Search for the SM Higgs boson in the ttH
production channel using the ATLAS detector

Kun Liu
(CPPM, CNRS/IN2P3, Aix-Marseille Universite)

John Keller
(DESY)

on behalf of the ATLAS collaboration

ICHEP @ Chicago

August 4, 2016 CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE




Motivation

~ Direct measurement of Higgs-Top Yukawa coupling via ttH
production = any deviation might be hint for new physics.

_1tH signal strength (pwn) has been measured in LHC Run 1:

4.4 sigma combined significance, cross-section above SM
value but consistent within large uncertainty.

~ LHC Run 2 analysis benefits from large increase of the ttH
cross section, though backgrounds increase at a
comparable rate in the signal regions.

Cross section (fb) T = — _
@NLO ttH ttw ttZ tt (NNLO)

8 TeV 133 232 206 2.53E+05

13 TeV 507 566 760 8,32E+05

© This presentation: First ATLAS Run 2 ttH results, with
total luminosity of 13.2 or 13.3 fb™.
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ATLAS Run-2 search for the ttH process

_ttH cross section at 13 TeV is 507 fb — 1% of total Higgs production cross section.

_ Search for the ttH production in many Higgs decay modes (branching ratio ~ 89%).
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Search for the ttH (H—bb) process

ATLAS-CONF-2016-080

ttH(bb) Feynman diagram

Higgs decay mode | Branching ratio [%]

H— ww 21.5
H— 1t 6.3
H— ZZ 2.6
H— vy 0.23
ttH(bb) channel has largest branching _
ratio but large background, and offers it semi-leptonic decay
sensitivity to the Higgs-Bottom Yukawa |

coupling.
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ttH(bb) analysis: event selection and background

~ Event selection (event triggered by single lepton triggers)

Dilepton channel
(two leptonic W decays)

Single lepton channel
(one leptonic W decay)

- one electron or muon - 2 opposite charge light (e,u) leptons

- at least 4 jets - at least 3 jets

- at least 2 b-tagged jets - at least 2 b-tagged jets
~ Events are categorised according to no. of jets and no. of b-tagged jets.

2 3 4+ tags : .
ATLAS Simulation Preliminary > ContrOI reg |OnS Slg na | reg |OnS
\s =13 TeV, 13.2 fb
Single Lepton
ol4j,2b 2l4j,3b ot4j,24b
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4 o S/B = 0.0% . S/B = 0.3% o 9 2 3 4+ tagS
s 1f 5 s 1 >
| I ATLAS Simulation Preliminary
0 0 0 is =13 TeV, 13.2 fo”
Dilepton
ot5j,2b 15j,3b 15j,24Db 3j,2b 3j,3b
S/B=0.1% S/B = 0.6% S/B = 3.6% S/B = 0.0% S/B=0.7%
5 = = = 0.5¢f 2 0.5
s 1 & s 1 3 | 5"
2r26j,2b =6, 3b 126j,24b >24j,2b >4j,3b >4j,24b
S/B =0.1% S/B =1.3% S/B =5.2% 4+ S/B=0.1% S/B=1.8% S/B=6.1%
6+ = 2 2 0.5/ = 05 2 05|
o T %) I w I . » »
ets — jets -
J v 0 0 0 0

J. Keller (DESY)




ttH(bb) analysis: event selection and background

~ Event selection (event triggered by single lepton triggers)

Single lepton channel Dilepton channel
(one leptonic W decay) (two leptonic W decays)

- one electron or muon - 2 opposite charge light (e,u) leptons
- at least 4 jets - at least 3 jets

* at least 2 b-tagged jets - at least 2 b-tagged jets

~tt + =1 b-jet, tt + =1 c-jet, and tt + light-jets are the dominant backgrounds.

ATLAS Simulation Preliminary [ it +lignt [ ]tT+>1c [T+ =10 {\TLAS Simulation Preliminary [t + tight [t + >1c W + >1b
‘SsinZ;Ie LeEton th +V D Non-tt I‘:)Silgp::nTeV th +V D Non-tt

4j,2b 4j,3b 4j,24b 3j,2b 3j,3b

“
&

>4j,2
5j,2b 5j,3Db 5j,>4b 2b

2

>6j,2b >6j,3b

Exploit different background
compositions in simultaneous fit of all
regions to reduce uncertainties.
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ttH(bb) analysis: tt+jets background modelling

< Estimating tf+_jets critical part of analysis: use Powheg+Pythia6 NLO simulation,
with top and tt pt spectra corrected to NNLO calculation.

_tt + =1 b-jet corrected to 4-flavour scheme NLO tt+bb calculation with
Sherpa+OpenlLoops.

~ Normalization of tt + =1 b-jet and tt + =1 c-jet backgrounds taken as free
parameters in the fit to data.

~ Many sources of uncertainty considered, including choice of generator, parton
shower and hadronisation model, PDF, and initial and final-state radiation.

g 10° E_A TLAS Simulation —e— Sherpa+OpenLoops tt+bb Uncertainty source Ap
S [ Preliminary ---e--- MG5_aMC@NLO+P8 ti+bb tt+ > 1b modelling +0.53 -0.53
S 102 __\/5 =13Tev o MG5_aMC@NLO-+Hpp tt+bb Jet flavour tagging +0.26 -0.26
$ 10 = —=— ti+jets Powheg+P6 ttH modelling +0.32 -0.20
g - Background model statistics +0.25 -0.25
S 10 tt+ > lc modelling +0.24 -0.23
[EEEEErERRErreeTy Jet energy scale and resolution +0.19 -0.19
- ti+light modelling +0.19 -0.18
1 Other background modelling +0.18 -0.18
B Jet-vertex association, pileup modelling +0.12 -0.12
L Luminosity +0.12 -0.12
E , 17Z modelling +0.06 —0.06
(?); 13%: __________________ Light lepton (e, u) ID, isolation, trigger +0.05 -0.05
o 12 Total systematic uncertainty +0.90 -0.75

5 1.

S 09 ti+ > 1b normalisation +0.34 -0.34
a 8:? ti+ > lc normalisation +0.14 -0.14
= 38 Statistical uncertainty +0.49 -0.49
Total uncertainty +1.02 -0.89
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ttH(bb) analysis: discriminating variables

< In control regions: the scalar sum of all jets (and the leptons) in single- (di-) lepton
channel H¥ (H3") is used as discriminating variable.

~ In signal regions use two-stage multivariate technique:
* Match observed jets to Higgs and top quarks.
* Classify event as more signal- or background-like: BDT or NN output.

> __l T T T l T T T T | T T T T | T T T T | T T T T T : > r T T T T | T T T T | T T T T | T T T T | T T T T T |_
9% ATLAS Preliminary -e-Data : $8000- ATLAS Preliminary «-Data -
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g - Single Lepton [t +light 4 . ~ - Single Lepton it -+ light
L7 5], 3b Wt +>1b LOUOE 5, 3b mtt + >1b
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ttH(bb) analysis: discriminating variables

< In control regions: the scalar sum of all jets (and the leptons) in single- (di-) lepton
channel H™! (H2") is used as discriminating variable.

< In signal regions use two-stage multivariate technique:

* Match observed jets to Higgs and top quarks.

* Classify event as more signal- or background-like: BDT or NN output.
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ttH(bb) analysis: result

~ Data vs. prediction in all analysis bins, ranked by S/B — left plot.

~ Summary of signal strength measurements — right plot.

295% C.L. upper limit on the ttH signal strength — bottom table.

ATLAS Preliminary tfH (bb), \s =13 TeV, 13.2 b

S 1 Earias poimmey | aoen A8 By MR R B
2 - \s=13TeV, 13.2 b ttH (M., . =40) . SOL
3 5| B i (“f-t=i2-1 ) i tat.
L 10 E |:|Backglround E Tot. ( Stat. Syst )
A 72, Bkgd. Unc. | . +29 , +1.4 +26
10°E - Bkgd. (1=0fit) 2 Dilepton —eo—— 46 53( 75 To)
103;_ —; 1.1 , +0.5 +1.0
- ] Single Lepton| e 1.6 11 (o5 Zo9 )
102 ttH (bb) Combined _
= Dilepton and Single Lepton = ot S P
- Post-fit 21 +1.0 ;, +0.5 +0.9
35 ] e Combined F-e-- 1 Toe (05 07 )
S o +
m i _ cle o b b b b b b b Ly 1y
2 0 2 4 6 8 10 12 14 16 18
& 35 3 25 =2 95 -1 05 Best fit p = o't/c for m, = 125 GeV
log, (S/B)
Observed | pegian [ rim T vize | (25! | Uncertainty of the measurement is
Dilepton 10.1 53 |[38,79] | [28,126] | 6.0 dominated by normalization and
Combined 4.0 1.9 [1.4,2.8] | [1.0,4.2] 2.7
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Search for the ttH (multileptons) process

ATLAS-CONF-2016-058

@ttH cross section at 13 TeV is 507 fb — 1% of total Higgs production cross section.

@ Search for the ttH production in many Higgs decay modes (branching ratio ~ 89%).

ttH(multileptons) Feynman diagram

Higgs decay mode | Branching ratio [%]

H— bb 58.1

— — — 93— — —

H— yy 0.23

ttH(multileptons) channel has many
possible final states — focus on those with H—WW, 3-leptons
clean signature and low backgrounds. ' R |
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ttH (multileptons) analysis: event selection and background

~ Events are separated into 4 orthogonal channels:

_ Higgs boson decay mode AXe
~two same-charge light leptons + N0 thgqg — 200Thag Category WW* 7t ZZ* Other (x107%)
_ _ 260Thad 7% 17% 3% 3% 14
(at least 5 JetS and at least 1 b'Jet) 261704 46% 51% 2% 1% 99
: 3t 74% 20% 4% 2% 9.2
- —
_two same-charge light leptons + one thag 201 thog P ont  TRE. GW B DA

(at least 4 jets and at least 1 b-jet)
o three light leptons — 3¢ (= 4jets, > 1bjet, or 3jets, > 2bjets)

- four light leptons ~ — 4f (= 2jets, = 1bjet)
B QMisReco [ ] Other

~ Dominant backgrounds: ATLAS _Simulation Prefiminany [ Non-prompt  [I] Diboson
n T . . . Background composition \:l ”‘ Z/}’ |:| ttw
U HtW, ttZ — estimated from simulation ° °
200Th g €€ 200Th,g €U 260Thag MM

~di-boson (VV) — estimated from simulation
~ non-prompt light leptons = estimated from
data control region
~ electron charge mis-identification - estimated 1.

from data of Z+jets events
> hadronic tau mis-reconstruction - estimated
from simulation and normalised to data control

region.
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ttH (multileptons) analysis: validation regions

~ Validation plot for control region of

_ ttW (left plot): selection close to the 2£0ty44 Signal region, but with low jet multiplicity.

~ HZ (right plot): selection close to the 3¢ signal region, but within Z mass window.

i)
= 501
>
i,
40r
30F

. Keller (DESY)

| ATLAS Preliminary "¢ Data
' \s=13TeV, 132 fo" LW
- ttW VR

I | I
B itH (SM)
Cetziy)
[]Diboson  []Non-Prompt |
[l GMisReco [ ]Other
7/ Total uncertainty

20¢

T eu o0
Lepton flavor

| ATLAS Preliminary -4 Data
50 \s=13TeV, 132%" [ |1tw
| Loose ttZ VR

Events / 5 GeV

40-_ DOther

%

30_‘

13

D Diboson D Non-Prompt

B :tH (sm)
ttziy

7//, Total uncertainty |

100 120 140 160 180 200

m(Zo71) [GeV]



ttH (multileptons) analysis: result

~ Cut-and-count analysis in 6 categories: 20014 (€€,e,uy), 2011h4g, 3¢ and 44.

~ Pre-fit predictions and observed data events. ~ Best fit values of the ttH signal strength.
(%) [ I I I I I
“GC_J' 90__ . . +D H SM _- I I | I I I | . . | I | I I I I I I I I I
g | AmasPimnay Den — ATLAS Preliminary  {5=13 TeV, 13.2 0"
80F '° 7 1o . J
[ _ [ ] Diboson [ Non-prompt ] _
Pre-fit -QMisReco |:|Other tot. stat. tot ( stat ’ SySt )
705— 7/, Total Uncertainty _ 22 0Tp g F—e——i 4.0 t_lz; (i1112, j;)
60
[ % 21T, +3.6 +28 +2.3
s0f 7 thad b—e——= 6.2 7, (33, 74)
: 7
40F +1.7 +1.2  +1.2
f 31 ke 0.5 %% (5o, 513)
30~ | .
o0 } 4 <« < 2.2 (68% CL)
Bl | Coru| e 2512 (37 4
. ] I T B A N B

1 | 1 1 | 1
0 20, 20, 270, ' 1, | 3r = 0 ) 10 15 20 25
best fit uﬁH for m =125 GeV

Systematic uncertainty is dominated by
non-prompt background estimates in
the 200144, 2011tHag, and 3¢ channels.
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Search for the ttH (H—yy) process

ATLAS-CONF-2016-067

~ ttH(yy) Feynman diagram

Higgs decay mode | Branching ratio [%]
H— bb 58.1
H— ww 21.5
H— Tt 6.3
H- ZZ 2.6

e N

ttH(yy) channel exploits the excellent
diphoton mass resolution of the Higgs
peak over its continuum background.
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ttH (yy) analysis: event selection

~ Events must have two tight, isolated photons, and

Leptonic channel
(tt leptonic decay)

- at least one light lepton
- at least 2 jets
- at least 1 b-tagged jet

- Z veto (mg and mgy)

« Missing ET > 20 GeV for 1-tag
events

hadronic channel

(tt hadronic decay)

* no light lepton
- at least 5 jets

- at least 1 b-tagged jet

~ Photon pair invariant mass is used as discriminanting variable.

Channel Region ttH (S) Bkgd (B) tHib+ WtH S/B Npata
" all-hadronic 1.58 8.27 0.10 0.19 9
vy leptonic 1.16 2.42 0.10 0.48 2

Events in mass window containing 90% of ttH signal

J. Keller (DESY)
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ttH (yy) analysis: result

~ The dominant continuum background is estimated from an exponential form fit to the
data sideband region.

Tl b

il [T [ ] SiA B A i

110 120 130

—
i | .
e

—

> :I I | 1 | I 1 I I 1 1 I I I 1 I 1 | I 1 1 | I | 1 1 1 : % 12 B I | I I I 1 I 1 I 1 I I 1 I 1 | 1 1 1 | I 1 T T T ]
$ 7F e Daa ATLAS Preliminary - & - * Dan | ATLAS Preliminary -
= - e Background Fit {s =13 TeV, 13.3fb* - = 10 T Background Fit {s =13 TeV, 13.3fb™* _|
I 6 — Signal + Background Fit  H—YY, m, = 125.09 GeV = = - = Signal + Background Fit  H—-YY, m,= 125.09 GeV 7
E L —— SM Signal + Background ttH leptonic . E sl — SM Signal + Background ttH hadronic b
5 = - i
4t E 6| -
3F = ; -
2 t = ¢ ] ;
n . T
160

’
1)

140 15 160 110 120 130 140
m, [GeV]

P
[
90]
<

~ The measured ttH signal strength is :

pezm =-0.3 110 (tot.) [ *]F (stat.) ]

Total uncertainty is dominated by the statistical one !
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ttH analyses: combination

ATLAS-CONF-2016-068

~ Summary of the ttH signal strength measurements (left) and upper limits (right).

Illllllllllllllll[lll IIII’I’IIIIIIIIIIIIlIIII|1'III|II'I'I|II

g - 5| .. -
ATLAS Preliminary ys=13 TeV, 13.2-13.3 fb ATLAS Preliminary {s=13 TeV, 13.2-13.3 fb™
—total — stat. (tot.) ( stat., syst.)
ttH(H—yy) | F—0— g e g e ttH(H—
(13 Tev 13.3 ™) : 0.3 -1.0 (10 02 ) (13 Tev 1(3_3 mr@)r)
ttH(H—-WW/tt/Z2Z) ——e—=— 215 i:-f J_'g; , jé;- ) ttH(H—>WW/Tt/ZZ) |
(13 TeV 13.21b™) (13 Tev 13.2 fb?)
{tH(H—sbb) e 2.1 1Y (102,09 tH(H—bb)
(13 Tev 13.2 fb™) : (13 Tev 13.2fb™) o
 ecsmneascmsaeadesscnsnanananannaamsanancssanamacascansananssannnan Expected (u=0) + I
ttH combination f o +0.7 04 +06 H ination| 2 = | e Expected (u=0) + 26
(13 TeV) 1.8 -0.7 0.4 1 =05 ) tt f%gnT]E\I,?atlon T ObzeNEd(}l )
ffH combination b LT o e, ) fiH Combination| & : | e Expected (1=1)
(?EBTEV‘ 4.5-20.3 ﬂ]'l} 1 1 1 | 1 1 | ] 1 1 | 1 1 ! .| 1 1 |- | 1 .| [l (?-BTEV‘A"S-ZDB ﬂ]'l) 1 E (| | I T | v by by by
0 2 4 §) 8 10 1 2 3 4 5 6 7

best fit p.ﬁH for m =125 GeV 95% CL limit on ].LEH at m =125 GeV

~ Expected and observed significance with respect to background-only hypothesis.

Channel Significance
Observed [o] | Expected [o7]
ttH, H — yy -0.2 0.9
ttH, H - (WW,11,ZZ) 2.2 1.0
ttH, H — bb 2.4 1.2
tt H combination 2.8 1.8
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Summary

~ A search for ttH production process has been performed in three channels, ttH (bb),
ttH (multileptons), and ttH (yy), using 13.2 fb™ - 13.3 fb™ of pp collision data at
Vs = 13 TeV, recorded by the ATLAS experiment.

_ The best fit value of the ttH signal strength is 1.8 £ 0.7.
~ Observed significance: 2.8 sigma (1.8 expected from SM).
~95% CL upper limit on ttH signal strength: 3.1 (1.4 expected from bkg-only).

~ Sensitivity exceeds Run 1 analyses.

~ Possibility for greater precision with full 2016 dataset: Stay Tuned!
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ttH analyses: combination

~ Expected signal and post-fit background yields in each ttH search category.

Channel Region ttH (S) Bkgd (B) tHib + WtH S/B NData
H = yy all-hadronic 1.58 8.27 0.10 0.19 9
leptonic 1.16 2.42 0.10 0.48 2
2LSS ee 1.99+051 | 222 + 34 0.10 = 0.03 0.09 26
2LSS eu 482095 | 380 = 5.1 0.26 + 0.07 0.13 59
2LSS 285+058 | 212 + 3.8 0.15 £ 0.04 | 0.13 31
s B e ) 2SS +ﬁid 1.43+031 | 57 + 17 | 0.11 + 0.03 | 0.25 14
3¢ 6.2 + 1.1 389 + 5.3 0.30 + 0.08 0.16 46
4¢ 0.59+0.10 | 142 +£0.24 | 0.014+0.006 | 0.42 0
{+jets (> 6j,3bj) 119 + 16 | 11250+ 240 62 + 15 0.011 | 11561
{+jets (5j,> 4bj) 11.8+ 2.6 429 + 28 091 + 0.14 | 0.028 418
H — bb {+jets (> 6j,> 4bj) | 449+ 94 1191 + 55 2.10 £ 0.50 | 0.038 | 1285
dilepton (> 4j,3bj) 20.6 + 4.2 1423 + 45 0.71 £ 0.20 | 0.014 | 1467
dilepton (> 4j,> 4bj) | 6.6 + 2.0 133 + 12 | 0.171 +£0.053 | 0.050 154
21
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Higgs boson cross section and decay widths as a function of
coupling modifiers (k)

J. Keller (DESY)

Effective Resolved

Production Loops Interference scaling factor scaling factor
o(ggF) v —b xé 1.06 - x> + 0.01 - xﬁ = 0.07 - k5
a(VBF) — - 0.74 - x;:i, +0.26 - x%
o(WH) - - xf,i,
o(qq/99 — ZH) = - K2
o(gg — ZH) v t—-Z 2.27 -x%, +0.37 - & — 1.64 - kzx,
o(ttH) ~ ~ K
o(gh — tHW) — t—W 1.84 - k2 + 1.57 -x%,r, - 2.41 - kkw
o(qq/qb — tHgq) - —W 3.40 - ki +3.56 - k3, — 5.96 - Kk
a(bbH) - — xﬁ
Partial decay width
r?Z - . 2
W ax . 2,
I v —W nr}z, 1.59 -x%,', + 0.07 -xf —0.66 - kwk;
e y o 2
rbb _ _ xf;
s ’ . 2
Total width (Bgsym = 0)

0.57 -xﬁ +0.22 ""%v +0.09 -x§+
s v - xi. 0.06 - = + 0.03 x% +0.03 - 5+

0.0023 - xf, + 0.0016 - “‘?zy)"'

0.0001 - «% + 0.00022 - xﬂ
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Contribution of each Higgs decay in the most sensitive signal regions

J. Keller (DESY)

Channel Region WW | =t | ZZ | bb YY
. all-hadronic — — — - 100%
leptonic — — - - 100%

2(SS ee 76% | 17% | 2% | 4% -

2¢SS el T7% 17% 3% 3% —

2¢SS uu 79% | 17% | 3% | 1% -

H = (WW,Tr,22) 2SS +Thad 46% | 51% | 2% | 1% | -

3¢ 74% | 20% | 4% | 1% -

4¢ 72% | 18% | 9% - -

{+jets (= 6j,3bj) 5% 1% | 1% | 90% =

t+jets (5j,> 4bj) - — — | 99% =

H — bb {+jets (= 6j,> 4bj) 1% — | 1% | 97% =

dilepton (> 4j,3bj) 6% 1% | 1% | 90% -

dilepton (= 4j,> 4bj) — - — | 98% —
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ttH combination: Log-likelihood scores

1r1l|||1r]r|||]r1|||||r1||||1r||1r1

ATLAS Preliminary
s=13 TeV, 13.2-13.3 fb™

-Aln(L)

ttH(H—yYy)
— ttH(H—>WW/11/Z2)
= ttH(H—bD)
=== ttH combination

Mo
iQ

__ i
,.|..LJ ™ L

L 11 I | 1
0.5 1 i .5 2 25 3 a9 4
w_form =125 GeV

w
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=k _

&
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ttH(bb) single lepton regions

Pre-fit

10°F ATLAS Preliminary ¢ Data
\s=13TeV, 13.21b"
- Single Lepton

10° e Pre-fit

Events / bin
S,

[ttt + >1c [@tt+ >1b  [OJtt+ V _
[ ]Non-t

W ttH [t + light

77 Uncertainty-- ttH

1 I | | | |

1.5¢F

. 22 27

Data / Pred.
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ttH(bb) dilepton regions

Pre-fit Post-fit
-E [ I . . I I I ] -E 7 F I . . I I I
0 10"f ATLAS Preliminary  ¢Data  [lttH [Jtf + light 3 S 10'f ATLAS Prelminary  ¢-Data  [HttH [Jtf + light
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ttH(bb) mass reconstruction
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Fraction of events
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ttH(bb) tt+jets simulation

ME gen. Powheg-Box | Powheg-Box MG5_aMC Powheg-Box | Powheg-Box
PS/UE gen. | Pythia 6.428 | Herwig++2.7.1 Herwig++2.7.1 Pythia 6.428 Pythia 6.428
Ren. scale \/mf +p%t \/mf +p%t \/mf - %(p%ﬂt +p,2m) % . \/mf +p%[ 2 - \/m? +p%.ﬁt
Fact. scale mf +p%t m‘f +p%t \/mf + %(p%:t +p%j) % . m;‘" +p%t 2 - ﬂm? +p%,,t
hdamp m; m; - 2 - m; m;
ME PDF CT10 CT10 CT10 CT10 CT10
PS/UE PDF | CTEQ6LI1 CTEQ6LI1 CTEQ6L1 CTEQ6LI1 CTEQ6LI1
Tune P2012 UE-EES5 UE-EES5 P2012 radHi P2012 radLo

ME gen. MGS5 _aMC MG5 _aMC SherpaOL

PS/UE gen. Herwig++ 2.7.1 | Pythia 8.210 Sherpa
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ttH(bb) tt+jets uncertainties

J. Keller (DESY)

Systematic source

How evaluated

If categories

tt cross-section

NLO generator
(residual)

Radiation
(residual)

PS & hadronisation
(residual)

NNLO top & 11 pr

tf + bb NLO generator
reweighting

tf + bb PS & hadronis.
reweighting

tf + bb renorm. scale
reweighting

tf + bb resumm. scale
reweighting

(7 + bb global scales
reweighting

tf + bb shower recoil
reweighting

tf + bb PDF
reweighting

tf + bb MPI

tf + bb FSR

tt + ¢¢ ME calculation

+6%
Powheg-Box + Herwig++ vs. MG5_aMC + Herwig++

Variations of ug, ug, and hdamp

Powheg-Box + Pythia 6 vs. Powheg-Box + Herwig++
Maximum variation from any NLO prediction

SherpaOL vs. MG5_aMC+ PyTtHia8
MG5_aMC + Pytaia8 vs. MG5_aMC + Herwig++

Up or down a by factor of two

Vary pq from Ht/2 to picmmps

Set uq, Hr. and pr to pgemmps

Alternative model scheme

CT10 vs. MSTW or NNPDF

Up or down by 50%
Radiation variation samples
MG5_aMC + Herwig++ inclusive vs. ME prediction

All, correlated

All, uncorrelated
All, uncorrelated

All, uncorrelated
1t +>1c, tf +light, uncorr.

tt+>1b
tr+>1b

tt+>1b

tr+>1b

tr+>1b

tr+>1b
tr+>1b
tr+2>1c
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ttH(multilepton) 2£0t,,qevent characteristics
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ttH(multilepton) 2¢1th,qevent characteristics
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ttH(multilepton) 3¢event characteristics

Events

J. Keller (DESY)
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ttH(multilepton) post-fit yields

J. Keller (DESY)

Events

90}

80

20

10

70}
60|
50|
40

30}

|
—4- Data B iiH (u=2.5)

[ ATLAS Preliminary W H2)7
i ) it tt(Z/y*
- {s=13TeV, 13.2fb"
| | [] Diboson [] Non-prompt
| Post-Fi Bl QMisReco Other
] 7/~ Total Uncertainty
L - 7
77777
2&"0 c?a"o 3&"0 &”I 37 4~
33




ttH(multilepton) uncertainties

Uncertainty Source Au
Non-prompt leptons and charge misreconstruction +0.56 —0.64
Jet-vertex association, pileup modeling +0.48 -0.36
ttW modeling +0.29 -0.31
tt H modeling +0.31 -0.15
Jet energy scale and resolution +0.22 -0.18
ttZ 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, i) and . ID, isolation, trigger +0.12 -0.10
Other background modeling +0.11  -0.11
Total systematic uncertainty +1.1 =09
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ttH(multilepton) post-fit yields

J. Keller (DESY)
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ttH(multilepton) 3¢event characteristics

Events
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