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e ttH provides direct probe of top Yukawa coupling
e H- bb adds sensitivity to high Higgs boson p, region in differential measurements
e Challenging dominant irreducible tt + bb background

w  Dedicated systematics studies for ATLAS legacy analysis
=  Comparison with CMS samples in LHC Higgs WG note


https://cds.cern.ch/record/2802806
https://cds.cern.ch/record/2812088

First Full Run 2 ATLAS Measurement

e Low inclusive signal strength
e Systematics dominated by tt + = 1b modelling
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SM compatibility: 8.5%
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Pre-fit impact on p:
[16=8+A0 [ |6=8-A8

Post-fit impact on u:
o=0+A0 [0=0-A8

—e— Nuis. Param. Pull

tt+>1b: NLO match. ljets p: [0,120) GeV
tf+>1b: NLO match. ljets p!' € [120,200) GeV
ti+>1b fraction

ti+>1b: FSR

tl+>1b: PS & hadronisation dilep

ti+>1b: NLO match. dilep p: €[0,120) GeV
tl+>1b: NLO match. CR ljets

tW: PS & hadronisation

tfH: NLO matching

k(tT+>1b)

{E+21b: NLO match. dilep p! € [120,200) GeV
{H+21b: p¥° shape

tW: diagram subtraction

tiH: PS & hadronisation

tf+>1b: NLO match. ljets p: € [300,450) GeV
tE+21b: NLO match. ljets p!'  [450,) GeV
ti+21b: ISR

tTH: cross-section (QCD scale)

tW: NLO matching

ti+light: PS & hadronisation
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Full Run 2 CMS Measurement

CMS 138 fb" (13 TeV)

| 1 I T | | T I I 1 | I

L tot stat syst

E +0.49  +0.24  +0.42

FH| s 0.84 o046 024 039
+0.33 +0.21 +0.25

SL| e 0.46 “933 021 026
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DL [wm 023 o4 0s1 029
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2016 | na 0.49 040 025 -032
+0.38  +0.24 +0.29
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Overall story analogous to first full Run 2 ATLAS analysis
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ATLAS Run 2 Legacy Analysis Motivation

Re-analysis of full Run 2 dataset Pl [GeV]

Inclusive & differential measurement 60
- Inclusive cross-section and signal strength / 120

—  Full STXS stage 1.2 scheme for Higgs boson p_ 200
Leptonic top decay channels targeted 300
. . . . 450
Major updates incorporated into analysis: 5

0

Analysis model with consolidated ATLAS Run 2 object recommendations
Consistent tt + bb systematics model in 4-flavour scheme
Overhauled event classification & Higgs boson p.. reconstruction:
Attention-based Transformers using basic particle information
w  Splittt += 1b background into three components with individual normalisation factors
Kinematic pre-selection loosened after improved classification
=  Increase in ttH(H - bb) acceptance by a factor of 3 t0 6.3%
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e C(lassification via matching particle-level non-tt jets to b-/c-hadrons
e 4FStt+=1b components classified into 3 categories:

b
) g b ) g _
t b t b t
t g t g

t

Multiple non-tt jets matched to Exactly one non-tt jet matched to Exactly one non-tt jet matched to
one or more b-hadrons multiple b-hadrons exactly one b-hadron
=  Dominated by acceptance effects
e 5FStt components classified into
- one or more non-tt jet matched to c-hadrons, no non-tt jets matched to b-hadrons
- no non-tt jets matched to b-/c-hadrons
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ttbb Samples - ATLAS/CMS Comparison
Parameter ATLAS First FullRun 2 | ATLAS Run 2 Legacy CMS Full Run 2
He 1/2zi=t,f,b,5,ng(i) 1/“zi=t,f,b,|c>‘,gmT(i)
Mg YNy e, 5 M) My ey 5 M)
damp H. /2 1.379m,
bornzerodamp 5

e ATLAS legacy & CMS parameters follow dedicated studies summarised in

H

Nominal ttbb process simulated with POWHEGBOXRES+PYTHIAS in 4-flavour scheme

(m, =172.5GeV, m, =4.75 GeV for CMS, and m _=4.95 GeV for ATLAS)

° hdamp&h

studies

bornzerodamp

FACULTY OF SCIENCE

control NLO gluon emission in POWHEG, negligible impact observed in


https://cds.cern.ch/record/2802806
https://cds.cern.ch/record/2812088

ATLAS tt + Jets Systematics Model

ATLAS Run 2 Legacy

Systematic ATLAS First Full Run 2
ME Scale - independent ME ., . variations
ISR Var3c and ME ., u. variations Al4 tune Var3c variations
FSR PS FSR p, variations

Parton Shower
& Hadronisation

Powheg + Herwig7 alternative
(5FS only)

Powheg + Herwig7 alternative
(5FS and 4FS)

NLO Matching

MG5_aMC@NLO + Pythia8 (5FS only)

PP8 p_-hard = 1 alternative (5FS and 4FS)

PP8 dipole recoil alternative

ISR Recoil -
(tt+=1bonly)
. h up-variation alternative
h variation - damp )
damp (tt+= 1c/light only)

e Floating normalisation factors in legacy analysis

First full Run 2 analysis: 6% (100%) cross-section uncertainties for tt + light (tt + = 1c),
single tt + = 1b normalisation factor with uncertainties on component fractions
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Overall Legacy Analysis Strategy
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e tt+jets backgrounds splitin 5 categories by event classification Transformer

=  Constraint of each category in simultaneous fit

® SRssplit by reconstruction Transformer Higgs boson p_
e Additional split of single-lepton tt + = 2b component
e Firstfull Run 2 ATLAS & CMS: Primary region split based on jet multiplicity

Control Reglons

Signal Regions
A

] Event passing

Preselection (
Boosted
SR
Yes

Single-
lepton
boosted
Event?

E 5}
Reconstrucnon ?Ingle
lepton
Yes Event?
No
Boosted
CR
Reconstruction
NN
Yes

tt + jets
Classifier NN

N
Yy

ttH

Classifier
above

Threshold?

Single-
lepton
boosted
Event?

Reconstruction
NN

STXS 1 SR STXS 2 SR STXS 3 SR
[0, 60) [60, 120) [120, 200)
N )
Region Name
NG Truth p [GeV]
b

A
Al
STXS 4 SR STXS 5 SR STXS 6 SR
[200, 300) [300, 450) =450



Pre-Fit Background Compositions

ATLAS Simulation
Vs =13 TeV
Single-lepton

STXS 1SR

STXS 5 SR

®

fT+>2bCR 1

ft+ 1 CR

%

Ott+22b
M+ 1B
[ (7 + light
mw

[ Other

Wi+
mT+=1c
mitz

B W +jets

STXS 4 SR

Boosted SR

T+ 1B CR

Boosted CR

#

UNIVERSITE
DE GENEVE

FACULTY OF SCIENCE

ATLAS Simulation Oti+22b @i+

Vs=13TeV Wit+1B @ti+>1c
i BT +light [MTZ

Dilepton Oow JOther
STXS 1SR STXS 2 SR STXS 3 SR

§
#

STXS 4 SR STXS 5 SR

B
®

STXS 6 SR

tT+>2bCR tt + 1BCR tf+ b CR

ff+>1cCR

tT + light CR
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Single-lepton tt +>2b CR 2 Separation Single-lepton Confusion Matrix
g40002—.,A,T|L‘A.‘s.‘,‘,,[.,.‘I‘.,..‘I:,J;t,a.[.,.‘IH;Z,’.L,.H‘.H; g _lHAI.’I_II-;‘S‘IS;r;;JlraIﬁIc;AlHI II\\lIII\[IIIIl\lII I\ll: ATLAS Slmulatlon \/—=13TeV
@ Els-=13TeV, 140" [d+>26 MfT+1b 2 I = ] Single-lepton resolved
oS, BT QLT |5 aa motaTey  tvr rocessss 2 B 100
p ez i . S “"[ Dilepton — — Other processes o =
3ooo§P°S"f"’“=°'8‘ A ] § - fT+>2bCR . § tt+I|ght_1 9 5 2 13 %
i TP o= § o5 - © Frx1c| 2 14 11 7 34 32[@% 5
2000;— —; Hw i ] |: | Lﬁ
15008 E T ] tt+=2b[ 12 17 11 42 12 7 {60 9
1 0.2 T——a - — =
1000 = i ] -
] L S ] tt+1B| 4 17 8 40 5
500 L | g — S
o o P e TR 0.1_— I_I L — 4 tt+1p| 3 37 18 12 16 14 20 -.(_3
S o5t 3 i = e ©
ER: . $ V54 L i ttH| 33 14 12 19 12 10 b
e 0-955_ _é O_l\\lllll\‘||||‘\|||||\|||||\\llll\[lllll\\llll\\l_ | | | | | O
0% 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 (?%, Q‘;( Q‘;( & (}‘;( N
{T + > 2b Discriminant tf + > 2b Discriminant ‘26 ’2@ \Aeé $Jo ?9/5/

. . .. . . Predicted Class
e Good separatlon power of discriminants after region assign ment

w  (Classification discriminants used as fit variables
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ATLAS Simulation Vs =13TeV ATLAS Simulation Vs =13 TeV
Single-lepton resolved incl. SR Dilepton incl. SR
— 0 T 100 - — 0 I I I I 100 —~
E 1 = E 1 1 1 8 =
L [0} | [0}
= 450 80 o e 450 =
@ @
&, 300~ » & 300 »
.:f_:” 3 4 60 & :f_:” 2 &
= 200 = = 200 =
= > = >
> 10 16 . 15 4 1 40 £ = 10 =
F 120 c F 120 5
24 48 s & 25 ¢ S
G S 60 3
0 S O g ()N
S &
7
Reconstruction Reconstruction

e Good Higgs boson p_ reconstruction performance observed
e Bin edges of SRs optimised for responses of ttH truth Higgs boson p.

Channel STxS Bin Edges [GeV]
Stage 1.2 STXS 0 60 120 200 300 450 00
Single Lepton Resolved 192 282 408

Dilepton 0 60 114 186 270 402
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e Mismodelling observed in pre-fit H_distributions of ATLAS legacy analysis
=  Per-channel reweighting performed for tt + = 1¢/light components
e Derivation in orthogonal region after subtraction of other processes
- Same jet multiplicity requirements, looser b-tagging requirements for tt + = 1¢/light enrichment
e Correction factors derived for jet multiplicity bins of NJ.et =5to NJ.et > 8 in single-lepton channel,
Njet =3to Njet > 6 in dilepton channel

e Separate correction factors derived for systematic variations

> T e T > T T
& 18000 ATLAS ¢ Data WiH - 518000 ATLAS ¢ Data WH -
3 F Vs=13TeV,140fb" [ff+>20 [T+ 1b 2 F (s=13TeV,140fb" [ff+>20 [WtT+1b
5 16000 Single-lepton Wi+1B  [t+21c & 16000~ Single-lepton Wi+  [it+21c
N [ T +light CR Wi +light MTZ 1 [ [ T +light CR Wit +light Mz 1
(T 14000(— Pre-fit mw WW+jets i 14000 Pre-fit with reweighting [T tW WW+jets
£ [ Other Uncertainty ] F [[]Other Uncertainty ]
12000 - 12000 —
10000F 10000 2 =
8000f 80001 3
6000} /* {1 — 6000 3
4000}~ 4000 3
2000} 2000} 4
;  OF ;  OF g
el E el =
o fo o ° A
c 11258 ° o 4 T 1.125F ¢ + +
S E S ee s g s, VG, £ S DDA Ut Tt 0 5 + ‘*d
8 e N A + £ L~ I
© £ B © E 3
O 0.875f + & O 0.875F A
.75 75
07800 300 400 500 600 700 800 900 1000 1100 1200 07800 300 400 500 600 700 800 900 1000 1100 1200

H, [GeV] H, [GeV]



Inclusive Results

Events

Data / Bkgd

Inclusive cross-section:
o(ttH) =411 *1% fb = 411 + 54 (stat.) "% (syst.) fb

Observed (expected) significance:

&)

10

o

10

10*

e
o
w

L= =
1O 0 LN W

—
:_ATLAS
= {s=13TeV, 140 fo

" tfH(bb)

~ Single-lepton and Dilepton

|_Post-fit .

;

L B
¢ Data

ttH (4, =1.0)
W tiH (p_=0.81)
[ ]Background
7 Bkgd. Unc.

1| IIlIII‘

tH (1, =1.0) + Bkgd

.—¢——_
r —ttH (p, = 0.81) + Bkgd i=zzgras] h
i rrr iy AT T Y T 7
3 25 2 15 -1 0.5

log_ (S/B)
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4.6(5.4)0

Combined Signal Strength:

— +0.22 — +0.20
u(ttH) =0.81 715 =0.81 £ 0.11 (stat.) 77 (syst.)
Normalisation factor 7 +light tf+>1c tr+1b tt+1B  tt+2>2b
Single-lepton 0.78J:(())'_(())§g 1.51‘:%'_1198 1.06t%_11% L15 +%_ 111 0.94 +%%%
: 0.11 0.10 0.09 ' '
Dilepton 88 = 186 05 124750 o

Differences between post-fit tt + = 1b norm factors!

ATLAS first full Run 2: k(tt +=1b) =1.28 +0.08



Differential STXS Results

pt [0, 60) GeV

pt €60, 120) GeV
pt €[120,200) GeV
pt! €[200, 300) GeV
pH €300, 450) GeV
pt €450, ) GeV

Inclusive
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T T T T T \ T
ATLAS le Total Unc.  mm Syst. only Stat. only SM + Theory
Vs =13TeV, 140fb™", m,;=125.09GeV Total ( Stat. Syst.) ATLAS Vs =13TeV, 1400 . o
T T T T =
0.69 +052 +0.46
— —— 125 * — o1 [0, 60) GeV -0.30 004 001 -009 -0.05
- 0.65 - 051 - 0.40 i [0, 60) 0.75
= |———— 0.77 *_g:g; fg'_ﬂ) fg‘_gg - o [60, 120) GeV | -0.30 027 008 006 002 | 4050
i 1 Ho2
u ——y 0.88 *0gs  rO% +031 1 G [120,200)GeV | 0.04  -0.27 018 041 006 ;0 2
- - H0.00
- ——— 0.77 *0a; o8 +028 1 04[200,300)GeV | 001 008 -0.18 015 o012 | |7
-0. - 0. - 0. i | —-0.25
L p———] 0.27 "_g:gi fg'_ig fg'_gg - 04 [300,450) GeV | -0.09 0.06  0.11 1050
i -0.7
N S S — 0.63 "_g:gg fg'_;? fg'_i; - 0@ [450, @) GeV | -005 002 0.6 0.5
------------------------------------------------------------------------------- ! ! ~1.00
0.20 +0.11 +0.17
= |- 0.81 * ~ 2 F * F  F 2
| | | | o.|1a ?.11 0.15I & IO ENG
5 IND
< N o Q N o
0 1 2 3 4 5 6 & ¥ P ©
o D & O
SM ov 6% o¥
Ogy/O

e STXS measurement compatible with SM with p-value of 89%
e Correlations between per-bin cross-sections do not exceed 30%



Systematics Rankings & Grouped Impact

Pre-fit impact:

16=0+A0 0=0-A0
Post-fit impact:
mo=0+A0110=0-A8

—— Nuis. Param. Pull

ttH FSR

ttH PS & had

T +>2b FSR

T + > 2b dipole PS

tt + 1b PS H7

b-tag EV 0 c-jets

T + > 2b matching

A,y tTH STXS theory unc.
b-tag EV 5 b-jets

tt + 1b scale o

b-tag EV 0 light jets
tt+21c hy,

Ay, tTH STXS theory unc.
tt+22bscale

tW diagram subtraction
K., 1 dilep

b-tag EV 4 b-jets

Z + jets XS

tf+ 1B PS H7

b-tag EV 7 b-jets

-2 -15 -1 -05 0 05 1

e Uncertainties dominated by signal modelling, tt + > 1b modelling, flavour tagging

Ao, /oM
-0.1 -0.05 0 0.05 0.1
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T | T T T [ L | T T 17T N T T 1T | T
ATLAS
{s=13TeV, 140 fb’!

————
=
L =
——
— el
e
i i
= )
e
—
—
e
| .
o e—
—.‘_
e

IIII]\lIIiII!lllIII|IIJI|IIII|I1H|IIII

(® - 0,)/A0

15 2

Uncertainty source Aoyiyg (fb) Aoig o (%)
Process modelling
tfH modelling
1TH radiation +35 =21 +9 -5
ttH parton shower +32 -19 +8 -5
ttH matching <0.1 -0.3 <0.1 -0.1
ttH theory +25 -17 +6 -4
tf + > 1b modelling
tf + > 1b radiation +31 +8
tf + > 1b parton shower +29 +7
tf + > 1b matching +19 +5
tf + > 1¢ modelling +18 +4
tf + light modelling +5 +1
tW modelling +16 +4
Minor background modelling +19 +5
Flavour tagging +36 +9
Jet modelling +22 +5
Monte-Carlo statistics +17 +4
Other instrumental +10 +2
Total systematic uncertainty +85 =75 +21 -18
Normalisation factors +21 +5
Total statistical uncertainty +54 +13
Total uncertainty +101 =92 +25 =22

16
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e Low ttH signal strengths measured by first ATLAS full Run 2 & CMS full Run 2 analyses
e tt+=1b modellingdominant for both analyses

ATLAS Run 2 legacy analysis measures higher signal strength

- Better control over tt + = 1b via improved classification strategy
- Improved tt + = 1b systematics model compared to first ATLAS full Run 2
- Signal modelling now dominant

> Good control on individual tt + = 1b components seems important in ttH phase space!
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ttbb Samples - A Comparison

ATLAS P

m [~ =

5 o008 o P8 ttbb =

> E — CMS PP8 tibb =

£ 0.05F = — ATLAS PP8 ff =

5 R i CMS PP8 i =

0.04 — "'_-_ —
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|

|

|
|

ATLAS

PP8 tibb

—— CMS PP8 ttbb
— ATLAS PP8 it
CMS PP8 tt

ATLAS + CMS
Generator Level
{s=13 TeV, > 4b, > 4j
Dilepton channel

IIII|IIII|IIII|IIII|IIII|I]

|

oL
)
-

e Comparison of samples used in ATLAS Run 2 legacy & CMS in

Fiducial volume of =2 4 b-jets, = 6 jets, 1 lepton and = 4 b-jets, > 4 jets, 2 leptons

e Comparison also to 5-flavour scheme tt + jets samples
e Uncertainty bands from stats & QCD scale variations
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Focus on leptonic top pair decay channels: single lepton (£ + jets) & dilepton
Select leading lepton at p_ > 27 GeV, sub-leading lepton at p_> 10 GeV (15 GeV in e"e” channel)
- Lowest unprescaled single-lepton triggers used
- Same-flavour dilepton channel: m,, > 15 GeV, veto around m, + 8 GeV
Select small-R jets at p_ > 25 GeV, |n| < 2.5
- b-tagging with RNN-based DL1r tagger
Additional single-lepton boosted channel with boosted Higgs candidate
- R=1.0reclustered jet with 100 GeV <m < 140 GeV, p_ > 300 GeV
- =2 sub-jets, exactly 2 sub-jets b-tagged @ 85%, = 2 non-sub-jets b-tagged @ 77%
- Analysis-developed boosted DNN tagger to discriminate Higgs candidates and top quarks
Hadronic tau lepton veto for orthogonality with ttH(ML) in combinations
Separate non-isolated muons correct b-tagged jet kinematics in MVA inputs

# DL1r b-Tags # Boosted Higgs
Charmel #I  @70% @77% @85% T/ #FThad " candidates
Dilepton >3 =2 - >3 2 0 n/a
¢+ ]Jets Resolved >5 >3 —~ - 1 <1 —

¢ +Jets Boosted >4 — > 2 >4 1 <1 >1




Nominal MC Samples
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Process Generator Comments

ttH POWHEGBOX+PYTHIAS8 -

tt+=1b POWHEGBOXRES+PYTHIA8 4-flavour scheme
tt + c/light POWHEGBOX+PYTHIA8 5-flavour scheme

tWH, tHjb, ttZ, tttf, tZq, tWz

MG5_aMC@NLO+PYTHIAS

4-flavour scheme for tHjb & tZq

Single top (s-, t-channel, Wt) | POWHEGBOX+PYTHIA8 4-flavour scheme for t-channel
ttw SHERPA 2.2 -
V+jets SHERPA 2.2 -
Diboson SHERPA 2.2 -
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Individual nuisance parameters of tt + jets modelling systematics for each component
Yields of tt + jets systematics rescaled to nominal due to free-floating normalisation factors
Modelling and normalisation uncertainties of other processes included

Experimental systematics follow current ATLAS recommendations

- Including high-p_ flavour tagging extrapolation uncertainties & muons correcting b-tagged jets
HT reweighting systematics applied per channel

- Variation of tt + ¢/light normalisation factors within uncertainties

- Distributions with reweighting switched off per jet multiplicity used as additional uncertainties

Single-lepton fake uncertainties estimated via alternative parametrisation scheme
Individual 50% normalisation uncertainties for single-lepton and dilepton fakes
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e Different fake estimation techniques in single-lepton and dilepton channels

e Single-lepton channel fakes determined via data-driven fake factor method
- Factors parametrised by lepton |n| and leading jet p,
- Factor derivation performed in region with a single loose lepton,
>2 jets, =2 jets b-tagged @ 70%, (ET, miss T My 1) <60 GeV
e Fakesin dilepton channel determined via truth record in MC simulations
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Ny Input Objects
A

Jets, Leptons, MET as input objects T T T T
e  Agnostic to object number & ordering v v
e  Features: 4-vectors, b-tag scores, object types (Cdnodes ) (_dnodes 1} X ]
V \ 4 Feature Embedding
( )
Fully-connected layers applied consistently to all objects - N
YYY VYVY

Multi-Headed Self-Attention
(d nodes, h heads)

Self-Attention Mechanism for pair-wise object interactions

(generates linear object combinations) —— —
 —“ R v A
Residual connections to improve training v v
=  Improved scheme with respect to original Transformer architecture (N ]} i
( ) )| acivenin
N )
Classification layer via pooling of latent features By Y
- J
v Attention Blocks ~

Pairing Layer to reconstruct 2 most likely b-jets from Higgs boson win Tanase

Symmetric Tensor
(a la tensor attention in SPANet ) .-
Reconstruction: D = Dropout

Decay Jet _ Layer
Indices D ~ Norm.

Classification:
6 Class
Probability
Scores p;


https://doi.org/10.1103/PhysRevD.105.112008

Transformer Input Features

Feature Description Feature Transformations
Dx Object momentum in x-direction. Re-scaledtou =0, 0 = 1.
Py Object momentum in y-direction. Re-scaledtou =0,0 = 1.
Dz Object momentum in z-direction. Re-scaledtou =0,0 = 1.
energy Object energy. Re-scaledtou =0,0 = 1.
PT Object transverse momentum. Re-scaledtou =0,0 = 1.
mass Object mass. Re-scaledtou =0,0 = 1.
n Object pseudo-rapidity. Re-scaledtou =0,0 = 1.
1) Object azimuthal angle. Re-scaledtou =0,0 = 1.
cos ¢ Sine of object azimuthal angle. Re-scaledtou =0,0 = 1.
sin ¢ Cosine of object azimuthal angle. Re-scaledtou =0,0 = 1.
PCBT bin DL Ir pseudo-continuous b-tagging bin assigned to jets in the None.
following manner. Set to O for leptons and E‘T"iss.
1, if un-tagged
2, if tagged at [85%, 77%)
feature = {3, if tagged at [77%, 70%)

4, if tagged at [70%, 60%)

5, if tagged at 60%.
lepton type Lepton type of input objects. Set to 1 for electrons, 2 for muons, None.

lepton charge
ET"™ flag

and O for jets and E;‘.“SS.
Charge of lepton objects in units of e. Set to 0 for jets and ET"*.
Whether input object is ET"* (value of 1) or not (value of 0).

Re-scaledtou =0,0 = 1.

None.
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Some redundancy in input
features, as seen to improve
Transformer performance
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tt + Jets Normalisation Factors UNIVERSITE
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e Class probabilities converted into discriminants to take process yields into account:

di = — L :
L= 5 Nij=N;/Yzi N
Zj# pj-Nij j = Nj/ Lz Nk

e SRttH discriminant thresholds optimise S / VB
e Choice of discriminant classifiers motivated via fits to Sherpa tt + jets pseudo-data samples
e Discriminants rescaled to [0, 1) in post-fit plots via logistic functions
—  Purely visual as done after region assignment
e Realistic tt + jets normalisation factors required for discriminant yields, H. reweighting, fakes

w  Per-channel factors derived via preliminary background-only fit with full systematics
- Normalisation factors similar those determined in unblinded simultaneous fit to data



Transformer Performance

Classification
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Pre-Fit Signal/Background Ratios
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e Classification Transformers give S/B of ~10% (~17%) in single-lepton resolved (dilepton) SRs
=  Improvement compared to first full Run 2: ~5% (~7%) in single-lepton resolved (dilepton) SRs
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Post-Fit Region Overview UNIVERSITE
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Post-Fit Distributions

Single-Lepton SRs
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Post-Fit Distributions

Dilepton SRs
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Post-Fit Distributions

Single-Lepton CRs
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Post-Fit Distributions

Single-Lepton SRs
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Single-Channel STXS Fits
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STXS Rankings I/II
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STXS Rankings Il/II

Pre-fit impact:

[16=0+A0 |6=0-A6
Post-fit impact:
Wo=0+A8110=0-A0

—— Nuis. Param. Pull

tW diagram subtraction
tW Ao,

b-tag EV 0 c-jets

{tH FSR

{ + > 2b matching
Data-driven el fakes alt
kt? +22b

b-tag EV 6 b-jets

tt + b PS H7

ttH PS & had

tW PS H7

Data-driven el fakes norm
tf+>2b PS H7

Kz, -1 dilep
single lep
k

K

fT+21c
tT+18
{f + 1B matching

tt + 1b scale [T

tt + 1b matching
JES pileup p, dependence

-2 -15 -1 05 0 05 1

Ao, /6%, pH < [200, 300) GeV

{tH
-0.1 0 0.1

T T | T T T ‘ T T T T | T T
ATLAS
(s =13 TeV, 140 fb™

15 2
(- 6,)/A0

Pre-fit impact:

[10=0+A0 06=0-A8
Post-fit impact:
Wo=0+ABm0=0-A0

—— Nuis. Param. Pull

tW diagram subtraction

tt + > 2b dipole PS
Data-driven el fakes alt
Data-driven el fakes norm
tf + = 2b matching

tt+ b PS H7

b-tag EV 0 c-jets

tt + 1B matching

tW PS H7
k

1+18
tt + IBFSR
le +22b

tt +>2b FSR
tt+21c hyp
tt+ 1b FSR

ttH PS & had

ft + 1BPS H7

ttZ PS H7

b-tag EV 0 light jets
b-tag EV 4 b-jets

-2

Ao, /oM, p’T" € [300, 450) GeV

-03 -02 01 0 01 02 03

T | TTTT | TTTT | TTTT | TTTT ‘ TTTT ‘ TLXLd | T
ATLAS
Vs =13TeV, 140 fb™

e
e
—
_ \
= __En
= =
_m_
4 o
e
____

-
El*—

=
: - i
—

e —

I\II|\II\|IIil|IIII|IIII|IIII|I\II|\II\

45 1 05 0 05 1 15 2
(8- 8,)/A0

Pre-fit impact:

[16=0+A0 |6=8-A0
Post-fit impact:
Wo=0+A01710=0-A0

—— Nuis. Param. Pull

tW diagram subtraction

7 + > 2b dipole PS

tW hamp

ttH FSR

b-tag high P, EV 0 b-jets
Data-driven mu fakes norm
tf + = 1c matching

b-tag EV 0 b-jets

kt7+ 22b
tt + b FSR
Kz, ign dilep
b-tag EV 0 light jets
tf+>2b FSR

JER effective NP 2

H; reweight 5 single lep
H, reweight 6/ single lep
tt + 1B dipole PS

T + > 2b matching

tT + light matching
Pileup modelling

-2 -15 -1 05 0 05 1

UNIVERSITE
DE GENEVE
FACULTY OF SCIENCE

A()'tTH/O'SM, pY € [450, ) GeV
-02 0.1 0 0.1 0.2

T T | L ‘ T T 1T ‘ L ‘ T T 1T | T T 7
ATLAS
{s=13TeV, 140 fb™

I\IIIJII\iII\I|\III{IIII'IIIIiIIIIIIII\

15 2
(®- 6,)/A0

37



Event Fraction [norm.]

Event Fraction [norm.]

Separation Plots

Single-Lepton SRs

0.4/~ Single-lepton

0.3

0.2

0.

o

o

o

0.

0.

r ATLAS Simulation

[ Vs=13TeV

I STXS 1SR

l____1

— {tH
— — Total background

LR R R R R R R R RE R
[ I T ] T I I

TTTT T

I TR ] NI R

R R T FET PR P PO R SR

00 01 02 03 04 05 06 07 08 09 1
{TH Discriminant

B[ ATLAS Simulation 7]
[ Vs=13TeV — ttH ]

+ Single-lepton — — Total background |

[ STXS4SR ]

L I ————— q 4

T | ]

2 [
N | i

. _
oo b b b b Lo b Lo ]
0 01 02 03 04 05 06 07 08 09 1
{tH Discriminant

Event Fraction [norm.]

Event Fraction [norm.]

0-5V"'I""I""\““\“" HARRN R R AR RERRE R
L ATLAS Simulation
[ Vs=13TeV — ttH

0.4 Single-lepton — — Total background
[ STXS2SR

03 T 7

%

0.1
0uulnnlnn\u\\\unlnnlnu\uu\unlnn
0 01 02 03 04 05 06 07 08 09 1

ttH Discriminant
T T T T

0.5~ ATLAS Simulation n
[ s=13TeV — ttH ]
L Single-lepton — — Total background |

041~ sTXS 5 SR 7]
=" |

03f :

O.Zi N
01k ;
| EE FETY PN FUTY FAUEE FHRTE FUUTE PR PR
0 01 02 03 04 05 06 0.7 08 09 1

ttH Discriminant

Event Fraction [norm.]

Event Fraction [norm.]

0.5

0.4

0.3

0.2

MERRN RN RN RN R R R R
[ ATLAS Simulation

b {s=13TeV — ttH

[ Single-lepton

[ STXS3SR

[

L T

— — Total background

0.1 —
obeebon b b b b b b b L]
0 01 02 03 04 05 06 07 08 09 1

{TH Discriminant

0.5

0.4

0.3

0.2

0.

RRRRRRREEIEERAN RLLLILARRI RERLN AL
[~ ATLAS Simulation
I Vs=13TeV
[ Single-lepton
[ STXS 6 SR

— ttH

— — Total background

R
|
|
|

1

|

OC)

of
of
NE
ok
w
o
»
o
(4]
of
(o)

t

~1

0.
H Discriminant

o
of
ol

Event Fraction [norm.]

UNIVERSITE
DE GENEVE

FACULTY OF SCIENCE

o

°[" Boosted preselection

| ATLAS Simulation
| s=13Tev
Single-lepton

— ttH
— — Total background

0 01 02 03 04 05 06 07 08 09 1
ttH Discriminant

38



Separation Plots

Dilepton SRs

- AAand LAiad LA AR RALA LA LLAL) Lok MR LA
5 [ ATLAS Simulation ]
= b s=13Tev — fTH 1
% 04 Dilepton — — Total background ]
ud r STXS1SR 1
w L N
b L ]
2 031 | .
w - i 4
I D | ]
02— | -
F IR ——
0.1 —
B T P SR FURTE FYUTY FTEL FUUTE FEUTI SN I
0 01 02 03 04 05 06 07 08 09 1
ttH Discriminant
T o5 T I
& | ATLAS Simulation ]
= [ 5=13Tev — {tH 1
% I Dilepton — — Total background
8 04 sTxs 48R 7
w |- 4
€ L =
[
> | b
4 03F | SE——— g
I 1 ]
0.2 . I ]
n |
01 a
obee o b o b b b b Lo oo
0 01 02 03 04 05 06 07 08 09 1

H Discriminant

=1

t

Event Fraction [norm.]

Event Fraction [norm.]

- ATLAS Simulation
[ {s=13TeV

0.4~ Dilepton

[ STXS2SR

0.3

N R RN R R RN R R RN R RRRR

— tTtH
— — Total background

mmm na
|
|
4

02 [ I
r | I ————
01 .
oLt b b b b b b b ]
0 01 02 03 04 05 06 07 08 09 1
ttH Discriminant

ATLAS Simulation
Vs =13 TeV
Dilepton

STXS 5 SR

0.5

A

0.4

— tiH
— — Total background

i TR

[———

PRI Y AR BN A

Guuluulnnlnnln o b b b b
0 01 02 03 04 05 06 07 08 09 1
ttH Discriminant

Event Fraction [norm.]

Event Fraction [norm.]

05T T T T T T T T
[ ATLAS Simulation ]
F Vs=13TeV — ttH 1

0.4 Dilepton — — Total background ]
[ STXS3SR ]
;___1

0.3j L

0.2

P TR I

C e

01 ]
) T E FEN U P FTTE P ST FUUT PR P
0 01 02 03 04 05 06 07 08 09 1

ttH Discriminant

[ T
0.5~ ATLAS Simulation 7
I s=13TeVv — {tH ]

[ Dilepton — — Total background ]|
0.4~ STXS 6 SR B
————— B

L I 4
O.Sj [ -
L ————= ]
0.2F (-
S R I

» L
0.1 |
obennn b e b b b b Lo oo
0 01 02 03 04 05 06 07 08 09 1
tTH Discriminant

UNIVERSITE
DE GENEVE

FACULTY OF SCIENCE

39



Event Fraction [norm.]

UNIVERSITE

Separation Plots
DE GENEVE

—_

Slngle—Lepton CRs FACULTY OF SCIENCE
Fr T T T T T T - ot LA A Wk LA al LAkes LAL) LK) MAAR LAY T AT T e - et L] A WAk LA sk LAL LA LR LA
+ ATLAS Simulation 4 S [ ATLAS Simulation ] S r ATLAS Simulation T S 0 [ ATLAS Simulation ]
05 fs=13Tev — fT+22b ] - 05k 5 =13TeV — fT+22b E = [ 5=13Tev — fT+22b ] = 7L 5=13Tev — {1+ 1B i
L S_ingle-lepton — — Other processes | % “t S_ingle-lepton — — Other processes % 0.8 S_ingle-lepton — — Other processes _| % [ S_ingle-lepton — — Other processes |
[ tt+22bCR1 ] < r tt+22bCR2 9 o r tt+22bCR3 1 < [ tt+1BCR ]
04_ ] w = - w L i w 04
L = £ 04 € < .
S T8 S-S - ]
F | 4 i} ,’_——_—l ] m 0.6 — w 1
r ] F ] - . 03 .
03~ L—— . 0.3 l——— ] i 1 ]
S . ] S . 0.4 I B
021 I ] 0.2 i ] L ] 0.2 |
:4| I i L | 1 L 1 —]
04k T 0.4 . 02 ] 0.1 7]
0_|||||||H‘\\\\J||||||||||||H‘|||||||||||||||||||_ 0>H||||||||||||\H\\‘||||||||||||H‘HH‘H|||||||7 Gilllllllu‘\\\\J||||||||||||H‘H|||||||||||||H||7 0uul....lnnhuw\u..lnnlnu\uu\unlnn_
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 0.7 08 09
tf + > 2b Discriminant tt + > 2b Discriminant tf + > 2b Discriminant tf + 1B Discriminant
—_ R N RN R R AN R R RN R R RRRR —_ L I O N RN R R RN RE R - R AN RN R R AN R AR R R RRRR
E 04— . . — £ . . £ r . . q
s | ATLAS Simulation ] 5 - ATLAS Simulation E s | ATLAS Simulation ]
= L 5=13Tev — T+ 1b , = Vs =13 TeV —fT+21c 1 = (s =13 TeV — 1T + light il
% [ Single-lepton — — Other processes | % 03; Single-lepton — — Other processes | % 0.3 Single-lepton — — Other processes
& sl tfr1bCR ] g 77 fie21cCR | £ fi+lightCR 1
< £ £ | .
[ [ L [
> > >
i ] L o
0.2 02
0.17 0.1
0_“||I|||lluulu"]||||I||||\uuhu‘|u||lnn_ G_..Hlunln||I||..Inuluulu||I||nluuluu_ 0_u||I|||lluuhu‘J||||I||||\uuhu‘]u|||nn_
0 01 02 03 04 05 06 0.7 08 09 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
t + 1b Discriminant tf + > 1c Discriminant tf + light Discriminant 40



Separation Plots

Dilepton CRs

Event Fraction [norm.]

I
~

o
w

UNIVERSITE
DE GENEVE

FACULTY OF SCIENCE

Vs =13 TeV

Dilepton
ti+22bCR

T[T T T T T

[ ATLAS Simulation

A A AN MM A - A LA WA AARA) KRR el A Rk sl il - LAk LAsad LA ARA) RAL LALLI LIAK) LAk MAARIAEELS
d S [ ATLAS Simulation ] S | ATLAS Simulation d
— T+22b . = 05 (5-13Tev — T+ 1B b = L 5=13TeV — T+ 1b -
— — Other processes | % [ Dilepton — — Other processes % r Dilepton — — Other processes -
1 ¢ [ F+1BCR ] 8 03 7, 1bCR 7
1 L o04f . Co 1
< r €
— [ r A [
j & + ] o
] 0.3 ] 0.2
] 02F T T T T T 1 -
1 C —_ ] 01 -
— 01k —_ i ]
Lovliinlin bl ] bl bbb b b b o oo O T T YT VTR VPR VPR VPR TP IO
.5 06 0.7 08 09 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
tf + > 2b Discriminant tt + 1B Discriminant tf + 1b Discriminant
O o LA UL s M LAk WA Liaks WAkt O A A I M A L M MM A
5 | ATLAS Simulation B s | ATLAS Simulation i
= Vs =13 TeV —ff+21c ] = 04 5=13TeV — 1T + light —
-% 0 r Dilepton — — Other processes | % [ Dilepton — — Other processes |
S U ff+>1cCR ] 8§ | ff+lightCR E
w L i [y L B
5 7 5 03 =
> N N > r B
wo.15~ — w L i
L 1— ] 0.2 —
0.1 ———— H = i
] L g -
0.05- - o1 p
oleee b b i b b b b Lo b P I TN ST FUL FEUTY SUUTY FTE FRUTY PRI ETT
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
tf + > 1c Discriminant tt + light Discriminant 4 l



Events / 100 GeV

Data / Pred.

Post-Fit Control Plots

H

T
Single-Lepton

L e e e R ML B L e
ATLAS ¢ Data WH

25001~ s =13TeV, 140fb" [Jf+>20 MWtE+1b
Single-lepton Wi+1B8 Wit+>1c
Resolved incl. SR Wt +light @iz

20001 Postit, = 0.81 mw W + jets

[C]Other 7 Uncertainty

600

800

1000

1200

1400 1600
Hi' [GeV]

2
Y

Events / 50 GeV

Data / Pred.

Dilepton

UNIVERSITE
DE GENEVE

FACULTY OF SCIENCE

tt+>2bCR

Single-Lepton

140 T T T T T T T T T T T T T > LN e s e e e
ATLAS ¢ Data W H 1] [ ATLAS ® Data WiH ]
1 - - r 1 T T b
120 I5=13TeV, 140f0"  [iT+22b W+ 810000 15=13TeV, 14010"  [if+>26 MiT+1b i
Dilepton Wi+1B Eit+21c Z | Single-lepton Wi+1B8 @it+21c 4
Incl. SR [T + light miiz 2 b tT+>2bincl. CR Wit +light [@EZ 1
100} Post-it, p = 0.81 mw [ Other L%’ 8000_— Post-fit, u = 0.81 mw WW +jets N
77 Uncertainty L [C]Other 7/ Uncertainty |
80 r s
6000— -
60 r ]
4000~ -
40 L ]
20 ¢ 20001 ]
0 e WA N 5 || =—EEE—————
1.2 j ) g 14 .
S . 7.
. ; %f/g/?/+y+/+//+/////#////f#§/ 77 § . ;///ﬂ//ﬁ//@ﬂ B g5

0EOO 300 400 500 600 700 800 900 1000 1100 1200

Hi' [GeV]

600

800

1000

1200 1400 1600
Hi' [GeV]

Events / 50 GeV

Data / Pred.

Dilepton

T T T T T T T T T
ATLAS ¢ Data WiH
Vs=13TeV, 140" [F+>2b Wi+
Dilepton Wi+1B8 Wi+ =21c
tt+ 22bCR W (7 + light Wiz
Post-fit, u = 0.81 =w [Z]Other
72 Uncertainty

0fOO 300 400 500 600 700 800 900 1000 1100 1200
Hi' [GeV]

42



Events

Data / Pred.

Post-Fit Control Plots UNIVERSITE

o <47/ DE GENEVE
Jet MUlt|pl|C|ty FACULTY OF SCIENCE

SR tt+>2bCR
Single-Lepton Dilepton Single-Lepton Dilepton

T T T T T 4 2 F T T T T T 4 2 T T T T T ] 2 F T T T T T 4
4000~ ATLAS ¢ Data WH 4 ¢ [ ATLAS ¢ Data WH 1 ¢ ATLAS # Data WH 1 & gs00 ATLAS ¢ Data [ -
ls=13TeV, 140" [tf+220 [T+ 1b 1 W gsof- F5=13TeV, 140" [f+22b Wi+ o G14000 {s=13Tev, 140" [ff+220 MT+1b 0w [ Vs=13TeV, 140" [tF+22b Wi+
3500 Single-lepton Wit+1B  @ti+=21c ] £ Dilepton Wit+1B @T+>1c A Single-lepton Wit+1B  @ti+>1c ] [ Dilepton Wit+1B Wit+21c
Resolved incl. SR {7 + light iz ] [ Incl. SR {7 + light tiz ] 12000/~ {f + = 2bincl. CR {7 + light iz ] 30001 ¢7 4 > 26 CR {7 + light ttz ]
9 3 300F 9 3 9
3000 Post-fit, u = 0.81 0w BW +jets = [ Post-fit, u = 0.81 =w []Other b Post-fit, u = 0.81 =w BW +jets ] E Post-fit, u = 0.81 =w []Other E
[C]Other 7 Uncertainty E 250 C 77 Uncertainty ] 10000 [C]Other 77 Uncertainty | 2500— 77 Uncertainty —
2500 3 E ] j : ]
] 2001~ = 8000 - 20001~ E
2000 — L ] ] L ]
] E = 6000F 3 15001~ =
1500 3 150 ] ] E ]
1000 3 100F- = 4000 . 10001~ =
500 = 50F 7 2000 . 5001 .
[ D D
1.1 % §F 12 B F 14 b .
E 7 ~ ~ E ~ /
1/%%/%//%//%;%%‘5%////% // s 1 / W/mg///fﬂﬁ&/ﬂW/ /// s 7 s ///%////////
0.9 ' o 08 o 09 a o
08 0.6 08 0.6
5 6 7 8 9 >10 3 4 5 6 7 >8 5 6 7 8 9 >10 3 4 5 6 7 >8

Number of Jets Number of Jets Number of Jets Number of Jets

43



Events / 50 GeV

Data / Pred.

Post-Fit Control Plots

Reco Higgs Boson p.

Single-Lepton

L L L L B L L L

ATLAS ¢ Data WiH |
ls=13TeV, 140" [tf+220 [T+ 1b 3
Single-lepton Wi+1B [@ti+>1c B
Resolved incl. SR Wt +light @tz 7
Post-fit, pu = 0.81 mw WW+jets 3

[]Other 77 Uncertainty 7

t 4
1
08 300 400 500 600 700

Reco. Higgs p, [GeV]

iz

92}
Y

Events / 50 GeV

Data / Pred.

Dilepton

UNIVERSITE
DE GENEVE

FACULTY OF SCIENCE

tt+>2bCR

Single-Lepton

T T T T T Ty R RS R AR R RN
ATLAS ¢ Data W H 1 © ATLAS ¢ Data WtiH 3
Vs=13TeV, 140" [fT+>2b mi+w ] 3 Vs=13TeV, 140" [tF+>2b [tT+1b ]
Dilepton Wi+ 1B @t+21c { 4 Single-lepton Wi+1B  [@Af+>1c
Incl. SR T + light Wiz 1 5 {t + > 2bincl. CR W +light [tz
Post-fit, u = 0.81 mw [[]Other E i Post-fit, u = 0.81 mw WW +jets 7]

77 Uncertainty ] []Other 7 Uncertainty |
+ .
8 Lt
o E
E :—.‘.-.~.-Q--&-‘m.rn’try’t//f/ﬁ*/%‘%%f%/
©
a 0.
‘

300 400 500 600 700

Reco. Higgs p, [GeV]

0 0 100 200 300 400 500 600 700

Reco. Higgs p, [GeV]

Events / 50 GeV

Data / Pred.

0 100

Dilepton

R o I o o o R e
ATLAS ¢ Data W iH E
Vs=13TeV, 140" [F+>2b Wi+
Dilepton Wi+ 18 Witt+21c |
tf+>2bCR (T + light miiz =
Post-fit, u = 0.81 mtw [JOther 7

7/ Uncertainty ]

fe ....‘....Q»..‘-m‘«w‘rﬁéﬂ/i// /%'5‘/499/ fep

200

300 400 500 600 700

Reco. Higgs p, [GeV]

44



Pre-Fit Yield Tables - UNIVERSITE
. . . 4>/ DE GENEVE
Single-Lepton Signal Regions S ———

STXS1SR STXS2SR STXS3SR STXS4SR STXS5SR STXS6SR Boosted SR

ttH truth p.{:’ 0-60 GeV 77 £ 12 187 +£32 11.1+£23 57+1.0 1.66 02 042+0.09 0.58+0.13

ttH truth p¥ 60 —-120 GeV 49+5 99 + 13 37+6 155+£22 44+ 0.5 1.25+0.19 1.54 £0.25

ttH truth p.’r’ 120-200 GeV 227 +2.2 37+4 125+ 16 34+5 81413 20+04 231 +0.28
ttH truth p.’r’ 200-300GeV  4.0+0.5 5.5+07 225+29 88+ 12 194 +30 27+04 33+0.6
ttH truth p,lf’ 300-450GeV  0.39+0.11 0.64+0.16 14+04 7.6+1.3 32+5 8.0+13 20+3

ttH truth p$’ > 450 GeV <0.1 <0.1 0.14+0.06 021+009 130+031 98=+138 69+13
ttH |y| > 2.5 0.16 £ 0.06 0.10 +0.04 <0.1 <0.1 <0.1 <0.1 <0.1
tr+2>2b 870 + 80 870 + 90 980 + 100 640 + 60 270 + 40 92 +21 103 +8
ti+1b 210 + 60 210 + 50 250 + 80 180 + 60 78 + 28 25+9 175
ti+1B 64 +19 73 +24 100 + 40 87 + 30 46 + 19 22:411 11+4
tr+>1c 210 £ 50 210 + 50 250 + 50 190 + 50 88 + 24 27 £ 13 22+8
tf + light 42+ 16 45+ 12 68 + 22 64 + 19 3111 12+ 11 32+3
tiZ 36+ 6 38+ 6 53+8 43+8 24 +5 7:2:41:1 58+12
tW 20+ 8 35+ 12 60 + 33 55+32 33425 17+ 15 5+4
W + jets 10+ 6 12+8 30+ 15 29+ 14 23+ 12 12+ 6 37+19
ttw 42+05 59+08 98+ 1.6 89+19 56+0.7 32+05 106 £0.26
Z +jets 25+ 1.1 5.1:%2 65+2.6 7.4+27 MM | 1.7+0.6 05+0.2
Diboson 13+08 25+140 44+23 4.7 2.7 3.1 %16 1.4+0.7 0.7+04
titt 51422 67 +3 11+£5 9+4 48+2.1 2:5 4150 1.1 £0.5
tHjb 0.77 022 1.06+0.21 1.61+0.32 158+0.28 1.11+0.30 0.26+0.12 0.72 +0.14
tWH 1.68 +023 2.16+0.27 38+04 41+£05 222+0.25 1.03+0.12 1.01 £0.11
Other 113+1.2 11.+£1.5 144+2 119+ 1.5 73+1.1 243+035 22+06
Fakes 29+ 12 29 + 15 27 £ 12 31+£19 22 +13 3825 85
Total 1670 £ 160 1710+ 170 2060 £ 210 1520+ 150 710 + 80 250 + 40 221+ 19

Data 1672 1657 2016 1441 676 241 216 45




Pre-Fit Yield Tables
Dilepton Signal Regions

UNIVERSITE
DE GENEVE

STXS1SR STXS2SR STXS3SR STXS4SR STXS5SR STXS6SR
ttH truth p,{:’ 0-60 GeV 106+15 203+031 1.14+0.17 063+0.11 0.19+0.07 0.046 +0.023
ttH truth p¥ 60-120 GeV 6.5+0.7 13.0+ 1.8 4.1+07 19+04 07x0.11 0.13 £ 0.07
ttH truth p,{! 120-200 GeV  3.06 + 0.34 4.7 +0.5 163 £ 2.0 50£07 136+0.19 024 +0.07
ttH truth p,?' 200-300GeV  0.5+0.07 0.72+0.08 25+0.29 13.0+1.7 44+06 041 £ 0.06
ttH truth p,? 300-450 GeV <0.1 <0.1 0.197 £0.033 0.82+0.18 8.0+1.1 1.98 £0.32
ttH truth p_? > 450 GeV <0.1 <0.1 <0.1 <0.1 0.26 + 0.08 28+0.5
ttH |y| > 2.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
tr+>2b 81+8 76 +7 81 +13 59 +4 36.2 + 3.0 117421
tr+1b 14+5 15+6 20+ 9 17+£5 11+6 29+19
tr+1B 44+26 4.8 +3.2 5:7:£23 62+19 6.6+29 3523
tt+>1c 11.3+24 11.7+26 154+ 34 125+2.6 7.1+26 30+ 1.7
17 + light 1.1.£0.7 09+0.5 1.4+0.8 1.0+ 0.5 1.0+ 04 0.37 +0.30
ttZ 4.6+0.7 46+ 1.1 7.2+ 1:1 62+ 1.3 53+1.1 2+0.6
tW 1.7+0.8 3+ 1.8 6+4 8§+5 7+5 31+29
ttw 0.65+0.11 1.18+0.15 21+0.23 264+03 27+04 1.2+0.5
Z +jets 1.8+0.9 1.9+09 34+13 38+ 1.4 33+1.2 1.8 +0.7
titt 09+04 1.1+0.5 1.8 +£0.7 1.7+ 0.7 1.3+0.6 0.65 +0.28
tWH 0.23+£0.04 031+£0.04 0.57+0.07 0.7+0.08 0.66+0.07 0.24+0.03
Other <0.1 <0.1 028 +0.14 042+0.19 0.23+008 029+0.13
Fakes 1.7+09 22411 32+1.6 29+15 26+13 1.1 +0.6
Total 144 + 13 144 £ 13 173 £ 20 143 £ 12 100 + 11 38+6
Data 150 149 161 149 76 25

FACULTY OF SCIENCE
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Pre-Fit Yield Tables

Single-Lepton Control Regions

UNIVERSITE
DE GENEVE

tf+light CR 17 +>1c CR ti+1b CR ti+ 1BCR  t1+>2bCR1 ti+>2bCR2 1i+>2bCR3 Boosted CR
ttH truth p.’r" 0-60 GeV 56 +6 59+7 89 + 11 46 +6 80+ 10 12.5+ 17 2.09 + 0.26 0.54 +0.14
ttH truth p.fr’ 60-120 GeV 86 +5 98 + 8 133+ 12 92+ 13 112+ 11 33+5 45+0.9 1.15+0.23
ttH truth p.?l 120-200 GeV 59+4 76 +7 76 + 8 88+ 11 41 +4 68+ 8 54+ 1.1 1.36 £ 0.28
ttH truth p.’r" 200-300 GeV 237:2:5 31.9%:3.5 21.2+3.1 41 +5 7311 34+ 4 6.7+ 1.1 1.42 +0.32
ttH truth p.‘;.' 300-450 GeV 7.7+1.0 10+ 1.5 47+0.8 143+2 1.12 £ 0.27 44 +08 9.8+ 1.5 48 +£0.7
ttH truth p? >450 GeV 1.67 £0.27 24+05 0.78 £ 0.19 4.1+0.7 0.18 + 0.05 0.35+0.12 3+0.7 1.75 £ 0.32
ttH |y| > 2.5 0.98 +0.08 0.72 +0.17 1.38 £0.22 0.57 £ 0.15 0.37 +0.05 0.188 + 0.029 <0.1 <0.1
ti+2>2b 2320 + 280 3800 + 400 5400 + 600 3500 + 400 7200 + 600 4900 + 500 1140 + 170 141 £ 10
tt+1b 3900 + 400 4600 + 700 10600 + 1700 5100 + 600 2100 + 500 1120 + 320 230 + 100 54+ 19
tt+1B 890 + 80 1390 + 270 1780 + 270 5100 + 400 530 + 190 380 + 140 100 + 50 327
tt+21c 17000 + 3300 17900 + 2600 7800 + 1000 5400 + 1300 2500 + 500 1220 + 270 240+ 70 133:%+:35
tf + light 31800 + 3500 5900 + 1100 4000 + 600 2000 + 500 700 + 180 320+ 110 49 + 26 34 +8
tiZ 152 +20 171 £ 25 151 + 21 146 +22 122 + 18 117+ 15 36+5 5.7+09
tW 1040 + 200 750 + 220 820 + 240 560 + 190 350 + 140 360 + 150 130 +90 10+6
W+ jets 370 + 180 370 + 180 230 + 120 170 + 80 370 + 190 250 + 130 90 + 40 56+29
tiw 100 + 12 114 + 17 43+ 7 44 +5 256 +3.5 26+ 5 105+ 1.6 1.97 £0.33
Z +jets 110 £40 110 + 40 110 + 40 64 + 23 100 + 40 55+ 20 16 +6 09 +0.4
Diboson 37+19 39 +20 23+12 2111 24 +13 23+12 10+5 1.1 +£0.7
titt 2912 24+ 10 T1LE3 19+8 21+9 33+ 14 17+7 1.4+0.6
tHjb 82+14 54+09 8.1+1.6 35+06 54+1.1 3.6+0.7 0.53 +0.15 0.65 +0.20
tWH T:1. 507 6.7+0.7 9.6 1 5.7+0.6 54+0.6 58+0.7 1.78 £ 0.2 0.44 +0.07
Other 370 +40 370 + 40 303+ 35 228 +22 179 +22 111 +12 274 +28 39+09
Fakes 810 + 300 800 + 400 880 + 350 340 + 140 660 + 300 280 + 130 ST %32 6.3 +3.3
Total 59000 + 6000 37000 + 4000 32500 + 2900 22900 + 2200 15200 + 1700 9400 + 1000 2190 + 270 440 + 50
Data 61954 36528 32887 23245 15595 9397 2097 426
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tf +1light CR 7+ >1c CR tf+1b CR tt+ 1B CR tt+>2b CR
t7H truth pH 0-60 GeV 119+ 14 19.7+2.3 198 +2.3 99+14 26.0+3.0
17H truth p¥ 60-120 GeV 170+ 1.3 345+29 295+3.0 204 £2.5 42.0+4.0
17H truth p 120-200Gev ~ 10.0 0.9 271427 17.0 £ 2.1 192+24 34.0+35

ttH truth p? 200-300 GeV 3.1+£035 11.1+1.3 4.6+0.7 92+1.2 149+19
ttH truth p{:’ 300-450GeV  0.94 £0.15 35+05 0.94 +£0.19 33+05 54 +0.8
tTH truth p{:’ >450 GeV 0.33 £ 0.07 0.65+0.12 0.116 £0.033 097 +0.15 1.33 £0.26
ttH |y| > 2.5 0.31 £ 0.05 0.25 £ 0.04 04 +0.05 0.127 £ 0.028 0.166 + 0.018
1t+2>2b 495 + 35 860 + 60 1080 + 200 650 + 100 2700 + 200
tr+1b 1410 + 130 1790 + 230 3600 + 700 1540+ 180 1200 + 400
tr+1B 310 + 40 460 + 40 540+ 210 1560 + 230 310 £ 110
tr+2>1c 5600 + 500 7700 + 600 2210 + 280 1590 + 330 1070 = 170
11 +light 9200 + 1500 2800 + 400 590 + 130 410 £ 90 190 + 70
tiZ 43+ 6 81 +12 35+6 36+5 92 + 12
tW 300 + 60 210 £ 50 220 + 70 150 + 50 300 + 140
ttw 37%5 1224 12.1+1.3 143 +33 29.8 + 3.5
Z +jets 340 + 130 260 + 100 250 + 90 93 +34 320 + 120
titt 1.6 +0.7 10+ 4 1+04 48 +2 28 + 12
tWH 0.98 £0.11 2.24 +0.22 2.69 +0.29 142 +0.14 40+04
Other 56+24 8.1+3.1 44+£20 2.1+0.7 12+5
Fakes 110 + 50 120 + 60 40 £ 20 40 + 20 80 + 40
Total 18000 +£ 2000 14400 + 1100 8700 + 900 6200 + 500 6400 + 700

Data 18557 14361 8624 5830 6448 48




