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W+jets events with one lepton in the final state could be an important background for charged

Higgs boson searches with the ATLAS experiment (A Toroidal Lhc ApparatuS) [1] [2] at the

LHC (Large Hadron Collider). In theH+ → τν channel for instance, W+jets will contribute to the

backgrounds where a light jet fakes a hadronicτ-jet. Below the top quark mass, where the decay

H+ → τν will appear as an excess of tau leptons compared to electronsor muons from Standard

Model expectation, the understanding of fake rates ofτs from background sources including

W+jets will be essential to establish the existence of a viable signal. Data driven methods for the

measurement of the W+jets background are needed. We will describe the available methods to

estimate this background from data and their relevance to charged Higgs boson searches.
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W+jets backgrounds in charged Higgs searches. Fabien TARRADE

1. Introduction

The charged Higgs boson is of special interest since its observation would be a definite sign of
physics beyond the Standard Model [3]. W+jets events with one or two real and/or fake leptons in
the final state could be an important background for charged Higgs boson searches.

2. Motivations

The production of a light charged Higgs boson, below the top quark mass, at the LHC occurs
via gg→ tt → bWbH+. For tanβ < 1 1, theBR(H+ → cs) may reach 40% formH+ ∼ 130 GeV
[4] where the main background istt [5]. The identification ofτ-jets [6] is very important since the
BR(H+ → τν) ∼ 1 (with the exception of small tanβ values) [7] .H+ → τν will give rise to an
excess ofτ leptons compared to electrons or muons from Standard Model expectation, therefore the
understanding of fakeτ from background sources including W+jets will be essentialto establish
the existence of a viable signal. In theH+ → τν channel for instance, W+jets will contribute to the
backgrounds where a light jet fakes a hadronicτ-jet.

3. Data taking

Since the start of the LHC collisions at
√

s= 7 TeV, the luminosity has been increasing ex-
ponentially as illustrated on Fig. 1. The ATLAS detector is performing remarkably well [8] and a
total integrated luminosity of 45 pb−1 was recorded. The results shown use just a subset of the full
data sample.
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Figure 1: Cumulative luminosity versus day, delivered to (green), and recorded by (yellow), ATLAS during
stable beams and for pp collisions at 7 TeV center-of-mass energy [9].

4. Rediscovering the Standard Model : W+jets

With the amount of data collected in 2010 we started to look atthe Standard Model processes
like jets produced in association withW → lν wherel = e,µ . The inclusive jet multiplicity and the

1ratio of vacuum expectation values of the two Higgs doublets: tanβ = v2/v1
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leading jetpT are illustrated on Fig. 2 for the muon channel and Fig. 3 for the electron channel.
There is already a good agreement between data and Monte Carlo.
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Figure 2: Jet multiplicity for jets produced in
association with theW → µν final state (Alp-
gen [10] is used for the MC signal). The jet al-
gorithm used is Anti-kT withR= 0.4 and the jets
are selected with|η |< 2.8 andpT > 20 GeV. The
MC is normalized to the inclusive data sample [9].
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Figure 3: Leading jetpT for jets produced in as-
sociation with theW→ eν final state (Alpgen [10]
is used for the MC signal). The jet algorithm used
is Anti-kT with R= 0.4 and the jets are selected
with |η | < 2.8 andpT > 20 GeV. The MC is nor-
malized to the inclusive 1-jet bin in data. [9]

5. W+jets background

Even if we see a good agreement between data and Monte Carlo there is a large uncertainty on
Monte Carlo predictions of W+jets events. Especially thereare difficulties in accurately simulating
events with jets misidentified as leptons (e,µ) or asτ-jets. Hence we need to estimate the W+jets
background using data driven methods. We will review the different methods based on both data
and Monte Carlo which are used in different analysis : top, Higgs boson searches.

One data driven method [11] estimates the W+jets backgroundby using the W to Z ratio
which is predicted with a small uncertainty as illustrated on Fig. 4. The jet multiplicity distribution
for Z events can be measured to reduce Monte Carlo uncertainty on the fraction of W+jets. The
expected total uncertainties on the W+jets background estimation are respectively 24% (17%) for
W → e ν + jets(W → µ ν + jets) and with 200 pb−1 of pseudo data.

Another data driven method [12] [13] estimates the lepton misidentification. The probability
of a jet to fake a lepton can be determined from the data. Two different selections are used, a tight
selection dominated by real leptons and a loose selection dominated by fakes. The probability of
a fake lepton to be reconstructed as a tight lepton is illustrated on Fig. 5. Both the real and fake
lepton efficiencies can be measured from the pseudo data and in some independent samples (tag
and probe, and samples dominated by fakes). The number of fakes is obtained by inverting a 4×4
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Figure 4: Ratio of reconstructed jet multiplicity for
W → lν + jetsoverZ → ll + jetsevents. The ratio is
taken after event selection cuts and normalizing the
ratio to the 1 jet bin. Statistical errors are shown.
Alpgen [10] and Pythia [14] MC are used.
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Figure 5: Tight fake probabilities f measured as a
function ofpT for electrons in a multijet sample.

matrix as described in [12] [13]. With this method we expected total uncertainties on the fake rates
of 50% (100%) for the electron (muons) channel with 200 pb−1 of pseudo data.

The previously-described data-driven method [15] was usedwith the early data for the obser-
vation of the background from W+jets to theH → WW∗ → lν lν at

√
s= 7 TeV. The goal is the
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Figure 6: Kinematic distributions of the W+jets can-
didates relevant to the Higgs boson search after some
pre selection cuts. The plot shows the invariant mass
of the two lepton candidates.
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Figure 7: Kinematic distributions of the W+jets can-
didates relevant to the Higgs boson search after some
pre selection cuts. The plot shows the transverse
mass.

measurement ofW + jets→ l(good)+ l( f ake) background. Candidate events were selected with
a tight and a loose lepton and as an additional cross check we look for the same sign pair. Nine
events pass these requirements and are consistent with Monte Carlo expectation. The distributions
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of the invariant mass of the two leptons candidates and the transverse mass are shown on Fig. 6
and Fig. 7. The fake rate is extracted from data using a dijet data sample dominated by fake lepton
and by calculating the ratio between a very loose and a tight lepton selection. ThepT distribution
of muons for the loose and tight selection is shown on Fig. 8 and the fake rate is shown on Fig.
9. As can be seen there is a good agreement between data and Monte Carlo. The important point
of this method is that the background is taken from data. The fractional difference in the observed
fake rate in dijet Monte Carlo and W+jets Monte Carlo is foundto be 39% for both electrons and
muons which is the main uncertainty.
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Figure 8: The muon pT distribution. The dijet
Monte Carlo is normalised to the number of loose
muon objects in data.
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Figure 9: The muon fake rate as a function of pT.
The fake rate obtained from data is compared with
the fake rate from Monte Carlo.

6. Conclusion and Outlook

The search for charged Higgs bosons is very important since they are a clear signature of
physics beyond the Standard Model, with early sensitivity.For these searches, W+jets can be an
important background. We presented several methods to estimate the W+jets background with a
data driven estimation. With the first 0.3 pb−1 at

√
s = 7 TeV, ATLAS published a first W+jets

background estimation as well as a lepton fake rate estimation. With the total amount of data
accumulated in 2010, new methods are being developed and being used in charged Higgs boson
searches.
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