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We present an update on the next-to-leading order calculation of the rate for Higgs boson
production in association with two jets. Our new calculation incorporates the full analytic
result for the one-loop virtual amplitude. Results are presented for the Tevatron, where
implications for the Higgs search are sketched, and for the LHC at

√
s = 7 TeV.

1 Higgs-Gluon coupling in the large mt limit

In this talk we present results for the production of a Higgs boson in association with two
jets which has recently been implemented in MCFM 1. Our calculation is performed at next-
to-leading order (NLO) using an effective Lagrangian to express the coupling of gluons to the
Higgs field,

This Lagrangian replaces the full one-loop coupling of the Higgs boson to the gluons via an
intermediate top quark loop by an effective local operator. The effective Lagrangian approxima-
tion is valid in the limit mH < 2mt and, in the presence of additional jets, when the transverse
momenta of the jets is not much larger than the top mass mt. A commonly used improvement of
the effective Lagrangian approximation is to multiply the resulting differential jet cross section
by a ratio R given by,

R =
σfinite mt

(gg → H)

σmt→∞(gg → H)
, (1)

where σ(gg → H) is the total cross section.

This rescaling is known to be an excellent approximation for the LO Higgs + 2 jet rate 2.
Our numerical results for the Higgs cross section will not include the rescaling of Eq. (1).
The phenomenology of the production of a Higgs boson in association with two jets has been
presented 3 for the LHC operating at

√
s = 14 TeV. Over the last few years a great deal of

effort has been devoted to the analytic calculation of one-loop corrections to Higgs + n-parton
amplitudes, with particular emphasis on the n = 4 amplitudes which are relevant for this
study. The complete set of one-loop amplitudes for all Higgs + 4 parton processes are now
available 4,5,6,7,8,9,10. The values of the amplitudes calculated by the new analytic code and
the previous semi-numerical code 3 are in full numerical agreement for all amplitudes.

To define the jets we perform clustering according to the kT algorithm, with jet definitions
detailed further below.

http://arxiv.org/abs/1005.3733v1


Figure 1: Scale dependence for the Higgs + 2 jet cross section, with the Higgs decay intoW−(→ µ−ν̄)W+(→ νe+),
at the Tevatron and using the a central scale µ0 = MH . Results are shown for the minimal set of cuts in Eq. (2)

(upper curves) and for cuts that mimic the latest CDF H → WW ⋆ analysis (lower curves).

2 Tevatron results

We have checked the scale dependence of the NLO cross section using both a very simple set of
inclusive cuts, with no requirements on the Higgs boson decay products,

pt(jet) > 15 GeV, |ηjet| < 2.5, Rjet,jet > 0.4 , (2)

and cuts which more closely resemble the experimental setup of CDF. The results are shown in
Fig. 1, the overall shape of the scale variation is not sensitive to the cuts on the decay products
of the Higgs. At the Tevatron the search for the Higgs boson has been divided into jet bins. As
such it has been argued 11 that one should estimate the overall scale uncertainty by using the
appropriate PDF’s and αs running for the order in perturbation theory to which the Higgs plus
number of jets amplitudes are known. Anastasiou et al. 11 use NNLO results for the 0-jet bin,
NLO results for the 1-jet bin and LO results for the 2-jet bin, which dominates the overall scale
uncertainty. However, with our NLO result we can update Anastasiou et al’s Eq. (4.3).

∆Nsignal(scale)

Nsignal
= 60% ·

(

+5%
−9%

)

+ 29% ·
(

+24%
−23%

)

+ 11% ·
(

+35%
−31%

)

=
(

+13.8%
−15.5%

)

(3)

The result in Eq. (3) updates the Anastasiou et al. 11 result (+20%,−16.9%), reducing the
overall scale uncertainty.

3 LHC results

In order to study the impact of the NLO corrections at the LHC, we adopt a different set of
cuts to define the jets. The rapidity range of the detectors is expected to be much broader,
allowing for a larger jet separation too, and we choose a somewhat higher minimum transverse
momentum,

pt(jet) > 40 GeV, |ηjet| < 4.5, Rjet,jet > 0.8 . (4)

In this section we do not consider the decay of the Higgs boson for the sake of simplicity.
Since results for this scenario have already been discussed at some length 3, we restrict

ourselves to a short survey of the essential elements of the phenomenology at the lower centre-
of-mass energy,

√
s = 7 TeV. We present the scale dependence of the LHC cross section for Higgs

+ 2 jets (mH = 160 GeV) in Figure 2. As noted in the earlier paper 3, the corrections are quite
modest using our central scale choice, µ0 = µH , increasing the cross section by approximately
21%. Once again, although the scale dependence is much reduced it is still substantial.



Figure 2: Scale dependence for the Higgs boson + 2 jet cross section, using the basic set of cuts in Eq. (4) and a
central scale choice µ0 = mH .

3.1 Weak boson fusion

The Higgs plus two jet process produces the same final state as expected from Higgs production
via weak boson fusion (WBF). Therefore the contribution from gluon fusion must be taken into
account when considering measurements of the Higgs coupling to W and Z bosons.

To address this issue, in this section we present a study of the rate of events expected using
typical WBF search cuts. In addition to the cuts already imposed (Eq. (4)), these correspond
to,

|ηj1 − ηj2 | > 4.2 , ηj1 · ηj2 < 0 , (5)

where j1 and j2 are the two jets with the highest transverse momenta. These cuts pick out the
distinctive signature of two hard jets in opposite hemispheres separated by a large distance in
pseudorapidity.

In Fig 3 we show the dependence of the cross section on the c.o.m. energy, from
√
s = 7 TeV

to
√
s = 14 TeV.

We show the cross section both before and after application of the additional WBF search
cuts given in Eq. (5), together with the corresponding results for the WBF process. The QCD
corrections to both processes decrease slightly as

√
s is increased, whilst the ratio of the gluon

fusion to WBF cross sections after the search cuts are applied increases from 20% at 7 TeV to
35% at 14 TeV. This indicates that, viewed as a background to the weak boson fusion process,
the hadronic Higgs + 2 jet process is less troublesome at energies below the nominal design
value.

4 Conclusions

We have presented phenomenological predictions for the production of a Higgs boson and two jets
through gluon fusion. These predictions have been made possible through the implementation
of recent compact analytic results for the relevant 1-loop amplitudes 4,5,6,7,8,9,10. The speed
with which these amplitudes can be evaluated has enabled us to improve upon an existing semi-
numerical implementation of the same process 3, with various decays of the Higgs boson now
included.

We have investigated the behaviour of the NLO cross section at the Tevatron, where con-
tributions from this channel form part of the event sample for the latest Higgs searches. We
find that corrections to the event rate in the Higgs + ≥ 2 jet bin are modest and that the scale
variation is reduced from ≈ (+90%,−44%) at LO to ≈ (+37%,−30%) at NLO.

For the LHC we have provided a brief study of the behaviour of our predictions for collisions
at

√
s = 7 TeV. We have also performed an analysis of this channel in the context of detecting a



Figure 3: The
√
s dependence of the cross section for mH = 160 GeV at LO (dashed) and NLO (solid). Results

are shown for the minimal set of cuts in Eq. (4) (two upper red curves) and after application of the additional
WBF Higgs search cuts given in Eq. (5) (two lower red curves). The cross section for the weak boson fusion

process is also shown for comparison (four central blue curves).

Higgs boson via weak boson fusion, where the improved theoretical prediction presented in this
paper is essential in the long-term for making a measurement of the Higgs boson couplings to
W and Z bosons.
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