ' " Y-l S (@ Y) s
andg’f dy; f dyz...f dy, = Z (Xn;') = XY
n=0 0 0 0 = !
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QCD and gluon reggeization

Virtual contributions
IR &
I

Real emissions:

NN L U RS MR
M 3 31 1 A e =
i N oA 7t N I :

e I, (k. ky)1is the Lipatov effective vertex, gauge invariant.
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ko

wilw ki ko) = 6%(ky — ka) + KPR f(w ki ko)

e Eigenstate equation: K ¢i(K) = A ¢i(k) , K|n,v)=w|n,v)

Solution using Saddle Point Approximation:

w=a xo(v=0)
xo(v) = 4log(2) — 1423V + ...
. A0 ~ 43, 1og(2) ~ 0.5

. A0 =03
. A9 ~ 0,08
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1/x : -
Regge th. & QCD 1 -
1 saturation -7
! -
=] 1 _-7
2 1 _-"
Ren. scheme & scale éﬁ L N /x:\
g : = ~
E : “ : &@‘1 e
El | g ! 40\\/ .
B ! £ : @C, ‘
R TR < o o
= 1 ) \ e
I R
: E !, DGLAP evolution : x — 1
' L -
1 QZ
1
Equation x-limit Resummation Energy region
DGLAP x—1 log(Q?/u?) very perturbative QCD
BFKL x—0 log(1/x) close to non-pert. QCD
CCFM any x both interplay
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Physical setup

e Photon Impact Factor, @, (k,):
w@m + W@M W@W + W@“

e Proton Impact Factor, ®,(k;):

012

0.10

0.08

p(k?)

0.06
0.04

0.02

k2 (Geva)

Cross section:

d2 2
P00 = G f f T ) 0 K K By )
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Xo)

Problems with NLL accuracy

04 01 1
02
z
-02 -01 1
-04
-0.2 1
-06
-3 -2 -1 o 1 2 3 L L v L
-15 -10 -05 00 05 10 15

Saddle Point App.: v = 0 Saddle Point Approximation: v # 0

fm dv---cos [vlog(%)] when Q° >> Q(z]
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xZ

e DIS-like choice: s, = 0% = (i)” = (%)“

e Symmetric (Regge like) scale: sy = +/q’k>

s ) 1
fGs,k,q = 271_@[271’1[271'1 ( ) ( qsz] w—axo (y)

27Tq 27rlf27n ( ) ()ww

This leads to big double logs (k-space) or poles (y-space) wheny — 0, 1
(collinear limit), incompatible with DGLAP evolution.

e Possible solution: y,(y) — yo(y + w/2)

In DIS limit,
w = (_Is(l +A(_Xs) [2‘!/(1) - l//(V + B@s) - lﬂ(l —ytw+t B&J)]

[Salam (1998),hep-ph/9806482], [Sabio Vera (2005), hep-ph/0505128]
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Collinear improved resummation

This w-shift gets rid of the double logs inconsistent with DGLAP (cancels
the 7> and (1 — y)? poles of the NLL kernel)

e Consistent with the NLL BFKL solution, changing only higher order terms

Kernel eigenvaluesin y=1/2+ iv space
06 . . :

-10 -05 0.0 0.5 10
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NLL: Running coupling effects

Kernel: [Lipatov & Kotikov (2000), hep-ph/0004008]

Bo

KN = & s X0 + Qg {Xl + —)(o

l((a_v —_6)\,) + log(yz) + i@]}
X0

e BFKL equation and gluon Green’s function:

7 ——1 oc d_w l S K wY
Jor= o = P2 fzmdv%*(”[w;u]%(”e

Fi(x,0%) = Df—\ Very) cp(y) {1+w 10“(7) Sp%xo(y)

[—IOD[Q!%] YE-y - M;(y)]}

e Assumption about the running scale:

- 2B I Y(QZQ%)
P

g — @ og
C
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A model for the running

Running coupling analytical in the infrared and compatible with power
corrections to jet observables:

a(?) = WNel L4125 (Aocn + 4K°)
s = 2 4
o Agm (A(ZQCD - kz) (4 * A%i‘n )

12 T T

101

T

1

1

\| ——  Improved
1

as(k)

0.01 01

[B. Webber (1998) hep-ph/9805484]



The hard to soft
Pomeron transition
in small x DIS data

using optimal
renormalization

Clara Salas

2 coupling

Ren. scheme & scale
Numerical analysi

Comments

Choice of renormalization scheme & scale

e MOM scheme: non abelian physical renormalization scheme based on the
existence of an IR fixed point.

e BLM scale: redefinition of the running coupling absorbing all terms with
Bo dependence: resummation of its vacuum polarization effects.

[Brodsky, Fadin, Kim, Lipatov, Pivovarov (1999) hep-ph/9901229]
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SleiaSalas e Experimental values:
-4
fit P2l 0D = CQ)x,
l_r_)ax}

1O e S and average A0%) = (A(0H) for {xij,xg‘i",xlj

Running coupling

Regge th. & QCD

Theoretical app

Ren. scheme & scale

e Cutinx: x <0.01

Numerical analysis
. : s piome the2y — OF2(60%) 2
Comments e Theoretical prediction: A™(Q*) = #’(‘lm/Fz(x,Q )

e Smooth x boundaries:

Kinematic region for effective intercept A

x 0001

00001

105

10
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Impact factors

Photon impact factor: LO simplest version:

& q 2 y-1 1
f q—CD] (q, QZ) ( I3 ) = aay at Z 2 sech(m/) tanh (7v) ,

with Q) = (11 + 12v%)/8 and Q; = v* + 1/4.

Proton impact factor: : : :

014 7
4 012} 1
K2 12702
$p () = N(_z] % o0} 1
% -
£ o008l 1
Best fit: S o6k ]
0=284, 004 1
Qo = 0.28 GeV, 002} E
with A = 0.21 GeV 000 05 10 15

k2 (GeV?)

20
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0.1 . .

Q (Gev?)

[Hentschinski, Sabio Vera, Salas, arXiv:1209.1353]



The hard to soft
Pomeron transition
in small x DIS data

using optimal
renormalization

Clara Salas

Regge th. & QCD

Theoretical app

H.O. corrections & IR

Numerical analysis

Comments

Comments and conclusions

The collinear improved resummation is needed to fit the data

Use of BLM renormalization scale & MOM scheme
Better description of the IR

Model for the running coupling with IR freezing

Theoretical uncertainties:

choice of energy scale
choice of differential operator
what comes into the running?

Work in progress...

Include quark masses [White, Peschanski, Thorne, hep-ph/0606169v1]
Include saturation effects to improve behavior at small Q?

Include color threshold

NLO photon impact factor [Balitsky, Chirilli (2012) hep-ph/1207.3844]
Numerically exact implementation with Monte Carlo code
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