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Higgs boson production at mH = 125GeV

àGluon gluon fusion (ggF): 87.2%

àVector boson fusion (VBF): 6.8%

àAssociated production (WH,ZH): 4.1%

àAssociated production (ttH): 0.9%

àObserved modes: ggF, VBF
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Searches for tt̄H production at the ATLAS

ATLAS Higgs Physics
Public Results

Run I
tt̄H → multileptontt̄H → multileptontt̄H → multilepton

Physics Letters B 749 (2015)
tt̄H → bb and tt̄H → γγtt̄H → bb and tt̄H → γγtt̄H → bb and tt̄H → γγ
Eur.Phys.J.C (2015) 75

Physics Letters B 740 (2015)
Run II

tt̄H → multileptontt̄H → multileptontt̄H → multilepton
ATLAS-CONF-2016-058
ATLAS-CONF-2016-068
tt̄H → bb and tt̄H → γγtt̄H → bb and tt̄H → γγtt̄H → bb and tt̄H → γγ
ATLAS-CONF-2016-080
ATLAS-CONF-2016-067
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Searches for tt̄H production at the ATLAS
Motivation

àNot yet observed at LHC
àLHC Run2LHC Run2LHC Run2 analysis benefits from large

increase of tt̄Htt̄Htt̄H cross section, though
backgrounds increase at a comparable rate in
the signal regions
• In particular, tt̄tt̄tt̄ background - thus an

efficient prompt/non-prompt lepton
discrimination is critical
σ(tt̄H13TeV )/σ(tt̄H8TeV ) ≈ 4σ(tt̄H13TeV )/σ(tt̄H8TeV ) ≈ 4σ(tt̄H13TeV )/σ(tt̄H8TeV ) ≈ 4

àtt̄Htt̄Htt̄H signal strength has been highest
measured at ATLAS Run IATLAS Run IATLAS Run I
µtt̄H=2.3µtt̄H=2.3µtt̄H=2.3 (combined), cross-section
above SM but consistent within large
uncertainty
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Searches for tt̄H production at the ATLAS

t̄tH → bb̄ : 58.1%
•High cross section x BR, but multi-jet background
•Difficult tt+bb modeling

tt̄H multilepton : H →WW ∗(21.5%) & H → ZZ∗(2.6%) & H → ττ(6.3%)tt̄H multilepton : H →WW ∗(21.5%) & H → ZZ∗(2.6%) & H → ττ(6.3%)tt̄H multilepton : H →WW ∗(21.5%) & H → ZZ∗(2.6%) & H → ττ(6.3%)

•H →WW ,H → ZZ semi-leptonic and leptonic decays
•Lower rate than H → bb̄, but low background final state (better handle on

irreducible backgrounds)

t̄tH → γγ : 0.23%
•Clean signature thanks to excellent mass resolution,

but small branching ratio
•Background from mass fit in data

Higgs decay mode branching ratio [%]

H → bb̄ 58.1

H →WW ∗ 21.5

H → ττ 6.3

H → ZZ ∗ 2.6

H → γγ 0.23
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Searches for tt̄H production at the ATLAS
tt̄H Multilepton Searches
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Searches for tt̄H production at the ATLAS

Event display for a Run II event candidate 3µ event in the 3l category
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Searches for tt̄H production at the ATLAS

Object Selection
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Searches for tt̄H production at the ATLAS

Event Selection
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Searches for tt̄H production at the ATLAS
Dominant backgrounds
•ttW & ttZ & Di-boson(VV)ttW & ttZ & Di-boson(VV)ttW & ttZ & Di-boson(VV) Ü estimated using MC validated in enriched data

regions
•Non-prompt light leptonsNon-prompt light leptonsNon-prompt light leptons from semileptonic b-hadron decay : mostly tt̄mostly tt̄mostly tt̄ Ü data

driven estimation
•Electron charge mis-IDElectron charge mis-IDElectron charge mis-ID Ü mainly 2l0/1τhad channels. Trident process:

(e+/− → e+/−γ → e+/−e−/+e+/−). Data driven estimation using Z+jets events
•Hadronic τHadronic τHadronic τ mis-reconstruction Ü estimated from fake tau enriched regions and

normalised to data in CR.
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Searches for tt̄H production at the ATLAS
Signal and Validation Region

SR/VR Channel Selection criteria
SR 2`0τhad Two tight light leptons with pT > 25, 25 GeV

Sum of light lepton charges ±2
Any electrons must have |ηe| < 1.37
Zero τhad candidates
Njets ≥ 5 and Nb−jets ≥ 1

SR 2`1τhad Two tight light leptons, with pT > 25, 15 GeV
Sum of light lepton charges ±2
Exactly one τhad candidate, of opposite charge to the light leptons
|m(ee)− 91.2 GeV| > 10 GeV for ee events
Njets ≥ 4 and Nb−jets ≥ 1

SR 3` Three light leptons; sum of light lepton charges ±1
Two same-charge leptons must be tight and have pT > 20 GeV
m(`+`−) > 12 GeV and |m(`+`−)− 91.2 GeV| > 10 GeV for all SFOC pairs
|m(3`)− 91.2 GeV| > 10 GeV
Njets ≥ 4 and Nb−jets ≥ 1, or Njets = 3 and Nb−jets ≥ 2

SR 4` Four light leptons; sum of light lepton charges 0
All leptons pass “gradient” isolation selection
m(`+`−) > 12 GeV and |m(`+`−)− 91.2 GeV| > 10 GeV for all SFOC pairs
100 GeV < m(4`) < 350 GeV and |m(4`)− 125 GeV| > 5 GeV
Njets ≥ 2 and Nb−jets ≥ 1

VR Tight tt̄Z 3` lepton selection %and trigger selection
At least one `+`− pair with |m(`+`−)− 91.2 GeV| < 10 GeV
Njets ≥ 4 and Nb−jets ≥ 2

VR Loose tt̄Z 3` lepton selection %and trigger selection
At least one `+`− pair with |m(`+`−)− 91.2 GeV| < 10 GeV
Njets ≥ 4 and Nb−jets ≥ 1, or Njets = 3 and Nb−jets ≥ 2

VR WZ + 1 b-tag 3` lepton selection %and trigger selection
At least one `+`− pair with |m(`+`−)− 91.2 GeV| < 10 GeV
Njets ≥ 1 and Nb−jets = 1

VR tt̄W 2`0τhad lepton selection %and trigger selection
2 ≤ Njets ≤ 4 and Nb−jets ≥ 2
HT,jets > 220 GeV for ee and eµ events
Emiss

T > 50 GeV and (m(ee) < 75 or m(ee) > 105 GeV) for ee events

Nazim Huseynov (JINR) February 1, 2017 11 / 40



Searches for tt̄H production at the ATLAS

Validation Region

Invariant mass of leptons l0 and l1 for the tight and loose tt̄Ztt̄Ztt̄Z validation regions.
The leptons are labeled in the same way as for the 3l signal region.
Events away from the Z peak are those satisfying the Z selection with l0 and l2.
Non-prompt lepton backgrounds are estimated using data driven method.
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Searches for tt̄H production at the ATLAS

Validation Region

Lepton flavor composition and number of jets for events in the tt̄W validation
region. Non-prompt lepton and charge misreconstruction backgrounds (indicated
as “QMisReco”) are estimated using data driven method
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Searches for tt̄H production at the ATLAS

Validation Region

Jet multiplicity in the WZ + 1 b-tag validation region. Non-prompt lepton
backgrounds are estimated using data driven method
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Searches for tt̄H production at the ATLAS

Signal Region

Characteristics of events in the 2l0τhad2l0τhad2l0τhad signal region: lepton flavor composition;
10 5 the number of b-tagged jets plus the total number of jets. The signal is set to the
SM expectation (µtt̄Hµtt̄Hµtt̄H = 1) and the background expectation is pre-fit (using initial values
of the background systematic uncertainty nuisance parameters). The hatched region shows
the total uncertainty on the background plus SM signal prediction in each bin. Charge
misreconstruction backgrounds are indicated as “QMisReco”).
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Searches for tt̄H production at the ATLAS

Signal Region

Characteristics of events in the 2l1τhad2l1τhad2l1τhad signal region: lepton flavor composition;
10 5 the number of b-tagged jets plus the total number of jets. The signal is set to the
SM expectation (µtt̄Hµtt̄Hµtt̄H = 1) and the background expectation is pre-fit (using initial values
of the background systematic uncertainty nuisance parameters). The hatched region shows
the total uncertainty on the background plus SM signal prediction in each bin. Charge
misreconstruction backgrounds are indicated as “QMisReco”).
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Searches for tt̄H production at the ATLAS

Signal Region

Characteristics of events in the 3l signal region: lepton flavor composition;
10 5 the number of b-tagged jets plus the total number of jets. The signal is set to the
SM expectation (µtt̄Hµtt̄Hµtt̄H = 1) and the background expectation is pre-fit (using initial values
of the background systematic uncertainty nuisance parameters). The hatched region shows
the total uncertainty on the background plus SM signal prediction in each bin.
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Searches for tt̄H production at the ATLAS

2`0τhad ee 2`0τhad eµ 2`0τhad µµ 2`1τhad 3` 4`

tt̄W 2.9 ± 0.7 9.1 ± 2.5 6.6 ± 1.6 0.8 ± 0.4 6.1 ± 1.3 —
tt̄(Z/γ∗) 1.55 ± 0.29 4.3 ± 0.9 2.6 ± 0.6 1.6 ± 0.4 11.5 ± 2.0 1.12 ± 0.20
Diboson 0.38 ± 0.25 2.5 ± 1.4 0.8 ± 0.5 0.20 ± 0.15 1.8 ± 1.0 0.04 ± 0.04
Non-prompt leptons 12 ± 6 12 ± 5 8.7 ± 3.4 1.3 ± 1.2 20 ± 6 0.18 ± 0.10
Charge misreconstruction 6.9 ± 1.3 7.1 ± 1.7 — 0.24 ± 0.03 — —
Other 0.81 ± 0.22 2.2 ± 0.6 1.4 ± 0.4 0.63 ± 0.15 3.3 ± 0.8 0.12 ± 0.05

Total background 25 ± 6 38 ± 6 20 ± 4 4.8 ± 1.4 43 ± 7 1.46 ± 0.25
tt̄H (SM) 2.0 ± 0.5 4.8 ± 1.0 2.9 ± 0.6 1.43 ± 0.31 6.2 ± 1.1 0.59 ± 0.10

Data 26 59 31 14 46 0
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Searches for tt̄H production at the ATLAS

Summary of the effects of the systematic uncertainties on µ.
Due to correlations between the different sources of uncertainties, the total
systematic uncertainty can be different from the sum in quadrature of the
individual sources. The impact of the systematic uncertainties is evaluated
after the fit.
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Searches for tt̄H production at the ATLAS
Best fit values of the tt̄H signal strength µtt̄H by final state category and combined.

äThe SM prediction is µtt̄H=1.
äBest fit values of µtt̄H show no significant deviation from SM expectation.
äSystematic uncertainty dominated by non-prompt background estimates.
äFor the 4l category, as zero events are observed,a 68% CLs upper limit is shown instead.
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Searches for tt̄H production at the ATLAS
Upper limits on the tt̄H signal strength µtt̄H at 95% CL by final state category and
combined

äExpected 95% CL upper limit set under S+B (B only) hypothesis in dashed red (dashed
black).

äObserved 95% CL upper limit is 4.9 for combined µtt̄H=2.5
äThe median upper limit that would be set in the presence of a SM tt̄H signal (µ = 1) is

also shown.
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Searches for tt̄H production at the ATLAS

=125 GeVH for m
Htt

µbest fit 
0 2 4 6 8 10

H combinationtt

H combinationtt

)bb→H(Htt

/ZZ)ττWW/→H(Htt

)γγ→H(Htt

0.8−
+0.81.7    , 0.5−

+0.5                             0.6−
+0.7                                         (                 )         

0.7−
+0.71.8    , 0.4−

+0.4                             0.5−
+0.6                                         (                 )         

0.9−
+1.02.1    , 0.5−

+0.5                             0.7−
+0.9                                         (                 )         

1.1−
+1.32.5    , 0.7−

+0.7                             0.9−
+1.1                                         (                 )         

1.0−
+1.2-0.3    , 1.0−

+1.2                             0.2−
+0.2                                         (                 )         

 ( tot. ) ( stat. , syst. )total stat.

 )-1(13 TeV 13.3 fb

 )-1(13 TeV 13.2 fb

 )-1(13 TeV 13.2 fb

(13 TeV)

 )-1( 7-8TeV, 4.5-20.3 fb

ATLAS Preliminary -1=13 TeV, 13.2-13.3 fbs

Channel Significance

Observed [σ] Expected [σ]

tt̄H, H → γγ −0.2 0.9

tt̄H, H → (WW, ττ, ZZ) 2.2 1.0

tt̄H, H → bb̄ 2.4 1.2

tt̄H combination 2.8 1.8
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Searches for tt̄H production at the ATLAS

=125 GeVH at m
Htt

µ95% CL limit on 
1 2 3 4 5 6 7

H Combinationtt

H Combinationtt

)bb→H(Htt

/ZZ)ττWW/→H(Htt

)γγ→H(Htt
 )-1(13 TeV 13.3 fb

 )-1(13 TeV 13.2 fb

 )-1(13 TeV 13.2 fb

(13 TeV)

 )-1( 7-8TeV, 4.5-20.3 fb

ATLAS Preliminary -1=13 TeV, 13.2-13.3 fbs

σ 1±=0) µExpected (

σ 2±=0) µExpected (

Observed

=1)µExpected (

Analysis Observed −2 σ −1 σ Median +1 σ +2 σ Median
(µtt̄H = 0) (µtt̄H = 1)

tt̄H, H → γγ 2.6 1.4 1.9 2.7 4.0 5.9 3.7
tt̄H, H → (WW, ττ, ZZ) 4.9 1.2 1.7 2.3 3.4 5.1 3.1
tt̄H, H → bb̄ 4.0 1.0 1.4 1.9 2.8 4.2 2.7

tt̄H combination 3.0 0.6 0.9 1.2 1.7 2.4 2.1

tt̄H combination Run-1 3.1 0.8 1.0 1.4 2.0 2.7 2.4
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Conclusions

äResults for tt̄H(multilepton)tt̄H(multilepton)tt̄H(multilepton) analyses using 13.2-13.3 fb−113.2-13.3 fb−113.2-13.3 fb−1 of pp collisions
at 13 TeV recorded by the ATLAS experiment

•Best fit signal strength −2.5± 0.7(stat)+1.1
−0.9(syst)

•Upper limits on µtt̄H SM at 95% confidence level - 4.9 obs (2.3 exp)

äResults for combination analyses

•Combined ATLAS µtt̄H = 1.8µtt̄H = 1.8µtt̄H = 1.8 which corresponds to an observed
significance of 2.8σ2.8σ2.8σ (sensitivity exceeds that of 7-8 TeV analysis of 1.5σ1.5σ1.5σ)

•95% CL95% CL95% CL upper limit on signal strenght : 3.13.13.1 (1.41.41.4 expected from bkg-only)

äSensitivity exceeds Run-1 results

äExpect improved precision using full 2016 dataset from both experiments
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Thank you for your attention
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Back-up slides
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Searches for tt̄H production at the ATLAS
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