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Signal and Background Modeling

. 13
*Background: common with ttH(bb) group

Generator & | Cross section
Background process Subcomponent | parton shower (in pb) Normalization
Powheg & top and £t Pt reweighting
{f with at least one lepton [ Pythia 137.3 tt+HF reweighting
AcerMU &
t-channel (with ) Pythia 28.4
Powheg &
Single top s-channel (with [) Pythia 1.8 Theoretical cross section
Powheg &
Wi-channel Pythia 22.4
W{lv)+jets 3.6 x 107
Alpgen &
W + jets Wb + jets Pythia L5 W Pt reweighting
Wer + jets 4.8
W + ¢ + jets 1.7
(T +jets,
m(ll) = 60 GeV 34 % 10°
Z 4 (1) bb+-jets, Alpgen &
Z + jets m(ll) = 30 GeV Pythia 41.3 Z Pt reweighting
Z ()T +jets,
m(ll) = 30 GeV 84.8
WW 20.7
Alpgen &
Diboson £E Herwig L3 Theoretical cross section
Wiz 2.3
W Z(with one [) Sherpa 6.01
MadCGraph &
T+ V Pythia 0.44 Theoretical eross section
Powhel &
ttH (my = 125 GeV) Semilepton Pythia 0.0566 Theoretical cross section
ttH (my = 125 GeV) Dilepton 0.0136
Misidentified lepton Data
Powheg &
H* (mp- = 180 ~ 600 GeV) Semilepton Pythia 1.0 Theoretical cross section
H*(mpg+ = 180 ~ 600 GeV) Dilepton 1.0
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Analysis Outline

Event selection
* Based on standard top group selection: 1 lepton, > 3jets, MET

llepton trigger:
— EF e24vhi medium1 or EF e60 medium1
— EF mu24i tight or EF mu36 tight
Electron: Author 1 or 3, Tight, Pt > 25 GeV, |n| <2.47 (1.37 < |n| < 1.52 excluded), z, <

2mm, p; and |n| dependent tracking isolation (corresponding to 90% signal
efficiency)

Muon: Combined and Tight, Pt>25 GeV, |n| <2.47, z, < 2mm, Track isolation using p;
dependent cone, Xp;<0.05*p;

Jets: Anti-kt 0.4, LCW, pt > 25 GeV, |n|<2.5, Jet vertex fraction cut: |[JVF|>0.5 for pT
<50 GeV and |n|<2.4

B-tag: MV1, working point= 70% efficiency for b-jets in tt events

MET: MET AntiKt4LCTopolets tightpp

» Separate signal and control regions

Signal region: >= 5jets and >= 3b-tags
Control region: ==4jets and >= 2b-tags, >= 5jets and == 2b-tags

S/B separation

Limit setting




15

Pre-fit event yield table for background

Process 4j(2b) 5j(2b) >6j(2b) 4j(=3b) >5j(=3b)
tt+LF 80300 + 9900 38700 7400 19300 +£5300 6300 +1000 5600 +1600
tt+cc 5200 + 2900 4500 +2600 3800 +2300 740 = 410 1800 +1000
ti+bb 1720 £ 940 1550 + 830 1390 + 820 660 + 370 2300 +1200

ttH 337+ 4.6 446+ 54 689+ 9.1 155+ 25 87 + 11
iV 128 + 40 151 + 47 189 + 59 17.6+ 57 8 + 27
Single-top 5020 = 770 1970 + 420 880 + 270 360 = 83 330 = 110
Wjets 3400 + 1700 1270 + 720 640 =+ 400 190 + 100 170 + 100
Z+jets 1330 £+ 670 400 + 220 150 + 95 53 £ 31 49 = 39
4% 232 = 69 108 + 41 52 £ 25 107+ 36 137+ 6.0
Multi-jets 2160 + 870 670 = 260 330 = 150 160 + 67 150 = 100
Totalbkg 100000 +£11000 49300 +8600 27100 +6600 8500 <1300 10600 +2500
Data 102 462 51421 26948 9102 11945

Table 1: Expected event yields of the SM background processes and observed data in the five categories. The first
four columns show the event yields in the CR, the last column shows the event yields in the SR. The uncertainties
include statistical and systematic components (systematic uncertainties are discussed in section 4.3).

6

Pre-fit event yield table for signal (MSSM m, __,) |

my+ [GeV] tanp 4j(2b) 5j(2b) >6j(2b) 4j(=3b) >5j(=3b)
0.5 2580 +420 1670 +190 1050 +300 730 +190 1750 +200

200 0.7 1290 +210 834 + 93 520 +£150 366 + 95 880 <100
0.9 760 +120 493 + 55 309 + 88 216 + 56 518 + 59

0.5 397 + 69 406 + 44 390 +£100 211 + 56 756 + 76

400 0.7 200 + 35 204 + 22 197 + 51 106 + 28 380 + 38
0.9 119 + 21 121 + 13 117 + 31 63 + 17 226 + 23

0.5 71 + 14 85 + 12 107 + 29 36 + 11 183 + 23

600 0.7 347+ 69 415+ 356 52 + 14 174+ 53 89 + 11
0.9 198+ 39 237+ 32 298+ 8.1 10,0+ 3.0 509+ 6.5

Table 2: Number of expected signal events in the five categories for a few representative points of the m}}‘“d‘ scenario

of the MSSM. The last column shows the event yields in the SR. The expected uncertainties contain statistical and
systematic components (systematic uncertainties are discussed in section 4.3). Uncertainties on the cross sections

and branching fractions for the m}}“’d’ scenario are not included.




BDT input variables for training

The scalar sum of the P; of all selected jets

The pT of the leading jet

The invariant mass of the two b-tagged jets that are closest in 4R
The second Fox—Wolfram moment, calculated from the selected
jets

The average 4R between all pairs of b-tagged jets in the event

* TNETNDREEYT XADmass pointC EIChL—=2 7 & HTH-o 1=

Fox-Wolfram Moments (H+ analysis)

e Fox-Wolfram moments , W;(1=0, 1, 2, ...)

v Ieillej
* Wi =2ij=0F

Py(cos ;)

Pij= Ty bDEE

E= ARXUERDD YD IRILF—DF]
P(cos Q) = ILOv RV IER

cos Q;; = cosOi cosbj + sin0i sinOj cos(di-¢j)
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Pre-fit plot for BDT output in control region
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Systematic uncertainty — & Sowimenn 1w . =
E' Systematic uncertainty Type Components
Luminosity N 1
Reconstructed objects
Electron SN 5
Muon SN &
Jet energy scale SN 22
Jet energy resolution SN 1
Jet vertex fraction SN 1
Jet reconstruetion efficiency SN 1
b-tagging efficiency SN 6
° geimg A
Type e-tagging efficiency SN 4
H H — B2 488 LF-tagging efficiency SN 12
) . 7 ==y = ¢
N . normallzatlon '“5!/ B High-py b-tagging efficiency SN 1
B2 488
° S : Shar el Background modelling
p ‘El/ = it cross section N 1
tt modelling: parton shower SN 3
ti modelling: pr reweighting SN 9
t+HF: normalisation N 2
ti+¢E pr reweighting SN 2
tr_—cr_?: generator SN 4
tt+bb: NLO shape SN g
Single-top-quark cross section N 1
Single-top-quark model SN 1
1tV eross section N 1
1tV model SN 1
W +jets normalisation N 3
W pr reweighting SN 1
Z+jets normalisation N 3
Z pr reweighting SN 1
Diboson normalisation N 3
Multi-jets: normalisation N 2
Multi-jets: method SN 3
Signal modelling
H* — th: generator N 1
H* — b scales N 1

H* — th: PDF SN 1




Systematic uncertainty

Source of uncertainty

Fractional uncertainty [%]

mg+ = 300 GeV  mpy+ = 500 GeV
tf modelling 31 33
Jets 21 9.5
Flavour tagging 19 24
Other background modelling 9.6 12
Signal modelling 8.0 35
Lepton 1.2 0
Luminosity 1.1 0.4
Statistics 8.9 18

Table 3: Fractional uncertainty on the parameter of interest relative to its total uncertainty, broken down into various
sources and for two mass hypotheses. The values are obtained after fits to the background-plus-signal hypothesis.

The largest contribution to the total uncertainty comes from the 77 modelling.

23
Symmetrised pre-fit uncertainties in %

Uncertainty {+bb  ti+ce H+LF (IH IV Single-top Wjets Z+jets VV  Multijets H™

Cross section 50 50 5.5 11 30 4.5 54 54 34 - -
Luminosity 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 - 2.8
Light jet rej. 0.68 2.0 4.7 061 1.9 4.5 13 18 5.5 - 0.76
b-tagging 6.6 4.8 5.2 57 55 5.8 45 45 6.6 - 6.1
c-tagging 0.92 6.9 5.5 1.3 41 4.9 5.7 3.1 4.8 - 0.68
Jet sys. 5.1 6.7 8.6 34 38 12 16 45 21 - 43
Lepton sys. 1.5 1.5 1.5 1.5 0.06 1.6 1.7 21 1.7 - 1.5

tt reweightings 8.2 13 8.1 - - - - - - - -

tt parton shower 6.3 16 22 - - - - - - - -

Other bkg model. - - - - 0.73 17 4.9 4.6 - 67 -
H* modelling - - - - - - - - - - 4.9

24




Nuisance parameters that have large correlations

tf rw: generator

N
o

t1+bb: cross section

tf+bb rw: renorm. scale function

—_
o

th o(gb—tH XBR(H —tb) [%)]

Multi-jets: fake method

fi+bb: parton shower 0
H: generator
-10
c-tagging: 4th component
c-tagging: 3rd component -20
b-tagging: 6th component
-30 =
b-tagging: 5th component =
Jets: JesEffectiveModel 1 -40 8
=
Jets: EtalntercalibrationModel 15 : @©
| -50 @
200 400 600 =
o iy m... [GeV] ©
{s=8 TeV, 20.3 fb’' H*
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Post-fit pulls and impact of the 15 most relevant
uncertainties on the best-fit value

A(o(gb—tH)XBR(H —tb)) [pb]

-1 -0.5 0 0.5 1
+(G-BH)IA3 LI L L L L L I

[ ABR) for 6 =+Ab  —ATLAS m,;=300 GeV
B A(0xBR) for 6 =-A8  —{s=8 TeV, 20.3 fb’ .

tT+bb: cross section — —
Jets: JesEffectiveModel1 — —e—— 1N
c-tagging: 1st component |— —
ti+cT: cross section [— —- —
ff+¢Z: parton shower — e
Jets: EtalntercalibrationModel |— —_——
JesEffectiveModel2 —
c-tagging: 2nd component —
H': PDF [~
Single-top: Diagram subtraction —

.
S
—oi
—=—
tf: cross section [— —.—“— —
=
———=1
—e
e

LF rejection: 10th component —
Jets: reco. efficiency —

Jets: b-jet energy scale —
b-tagging: High-pT extrapolation |

2-15-1-050 05 115 2
(B-6,)/10 26




Post-fit pulls and impact of the relevant

uncertainties on the best-fit value

A(c(gb—tH")XBR(H"=tb)) [pb]
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b-tagging: 5th component — . —
Jets: Jet vertex fraction — . —_— —
Ztjets: 4j-bin cross section — .Q —
tt+LF: parton shower [— B —r —
tf+bb: cross section [— N—e— ]
tf+bb rw: PDF [— — e
tt rw: radiation [— —g— —
Jets: EtalntercalibrationModel — + -
tf: cross section [— ——= .
ol b b i b
2-15-1-050 05 1 15 2
(8-6,)/A0 27
. - 28
post-fit R D FE R
Process 4j(2h) 5j(2b) >6j(2h) 4j(=3h) >5j(=3b)
tr+LF 83600 +1900 41800 =+1400 21000 +£1000 6750 +270 6650 +390
tr+ct 3200 +1700 2600 =+ 1400 2100 +1200 490 +230 1260 +570
17+bb 1500 =+ 530 1300 = 440 1050 + 450 600 +£210 2040 +550
ttH 346+ 3.8 446 + 4.9 66.7 + 7.8 162+ 1.9 87 + 10
v 132 =+ 39 153 = 46 186 + 57 185+ 54 87 + 26
Single-top 5030 += 530 1970 = 270 800 + 170 380 = 55 342 + 70
W+jets 4500 +1100 1660 + 470 750 £ 270 250 + 62 220 + 69
Z+jets 1330 + 560 370 £ 190 137 + 80 56 + 23 36 + 27
| 4% 223 + 63 103 = 39 47 + 23 104+ 3.1 15.0+ 5.3
Multi-jets 2230 + 590 690 + 180 330 + 100 160 + 46 208 + 88
Total bkg 101800 +2200 50700 +1600 26600 +£1100 8730 £330 10950 +490
H~ 700 + 310 600 = 260 430 = 190 370 +£160 990 +440
Data 102462 51421 26948 9102 11945




BDT output distribution in signal region
(post background onIy fit, mH+=200 GeV)
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BDT output

BDT output distribution in signal region
(post background only fit, mH+=400 GeV)

v. 1600 _I T | T T T | T T T | T T | T T | -'—I T T | L | T T | T T T | T T I_
S - ATLAS gb—tH (tb) Post bkg-only fit 7
@ 1400 (s=8TeV,20.3f" >5j(=3b) eD -
s F TR N
L% 1200—— Total bkg in sig+bkg fit -
- --H'400GeVshape i~ v Wlgece
1000 i i —
- e B 65 .
800[— : [ ] Other bkg—]
6001 i_.Total unc_:
400 -
200 ’ —
— { | —
.. B 1 L1 L1 L1 L1 L1 __ -‘- ------ i
()] 1.2 E T T T T T T T T T -
~ E ]
B

3 .
8 1 2% Z
0.9 —/T/ ¢ E
08 E 1 1 1 1 1 1 1 3

-1

-08 -06 04 -02 0 02 04 06 08
BDT output

—_




BDT output distribution in signal region
(post background onIy fit, mH+=600 GeV)
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2 Higgs Doublet Model 32/15

e Added one Higgs doublet to SM
— h9, HO (CP even), A° (CP odd), H*(charged)
— Assume the discovered Higgs = light CP-even Higgs boson, h°
* 4 Types
— Different couplings of quarks, leptons and vector bosons to Higgs fields

Table: Coupling scale factor: k = g2HPM/g5M (g2HDM=|ight Higgs boson coupling)

Coupling scale factor Type 1 Type II Type 11 Type IV
Ky sin(f — a) sin(f — a) sin(f8 — a) sin(f — a)
Ky cos(a)/sin(B) | cos(a)/ sin(g) cos(a)/ sin(g) cos(a)/ sin(B)
Kd cos(a)/ sin(f3) || —sin(a)/ cos(B) | cos(a)/sin(f) | —sin(a)/cos(S)
K cos(a)/ sin(B) | —sin(a)/ cos(B) || —sin(a)/ cos(B) | cos(a)/ sin(f)
tanB=% a: mixing angle of h®and H®  Vvy,v,=vacuum expectation values (plural)

» Different rates of hY productions and decays from SM Higgs
* Constrain 2HDM parameters
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Stop and Sbottom mass

* Radiative correction to Higgs mass * No mixing: mh < 122 GeV
> top/stop sector e mh max: mh < 135 GeV
» tau/stau and bottom/sbottom sector (high tanp)

* mass matrix for £, £, and b, b, eigenstates

e = M} +m} + cos23(3 — 3s) M3 me X;

E T m X, _-HER +m2 + %cos 23s2 M2 )

Ve — Mf;, + mj + cos25(—5 + 355 ) M7 mp X}

b mpXs M fﬂ - mg — %c-.os 28s2 M2 )
where

Xy = my(A; — p"cot B), my Xy = my (A, — p" tan 3).

e At, Ab: trilinear Higgs-stop, sbottom coupling ¢ s,:V1—cw,c,=Mw/Mz
* W: Higgsino mass
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Parameter setting (m, mod)

— The -m.ﬁ“’d scenario:
Departing from the parameter configuration that maximizes My, one naturally finds scenarios
where in the decoupling region the value of M, is close to the observed mass of the signal over
a wide region of the parameter space. A convenient way of modifying the m'** scenario in this
way is to reduce the amount of mixing in the stop sector, i.e. to reduce | X /Mgygy| compared to
the value of ~ 2 (FD calculation) that gives rise to the largest positive contribution to My, from the
radiative corrections. This can be done for both signs of X;.

midt Mgusy = 1000 GeV,u = 200 GeV, My = 200 GeV,

Xt_os = 1.5 Msysy (FD calculation), XF = 1.6 Msusy (RG calculation),

Ay = Ay = A, Mz = 1500 GeV, J‘u’ig = 1000 GeV . (362)
mﬂwd_: Msygy = 1000 GeV, u = 200 GeV, Ms = 200 GeV,
X[.OS = —1.9 Msysy (FD calculation), XF = —2.2 Msysy (RG calculation),

Ap = A, = Ay, Mg = 1500 GeV, M;_ = 1000 GeV . 363)




MSSM Higgs Decay &

H* Decay mode for m, max scenario

e A MSSM Higgs decay mode _
» The Higgs mass
» tanP ~ |
» Scenario: Changing parameters H
related with SUSY
e mh max: hO mass is i
maximized for fixed tanP, Ll L]
mA (h0 < 135 GeV) H "“S"“eca ot e
* mh mod=: modification of y mode for mh mod- scenario
mh max( =: sign of

| Xt/MSUSYl )

anl
T

w0

*Requirement of 2HDM: Triangle

anomalies from higgsino is canceled ) T Lol

by introducing additional Higgs T m e e T m e e ™ =
doublet
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Direct search: MSSM H* — t*v
ATLAS-CONF-2014-050

e Production process H* Decay mode for m, max scenario

10 g

¢ mH*<m: gluon fusion
e Top quark decay
e mH*> m,,,: With top quark (hadronic decay)
* Cross section: Evaluated on 4Flavor =
Scheme and 5 Flavor Scheme C:
e H* - t*v decay

¢ mH*<m, : dominant decay

10'E

¢ mH*>m, : second dominant decay R T 8
M, [Gev]

e ~1/5 x Br(H¥—tb) in high tanp

*m,, max scenario is explained at page 12

Same process, but different calculation for x-sec

gluon fusion

7 OO ————




4FS and 5FS

4FS and 5FS: Different way of ordering perturbation theory
4FS (gg - bbarH)
— mb >> QCD scale, calculated order by order
— not b-quarks as partons in the proton
5FS (gg - (bbar)H
— logarithms of the form In(uF/mb) in gluon splitting, uF = mH/4
— 4FS: Collinearly b-quarks and H >> 4mb, In(uF/mb) -> co

— 5FS: In(uF/mb) terms can be summed to all orders in perturbation theory
by introducing bottom parton densities
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Santander matching

AFS , ~0OFS
n.matched _ a +Wwao w = In My 9
14w my
é\ B T T T T | T 1 T T | T T T T T T T T | T T T T | T T T T | LI LI T T T T i
5 i Vs =7 TeV
102
10 7 - 4FS gg—bbH (NLO) E
i matched
10 |
1 - . _
: u=(2m,+my)/4 ;
E MSTW2008 b “':
10 _1 L1 1 | | L Ll | L1 1 | | L1 1 | | L1 1 | | L1 1 | | Ll Ll | L1 1 |

100 150 200 250 300 350 400 450 500
my (GeV)
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Charged Higgs(300 GeV) cross section

Expected cross section for

H* production in association
with a top quark (4FS and 5FS
matched) times the branching
fraction of H*—> tb, as a
function of (a) m,*in the

m, ™% scenario and (b) tanf
for various MSSM scenarios

E T ‘ T T ‘ T
O_ -
: m:qod
% 17 mpee MSSM E
. i mp e m, = 300 GeV -
L T — light stau ]
x - — tau-phobic -
m .
x r light stop
E']O = .
3 : L E
T [\ ]
0 Lo il
& 1\
S - i
© 10 2 _
C 1 1 ‘ | | | 1 ‘ 1 | 1 1 | 1 ‘ 1 1 1 1
0 10 20 30 40 50
tanp
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Charged Higgs(MSSM m, ...4) cross section

re)

L

o)

T

Expected cross section for L
H* production in association %
with a top quark (4FSand 5FS X
matched) times the branching
fraction of H*-> tb, as a o)
function of (a) m,* in the L{
m, M°% scenario and (b) tanf o
for various MSSM scenarios D
S

©

10

MSSM m["**

102 3 E
0—3 :_ _ —:
=—tanB=0.5 =
[—tanB =7 ]
0—4 - =
=—tanf = 30 E
~—tanp = 60 1
10-5 | [ | I | | L1 | I | | I | ‘ I |
200 300 400 500 600 700 800 900

m, [GeV]
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Expected cross sections m,mod-
benchmark model of the MSSM

41

mpy+ [GeV] 200 ‘ 400 600

tan 3 0.5 0.7 0.9 0.5 0.7 09 0.5 0.7 0.9
o(gg/gb — t(b)H™) [pb] | 6.86 350 2.11 | 1.07 0.55 0.33 | 023 0.12 0.072
BR(H™ —tb) [%] 99.8 97.8 957 | 986 9O7.3 956 | 952 909 85.6
U+ [GeV] 419 218 1.34 | 649 336 20.7 | 114 61.2 39.3

42
Observed and expected 95% CL limits on
o(gb—> tH*) X BR(H*—> tb)

mpy+ [GeV] Observed Expected —20 —1lo 1o 20
200 6.28 378  2.03 273 523 7.0
225 3.83 2.40 129 1.73 3.33 4.55
250 4.20 1.98 1.06 143 276 3.81
275 2.78 1.69 091 1.22 234 3.18
300 2.89 1.44 077 1.04 2.00 2.75
350 1.57 006 052 0.69 1.34 1.83
400 1.04 0.64  0.35 046 090 1.23
450 0.91 045 024 032 064 0.88
500 0.68 040 022 029 057 0.79
550 0.51 0.31 0.17 023 045 0.64
600 0.24 0.25 0.3 0.18 0.36 0.5




Search and Limit;: HE —» t*v

ATLAS-CONF-2014-050
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e Hadronic t channel
* Low mass: 80 < mH* < 160 GeV for gluon fusion
* High mass: 180 < mH* < 1000 GeV for with top quark
e Background (Data T o st
. D ATLAS Prelimi % Data 2012 z E E
dr|Ven) g:; J _re |m|na_1r1.r H;u:: ] ; E —— Observed ClLs E:: 3011925 & E
. S10 Ldt=195f"  Betr . C Expected =19. ]
i True t. ===y = 130 GeV 1 -:1:-10717 - +1o M’E:BTEV =
. Bt > bHBH - w=00%] T E %2 E
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i <) [ |
method N i
* jet—>T:. Mis 1038 5 F
identified lepton 23 il |
e Background (MC) & 9400300 300 400 300”600 700 800 OB T R TV E TV - B TV VTV T - T
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Exclusion plot for charged Higgs
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Search and Limit: H¥ — t¥v 4
CMS result

19.7 o' (8 TeV) 19.7 o' (8 TeV)
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L CMS t—HbH - v, CMs pp — Hb)H. H — v,
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Figure 8: Expected and observed 95% CL model-independent upper limits on B(t —
H*b) B(HT — 177v;) with my- = 80-160 GeV (left), and on o(pp — t(b)HT) B(HT — 177v;)
with m+ = 180-600GeV (right) for the HT — t7v; search in the t,+jets final state. The
regions above the solid lines are excluded.

Cross section Limit: HE > t*v 4
CMS result

19.7 671 (8 TeV) ] 19.7 (8 TeV)
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Figure 8: Expected and observed 95% CL model-independent upper limits on B(t —
H*b) B(HT — 17v;) with my+ = 80-160GeV (left), and on o(pp — t(b)H™) B(H* — 1)
with my+ = 180-600GeV (right) for the HT — 77v; search in the 1,+jets final state. The
regions above the solid lines are excluded.




Cross section Limit: HE > tb 47

CMS result
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Figure 9: Expected and observed 95% CL upper limits on {pp — t(bJH") for the uT, (upper
left), f+jets (upper right), and #£' final states (bottom) assuming B(H™ — tb) = 1. The regions
above the solid lines are excluded.

Cross section Limit: HE > tb 4

CMS combine result
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Figure 10: Expected and observed 95% CL upper limits on ¢(pp — t(b)H™) for the combina-
tion of the ut,, f+ets, and £¢' final states assuming B(H™ — tb) = 1. The region above the
solid line is excluded.




Exclusion reagion in mH*-tanf plane: H¥ — tb and t*v
CMS combine result
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Text for exclusion reagion
CMS combine result

Figure 11: Exclusion region in the MSSM ny:—tan f parameter space for mpy+ = 80-160 GeV
(left column) and for my+ = 180-600 GeV (right column) in the updated MSSM m ™ scenario
(top row) and mﬁc’d_ scenarios [29, 33] (bottom row). In the upper row plots the limit is derived
from the Ht — 7tv; search with the ThHets final state, and in the lower row plots the limit
is derived from a combination of all the charged Higgs boson decay modes and final states
considered. The +1¢ and £2¢ bands around the expected limit are also shown. The light-grey
region is excluded. The red lines depict the allowed parameter space for the assumption that
the discovered scalar boson is the lightest CP-even MSSM Higgs boson with amass my = 125+
3 GeV, where the uncertainty is the theoretical uncertainty in the Higgs boson mass calculation.




HT — tb search in s-channel ’ :

E :I T T I LI | TTT LI I T 1T | LI | LI I T T 1] E :I | LI | T 1T LI LI | T 1T | LI | T T I:
= L ATLAS = e Expected limit 2 L ATLAS = Expected limit -
E 2__ I = | E" 2—_ i i =
b 10 5= 8TV, 203 ot — Opsened Limt 3 7 10 5= g Tev, 20,3 o — Obserned Limit
+ C +1a ] + C +1ag ]
= 1ok 9= H'(tb), [+jets 126 ] = 1oL 997 H(tb), all-had .24 i
g & s
T f 1 T ]
T 1F U 3
g g ]
© I =]
10'g 3 0% —
10—2_|||||||||||||||||||||||||||||||_ -10—2_|||||||||||||||||||||||||||||_
04 06 08 1 12 14 16 18 2 16 18 2 22 24 26 28 3
H mass [TeV] H" mass [TeV]
(a) (b)

Figure 10: Expected and observed 95% CL limits on the s-channel production cross section times branching fraction
for H* — tb as a function of the charged Higgs boson mass, in the (a) lepton+jets final state and (b) all-hadronic
final state, including all systematic uncertainties, using a narrow-width approximation.

Luminosity ratio 52
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ttbar cross section
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B-tag algorithm

e MV1: multivariate tagging algorithm
—IP3D: EEFRIE A (X9 BtrackDEZEIHEL
—SV1: 2RARIE M

— JetFitter: C/\FAAB/\FA> D FRIE D £ o]
OEEE
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