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1. Introduction

While the total cross sections of process at the LHC are well described by fixed-order cal-
culations, the presence of large logarithmic corrections necessitating all-order treatment has long
been accepted in corners of phase space with a large hierarchy of values of a single physical ob-

servable. In this contribution we will discuss another class of logarithmic corrections starting at
3

ag

in processes with at least two jets. The so-called High Energy Logarithm[1-4] has as argument
the ratio of rwo independent physical scales: the partonic centre of mass (V$) and the scattering
momentum (\/;) The logarithm has contributions from both virtual and real corrections and an
accurate description[5—8] of both will be necessary for a precise result. This ratio is small and
the logarithm irrelevant for jets with little separation in rapidity. But the ratio becomes large even
for hard jets well-separated in rapidity and is, as we will demonstrate[9], relevant for do-/dm , ;,
already at mj, j, ~ 500GeV in the predictions made for a measurement with for jets with transverse
momenta of 80GeV (and m j, ;, measured up to 8.2TeV). The separate issue of photon isolation is
largely irrelevant for the discussion of the high energy logarithm (which controls the dependence
on mj, j,) but as usual the comparison between perturbative predictions and data will be plagued by
a normalisation issue caused by differences in the photon isolation criteria.

In this contribution we will study the process pp — yJJ and the impact of the perturbative
corrections on the spectrum in m;, ;,. The calculations are made using the phase space cuts of a
recent measurement by ATLAS[10] and listed in Table 1. While the specifics depend on the cuts,
the conclusions presented on the relevance of the high energy corrections do not. Figure 1 shows the
fixed-order (red) and NLO (blue) prediction obtained with Sherpa 2.2.16 [11] using uzr = Hr /2

’; 102: | | “l;
$ i p— ]
D QCD(LO) Hrr = =5 ]
= 10'F P
=) &= QCD(NLO) pinr = 5 3
"35 10“;— i
el § E
1071:_ pp—)’y—&-duets ;
LHC@13 TeV
10725— 4
107 g
610*4:}1;'}111}::::}:::.I....I....I....I....I:
= E E
= 1.55’_|_|-|_‘I :
S 1.0f- ]
= ]
= 05F E
A OB Lo L e L L e L 1]

1000 2000 3000 4000 5000 6000 7000 8000
mj, j, [GCV}

Figure 1: do/dm, ;, for LO and NLO for pp — vyjj (a2a) with central scale choice ug = ur = Hr/2 and
a standard 7-point scale variation.
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Photon rapidity ly| < 1.370r1.52 < |y| £2.47
Leading photon pr > 160 GeV

prTeCOil > 200 GeV

Leading jet pr > 80 GeV

Sub-leading jet pr > 50 GeV

Leading jet |y| <44

Sub-leading jet |y <44

Dijet invariant mass m, ;, > 200 GeV

1Ay ji o > 1

Jets with rapidity in-between hardest two None with pr > 30 GeV
Jet definition anti-k;,, R=04

Table 1: Cuts for the analysis reported in reference [10].

and a standard 7-point scale variation.
The breakdown of the NLO result is perhaps surprisingly obvious: The NLO predictions
become negative around m, ;, = 3.2TeV and the partonic K-factor has the asymptotic dependence

(1 = ay(u})CCalog(m3, ;. /p}). (1

where C can be determined from the fixed-order result (or HEJ). For C > 0 (as is the case here)
this obviously leads to negative cross sections at large m, ;,, but the logarithmic corrections will
dominate the NLO corrections also without e.g. the central jet veto applied in the current analysis.

2. Control of High Energy contributions to all orders

High energy logarithmic terms will arise at every perturbative order and the normal perturbative
allowance to ignore higher orders hoping for coeflicients of order unity is invalidated at some point.
The new situation for the high energy logarithmic studies is that this point is occurring in present
analyses such as this one.

High Energy Jets (HEJ)[5-9] constructs the terms order by order and point by point in phase
space for each multiplicity so the effects of all phase space cuts on any observable is calculated
explicitly. The simplicity of the high energy limit of the amplitudes allows for the organisation
of the divergences from real and virtual corrections order by order to all orders and the all-order
sum being constructed point by point and multiplicity by multiplicity. The high-energy amplitudes
and distributions can simultaneously be matched to the available fixed-order results. As such, no
available perturbative contribution from fixed order is lost. The calculation includes input from
NLO, and from Born level pp — y4j and pp — y5;j. The calculation is described in reference [9]
and the result included on figure 2. At small m , ;, the result is similar to NLO, but the all-order
result remains physical (positive) for all m;, ;,. This is of course not a surprise, since the NLO
result in eq.1 is but the first term in an all-order expansion which in the pure leading logarithmic
approximation (which HEJ works hard to augment beyond logarithmic control) would have

(1 - s (u7)CCalog(m ;. /p7)) — exp(—as(u;)CCalog(m3, ,/p7)), )
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Figure 2: do/dm;, ;, for pure QCD LO, NLO and HEJ matched to NLO

which explicitly is positive for all m , ;,. This is just the normal behaviour in logarithmic resum-
mation. But the new result is that the high-energy logarithms are sufficiently large for the all-order
treatment to be relevant and necessary for LHC analyses.

3. Comparison to Measurements

The process pp — yJJ has Born-level contributions at a2« and a. While the total cross
section for the electroweak (a>) process is negligible compared to the QCD-induced one (as*a)
the electroweak process is increasingly important for increasing m, ;, as displayed on figure 3 for
the electroweak process calculated at NLO(QCD) with VBFNLO 3.0 [12, 13]. The electroweak
process remains positive (and due to its colour singlet nature does not attain the same high energy
corrections as the QCD process). In fact the electroweak process is sufficiently large to render the
sum of the QCD and EW process positive at NLO. However, as shown on figure 4 the NLO result
unsurprisingly obtains a poor description of data given that the QCD contribution eventually turns
negative. In contrast the result obtained with HEJ +VBFNLO is a good description, in particular
in the region up to around 3TeV where the QCD process dominates. All the predictions presented
here suffer from the usual issues related to a mismatch in the criteria for photon isolation in the
predictions and the measurements. Since the NLO predictions thereby fail to describe correctly
the normalisation of the cross section we have allowed the normalisation of each prediction to be
determined by a minimisation of the y? resulting in a reduction of 19% for NLO and 31% for
HEJ +VBEFNLO. This explains the notion of the “scaled” predictions mentioned in the legend. But
this issue of photon isolation is completely separate from the determination of the shape of the
distribution in m, j,, which is controlled by the high energy logarithms. Readers familiar with
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Figure 3: do/dmj, ;, for the QCD component (calculated with HEJ) and the electro-weak component
(calculated with VBFNLO). The process is dominated by the QCD contribution until around 3TeV.
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Figure 4: do/dm, ;, for scaled NLO, HEJ and data. See text for more details.

BFKL will remember the logarithmic resummation can be formulated as a integral-differential
equation in log(s) (which to logarithmic accuracy equals log(m , ;,)).

4. Conclusions

We have demonstrated that the QCD NLO corrections to pp — yJJ are dominated by the high
energy logarithmic component. The NLO truncation renders the predictions of the m , ;,-spectrum
for this component negative (unphysical). The all-order resummation of the hgih-energy correction
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(obtained here with HEJ) renders the predictions physical. Additionally, adding the contribution

from the electroweak process leads to a good description of data.
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