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Introduction

* In the Standard Model (SM), only 1 doublet of
Higgs scalars is responsible for the electroweak
symmetry breaking: there is only one neutral
Higgs boson. e

< A

3

e Other so-called 2HDM models, such as the
MSSM, predict the existence of 2 complex

Higgs doublets... hence 5 physical states:
H*, H, hY, HO, AS, 4%




Introduction

* This talk will focus on the charged Higgs
(following http://arxiv.org/pdf/1204.2760 ).

* With no decay to supersymmetric particles,
H* = tv dominates below the H* - tb
threshold (m, <m, ).

* The presented search is model independent.
* The decay H* - tv assumed to be 100%.

* This study focusses on a charged Higgs mass
in the range of 90-160 GeV.
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* Lepton + jets

Ol
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Lepton + jets

* 1lisolated e/p with p;>25/20 GeV
and 0 thad with p;> 20 GeV.

i 30001
with p; >.20 GeV and exactly 2 arias < amaol
2 of them are b jets. S 2500/ s bW W
Ny - Iepton+1ets B Others
e FE miss v - \ N e SM o+ uncertamty
T 52000:— — m,. =130 GeV—
— ETmiss > 40 GeV if |¢I,miss| > T[/6 0 B( t—) bH") = 5% -
: . 1500 -
— EfMex]sin(@ miss) | > 20 GeV : J.Ldt=4.6 o]
if | (I)I,miss | < 7‘[/6 . 1000: \s=7TeV _:
o . , 500}
* Building hadronic top (y°< 5): i
o) 9 ok aie
» o (mjjp — mep)”  (mjj— my)” 0 50 100 150 200
X = + 3 my [GeV]
(Tfop (T‘ﬁ,
* Backgrounds with misidentified my = \/QJ;HTEITTFEE(I — COS @y miss)

leptons are estimated from data.
* m;Y<60GeV.
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* m,,—theinvariant mass of the b jet ST ATLAS | e Data2011 ]
gBUt}D:— lepton+jets — s BOWTW E
and the charged lepton: § [ leplon"els mmoOthers
: - i P e
costl = ngbi 5 — 1~ 24;) P — — 1 2000;— \\}\ﬁ B(t — bH") = 5% —
Miop — My Miop — My 15000 RNNRGy  Ldt=46705
% R Q=T Tev
. 1000
* Higgs transverse mass: : \
5.:}[]'_+
H\2 _ 2 — ] = b — missy 9 b ? — 1 —-mi552 ESR CR )

(mp)* = (\/mtop—F(IﬂT +p1 +pT ) —pT) — (}OT + pr ) 08 e : = mlséﬂ
. . . > 20—
* Yields for signal with B(t—>bH*)=5%: g [ ¢ Daa20l ]
o __+it—bbW W N ]
Z 200 mm Others .
-g - B SM + uncertainty ]
o - = m,-= 130 GeV B
All SM backgrounds | 940 +22 =£150 WSO g ¢ 5 pr) = 59 ]
Data 933 1000 thq_e b E
[ s=7Tev ]
t—bH™T (130 GeV) | 120 + 4 + 25 fmsus : .
Signal+background | 990 +21 =+ 140 " eptontie E

jroeietied 8
9020 60 80 100 120 140 160 180
my [GeV]
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* TauHad + lepton
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Tau + lepton

* 1lisolated e/p with p;>25/20 GeV g Ao e
and 1 thad with p;> 20 GeV. e Cter

€ J00F Bl et o7 misid

with p;> 20 GeV and @ 250F NN Bl omisid 3

Il Misid'ed lepton

> 1 of the jetsis a b jet. 200F | SNESM+ ncerainy
150E T

* Xp.tracks > 100 GeV. . ATLAS :
* Yields for signal with B(t>bH*)=5% 50 Jﬁitfff 3
for t+e (first) and t+u (second): 150 200 "250 300
Epr'liss [GBV]

Y SM 1010 £ 30 £ 110

— B a00f T

Dﬂtﬂ HS[] =] 3505_ N ® Data 2011 _

t —bHT (130 GeV) | 220+ 6+ 20  Zagf NN B s
Signal+background | 1160 £ 30 = 100 @ 2505 | =;§;z;‘°’:2pm E

- - 200E 23 SM + uncertainty

S SM 1360 = 30 = 140 sl -G 3
Data 1219 ATLAS 3

) - - - - , JLdt=4.ﬁﬂ:" 3

t —bH™ (130 GeV) | 310+ 7+ 39 FeTTV
Signal+background | 1570 £ 30 £+ 130 g 190200 220 300

ET™® [GeV]
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Tau + lepton

e Data driven methods:

* Backgrounds with misidentified
leptons are estimated from data

as in lepton + jets. g [T T

* Backgrounds with electrons 2 '1:_ATLAS draE
misidentified as t jets from Z—>ee. o 0_83_+ e

* Backgrounds with jets .l o Realsiection ]
misidentified as t jets from ol O Fakeelectron ]
WH+jets, this is evalua.ted | o %ﬁ*—{»ﬁ%%%%% -
separately for T candidates with 1 - <

or 3 associated tracks. Olﬁd”“'ﬁl fbll\ls=|7T9\l’_
— This misidentification probability is B f?'s

applied to simulated SM
backgrounds fulfilling all
requirements except the t
identification.



 TauHad + jets

Ol
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Tau + jets

e 1 thad with p;>40 GeV and
0 e/p with p;>20/15 GeV.

with p;> 20 GeV and

. . > SRR Rl R AR AR AARA RAAR AR
>]1 of the jetsis a b jet. 8 gofATLAS ® Data2011
2 E rtjets  [Jrrer .
miss ~ 70F Bl et misid =
* ET > 65 GeV' ‘2 60_ B e misid .
o ' .
° ff,lllllii-i-:-i LI:J‘ 50 g Multi-jets ]
- = 13 SM + uncertainty
0.5 GeV/2. /S pr 40 \_mH_: 130 Gev -
- B(t—bH") = 5% .
 Building hadronic top: - i L
20: Ldt=461th
Combining jjb with highest PT - 5=7Tev

10§
m., € |120-240]| GeV. PP
)l %9 50 100 150 200 250 300 350 400

* Higgs transverse mass: my [GeV]

mp = \/QE_J%E%HSS(I — COS @7 miss)
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Tau + jets

e Data driven methods:

* Background with multiple jets
estimated by fitting its E;™** to data
by using two shapes, multi jet model
and sum of other processes.

IIIII\\Il\\ll‘llllll\\ll\\ll
® Data 2011 (embedding)

- Simulation
j Ldt=46f" -
\s=7TeV

10°F

Events / 20 GeV

* Backgrounds with electrons / jets
misidentified as t jets estimated as
in the T + lepton channel.

e The embedding method is used to
estimate the backgrounds which
contain correctly reconstructed 7 jets
by using a control sample of tt-like
u+jets events and replacing the
muon with a simulated hadronically
decaying t lepton.

Al bvv s b P b by d
10757750 100 150 200 250 300 350 400

my [GeV]

L. Barak Higgs Hunting 2012, 19 July 2012 12



Combined Results

L LI L L L LB L LN

* Expected and observed 95% CL £ | anss
- - —— Observed CLs Data 2011
exclusion limits on B(t > bH*) = Fmie™  s-rev 3
f h d H b p 220 .|.Ldt:4.6fb'1z
or charged Higgs boson i
production from top quark : -
10° i

2L .
£ combined

decays as a function of m g, _
assuming B(H* = tv) = 100%. S H"”,;';f[;ff]

e Exclusion limits in the context £ | amas

. T sof My Is=7TeV ’ IE'
of the m "2 scenario of the 4 e Jra=asm
MSSM on tan B (after relaxing | ED owrsoamenc [
the B(H* = tv) = 100% J B *

~TY

assumption). ol

0_\ T I CTTT I | I | } I | I T T I TT T T 9] 1 I_
90 100 110 120 130 140 150 160
my [GeV]



Summary

* With 4.6 fb!, ATLAS searched for the light
(my: <m,.) charged Higgs in 3 different
channels.

e Upper limits (95% CL) on B(t—->bH"*) between
5% and 1% were obtained.

* Interpretation in m_ ™2 values of tan 3
above 12-26 and between 1 and 2-6 can be
excluded in the mass range
90 GeV <m_ <150 GeV.
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Decay Mode: Lepton + jets

 The event selection is performed with loose and tight lepton
definitions.

* The fake lepton originates mainly from QCD.

 The number of events with fake leptons (mainly from QCD)
passing the tight criteria is estimated as:

N;‘;Qkf;t _ ]L ]( (T,Nloose o Nt‘igh,t)
r —

* rand f are the rates at which a real or fake loose lepton is
identified as a tight lepton

— rand f are measured in data using Z =1l and events with one lepton
and low E;™ss | respectively.

— rand f are parametrised as functions of various relevant observables.



* 1 thad with p;>40 GeV and 0 e/p with p;>20/15 GeV.
© =4 jets with p;>20 GeV and 21 of the jetsis a b jet.
« E.MsS>65 GeV.

° EIITHISE

0.5 GeVY/2. /S pr

> 13

* Building hadronic top: -
Combining jjb with highest 7", m., € |120-240| GeV.
* Higgs transverse mass.

All SM backgrounds 330 £ 124+ 65
Data 355

t — bH™ (130 GeV) 220+ 6456
Signal+background 540 += 13 = 85
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