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1. Introduction

The charged Higgs boson decay H- 1 v; is very interesting, since it provides one of the
earliest measurements of the charged Higgs boson at the CMS detecter.at@n[d]. Particu-
larly in the case where the charged Higgs boson is lighter than the top dbarkharged Higgs
production cross-section via ggq — tt and the coupling +» H*b are boosted. Furthermore, the
branching ratio of H — t*v; is almost one for a large part of the allowed faregion.

The decay signature of such a decay is classified into

e fully hadronic t — (H*b)(W¥b) — (tv;b)(bag) — (hadr + 2v;b)(be@),

o semi-leptonictt— (H*b)(W¥b) — (Tvcb)(be¥v,) — (hadr + 2vb) (bfFv,) or

tt — (H¥b)(WFh) — (Tv;b)(bad) — (£ v,2v:b)(bag),
e and dileptonict— (H*b)(WTb) — (Tv;b)(blFv,) — (£Fv,2v;b)(blFv))

final states, wheré= e or. The physical signature involves thus the measurement of hadronically
decaying tau leptons, isolated electrons and muons, b-hadronic jetsniegets of lighter flavors,

and missing energy from the neutrinos. In essence, the successfalime®nt of the charged
Higgs boson in this decay mode requires information of every subdeteictbe €MS detector.
Consequently, in terms of systematic uncertainties, one has to addresslkesydtematics menu:

the isolated electron/muon reconstruction, identification and fake rate; threrfieally decaying

tau lepton energy scale, identification and fake-rate; b-jet tagging andygiista and hadronic jet
and missing transverse energy energy scale. The current undingiasi the systematic uncer-
tainties of these identities is reviewed in Secfipn 2.

The aforementioned systematics menu needs to be applied for the measwtthnecharged
Higgs boson signal from data. The systematic uncertainties of the mainroackly, the QCD
multi-jet events, ttproduction, W+jets, and 4, can be reduced by measuring them separately
from the data. Strategies for such measurements are presented in ection 3

2. Systematic uncertainties of the physics objects

2.1 Systematic uncertainty of isolated electrons

The systematic uncertainty of the reconstruction and identification of isol&etians with
pr > 20 GeVE has been determined from-2 ee events with the tag-and-probe technique and
from W — eve events with a maximum likelihood fit of the transverse mfss [2]. Both cut-tasid
category-based (amount of bremsstrahlung) electron identification metledsconsidered with
working points of 80% and 95% for the electron identification efficiencyr the 95% working
point of the category-based electron identification, a difference of5%) between MC and data
was observed fom | < 1.4 (1.4 < |n| < 3.0) when combining the W-tagging and Z tag-and-probe
measurements.

To measure the probability for a fake isolated electron, events were sklgittethe single
jet trigger with uncorrected £> 15 GeV. The events were required to have missing<B30 GeV
and the electron candidates were required to be outside the jet that wasd@dggdrhe fake rate
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was measured to be 0.7% to 4% for the electrpmgnge of 20-60 Ge\¢/for the category based
electron identification with the 95% working point. A reasonable agreemesftfoumd between
data and simulation results.

2.2 Systematic uncertainty of isolated muons

The systematic uncertainty of the reconstruction and identification of muanbéden stud-
ied with inclusive muons of p> 15 GeVE with standard muon identification methodk [3]. The
statistical uncertainty of this method was found to be 3.0% and it was foundimete the total
uncertainty. Studies done with 2 uu events and the tag-and-probe technique agree with the
obtained 3.0% uncertainty.

The probability of charged pions, kaons, or protons to fake a muonmveasured from tracks
coming from identified K, @, andA resonances. With such method, the fake rate was determined
to be(1.0+0.2) x 10~4 with good agreement of data and simulation results.

2.3 Systematic uncertainty of electromagnetic energy scale

The systematic uncertainty of the electromagnetic energy scale has beexteyérommn®/n —
yy decays by comparing the reconstructed diphoton mass peaks betweemdatianulated re-
sults [4]. With such method, a systematic uncertainty of 0.9% (2.2%) was obthing)| < 1.4
(1.4 < |n| < 3.0) with the E cut identified as the leading source of systematic uncertainty. The
absolute energy scale was obtained from test-beam results.

2.4 Systematic uncertainty of jet energy scale

The jet energy scale corrections at CMS use a factorized appridadtir an offset correction
is made followed by relativg correction and absolute jetorrections. The correction factors
can be obtained either from simulation or in-situ with the di-jebplance method]{] 8]. The data
vs. simulation comparison has been studied for three gnlidsed jet algorithms: calorimeter jets,
jet-plus-track (JPT) jets, and particle-flow (PF) jdtls [6]. The scale itaicy has been estimated
from simulation-based correction factors to be 10286/n (5%52%I/n) for calorimeter jets (JPT
and PF jets).

The absolute jet energy scale is planned to be obtained frgats events once enough data is
available. First such studies hint that the current scale uncertainty isaigervative.

2.5 Systematic uncertainty of missing transverse energy scale

The missing E (MET) scale has been estimated from a sample with at least two jets with
pr > 25 GeVt and|n| < 3 [f]. The scale uncertainty has been studied for the three used MET al-
gorithms: type-I1l corrected calorimeter MET, track-corrected MET, padicle-flow MET. Com-
paring the data and simulation results yields 10% as a conservative estimate MEIh scale
uncertainty for all three MET algorithms.

2.6 Systematic uncertainty of b-jet tagging

The systematic uncertainty of b-jet tagging efficiency is evaluated fronisbeentaining
muons [IP]. After selecting events with at least one jetofB0 GeVt and containing one muon
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in the event with p > 5 GeVk, a template method based o-’ﬁ'pshape, i.e. the momentum of the
muon transverse to the jet axis, is used to determine the b-tag efficiencyembate shapes for
b- and c-jets and for other flavor jets are determined from simulations. y&tersatic uncertainty
averaged over the impact parameter and secondary vertex basedytalggirithms with different
working points was found to be 19% for a sample with averagefiihe jets 31 Ge\d.
The b-mistag rate is evaluated from tracks with negative impact paramet@noisecondary
mistag

istag_ .— EMc(udy
ta ~ “datag-

negative tag rate and uds refers to the light flavors. M'T'(ﬁl()e systematictaintgifor the b-mistag
rate was found to be 3% (6-12%, 40-60%) for the operating point of (0% 0.1%) of light
flavors passing the b-tag. The dominating sources for the systematidaintewere established
as the templates b- and c-flavor fractions (20% rel.), parton distributiartibmused for the gluon
fraction (20% rel.), presence of long livedKndA decays (10-20% rel.), and mismeasured tracks

(50% rel.).

vertices with negative decay lengths wi , Where the minus sign denotes the

2.7 Systematic uncertainty of hadronically decaying tau leptons

No estimate for the hadronically decaying tau lepton (tau jet) reconstructioiantification
uncertainty or for the tau-jet energy scale has been so far publisibedhd-tau-jet reconstruction
and identification uncertainty, a crude estimate of 10% can be used. Foutfet &nergy scale,
a conservatively estimated uncertainty of 10% can be taken based on #mejgy scale uncer-
tainty. The jet>T fake-rate has been evaluated for the four tau-jet reconstructioritalgsr(track-
corrected tau, particle-flow tau, hadron-plus-strips tau, and tau Ingtasaifier) [1]L]. The fake-rate
was determined from a sample taken with the single jet trigger with uncorrec¢téd je15 GeVE.
Such sample is expected to be dominated by QCD multi-jet events. The fake-dafined as the
number of tau-jet candidates passing the tau identification divided by theemahéll tau-jet can-
didates in a given bin of tau-jetrpor . For tau-jets of p > 30 GeVE, the data and simulation
were found to disagree by 20-30% independent of the tau-jet algoritfthwarking point. The
exact cause of the discrepancy is under further study.

3. Strategies for dedicated background measurements

With a cross-section exceeding<610’ pb for 30< pr < 300 GeVt, wherepr is the pr
of the jets in the rest frame of the simulated hard interaction, QCD multi-jet bagkgdris by
far the largest background that has to be considered for the lighyetddiggs boson searches
from tt production. The subleading backgrounds are the W+jesx2.0* pb) and t (165 x
(1-Br(t — bH*))? pb). For the di-leptonic final state, also th¢)yZ background has to be con-
sidered. With dedicated background measurements it is possible to bymas®bthe sources of
systematic uncertainty such as theoretical uncertainty of backgrouss-seztion.

3.1 QCD multi-jet background measurement for the fully hadronic final state

The measurement of the QCD multi-jet background from data for the fullydméd final
state is planned to be done in two parts: measurement of therjéke-rate and the full event
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selection with tau-jet identification replaced by thejatfake-rate. This strategy relies on the well
established fact that tau-jet identification is practically uncorrelated witlorer event selections.
The QCD multi-jet sample can be selected either with a single jet or with a single tau trig
ger. The single tau trigger seems to be a more promising option, since the jersrayg heavily
prescaled, and since the QCD multi-jet events still dominate the sample evethafténgle tau
trigger. To reduce possible contamination of the sample by W+jets eventartipescan be fur-
ther cleaned by requiring an upper limit on the missingaad by requiring at least s central
hadronic jets in the event withtE> 30 GeV. After the cleaning of the sample, tau-jet candidates
that have been matched to the trigger object, that are central, and thgeh&ye> 30 GeV are
considered. The jet T fake-rate is obtained by dividing the number of tau-jet candidates that hav
passed the standard tau-jet identification algorithm by the total number gtteandidates in bins
of tau-jet candidate Eandn. With the careful cleaning of the W+jets events, the statistical uncer-
tainty of the fake-rate measurement with early data is expected to dominate shephiing from
the presence of electroweak events in the data sample.
The overall number of QCD multi-jet events is planned to be measured fraarbglaapplying
the same event selections as for the signal selection with the tau-jet identifipatidactorized out
by the jet-1 fake-rate measurement. To ensure that QCD multi-jet events dominate thiedelec
sample, it might be necessary to further factorize or parametrize the misgiegeBt selection.

3.2 QCD multi-jet background measurement for the semi-leptonic finastate

Data-driven methods have been successfully implemented to measure the@QG[2t back-
ground in semi-leptonicttdecays [12]. These methods are also applicable to the charged Higgs
boson searches in the semi-leptonic final state. For the muonic final stateyrtiteer of QCD
multi-jet events is measured with the ABCD method. In this method, the relative isolatid
able and the impact parameter of the muon are used to define four registscinQCD multi-jet
events are dominating in three regions and the last region is the signal r&gice.the chosen vari-
ables are independent, the number of QCD multi-jet events can be evaligateithé measurement
of the three other regions. Otherwise, the standard set of event sateistiapplied.

A complementary method is to measure the shape of the relative isolation vaisthtaition
in the region dominated by QCD multi-jet events and to extrapolate the curve tgtia segion.
A third method is to reverse the relative isolation cut to select a QCD-enrisiegble to obtain
kinematic distributions of this background. The overall nhormalization canbb&ireed also here
from the ABCD method. This method is applicable to both muonic and electronictatas.

Additionally, for the electronic final state, the QCD multi-jet background canmeasured
successfully with a template fit methdd][12].

3.3 Electroweak background measurement for the fully hadronic firal state

The W+jets andttbackgrounds are planned to be measured from data with the embedding
technique. In this technigye+jets events are selected from data and the muon is replaced with a
generator level tau lepton, forced to decay hadronically, and recastl. After the embedding
of the tau lepton, the standard set of event selections is applied. Sincessa@gairements are
planned to be made, the W+jets abda not need to be separated.
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Type Uncertainty  Reference anl?
Isolated electrons, reconstruction and ID 3% [| [2], 198’nb
Isolated electrons, fake rate 5% |:| [2], 781b
Isolated muons, reconstruction and ID 3% [| [3], 198 hb
Isolated muons, fake rate negligible [1[3],0.47Hb
Electromagnetic energy scale 0.9%/2.2% [] [4],123"b
Jet energy scale 5/1092%/n [f], 123 nbt
Missing Er energy scale 10% [e1, 11.7 nb
b-tagging, efficiency 19% [T10], 8 nB
b-tagging, mistag rate 3-60% [J10], 121
Hadronic tau decays, energy scale 10% estimate
Hadronic tau decays, reconstruction and ID 10% estimate
Hadronic tau decays, jett fake-rate 20-30% [[31], 8.4 nB
Luminosity measurement 11% [113]
Underlying event 10% (4]

Table 1: Summary of systematic uncertainties.

3.4 Drell-Yan background measurement for the di-leptonic final stée

The Z/y* — ee/uu background can be measured from the data by counting the events where
the di-lepton mass is within 15 Ged#/ of the Z mass[[42]. The number of/Z* with invariant
di-lepton mass outside this mass window is determined from simulation and the ectasunber
of events is corrected correspondingly. A conservative estimate ofytersatic uncertainty of
this method is 50%.

4. Summary

The current understanding of the systematic uncertainties for the lighgethatiggs boson
search viattproduction is summarized in tallp 1. Estimates of the luminosity measureiment [13]
and underlying event uncertaintly [14] are also shown in the table. Simcestults shown are
based on a very small amount of integrated luminosity, many measurements syfstieenatic
uncertainties have been affected by statistical uncertainties, whosenodluéll decrease as more
data is collected. The dedicated background measurements are still velnywotlcin progress
and will be evaluated when more data become available.
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