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1. Introduction

In the Standard Model [1][2] (SM) one scalar Higgs boson is predicted to exist [3] [4]. In July
2012, combining the 7TeV data with the first 5 fb−1 collected at 8TeV centre-of-mass (CM) energy,
ATLAS and CMS discovered a new boson with a mass around 126 GeV [5][6]. CMS [12] has now
analyzed the full dataset collected in 2012 that amounts to 19.6 fb−1.

There are four main Higgs boson production modes in pp collisions at
√

s = 7,8 TeV. The
gluon-gluon fusion production mode (ggH) has the largest cross section, followed in turn by vector
boson fusion (V BF), associated WH and ZH production (V H), and production in association with
top quarks (ttH). The cross sections for the Higgs boson production modes and the decay branching
fractions, together with their uncertainties, are taken from Refs. [7], [8], [9] and are derived from
Refs. [10][11]. The total cross section at

√
s = 7(8) TeV varies from 17.8 (22.7) to 17.0 (21.6) pb

for a Higgs boson mass range from 124 to 127 GeV. The main results of this report are obtained
by studying the Higgs decay channels: γγ , ZZ, WW , ττ and bb̄. The several analyses using such
decays have been combined to get more sensible estimations and tests for the properties of the new
particle. Tab.1 lists these analyses by specifying which was the production they were aimed to, the
exclusive final states exploited, and the integrated luminosity used.

H decay Prod.Tag Exclusive final states 7 TeV 8 TeV
γγ untagged γγ 5.1 19.6
γγ VBF-tagged γγ+ ( j j)V BF 5.1 19.6
γγ VH-tagged γγ+ (e,µ ,MET) - 19.6
ZZ→ 4l N jet < 2 4e,4µ,2e2µ 5.1 19.6
ZZ→ 4l N jet ≥ 2 4e,4µ,2e2µ 5.1 19.6
WW → lν lν 0/1 Jets (DF or SF dileptons) × (0 or 1 jet) 4.9 19.5
WW → lν lν VBF-tag lν lν +( j j)V BF 4.9 12.1
WW → lν lν WH-tag 3l3ν 4.9 19.5
ττ 0/1 jet (eτh,µτh,eµ,µµ)× (low or high pτ

T ) 4.9 19.6
ττ 1-jet τhτh 4.9 19.6
ττ VBF-tag (eτh,µτh,eµ,µµ,τhτh)+( j j)V BF 4.9 19.6
ττ ZH-tag (ee,µµ)× (τhτh,eτh,µτh,eµ) 5.0 19.5
ττ WH-tag τhµµ,τheµ,eτhτh 5.0 19.5
bb VH-tag (νν ,ee,µµ,eν ,µν with 2 b-jets)× (3 kin. cat.) 5.0 12.1
bb ttH-tag (l with 4,5,or 6 jets ) × (2 kin. cat) 5.0 5.1

Table 1: List of the analyses which have been combined to get the main results of this report. Notation:
( j j)V BF stands for a jet pair consistent with the VBF topology (VBF-tag); SF are same flavour dileptons,
DF are different flavour dileptons, kin.cat means other categories based on kinematic variables.

This document is organized as in the following. The Sec.2 is dedicated to a brief description of
the CMS detector. Sec.3 summarize the bases of statistical treatment of data, which have been used
for both the single channel and the combination of several channels. Sec.4 describes in summary
the selection and the strategy of the main analyses and Sec.5 reports the results which have been
obtained from the combination of those. In Sec.6 a brief overview of the results obtained with other
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analyses, not included in the combination, is presented.

2. CMS Detector

The central feature of the CMS detector [12] is a superconducting solenoid 13 m long, with an
internal diameter of 6 m. The solenoid generates a uniform 3.8 T magnetic field along the axis of
the LHC beams. Within the superconducting solenoid volume are a silicon pixel and strip tracker,
a lead tungstate crystal electromagnetic calorimeter, and a brass/scintillator hadron calorimeter.
Muons are identified and measured in gas-ionisation detectors embedded in the outer steel magnetic
flux return yoke of the solenoid. The detector is subdivided into a cylindrical barrel and endcap
disks on each side of the interaction point. Calorimeters in the forward and backward directions
complement the coverage provided by the barrel and endcap detectors.

3. Statistical treatment of data

The overall statistical methodology used both for the single decay channel and the combi-
nation was developed by the ATLAS and CMS Collaborations in the context of the LHC Higgs
Combination Group. The chosen test statistic q, used to determine how signal- or background-like
the data are, is based on the profile likelihood ratio. Systematic uncertainties are incorporated in
the analysis via nuisance parameters and are treated according to the frequentist paradigm. The
description of the general methodology can be found in Refs. [13][14]. Below a concise defini-
tions of statistical quantities used for characterizing the outcome of the search is given. Results
presented in this document are obtained using asymptotic formulae [15], including a few updates
recently introduced in the RooStats package [16].
To quantify the presence of an excess of events over what is expected for the background, we
use the test statistics where the likelihood appearing in the numerator is for the background only
hypothesis:

q0 =−2ln
L (obs|b, θ̂0)

L (obs|µ̂ · s+b, θ̂)

where s stands for the signal expected under the SM Higgs hypothesis, µ is a signal strength mod-
ifier introduced to accommodate deviations from SM Higgs predictions, b stands for backgrounds,
and q are nuisance parameters describing systematic uncertainties. The value θ̂0 maximises the
likelihood in the numerator under the background-only hypothesis (µ = 0), while µ̂ and θ̂ define
the point at which the likelihood reaches its global maximum. The probability p0, henceforth re-
ferred to as the local p-value, is defined as the probability to obtain a value q0 at least as large as
the one observed in data, qobs

0 , under the background-only (b) hypothesis:

p0 = P(q0 ≥ qobs
0 |b)

The local significance Z of a signal-like excess is then computed from the following equation, using
the one-sided Gaussian tail convention:

p0 =
∫ 1√

2π
exp(−x2/2)dx
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Signal model parameters a (the signal strength modifier µ can be one of them) are evaluated from
a scan of the profile likelihood ratio q(a):

q(a) =−2ln
L (obs|s(a)+b, θ̂0)

L (obs|s(â)+b, θ̂)

The parameters â and θ̂ that maximise the likelihood, L (obs|s(â)+ b, θ̂) = Lmax, are called the
best-fit set.

4. The analyses used in the combination

As anticipated in Sec.1, the results of the most significant analyses, listed in Tab.1 have been
combined to study the properties of the newly discovered particle. Below a quick overview of these
analyses is given. A detailed description of the reconstruction and identification of the physics
objects, and of the analysis description, can be found in the cited references.

4.1 H→ γγ

In the H→ γγ analysis [18] , we search for a narrow mass peak over a smoothly falling back-
ground due to QCD prompt diphoton production and to events with at least one jet misidentified as
an isolated photon. The event sample is split into several mutually exclusive classes: (i) diphoton
events without any tagging object (untagged), (ii) diphoton events with one forward and one back-
ward jet, consistent with the VBF topology, and (iii) diphoton events with a high-pT muon or elec-
tron or large ET

miss , consistent with associated production with a Z or W boson. The ET
miss variable is

defined as the modulus of the vector ~ET
miss computed as the negative of the vector sum of the trans-

verse momenta of all reconstructed objects in the detector (leptons, photons, and charged/neutral
hadrons) which are not found to arise from additional interactions. This classification is motivated
by the better signal-to-background ratio in the last two types of event classes. For the 8 TeV data,
the dijet class is split into two sub-classes according to a multivariate (MVA) classifier. The un-
tagged events contain over 99% of the data. They are subdivided into four sub-classes based on the
output of a MVA classifier that assigns a high score to signal-like events, based on combination of
(a) an event-by-event estimate of the diphoton mass resolution, (b) a photon identification score for
each photon, and (c) kinematic information about the photons and the diphoton system. The pho-
ton identification score is obtained from another MVA classifier that uses shower shape information
and isolation variables to separate prompt photons from those arising from jets. The background in
the signal region is estimated from fits to each of the observed diphoton mass distributions in data.
This analysis has also been performed using a cut-based approach described in [18]. The exclusion
limit and the observed local p-value, calculated with the procedure described in Sec.3, obtained
with the main analysis, are shown in Fig.1.

4.2 H→ ZZ

In theH→ ZZ(∗)4l channel [19], we search for a four-lepton mass peak over a small continuum
background. To further separate signal and background, we use a discriminant calculated from the
leading order matrix elements for signal and background to form an event with the observed kine-
matics (the masses of the dilepton pairs and five angles fully defining a four-lepton configuration

4
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Figure 1: Left: the exclusion limit on the cross section of a SM Higgs boson decaying into two photons as
a function of the boson mass hypothesis relative to the SM cross section. Right: Observed local p-values as
a function of mH .

in their centre-of-mass frame). The 4e, 4µ and 2e2µ sub-channels are analysed separately since
there are differences in the four-lepton mass resolutions and the background rates arising from jets
misidentified as leptons. The dominant irreducible background in this channel is from non-resonant
ZZ production with both Z bosons decaying to 2e, 2µ , or 2τ (with the taus decaying leptonically)
and is estimated from simulation. The smaller reducible backgrounds from Z→ bb,ττ , and from
Z+jets with jets misidentified as leptons are estimated from data. Fig.2 shows the distribution of
four-lepton reconstructed mass for data and the estimated background, both for the 4l and the 2l2τ

channels. In the four leptons channels, the fully reconstructed decay and properties of the Higgs
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Figure 2: Distribution of the four-lepton reconstructed mass in the full mass range for the sum of the 4e,4µ ,
and 2e2µ channels (left), and for the sum over all l+l−τ+τ− channels (right)

boson are exploited to increase the sensitivity of the analysis. Since the Higgs boson is spinless,
the angular distribution of its decay products is independent of the production mechanism. These
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angular variables, together with the invariant masses of the two Z bosons, are used to construct a
kinematic discriminant (KD). The distributions for data, signal and background of the 2D plane
(m4l ,KD) are shown in Fig.3. To increase the sensitivity to the production mechanism, the event
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Figure 3: Distribution of the kinematic discriminant KD versus the four-lepton reconstructed mass m4l with
contours shown for the expected relative density of background events (left) and signal events for mH = 126
GeV (right). The points show the data with measured invariant mass uncertainties as horizontal bars.

sample is split into two categories based on jet multiplicity: i) events with fewer than two jets, and
ii) events with at least two jets. In the first category, the pT (4l)/m(4l) ratio is used to discriminate
VBF and VH production from gluon-gluon fusion. In the second category a linear discriminant
(VD), formed from two VBF sensitive variables (the difference in pseudo-rapidity between the 2
leading jets and their invariant mass), is used to separate the VBF and gluon-gluon fusion pro-
cesses. Fig.4 shows the results for µ = σ/σSM and the local p-values obtained with this channel.
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4.3 H→WW

In the H →WW (∗) → 2l2ν channel [20] [21], we search for an excess of events with two
leptons of opposite charge, large ET

miss, and up to two jets. Events are divided into six cate-
gories, with different background compositions and signal-to-background ratios. For events with
no jets, the main background stems from non-resonant WW production; for events with one jet,
the dominant backgrounds are from WW and top-quark production. The events are split into same-
flavour and different-flavour dilepton sub-channels, since the background from Drell-Yan produc-
tion (qq→ γ∗/Z(∗)→ ll) is much larger for the same-flavour dilepton events. The two-jet category
is optimised to take advantage of the VBF Higgs boson production signature. The main background
in this channel is from top-quark production. The 2D distribution of events in the (mll,mT ) plane
is used for different-flavour dilepton channels with zero and one jet; mll is the invariant mass of
the dilepton pair, and mT is the transverse mass reconstructed from the transverse momentum of
the dilepton pair and the vector ET

miss. All background rates, except for very small contributions
from WZ,ZZ, and Wγ , are evaluated from data. In the WH →WWW → 3l3ν channel [22], we
search for an excess of events with three leptons, electrons or muons, large missing transverse en-
ergy, and low hadronic activity. The dominant background is from WZ→ 3ν production, which is
largely reduced by requiring that all sameflavour, oppositely charged lepton pairs have a dilepton
mass away from the Z boson mass. In addition, oppositely charged leptons are required not to be
back-to-back. The background processes with jets misidentified as leptons, e.g. Z + jets and top
production, as well as the WZ → 3l3ν background are estimated from data. The small contribu-
tion from the ZZ→ 4l process with one of the leptons having escaped detection is estimated using
simulated samples. To give an idea of the background composition, the distributions of azimuthal
angle difference between two selected leptons and the dilepton mass of the two selected leptons are
shown in Fig.5.
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Figure 5: Distributions of the azimuthal angle difference between two selected leptons and the dilepton
mass of the two selected leptons in the 0-jet and 1-jet categories in the different flavor final state, for data
(points with error bars), for the main backgrounds (stacked histograms), and for a SM Higgs boson signal
with mH = 125 GeV (superimposed histogram)

Fig.6 shows the Expected and observed 95% CL upper limits on the cross section times branch-
ing fraction, σH×BR(H→W+W−), relative to the SM Higgs expectation and the best fit value of
σ/σSM, for each Higgs mass hypothesis, for the combined 7+8 TeV analysis.
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4.4 H→ ττ

The H → ττ search [23] is performed using the final-state signatures eµ,µµ,eτh,µτh,τhτh,
where electrons and muons arise from leptonic τ-decays and τh denotes a τ lepton decaying hadron-
ically. Each of these categories is further divided into two exclusive sub-categories based on the
number and the type of the jets in the event: (i) events with one forward and one backward jet,
consistent with the VBF topology, (ii) events with at least one high pT hadronic jet but not selected
in the previous category. The second category is further split in two bins of reconstructed τ lep-
ton pT . In each of these categories, we search for a broad excess in the reconstructed ττ mass
distribution. The zero-jet category is used to constrain background normalisations, identification
efficiencies, and energy scales. The main irreducible background, Z → ττ production, and the
largest reducible backgrounds (W + jets, multijet production, Z→ ee) are evaluated from various
control samples in data. The search for H→ ττ decays produced in association with a W or Z bo-
son is conducted in events with three or four leptons in the final state [24]. The WH analysis selects
events which have electrons or muons of the same charge and one or two hadronically-decaying
tau leptons: emτh, µ+µ+τh , eτhτh, and µτhτh. The ZH analysis is performed in events with an
identified Z→ ee or Z→ µµ decay and a a Higgs boson candidate with one of the following final
states: eµ,eτh,µτh,orτhτh. The main irreducible backgrounds to the WH and ZH searches are
WZ and ZZ diboson events, respectively. The irreducible backgrounds are estimated using simu-
lation, corrected by control samples in data. The reducible backgrounds in both analyses are W,Z,
and tt̄ events with at least one quark or gluon jet misidentified as an isolated e,µ , or τh. These
backgrounds are estimated solely from data by measuring the probability for jets to be misidenti-
fied as isolated leptons in background-enriched control regions, and weighting the selected events
which fail the lepton requirements by the misidentification probability. This estimated background
is shown in Fig.7 (left) compared to the data for the distribution of the ττ invariant mass.

The combined observed 95% CL upper limit on the signal strength parameter µ = σ/σSM,
together with the expected limit obtained in the background hypothesis is shown in Fig.7 (right).
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signal and background yields in the category Right: Combined observed 95% CL upper limit on the signal
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4.5 H→ bb

The H → bb search [25] concentrates on Higgs boson production in association with a W or
Z boson, in which the focus is on the following decay modes: W → eν/µν and Z→ ee/µµ/νν .
The Z → νν decay is identified by requiring large missing transverse energy. The Higgs boson
candidate is reconstructed by requiring two b-tagged jets. The search is divided into events where
the vector bosons have medium or large transverse momentum and recoil away from the candidate
Higgs boson. An MVA regression to better estimate the b-jet pT is trained on jets in simulated
signal events and achieves a final dijet mass resolution of 8-9% for mH = 125 GeV. The perfor-
mance of the regression algorithm is checked in data using W/Z+jets and tt̄ events. Events with
higher transverse momentum bosons have smaller backgrounds and a better dijet mass resolution.
In the 8 TeV analysis, for all final states except Z→ ll, the large transverse momentum events are
further divided depending on whether they satisfy tight or loose b-tagging requirements. An MVA
classifier, trained for several different values of the Higgs boson mass, is used to separate signal
and background events. The rates of the main backgrounds, consisting of W/Z+jets and top-quark
events, are derived from signal-depleted control samples in data. The WZ and ZZ backgrounds
with a Z boson decaying to a pair of b-quarks, as well as the single-top background, are estimated
from simulation. The MVA classifier output distribution is used as the final discriminant in the
limit setting. The upper limit obtained is shown in Fig.8 (left). The search for H → bb̄ decays is
also performed using events where the Higgs boson is produced in association with a top-quark
pair [26]. This analysis uses events where the top-quark pair decays to either the lepton-plus-jets
(tt̄→ lν j jbb) or dilepton (t→ t→ lννbb) final state. The major background in this search is top-
pair production accompanied by extra jets. We use a MVA to discriminate between background
and signal events; information related to object kinematics, event shape, and the discriminant out-
put from the b-tagging algorithm is used. The rates of background processes are estimated from
theoretical expectations, and are further constrained through the inclusion of background enriched
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samples in the extraction of the final limit. The upper limit for the tt̄H channel is shown in Fig.8
(right).
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Figure 8: Expected and observed upper limit as a function of the Higgs boson mass for the H→ bb̄ decay
channel, for analyses targeting the V H (left) and tt̄H (right) production modes.

5. Results from the combination

The combination of the Higgs boson searches requires simultaneous analysis of the data se-
lected by all individual analyses, accounting for all statistical and systematic uncertainties and their
correlations. All the results, can be found with a more detailed description in [17].

5.1 Significance and mass measurement

Table 9 (left) summarizes the median expected and observed local significance for a SM Higgs
boson mass hypothesis of 125.7 GeV from the individual decay modes. This value of the mass is
the measured one. The expected significance is evaluated assuming the expected background and
signal rates.

The ZZ and γγ channels, that have excellent mass resolution, are used to estimate the mass of
the boson. To extract the value of mX in a model-independent way, the signal strength modifiers for
the gg→ H → γγ , VBF+VH with H → γγ , and H → ZZ→ 4l processes are assumed to be inde-
pendent and, thus, not tied to the SM expectation. The result is: mX = 125.±0.3 (stat.)±0.3(syst.)
GeV.

5.2 Compatibility with the SM Higgs boson hypotesis

The compatibility tests performed with this set of data show the consistency of the observations
with the expectations for the SM Higgs boson.

5.2.1 Signal strength

The best fit value for the common signal strength modifier µ̂ = σ̂/σSM, obtained in the com-
bination of all the search channels, is µ , the values obtained for each channel are shown in Fig.10
(left). The relative strengths of the couplings to the vector bosons and top quarks have been tested
by using a combination of the channels, explicitely targeting different production modes.
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Decay mode Exp. (σ ) Obs. (σ )
γγ 3.9 3.2
ZZ→ 4l 7.1 6.7
WW → lν lν 5.3 3.9
ττ 2.6 2.8
bb 2.2 2.0
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Figure 9: Left: The median expected and the observed significances of the excesses in the combination of
the individual decay modes for a SM Higgs boson mass hypotesis of 125.7 GeV. Right: 1D-scan of the test
statistic q(mX ) =−2∆ ln L versus the boson mass mX for the γγ and 4l final states separately and for their
combination
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Figure 10: Left: Values of σ/σSM for the combination (solid vertical line), for sub-combinations by decay
mode and by additional tags targeting a particular production mechanism. The symbol σ/σSM denotes the
production cross section times the relevant branching fractions, relative to the SM expectation. The horizon-
tal bars indicate the ±1 standard deviation uncertainties in the σ/σSM values for the individual modes; they
include both statistical and systematic uncertainties. Right: The 68% (solid lines) CL region for the signal
strength in the gluon-gluon-fusion-plus-tt̄H and in the VBF-plus-VH production mechanisms, µ(ggH+ttH)

and µ(V BF +V H), respectively. The different colours show the results obtained by combining data from
each of the five analysed decay modes, the diamond at (1,1) indicates the expected values for the SM Higgs
boson.
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5.2.2 Couplings

The event yield in any (production)×(decay) mode is assumed to be related to the production
cross-section, and the partial and total Higgs boson decay widths via the following equation:

(σ ·BR)(x→ H→ f f ) =
σx ·Γ f f

Γtot

where σx is the production cross section through the initial state x (x includes gluon-gluon fusion,
V BF , WH and ZH, and tt̄H); Γ f f is the partial decay width into the final state f f (at present f
spans W,Z,b, t,γ , and Zγ); and Γtot is the total width of the Higgs boson. To test for possible
deviations in the data from the rates expected in the different channels for the SM Higgs boson,
we introduce modified couplings, denoted by scale factors ki (where i is the interested particle) and
fit the data to these new parameters. Significant deviations of any k from unity would imply new
physics beyond the SM Higgs boson hypothesis.

• By using the ratio of event yields in pp→ H → ZZ and pp→ H →WW , a test of the
custodial symmetry [27][28] has been performed and the result is that the 95% C.L. interval
for kW/kZ is [0.60,1.40] .

• By assuming the custodial symmetry is satisfied and assuming that no beyond SM Higgs de-
cay modes are open, the coupling to the fermions k f and bosons kV are tested. The 68% C.L
interval resulting from the fit and the interplay among the different channels is in Fig.11(left).
By fixing k f to unity the 1-D likelihood scan has been performed to find the 95% CL interval
of the kV and viceversa. The resulting intervals are [0.74,1.06] for k f and [0.61,1.33] for kV .

• If new physics exists, new particles could be produced in loop diagrams, therefore by the
study of the processes gg→ H and H → γγ can test the SM. The couplings to photons and
guons are found to be compatible to the SM ones.

• Tests for variations of the couplings to the fermions with respect to the Yukawa couplings
resulted in compatibility with the SM.

• By making several assumptions, one by one tested as reported above, a fit with six free
independent coupling (kγ ,kg,kV ,kb,kτ ,kt ) has been performed. The results of the fit for
these six parameters, one at a time while profiling the remaining five together with all other
nuisance parameters, are listed in Fig.11(right).

5.2.3 Spin

In order to study the spin of the new particle, the H→ ZZ→ 4l and H→WW→ lν lν channels
have been used. An hypothesis test between the two possibilities JP = 0+ (the SM Higgs boson)
and JP = 2+m(gg) (a graviton-like boson with minimal couplings produced in gluon fusion) [29].
Fig.12 shows the post-fit distributions of the test statistic for the background plus signal hypotheses
as well as an arrow indicating the value of the test statistic observed in data. The likelihoods for
the alternative hypotheses are maximised independently with respect to the nuisance parameters,
including the relative signal strengths µi. The observed value of the test statistic q deviates from
the median expected for theJP = 2+m(gg) hypothesis by 2.84 standard deviations and is consistent
with the median expected for theJP = 0+ hypothesis within 0.34 standard deviations.
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Figure 11: Left: The 68% C.L. contours for individual channels (coloured swaths) and for the overall
combination (solid line) for the (kV ,k f ) parameters. The cross indicates the global best-fit values. The thin
contour shows the 95% CL range for the combination. Right: Summary of the results of the six coupling
fits.
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Figure 12: Post-fit model distributions of the test statistic comparing the signal JP hypotheses 0+ and
2+m(gg) in the best fit to the data. The observed value is indicated by the arrow and disfavours the 2+m(gg)
signal hypothesis with a CLs value of 0.60%.

6. Other analyses

The Higgs physics program in CMS, is rich of other analyses, besides the ones presented
above. Some of them have not been included in the last combination because their results arrived
later, or because their sensitivity would not add much to the combination. In the following a short
list of some of such results is given.
The search for a Higgs boson in the Zγ decay channel has been performed and described in [30].
The upper limit is shown in Fig.13 (left). The sensitivity to the SM Higgs is low for the available
integrated luminosity, but this analysis can be important for BSM physics search. For some models
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the BR(H → Zγ) and BR(H → γγ) are not correlated, so a combined analysis of the two decay
modes can give information on new physics. A tt̄H search, combining the decay channels H→ γγ

and H→ bb̄ has been performed, and the upper limit is shown in Fig.13.
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Figure 13: Upper limit as a function of the Higgs mass for the analysis H → Zγ (left) and tt̄H combining
the H→ γγ and H→ bb̄ channels.

New analyses for the decay channel H → bb̄ have been performed recently [33]. They aimed
to select the VBF and VH production modes respectively. The upper limit resulting from the
combination of the two, is shown in Fig.14 (left). The H →WW decay channel has been studied
recently in the production mode V H, with the vector boson decaying to quarks. [34] describes such
analysis and the resulting upper limit is shown in 14 (right).
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Figure 14: Upper limit as a function of the Higgs mass for the analysis H → bb̄ combining the analyses
targeting the two production mechanisms VBF and VH (left) and for H →WW with an analysis selecting
the production mode V H with V → j j.

The high resolution of the H→ γγ channel, have been exploited to test the possibility that the
observed signal could be a superposition of two states quasi-degenerate in mass. Also a second
Higgs-like boson elsewhere, in the mass range 110 < mH < 150 has been searched. No other
particle has been found [35].

The analyses H → ZZ H →WW have been used also to look for another Higgs-like particle
at high mass, namely for mH > 200 GeV. The result is that no other SM-like Higgs, with SM
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couplings with mass < 1 TeV have been found.

6.1 Conclusions

Preliminary results of the analysis of the full dataset collected at LHC in 2011 and 2012
at 7 and 8 TeV centre-of-mass energy and corresponding to integrated luminosities of 5 and 20
fb−1 have been reported. The observed new boson with a measured mass of about 125.7± 0.3
(stat.)±0.3(syst.) GeV is found to be consistent with the Standard Model Higgs boson in all inves-
tigated properties. Many different searches for beyond the SM Higgs bosons have also been carried
out and improved exclusion limits have been obtained.
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