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1. Introduction

Theoretically predicted by many non-minimal Higgs scemsrithe experimental observation of
charged Higgs bosons would indicate new physics beyond thred&rd Model (SM). As one ex-
ample, consider the Higgs sector of the Minimal Supersymm&tandard Model (MSSM) [1]
which contains five Higgs bosons: light and heavy CP-evelasc®, H?), a CP-odd scala’0)
and two charged scalarsl ). Formy: < m the dominant production mode at the Large Hadron
Collider (LHC) at CERN takes place thevents via the top quark decay- HTbwithHt — 1tv
dominating for values of ta > 3 (Fig. 1(a)).

The LHC, with a center-of-mass energy of 14 TeV and poise@tgrtproton-proton collisions
in 2009, is expected to give experimentalists access to #jerity of the MSSM parameter space.
These proceedings summarize a procedure that can be uskthito data-driven control samples
for the estimation of th& background events (Fig. 1(b)), by far the largest backgitaamtribution
to charged Higgs searches at the LHC experiments [2, 3]. dsdlative contributions from this
background in different jet multiplicities are not knowmadaunknowns related to critical analysis
cut-specific variables exist, the measurement and theasatioin of these backgrounds using such
a data-driven method is mandatory.

Inspired by data-based Monte Carlo methods used at therdavatiring Run | to estimate
theZ — 1T — eu, ee, anduu backgrounds to top quark searches using ee events collected
from data [4], and methods that usab— ev data to model the electronic noise in the calorimeter
and underlying event effects W — tv events [5], we employ th€ AUCLA decay package [6] to
emulate leptonically-1( ) and hadronically-decaying tausy( by replacing muons frortf events
collected in collision data with Monte Carlo tau leptons.eThethod presented here and published
in Ref. [3] greatly parallels that used in Ref. [3] for the @lariven estimation ofZ — 17 back-
grounds to SM and MSSM neutral Higgs searches intthg, 7. 7. andtq 14 final states. The
approach here is data-driven in the sense that it will use

pp — tt+ X — WHW-bb+X — puvaq + X’

and
pp — tt+X = WHW bb+X — ptvu v+ X/

event$ (Fig. 1(c)) collected by ATLAS fronpp collisions to model thét backgrounds to charged
Higgs searches in th& — H™W~bb — bt vbaq, bty vbad andbty vblv final states. The deci-
sion to use final states containing muons was motivated bietied of efficiency and purity that
could be obtained for the control samples.

After applying a very minimal set of event selection crigewn the data (optimized for both ef-
ficiency and purity), one muon from each event is fed intofAEIOL A Monte Carlo decay package
and considered as a tau leptdrAUCLA is used to decay this particle, and the decay products are
passed to the ATLAS detector simulation (baseds8ANT4 [7]) and the reconstruction software.
Once the Monte Carlo tau decay is merged back together wéthetht of the event, the result is
a data-driven control sample for each of the charged Higgd itmtes using events from data on

IHereafter the charged Higgs bosons will be denétéd with the charge conjugate processes implied.
2Including the charge conjugate processes.
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Figure 1: Feynman diagrams for: (a) the production of a charged Higg®ih viagg — tf, the dominant
production mode at the LHC fany+ < m. The decayH™ — 11 v is preferred for values of tgh > 3. (b)
tt background events td* searches that contain tau decays.t{@vents with decays— W*b — utv;
exploited to generate the background control sample.

which we can more easily and efficiently trigger. In lieu oflisioon data the effectiveness of this
method is evaluated by using Monte Carlo events.

2. Obtaining a purett sample from data

To extract thdt control samples from data a set of selection criteria musijpdied. These criteria
evolved as a result of optimizing the efficiency and purityhaf samples. This section reports on a
study conducted to evaluate the necessary cuts.

2.1 Thedi-muon control sample

To obtain thepp — tt+ X — WHW-bb+X — putvu—v+ X’ sample, events with at least two
identified muons with transverse moment20 GeV are selected. These muons are required to
be isolated (i.e., the energy in a cone with an opening ahBle- \/A@? +An? = 0.3 is required

to be less than 20 GeV). To exclude muons coming from the detayZ boson, events with a
di-muon invariant mass in the range 70-110 GeV are rejecdsedadditional requirement that the
missing transverse energy in the eventhd0 GeV is imposed. Other backgrounds considered
as potential contaminants to the control samplebrandW + jets events. The efficiency of the
signal to survive this selection is 28% and the sample pigigstimated to be 72% [3].

2.2 Themuon+jets control sample

The selection criteria for thep — tt+ X — WHW-bb+ X — putvaq + X’ sample are designed

to reject thebb — p + X events, which have a rather large cross-section. Eventcasgpted if an
isolated highpr muon is found and two jets in the event with transverse moanabove 40 GeV
have an invariant mass within 20 GeV of the nomMamass. Events with higpr muons in the
jets are rejected. A missing transverse energy cut of 40 Géviposed, and at least two more jets
with transverse momenta above 40 GeV are required to berire&eleast one of the jets in the
event is required to have an associdtedg. The overall transverse energy of the event is required
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to be greater than 250 GeV and the presence of a pigiseolated electronggr > 20 GeV) leads to
the rejection of the event. The selection efficiency for algvents is 8.6% and the signal purity is
75% [3].

3. Turning muonsinto taus

Once the events have been selected in either the di-muonan+jais sample, they are bifurcated
with one part containing the muon to be fedtBUOLA (referred to here as the event “fragment”),
and the other containing the event missing-energy, jetsaagdemaining charged leptons (here-
after referred to as the event “remnant”). The event remiseset aside and the muon in the event
fragment has its momentum three-vector individually raled so that it appears to have the same
mass as a tau lepton. The amount by which the muon momentwalexis, is calculated as

_JEf-mE
IR

Using the muon, with its re-scaled momentum, a customizeshterecord of particle four-
vectors is built in a format understood by the ATLAS offlindta@re. This event record of the
fragment, with the muon relabeled as a tau, is then pushedghiTAUCLA and the tau is decayed
according to the settings passed on to the decay package bgéeh(e.g., requesting a leptonically-
or hadronically-decaying tau). After being decayed, tlagrnent is pushed through tKEANT4-
based ATLAS detector simulation and the offline reconsimacsoftware.

After the simulation and reconstruction of the event fragtries finished, the event remnant
and the decayed tau are weaved back together at the physgéxs-tevel. It is this merged event
that now contains the background control sample, over wtiiehcharged Higgs analysis event
selection criteria is run. A flow diagram of the control sampelection, scaling, simulation and
merging steps is depicted in Figure 2.

ttbar (with p)
Event (data)

}

Scale back leptonp —

(Monte Carlo in lieu of data)

Custom HEPEVT Record
with T 4-vectors

l |

Event after
p removed LEELL
Data-MC l l
“Hybrid”
. T decay
Analysis +~—— Merged Event <+—— (Digitization, Sim., Reco.)

ATLAS Offline Software Framework (ATHENA)

Figure2: A flow diagram depicting the generation steps of the dateedtt background control sample.
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Figure 3: A validation plot for thett — berb_qd’ final state. The lepton transverse momentum from both
the “real” and the “scaledtt events (left) and the corresponding bin-by-bin ratio (fjghThe gray band
represents=10% around a ratio of 1.
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Figure4: A validation plot for thett — berb_q(j’ final state. The reconstruct@dtransverse mass distribu-
tion from both the “real” and the “scaledt events (left) and the corresponding bin-by-bin ratio (fjgiithe
gray band represents10% around a ratio of 1.

4. Results

To thoroughly test the control sample method, the produced events have to be romghreach of
the different analyses and the background shapes and npatiais obtained must be compared
to those frontt Monte Carlo events containing real tau leptons in the firskestHowever, a quick
global check can be done by comparing various distributioos the “real” and the “scaled”
events (from the control sample), where muons have beeaaeglby tau leptons. This has been
done separately for the three final states of intertaxs-;tvﬁqd’ [8], bty qud’ [9] andbty vblv [10].

Figure 3 shows the transverse momentum of the muon from thdetzay in thét — bn_vt_)qd’
final state, demonstrating that the replacement of ther@ighuon with a scaled tau (decaying to
a muon) has been successful. Figure 4 shows the reconstrnatesverse mass of thg boson
in thetf — br_vbqq final state, defined agl — \/Zp'T pISS(1— cogA@)), which is a complex
guantity based on two objects and thus gives evidence taaetbvant correlations in the event are
not destroyed in the emulation process.

The irreducible background for charged Higgs searcheseiti th bty qud’ final state can be
emulated by replacing muons ih— buvﬁqd’ events recorded during collision data-taking with
simulated taus, and forcing the tau to decay hadronicallguré 5 shows the reconstructed top
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Figure 5: A validation plot for thett — bty vb_q(j’ final state. The top quark transverse momentum distri-
bution (fromt — Wb — bty v) from both the “real” and the “scaledt events (left) and the corresponding
bin-by-bin ratio (right). The gray band represesits0% around a ratio of 1.
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Figure 6: A validation plot for thetf — bty vblv final state. The missing transverse energy distribution
from both the “real” and the “scaledf events (left) and the corresponding bin-by-bin ratio (fjgithe gray
band represents10% around a ratio of 1.

guark transverse momentum (fram> Wb — bty v) for both the “real” and the “scaledt events.

The irreducible background for thé — bty vblv analysis can be emulated by replacing a
muon with a simulated tau inth— by vblv event, and forcing the tau to decay hadronically. Due to
the presence of leptons, a hadronic tau and large missingpese energy in the event, this channel
can potentially also contribute to the background of alleotbharged Higgs analyses. Figure 6
shows the missing transverse energy which is a complex igpaesulting from the combination
of all objects in the event from both the “real” and the “sdild events.

5. Conclusions

The distributions presented in the previous section detraeesthat the dominant background for
all H* analysestt events, can be modeled with ttecontrol sample method. In the regions of
interest, quantities relevant to th&" analyses can be modeled within a 10% error margin. This
is remarkable in particular for complex quantities, i.ariables derived from a combination of
several objects (for example, the top quark transverse mtumg, and gives confidence that tthe
control sample method allows one to reproduce many of tiewaat correlations in the event.
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The background normalization can be obtained either bybadge means using number count-
ing and measured efficiencies, or through the use of maxiniaiinood fitting to data using signal
and background shapes.

Early into the data-taking era, the uncertainties in thehaebtwill largely be dominated by
limited statistics. The contamination of the control saemguhd the introduction of possible trigger
biases are important systematic effects that warrantiaddltstudy.

Further refinement of this method is currently in progress. éxample, it is possible for the
removal and replacement scheme to be carried out at thed&tled tracking hits and calorimeter
depositions rather than at the higher level of reconstdupte/sics objects. Further investigations
may reveal that electrons ih lepton+jets and di-lepton events are also suitable foramgrhent
with Monte Carlo taus, thereby doubling and quadruplingdtadistics available for these control
samples, respectively.
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