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of the data is obtained.
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1. Introduction

While jet-gap-jet events have been previously studied [1, 2, 3, 4, 5], in this work we con-
sider [6] the recent measurement by ATLAS [7] of the fraction of di-jet events with an additional
veto on jets in the inter-jet region

R(∆y, pT )≡
dσveto

d∆yd2 pT

/ dσ incl

d∆yd2 pT

where pT denotes the average transverse momentum pT = (p1T + p2T )/2 and ∆y the rapidity differ-
ence between the boundary jets, for which the pT of additional jets in the inter-jet region is below a
threshold Eout, but not necessarily zero. This observable is for large separation ∆y and small Eout not
only sensitive to BFKL physics, but also to large angle gluon emissions, which makes it interesting
for studies of perturbative QCD. The di-jet system in [7] is defined in two different ways, one being
the highest-pT pair and the other the most forward/backward pair in rapidity. For the veto cross
section σveto one requires that no additional jet having pT > Eout is reconstructed in the rapidity
interval of the chosen boundary jets. Eout is a free parameter with Eout = 20GeV the smallest value
which was considered in the measurement. Jets are reconstructed using an anti-kt algorithm [8]
with the radius parameter R = 0.6. The precise choice of Eout affects the sensitivity to possible ob-
servables as we will see. We note that predictions from HERWIG and PYTHIA [9, 10], even though
not optimized for this observable [11], describe the data reasonably well, while fixed order calcu-
lations like ALPGEN and POWHEG [12, 13] undershoot the data significantly and are also not [6]
expected to give stable result in the interesting region ∆y > 2. The inclusion of BFKL logarithms
due to the possibly large ∆y separation of the di-jet system does not improve the description [14].
Also, contributions from non-perturbative QCD effects are expected to be negligible due to the
choice of scales. The reason for the observed discrepancy may indeed lie in the angular-ordered
parton showers, whereas the radiation in the inter-jet region of the system at hand is ordered in
transverse momentum. The resummation in this case results in potentially large logarithms of the
type (αs ln pT/Eout)

n, possibly further enhanced by large rapidity separation (αs ∆y ln pT/Eout)
n.

One class of logarithms comes from the emissions from the primary parton, giving rise to the well
known Sudakov type logarithms [15, 16]. A second class of terms comes from the recursive emis-
sions from secondary gluons [17] giving rise to the so-called non-global logarithms which can only
in the large-Nc limit be resummed. Previous works already included non-global emissions by the
introduction of a survival factor, while a resummation of these relevant logarithms to all orders is
expected to result in a more accurate description of the data measured by ATLAS.

2. Jet veto cross section using BMS formalism

Using the approach by [18] the problem of recursive emissions in the presence of a veto thresh-
old is cast into a differential equation which can be solved numerically [19, 6]. To describe the jet
veto observable, we consider the leading order one gluon color-octet exchange channel. For the
geometry at hand, we define two cones centered around the beam axis with their opening angles
chosen such that they just enclose the two boundary jets resulting from a color-singlet qq̄ pair com-
ing from the hard interaction. The probability that the energy radiated outside of the cones is less
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Figure 1: Geometry for the dijet inter-jet region with y = lncot(θ/2).

than the threshold Eout is denoted by Pτ(θR,θL,Ω3,Ω4) with Ω = (y,ϕ) being the direction of the
jets. Pτ will not depend on the azimuthal angle ϕ because we have ϕ4−ϕ3 = π . Defining

αs(pT ) = π/(2bNc ln
pT

ΛQCD
)

b =
11Nc−2n f

12Nc

the evolution variable τ of Pτ for the case of running αs reads

τ =
∫ pT

Eout

dkT

kT
αs(kT )Nc

π
=

1
2b

ln(αs(Eout)/αs(pT )) =
1
2b

ln
ln(pT/ΛQCD)

ln(Eout/ΛQCD)

while the evolution equation itself can be written as

∂τPτ(Ωα ,Ωβ ) =−
∫

Cout

d2Ωγ

4π

1− cosθαβ

(1− cosθαγ)(1− cosθγβ )
Pτ(Ωα ,Ωβ )

+
∫

Cin

d2Ωγ

4π

1− cosθαβ

(1− cosθαγ)(1− cosθγβ )
(Pτ(Ωα ,Ωγ)Pτ(Ωγ ,Ωβ )−Pτ(Ωα ,Ωβ ))

resumming both Sudakov and non-global logarithms. At zeroth order Pτ = 1 due to no additional
emissions. Pτ is also invariant under Lorentz boosts and therefore

Pτ(yR,yL,y3,y4) = Pτ

(
yR− yL

2
,−yR− yL

2
,y3−

yR + yL

2
,y4−

yR + yL

2

)
.

In the large Nc limit, the contributions to parton showers may be decomposed into radiation from
dipole systems. We consider the tree-level 2→ 2 matrix elements with their cross sections, e.g. for
qq′→ qq′

dσqq′

dt̂
=

1
16π ŝ2 hA(ŝ, t̂, û) =

1
16π ŝ2 g4CF

Nc

(
s2 +u2

t2

)
where the color flows in large-Nc like 1→ 4 and 2→ 3 which results in the two dipoles (14) and
(23). Incorporating the probabilities Pτ for radiations in the vetoed inter-jet region one obtains

dσveto
qq′

dt̂
=

1
16π ŝ2

(
hA(ŝ, t̂, û)Pτ(y3−R,y4 +R,∞,y4)Pτ(y3−R,y4 +R,y3,−∞)

+hA(ŝ, û, t̂)Pτ(y3−R,y4 +R,∞,y3)Pτ(y3−R,y4 +R,y4,−∞)
)
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Because of the boost invariance of Pτ we only need the evaluate in the center of mass frame:

Pτ(y3−R,y4 +R,∞,y4) = Pτ

(
∆y
2
−R,−∆y

2
+R,∞,−∆y

2

)
≡ P14(τ,∆y)

Pτ(y3−R,y4 +R,y3,−∞) = Pτ

(
∆y
2
−R,−∆y

2
+R,

∆y
2
,−∞

)
≡ P23(τ,∆y)

Pτ(y3−R,y4 +R,∞,y3) = Pτ

(
∆y
2
−R,−∆y

2
+R,∞,

∆y
2

)
≡ P13(τ,∆y)

Pτ(y3−R,y4 +R,y4,−∞) = Pτ

(
∆y
2
−R,−∆y

2
+R,−∆y

2
,−∞

)
≡ P24(τ,∆y)

Since P14 = P23 and P13 = P24, the cross section takes the simpler form

dσveto
qq′

dt̂
=

1
16π ŝ2

(
hA(ŝ, t̂, û)P14 P23 +hA(ŝ, û, t̂)P13 P24

)
=

1
16π ŝ2

(
hA(ŝ, t̂, û)P2

14 +hA(ŝ, û, t̂)P2
13

)
The vetoed cross sections of the other possible partonic subprocesses can be obtained in a similar
way [6] and yield via convolution with the proton parton density functions the hadronic vetoed
cross section

dσveto

d∆yd2 pT
=

q,q̄,g

∑
i j

∫ Ymax

Ymin

dY x1 fi(x1, pT )x2 f j(x2, pT )
1
π

dσveto
i j

dt̂

where Y = y3+y4
2 and |Y |< 4.4 for the ATLAS measurement.

3. Comparison with ATLAS data

The vetoed cross section σ as computed before is divided by the inclusive σ i.e. with Pτ = 1
to yield the veto fraction R. Fig. 2 shows the comparison with ATLAS data for the dependence
of R on the jet rapidity separation ∆y for different bins in jet pT . We note that the model is in
quite good agreement with the data for the forward/backward selection. Fig. 2 also illustrates
the theoretical uncertainties coming from the factorization and renormalization scale uncertainty,
obtained by varying the scale for the parton density and by varying αs in the amplitudes and in the
definition of τ . The uncertainty on the subleading logarithms is estimated by varying the upper limit
of the integrand in the definition of τ . Then, Fig. 3 shows the dependence on the veto threshold
Eout. Since a large scale separation between the jet pT and the threshold Eout is assumed in the
calcuation, the agreement is best for small values of Eout.

4. Conclusions and Outlook

We have investigated [6] the resummation of the Sudakov and the non-global logarithms in-
duced by large angle soft gluon emissions in the context of the jet veto cross section. The ATLAS
measurement corresponding to the forward/backward selection is described well by tree-level QCD
together with the jet veto probability as given in the BMS approach. We have also seen that the data
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Figure 2: The fraction of the vetoed cross section is compared against the ATLAS data for Eout = 20GeV
in different regions of average jet pT . Number of active flavors is n f = 5 and αs is fixed as αs(MZ) = 0.12.
The green (inner) error band corresponds to the factorization and renormalization scale uncertainties. The
yellow (outer) band includes the uncertainty from the subleading logarithms as well. ATLAS data for both
selection criteria of the boundary jets is shown. The upper points correspond to the leading pT selection
whereas the lower points correspond to the most max/min rapidity selection.
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Figure 3: Same conditions as in Fig. 2 but varying the veto threshold Eout as well. The agreement with data
is best for a large separation between Eout and pT as expected.
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are well described by the color octet contribution alone, without the need for additional BFKL-like
contributions which is expected given the scale of Eout. Due to the still large theoretical uncertain-
ties it is not possible to fully distinguish between the two selection methods used by the experiment.
Inclusion of subleading logarithms and 1/Nc corrections could improve this result.
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