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The latest results on Higgs decays to dibosons studied by the ATLAS and CMS collaborations
using the full RunI luminosity at the Large Hadron Collider, are reviewed.

1 Introduction

In 2012, the ATLAS 1 and CMS 2 collaborations reported the discovery of a new Standard
Model (SM) Higgs-like particle through its decays into dibosons 3,4: H → γγ, H → ZZ∗ and
H →WW . In these proceedings, updated results on the observed resonance using the full RunI
data sample as well as results of new searches H → Zγ and H → γ∗γ, are presented.

Higgs boson production in proton–proton collisions at the Large Hadron Collider (LHC) 5

is dominated by the gluon fusion mechanism, gg → H, a process dominated by top and bottom
triangle loops. The second most dominant process is vector boson fusion (VBF), which is about
one order of magnitude smaller than the gluon fusion. The associated Higgs production (VH),
qq → (W/Z)H, and the Higgs-strahlung (ttH), gg, qq → ttH, are the other main processes.

The Higgs production cross sections and branching fractions vary as functions of the Higgs
boson mass, mH , hypothesis 6. At mH = 125.5 GeV, the cross section values at

√
s = 8 (7) TeV

are 19.12 (15.01) pb for gluon fusion, 1.57 (1.22) pb for VBF, 1.11 (0.90) pb for VH and 0.13
(0.09) pb for ttH. At the same Higgs mass, the branching fractions are Br(H →WW ) = 22.3%,
Br(H → ZZ∗) = 2.76%, Br(H → γγ) = 0.23% and Br(H → Zγ) = 0.16%.

The results presented in these proceedings are based on data samples collected in 2011 at√
s = 7 TeV and in 2012 at

√
s = 8 TeV. The corresponding integrated luminosities are about

5 fb−1 and 20 fb−1, respectively.

2 H → γγ

The H → γγ decay proceeds via loops, therefore it is very sensitive to the physics beyond the SM.
The signature of this decay is to reconstruct two isolated and high-pT (transverse momentum)
photons.

The main backgrounds originate from the continuum γγ production and from smaller con-
tributions of γ + jet and dijet processes. In order to measure the diphoton invariant mass,
mγγ , the energies of both photons and the production vertex of the diphoton system should
be known precisely. The mγγ distribution after all selection using the combined 7 TeV and 8
TeV data is shown in Fig. 1 for ATLAS (left) and CMS (right). The ATLAS data shows a
maximum deviation from the background-only hypothesis at mH = 126.5 GeV with an observed



Figure 1 – Invariant mass distribution of diphoton candidates after for the combined 7 TeV and 8 TeV data:
ATLAS (left), CMS (right). The result of a fit to the data with SM Higgs boson signal (at mH = 126.8(125) GeV
ATLAS (CMS)) and background is shown. The background subtracted data is displayed in the bottom pannel of
ATLAS plot.

(expected) significance of 7.4σ (4.3σ) and a signal strength µ = σ/σSM = 1.55+0.33
−0.23 at the

measured mass. The CMS data exhibits the largest signal-like fluctuation at mH = 125 GeV
with an observed (expected) significance of 3.2σ (4.3σ) and signal strength of µ = 0.78+0.28

−0.26.
The value of Higgs mass is measured by fitting the mass spectra and the values obtained are:
mH = 126.8±0.2(stat)±0.7(syst) (ATLAS)7,8 and mH = 125.4±0.5(stat)±0.6(syst) (CMS)9.

3 H → ZZ∗

The H → ZZ∗ → 4` (` = e, µ) channel is very clean due to fully reconstructable final states:
4e, 2e2µ, 2µ2e and 4µ and the low expected SM backgrounds. The two opposite-charge, same-
flavour and isolated leptons which give an invariant mass closest to the Z boson mass make
the leading Z candidate, while the other two opposite-charge, same-flavour and isolated leptons
make the Z∗ candidate.

Figure 2 – Four-lepton invariant mass distributions for the selected candidates in 7 TeV and 8 TeV data: ATLAS
(left) and CMS (right). The estimated backgrounds from SM ZZ∗,Z+jets and tt are superimposed on the data.
The expected SM Higgs boson signal at mH = 124.3 (126) GeV for ATLAS (CMS) is shown as well. The inset in
CMS distribution shows the low mass region after subtracting the ZZ background.

The dominant background is due to the continuum (Z(∗)/γ∗)(Z(∗)/γ∗) process. Smaller
contributions arise from Z+jets and tt production. The four-lepton invariant mass distributions
are displayed in Fig 2 for combined 7 TeV and 8 TeV data. The data is compared to the expected
Higgs signal at mH = 124.3 (126) GeV for ATLAS (CMS) where the maximum deviation



from the background-only hypothesis is observed. The observed (expected) peak significances
observed are 6.6σ (4.4σ) for ATLAS and 6.8σ (6.7σ) for CMS. Fits to mass spectra result in
mH = 124.3+0.6

−0.5(stat)
+0.5
−0.3(syst) GeV (ATLAS) 7,10 and mH = 125.6 ± 0.4(stat) ± 0.2(syst)

(CMS) 11.

4 H →WW

The H → WW → `ν`ν (` = e, µ) has large decay rate but, due to the neutrinos in the
final state, a narrow peak cannot be observed. The signature of this channel is two oppositely
charged leptons and a large missing transverse momentum. The dominant backgrounds come
from continuum WW , tt and Wt, which can be controlled by classifying the events with respect
to jet multiplicity. The discriminating variable mT (transverse mass) is used to fit the combined 7
TeV and 8 TeV data and extract the signal strength. Fig. 3 shows the mT distribution for events
with jet multiplicity less than two. For mH = 125.5 GeV an observed (expected) significance
of 3.8σ (3.8σ) is reported by ATLAS 12. CMS 13 reports an observed (expected) significance of
4.3σ (5.8σ) at mH = 125.6 GeV, with signal strength of σ/σSM = 0.72+0.20

−0.18.

 [GeV]Tm

50 100 150 200 250

S
/(

S
+

B
) 

w
ei

gh
te

d 
ev

en
ts

 / 
bi

n

-50

0

50

100

150

200
 data - backgrounds

 WW→ H 

 bkg uncertainty

CMS  (8 TeV)-1 (7 TeV) + 19.4 fb-14.9 fb

 = 125 GeVHm

 0/1-jetµe

Figure 3 – Transverse mass distributions for selected events summed over all lepton flavors in the final state with
0 or 1 jets. The background subrtacted events are shown in the lower panel for ATLAS (left). The background-
subtracted mT distribution in the eµ final state for the 0 and 1 jet categories are illustrated by CMS (right).

5 H → Zγ

Similar to H → γγ, this decay is also sensitive to physics beyond the SM. The search is per-
formed in the Higgs mass range of 120-160 GeV with the Z boson decaying into ee or µµ
pairs. All particles in the final state are required to be isolated and have high pT . The domi-
nant background originates from the irreducible SM Zγ process. The reducible background is
mostly due to Z+ jets production. The invariant mass of ``γ is used as discriminating variable.
Both ATLAS and CMS collaborations have not observed any excess over the large background.
The ATLAS result 14 on the observed (expected) limit is 11 (9) times the SM prediction at
mH = 125.5 GeV. The CMS result on the observed (expected) limit at mH = 125 GeV is within
one order of magnitude of the SM prediction. The exclusion limits are shown in Fig. 4.



Figure 4 – Exclusion limits on the cross section of a SM Higgs boson decaying into Z+γ as a function of mH :
ATLAS (left) and CMS (right).

6 H → γ∗γ

A new search for H → γ∗γ → µµγ with dimuon mass below 20 GeV has been performed by
CMS at

√
s = 8 TeV 16. No excess has been found in the 120-150 GeV µµγ mass range. The

observed limit for mH = 125 GeV is about ten times the SM cross section times the branching
fraction.

7 Conclusions

ATLAS and CMS have updated their measurements of SM Higgs boson decays into dibosons
using the full LHC RunI data corresponding to an integrated luminosity of about 25 fb−1. All
measurements are consistent with the SM expectations. The LHC upgrade for RunII at higher
center-of-mass energy is in progress. In RunII, the Higgs properties will be measured with higher
accuracy and the physics searches will greatly be extended.
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