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Abstract

We present the constraints set by the CMS collaboration on the total width of the recently discovered Higgs boson,
I'y, using its relative on-shell and off-shell production and decay rates to a pair of Z bosons. The analysis is based on
the data collected by the CMS experiment at the LHC in 2011 and 2012, corresponding to integrated luminosities of
5.1fb~! at a centre-of-mass energy /s = 7TeV and 19.7fb™" at /s = 8 TeV. An upper limit on the Higgs boson width
of I'y < 22MeV at a 95% confidence level was set using the ZZ — 4¢ and 2[2v final states. This bound corresponds
to 5.4 times the expected value in the standard model at the measured mass of my = 125.6 GeV.
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1. Introduction

Both the CMS and ATLAS collaborations reported
the discovery of a new boson of mass (my) around
125 GeV [1, 2, 3]. The spin-parity properties of the
new boson, studied by both experiments [4, 5, 6, 7], are
consistent with the standard model (SM) Higgs boson.
The observed signal was found consistent with a single
narrow resonance and a direct upper limit of 3.4 GeV
at a 95% confidence level (CL) on the new boson width
(T'y) has been reported by the CMS experiment. With
the currently available data, the sensitivity for a direct
width measurement at the resonance peak is therefore
far beyond the expected width for the SM Higgs boson
of about 4 MeV.

A new technique to constrain the Higgs boson width
was recently proposed [8]. It relies on the off-shell
Higgs boson production and decay to ZZ away from the
resonance.

The contribution from off-shell production cross sec-
tion to the total production cross section is known to be
of the order of 8% for /s = 8 TeV. It can even be en-
hanced up to about 20% when a kinematical selection is
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used to extract the signal in the resonant region is taken
into account [9, 10].

The gluon fusion production cross section as a func-
tion of mzz can be written as:
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where ggn1 and guzz are the couplings of the Higgs

boson to gluons and Z bosons, respectively. Integrating

either in a small region around mH, or above the mass

threshold mzz > 2my, where the term depending on I'};
can be neglected, the cross sections are, respectively,
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The ratio of Eq.(2) and Eq.(3) provides direct infor-
mation on I'y under the assumption that the coupling
ratios remain unchanged or can be estimated. In the rest
of this document, the coupling ratio is as predicted by
the standard model.


http://www.elsevier.com/locate/nppp
http://dx.doi.org/10.1016/j.nuclphysbps.2015.09.118
http://dx.doi.org/10.1016/j.nuclphysbps.2015.09.118
http://www.sciencedirect.com

772 L. Quertenmont / Nuclear and Particle Physics Proceedings 273-275 (2016) 771-774

The dominant contribution for the production of a
pair of Z bosons comes from the quark-initiated pro-
cess, qq — ZZ, the diagram for which is displayed in
Fig. 1(left). The gluon-induced diboson production in-
volves the gg — ZZ continuum background production
from the box diagrams, as illustrated in Fig. 1(center).
An example of the signal production diagram is shown
in Fig. 1(right). The large interference [11] between the
box and the signal diagrams in the off-shell region is
taken into account in the analysis.
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Figure 1: Lowest order contributions to the main ZZ production
processes: (top) quark-initiated production, qq — ZZ, (middle) gg
continuum background production, gg — ZZ, and (bottom) Higgs-
mediated gg production, gg — H — ZZ, the signal.

In the rest of this document we focus on summariz-
ing the analyses of the off-shell Higgs boson production
performed by CMS [12] inthe ZZ — 4¢ and ZZ — 2[2v
final states. The study of the on-shell Higgs boson pro-
duction, performed in the ZZ — 4¢, will not described
in this proceeding since it is identical to what is reported
in Refs. [1, 2, 3].

2. Off-shell Higgs analysis in a nutshell

The analysis performed in both the 4¢ and 2/2v final
states are based on the same event reconstruction and

event selection as used in Refs. [7, 13]. The signal can-
didates are selected using well-identified and isolated
prompt leptons. The CMS detector [14], provides ex-
cellent resolution for the measurement of electron and
muon transverse momenta (pr) over a wide range.

The final state in the 4¢ channel is characterized by
four well-identified and isolated leptons forming two
pairs of opposite-sign and same-flavour leptons consis-
tent with two Z bosons. The off-shell signal is iden-
tified based on the four-lepton invariant mass distribu-
tion as well as a matrix element likelihood discriminant
to separate the ZZ components originating from gluon-
and quark-initiated processes. The off-shell signal re-
gion is selected by m4, > 220GeV, on the contrary,
the on-shell signal region is defined as 105.6 < my, <
140.6 GeV. This channel benefits from a precise recon-
struction of all final state leptons and from a very low in-
strumental background. The event selection and the re-
ducible background evaluation are performed following
the methods described in Ref. [7]. After the selection,
the 4¢ data sample is dominated by the quark-initiated
qq — ZZ — 4¢ (qq — 4¢) and gg — 4¢ productions. In
order to enhance the sensitivity to the gg production in
the off-shell region, a likelihood discriminant Dy, is fur-
ther used. The 4¢ invariant mass distribution in the off-
shell signal region (mg4, > 220 GeV) and for Dy > 0.65
is shown on Fig. 2.

The final state in the 2{2v channel is characterized
by two oppositely-charged leptons of the same flavour
compatible with a Z boson, together with a large E%“SS
from the undetectable neutrinos. We require ET'* >
80 GeV. The event selection and background estimation
are performed as described in Ref. [13], with the excep-
tion that the jet categories defined in Ref. [13] are here
grouped into a single category, i.e. the analysis is per-
formed in an inclusive way. The presence of neutrino
does not permit to separate on-shell and off-shell signal
based on the invariant mass of the system. We therefore
rely on the transverse mass distribution mr,
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where pro, and my, are the measured transverse mo-
mentum and invariant mass of the dilepton system, re-
spectively. The missing transverse energy, E?iss, is de-
fined as the magnitude of the transverse momentum im-
balance evaluated as the negative of the vectorial sum
of transverse momenta of all the reconstructed particles
in the event. In the 2£2v channel, the off-shell signal
region is defined as mt > 180 GeV. The mr distribution
in the off-shell signal region (mr > 180 GeV) is shown
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on Fig. 3.
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Figure 2: Distributions of the four-lepton invariant mass after a selec-
tion requirement on the MELA likelihood discriminant Dy > 0.65.
Points represent the data, filled histograms the expected contributions
from the reducible (Z+X) and qq backgrounds, and from the gluon fu-
sion (gg) and vector boson fusion (VV) SM processes (including the
Higgs boson mediated contributions). The dashed line corresponds to
the total expected yield for a Higgs boson width and a squared product
of the couplings scaled by a factor 10 with respect to their SM values.
The bin size varies from 20 to 85GeV and the last bin includes all
entries with masses above 800 GeV.

3. Statistical analysis and results

We perform a simultaneous unbinned maximum like-
lihood fit of a signal-plus-background model to the mea-
sured distributions in the 4¢ and 2£2v channels. For the
4¢£ channel, both the on-shell and off-shell signal regions
are considered. In the 2£2v channel, only the off-shell
Higgs boson production is analyzed.

The probability distribution functions are built using
the full detector simulation or data control regions, and
are defined for the signal, the background, or the in-
terference between the two contributions, Pgig, Prkg, OF
Pint, respectively. Several production mechanisms are
considered for the signal and the background, such as
gluon fusion (gg), VBF, and quark-antiquark annihila-
tion (qq).

The total higgs width (I'y), as well as the signal
strengths in the gluon fusion (uger) and vector boson
fusion (uygg) production modes, are left unconstrained
in the fit. The ugon and uvgr fitted values are found to
be almost identical to those obtained in Ref. [7]. The
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Figure 3: Distribution of the transverse mass in the 2£2v channel.
Points represent the data, filled histograms the expected contributions
from the backgrounds, and from the gluon fusion (gg) and vector bo-
son fusion (VV) SM processes (including the Higgs-mediated contri-
butions). The dashed line corresponds to the total expected yield for a
Higgs boson width and a squared product of the couplings scaled by a
factor 10 with respect to their SM values. The bin size varies from 80
to 210 GeV and the last bin includes all entries with transverse masses
above 1 TeV.

fit results are shown in Fig. 4 as scans of the negative
log-likelihood, —2A In £, as a function of I'y. Combin-
ing the two channels a limit is observed (expected) on
the total width of I'y < 22 MeV (33 MeV) at a 95% CL,
which is 5.4 (8.0) times the expected value in the SM.
The best fit value and 68% CL interval correspond to
I'y= I.Sf% MeV.

4. Conclusion

In summary, the CMS collaboration has presented, in
Ref. [12], constraints on the total Higgs boson width
using its relative on-shell and off-shell production and
decay rates to four leptons or two leptons and two neu-
trinos. The constraints are based on the assumption that
the couplings ratio between on-shell and off-shell re-
gions is as predicted by the SM. The analysis is based on
the 2011 and 2012 data sets corresponding to integrated
luminosities of 5.1 fb™! at /s = 7TeV and 19.7fb~! at
/s = 8 TeV. The combined fit of the 4¢ and 2£2v chan-
nels leads to an upper limit on the Higgs boson width
of 'y < 22MeV at a 95% confidence level, which is
5.4 times the expected width of the SM Higgs boson.
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Figure 4: Scan of the negative log-likelihood, —2A In £, as a function
of I'y for the combined fit of the 4¢ and 2£2v channels (blue thick
lines), for the 4¢ channel alone in the off-shell and on-shell regions
(dark red lines), and for the 2¢2v channel in the off-shell region and
4¢ channel in the on-shell region (light red lines). The solid lines
represent the observed values, the dotted lines the expected values.

This result improves by more than two orders of magni-
tude upon previous experimental constraints on the new
boson decay width from the direct measurement at the
resonance peak.

As a last remark, I would like to highlight that this
proceeding is only a short summary of this analyis.
I would therefore recommand the interested reader to
read the letter [12] that describes this analysis in greater
details.
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