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3wt Introduction & Motivations
{} H - bb analyses at the LHC
e VH, H>bb
e ttH, H=>bb
{3} Summary
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Higgs-like boson discovery

i;‘} July 4th 2012, new Higgs-like boson observation
was announced by both ATLAS & CMS g

% Mww.elsevier.com/locate/physletb \
S \ :‘:

PLB 716(2012) 1-29
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Higgs-like boson discovery =~ =

{& July 4t 2012, new Higgs-like boson observation D
was announced by both ATLAS & CMS g

i':} Recently, ATLAS & CMS updated Higgs search
result with full dataset

Mww.elsevier.com/locate/physletb \
S \ :"l
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ATLAS Preliminary s =7TeV,|Ldt = 4.6-4. be

Higgs-like boson discovery = *— ﬁTev;th
1 f
Property measurement (mass, spin, CP, coupling) ™ r

is ongoing mainly using bosonic decay modes ”‘“:Cf’jj::a i pa”ff”lete' it
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+ SM

If the new boson is the SM Higgs,

it predominately decays to the b-quark pair.
- Y,

This talk focuses on H=>bb
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Higgs Production & Decay
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gg Fusion tt Fusion

{:} For m, = 125 GeV
o(WH) =0.573 (0.697) pb for 7 TeV (for 8 TeV)
o(ZH) = 0.316 (0.394) pb for 7 TeV (for 8 TeV)
o(ttH) = 0.086 (0.130) pb for 7 TeV (for 8 TeV)
Br(H>bb) = 0.577

(LHC Higgs cross section working group)

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
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LHC and ATLAS/CMS

e proton-proton collisions at 7 TeV (2011)
and 8 TeV (2012)

e The peak instantaneous luminosity
at8TeVis 7.7 x 1033 cm2 s

e ATLAS & CMS are large general purpose
detectors built on the LHC

I I I I I
ATLAS Online Luminosity

Integrated Luminosity - .

b

g a0 aeEw .
e Both ATLAS and CMS recorded £ oosp e E
> 5.0 fb'1 (2011) and > 23 fb! (2012) 3 200
e In this talk, analyses use full dataset § 15E
of 2011 and up to 13 fb! of 2012 dataset 101
5
?\a“ - o 3 oct

Month in Year
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LHC and ATLAS/CMS
=

e proton-proton collisions at 7 TeV (2011)
and 8 TeV (2012)

e The peak instantaneous luminosity
at8TeVis 7.7 x 1033 cm? st

e ATLAS & CMS are large general purpose
detectors built on the LHC

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

25

Integrated Luminosity
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e Both ATLAS and CMS recorded
> 5.0 fb1 (2011) and > 23 fb1 (2012)
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e |n this talk, analyses use full dataset
of 2011 and up to 13 fb! of 2012 dataset
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VH, H 2bb Analyses

/ dataset: \

s 4.7 fb-1 (2011, 7 TeV)
13.0 fb-1 (2012, 8 TeV)

| 5.0fb-1(2011, 7 TeV)
\ 12.1fb-1 (2012, 8 TeV)

==
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Overview of Analysis
i;'} H->bb has the largest BR at the low mass, but very large QCD multijet background
— Focus on associated production with W or Z
O-lepton (ZH->vvbb), 1-lepton (WH—>1vbb), 2-lepton (ZH->1lbb)
i;'} Selection for the VH—>Vbb analysis
- Triggers: MET (ATLAS), MHT or MET + 2jets (CMS) for O-lepton
1 high-p; electron or muon for 1-lepton
1 or 2 high-p; electrons or muons for 2-lepton
- Jets: Antikt R=0.4 jets, p;,(p;,) > 45 (20) GeV & |n| < 2.5 (ATLAS)
Antikt R=0.5 jets with particle flow, p; > 30 GeV & |n| < 2.5 (CMS)
- b-tag: two b-tagged jets (ATLAS, CMS)
-V boson: MET > 120 GeV (ATLAS), MET > 130 GeV (CMS) for 0-lepton
1 high-p; tight electron or muon for 1-lepton
2 high-p; electrons or muons with looser criteria for 2-lepton

}‘,x? Main backgrounds: V+jets, top, Diboson

Beauty 2013, April 8 Y. Nagai (CPPM) 10



Overview of Analysis (cont.)

A
T
g .. » L

B A
S

Beauty 2013, April 8

- Sub-divided into several p;(V) signal regions

to maximize sensitivity
- b-jet energy corrected by including soft lepton p;
- Final result with invariant mass of b-jets (m,,))

|- Categorized into low & high p(V) signal regions

AL Y D B O O B T T
F CMS Simulation - M
AF fe=8TeV,L=121 " E
E Z(ITH(bb) =
: CMS 1 1
- (I

I - b-jet energy regression with Boosted Decision Tree 5355065640 380 Ta
- Limit extracted from BDT discriminator MalEe
O-lepton (ZH—>Vvvbb) channel
ATLAS E,™iss (GeV) 120-160 160-200 >200
CMS ETImiss (GeV) 130-170 >170
1-lepton (WH->Ivbb) channel
ATLAS p;V (GeV) 0-50 50-100 100-150 150-200 >200
CMS p;V (GeV) -- 120-170 >170
2-lepton (ZH->llbb) channel
ATLAS p,Z (GeV) 0-50 50-100 100-150 150-200 >200
CMS p,Z (GeV) = 50-100 >100
Y. Nagai (CPPM) 11



Control region
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Systematic uncertainties

n»r->»

n»r->»

Signal & Background

Source Range
Luminosity 2.2-4.4%
Lepton efficiency and trigger (per lepton) 3%
Z(vv)H triggers 3%
| Jet energy scale 2-3%
! Jet energy resolution 6%
Missing transverse energy 3%
b-tagging 3—-15%
Signal cross section (scale and ﬁ} 4%

Signal cross section (pr boost, EWK/QCD) 5-10% / 10%

Signal Monte Carlo statistics 1-5%

Backgrounds (data estimate) =2 10%
Single-top (simulation estimate) 15-30%
Dibosons (simulation estimate) 30%

Background
Uncertainty [%] | O lepton | 1 lepton | 2 leptons
b-tagging 6.3 6.0 6.0
c-tagging 1.3 6.4 3.6
light tagging 2.1 2.2 2.8
Jet/Pile-up/ET's 20 1.0 5.4
Lepton 0.0 2.1 1.8
Top modelling 2.7 4.1 0.5
W modelling 1.8 54 0.0
Z modelling 2.8 0.1 4.7
Diboson 0.8 0.3 0.5
Multijet 0.6 2.6 0.0
Luminosity 3.6 3.6 3.6
Statistical 8.3 3.6 6.6
Total 25 15 £l
Signal
Uncertainty [%] O lepton | 1lepton | 2 leptons
ZH | WH WH ZH
b-tagging 8.9 | 9.0 8.8 8.6
Jet/Pile -up/ E™'sS 19 | 25 6.7 4.2
Lepton 0.0 | 0.0 2.1 1.8
H — bb BR 3.3 | 3.3 33 3.3
VH pr-dependence | 5.3 | 8.1 1.6 5.0
VH theory PDF 35| 35 3.5 3.5
V H theory scale l.e | 04 0.4 1.6
[Statistical 40 18 | 41 2.6
Luminosity 3.6 | 36 3.6 3.6
Total 24 | 34 16 13

Beauty 2013, April 8

Y. Nagai (CPPM)

Main experimental systematics
- b-tagging (ATLAS, CMS)

- Jet/MET (ATLAS)

- MC statistics (ATLAS)
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Background subtraction

{:} Backgrounds are subtracted except diboson & Higgs signals

CMS

Beauty 2013, April 8
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HUp = 1.09+0.20(stat.)£0.22(syst.)
Significance 4.0c

Nice validation for H>bb search

250 with well-known diboson

VZ->Vbb signal

— Clear diboson peak visible in
both ATLAS and CMS result,
good agreement with SM
expectation

14



Final discriminant distribution
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ttH, H =2bb analyses

/dataset: \

@

WS/ | 5.0 fb-1 (2011, 7 TeV)
| 5.1fb-1 (2012, 8 TeV)

= =

4.7 fb-1 (2011, 7 TeV)

ner-=>»
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Overview of Analysis

Important channel to test top-Higgs Yukawa coupling

— Analyze 1-lepton (ATLAS, CMS) & di-lepton (CMS) top-pair decay channels

= Total number of jets (b-jets) in final state: 4 or 6 jets (4-bjets)

Selection for the ttH—>ttbb analysis

- Triggers: 1 high-p; electron or muon for 1-lepton channel (ATLAS, CMS)

any combination of electrons and muons for di-lepton channel (CMS)

}‘,::} Main background: tt + jets
{;‘; Strategy: Categorize based on number of jets, b-tagged jets

- Define signal enriched region, background enriched region,

and cross-check region based on jets and b-tagged jets multiplicity

- Analyze m,, distribution (6 jets, 23 b-tagged jets) or X(p,/°**) (others)
_- Include background enriched regions in the fit to constrain uncertainty

- Low jet (b-jets) multiplicity region to determine background normalization,
CMS ! | and define high multiplicity as signal region

'] - Analyze Artificial Neural Network (ANN) distribution to extract signal

- Include all Higgs decays, largest contribution from H=>bb

-

Beauty 2013, April 8 Y. Nagai (CPPM) 18



Analysis Strateqy (ATLAS) 3

— L
Lepton + jets: For 26 jets with >3 b-tags regions A
5 jets with 3 b-tags, 24 b-tags - Kinematic fit to reconstruct tt system -
>6 jets with 3 b-tags, > 4 b-tags - Reconstruct m,, using remaining 2 jets

For other regions

— 4 signal regions in total .
- Use H;"2d (scalar sum pT of jets)

- Background region is included into
final fit together with signal region

g U‘IB:LI TT I LI I T I--I--I. | LELELEL I T T T T | LI I TrIrrr I TTT ]__
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Analysis Strategy (CMS) m -

el

Lepton + jets:

4 jets with 3 b-tags, 4 b-tags

5 jets with 3 b-tags, 24 b-tags

26 jets with 2 b-tags, 3 b-tags, 2 4 b-tags
— 7 signal regions in total
Di-lepton:

2 jets with 2 b-tags

23 jets with 23 b-tags

= 2 signal regions in total

Construct ANN as discriminant variable
- Optimize set of inputs for each region

Beauty 2013, April 8
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Final discriminant distribution

E 14 [ ATLAS Preliminary g+ > 6 jets, > 4 b tags s ATLAS Preliminary  e+u =6 jets, 3btags 3
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ATLAS: Post-fit final discriminant distributions
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CMS: Final discriminant distributions after applying all scale factors
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Result
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Summary

{ﬁ} ATLAS & CMS analyses search for the Higgs boson
decaying to b-quark pair
 VZ->Vbb: Observed SM diboson process with 4o significance
e VH->Vbb: Sensitivity @125 GeV is close to SM, CMS observed
2.2G excess
o ttH->ttbb: Observed (Expected) limit on G, X Br(H>bb) @125 GeV
ATLAS: 13.1 (10.5) x 5(SM), CMS: 5.8 (5.2) x c(SM)

{} All H=>bb analyses have yet to use full 2012 dataset
e Will increase significance of H>bb search

{f,? ATLAS & CMS are currently working to achieve further
analysis improvements
* Will expect solid observation soon if the SM H—->bb process

~ [ Staytuned!!
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ATLAS & CMS detector
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ATLAS & CMS Luminosity

Total Integrated Luminosity [fb™}

Total Integrated Luminosity (fh')
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ATLAS & CMS nggs mass measurement
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ATLAS & CMS signal strength
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ATLAS coupling result
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CMS spin & coupling result

yE=7TeV L=5.1fk"

CMS Preliminary Ve=8TeV L=19.6f"
= CMS Prefiminary 15=7TeV,L=51f" (s=8TeV,L=10.6f"
; : +BE5IF|T. :;. 12_||||||||||||||||IIIIIIIIIIII|||||||||||||||||||||_
g 4 = o .
=L —1o 10F BlsswcLt 3
B 26 st MeswcL 3
3: ok o best fit 3
na H>7Y A + sM E
oL H->Z2Z->4l
i o ]
; 2 .
0 - .
: - 148 3 E
_1:_ EE$= 0.52 -6~ -
:IIIIIIIIIIII|IIII|IIII|IIIIIII _E:IlllllllllllllllllIIIIIIIII|||||||||||||||||||||:
-~ 5 1 S 3 ; 2105005 115 2 25 3 35 4
|LJ';;|;;|H+'l'tH I-lF
B production comment expect (u=1) | obs. 07 | obs. J* | CL;
0~ gg — X pseudoscalar 2.60 (2.80) 0.5¢ 3.3c | 0.16%
0, ¢¢ — X | higher dim operators | 1.7¢ (1.8¢) 0.0c 1.7c 8.1%
H>272Z-~>4l 2}33, gg — X m%n_:lmal cc-upl%ngs 1.8¢ (1.90) 0.8¢ 270 1,5”;’3
2 mgq g7 — X minimal couplings 1.7¢ (1.90) 1.8¢ 400 | <0.1%
1- g7 — X exotic vector 2.8¢ (3.10) 140 >4.00 | <0.1%
1" g7 —+ X exotic pseudovector | 2.3¢ (2.60) 1.7¢ >4.00 | <0.1%

Beauty 2013, April 8

Y. Nagai (CPPM)

30




b-tagging
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JET/MET performance
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Categorization & Event selection (VH)

O-lepton channel
EX'™ (GeV)| 120-160 160-200 =200
AR(D.b) 0.7-1.9 0.7-1.7 <l.5

1-lepton channel
p.]i‘." (GeV) |0-50/50-100/100-150{150-200>200

AR(b, D) >().7 0.7-1.6 (<14
EF"™ (GeV) > 25 > 50
n#"’{GcV) = 4() -

2-lepton channel
;)#(GEV} 0-50/50-100{100-150/150-200,>200

AR(b, b) >(.7 0.7-1.8 | <1.6
Variable Wi(év)H Z(¢thH Z(vv)H
g - 75 — 105] -
rriji) = 30 = 20 = 60
prj2) = 30 =20 = 30
pr(ji) > 120 - > 130
m(jj) < 250 [80 — 150] (< 250) < 250
§ | pr(V) [120 — 170] (> 170) (50 — 100] (> 100) - |
” CSViman > 0.40 > 0.50 (> 0.244) > 0.679
CSVimin > 0.40 > 0.244 > 0.244
CSVloose — (< 0.40) — — (< 0.244)
WY =0 - =0
Expiss > 45 (elec) - 130 — 170] (> 170)
Ag(ERIS, jet) - - > 0.5
&?{E%‘ES, E'F'iss ':“1"'5.:') _ — < (.5
A¢(V,H) - — > 2.0
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Boosted Decision Tree (CMS, VH 2Vbb) |CM5

{t? BDT variables to construct final discriminant

i b Do mead

Variable

prj: transverse momentum of each Higgs daughter

m(jj): dijet invariant mass

pr(jj): dijet transverse momentum

pr(V): vector boson transverse momentum (or EF**)

C5V may: value of CSV for the Higgs daughter with largest CSV value
CS5Vmin: value of CSV for the Higgs daughter with second largest CSV value
A¢(V, H): azimuthal angle between V (or E{"**) and dijet

|A5(jj) |- difference in 57 between Higgs daughters

AR(jj): distance in 5—¢ between Higgs daughters

Njj: number of additional jets

A¢(ET™*, jet): azimuthal angle between Ef"* and the closest jet (only for Z(vv)H)
ABpi: color pull angle [35]
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Background Normalization (VH 2Vbb)

Table 7: Rescaling factors obtained from the fit to the data for the V + b and top backgrounds. The error
includes statistical and systematic uncertainties.

Table 3: Rescaling factors obtained from a fit to the data for the V+ light and c-jet backgrounds. The \ﬁ — 7 TeV "y"? _ 8 TeV
error includes statistical and systematic uncertainties. The numbers for Z + ¢ are not expected to match A - i
between years; see text for details. & T TDP 1.10 £ 0.14 1.29 £ 0.16
L Z+b | 1.22£020 | 1.L11 £0.15
" Vs=TTeV | Vs=8TeV A w+b| 1192023 | 079020
T Z+e 1.99 £ 051 | 0.71 £0.23 S
L Z+light | 091012 | 095 +0.11
A W+e 1.04+£023 | 1.04£0.24
> W+ light | 1.03 008 | 1.01 £0.14

Table 6: Data/MC scale factors for each control region in each decay mode for the 2011 7 TeV
and the 2012 8 TeV analyses. The errors include the statistical uncertainty from the fit, and a
systematic uncertainty accounting for possible data/MC shape differences in the discriminat-
ing variables. Electron and muon samples in Z(/f)H and W(fv)H are fit simultaneously to

determine average scale factors.

Process W(fv)H Wi fv)H Zitt)H Z{tNH Z{wvv)H Z(vv)H
Low pr 7 TeV 8TV ¥ TeV 8TV 7 TeV 8TeV
CMS 1 W +1:Hi5-|:g 0.58 =001 003 1.01 £0.02 £ 0.01 - - 0.89 =001 =003 096+ 0.06+0.03
2 Wbb 191+0144£031 207 +015+0.10 - - 136+010+£015 1.30+017+0.10
E Z +udscg - - 111003 1+011 1.10+£002 006 087 £001£0.03 1.15L£007 £0.03
¥ Zbb - - 098 005+012 1.08+0.ME008 09 002003 112L£010E£004
I/ it 0.93 0022005 107 001001 103004 £011 1.01£002£006 097002004 1.05E£007L£003
| High pr 7 TeV 8 TeV 7 TeV 8 TeV 7 TeV 8TeV
W +udscg 0790011002 094 +0.02+0001 - - 078 0021003 095005002
Wbb 149014019 1721016008 - - 1480151020 1.7 +018X+0.10
Z + udscg - - L11+003£011 1.10+0.02+£006 097 +002+£004 1.04+0.07£0.02
Zbb - - 098 +0054+012 1.08+0.04+0.08 108+009+006 1.15+010+0.04
it 0.84 0024003 0991+001+£001 1030044011 1.01+002+006 0970024004 1.03+007+003
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CMS ttH ANN input variables

Table 4 The ANN inputs for the nine jet-tag categories in the 8 TeV tH analysis in the lep-
ton+jets and dilepton channels. The choice of inputs is optimized for each category. Definitions
of the variables are given in the text. The best input variable for each jet-tag category is denoted

by .
Lepton+Jets Dilepton
Jets =6 | 4 |5 | =6 4 5 | =6 2| =3
Tags 2 3 3 3 4 | =4 | =4 2 =3
Jet1 pr v |V v * | v
Jet 2 pr v
Jet3 pr A A v
let4 pr A A v
N,._b. v
pr(f, EF™ jets) * | v v o v v
M(¥, E““*‘“’,|ets‘:| v | v | v
untag unta
Amemge M{(]”J e v
Lill"’”{Im -]rr :IilLJH_'E.t] v
*M({Im rlrr 5 Jbest) v
Average AR (jm ', j,r ”;| v vV
Minimum &R(]m ,|,r 5) v v v
&R( " lc]uu_bt] v v v v
Sphericity v v v
Aplanarity v v
Hp v
Hj v v
H- v v
H- * v v
U=y VoY k] k| k| k| k|| V| K
(eS5V)2 v I VN A
Highest C5V value v
2"_highest CSV value iV v v|v |V
Lowest CS5V value VIV v v
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ATLAS ttH systematic uncertainties

= 0 jets, = 4 b tags

ttH(125) 1t Wjets Z+ijets Single top Diboson 1V Multijet
Luminosity +1.8/-1.8 +1.8/-1.8 +1.8/-1.8 +1.8/-1.8 +1.8/-1.8 +1.8/-1.8 +1.8/-1.8 —
Lepton ID+reco+trigger +1.3/-1.3 +1.3/-1.3 +1.3-1.3 +1.5/-1.5 +1.3/-1.3 +1.3/-1.3 +1.3/-1.3 -
Jet vertex fraction efficiency +2.4/-1.7 +2.5-1.9 +2.5/-2.3 +2.71-2.7 +2.5/-1.8 +1.6/-1.2 +2.5-1.9 -
Jet energy scale +9.6/-9.9 +13.5/-15.2 — +27.4/-286  +13.5-152 +27.4-286  +13.5/-15.2 -
Jet energy resolution +1.0/-1.0 +0.7/-0.7 +9.9/-9.9 +41.7/-41.7 +7.1/-7.1 +6.9/-6.9 +1.9/-1.9 —
b-tagging efficiency +30.4/-348 4229252 +29.7/-35.6 0 +22.5/-280 +26.2/-297 +34.0/-384  +26.0/-29.0 -
c-tagging efficiency +5.0/-5.0 +16.5-173 +16.3/-175 +12.7-140  +15.0/-16.0 +0.8/-11.5 +16.0/-17.2 -
Light jet-tagging efficiency +1.3/-1.3 +11.4/-12.1 +12.0¢-13.2  +31.1/-36.7 +8.5/-0.1 +2.7/-3.2 +4.2/-4.3 —
I cross section — +9.9/-10.7 — — — — — —
17V cross section — — — — — — +30.0/-30.0 —
Single top cross section - - - - +4.7-3.7 - - -
Diboson cross section — — — — — +5.00-5.0 — —
V+jets normalisation — — +58.8/-58.8 45B.B/-588 - - - -
Multijet normalisation - - - - - - - +82.8/-82.8
W+heavy-flavour fractions - - +35.%/-35.0 - - — — -
tf modeling - +15.8/-20.2 - - - - - -
ti+heavy-flavour fractions - +25.9/-25.9 — - - — — -
tTH modeling +1.3/-1.5 - - - - - - -
Total +32.5/-36.7 +46.3/-50.1 +78.0-80.8 +87.1/-914  +35.3/-39.1 +45.7/-50.2 +45.2/-4790 +82.8/-82.3

Table 8: Table summarising the overall normalisation uncertainties (expressed in %) in signal and each of the background processes for each of the
systematic uncertainties considered, prior to fitting the nuisance parameters to data. The selection presented here is the combined e+jets and p+jets
channels with = 6 jets and = 4 b tags.
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CMS ttH systematic uncertainties

Table 5: Summary of the systematic uncertainties considered on the inputs to the limit cal-
culation. Except where noted, each row in this table will be treated as a single, independent

nuisance pa rameter.

CMS

Source Rate Uncertainty | Shape | Remarks
Luminosity (7 TeV) 2.2% No All signal and backgrounds
Luminosity (8 TeV) 4.4% No All signal and backgrounds
Lepton ID/Trig % No All signal and backgrounds
Pileup %o No All signal and backgrounds
Additional Pileup Corr. — Yes All signal and backgrounds
Jet Energy Resolution 1.5% No All signal and backgrounds
Jet Energy Scale 0-60% Yes All signal and backgrounds
b-Tag SF (b/¢) 0-33.6% Yes All signal and backgrounds
b-Tag SF (mistag) 0-23.5% Yes All signal and backgrounds
MC Statistics — Yes All backgrounds
PDF (gg) % No | For gg initiated processes (tt, ttZ, ttH)
PDF (qq) 4.2-7% No For qq initiated processes (ttW, W, Z).
PDF (qg) 4.6% No For qg initiated processes (single top)
QCD Scale (ttH) 15% No For NLO ttH prediction
QCD Scale (tt) 2-12% No For NLO tt and single top predictions
QCD Scale (V) 1.2-1.3% No For NNLO W and Z prediction
QQCD Scale (VV) 3.5% No For NLO diboson prediction
Madgraph Scale (tf) 0-20% Yes tt + jets/ bb /c€ uncorrelated. Varies by jet bin.
Madgraph Scale (V) 20-60% No Varies by jet bin.
tt + bb 50% No | Only tt+ bb.
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ATLAS ttH result

my (GeV) | observed | -2s.d. -1sd. median +1sd. +2s.d. | stat only
110 7.0 3.2 4.3 6.0 8.5 11.8 3.5
115 8.7 3.7 5.0 6.9 9.7 13.6 4.0
120 10.4 4.6 6.2 8.5 12.0 16.7 4.9
125 13.1 5.7 7.6 10.5 14.7 20.6 6.1
130 16.4 7.0 9.4 13.0 18.3 25.5 7.8
140 33.0 12.5 16.7 232 327 45.5 14.2

Table 3: Observed and expected (median, for the background-only hypothesis) 95% CL upper limits
on o(tfH) x BR(H — bb) relative to the SM prediction, o/c sy, as functions of my. The last column
corresponds to the median upper limit with all systematic uncertainties removed.

my (GeV) | observed | -2s.d. -1s.d. median +1sd. +2s.d. | stat only
110 0.66 030 041 0.56 0.79 1.10 0.36
115 0.68 029 039 0.54 0.76 1.06 0.34
120 0.66 029  0.39 0.54 0.76 1.06 0.34
125 0.65 028 038 0.53 0.73 1.03 0.34
130 0.62 026  0.36 0.49 0.69 0.96 0.32
140 0.40 0.15  0.20 0.28 0.39 0.55 0.19

Table 4: Observed and expected (median, for the background-only hypothesis) 95% CL upper limits on
o(tftH) x BR(H — bb) (in pb), as functions of my. The last column corresponds to the median upper
limit with all systematic uncertainties removed.
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Lepton+Jets and Dilepton  CMS {s=7TeV.L=50 iy’

i T
CMS ttH result {f o
% E . Expected + 1o
7 TeV Lepton+Jets and Dilepton § Up o Beectedtlo
Expected <f
My Observed | Median 68% CL Range 95% CL Range -
110 GeV 41 44 |3.3, 6.3] [2.7, 87] 10f
115 GeV 47 5.0 [3.7,7.1] [2.9, 10.0] -
120 GeV 5.5 5.8 [4.3, 8.2] [3.4, 11.4] 5
125 GeV 6.2 6.9 [5.2,9.7] [4.1, 13.6] C
]3‘] C‘EV ?-3 S-S [6-5, 12-5] [5-':', 1?-3‘] ?ﬂ]l — I“I“ISI — I12£]I — I125I — I13.1]I — I135I — I14{]
135 GeV 8.8 10.8 [7.9, 15.4] [6.3, 21.3] _ _ Lo
140 GV 10.4 14.2 [1{]2' EDU] [32, 2?8] 3 ELeptomJe:ts and Dllep:ion CMS ys=8TeV.L=51fb
% 22 —e— Observed
8TeV Lepton+Jets and Dilepton ,2
Expected 3
My Observed | Median 68% CL Range 95% CL Range 2
110 GeV 5.6 3.3 [2.4,4.7] [2.0, 6.9]
115 GeV 6.6 41 [3.0, 5.8] [2.5, B.1]
120 GeV 8.2 5.1 [3.8,7.1] [3.1, 10.0]
125 GeV 8.7 57 [4.3, 8.2] [3.5, 11.3]
130 GeV 10.4 6.9 [5.2, 9.8] [4.2, 13.9]
135 GeV 13.7 9.4 [7.1, 13.1] [5.7, 18.3]
140 GeV 15.2 11.3 [8.5, 16.2] [6.8, 22.5] 2 B S S S A A
10 115 120 125 130 135 rr\_.(Ge‘:';m
TeV + 8TeV Lepton+Jets and Dilepton combined ;L e Dltn NS E-7TeNLoS0R STk LoE
Expected T 200 —s Observed
mH Observed | Median 68% CL Range 95% CL Range £ BE Expected = o
110 GeV 4.0 3.2 2.4, 4.6] [1.8, 6.5] 3 18
115 GeV 45 3.8 [2.8, 5.4] [2.2, 7.5] g 1T Expected = 20
120 GeV 5.5 45 3.3, 6.4] [2.7, B.9] 12F
125 GeV 5.8 5.2 [3.7,7.3] [2.9, 10.1] mi
130 GeV 6.8 6.5 [4.8,9.2] [3.6, 12.9] =
135 GeV 8.3 8.4 [6.1, 11.9] [4.8, 16.3] B
140 GeV 8.6 10.4 [7.5, 14.9] [5.9, 20.5] ;
2
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