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Abstract. We present the calculation of the forward jet vertex associated to a rapidity gap (coupling of a hard pomeron to the
jet) in the BFKL formalism at next-to-leading order (NLO). Real emission contributions are computed via Lipatov’s effective
action. The NLO jet vertex turns out to be finite within collinear factorization and allows, together with the NLO non-forward
gluon Green’s function, to perform NLO studies of jet production in diffractive events (e.g. Mueller-Tang dijets).
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DIJETS WITH RAPIDITY SEPARATION AS A PROBE OF BFKL POMERON

More than twenty years ago, Mueller and Tang [1] proposed the study of the cross-section for dijet production with
an associated large rapidity gap as an ideal environment to test the resummation effects associated to the BFKL
pomeron [2]. In comparison to other observables that test the multi-Regge limit of QCD like angular decorrelation of
Mueller-Navelet jets [3], the growth of the proton structure functions with decreasing Bjorken-x [4] or the total inclu-
sive γ∗γ∗ cross-section [5], hard exclusive diffraction processes with large momentum transfer are sensitive not only
to the pomeron intercept but also to its slope, probing the BFKL Green’s function at t 6= 0, currently known at NLO [6].

Next-to-leading logarithmic corrections are known to be sizeable in BFKL physics. This is expected to be the
case at the level of the universal Green’s function, i.e. the amplitude for pomeron exchange, since NLO corrections
incorporate the dependence on the renormalization, factorization and reggeization scales which formally correspond
to subleading terms in the LO approximation. However, it turns out that NLO corrections coming from the process-
dependent impact factors (the couplings of the pomeron to the projectile and target) are also quite important (see, e.g.
[5]). Therefore, in order to provide a reliable description of rapidity gap phenomenology within the BFKL approach, it
is mandatory to go beyond the approximations used in previous works [7], where NLO corrections were only included
(partially) at the level of the Green’s function.

A quantitative understanding of the Mueller-Tang cross-section faces a number of challenges. On the one hand, the
configurations of interest with color singlet exchange, which do not generate any emission into the gap, compete with
Sudakov-suppressed color exchange contributions where emissions are allowed up to a scale set by the experimental
resolution Egap of the rapidity gap definition. Moreover jet-gap-jet events are affected by soft rescatterings of the proton
remnants which destroy the gap. We will focus on the singlet exchange configuration while assuming that the latter
contribution can be taken into account through a rapidity gap survival factor. On the other hand, even at the level of the
calculation of the singlet exchange contribution, we are faced with interesting and challenging questions, for instance:
Does the exclusive nature of our observable preclude the applicability of collinear factorization? Moreover, does it
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make sense (at NLO) the Mueller-Tang prescription [1, 8] to couple the pomeron to a single quark, thus enabling the
computation within collinear factorization? At the impact factor level, we find rather non-trivially that all collinear
singularities in the jet are cancelled by DGLAP renormalization of the PDFs. In any case, a more conclusive answer
to these questions can only be given after considering the convolution with the Green’s function. A promising way to
do this is the Monte-Carlo implementation of the NLO BFKL equation directly in kkkT space already used in [9].

HIGH-ENERGY FACTORIZATION, LIPATOV’S ACTION & QUASIELASTIC
CORRECTIONS

In multi-Regge kinematics, multi-particle production amplitudes are naturally factorized into a simple expression
given by the product of reggeon propagators and Lipatov effective vertices [2]. In a seminal work [10] (see also [11]),
Lipatov showed that this high-energy factorization can be preserved in a gauge-invariant fashion also when considering
logarithmically- (non-power-) suppressed contributions in the high-energy limit (quasi-multi-Regge kinematics). To
do this, it is necessary to introduce an infinite number of induced vertices that follow from the action

Seff = SQCD +Sind =
∫

d4xTr[(W−[v(x)]−A−(x))∂ 2
⊥A+(x)+{+↔−}], ∂±A∓(x) = 0. (1)

Here vµ =−iT ava
µ(x) is the gluon field, A±(x)=−iT aAa

±(x) the reggeon field, and W±[v(x)]=− 1
g ∂±P exp

{
g
2
∫ x∓
−∞

dz±v±(z)
}

,
the Wilson line coupling whose perturbative expansion generates all induced vertices (Fig. 1).

Figure 1. Feynman rules for the lowest-order induced vertices of Lipatov’s action (1). Wavy lines denote reggeons, and curly
lines, gluons.

In the original formulation it is tacitly implied that the usual QCD interactions are restricted to the interactions of
particles with similar rapidities, while non-local in rapidity interactions are mediated through reggeon exchange, so
that no overcounting of degrees of freedom occurs. In recent years, we devised a manifestly gauge-invariant proce-
dure to avoid this double-counting and make sense of the new appearing rapidity divergences when one considers
amplitudes beyond tree level [12], and used it to provide an independent computation of the 1-loop corrections to the
forward jet vertex and the 2-loop gluon Regge trajectory [12, 13].

Lipatov’s action thus provides a highly efficient tool to compute radiative corrections for high-energy processes.
In this framework, the (bare) pomeron appears as a state of two reggeons projected into a color singlet state (Fig. 2).
High-energy factorization suggests absorbing in the impact factor definition the integral over longitudinal components
of the reggeon loop momenta; therefore, after BFKL resummation of ∆ygap ∼ ln(ŝ/s0) enhanced terms, we have

dσ̂ res
i j

d2kkk
=

∫ d2lll1

π

∫
d2lll′1G(lll1, lll′1,kkk, ŝ/s0)

∫ d2lll2

π

∫
d2lll′2G(lll2, lll′2,kkk, ŝ/s0)hi,ah j,b, hi = h(0)i +h(1)i . (2)

Here ŝ is the partonic c.o.m. energy squared, kkk2 the momentum transfer and G the Green’s function. We assume that,
like in the LO case [14], the expression (2) after full resummation encounters no divergences in the integrations over
the transverse loop momenta in the direct (lll1, lll′1) and complex conjugate (lll2, lll′2) amplitudes. At LO, the computation
of the impact factor (in d = 2+2ε) is very simple (Fig. 2), and in the gluon-initiated case we have

iφgg =
∫ dl−

8π
iM abde

gr∗r∗→gPde, Pde =
δ de

√
N2

c −1
=⇒ h(0)g =

|φgg|2
2(8π2)1+ε(p+a )2 = h(0)(1+ ε)C2

a , (3)

with h(0) =
α2

s,ε 2ε

µ4ε Γ2(1−ε)(N2
c−1) and αs,ε =

g2µ2ε Γ(1−ε)
(4π)1+ε . In a similar way, in the quark-initiated case we have h(0)q =C2

f h(0).
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Figure 2. Left: The leading log amplitude for gluon induced jets in the high-energy approximation. The state of two reggeized
gluons in the t-channel is projected onto the color singlet; Right: Leading order diagrams which describe within the effective action
the coupling of the gluon to the two reggeons.
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Figure 3. Effective action diagrams for the quasielastic emission corrections in the q(q̄)→ q(q̄)g channel.

At NLO, the computation is much more involved. Virtual corrections were already computed in [15]. The missing
ingredient is the evaluation of the quasielastic emission corrections, like those appearing in Fig. 3 for the q(q̄)→ q(q̄)g
channel. Similarly, we must also compute the diagrams corresponding to the g→ gg and g→ qq̄ channels. At the level
of the differential partonic impact factor, very compact expressions are found [16]:

h
(1)
r,ijdΓ

(2) =
h(0)(1 + ε)

μ2εΓ(1− ε)

αs,ε

2π
Pij(z, ε)

[
A

(1)
ij

Δ

Δ2
−A

(2)
ij

q

q2
−A

(3)
ij

p

p2
− 1

2
A

(4)
ij

(
q − l1

(q − l1)2
+

l1 − p

(l1 − p)2

)]
·
[
{l1 ↔ l2}

]
dΓ(2),

ij = gq, gg, qg

Pgq(z, ε) = Cf
1 + (1− z)2 + εz2

z
Pgg(z, ε) = 2Ca

(1− z(1− z))2

z(1− z)
Pqg(z, ε) =

1

2

(
1− 2z(1− z)

1 + ε

)

A(k)
gq =

1

1 + ε
(Cf , Cf , Ca, Ca) A(k)

gg =
1

2!
(Ca, Ca, Ca, Ca) A(k)

gq = (Ca, Cf , Cf , 2(Cf − Ca))

dΓ(2) = dzd2+2εq/π1+ε Δ = q − zk

(4)
where z (resp. 1− z) is the longitudinal momentum fraction carried by the outgoing parton with momentum q (p).

THE NLO MUELLER-TANG JET VERTEX

The phase space integration in (4) reveals singularities that are manifested as poles in the dimensional regularization
parameter ε . As usual, in order to define an IR and collinear safe cross-section, we need to convolute the partonic
cross-section with a jet function distribution SJ [17]: dσ̂J

dJ1dJ2d2+2ε kkk = dσ̂ ⊗SJ1SJ2 ,dJi = d2+2ε kkkJidyJi , i = 1,2.



For a general jet algorithm, one can then prove that, by using an explicit phase slicing parameter λ which isolates
the singular regions in the integrations, one obtains a finite expression for the NLO corrections to the effective jet
vertex dV̂ (1)

dJ in d = 4 after including the virtual corrections and taking into account the renormalization of the coupling
and the DGLAP renormalization of the parton densities [16]. Then, it is possible to write within collinear factorization

dσJ,H1H2

dJ1dJ2d2kkk
=

1
π2

∫
dlll1dlll′1dlll2dlll′2

dV (lll1, lll2,kkk, pppJ,1,y1,s0)

dJ1
G(lll1, lll′1,kkk, ŝ/s0)G(lll2, lll′2,kkk, ŝ/s0)

dV (lll′1, lll
′
2,kkk, pppJ,2,y2,s0)

dJ2
,

dV
dJ

= ∑
j={q,q̄,g}

∫ 1

x0

dx f j/H(x,µ
2
F)


dV̂ (0)

j

dJ
+

dV̂ (1)
j

dJ


 , x0 =

kkk2

M2
X ,max + kkk2 .

(5)
We refer the reader to [16] for the final expressions for dV̂ (1)

dJ . We plan to carry out in the near future the numerical
implementation of this vertex which, as already remarked, is a necessary step towards reliable phenomenological
studies of diffractive jet production at high energies.

ACKNOWLEDGMENTS

We would like to thank the organizers of DIFFRACTION 2014 for the oportunity to present our research in such
a pleasant environment. M.H. acknowledges support from U.S. Department of Energy (DE-AC02-98CH10886) and
BNL grant LDRD 12-034. J.D.M. is supported by Advanced Investigator Grant ERC-AD-267258. A.S.V. acknowl-
edges support from European Commission under contract LHCPhenoNet (PITN-GA-2010-264564), Madrid Regional
Government (HEPHACOSESP-1473), Spanish Government (MICINN (FPA2010-17747)) and Spanish MINECO
Centro de Excelencia Severo Ochoa Programme (SEV-2012-0249).

REFERENCES

1. A. H. Mueller, and W.-K. Tang, Phys.Lett. B284, 123 (1992).
2. V. S. Fadin, E. A. Kuraev, and L. N. Lipatov, Phys.Lett B60, 50 (1975); Sov.Phys. JETP 45, 199 (1977); L. N. Lipatov,

Sov.J.Nucl.Phys. 23, 338 (1976); Ia. Ia. Balitsky, and L. N. Lipatov, Sov.J.Nucl.Phys. 28, 822 (1978); L. N. Lipatov, Sov.Phys.
JETP 63, 904 (1986).

3. A. H. Mueller, and H. Navelet, Nucl.Phys. B282, 727 (1987); V. del Duca, and C.R. Schmidt, Phys.Rev. D49, 4510 (1994); A.
Sabio Vera, and F. Schwennsen, Nucl.Phys. B776, 170 (2007); D. Colferai, F. Schwennsen, L. Szymanowski and S. Wallon,
JHEP 1012, 026 (2010); M. Angioni, G. Chachamis, J. D. Madrigal and A. Sabio Vera, Phys.Rev.Lett. 107, 191601 (2011);
F. Caporale, B. Murdaca, A. Sabio Vera, and C. Salas, Nucl.Phys. B875, 134 (2013); B. Ducloué, L. Szymanowski, and S.
Wallon, Phys.Rev.Lett. 112, 082003 (2014); F. Caporale, D. Yu. Ivanov, B. Murdaca, and A. Papa, arXiv:1407.8431.

4. M. Hentschinski, A. Sabio Vera, and C. Salas, Phys.Rev.Lett. 110, 041601 (2013); Phys.Rev. D87, 076005 (2013).
5. S. J. Brodsky, V. S. Fadin, V. T. Kim, L. N. Lipatov,and G. B. Pivovarov, JETP Lett. 70, 155 (1999); G. A. Chirilli, and Yu. V.

Kovchegov, JHEP 1405, 099 (2014); D. Yu. Ivanov, B. Murdaca, and A. Papa, arXiv:1407.8447.
6. V. S. Fadin, and R. Fiore, Phys.Rev. D72, 014018 (2005).
7. F. Chevallier, O. Kepka, C. Marquet, and C. Royon, Phys.Rev. D79, 094019 (2009); O. Kepka, C. Marquet, and C. Royon,

Phys.Rev. D83, 034036 (2011).
8. J. Bartels, J. R. Forshaw, H. Lotter, L. N. Lipatov, M. G. Ryskin, and M. Wüsthoff, Phys.Lett. B348, 589 (1995).
9. G. Chachamis, M. Déak, A. Sabio Vera, and P. Stephens, Nucl.Phys. B849, 28 (2011); G. Chachamis, and A. Sabio Vera,

Phys.Lett. B709, 301 (2012); ibid. B717, 458 (2012); G. Chachamis, A. Sabio Vera, and C. Salas, Phys.Rev. D87, 016007
(2013); F. Caporale, G. Chachamis, J. D. Madrigal, B. Murdaca, and A. Sabio Vera, Phys.Lett. B724, 127 (2013).

10. L. N. Lipatov, Nucl.Phys. B452, 369 (1995).
11. L. N. Lipatov, Phys.Rep. 286, 131 (1997); E. N. Antonov, L. N. Lipatov, E. A. Kuraev, and I. O. Cherednikov, Nucl.Phys.

B721, 111 (2005).
12. M. Hentschinski, and A. Sabio Vera, Phys.Rev. D85, 056006 (2012); M. Hentschinski, Nucl.Phys. B859, 129 (2012); G.

Chachamis, M. Hentschinski, J. D. Madrigal, and A. Sabio Vera, Phys.Part.Nucl. 45, 788 (2014).
13. G. Chachamis, M. Hentschinski, J. D. Madrigal, and A. Sabio Vera, Phys.Rev. D87, 076009 (2013); Nucl.Phys. B861, 133

(2012); ibid. B876, 453 (2013).
14. L. Motyka, A. D. Martin, and M. G. Ryskin, Phys.Lett. B524, 107 (2002).
15. V. S. Fadin, R. Fiore, M. I. Kotsky, and A. Papa, Phys.Rev. D61, 094005 (2000); ibid. D61, 094006 (2000).
16. M. Hentschinski, J. D. Madrigal, B. Murdaca, and A. Sabio Vera, Phys.Lett. B735, 168 (2014); Nucl.Phys. B887, 309 (2014);

arXiv:1409.6704.
17. S. Catani, and M. H. Seymour, Nucl.Phys. B485, 291 (1997); erratum ibid. B510, 503 (1998).


