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An overview of recent results in studies of fermionic interactions of the Higgs boson is pre-
sented. Results from both the ATLAS and CMS experiments are included. The various
analyses use close to 5 fb−1 of data from proton-proton collisions at

√
s = 7 TeV from the

2011 run and 20 fb−1 of data at
√
s = 8 TeV from the 2012 run of the LHC. New limits are

set on the cross-section times branching ratio for the cases of a Higgs decaying to muons and
electrons, whilst the first evidence for 125 GeV Higgs decaying to taus is seen. In addition,
the first hints for Higgs decaying to bottom quarks and Higgs production in association with
top quarks are presented.

1 Introduction

In July 2012, the discovery of a new boson with properties consistent with the Higgs boson of
the Standard Model (SM) and a mass of around 125 GeV was announced 1,2 by the ATLAS 3

and CMS 4 collaborations. This discovery was made in the bosonic decay channels of H → γγ,
H → ZZ and H → WW. At that time, the fermionic decay channels were not sensitive enough
to make a conclusive statement about whether or not we see the same particle decaying in these
channels. Establishing that this 125 GeV boson decays to fermions remains a crucial part of
establishing whether or not we have discovered the Higgs boson of the SM.

With the addition of new data since July 2012, the decay channels with the highest Higgs
branching ratios into fermions, H → bb and H → ττ , are reaching SM sensitivity. Within
the SM, the branching ratio for H → µµ is significantly lower than H → ττ because of the
dependence of the Higgs coupling on mass. As such the branching ratio H → ee is much
lower still. These channels are not close to SM sensitivity with the current dataset; however,
confirming the absense of an excess of events is important to confirm the non-universality of the
Higgs coupling to leptons and agreement with the SM Higgs predictions.

These analyses make use of the various Higgs production modes predicted in the SM; gluon-
gluon fusion, vector-boson fusion (VBF) and associated production, including production in
association with a W, Z or tt. Of particular interest is ttH, since studying this is the only way
to directly probe the top-Higgs Yukawa coupling. In this case, any Higgs final states with a high
enough branching fraction can be included. Results with H → γγ, H → bb, H → ττ and H →
multileptons (which includes the leptonic decays of ZZ , WW and ττ) are included.
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Figure 1 – The values of the fitted signal strength for all the different channels and the combination in the CMS
ttH analysis. The vertical line indicates the SM prediction.

2 ttH Production

2.1 ttH, H → bb

Both ATLAS 5 and CMS 6 study ttH production with a final state of H → bb. Events are
characterised by a high (b-tagged) jet multiplicity, with 2 b-jets expected from the top decays
and 2 b-jets from the Higgs. Events are split into dileptonic events where both tops decay
leptonically and single leptonic events where one decays leptonically and one hadronically. CMS
additionally includes a tau channel, whose final state includes two hadronic taus for the decay
H → ττ in place of H → bb. The largest background is from real tt production with jets.

Events are further split according to their different numbers of jets and b-tagged jets. This allows
the selection of signal events in which one b-jet might have fallen outside of the acceptance of
the analysis, and to keep events dominated by the different backgrounds.

In the signal sensitive events, both CMS and ATLAS use multivariate techniques to separate
signal from background. The result of a simultaneous fit of the multivariate distribution in all
categories shows a small excess of events in both the ATLAS and CMS analyses, consistent with
both the background-only and signal-plus-background hypotheses.

2.2 ttH Combination

CMS combines the ttH, H → bb result from the previous section with results from other final
states, including H → γγ 7 and H → multileptons 8. The combined expected limit on cross-
section times branching ratio is 1.8 times the SM prediction. The corresponding observed limit
is 4.3, which corresponds to a deviation from the background-only hypothesis of 2.7σ. The value
for the fitted signal strength compared to the SM prediction is 2.5+1.0

−1.1. Figure 1 shows this value
for all the channels separately and the combination.

3 VH, H → bb

The backgrounds are too high to study direct H → bb, and therefore the signature provided
by associated production is used. Both ATLAS 9 and CMS 10 split events depending on the
final state of their associated W or Z boson; 0 lepton events from Z(νν)H, 1 lepton events from
W(lν)H and 2 lepton events from Z(ll)H, where l=e,µ. The CMS analysis also includes events
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Figure 2 – Mass of the candidate b-jet pair with all backgrounds subtracted except diboson. The plots are shown
for ATLAS (left) and CMS (right).

with W(τν)H, where τ=1 prong hadronic tau. Events are further separated using the pT of the
vector boson. The main backgrounds include vector-boson plus jets, top and diboson.

In ATLAS, the mass of the candidate b-jet pair, mbb, is constructed and fitted to extract signal.
In CMS, this same method is used as a cross-check to a more sensitive BDT approach. Both
analyses are additionally validated by searching for the irreducible VZ(bb) with the H(bb)
process used as background, to check the agreement with the SM prediction of this process.
Figure 2 shows the mbb distribution for both ATLAS and CMS, where all backgrounds have
been subtracted except for the diboson background. The plots show that the data are consistent
with an excess from the diboson process and a small additional excess from the VH process.

In the CMS case, the BDT analysis yields an excess of events with a significance of 2.1σ, with
a best fit signal strength of 1.0 ± 0.5.

4 H → ττ

H→ ττ events are separated using the final states of the two taus. There is a total of 6 possible
final states, since each tau can decay into e + neutrinos, µ + neutrinos or hadronically. Both
ATLAS 11 and CMS 12 use further categorisation of events using the jet properties. Events with
1 jet are sensitive to the gluon-fusion production mode, whereas events with 2 jets can be used
to target VBF. Events outside of this selection are used to define control regions.

The largest backgrounds are from irreducible Z → ττ , W with a jet which fakes a hadronic tau
and QCD multijet. These backgrounds are estimated using data-driven methods.

ATLAS uses a BDT approach, trained and validated separately in each channel and category
before being fit simultaneously to extract signal. CMS uses the ditau mass at the discriminating
variable. Both ATLAS and CMS see an excess of events over the background prediction. Figure
3 shows this excess characterised in a similar way for the two experiments, where events are
collected together in bins of similar signal to background ratio.

For ATLAS, the best fit signal strength is 1.4+0.5
−0.4, and for CMS 0.78 ± 0.27. The signficance of

the excess is 4.1σ (3.2σ) observed (expected) for ATLAS and 3.2σ (3.7σ) observed (expected)
for CMS. This is direct evidence for H → ττ .

5 H → µµ and H → ee

Both ATLAS13 and CMS14 study H→ µµ, using an analytic fit to the mµµ distribution in data.
The technique searches for a narrow peak from H → µµ on top of a steep falling background
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Figure 3 – Data compared with background and signal prediction for the H → ττ analysis of ATLAS (left)
and CMS (right). The events are arranged into bins with similar expected signal to background ratio. Both
experiments see an excess of events consistent with the prediction from a 125 GeV Higgs.

from Drell-Yan. No excess of events over the background is observed by either ATLAS or CMS.
Upper limits on cross-section times branching ratio are 9.8 (8.2) observed (expected) for ATLAS
and 7.4 (5.1) observed (expected) for CMS.

CMS also looks at H → ee. This is yet less sensitive than H → µµ. No excess of events over
the background prediction is seen, and an upper limit on cross-section times branching ratio of
0.038 pb is set. This compares to the equivalent value of 0.034 pb for H → µµ. Thus these
searches provide evidence for the lepton flavour non-universality of the Higgs coupling.
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