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or H* — tv has been studied for the ATLAS experiment, for masses lightn the top quark
mass. The first channel, dominating in the lowgargion (<1), is explored in the final state with
four jets, one lepton and missing energy; the second, aehigiB region (>3), is searched in
two leptons, two jets and missing energy final state. In bades, th& boson from the other
top quark is required to decay leptonically.

The study has been performed using a realistic detectorlaiion for the signal and the SM
backgrounds. The discovery sensitivity and the upper kmi# (t — bH*) as a function ofn-+,
assuming 100% branching ratios for eitlh&t — cSorH™ — 1V, were discussed for differentin-
tegrated luminosity and center-of-mass energy scenaatqgs = 10 TeV and/.Z dt =200 pbt
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1. Introduction

The Minimal Supersymmetric Standard Model (MSSM) is the mipgestigated extension
of the Standard Model (SM). The theory requires two Higgshiiets giving origin to five Higgs
bosons: two CP-even neutral scalaisandH (h is the lighter of the two), one CP-odd neutral
scalar,A, and one pair of charged Higgs bosoktt. Their discovery would be an irrefutable
proof for physics beyond the SM. In particularly, the disegvof the heavier bosoris, A, H* is
demanded, expecially as the lightmay be indistinguishable from a SM Higgs boson. This is a
key point in the physics program of present and future acatdes, in particular of the LHC.

After the conclusion of the LEP program in the year 2000, tkpeemental limit on the
mass of MSSM Higgs charged bosan,: %, was established at about 80 GeV, for most of the
representative sets of model parameters. The Tevatrooh&sacomplement those performed at
LEP covering the taf region below 1.5 and above 30 [5]. No evidence of a chargedimpson
has been found, resulting in limits on the branching ra#t — bH™), the primary production
channel.

For phenomenological studies a version of the MSSM, mSUGRH, fewer parameters is
mostly used. At tree level, the MSSM Higgs sector is deteethihy two independent parameters
only; for charged Higgs boson studies these are chosepasind taiB, the ratio of the two Higgs
doublet vacuum expectations. Radiative corrections hdiveited effect.

Many signatures of MSSM charged Higgs bosons have beeredtfiolii decays into known
SM particles in a wide range ofiy- in the ATLAS detector at the LHC [1]. The present discussion
is limited to the potential for the discovery of light chatggISSM Higgs bosons for masseg,+ <
m in the channeH™ — cs'in the taB <1 region, where the branching ratio is near 40% for
my-+ approximatly 130 GeV and in the chanrt¢l — tv in tan3 >3 region, where the branching
ratio exceeds 90%. Th& (H* — cs) andZ (H"™ — tv) are assumed unity, implying that {&n
dependence is not explicit in the present study. The prirhahyproduction channel is through top
quark decay — bH™ and the experimental final state signatures for the decaynes explored
are four jets, one lepton and missing energly" (— cs), two leptons and two jets and missing
energy H* — tv). A more detailed description of the analysis strategy v&wiin Refs. [3], [4]
and references therein.

The main focus of this paper is on the impact of systematicthehl ™ discovery sensitivity
and the branching ratib— bH™ upper limit. This issue obviously is deeply connected with t
analysis strategy. Therefore, the search strategy antisese briefly discussed for a center of mass
energy scenariq/s=10 TeV with an integrated luminosity.# dt= 200 pb?, and the projections
at/s=7 TeV with an integrated luminosity of.Z dt= 1 fb~* predicted with a rescaling technique,
based on cross-section ratios or parton distribution foncte-weighting. This latest scenario
corresponds to early data expected to be collected by thefe2@il1 by the ATLAS experiment.

2. Signal and background

TheH ™ search irtt pair production has been studied in the decay procés$ses cs, semilep-
tonic, andH*™ — 1v — £Tv vV, dileptonic For this purpose, an event sample with full Monte

1Charged conjugate states are implied through this note.
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Carlo simulation of the experiment (data generation, retroction and analysis) is used. Using
the branching ratio set by the searches at Teva#h — bH™) [5], the effective cross sections
ox A (t —bHT) fortheH™ — csandH™ — tv channels have been calculated ranging from 29.4
pb to 12.6 pbKl™ — cs) and from 9.3 pbto 7.7 ptH™ — 1V).

The main background fdd+ — cSandH™ — v channels is the production tfevents. In
fact, the cross section for not fully hadronic (with at lease/) tt events is 218.4 pb; and the single
top production containing only one leptonds= 6.6 pb(s-channel) and; = 124.5 pb (t-channel).
Moreover,W with top quark channel events may have dileptons in the fitadd o = 32.7 pb).
Others backgrounds involving leptonic decays of electadngauge bosons have been considered.

2.1 Semileptonic decay: H — cs

This channel considerstapair decay with one top quark decayingtas bH* followed by a
two jet decay of charged Higgs bosdth! — cs, and theV boson from the second quark decaying
leptonically. In order to discriminate the signal from bgaobunds the following selection criteria
are applied: 1) One leptom Or 1) with transverse momentumy’ > 20 GeV in the pseudorapidity
range|n| < 2.5; 2) Missing transverse enerdg"'s>> 20 GeV; 3) Four jetspr/® > 20 GeV,|n|<
2.5. Two of the four leading jets are identifiedagets.

A charged Higgs boson in the data would appear as a secondrptakreconstructed dijet mass
distribution, separated from/. Therefore, the analysis is performed by considering trepeb
of the dijet mass distributions. With two identifiddjets, there are four possible combinations
of jets with partons and solutions for the longitudinal martuen of the neutrino. A dijet mass
fitter is applied to select the most likely jet assignmentisTgrocedure improves the dijet mass
resolution [3].

Using the Tevatron upper limits fa# (t — bH™) the expect significanc%, where S and B are
the number of signal and background events uhtiemass peak in & 3 o window, results to be
5.9, 4.9, 3.3, 4.0 fomy+ = 90, 110, 130, 150 GeV respectively.

Assuming no charged Higgs boson signal, a binned maximusfiliod method has been used to
extract upper limit onZ (t — bH™) at 95 % Confidence Level (CL), assumigg(H* — cs) = 1.
Thousands of simulated pseudo-experiments (PE) have kaesraged using bin-by-bin Poisson
fluctuations in the dijet mass distribution. For each PE 4hg — bH™) is scanned over the range
[0,1] to find the 95% CL positive area of the integrated likethd. The mean value over all PEs is
defined to be the expected limit. Then, the upper limit isaoterd as a function o (t — bH™).

Several quantities used in this analysis to extragtt — bH™) are subject to experimental
systematic uncertainties. Each systematic effect has eemnated individually using the given
uncertainties on an event-by-event basis. These uncietiare related to the reconstruction of
the leptons and the global event activity, suchE#%SS and jet characteristics. The systematic
uncertainties affect both selection acceptances andrdgss shapes, the corner stone of analysis
procedure. The main contributions to systematic unceitgrtan be identified as: jet energy scale
(JES), jet energy resolution (JER), the amount of initiad &inal state radiation (ISR and FSR) and
the choice of Monte Carlo generator (MC). Any other sourcgystematic affecting both signal and
background can be neglected. In this category are unctesion: gi; luminosity and trigger and
reconstruction efficiency. The effect of tihhetag efficiency has been found small iog+ ~ my.
The systematic uncertainties is estimated as the change irpper limit onZ (t — bH™) due to a
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changet 10 in each source of systematic error, as [2]. For each souecprtitedure in extracting
the branching ratio upper limit is repeated using a peraidiget mass distribution. In addition, the
effect of theoretical uncertainties also limits our alilib estimate the signal efficiency. The major
theoretical uncertainties concern the choice of MC, exalliasing using another generator and the
uncertainty on ISR/FSR showering has been evaluated ypBMTHIA ISR/FSR showering on a
tt sample. The change in acceptance due to JES uncertaintieceBube an important effect and
a calibration procedure has been implemented. This proeethnsisted of applying a rescaling
factor, obtained from the ratio of the peak positions of tdijeass distribution perturbed by the
JES systematic effect and the original. After the recalibra the analysis is largely insensitive to
JES effect. The effects of the experimental uncertaintieshe upper limit onZ (t — bH™) are
summarized in Tab.1 showing as dominant the systematicgetlemergy resolution and thejet
energy scale.

| Source | U <32 | | =32 | DB[%] | Source] % | AZ[%] |
Jet Energy Resolution 0.45*/E | 0.63*/E 0.71| b-jet Energy scalg + 3 % 0.75
Jet Energy scale +7% | +15% 0.07 | Lepton Energy scale + 1 % 0.08
MC generator 0.56 ISR/FSR 0.54
Total AZ(t — bH')[%]= 1.26%

Table 1: From left to right: source of systematics, relative undetiadefinition, % in |n| and percentage
change on% (t — bH™), A% (t — bH™) for my+= 130 GeV due to a-1 o change .

Table 2 summarizes the expected 95% CL upper limithtt — bH™) as function ofmy+ mass,
considering only statistical error and including the syséic.

| my-+[GeV] | 90| 110| 130| 150]
B(t—bH") (stat) | 5.8%] 3.9%| 3.4%| 2.3%
2B (t — bH") (stat+sys)| 17.8% | 5.5% | 4.4% | 4.3%

Table 2: Expected 95% CL upper limit 02 (t — bH™) as function oimy+ fromH* — cs.

The calorimeter response and the reconstruction of thexgagg could be affected by pile-up.
A pile-up model, for a luminosity of cm~2s~%, was used to determine the degradation of the
results. At this luminosity, an extra energy is added to gaetcshifting the dijet mass distribution to
higher mass. Of course, this shift can have a large effecktvaced upper limit ofZ (t — bH™).
A strategy has been developed to take into account thistetfsing a jet energy correction (- 920
MeV) per each additional vertex. The degradation in the etgqueupper limit is between 3% to less
than 0.3% as the signal mass increases from 90 GeV to 130 GeV.

2.2 Dileptonic decay: H" — TV

The production advantage of the jet channels is counterbathby the difficulty of identifying
the hadronic decay dfi* in pp collisions. In dilepton events, the charged Higgs bosorageas
H* — ¢*v;vrv, and the presence of two charged leptons andhiveais are a clean signature. On
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the other hand, the presence of neutrinos escaping thetidaetetakes the reconstruction of invari-
ant mass impossible. Due to various experimental and ttieak@ncertainties in early LHC data
analysis the discovery dfi* can't rely on an excess of dileptonic eventgtirevents. Therefore,
analysis strategies require the use of discriminatingatdes to identify between leptons produced
in HY — ¢Tv;v;rv, from leptons arising fronW boson decays. The following variables are cho-
sen: the helicity angle, c@s, and generalized transverse ma\xﬁ$'2+ [3]. The helicity angle is a
function of py - pi, the scalar product di-quark and lepton 4-momenta and allows a discrimination
between SM leptonic top decays via a W boson and leptonicydemfatop quarks mediated via
HT — 1.

The following selection criteria have been adopted to s$elee signal events : 1) Two opposite
charged leptonse(or p) with transverse momentum for the fingt’ > 20 GeV and second largest
pr’ > 10 GeV, in the pseudorapidity rangrg| < 2.5; 2) Missing transverse energgf's> 50 GeV;

3) Two jets; pri® > 15 GeV,|n|< 5 identified aso-jets; 4) co®; < -0.6 H* side). TheMH,
provides an additional insight amy+, giving an upper bound value, if a signal is observed, but
isn't aa priori selection.

The Standard Model cross sections at TeV energy are knownlavije uncertainties. There-
fore, the a priory evaluation with Monte Carlo techniqueshef background suffers from the same
uncertainties. Strategies have been developed on the nethbise of Monte Carlo and data to
allow a realistic evaluation of backgrounds. For instaribe, background normalization factors
are determined by isolating each type of background to augngideband, that is not sensitive to
other processes and determining the normalization fagtahé ratio of event numbers between
MC samples and data. Another method, using 'tag and proljgg'oaph, has been developed to
estimate the portion of backgrounds due to lepton misifleation.

Using the Tevatron upper limits fo® (t — bH™) the expected significanc%, results to be 8.9,
10.4,11.7, 11.3 fomy+ =90, 110, 130, 150 GeV respectively. This channel appeare promis-
ing for aH™ discovery in allmy+ range considered.

This procedure can be considered essentially as an eventinguanalysis. Assuming no
charged Higgs boson signal, the upper limit éh(t — bH") is evaluated according t&# =
#—%Bmxssig' where N is the number of observed events with a number ofaegeackground
B, &sig is the signal selection efficiency. The upper limit evaloatof 2 (t — bH™) at 95% CL is
based on 1000 toy MC experiments, varying the input parametetheir uncertainties, according
to Gaussian distributions. The obtained values are reghant&ab. 3 (second row).

| my-+[GeV] | 90| 110| 130| 150]
B(t—bHY) (stat) | 8.3%][7.1%| 7.1%| 8.0%
2 (t — bHT) (stat+sys)| 10.4% | 8.9% | 8.9% | 10.3%

Table 3: Expected 95% CL upper limit 088 (t — bH™) as function ofmy+ fromH* — Tv.

Analogously to the previous channel, the impact of systematcertainty in the extracted
branching ratio has to be evaluated. Since the backgroumglsa are normalized to data, many
systematic uncertainties actually do not affect the exg@eaumber of background events nor the
integrated luminosity and the effect on the cross sectiomfsignal and background processes
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is reduced. The uncertainties on normalization, driven Wgilable statistics in both data and
MC samples, are evaluated to be around 7 %. The single topg sexgtion contribute with an
additional uncertainty below 1 % to total number of eventie Effect of uncertainties oB"sS
results neglegible. All these uncertainties and their iobpathe number of background events and
on the selection efficiency are summarized in Tab. 4. Analsboto the semileptonic channel, the
effect of theoretical uncertainties has been evaluated.chbice of MC generator, evaluated using
another generator, results imply only minor differencesie Tincertainty on ISR/FSR showering
has not been included because this event selection doeschaieé a cut on the jet multiplicity.
Table 4 summarizes the systematic impact. The impact ofyples negligible.

| Source | % (%] | B[%] | &sig[%] || Source | % [%] | B[%] | &sig[%] |
Normalization 7 7 - Trigger 1 <1 1
Lepton ident. eff. 1 <1 1 | Lepton fake rate 1 1 1
Lepton energy scale 1 <1 1|l Jetenergyscale 7-15 7 4
b-tag efficiency 4 <1 4 || b-tag fake rate 10 1 <1
Total B =10% ,&sig=6%

Table 4: From left to right: source of systematics, assumed relatieertainty definitior?/, and percentage
change on number of background events, B, and on signaliseletficiency,&sig, See Tab.1.

3. Results fory/s =7 TeV

At present, the LHC is running afs= 7 TeV and is planned to accumulafte dt= 1 fo~* by
the end of next year, 2011. The ATLAS reach in this scenagalarived by detailed analyses,#$
=10 TeV and/.Z dt= 200 pb L. The signal and background cross-sections have been lesidoa
take into account the change in the centre-of-mass enelgystability of the selection efficiencies
against changes in the centre-of-mass has been checked.

The impact of systematics in the measurementZft — bH") based on the semileptonic
channel,H™ — csis 1.2 % similar to,/s = 10 TeV and it is due to the following sources (as
Tab.5): Jet Energy Resolution (0.73%), Jet Energy scal@%0), b-jet Energy scale (0.75%),
Lepton Energy scale (0.12%), MC generator (0.47%), ISR/EBR%). The expected 95% CL
upper limit for ATLAS at./s=7 TeV (/£ dt= 1 fb~1) on % (t — bH*) as function ofmy+ from
H* — csandH™' — v channels, are reported in Tab. 5 and shown in Fig. 1, corisgistatistical
and systematic errors. These limits are substantiallyebétan the current limit at the Tevatron
and better than those obtained,& =10 TeV.

4. Conclusions

The search for a light charged Higgs boson search in ATLABgusarly LHC data, has been
reviewed at,/s = 10 TeV and/.Z dt= 200 pb ! and projected a{/s= 7 TeV and/.Z dt= 1 fo 1,
the expected luminosity collected by the end of 2011. Twanks have been considered: the
semileptonicH* — cs and dileptonicH™ — tv. The current Tevatron limit ofZ (t — bH™) is
expected to be improved already in the early data takingpgetbut particular attention has to be
given to systematic studies.
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| my- [GeV] | 90| 110] 130| 150| channel| experiment

2P (t — bH™)(stat) 40%|25%| 2.3%| 1.5%| H" —cs ATLAS

B (t — bHV)(stat+sys)| 14.8% | 4.7% | 3.4% | 3.7% | H* —c5| ATLAS
B(t — bH") 22%| 15% | 8% | 13%| H* —c5| Tevatron

2P (t — bH™)(stat) 6.5% | 5.6% | 5.6% | 6.6% | H" — TV ATLAS

A (t — bH)(stat+sys)| 8.9% | 7.4% | 7.7% | 8.6% | HT — TV ATLAS
Bt — bH+) 15% | 15% | 17% | 19% | Ht — 1v Tevatron

Table 5: Expected 95% upper limit o8 (t — bH™) as function ofmy+ mass, as for ATLAS at/s= 7
TeV([.Z dt=1 fb~1), with statistical error(stat) and including systematime (stat+sys) , foH* — cSand
H™ — tv channels, assumingg(H™ — c¢s) = 1 andZ(H* — tv) = 1. The current Tevatron limit is
reported as well.
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Figure 1: Expected 95%CL upper limit o8 (t — bH™) versusH* mass fromH* — csandH* — v
channels assuming (H* — c5) =1 and% (H™ — tv) = 1 (at\/s=7 TeV with [ .Zdt= 1 fo—L. The green
and yellow bands correspond to the range in which we expedirtiit.

References

[1] ATLAS Collaboration, ATLAS Detector and Physics Perfaance: Technical Design Report, Volume
2, report CERN/LHCC/99-15 (1999).

[2] ATLAS Collaboration, Expected Performance of the ATLASperiment, Detector, Trigger and
Physics, CERN-OPEN-2008-020, Geneva, (2008).

[3] ATLAS Collaboration, Expected sensitivity in Light Clied Higgs Boson Searches far- — tv
andH™ — cswith Early LHC Data at ATLAS experiment, ATL-PHYS-PUB-20006.

[4] ATLAS Collaboration, ATLAS Sensitivity Prospects forigfys Boson Production at LHC Running a 7
TeV, ATL-PHYS-PUB-2010-009.

[5] CDF Collaboration, Phys. Rev. Let03(2009) 101803; DO Collaboration, Phys. L&8682(2009)
278.

[6] A.Ferrari, Search strategies for charged Higgs in ATLABKlemetti, Atlas discovery prospects for
charged Higgs in thel™ — tv final state; U. Yang, ATLAS discovery prospects for light g&gin the
H* — cschannel.This conference.



