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Multi-Regge limit in QCD

Regge theory preludes QCD. Pomeron in terms of quarks & gluons?
Perturbation theory with large scale Q > Aqcp — as(Q) < 1.
s> t,Q% = as(Q)log (2) ~ O(1). Resummation needed.
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BFKL: k; dependence in coefficients. o ; =
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Multi-Regge limit in QCD

Effective Feynman rules:
Gluon Regge trajectory: w(q) = —O‘STNC log g—z
Modified propagators in the t-channel:

(i) w(t) — w(ti)(yi—yis1)
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Multi-Regge limit in QCD

o(Qr, @, Y) = / d?kad?ks oa(Q1, ka) 95(Qa, kg) f(ka, ks, Y)
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In collaboration with Grigorios CHACHAMIS (Madrid)

Monte Carlo implementation BFKLex
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Cut Pomeron: Number of emissions?

c
© Forward LO BFKL Singlet Green function (q = 0 GeV, cg = 1)
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Pomeron: Number of rungs?

Non-forward LO BFKL Singlet Green function (q = 5 GeV, cg = 1)
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Multi-Regge limit in QCD

Growth with energy? Depends on the azimuthal angle Fourier component:

fn <|EA’, kg, Y) = /027r def (EA, kg, Y> cos (n @)

27
Forward LO BFKL Singlet Green function (q = 0)
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This is a distinct feature of BFKL
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Multi-Regge limit in QCD
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LO BFKL Green function - Fourier components in azimuthal angle
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All CCFM projections grow with energy, not in BFKL - 1102.1890

Observables only sensitive to n > 0 single out BFKL
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We have solved the ODDERON (BKP)

equation exactly - 1606.07349
It contains Bartels-Lipatov-Vacca
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On-going work on phenomenological applications ... . . - .
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NLL is more complicated, sensitive to the running & choice of energy scale:
NLL cyt
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Double Logs

We can extend the formalism to include collinear regions
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This is very important to go beyondbthe MRK limit.

For BFKL domain we need “4-like” impact factors ¢4 p &
«O» «F»



Average transverse momentum of emitted mini-jets?

1 N
(Pt) = N;|k:|

Distribution at NLO+Double Logs in the average transverse momentum of emitted mini-jets
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Double Logs

Average rapidity separation among emitted mini-jets?
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Higher (Ry)max for higher energies: Arg >~ 0.62, Aro4+prs > 0.81
Lower mini-jet multiplicity when including higher order corrections
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Infrared Effects

BFKL equation with running coupling a(t) = 1/(jt):
1 1

m/dth(tht)\/Eg(Y, t, t2)

z \1/3
Partial wave, with z(t) = (%) (t — %) is

0
Wg(ya t1, t2) =

T\t b 3\ .
G (11,12) = & wi/g <14?(3)) Ai (2(8)) Bi (2(82)) 0 (11 — 1) + 11 > 2

Lipatov's Trick: Homogeneous solution admits an extra piece:

2 | B In2 3/2
Bi(z) — Bi(2) + Ai(2)cot (0~ 2 14/2‘:3) (45w - to>

which introduces oo poles in w-plane

to is a UV/IR matching scale and 7 has a non-perturbative origin
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Growth with rapidity for the Green function

=10,t'=8)

Log G(Y,t
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The diffusion into the IR is not modified for large external scales
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For smaller external scales the diffusion into the IR is suppressed
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If correct, this IR screening should be seen in exclusive observables.
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Pushing the limits of multi-Regge kinematics - Conclusions

© At high energies new degrees of freedom appear: Reggeons
@ This is deep: QCD, SUSY, Gravity ...

© Key observables identified (ratios of azimuthal angle correlations)
Introduce further ingredients:

Collinear contributions
Non-perturbative models
Saturation

Temperature

Work in progress with Francesco CELIBERTO & David GORDO.
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Pushing the limits of multi-Regge kinematics

Let us see how far we are able to push the limits of MRK,
now without the help of a friend and a true giant in physics

Agustin Sabio Vera (UAM, IFT)

Lev N. Lipatov, Southampton, August 2017
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