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o ttW process is the dominant background in many measurements with multi-lepton final states.
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Signal Modeling and Background Estimation
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~ Challenging to simulate because of the high-
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order EW and QCD corrections.
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» QCD sample: LO1+NLO1 (597 tb — 573.68 tb)  o1: 0cp (6aa?)

LO3 : EW (O(a”))
- Include -3.9% interference eftect from

LO3+NLO2 EW diagrams
> EW sample: NLO3 diagram (42.1 tb)
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» Internal and Material Conversion (CO)

» Non-prompt leptons from Heavy Flavor (HF) decay

o Irreducible background:

L=V(d*+z7)

> ttZ ,VV samples: estimated with dedicated CR and free floated when fitting 3



Non-prompt/Fake leptons Estimation: Template Fit

~ 10 control regions: 6 for HF fakes, 1 for VV, 1

for ttZ and 2 for internal and material CO

accept conversion
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o Uses 6 free floating normalisation factors for
» internal conversion and external conversion

» heavy flavour with non-prompt electron/muon
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Template Fit: Data Fits in CRs

2¢°SS,

100 | UL UL R L | I L | T o P | L L
= ATLIAS Prelliminary| ® IData | |:|Itt'W I =
- (s=13TeV, 140"  []tiH mtiz/y* i
- W ML [ty*(LM)  @Diboson |
801~ 2/tt(e) TMex W@ Mat Conv  [HFu &
| Post-Fit [ HFel [ ]QMisID |
[ Ml titt []Other 1
60 72~ Uncertainty --- Pre-Fit Bkg. |
0 7
SR 7
0 Y l [ 1] I [ (||| I | =Y I ] I R ] I 1 I [ AL | I
1.25F
BT /%/// //%////

O.go

30

70

80 90

100

p7' [GeV]

P T,subleading lep

120—

100

80

60

40

20

1 .25

_L

0.75E

IIllllllllllIIIIIIIIIIIIIIIIIIIIIIIIIII
~ ATLAS Preliminary ¢ Data CJtiw -
L Vs=13TeV, 140fb" [JtiH Wtz -
- WML [Dtty*(LM) [ Diboson i
| 271t (u) TMex Bl Mat Conv  [[JHFu ]
- Post-Fit [CHFel [ ]QMisID =

B tttt []Other i
2~ Uncertainty --- Pre-Fit Bkg. —

Ty s ///

vvvvvvvvv

--------

Events

Data / Pred.

800

700

600

500

400

300

—

—

\QllllIllllllll

ATLAS Preliminary
\s=13TeV, 140 fb”
ttW ML

3¢/VV

Post-Fit

¢ Data
ttH
Etty*(LM)
@ Mat Conv
[CIHFel

Bttt

7~ Uncertainty ---

[ ttw
[tz
B Diboson
EHF
[]JQMisID
[ ]Other

Pre-Fit Bkg.

\I\IIIIIIIIIIIIIIIIIIII

Event yield

o
AN

450

400

350

300

250

200

150

100

TTTrrrrfrirT Ty Ty rrTr T rrTT
I I I I I

I
ATLAS Preliminary

I‘- 13 TeV, 140 fb

%"

W
g 3
'_"SN

¢ Data
[]ttH
Etty*(LM)
[l Mat Conv
[CIHFel

Bttt

7~ Uncertainty ---

[ Jttw
mtiz/y*

[ Diboson
[JHFu

[ ]QMisID

[ ]Other
Pre-Fit Bkg.




Fake estimation with Matrix Method

o Estimate the fakes with the matrix

method (data-driven)

.~ Define CR, in which measure the & (€)i =

efliciencies for the real and fake
leptons from Loose selection to Tight

selection, using Tag&Probe method

o Apply the efhiciencies in the SR to
calculate the total number of fake
events (where at least one of the

leptons is fake)
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Fake estimation with Matrix Method

o Estimate the fakes with the matrix

method (data-driven)

o Define CR, in which measure the

efliciencies for the real and fake
leptons from Loose selection to Tight

selection, using Tag&Probe method

o Apply the efhiciencies in the SR to
calculate the total number of fake
events (where at least one of the

leptons is fake)
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Matrix Method fit test:

© Defined 5 regions for fit test:

» 2ISS: subleading lepton Pt in CR and SR,

» 3l:3rd leading lepton Pt SR, VV CR and ttZ CR

~  Pertormed statistical fit test via TReXFitter, njected p,;y = 1.7

w

=

[45]

>

L
104
10=

. 1

©

2 14

[ S

5 1.1

S 08
0.5

2088 , P T,subleading lep

{s=13TeV, 1383 b []
ttWML (Very Tight PLI\IH
2/SS0T SR

Post-Fit

lIIIlI

EEECE

[]

_IIIIIIIIIIIIIIIllIIIIIIIIIIIIIIIIIIIII_

E ATLAS work in progress 3adogata (ttW1p6)

14317

ttwW 892.1
ttH 131.8 3
tt(Z/v%) 1709 1
Other 726
WV 59.1 |
99ZZ 01
tt prompt 262 -
DD Fakes 58.6 |
Total 1430.7 1

:""I"ll""l""

+ e

lllllllﬂ].llllllllll

50 100 150 200

250 300 350 400

Subleading lep p " [GeV]

Events

Data / Pred.

104 :L [ I | I L I | L I L I | ! L I | I I: 1530 'lj
= ATLAS work in progress spado4ata (ttW1p6) 246.6 1
- {s=13TeV, 1383 [] ttw 108.1 ]
- WML (Very Tight PLII ttH 79 A
10| 2/SS0r CR ] tt(Z/v*) 247 _
- Post-Fit [] Other 14.7 3
- ] VvV 31.8 -
o = _ 09ZZ 0.2 |
. B tt prompt 72 |
10° . [0l DD Fakes 372 3
= W DD QMisiD 13.9 1
[ Total 2458 |

7/ Uncertainty
100 a;,;;;,:,>,;;f;;;,;,;;;>;;;;;;,;,>?+">://";}/’,>;;;,;;;;,;;,>,:,;;;;;_'Z

1.4

e
N e

PRREPR U

EETEESY N STERI INET

0.5

50

100 150 200 250 300 350
Subleading lep p " [GeV]

400

Events

Data / Pred.

600

500

400

300

200

100

1.4
o &
0.8
0.5

_IIIIIIIIIIlIII|IlII|IIlI|Illlllllllllll[lllllllll

[ATLAS work in progress ado4®ata (ttW1p6) 355.3
— {s=13TeV, 138.3fb [ ] ttw 129
WML (Very Tight PLII ttH 33
~ VV CR 20r3j =3|, ] ttH(Z/v*) 120.7
~ Post-Fit ] Other 99.9 °
E ] vV 1142 =
L [] DD Fakes 35
C Il aMmisiD MC a0
E Total 3559
N ~~~ Uncertainty il

i— -
1 11 12 13 14 15 16 17 18 19 2
Nb-jets

3, Ny_iprs | P

Events

Data / Pred.

350

300

250

200

150

100

50

© O . =
(62 Be - BEENEPERE -

—IIIIIIIII|IIII|IIII|IIII|IIII

CATLAS work in progress ido4ata (ttW1p6) 407.0
— {s=13TeV, 138.3fb [] ttw 77
- WML (Very Tight PLI\EN ttH 7.8 -
— tZ > 4j =3, ] tH(Z/v") 288.5 —
~ Post-Fit [] Other 541
- WV 46.9 —
B 0:2 7
- 0.1
07 1.8 -
= 0.0 -
g 407.1
- ~~ Uncerta e

R
1 1.5 2 25 3 3.5

N

T,subleading lep

@ APET LT ol Tl T B T Gl G OF & O G = (8 OF £ T3 Bhi
§ " ATLAS work in progress paldo4pata (ttW1p6) 4806 3
L - {s=13TeV, 138.3fb [] ttw 2147 A
| ttWML (Very Tight PLINJH ttH 56.6 |
3|3/ IncZVeto ] tt(Z/y*) 1239 |
10°E" post-Fit (] Other 359 =
- ] vV 296 =
i ] 9927 0.2

5 T B ¢ prompt 7.2
107 — [0 DD Fakes 123 S

” ~ Uncertainty

A

—
1=
+—

i,

-
1=

Iz

o
-+

—
. &~
L U L AR

Data / Pred.

N -;.“
Ny
i |
+ .
¥ &
e q
IIIIIII‘)]HIIIIIII5

Q0O
o ™

50 100 150

200

250 300 350 400
3rd leading lep p . [GeV]

b-jets



Inclusive cross-section measurement

o Utilizing an inclusive measurement strategy resembling the one adopted in the previous 36 tb-1 measurement
o Use a total of 56 SRs within 2SS and 31 channels

» The observable used for fitting is the yields per region.

2¢SS (48 regions) 3¢ (8 regions)
Spllt by: Charge (+‘|’,“) Spht by Charge (—|—,-)
Flavour (ee, eu, pe, pup) Niets (= 2, > 3)

Njets (: 3, = 4, > 5)

VR e ) No—jets (=1, 2 2)

~  Estimate non-prompt lepton background using template fit method

~ In addition to the signal strength, also measure charge ratio and relative charge asymmetry in inclusive fit

B c(tt W) AR _ c(ttWr) — o(ttW™)

- 6(1TWH) C 6(tEWH) + 6(tTW-)




Asimov Fit studies

> Inclusive fit: hybrid fit, Asimov data in SR and

real data in CR
0w+

» Charge ratio fit: R =
O1w-—

» Real data fit with u(ttW) blind
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» Ratio fit

mu_ttW split into the stat and syst components
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Inclusive measurement

o Use atotal of 56 SRs within 21SS and 31 channels

2/¢SS (48 regions)

Split by:

3¢ (8 regions)
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Post-fit

o Template fit for background estimation in parallel
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Inclusive cross-section
ATLAS Preliminary —®— ATLAS- this result

o Measured cross-section: /s =13 TeV, 140 fo! —™ CMS (2208.06485)

+50 +70 +90 Stat. + Syst. Stat. only
o (ttW) = 890 ", (stat.) "5 (syst.) =890 "¢, (tot.) fb B
~ Compatible with the measurement from CMS NLO+NNLL W B
, FxFx
ATLAS Work in Progress
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Conclusion

o The ttW analysis has been significantly developed with the tfull Run 2 dataset
» Estimated the challenging fake lepton background and measured the inclusive cross-section
» The measured cross-section is 40% over the MC prediction, compatible with measurement from CMS

» A CONF Note was published in March of this year and the analysis paper is being reviewed by the collaboration.

© Run 2 ttH-ML analysis is ongoing, making use of improved understanding of takes and ttW modelling

© Measure the inclusive cross-section of ttH production
o2 20 + 27
~ Simplified template cross sections (STXS) measurement £
S . 4¢
g 20588 + 17
£
>
Z
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Number of light 7


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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Object and event selection

Pre-Selection

»  Applying Di-lepton triggers
> Leptons:

e pT>10GeV, |y,| < 2.47,|n,| < 2.5

® veto electrons in LAr crack region

® FCLoose isolation, Loose/ LooseLH ID for p/e
> Jets:

® Reconstruct with Anti-Kt PFlow w/ R=0.4

® Pass Jet Vertex Tagger

® pI>25GeV

® Tag b-jets with DLIr tagger

Event Selection (25S and 3¢)

? Njet>2, Nb-jet>I
® >1b (hybrid WP, =1b @ 60% or > 2 @ 77%)

> M,,>12 GeV in 2SS

v M,,>12 GeV, |M,, - M,| >10 GeV (SFOS),| M5 ,- M, |
> 10 GeV, in 37

16



Background Estimation

o Irreducible background:

> ttZ ,VV samples: estimated with dedicated CR and free floated when fitting

~ Reducible background:
» Charge mis-identification (Q-MisID)

» Internal and Material Conversion (CO)

» Non-prompt leptons from Heavy Flavor (HF) decay
® Rejected with Multivariate lepton isolation, called

PromptLeptonlmprovedVeto (PLIV) tagger

g i . Mtrack-track

conversion vertex

o V" prompt

Prompt Non-Prompt

e, U e, U

Track jet
cone

\ Track jet
“\\ cone

)
p
”~
f
£
PV i

I'7



Fake Estimation Comparison: TF vs MM

~ Dedicate validation regions are defined to perform the comparisons :
8 P P : uCh 2-3; .
- 08
Region label elCh 2-3; | elCh 4jincl | muCh 2-37 | muCh 4jincl : o TF
channel flavour ee+ue Upteu 061 | )i
jets multiplicity 2or3 >4 20r3 >4 0.4
leptons definition (lepl lep2) Tight Tight o |
b-jets multiplicity ==1 @ 60% WPor>2 @ 77% WP 2 .
additional cuts H < 200 GeV and EI™$5<85 GeV for 2-3; regions E e e s
3
¢ 7 B e IO
~ MM seems to be predicting a higher estimate than the TF (1.6 to 2 times higher) m o bt e el LRt
y
- - - s " eChd4
Region Template Fit (TF) | Matrix Method (MM) | MM/TF . / -
2 1!
elCh 2-33 30.9+8.3 66.1 + 254 2.1 . .
elCh 4jinc 33.9 + 7.8 54.6 + 19.8 1.6 0_6§ *
muCh 2-3j 414 +11.1 68.9 +27.2 L/ s abrb—
muCh 4jincl 41.9 + 10.7 68.3 +27.6 1.6 021
A T T ST Y Ve
~ The shapes agree quite well between the two estimates within their uncertainties £ (')ET B
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Fake Estimation Comparison: TF vs MM
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Non-prompt/Fake leptons Estimation

© Matrix Method
» A data-driven technique for estimating the

Efficiency of tight/base-line

Data/MC ratio

contamination of fake leptons.

© Reducible background:

» Define loose and tight CRs, measure the efficiencies of

the real and fake lepton, and estimate the fakes in SR

NTT
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» Charge mis-identification (Q-MisID)
» Internal & Material conversion (CO)

» Heavy Flavor decay
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ATLAS Internal
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o Customized Asimov fit with p ., = 1.7

u (ttw)

Fakes estimate
"| zjets x-section

wjets x-section

ttbar subtraction

ttZ x-section (corr)

ttW Shape (corr)

ttH x-section (corr)

singletop subtraction

VV x-section (corr)

QMisIDReco TT

MM non-closure systematic (mm)
MM non-closure systematic (em)
MM non-closure systematic (ee)
Muon rate stat (last bin)

| Ele rate stat (last bin)
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Fake estimation with Matrix Method

~ Fake subleading lepton origin fractions in semileptonic ¢ events in the MM CR and SR
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ATLAS Internal
{s=13TeV, 138.3fb

21SSCR(VT) tt

1 1.5 2
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. Int Conv: 4.3

Yy conv.: 4.5

. HF/other decay: 37
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ATLAS Internal
{s=13TeV, 138.3fb

21SSSR(VT) tt
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LepFlavor (1-uu, 2-OF, 3-ee)

SR

. Int Conv: 16.6

y conv.: 13.5

. HF/other decay: 63.3
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Matrix Method Limitations

The applying of VeryTight PLIV WP results a relatively large ttW contamination (~ 30%) in CR.

The measured fakes rates, and subsequently the fakes estimate depends on the ttW.

MM fakes estimate is parametrised as a function of y_ttW, to account for the possible mis-modeling of the ttW and avoid

any bias of the fakes estimate towards the SM prediction of ttW.

D A second degree polynomial function is used to derive a continuous parametrisation of NF_fakes vs u_ttW
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Events

Data / Pred.

Events

Data / Pred.

Template Fit: Data Fits in CRs
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Fake Estimation (Alternative): Matrix Method

o Customized Asimov data with g, = 1.7

ATLAS work in progress

- 1.68 '

15 2 25 3

o
O
m. -
S

Fakes estimate

"| zjets x-section

wjets x-section

ttbar subtraction

ttZ x-section (corr)

ttW Shape (corr)

ttH x-section (corr)

singletop subtraction

VV x-section (corr)

QMisIDReco TT

MM non-closure systematic (mm)
MM non-closure systematic (em)
MM non-closure systematic (ee)
Muon rate stat (last bin)

.| Ele rate stat (last bin)

ATLAS work in progress

» No significant pull is observed.

> ttZ Xsec and VV Xsec are constrained.

ATLAS work in progress
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(6-8,)/A8

ATLAS work in progress

Theory

" | ttZ varRF

ttZ modeling (A14 variations)
ttZ modeling (Shower)

ttW varRF

ttW PDF Alternate

ttW PDF «,

ttWW x-section

ttH varRF
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ttH modeling (generator)
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Fake Estimation (Alternative): Matrix Method

~ Lepton origin fractions

© Leading © Subleading © Second leading
c 2 c1.8 c1.8
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Inclusive measurement

o Use atotal of 56 SRs within 2ISS and 31 channels

2/¢SS (48 regions) -
Split by:  Charge (++,--) 1:
Flavour (ee, eu, pe, pup) °

NjEtS (: 31 — 41 Z 5)
Nb—jets (: 1, 2 2) G gas|
g 575}

3¢ (8 regions)

Split by:  Charge (+,-)
Njets (: g 3)

Nb—jets (: 1, 2 2)

Pre-fit

o Template fit for background estimation in parallel
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Pre-fit impact on o(ttW):
0=0+A0 0=10-A0

Post-fit impact on o(ttW):
1 0=0+A0 0 = 6-A0
—e— Nuis. Param. Pull

ttW modeling (generator)
Norm_fake_HF_mu_TandM
four top x-section

PLIV Muon Sherpa vs. Powheg [T]
ATLAS_TRIG_MU_SYST
Norm_fake_HF_el_TandM

ttW PDF o

ttH x-section
ATLAS_JES_PU_Rho

ttH varRF

PLIV Electron Trigger [T]
ATLAS_lumi

Fake muons ttbar modeling (PS)
PLIV Electron Jet Modeling [T]
ttWW x-section

-2 -15-1-05 0 05 1 15 2

Inclusive fit

Ao (ftW) [fb]
100 50 0 50 100

Suggestion to split ME+PS, will add when fits converge

| I L L I LI B | I L I LI LI I

ATLAS \Work in Progress
{s=13 TeV, 140 fb™

(6-6,)/A6

aiwy 17e) | %) | iy 1%] | T %
ttW ME and PS modelling 6.0 7.0 6.0 8.0
Prompt lepton bkg. norm. 2.6 2.9 1.6 2.2
Lepton isolation BDT 2.3 2.3 1.0 1.2
Fakes/VV/ttZ norm. (free-floated) 2.3 2.7 1.8 2:9
Non-prompt lepton bkg. modelling 1.9 1.7 2.3 3.1
Trigger 1.9 1.8 0.5 0.7
MC statistics 1.5 1.6 1.9 2.5
ttW PDF 1.5 1.4 2.1 2.8
Jet energy scale 1.4 1.9 0.8 Ll
Prompt lepton bkg. modelling 1.3 1.3 1.3 1.9
Luminosity 1.0 1.0 0.08 0.13
Charge Mis-ID 0.7 0.7 0.4 0.5
Jet energy resolution 0.5 0.6 0.7 0.31
Flavour tagging 0.28 0.33 0.5 1.0
ttW Scale 0.21 0.9 1.4 1.9
Electron/photon reco. 0.15 0.2 0.12 0.3
MET <0.10 <0.10 0.17 0.4
Muon <0.10 <0.10 <0.10 0.4
Pile-up <0.10 0.25 <0.10 0.3
Total syst. 8.0 10.0 8.0 10.0
Data statistics 5.0 5.0 10.0 16.0
Total 9.0 11.0 13.0 19.0
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Fake Estimation Comparison: TF vs MM

~ Dedicate validation regions are defined to perform the comparisons :
8 P P : uCh 2-3; .
- 08
Region label elCh 2-3; | elCh 4jincl | muCh 2-37 | muCh 4jincl : o TF
channel flavour ee+ue Upteu 061 | )i
jets multiplicity 2or3 >4 20r3 >4 0.4
leptons definition (lepl lep2) Tight Tight o |
b-jets multiplicity ==1 @ 60% WPor>2 @ 77% WP 2 .
additional cuts H < 200 GeV and EI™$5<85 GeV for 2-3; regions E e e s
3
¢ 7 B e IO
~ MM seems to be predicting a higher estimate than the TF (1.6 to 2 times higher) m o bt e el LRt
y
- - - s " eChd4
Region Template Fit (TF) | Matrix Method (MM) | MM/TF . / -
2 1!
elCh 2-33 30.9+8.3 66.1 + 254 2.1 . .
elCh 4jinc 33.9 + 7.8 54.6 + 19.8 1.6 0_6§ *
muCh 2-3j 414 +11.1 68.9 +27.2 L/ s abrb—
muCh 4jincl 41.9 + 10.7 68.3 +27.6 1.6 021
A T T ST Y Ve
~ The shapes agree quite well between the two estimates within their uncertainties £ (')ET B

20 30 40 50 60 70 80 90 100
Subleading lepton p_ [GeV]

-/



Differential measurement

. . . . . o W0WgF—T—T—T1T T T T T T T T T T T T T T
© Producing hybrid Asimov fits for ten observables with the combined TF + S | ATAS  inema Ctw m
W 10°F Vs=13TeV, 139 fb" It zn) [tty* (low mass)
f ld° 1055 tzfl\lsvsl.‘/):iaflferential EI:_/'\; =m:t IConv
3 e
untolding Setup - Post-Fit .QM':SID []Other
10* ‘ 7/ Uncertainty
o 2 different parameterizations --> 10°}
10 :
> 2ISS++, 21SS--, 31+ and 31- separately N,
» acharge-inclusive treatment of 21SS and 31 + the ttW+/ttW- asymmetry i —
ot L b L L
© Preparing the difterential results in standard parametrisation and asymmetry S s strssidhrons st ssemnsslonnsssoessir b 455555t oas
< 0.5F | | | | | '
I . : : : i ) :
. . . L
parametrisation (Calculate relative charge asymmetry) hese 2 bl i e sl 0 e wnl wp

Nb-Jets

© The inclusive and inclusive asymmetry parameterizations allow for a direct

comparison between unfolded observables in terms of inclusive fiducial cross

AR Nt —N-  o(@tWt)—o(ttW™)
CT Nt+N- " o(tiW+) +o(ttW-)
sections and asymmetries.

Inclusive

Differential Asymmetry

Differential

€SS++} ESS-{——I—} . 2¢5S\m {AR%SS
1= =1

{y’z 1=1>» =11
{3ty {AG Y

1’{/'1’7,
{5y (Y,

iz 20SS++  208S—— 30+ 30

20SS s R,2(SS 3¢ 4 R3¢
M s L s L s H ) AC ) ) AC

1 N ‘
u-‘=—ui(1— )(I—Acz) m D= N - AB) Z Ni(1 - AG
¢ 2 N~ 1 Hq — M C pi Vi Ci)
Standard ' = (“ N — Z 1; Nz’) 2Ny | _
parameterization L1 N- y 1 i=2 L1 (14 AR) i (14 AR)
T=opg | 1— 1 ~ pi = —5 (N1 +AZ) — ) mNi(1+ Ag,
lu’z 2# ( N:-) ( + C,Z) ! 2N1+ i—2 © | 30




Differential results

o Predicts slightly higher in the absolute cross-section measurements, consistent with the inclusive

measurement result.

S 6.'lllllllllDtlaSHlllthlllll- 3 r r 1 1 T T T T T T T T T T T T T T 1T T T T T T 71171
- _— ATLAS Prelimina ] ala, otat. - otal unc. __ R H. ] Data, Stat. 0 Total unc. 4
= - 13 TeV. 1 40 fb_1 ry —&— Sherpa —&— aMC@NLO+Py8 (FxFx) - 3.5 ATLAS Prelmunary —&— Sherpa —+4— Off-Shell .
D ! ev, —%— aMC@NLO+Py8 (Incl.)  —&— Powheg+Py8 - § 13 TeV, 140 fb —#A— aMC@NLO+Py8 (FxFx) %~ aMC@NLO+Py8 (Incl.) -
% SE  tiW* Particle Level —o— Powheg+Hw7 o 2 3 titW* Particle Level —&— Powheg+Py8 —&— Powheg+Hw7 E
~ I = o
o | =
o , S
! ~
' @)
| ©
|
|
|
|
§ © S W]
28 [T L eseemme OSlg e T e T
a o
2ISS++ 21SS++
Particle-Level N Particle-Level A¢, I/
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Differential results

o Predicts slightly higher in the absolute cross-section measurements, consistent with the inclusive

measurement result.
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- _— ATLAS Prelimina ] ala, otat. - otal unc. __ R H. ] Data, Stat. 0 Total unc. 4
= - 13 TeV. 1 40 fb_1 ry —&— Sherpa —&— aMC@NLO+Py8 (FxFx) - 3.5 ATLAS Prelmunary —&— Sherpa —+4— Off-Shell .
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Differential results

~ Good agreement between data and MC from different MC generators

~ y2 p-values are calculated to test the agreement of the normalised cross-section measurement

Observable | NDF | Sherpa2.2.10 | MG5aMC+Py8 FxFx | MG5aMC+Py8 Incl. | Powheg+Pythia8 | Powheg+Herwig7/
x> | p-value | y* p-value Y° p-value X~ p-value Y p-value
Niets % 2.4 0.79 4.2 0.52 2.8 0.73 2.9 0.72 2.6 0.76
> 2LSS HT jets 5 ol 098 1] 0.95 0.8 0.98 1osls 001 2.0 0.85
HT jep 7 3.6 0.82 3.8 0.80 3.4 0.84 3.4 0.85 3.5 0.84
ARp . lead 7/ 2.0 0.96 2.4 0.93 2.6 0.92 2.6 0.92 2> 0.93
|Adq1, ss| 7 0.6 1.00 0.7 1.00 0.9 1.00 0.8 1.00 0.9 1.00
C |Any ss| 6 6.5 0.37 7.3 0.29 11.4 0.08 9.5 0.15 94 0.15 )
M;; 1ead 6 4.9 0.56 2.1 0.84 7.2 0.30 9.0 0.17 10.9 0.09
Observable | NDF | Sherpa 2.2.10 Off-Shell MGS5aMC+Py8 FxFx | MG5aMC+Py8 Incl. | Powheg+Py8 Powheg+H7
x° | p-value | y* | p-value | y* p-value - p-value x° | p-value | y* | p-value
Niets 3 0.2 0.98 - - 0.2 0.98 0.3 0.97 1.0 0.80 1.1 0.79
HT jets 4 1.4 0.84 - - 0.9 0.92 1.9 0.75 2.4 0.66 33 0.51
P 3L HT jep 5 1.0 0.96 34 0.64 1.3 0.94 1.7 0.88 1.5 0.91 1.4 0.93
ARy, lead 5 4.0 0.55 3.5 0.63 5.0 0.42 3.7 0.59 3.7 0.60 3.8 0.58
|Ady ss| 5 2.1 0.75 2.2 0.81 2.6 0.76 2.2 0.82 2.4 0.79 2.3 0.80
|Anyy, ss| 5 2.6 0.77 5.6 0.35 2.9 0.72 2.3 0.80 2.0 0.84 2.1 0.83
M;; lead 5 0.1 1.00 - - 0.2 1.00 0.4 0.99 0.7 0.98 1.0 0.96
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Diff t1 | lt & [ ATLAS Preliminary — o —
1 e re n l a. re S u S <1:_ 0.1F 13 TeV, 140 fb —A— aMC@NLO+Py8 (FxFX) % aMC@NLO+Py8 (Incl.) -
5 - ttW* Particle Level —g— Powheg+Py8 —4— Powheg+Hw7 Y
o o008 : : | -
O L | ® : | :
© ooe - | | I ® <
° ° ~ . -— | | e ~ -
~ Small tension shows in An e, . B.. W
0.04 ° -E-—G— l . 282_‘_ | . = == ° ]
| 58 - « T ¢ T *fﬁ
_ | ! | ol
between two leptons, the y2 p- 002 ; : . .
i |
IS S S S S S S —
s ;- — | $:—°— ! P s i ' ;Q:E:
= =0= I —— I ' I == ]
o 1:-0—‘-O~"°"“-"--' ey~ " T =@’—'.‘_'0_"_'Q_- ------- e Sl i i
value for the normalised cross osf - ; R s .3
; T —i— =R="E" g Y
° ° 1:%Z=+F8F\.-----_ ---I.--.EF._.X._.--._;B.—._#_%.E.__.—.E._.--------.*.--.L. ..... - x.:._.x_.fz.f-_z
section measurement 1S 0.37 Hed - | = c
c —tt— —t——— — —— — —— —— t—— t—— —— t—— t———t—— ——f————————t———]
ks 15F | | I —
=| . — —— -, ]
%8 1E&+_m:"f#®:gl%f"-f.ﬂlwﬂ_ .......... 1 _.E;—.' ......... g —.@—.--.:
o 0.5 ! { : 3
0.00 0.29 0.49 0.65 0.99 1.29 1.609 Q.09 0.25 0.509 0.89 .19 1.50 Q.09 0.29 0.49 0.65 0.99 1.29 1.6¢9 0.09 0.25 0.50 0.8¢ .19 1.50
2ISS++ 3l+ 21SS-- 3l-

Particle-Level IAnII SSI

Observable | NDF | Sherpa2.2.10 | MG5aMC+Py8 FxFx | MG5aMC+Py8 Incl. | Powheg+Pythia8 | Powheg+Herwig7
Xz p-value Xz p-value Xz p-value Xz p-value Xz p-value

Niets 5 2.4 0.79 4.2 0.52 2.8 0.73 2.9 0.72 2.6 0.76
HT jets b 0.7 0.98 1.1 0.95 0.8 0.98 1.5 0.91 2.0 0.85
2 2.SS Hr jep 7 3.6 0.82 3.8 0.80 3.4 0.84 3.4 0.85 3.5 0.84
ARp. 1ead 7 2.0 0.96 2.4 0.93 2.6 0.92 2.6 0.92 2D 0.93
A1, ss| 7 0.6 1.00 0.7 1.00 0.9 1.00 0.8 1.00 0.9 1.00
(__|Any, ssl| 6 6.5 0.37 1.3 0.29 11.4 0.08 9.5 0.15 94 0.15
M;; 1ead 6 4.9 0.56 2.1 0.84 7.2 0.30 9.0 0.17 10.9 0.09




ttH-ML analysis

~ Following on ttW production cross-section measurements, the analysis team targets the ttH measurement with the
full Run 2 dataset ;
» Measure the inclusive cross-section of ttH production

» ttH-ML simplified template cross sections (STXS) measurement (p; : [0,200] & [200,00]) ,

» Higgs decay to WW/ZZ/tt channels with multilepton final states

o2 1€ + 2754 | 27 + 27hd
° 2658 + 17154 a¢
'g Medium RNN tau ID
2
0
© Adopted the object definition and event selection from tt'W analysis for non-tau
channels. For tau channel, dedicated tau ID optimization studies were required:
» New RNN Medium WP was chosen to identity tau candidates, compared with _
. 03} s —
previous BDT-based approach : e
0.2_— =
I

0.1—

Significance: S/ \/ (B+(a*B)?2)
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