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Higgs cross sections: a brief overview
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Abstract. I briefly review the status of theoretical predictions for the inclusive production of a Standard Model Higgs boson at hadron colliders. In particular, I focus on the
main production channels: gluon-gluon fusion, vector boson fusion and associated production with a vector boson.

1 Introduction
The search for the Higgs boson and, more generally, the understanding of the origin of electroweak
symmetry breaking is one of the major physics goals of current high-energy colliders. The Fermilab
Tevatron has been shut down in september 2011 having collected more than 10 fb−1 of data. Combined
results with up to 8.6 fb−1 integrated luminosity already excluded a Standard Model (SM) Higgs boson
in the mass range 156 < mH < 177 GeV [1]: the final results of the CDF and D0 experiments are
expected in 2012. The CERN LHC, after a successful start of pp collisions in 2009 and 2010, has
been operated at a centre-of-mass energy of 7 TeV in 2011, and data corresponding to an integrated
luminosity of 5.7 fb−1 have been accumulated. These data already allowed the ATLAS [2] and CMS
[3] experiments to shrink the allowed mass range for the SM Higgs boson considerably by essentially
excluding the Higgs bosons in the range O(130 GeV) < mH < O(600 GeV), while observing an excess
of Higgs boson candidate events around mH = 125 GeV. More data from the 2012 run are needed to
say whether this is a real Higgs signal or just a statistical fluctuation.
In this contribution I review the current status of theoretical predictions for Higgs boson production
at hadron colliders within the SM. I will focus on the main three production channels: gluon–gluon
fusion through a heavy quark loop (Sec. 2), vector boson fusion (Sec. 3), and associated production
with a vector boson (Sec. 4).

2 Gluon fusion
Gluon–gluon fusion through a heavy-quark loop [4] is the main production channel of the SM Higgs
boson at hadron colliders. At the LHC (see Fig. 1) the gg → H cross section is typically at least one
order of magnitude larger than the cross section in the other channels for a wide range of Higgs boson
masses. The main contribution comes from the top loop, due to its large Yukawa coupling to the Higgs
boson. The QCD radiative corrections to this process have been computed at next-to-leading order
(NLO) both in the large-mt limit [6] and by keeping the exact dependence on the masses of the top
and bottom quarks [7–9]. The impact of NLO correction is very large, of the order of 80-100% at
the LHC, thus casting doubts on the reliability of the perturbative expansion. The NNLO corrections
have been computed in the large-mt limit [10–12] and further increase the cross section at the LHC
by about 25%. Since the completion of the NNLO calculation, the theoretical prediction has been
improved in many respect. The logarithmically enhanced contributions due to multiple soft emissions
have been resummed up to next-to-next-to-leading logarithmic accuracy (NNLL) and the result has
a
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been consistently matched to the fixed order NNLO result
√ [13]. Soft gluon resummation leads to an
increase of the cross section of about 9% at the LHC ( s = 7 TeV) and to a slight reduction of scale
uncertainties. Such result [13] has been used as reference theoretical prediction for few years. The
quantitative impact of soft-gluon resummation is nicely confirmed by the computation of soft terms at
N3 LO [14] (see also [15–18]).
Considerable work has been done also for the computation of EW corrections. Two-loop EW
effects are now known [19–23] and their effect strongly depends on the Higgs mass, ranging from
+5% for mH = 120 GeV to −2% for mH = 300 GeV [23]. Mixed QCD-EW effects have been studied
in Ref. [24]. EW corrections from real radiation have been studied in Ref. [25,26]: both effects are at
the 1% level or smaller.
Quite an amount of work has been devoted to estimate the uncertainties of the production cross
section. The accuracy of the large-mt approximation has been studied by computing subleading terms
in the large-mt limit [27–32]. Such works have shown that the approximation works remarkably well,
to better than 1% for mH < 300 GeV. It is fair to say that this was really a decisive step in having the
theoretical prediction for the gg → H cross section under good control. In the case of a light Higgs
boson produced at the LHC the total theoretical uncertainty is of about ±15 − 20%. We refer the reader
to the discussion in Ref. [5] for more details.
Various updated calculations on the gg → H cross section have been presented in the last few
years, and we discuss them in turn. The calculation presented in Ref. [24] and refined in Ref. [5] starts
from the exact NLO QCD calculation (including the dependence on the masses of the top and bottom
quarks) and adds the NNLO corrections in the large-mt limit, and the EW corrections [23] assuming
complete factorization. Mixed QCD-EW effects are evaluated in an effective field theory approach. It
also includes some (small) EW effects from real radiation [25]. The effect of soft-gluon resummation
is mimicked by choosing µF = µR = mH /2 as central values for factorization and renormalization
scales.
The calculation of Ref. [33], refined in Ref. [5], starts from the exact NLO cross section and includes soft-gluon resummation up to NLL. Then, the top-quark contribution is considered and the
NNLL+NNLO corrections [13] are consistently added in the large-mt limit. The result is finally corrected for EW contributions [23] in the complete factorization scheme. The results of this calculation
are available through an online calculator [34] and are used as reference by the CDF and D0 collaborations at the Tevatron.
The above two calculations show a good agreement over a wide range of Higgs boson masses [5].
At the LHC, the reference cross section recommended by the LHC Higgs cross section WG is obtained
as a combination of the results of the above independent calculations [5].
Other updated calculations have appeared in the literature. We first discuss the calculation of
Refs. [35,36]. As far as the central value is concerned such calculation does not add much to the
ones mentioned before. However, the work of Refs. [35,36] presented the first extensive, though extremely conservative, estimate of the various sources of theoretical uncertainties affecting the gg → H
cross section. According to
√ Ref. [36], the total uncertainty on the gg → H cross section for a light
Higgs boson at the LHC ( s = 7 TeV) is about ±25%.
An independent computation of the inclusive gg → H cross section was presented in Ref. [37].
Such calculation is based on the NNLO result obtained in the large mt limit (the known dependence on
top and bottom quark masses up to NLO is not taken into account), corrected with EW effects [23] and
includes the all-order resummation of soft-gluon contributions according to the formalism presented
in Ref. [38], with a resummation of the so-called “π2 terms”. This calculation leads to QCD scale
uncertainties of about a factor of three smaller than the calculations discussed above, and, most likely,
not trustable as true perturbative uncertainties.
Recently, a new calculation, implemented in the numerical program iHixs has been presented
[39]. Such calculation includes essentially the same perturbative contributions of the one of Refs. [24,
5] (the additional diagrams considered here give a very small effect). The new important features of
iHixs are essentially two. First, it includes finite width effects, allowing the study the Higgs boson
lineshape, which is essential in the searches of a heavy Higgs boson (see also Ref. [40]). Then, it also
extends the calculation to models with anomalous Yukawa and electroweak couplings.

07001-p.2

pp →

H (N

s= 7 TeV

NLO

+NN
LL Q

10

CD

+N

LO

EW

)

pp →

1

pp

→

pp
ZH

→

H

(N

NL

O

pp

→

ttH

(NNL

O QC

D+N

(N
N

QC

LO

D

(N

LO

10-1

qqH

W

QC

+N

LHC HIGGS XS WG 2010

σ(pp → H+X) [pb]

HCP 2011

LO E

W)

QC

D

LO

+N
LO
EW
EW
)
)

D)

10-2
100

200

300

400 500

Fig. 1. Higgs production cross sections at the LHC for
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s = 7 TeV (from Ref. [5]).

3 Vector boson fusion
The production of the SM Higgs boson in association with two hard jets with a large rapidity interval in
between, denoted “vector-boson fusion” (VBF) is an essential process for the Higgs boson searches at
the LHC. Higgs-boson production in the VBF channel plays an important role also in the determination
of Higgs boson couplings.
The production of a Higgs boson + 2 jets receives two contributions at hadron colliders. The first
is the genuine VBF process, in which the Higgs boson is radiated off a vector boson that couples two
quark lines. The hard jets have a strong tendence to be emitted in the forward and backward directions. The second contribution is Higgs + 2 jets production through gluon fusion, which represents a
background if a measurement of the HWW and HZZ coupling is considered, and interferes with VBF
starting from O(α2S ). As a consequence, the genuine VBF process is not completely defined1.
The NLO QCD corrections to the total VBF rate were computed some time ago in the so called
structure function approach [42]. More recently, the differential cross section at NLO accuracy in QCD
has become available [43]. QCD corrections turn out to be at the level of about 5-10%. In Ref. [44,
41] combined EW and QCD corrections to VBF have been computed and implemented in a flexible
parton level event generator. The impact of EW corrections significantly depends on the Higgs boson
mass and for a not too heavy Higgs boson is negative and tends to compensate the positive effect
of QCD corrections. Other refinements of the vector boson fusion cross section include interference
contributions with gluon fusion [45–47] and gluon induced terms [48]. These contributions are well
below the percent level.
Approximate NNLO QCD corrections to the total inclusive cross section have been presented
in Ref. [49,50]. The impact of these corrections is extremely small but they further reduce the scale
uncertainty down to about ±2%. The neglected NNLO diagrams are expected to be both parametrically
and kinematically suppressed.
In summary, the VBF channel is under very good theoretical control, since the theoretical predictions have already a precision comparable to the accuracy to which the process itself can be defined in
perturbation theory.
1

VBF interferes already at LO with the associated production with a vector boson, pp → HV → H j j, but the
effect is at the per mille level [41].
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4 Associated production with a vector boson
The production of a Higgs boson in association with a vector boson V = W ± , Z is the third important
channel at the LHC, as far as the inclusive cross section is concerned (see Fig. 1). It is also the most
important search channel in the low mass region at the Tevatron, where the leptonic decay of the vector
boson provides the necessary background rejection. At the LHC this channel was considered less
promising, due to the large backgrounds. In recent years this channel was resurrected by the suggestion
[51] to look at events where both the Higgs boson and the vector boson have large transverse momenta.
In such a kinematical region the statistical significance is expected to improve considerably. Needless
to say, this channel would provide unique information on the HWW and HZZ couplings.
Up to NLO in QCD perturbation theory the process can be seen as Drell-Yan production of a vector
boson that eventually radiates a Higgs boson. As such, the QCD corrections up to NLO are identical
to those of Drell-Yan [52]. EW corrections are known and they typically decrease the cross section by
about 5 − 10% [53]. At NNLO QCD corrections are still essentially given by those of Drell-Yan [54]
and they increase the cross section by about 1−3% at the LHC, and by about 10% at the Tevatron [55].
There are, however, additional NNLO diagrams where the Higgs boson is produced through a heavy
quark loop that have to be considered. These diagrams have been recently evaluated in Ref. [56]. At
the Tevatron, their effect to WH production is below 1% in the relevant Higgs mass range, while for
ZH production, the effect is at the 1 −2% level. At the LHC, the contribution of these terms is typically
of the order of 1 − 3%. In the case of ZH production, since the final state is electrically neutral, there
are additional gluon initiated diagrams that have to be evaluated at NNLO [55]. Their inclusion is
particularly relevant at the LHC, where the effect ranges from 2% to 6%. Updated predictions for the
inclusive WH and ZH cross sections, including the effect of the additional top-mediated diagrams, are
presented in Ref. [56].

5 Summary
In this contribution I have concisely reviewed the current status of inclusive Higgs production cross
sections at the Tevatron and the LHC within the SM, by focusing on the main three channels: gluon
fusion, vector boson fusion and associated production with a vector boson. I stress that considerable
progress has been achieved on the theoretical side also in the study of differential and, more generally,
fully differential Higgs production cross sections. More details can be found in [57].
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