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ATLAS Higgs Search in the H→WW* Decay Mode using 4.7 fb
Doug Schouten (TRIUMF), on behalf of the ATLAS Collaboration

Since the SM Higgs is a scalar boson, the WW
decay exhibits particular angular distributions. In
particular, the H → WW* events tend to have

leptons emitted at small angles, back-toback with the υυ system. This allows Higgs
events to be distinguished from continuum
WW events, which are characterized by
leptons separated at large angles.
The dilepton decay means that the Higgs
mass cannot be fully reconstructed.
Therefore, a shape fit to the transverse mass

A different control region for the Z→ττ background
is used.

The tt background in the 0-jet bin is normalized using a jet
veto probability that is derived from a single b-tagged
sample. In the 1 and 2-jet bins, a control region is derived by
reversing the b-tag veto.

is performed, and instead of searching for a
peak, we look for an excess of events over
the background model.

The W+jet(s) is derived fully from data. Events are
selected that contain one lepton with loosened
selection criteria. This sample is dominated by
W+jet(s) events where one jet or heavy-flavour
decay has faked a prompt lepton. A fake
probability for these leptons is then derived from
an independent dijet sample and is applied to the
selected W+jet(s) candidate events.
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Events with oppositely charged, isolated, high pT
(25 and 15 GeV for leading and sub-leading,
respectively) leptons are selected. Various object
identification criteria are applied to ensure that
sources of fake leptons are severely reduced.
In order to limit the contribution from Drell-Yan
backgrounds in the same-flavour (ee and μμ)
samples, a cut is placed on the dilepton mass,
excluding a 15 GeV window around the Z pole and
a lower bound > 12 GeV. The Drell-Yan and QCD
multi-jet background are both further reduced with
cuts on

WW control regions

The dominant production modes at the LHC are
the gluon (via top loop) and vector boson fusion
mechanisms. Considering the WW* decay to
leptons, this yields an event signature with
exactly two leptons, missing ET, and 0 – 2 jets.
Because of the difficulty in creating a pure
sample of τ leptons, only events with e and μ
leptons are considered.
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The Drell-Yan contribution in the ee and μμ
3
channels is normalized in data using a sideband technique known as the ABCD method. The
Z background in signal region A is derived from
the ratio C/D multiplied by the amount measured
in region B.

Top control regions

The existence of the Standard Model (SM)
Higgs boson has been excluded at 95%
confidence level over a broad mass range
already. This poster summarizes the search in
the WW* decay channel at ATLAS, which is one
of the most sensitive channels for 125 < mH <
250 GeV.

In order to constrain and validate the models for the
backgrounds, various control samples are used. For the
continuum WW background, reversing the mll cut can be
used for low mH hypotheses. Using an extrapolation factor
derived from simulations, the WW contribution after all
selection criteria applied can be set in situ with this control
sample.

Different background and signal processes
are dominant in the various jet bins, so the
selection cuts are specific to each bin.

The full treatment of systematic uncertainties is
described in the reference below. The dominant
sources arise from W+jet(s) normalization, jet energy
scale and b-tagging efficiency. After full event
selection in each of the nine separate sub-channels,
an excess of events is searched for in the mT
distributions (below).
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These distributions are combined with the various
control regions in a profile likelihood fit with a signal
strength parameter μ. The systematic uncertainties are
included as nuisance parameters, and the CL s method is
used to set limits on the signal strength parameter
(shown below in units of σSM). The expected exclusion
ranges at 95% confidence level are 127 < mH < 234. A
Standard Model Higgs boson with mass 130 < mH < 260
is excluded by this analysis.

Jets are defined in this analysis with pT > 25 GeV
and η < 4.5. The analysis is divided into 0,1 & 2 jet
bins, and further into ee, μμ & eμ and channels.
As the Higgs mass increases, the W's
become more boosted, and the leptons
are emitted more back-to-back. Thus,
selection criteria are optimized for various
mass hypotheses. For the masses > 300
GeV, no additional cuts are applied.`

Event yields after full event selection and 0.75 (0.6) mH < mT < mH
for 125 (240) GeV mass hypotheses

Further Reading:
●
●
●

0 & 1-jet selections for different mass hypotheses

https://cdsweb.cern.ch/record/1429660
https://cdsweb.cern.ch/record/1430033
http://arxiv.org/abs/1112.2577

