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Overview

© DGLAP regime vs BFKL regime

© Diffractive DIS
@ Rapidity gap events at HERA
@ Collinear factorization approach
9 ky-factorization approach : two exchanged gluons
@ Confrontation of the two approaches with HERA data

a Diffractive production of jets : our approach
@ Leading Order Impact Factor
@ NLO Impact Factor : Virtual Corrections



DGLAP regime vs BFKL regime

Two regimes of perturbative QCD

o DGLAP dynamics : Q% — oo

Y=In 1 SATURATION moderate xg
% REGION P _
InQ (Y) o Governed by collinear
dynamics

BK JIMWLK

o Resummation of Q? logs :
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+ BEWL @ BFKL dynamics (Regge limit)
DGLAP s> Q%> Noep (x5 < 1)
= o Governed by soft dynamics
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DGLAP regime vs BFKL regime

BFKL dynamics
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= Violation of the Froissart bound
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000

Diffractive DIS

Rapidity gap events at HERA

Experiments at HERA : about 10% of scattering events reveal a rapidity
gap
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Diffractive DIS

Rapidity gap events at HERA

Experiments at HERA : about 10% of events reveal a rapidity gap
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Diffractive DIS

Theoretical approaches for DDIS using pQCD

@ Collinear factorization approach
o Relies on QCD factorization theorem, using a hard scale such as the
virtuality Q? of the incoming photon
o One needs to introduce a diffractive distribution function for partons
within a pomeron
@ kt factorization approach for two exchanged gluons

o low-x QCD approach : s> Q> Agcep
@ The pomeron is described as a two-gluon color-singlet state
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Diffractive DIS

Theoretical approaches for DDIS using pQCD

Collinear factorization approach

Remnant

Jet
Jet

Jet
Jet
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Diffractive DIS

Theoretical approaches for DDIS using pQCD

kr-factorization approach : two gluon exchange

q—k+zpp

p—TPp

Bartels, lvanov, Jung, Lotter, Wiisthoff
Braun and lvanov developed a similar model in collinear factorization



Diffractive DIS
L]

Theoretical approaches for DDIS using pQCD

Confrontation of the two approaches with HERA data
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Diffractive production of jets : our approach

Assumptions

[

Regge limit : s> Q> Agcp
@ No approximation for the outgoing gluon, contrary to e.g. :

@ Collinear approximation [Wiisthoff, 1995]

o Soft approximation [Bartels, Jung, Wiisthoff, 1999]

@ Lightcone coordinates (p™, p~, §) and lightcone gauge n, - A =10

@ Transverse dimensional regularization d = 2 4 2¢, longitudinal cutoff
Ps <apy

@ Shockwave (Wilson lines) approach [Balitsky, 1995]



Diffractive production of jets : our approach

The shockwave approach

One decomposes the gluon field A into an internal field and an external

field :
AR = AP 4 pH

The internal one contains the gluons with rapidity p; > ap; and the
external one contains the gluons with rapidity p; < ap.. One writes :

b (z) =6 (") B(Z)nk
Intuitively, large boost A along the + direction :
bt (X+ X~ )?') — ler AxT le X

3 ) A 3 A 3

x|

b~ (x+, X7, )?') — Ab™ ()\X+, ;xi

x|

b (x+, x_,)?) — b (/\X+, ix_,
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Diffractive production of jets : our approach

Propagator through a shockwave

(22, 20) /d4z10 %)6(z2)0 (-2 ) G(zz—21)7" G (21— 20) U

G(q, p)=(2m)6 (p") /qu15(q +a1-p) G (q)7 U5 G (p)

Wilson lines :

+oo
U =U; =U(Zi,n)=Pexp [ig/ b, (z', 2)dz"

+o00 +o0
U= 1—|—lg/ b, (z', z)dz" + (ig)? / b, (7', 2)by, (2, 2)0 (27 ) dz* dz}"

—o0
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Diffractive production of jets : our approach

The BK equation

Dipole operator

Up = NicTr (wof) -1

BK equation [Balitsky, 1995] [Kovchegov, 1999]

dUp  asN /
2 = d23_, = [U13 + Us2 — Upo — U33U3;]
dlno 272 zZ3 223

Non-linear term : saturation
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Diffractive production of jets : our approach
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Leading Order
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Diffractive production of jets : our approach
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First kind of virtual corrections
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Diffractive production of jets : our approach
[o] le]e}

Second kind of virtual corrections
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First kind of real corrections

e production of jets : our approach

15 i

W 1 W
> D, @ > b,
0 Py
.

At = col. / d5,d? B 0%, (B1. 52 )3 (ot + Pz + )

NZ-1) -
< N >U12

18 /24



Diffractive production of jets : our approach
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Second kind of real corrections

yr
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Diffractive production of jets : our approach
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Divergences

@ UV divergence p; — +o0
CDVICDS + ¢’0¢T/1
@ Soft divergence p, — 0
Dy1P5 + PoPYq, Pr1PRy
@ Collinear divergence p, o pg or pg
Pr1PRy
. . ot ot
@ Soft and collinear divergence p, = p—ipq or p—ipq, pg+ —0
q q
Pr1 PRy
@ Rapidity divergence p; — 0
Dyo®g + Py,
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Diffractive production of jets : our approach
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Rapidity divergence

BK equation
UUCRPVIES "/7" klddkzddk%(k ko ks — 7*) G130 + O35 + Oz — G2 )
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1
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7 typical rapidity for the lower impact factor
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Then Ug,d0 + dyy s finite.
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Diffractive production of jets : our approach
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Soft and collinear divergence

Jet cone algorithm

We define a cone width for each pair of particles with momenta p; and
Pk, rapidity difference AYj, and relative azimuthal angle Agj

(AYi)* + (Agu)’ = R}

If RZ < R2, then the two particles together define a single jet of
momentum p; + py.

Applying this to our results in the small R? limit cancels the soft and
collinear divergence.
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Diffractive production of jets : our approach
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Remaining divergence

Soft real emission

2
Py Pg | dpg d’pg
(Pg-Ps)  (Pa-pPg)| pa (27T)d

(PRIPRI)ore X (d>0d>3)/

outside the cones

Collinear real emission

(PrR1®R1) s X (PoPG) (N + Ng)
Where A is the number of jets in the quark or the antiquark

+ — — A A v
(47) /”fer dpg dp;; / dBgd? B Tr (B Bjery"”) duv (Ps)
F(2 2) OzP;r 2Pg 2pk in cone k (271') M zpjgt (pk— + pg_ _ PJ;t)

Those two contributions cancel exactly the virtual divergences (both UV
and soft)

d
2

Ni =
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Diffractive production of jets : our approach
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Conclusion and applications

@ The paper is being written. The results will be used for HERA
phenomenology and for predictions for an Electron lon Collider

@ Our results can also be used for photoproduction at large t or with a
large diffractive mass

@ They can be adapted to ultraperipheral collisions at the LHC

@ They can be used to compute the impact factor for the production
of a p meson

@ In the future, we can study the massive quark case, and later on
adapt it for the production of a J/¢ meson using the Color
Evaporation Model [see tomorrow's talk]
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