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Some good books:

“QCD and the Pomeron”

Forshaw, Ross

“Pomeron physics and QCD”

Donnachie, Dosh, Landshoff, Nachtmann

“High energy particle diffraction”
Barone, Predazzi



High energy limit of scattering amplitudes in QCD:

Large logarithms in s compensate small coupling and a full 
resummation is needed:

In multi-Regge kinematics: 



In this limit new effective degrees of freedom appear

REAL emissions create a gauge invariant effective vertex

VIRTUAL contributions Reggeize t-channel gluons

2 to 2+n soft gluon amplitudes have ladder structure



Multijet cross sections:

Diffractive events: Hard Pomeron = bound state of 2 Reggeized gluons.



Phenomenology of multi-Regge kinematics:

Uncut diagram describes DIFFRACTIVE events with rapidity gaps

Lepton-lepton Hadron-hadron Lepton-hadron

Production of light vector
mesons

Mueller-Tang jets Vector meson production
in DIS



Cut diagram describes high multiplicity events

Multi-jet events with 2 large and similar hard scales:

Lepton-lepton Hadron-hadron Lepton-hadron

Total cross section for
two virtual photons

Mueller-Navelet jets Forward jets in DIS
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BFKL conformal structure can be identified in the
azimuthal angle decorrelation of Mueller-Navelet jets

Tag most forward / backward jets  with
large and similar transverse momenta

Relative azimuthal angle / rapidity

Large center of mass energy

Project out the conformal components of the kernel with the observable:

[Del Duca-Schmidt]

[Stirling]



At small Y MN jets are back-to-back

At large Y more gluon emissions
decorrelate the MN jets

Large difference between
LO and higher order

The ´perfect´ BFKL observable should remove the dependence on the zero conformal
spin. This is the one most affected by collinear configurations not in original BFKL. 

Small difference between LO and 
higher order calculations

At the LHC we will go up to Y=12 and this observable will be measured

Pythia and Herwig++ predict
more correlation than BFKL































At large energies the saddle point dominates

IR/UV symmetric diffusion in transverse momenta for

invariant



violates unitarity bounds

BFKL increases number of gluons of a fixed
transverse size 1/Q

Perturbative degrees of 
freedom at high density
dominated by nonlinearities



Non-linearities needed to damp this growth

For large targets BK equation is a good candidate:

Non-linearities can be introduced with weighted diffusion in linear evolution:

forced to have a 
different saddle point



Slower growth than BFKL

Decrease with energy

Faster growth than BFKL

For there is no growth with energy
symmetry broken



Critical line:

Solution invariant under geometrical scaling:

with critical exponent

for the crossover
dilute-dense transition

IR suppression



Main features of saturation:
1. Dilute/dense transition
2. Scaling symmetry
3. Critical exponent 2.44
4. IR/UV competition

At asymptotic energies
linear evolution has no 
memory on transverse sizes

When memory is intr0duced
infrared modes are suppressed



LO BFKL:

• The coupling is fixed and carries colour factor 

• No fermions
• The same kernel in all SUSY theories
• Holomorphically separable and SL(2,C) invariant

• Iterated in s-channel with periodic BC corresponds
to an integrable Heisenberg ferromagnet.

Holographic interpretation at large coupling?

Gravity dual of the saturation line? 

[Brower-Polchinsky-Strassler-Tan]

[Hatta-Iancu-Mueller]

[Cornalba-Costa-Penedones]

[Lipatov]

[Lipatov]

[Faddeev, Korchemsky]

Important: in the gauge theory side we are at small coupling



BFKL at NNLO:

[Bartels, Lipatov, SV]

[Del Duca, Glover]

Use the ansatz by
Bern, Dixon, Smirnov
for N=4 SYM, MHV, planar
amplitudes

Some pieces by direct
calculation

[Brower,Nastase,Schnitzer,Tan]

Related work:





QCD at the LHC:

• Multijet events
• Forward physics
• Underlying event
• Diffractive processes
• Parton distribution functions at small x
• Parton saturation

Theoretical challenges:

• Unitarity corrections at high energy
• Correct degrees of freedom?
• Scattering amplitudes at strong coupling?
• Holography of saturation?

Connections to black hole physics might answer these questions.

Important on its own and as background to new physics.

Different aspects of the theory and 
phenomenology of the BFKL formalism


