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IntrodutionTheoretial bakground
◮ In the Standard Model (SM) the eletroweak symmetrybreaking is done by one doublet of Higgs salars

◮ This leads to one neutral Higgs boson h0
◮ Other models, for example the MSSM, predit the existene oftwo omplex Higgs doublets.

◮ This leads to 5 physial states: H+, H−, h0, H0, A0
◮ The tree level MSSM Higgs setor is fully determined by twoindependent parameters:

◮ One Higgs mass: mA or mH+ =
√m2A +m2W

◮ The ratio of the vauum expetation values of the Higgsdoublets, tanβ
◮ Assuming the harged Higgs boson is light and does not deayinto supersymmetri partiles

◮ H+ → τν dominates below the tb threshold
◮ H+ → s̄ may have a signi�ant branhing fration at lowtanβDaniel Pelikan Uppsala University Searh for harged Higgs bosons 3



IntrodutionTheoretial bakground
◮ This means the top quark an deay into a bottom quark anda light harged Higgs boson

◮ through the reation t → bH+, in addition to t → bW
◮ The W boson deays into the three lepton generationsdemoratially while the harged Higgs boson deayspredominantly into τν
◮ H± an be searhed through the violation of leptonuniversality in top quark deays.
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IntrodutionMethod
◮ The auray on the measurement of individual ross setionsis limited by systematis

◮ Integrated luminosity, objet reonstrution and identi�ation,b-tagging, et.
◮ A ratio-based method redues the impat of systematiunertainties in the analysis
◮ Measure event yield ratios in data and ompare them topreditions from simulation in the following �nal states

◮ e + τhad and e + µ,
◮ µ+ τhad and µ+ eRl = B(tt̄ → bb̄ + lτhad + Nν)

B(tt̄ → bb̄ + ll ′ + Nν) . (1)
◮ Model independent searhDaniel Pelikan Uppsala University Searh for harged Higgs bosons 5



Introdution

Relative inrease with respet to theSM values of the branhing ratios fortt̄ events. Relative inrease with respet to theSM values of the ratio between thesebranhing ratios.Daniel Pelikan Uppsala University Searh for harged Higgs bosons 6



The ATLAS detetor systemTo look for harged Higgs bosons the full ATLAS detetor system isneeded
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Event seletion
◮ Single lepton trigger with ET threshold of 20-22 GeV(eletrons) and pT threshold of 18 GeV (muons)
◮ One trigger mathed harged lepton (ET , pT > 25GeV)
◮ At least 2 jets (pT > 20 GeV), inluding exatly 2 b-jets
◮ τ + lep vs. dilepton separation

◮ One τ -jet with pT > 25 GeV, no additional leptonor seond harged lepton with ET , pT > 25 GeV and adi�erent �avour
◮ EmissT > 40 GeV
◮ Events are lassi�ed aording to the single lepton trigger thatwas �red

◮ eletron-triggered: e + τ , e + µ
◮ muon-triggered: µ+ τ , µ+ eDaniel Pelikan Uppsala University Searh for harged Higgs bosons 8



Bakgrounds with misidenti�ed eletrons and muons
◮ Fake lepton estimate is done using the "Matrix Method"

◮ tight sample: ontains mostly events with real leptons, samelepton seletion as in the analysis
◮ loose sample: looser isolation and identi�ation requirements,and it ontains mostly events with misidenti�ed leptons

◮ Based on data events with loose or tight leptons the fakelepton bakground an be estimated with:NTm =
pmpr − pm (prNL

− NT). (2)
◮ In the di-lepton ase: one tight and one at least loose lepton
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Bakgrounds with misidenti�ed eletrons and muons
◮ pr (lep. identi�ation. e�.) is measured using a tag-and-probemethod on Z → ll events in the data
◮ pm (miss. identi�ation. e�.) is measured in single leptonevents in the data,

◮ ontrol region 5 GeV < EmissT < 20 GeV
◮ dominated by multi-jet produtioneletrons

muonsDaniel Pelikan Uppsala University Searh for harged Higgs bosons 10



Bakgrounds with misidenti�ed eletrons and muonsEletron triggered events

◮ Events ontaining at least 2 jets
◮ One trigger mathed lepton or e-µ pair
◮ Systemati unertainty: 38% eletrons, 49%muonsDaniel Pelikan Uppsala University Searh for harged Higgs bosons 11



Bakgrounds with misidenti�ed eletrons and muonsMuon triggered events

◮ Same nie agreement for the muonsDaniel Pelikan Uppsala University Searh for harged Higgs bosons 12



Bakgrounds with misidenti�ed τ jets
◮ About 51% of the simulated tt̄ events in the τhad+lepton �nalstate ontain a real τhad at generator level
◮ In the other events, the τ is �misidenti�ed�,

◮ From leptons (muons and eletrons): 3% of the simulatedevents
◮ From hadroni objets (initiated by light quarks, b quarks orgluons): 46% of the simulated events
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Bakgrounds with misidenti�ed τ jetsBakgrounds with jets misidenti�ed as τ objet
◮ The majority of misidenti�ed τs omes from jets

◮ misidenti�ation probability depends on initialparton (light quarks, heavy �avour quark, gluon)In�uene of all jet types exept light quark jets anbe e�etively eliminated:
◮ ategorize all events in terms of the hargebetween τ and lepton, opposite sign (OS) andsame sign (SS)
◮ all proess with gluon and b-quark jets are hargesymmetri

◮ Giving a negative weight to SS events anel outmisidenti�ed τs from gluon and heavy �avourDaniel Pelikan Uppsala University Searh for harged Higgs bosons 14



Bakgrounds with misidenti�ed τ jets
◮ The τ fake rate of light quarks is determined in W+ > 2 jetsOS-SS events in data

◮ exatly one eletron or muon ET , pT > 25 GeV
◮ at least one loose τ , EmissT > 40 GeV
◮ at least 2 jets, no b-tag,mT =

√2plTEmissT (1− os∆φl,miss) > 30 GeV
mIDτq (OS-SS) = number of τ andidates passing objet seletion and tau_tauLlhTightnumber of τ andidates passing objet seletion .(3)Daniel Pelikan Uppsala University Searh for harged Higgs bosons 15



Bakgrounds with misidenti�ed τ jetsBakgrounds with jets misidenti�ed as τ objet
◮ Sale fators on the number of assoiated traks are applied inorder to aount for simulation-data di�erenes
◮ Simulated events in whih the seleted τ objet originatesfrom a jet are weighted by the misidenti�ation probabilitiesBakgrounds with eletrons misidenti�ed as τ objets
◮ Tag-and-probe method to estimate the eletron τ -fake rate
◮ Sale fators are applied to orret for disrepanies betweendata and simulationBakgrounds with muons misidenti�ed as τ objets
◮ A muon veto is used in simulationDaniel Pelikan Uppsala University Searh for harged Higgs bosons 16



Results
◮ integrating the mHT2 distributions → event yieldsRe = N (e+τhad)

N (e+µ) and Rµ = N (µ+τhad)
N (µ+e) .
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ResultsSystemati unertainty ∆Re ∆RµIntegrated luminosity 0.3% 0.3%Eletron trigger e�ieny 0.1% N/AEletron reo. and ID e�ienies 0.2% 1.9%Eletron energy resolution 0.1% <0.1%Eletron energy sale 0.1% 0.3%Muon trigger e�ieny N/A 0.1%Muon reo. and ID e�ienies 1.0% 0.1%Muon momentum resolution <0.1% <0.1%Muon momentum sale 0.1% <0.1%
τ ID e�ieny 3.9% 3.9%
τ energy sale 2.9% 3.0%
τ mis-ID (data-driven): number of assoiated traks 2.1% 2.1%
τ mis-ID (data-driven): true τhad ontamination 0.2% 0.2%
τ mis-ID (data-driven): H+ signal ontamination 0.6% 0.6%
τ mis-ID (data-driven): event environment 1.3% 1.2%
τ mis-ID (data-driven): statistial unertainties 3.3% 3.2%
τ mis-ID (data-driven): eletron veto unertainties 0.6% 0.3%b-tagging 1.9% 2.3%Jet vertex fration 0.1% 0.4%Jet energy resolution 0.4% <0.1%Jet energy sale 0.7% 0.5%Jet reonstrution e�ieny 0.1% 0.4%EmissT 0.3% 0.1%tt̄: ross setion 0.7% 0.6%tt̄: generator and parton shower 5.7% 4.4%tt̄: initial and �nal state radiation 3.6% 3.7%Bakgrounds with misidenti�ed leptons 3.5% 4.3%Total (added in quadrature) 10.3% 10.1%
◮ → Systematis are dominated by (real/fake) τsDaniel Pelikan Uppsala University Searh for harged Higgs bosons 18



Conlusion
◮ This method redues the impat of several systematiunertainties in the analysis.
◮ Data-driven methods and simulation are employed to estimatethe number of bakground events.
◮ Good agreement between data and SM preditions
◮ With this, limits on the branhing ratio B(t → bH+) an bealulated.

◮ No publi results at this point.
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Bakup
Bakup
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Bakgrounds with misidenti�ed eletrons and muonsLet NLr and NLm (NTr and NTm): the number of events ontainingexatly one real or misidenti�ed lepton, respetively, passing a loose(tight) seletion. NL = NLm + NLr , (4)NT = NTm + NTr . (5)De�ning pr and pm (separately for eletrons and muons) as:pr = NTrNLr and pm =
NTmNLm , (6)the number of misidenti�ed leptons passing the tight seletion NTman then be written as:NTm =

pmpr − pm (prNL
− NT). (7)In the di-lepton ase: one tight and one at least loose leptonDaniel Pelikan Uppsala University Searh for harged Higgs bosons 21



Data taking with ATLAS at LHC - 2011
◮ Only data taken with the full operational ATLAS detetor isused in our analysis.
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 Ldt=5.2 fb∫
> = 11.6µ * = 1.0 m, <β
> =  6.3µ * = 1.5 m, <β

◮ More than 5 fb−1 were reorded
◮ Peak luminosity above3.5× 1033m−2s−1Daniel Pelikan Uppsala University Searh for harged Higgs bosons 22


