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™Y Searches for ttH production at the ATLAS

ATLAS Higgs Physics
Public Results
Run |
ttH — multilepton
Physics Letters B 749 (2015)
ttH — bb and ttH — vy
Eur.Phys.J.C (2015) 75
Physics Letters B 740 (2015)
Run II
ttH — multilepton
ATLAS-CONF-2016-058
ATLAS-CONF-2016-068
ttH — bb and ttH — vy
ATLAS-CONF-2016-080
ATLAS-CONF-2016-067
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Searches for ttH production at the ATLAS

Motivation o .
m Not yet observed at LHC wttH signal strength has been highest

measured at ATLAS Runl

eiH=2.3 (combined), cross-section
above SM but consistent within large
uncertainty

L HC Run2 analysis benefits from large
increase of ttH cross section, though
backgrounds increase at a comparable rate in
the signal regions
eln particular, tt background - thus an

] ATLAS and CMS Prefiminary — ATLAS
efficient prompt/non-prompt lepton LHE Fun 1 —CMS
discrimination is critical :’:1';AS+CMS

O'(tI'H13Tev)/0'(tI‘H81-ev) ~ 4 m S S e

ggF

P
13 TeV/ 8 TeV Inclushve pp cross-section ratio L
= —
VBF —

Minimum bias
wln)

i

s
tis-channel)
t (t-channel) &

Ai0.5 TeV, ggF robA) |

stop pair (0.7 TeV)

gluine pair (1.5 TeV)

' S5M (3 Tev)

QF (4 Tev)
QBH {5 TeV) 1370

QBH (6 TeV) 19000

1 10 100 1000 10000

ttH >

15

Paramater valug

Nazim Huseynov (JINR - . February 1, 2017 4 / 40



T Searches for ttH production at the ATLAS

ttH — bb : 58.1%

e High cross section x BR, but multi-jet background

e Difficult tt+bb modeling

ttH multilepton : H - WW*(21.5%) & H — ZZ*(2.6%) & H — 77(6.3%)
oeH — WW,H — ZZ semi-leptonic and leptonic decays

eLower rate than H — bb, but low background final state (better handle on
irreducible backgrounds)

ttH — v~ : 0.23%

= T TN T 5
. . 1 ]
o Clean signature thanks to excellent mass resolution, § 3
but small branching ratio =
. 3
e Background from mass fit in data 210
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T Searches for ttH production at the ATLAS
ttH Multilepton Searches

Nazim Huseynov (JINR
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Searches for ttH production at the ATLAS

Event display for a Run Il event candidate 3u event in the 3| category

ATLAS

EXPERIMENT

Run: 282631
Event: 430599036
2015-10-20 14:48:31 CEST
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T Searches for ttH production at the ATLAS

Object Selection

¢ Cuts selected to be consistent with those in:
https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/TTHtoLeptonsCutflow207

* Object selection as in:

https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/TTHtoLeptonsPreliminarySelection

Electrons

pt> 10 GeV

|eta] < 2.47, and not 1.37 < |eta| < 1.52 (use el-
>caloCluster()->etaBE(2))

pass LooseAndBLayer Likelihood ID ( if reading flags
from DAOD, keep using LooseLH, but apply the following
BL hit cut before the ID selection)

120 sin theta| < 2 mm

1d0 significance| < 10

pass isolation (Loose working point in
IsolationSelectionTool)

Muons

pt> 10 GeV

letal < 2.5

pass loose muon quality requirement: MuQuality < 2 (or
muon_isLoose = 1 with group ntuples)

|20 sin theta| < 2 mm

|d0 significance| < 10

pass isolation (Loose working point in
IsolationSelectionTool)

Nazim Huseynov (JINR

Tau Jets (hadronically decaying tau lepton)

.

.

.

Jets

abs(charge==1)

(nTracks ==1 || nTracks ==3)
eta: [0, 1.37), [1.52, 2.5]
JetiIDBDTMedium ==

pT > 25 GeV

EleOLR in TauSelectionTool

pass jet clean criteria ("LooseBad" in the JetCleaningTool)

pt> 25 GeV
leta] <25

NEW remove jets with [JVT] < 0.59 and [eta] < 2.4 and pt <

60 GeV (use jet->eta() (aka "Detector” eta) )
BTag: BTaghv2c20 > -0.4434 (77% eff)

February 1, 2017
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T Searches for ttH production at the ATLAS

Event Selection

» Categorize the events in 4 orthogonal channels using number of leptons (e, 1, Thaa)

ZIUTth ZIirhud 3l 4‘:
two same charge - three light leptons +  fourlight leptons
- two same charge r )
light leptons ¢ light leptons + 24 jets 21b-jet - 22jets 21b-jet
+ N0 Thag * ONeThag or 3 jets 21b-jets
+ 25 jets =1b-jet + 24 jets 21b-jet

«Different sensitivity to Higgs decay modes

Higgs hoson decay mode Axe
Category  WW* 77 ZZ* Other (x107%)
2007 T 1™ 3% 3% 14
201 Thaa 6% 5% 2% 1% 2.2
3¢ 4% 20% 4% 2% 9.2
1 2% 18% 9% 2% .85
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T4 Searches for ttH production at the ATLAS
Dominant backgrounds
ottW & ttZ & Di-boson(VV) = estimated using MC validated in enriched data
regions

o Non-prompt light leptons from semileptonic b-hadron decay : mostly tt =» data
driven estimation
e Electron charge mis-ID =» mainly 210/174.4 channels. Trident process:

(e~ — /7y = et/~e /Tet/7). Data driven estimation using Z-+jets events
e Hadronic 7 mis-reconstruction =» estimated from fake tau enriched regions and
normalised to data in CR.

ATLAS  Simulation Preliminary B QMisReco []Other
1s=13TeV [ Non-prompt [] Diboson
Background composition Otrzryy  Oaw
2007y € 200Thag €1 20 0Tpag MM
21Ty 3¢ 47

Nazim Huseynov JINR February 1, 2017 10 / 40



2

Searches for ttH production at the ATLAS

Signal and Validation Region

SR/VR  Channel

Selection criteria

SR 200Thad Two tight light leptons with pr > 25, 25 GeV
Sum of light lepton charges +2
Any electrons must have [7,| < 1.37
Zero Thaa candidates
Niets > 5 and Np_jets > 1

SR 201Thad Two tight light leptons, with pr > 25, 15 GeV
Sum of light lepton charges +2
Exactly one mhaq candidate, of opposite charge to the light leptons
|Im(ee) — 91.2 GeV| > 10 GeV for ee events
Niets > 4 and Nj_jets > 1

SR 30 Three light leptons; sum of light lepton charges +1
Two same-charge leptons must be tight and have pp > 20 GeV/
m({T7) > 12 GeV and [m(¢T¢7) — 91.2 GeV| > 10 GeV for all SFOC pairs
|m(3€) — 91.2 GeV| > 10 GeV
Niets > 4 and Npy_jets > 1, or Njers = 3 and Ni_jers > 2

SR 40 Four light leptons; sum of light lepton charges 0
All leptons pass adient” isolation selection
m({T7) > 12 GeV and [m(£T¢7) — 91.2 GeV| > 10 GeV for all SFOC pairs
100 GeV < m(4f) < 350 GeV and |m(4¢) — 125 GeV| > 5 GeV
Niets > 2 and Nj_jers > 1

VR Tight ttZ 3¢ lepton selection %and trigger selection
At least one £~ pair with [m({*£7) — 91.2 GeV| < 10 GeV
Njets > 4 and jets > 2

VR Loose ttZ 3( lepton selection %and trigger selection
At least one (¢~ pair with |[m(£T¢7) — 91.2 GeV| < 10 GeV
Niets > 4 and Np_jets > 1, or Njers = 3 and Ny_jers > 2

VR WZ + 1b-tag  3( lepton selection %and trigger selection
At least one £7¢~ pair with |[m({*£7) — 91.2 GeV| < 10 GeV
Niets = 1 and Np_jegs = 1

VR W 200724 lepton selection %and trigger selection

2 < Njets < 4 and Np_jes > 2
Hrp jets > 220 GeV for ee and ey events

ER™ > 50 GeV and (m(ee) < 75 or m(ee) > 105 GeV) for ee events
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e
Validation Region

24
ool ATLAS Preliminary #Data [ sm)
| Vs=13Tev,13210" [Jaw  [[tiz/y
Tight {tZ VR [H piboson [l Non-Prompt

Domer Total uncertainty

Events / 5 GeV

1 il =10 A
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Searches for ttH production at the ATLAS

[ Vs=13Tev, 132" [Jaw [Jiuz/y)

Events / 5 GeV

ATLAS Preliminary #-Data [l (sm)

Loose ttZ VR . Diboson i Non-Prompt

Domer Total uncertainty

Invariant mass of leptons Iy and /; for the tight and loose ttZ validation regions.
The leptons are labeled in the same way as for the 3/ signal region.

Events away from the Z peak are those satisfying the Z selection with y and /.
Non-prompt lepton backgrounds are estimated using data driven method.

Nazim Huseynov (JINR
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T Searches for ttH production at the ATLAS

Validation Region

Events

T
ATLAS Preliminary
Vs=13TeV, 13.21b"
ftW VR

50

40

Y

T T
4-Data W iiH (SM)
Cttw etz
[EDiboson [ Non-Prompt
[l QMisReco []Other

7/ Total uncertainty

Lepton flavor

Events

601

50

40F

T
ATLAS Preliminary
Vs=13TeV,13.21b"
ttW VR

T
W TH (SM)

-¢-Data
Caw Eetzryr
[EDiboson [ Non-Prompt

M QMisReco []Other
7/ Total uncertainty

Dy
W////////////////W

Njets

Lepton flavor composition and number of jets for events in the ttW validation
region. Non-prompt lepton and charge misreconstruction backgrounds (indicated
as "QMisReco”) are estimated using data driven method

Nazim Huseynov (JINR
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T Searches for ttH production at the ATLAS

Validation Region

T T T T T T T T T
ATLAS Preliminary 4 Data . ttH (SM)
80 5= 13Tev, 1321 Oaw [ty
WZ +1b-tag VR [E piboson [F] Non-Prompt
D Other 7/ Total uncenainty_

Events

N

iets
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 ttH production at the ATLAS
Signal Region

%) T T T @ T T
5 " aras Preliminary #Data  W{tH (SM) § %% aras preliminary #Data  MH (M)
. V5=13Tev, 13217 TV @z @ {5=13Tev, 1321 W Mziy)
M piboson  [HNon-Prompt 70 [ Diboson [l Non-Prompt
80 2/0Thag W QMisReco []Other 2¢0%hag [l QMisReco []Other
60 7 Total uncertainty

Total uncertainty

R

%

10 Npyags + Nigts

Lepton flavor

Characteristics of events in the 2/0Thag signal region: lepton flavor composition;

10 X the number of b-tagged jets plus the total number of jets. The signal is set to the
SM expectation (g4 = 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 ttH production at the ATLAS
Signal Region

o 20 - : @ \ : \ :
§ ATLAS Preliminary QD’a(a .’fH (SM) § 16 ATLAS Preliminary #[iata .IEH (SM)
a8 S 13 Tev, 13210 LW Bwzir) “ {513 Tev, 132 1" J1TW Bz
16F 201 ’ [EDiboson [ Non-Prompt 14 o1 ’ [ Diboson [l Non-Prompt
1 Thag [l QMisReco [[]Other /1 thag M QMisReco [[]Other
14 Total uncertainty 12| [ ~ Total uncertainty
12 10
10 .
8
6
6
4
4
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0 up eu ee ] 25 -
Lepton flavor 10 Npjags + Nigts

Characteristics of events in the 2/1Thaq signal region: lepton flavor composition;

10 X the number of b-tagged jets plus the total number of jets. The signal is set to the
SM expectation (pegy = 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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Signal Region

Events

T T T
ATLAS Preliminary 4-Data  [litH (sm)
40F Vs=13Tev, 132" [ Jitw  [tz/y)
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|:|Other 7/ Total uncertainty

45 T

35
30

25
V0, 7%
%

K

20

1 1
Hup eupu ee eee
Lepton flavor

Events

T Searches for ttH production at the ATLAS

T

30

25

[ Vs=13Tev,13.210" [Jaw [Jez/y)

T T

T
ATLAS Preliminary #Data  [llttH (sm)

3¢ [ iboson [F] Non-Prompt
D Other % Total uncertainty

Characteristics of events in the 3l signal region: lepton flavor composition;

10 X the number of b-tagged jets plus the total number of jets. The signal is set to the
SM expectation (pugnw = 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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s | Searches for ttH production at the ATLAS

Events
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200Thaa €e  200Thad epr 200Thad it 201 haa 3¢ 4
tHw 29£0.7 9.1 +25 6.6 £ 1.6 0.8 +£0.4 6.1 +£1.3 —
tH(Z/v") 1.55+0.29 43+£09 2.6 £ 0.6 1.6 £04 11.5 + 2.0 1.12 + 0.20
Diboson 0.38 £ 0.25 25+ 14 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+ 34 1.3+£1.2 20£6 0.18 + 0.10
Charge misreconstruction 6.9+ 1.3 71+ 1.7 — 0.24 £ 0.03 — —
Other 0.81 + 0.22 2.2+ 0.6 1.4+04 0.63 £+ 0.15 33+08 0.12 + 0.05
Total background 25+ 6 38+6 20+ 4 48 £ 1.4 43+ 7 1.46 £ 0.25
ttH (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 ttH production at the ATLAS

Uncertainty Source Ap
Non-prompt leptons and charge misreconstruction +0.56 —0.64
Jet-vertex association, pileup modeling +0.48 —0.36
t1WW modeling +0.29 -0.31
ttH modeling +0.31 —-0.15
Jet energy scale and resolution +0.22  -0.18
t1Z modeling +0.19 —0.19
Luminosity +0.19 —-0.15
Diboson modeling +0.15 —-0.14
Jet flavor tagging +0.15 —=0.12
Light lepton (e, pt) and Thaq ID, isolation, trigger +0.12 -0.10
Other background modeling +0.11 —-0.11
Total systematic uncertainty +1.1 -0.9

Summary of the effects of the systematic uncertainties on .
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.

Nazim Huseynov (JINR
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Searches for ttH production at the ATLAS

Best fit values of the ttH signal strength p.zy by final state category and combined.

» The SM prediction is p;y=1.

» Best fit values of p:zy show no significant deviation from SM expectation.

» Systematic uncertainty dominated by non-prompt background estimates.

» For the 4| category, as zero events are observed,a 68% CLs upper limit is shown instead.

y

LU I
ATLAS Preliminary Vs=13 TeV, 13.2fb"
—tot. stat. tot (stat, syst)
20 0%ha F-o— 4.0 %7 (4%, 4D
261Thag b—e—m 62757 (35,7
17 [+12  +12
3| ke 0.5 j1.6 (5Hos 543)
4t <« <2.2(68% CL)
inati 1.3 |,+07  +1.1
Combination : [ =] | | 2.5 L,‘ (:r07,| :ro.g)
0 5 10 15 20 25

best fit R for m =125 GeV
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T Searches for ttH production at the ATLAS

Upper limits on the ttH signal strength pzy at 95% CL by final state category and

combined

» Expected 95% CL upper limit set under S+B (B only) hypothesis in dashed red (dashed

black).

» Observed 95% CL upper limit is 4.9 for combined pzy=2.5
» The median upper limit that would be set in the presence of a SM ttH signal (u = 1) is

also shown.

260Thaqg

261 Thag

37

47

Combination

Nazim Huseynov (JINR
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Searches for ttH production at the ATLAS

T T T T T T
ATLAS Preliminary {s=13 TeV, 13.2-13.3 fb™
—total stat. (tot.) (stat., syst.)
ttHH-vyy) | F—0—— _ +1.2 +1.2  +0.2
(13 TeV 13.3 fb™t) 0.3 -1.0 ( 1.0 0.2
= +1.3 +07  +11
ttH(H - WW/Tt/Z2) b—e—— 35 3 (X7 w3
(13 Tev 13.2 fbt)
ttH(H - bb) —e—— 21 20 (155,27
(13 Tev 13.2 fbt) ’
- — +0.7 +0.4  +0.6
ttH (cgrgé)\l/g\atlon == 1.8 o7 o4 08
ttH combination === 1.7 J_rg'g fgg , i?'g
(7-8Tev,45:20307M), |, |, | | P e R R
0 2 4 6 8 10
best fit u_ for m =125 GeV
ttH
Channel Significance
Observed [o] | Expected [o]
ttH, H — vy —0.2 0.9
ttH, H — (WW,77,22) 2.2 1.0
ttH, H — bb 2.4 1.2
ttH combination 2.8 1.8
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T Searches for ttH production at the ATLAS

tH(H - yy)
(13 Tev13.3fb™)

ttH(H - WW/T1/2Z)
(13 Tev 13.2 fb™)

ttH(H - bb)
(13 Tev 13.2 fb)

ttH Combination
(13 TeV)

ttH Combination
(7-8TeV, 4.5-20.3 fb )

ATLAS Preliminary Vs=13 TeV, 13.2-13.3 fb™*

- Expected (u=0) * 1o
----- Expected (u=0) + 20

B — Observed

|

----- Expected (u=1)

2 3

4

5

6

7

95% CL limit on uﬁH atm =125 GeV

Analysis Observed | —20 —1o Median +lo 420 Median
_ (HtEH = 0) (MEH = 1)
ttH, H — vy 2.6 1.4 1.9 2.7 4.0 5.9 3.7
tH, H - WW,r71,ZZ) 4.9 1.2 1.7 2.3 34 5.1 3.1
ttH, H — bb 4.0 1.0 1.4 1.9 2.8 4.2 2.7
ttH combination 3.0 0.6 0.9 1.2 1.7 2.4 2.1
ttH combination Run-1 | 3.1 0.8 1.0 1.4 20 27 [ 24
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Conclusions

» Results for tEH(multilepton) analyses using 13.2-13.3 fb~1 of pp collisions
at 13 TeV recorded by the ATLAS experiment
o Best fit signal strength —2.5 4 0.7(stat) " §5(syst)
e Upper limits on p:7y SM at 95% confidence level - 4.9 obs (2.3 exp)

» Results for combination analyses
e Combined ATLAS pz4 = 1.8 which corresponds to an observed

significance of 2.80 (sensitivity exceeds that of 7-8 TeV analysis of 1.50)

095% CL upper limit on signal strenght : 3.1 (1.4 expected from bkg-only)

» Sensitivity exceeds Run-1 results

» Expect improved precision using full 2016 dataset from both experiments
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ttH->multileptons Analysis Timeline

The basic idea is to publish good analysis for EPS 2017 (July 2017) !
Oct. Nov. Dec. Jan. Feb. Mar.
2016 2016 2016 2017 2017

Requests for MC and
for more stats.

2017
Decide trigger choice

Decide object and SR definition
(freeze analysis method)

Freeze fake estimates methods

Freeze the full analysis
(analysis ready for EB review)

Nazim Huseynov (JINR)

=

QA
February 1, 2017 25 / 40



Thank you for your attention
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T Searches for ttH production at the ATLAS

There are many ideas to do analysis optimisation

© There are many ideas to optimise analysis with multivariate techniques, event reconstruction
using kinematic fit techniques, as well as PME _.

Object level MVA (BDT)
lepton MVA (track jets, isolation) prompt vs non-prompt
lepton MVA (ID, isolation, IP)
Overlap removal MVA (Delta-R)

ttH vs inclusive bkg BDT tiH vs ttbar reco. (KLFitter) Event(+object) level

discriminators

ttH vs 11V, ttbar 2D BDTs MMuH, 11V, tibar reco. (Chi2 fit) e dice A A4
ttH vs iV, ttbar 2D BDTs tiZ reco. (KLFitter)

ttH vs ttbar, VV BDT Simplified Matrix Element g
21SS+tau

ttH, 1V, ttbar, VV

multinomial BDTs
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T Searches for ttH production at the ATLAS
BDT for lepton selections

e tthar production with non-prompt leptons - major background for a few ttH
channels

«  We use boosted decision trees (BDT) to separate prompt from non-prompt
leptons

« Train on 8 input variables - object level only; but could also include such
information as b-tagging of the nearest jet

- pl eta,
- sigdOPV, z0SinTheta,
- topoetcone20/pt, ptvarcone20/pt
- lopoetcone40/pt, ptvarcone40/pt
* Lepton defs
*  Prompt - those coming from W
* Non-prompt - any other parentage

= Qur previous presentation - BDT lepton selections: first look at Run 2 -
[Feb 16, 2016]

Nazim Huseynov (JINR February 1, 2017 29 / 40




T Searches for ttH production at the ATLAS
Lepton selections and training sample

Loose
- electrons * muons
» TightLH ID + Loose ID
* pt >10 GeV « pt =10 GeV
« |etal <2.47, excl. [1.37, 1.52] + |leta| <2.5

+ z0SinTheta < 2
« sigdOPV < 10
* Loose Isolation WP

» z0SinTheta < 2
* sigdOPV < 10
* Loose Isolation WP

Tight
* electrons * muons
+ TightLH ID * Loose ID
= pt =10 GeV + pt >10 GeV
« |eta| <2.47, excl. [1.37, 1.52] + |eta] <2.5
+ z0SinTheta < 0.5 » z0SinTheta < 0.5
+ sigdoPV < 5 + sigdOPV < 3

» FixedCutTight isolation WP + FixedCutTightTrackOnly Isolation WP

+ tthar sample (dsid 410000; v7) - used for training; both prompt and non-prompt

* Loose selections
« electrons - 3,180,533 (prompt), 100,828 (non-prompt); total: 3,281,361
* muons - 3,811,580 (prompt), 392,192 (non-prompt); total: 4,203,772
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T Searches for ttH production at the ATLAS
BDT training and testing

+ Training and Testing are done with Loose leptons on full statistics
+ Comparison is performed against Tight leptons (red dot on the plots)
= @Tight prompt lepton efficiency, BDT is better in background rejection
* both electrons and muons give 40-50% of improvement in non-prompt rejection

ROC curve ROC curve
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T Searches for ttH production at the ATLAS
Cross Validation

» To estimate performance of the BDT, we run cross validation technique
+ use K-Fold method with 6 folds . s
« split full sample in 6 subsamples randomly P

Experiment 1
* train on 5 subsamples and test on the remaining  aoerens | | | |

+ all permutations ey [ T ]
+ results in 6 ROCs - magenta line e I B
« compare with entire sample ROC - blue line Examplo of K-4 folds

= Shows very stable ROCs
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T Searches for ttH production at the ATLAS
31 SR (preliminary)

» Implemented BDT in the UT ntupler
« BDT score is an additional variable in the tree
» Derived MC yields for the standard 3| selections and with BDT
« BDT score cuts: electrons - 0.94, muons - 0.95 (no optimization)

Standard 3l
Tapal
#H Diboson 2 single top + H HW Other ti+X wll Single top z non-tTH H Bleg Total
Standard 30 188 + 0.16 | 1L.05 £ 024 0.10 + 0.00 0.10 £ 0.01 LT £ 004 049 £ 004 310003 006+ 004 | 1 + 043 02 + 001 000 £0.00 1067 + 0.53
3l with BDT

— Inppta—
H Diboson 1z singletop +H  tAW  Other ti+X wll Single top z non-tfH H - B Total
BDT 31 |1.50 £+ 0.16 .79 £ 01T 0.08 £ 0.00 0.10 £ 001 L76 £ 0.03 045 00 280+ 003 006+ 004 | 165+ 0.40 |0.02 £ 001 000 £ 000 963+ 047

+« BDT leptons selection - with the same number of signal (ttH) ~ 1.9, ttbar
contribution is reduced by ~15% to 1.65
+ still very preliminary - derived today morning
+ need to obtain a better working points for leptons
+ more tuning and checks are expected
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T Searches for ttH production at the ATLAS
Summary and plans

Summary
* Lepton selections with BDT is 40-50% better in non-prompt rejection
» 6-Fold cross validation was performed; ROC is stable
* Implemented in the UT ntupler
* Had a quick look at 3| SR standard and BDT selections
« very preliminary but shows 15% of improvement in ttbar yields

+ requires WP optimization

Plans

* Have a more detailed look at the cutflows (21, 31) - derive better warking
points for leptons

= Finish validation on data

* Implement in the ttHMultiAna framework
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T Searches for ttH production at the ATLAS

CMS ttH multilepton v

CMS HIG-16-022

Targeting 2 lepton same-sign (2Ilss) and =3 leptons (3I)
- 2 same sign leptons: >4 jets, >1 b-tag

- 3leptons: =2 jets, =1 b-tag BRI e .
- Backrounds: tt+W/Z, tt+jets (same-sign required to reduce RN
"
Drell-Yan and ttZ) o
- Background normalisation from control region: loosened CMS Praiminary 129" (13 TeW)
identification (fakes), Z—Il {mis-charge = “flips”, 2Iss only) £ i
i o 2,
1400 Bz
120 o
- CMS Preliminary 12,91 (13 TeV) Analysis Ca’[egories: 100
T T T T T T T |
€ 10°E 4 Data - £ 3 + L -
€ [t prompt L . I
w Wt b—1, b tight b tight L
M~k % b tight
10 EtZ‘II;JEtS 2 Opposﬁe bloose || | b loose )
Slgrjl Control 5521 with hadronic tau b loose S
region i
8

oy g

- Lepton identification with
BDT using shape, isolation and
overlapping jet information

§ =7
Mijet, p, > 25 GeV)
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T Searches for ttH production at the ATLAS

CMS ttH multilepton

CMS HIG-16-022

CMS Praiiminary 12857 {13 TeV)

3l

Events
M
]
Events

Data/Pred,

Data/Pred.
Data/Pred.

'\ DE0F040Z 0 02 04 06 08 1
BOT (1Huv}

v 00
MEM weight (1tH)

S0 g g Analysis sensitivity:
; i 2ss - 2lss and 3l categories: Train 2
I 1) BDTs, against ttbar and #tW/Z
ke Unroll 2D distributions
: 3| category : include log of MEM
sl weights for ttH, tW and ttZ as ttV
?:: BDT input
Bl
ki

5
JINR
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CMS ttH multilepton
CMS HIG-16-022

FMS Preliminary 129 [p!@ Tev) FMS Pm&nvnatyiar_sug.gb‘wug Tev)
m, = 125 GeV m, = 125 GeV
2016 e —
- combined p =237 combined e
3l 201542016 e .
p=13%2 - Post-it distribution of yields
Aty \iepton per categories shows no
=03% = 25* . .
s T #o excess in dimuon
w=0975 r
winot |~ CMS Preliminary 129107 (13 TeV)
o ‘ e ‘
] L 5 .f Foams
oot b8 2 1o0f m
T L LR 3 -

== 6

123 4 5
Best fit u = o/o
M

ik afilgil
005 115225335 4 45
Best fit u = o.foSM

- Main systematics uncertainties :
tight lepton selection and fakes
Category Obs, limit _ Exp. limit £1¢  Dest At g £l
Same-sign dileptons 16 L7 5 27y
Trileptans 37 1312 4p i
“Combined categories 39 23y B S
Combined with 2015 data 34 20108 gy i [
€
8 0.5 e
BB O b P G B SR B bR o
10

—
=]

Nazim Huseynov (JINR) February 1, 2017 37 / 40



Nazim Huseynov (JINR)

A EXPERIMENT

Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC
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@ATLA

EXPERIMENT
http://atlas.ch

F Run: 182796
- Event: 74566644
= y . I 2011-85-38 @7.54:29 CEST
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. ATLAS Run 214680, Event 271333760
)4 17 Nov 2012 ©7:42:05 CET

EXPERIMENT
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