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Motivation for ttH

Top-Higgs coupling

@ Top quark is the heaviest fermion in SM: top Higgs Yukawa coupling of O(1)

@ Interesting place to study Yukawa coupling and potential deviations from the
SM expectations
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ttH in multi-lepton final state

Higgs decay modes

o ttH measurements in several decay modes by ATLAS: ~~, bb, ZZ, T7

@ 7v: clean channel but low statistics
@ bb: high statistics but complicated backgrounds (tt-+HF)
@ ML: middleground

ATLAS ttH ML measurement

o Full Run2 data set (140fb™ ')
@ Improves with respect to
o Higher statistics
e Improved flavour-tagging and lepton identification
e Improved understanding of ttW
e STXS measurement
o CP interpretation
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ttW background

Complicated SM process

@ Quark antiquark induced process (charge asymmetry)
o Large higher-order QCD and EW corrections
@ Dedicated inclusive and differential measurements

@ New cross-section calculations from theory community
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e ttH ML analysis closely follows methods developed for ttW analysis
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https://link.springer.com/article/10.1007/JHEP05(2024)131
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.231901

Overview of analysis

Selected Higgs decay modes
@ Target process with several leptons in final state
@ 07hag channels: highest statistics
@ Selection targets different Higgs decay modes: WW, 77, ZZ

@ Dominant decay mode dependent on channel
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Event categorisation

@ In O7phag and 274,49 channels: Higgs pt reconstruction J

o GNN

@ large migrations because of
neutrinos and soft jets out of
acceptance

e BDT

@ more diagonality in H — ThagThad
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@ Dominant background: ttW and ttZ
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o 3dim DNN: ttH, ttZ, 7Z
e Dominant background: ttZ
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Event categorisation: 74,4 channels
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o 3dim BDT: ttH, ttW and tt

@ Dominant backgrounds: non-prompt
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Irreducible backgrounds

o Moo Dowon W B

v Bows oo B Bom Do o Dedicated tHgb categories for

‘ ' simmultaneous measurement

@ Constrain normalisation of
dominant backgrounds: NFs fully
correlated across channels

o ttW NF consistent with ATLAS
ttW measurement )
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Reducible backgrounds
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o Non-prompt leptons (mainly tt): HF and LF
hadron decays, conversions, mis-ID 7.4

@ Constrain normalisation with data

@ Uncorrelated between channels, as use
different lepton working points

o Fully data-driven fake factor method in
2Thad channel
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Results: inclusive cross-section

@ Simultaneous fit of signal and backgrounds }
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Results: inclusive cross-section

N
Total uncertainty +0.20 —0.19
Statistical uncertainty +0.13 —0.12
Total systematic uncertainty +0.15
ttH modelling +0.03 —0.02
ttW modelling +0.05
. . tt modelling +0.04
Impact of uncertainties 1t modelling 10.03
.. .. . ttZ modelling +0.01
° slmllar statistical and systematical Diboson modelling 1001
Impact Other backgrounds modelling +0.03
= . : ttW normalisation +0.07 —0.06
e tt_W n(?rma||sat|or? and mOde”mg ttZ normalisation +0.05 —0.05
still major uncertainty (ME, PS, MR) Non-prompt normalisation +0.02 —0.02
Diboson normalisation +0.01 —0.01
MC samples size +0.04
Electrons, muons and 7j,,4_vis +0.04 —0.03
Jets +0.04 —0.03
Flavour tagging < 0.01
BT +0.01
Misidentified 7-lepton background +0.03
Luminosity < 0.01
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Results: simultaneous measurement of ttH and tHgb SPaTLAS
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@ Result consistent with ATLAS tHgb (bb, ML) measurements ;
=8 1+3.3
HtHgp = ©-1_33
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Results: STXS measurement

Differential measurement in p% S Gentevnw
@ Low cross-section in central STXS sza | T
bin, but high correlation ) <120 Gev o= 078 Ih L%
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CP Interpretation

@ CP violation in top Yukawa coupling would
impact ttH and tH production rates and
differential distributions

o Effective Lagrangian:
L = = {1)ki[cos(a) + isin(a)]v: } H
o x: coupling modifier (SM: x; = 1)
e a: CP-mixing angle (SM: a = 0; CP-odd:

Prediction normalized to SM
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CP Interpretation

@ Results compatible with SM
expectation: |a| < 62° at 68 %
exclusion limit

@ Exclusion of pure CP-odd
hypothesis at 1.80 (3.10 expected)

@ 07hag and 27459 channels compatibl
at 34%
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Summary aTLAS

@ Full Run 2 measurement of ttH in multilepton final state

@ Included inclusive and STXS measurement and CP interpretation

@ All results compatible with SM: but ttH normalisation slightly low while
tHqb slightly high

o CMS results © ey = 0927928 iy = 57751

@ Stays an interesting channel for Run 3 and beyond

Run: 358615
Event: 3897011348
2018-08-19 20:30:51 CEST
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Interpretations of ttH measurements

% ‘ATLAS ISimu\ati-ln s :‘ 13 Te\/‘, 139 lb“
@ Inclusive and differential cross-section 3 10 Ttine. goF -
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o EFT interpretation T T T T
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MC samples

Physics process Event generator Matrix element order Parton shower PDF set Tune

ttH PowHEG Box NLO PYTHIA 8 NNPDF3.0NLO Al4

ttH (CP interpretation) MADGRAPH5_.AMC@NLO NLO PyTHIA 8 NNPDF3.0NNLO Al4

tHqb MADGRAPH5_AMC@NLO NLO PYTHIA 8 NNPDF3.0NNLO Al4

tHW MADGRAPHS_AMC@NLO NLO PyTHIA 8 NNPDF3.0NNLO Al4

it PowHEG Box NLO PyTHIA 8 NNPDF3.0NLO Al4

HW SHERPA 2.2.10 MEPS@QNLO SHERPA NNPDF3.0NNLO SHERPA default
ttW (EWK) SHERPA 2.2.10 LO SHERPA NNPDF3.0NNLO SHERPA default
tHzZ/y" MADGRAPH5_AMC@NLO NLO PYTHIA 8 NNPDF3.0NLO Al4

ttZ/y" (rad. decay) MADGRAPH5_AMC@NLO LO PyTHIA 8 NNPDF3.0Lo Al4

titt MADGRAPH5_AMC@NLO NLO PYTHIA 8 NNPDF3.1NLO Al4

tit MADGRAPH5_AMC@NLO  LO PyTHIA 8 NNPDF2.3L0 [49] Al4
VV,qqVV,VVV SHERPA 2.2.2(1) MEPS@NLO SHERPA NNPDF3.0NNLO SHERPA default
Single top PowHEG Box NLO PYTHIA 8 NNPDF3.0NLO Al4

(t-, Wt-, s-channel)

Z 0t SHERPA 2.2.1 SHERPA NNPDF3.0NNLO SHERPA default
Z 0 (y—eter) PowHEG Box NLO PYTHIA 8 CTEQ6LINLO [50] Al4

Z 00 (v — ete”)  Powngec Box NLO PYTHIA 8 CTEQG6LINLO Al4

HWW MADGRAPH5_AMC@NLO LO PyTHIA 8 NNPDF2.3L0 Al4

tZ, tWZ MADGRAPHS_AMC@NLO NLO PyTHIA 8 NNPDF3.0NLO Al4
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Lepton working points

Electron Muon
Lepton definition L ‘ L ‘ M ‘ M., ‘ T L ‘ L ‘ M ‘ M., ‘ T
Identification Loose ‘ Tight Loose ‘ Medium
Transverse impact parameter <5 <3
significance |dy|/oq,
Longitudinal impact parameter z, |zosin ] < 0.5 mm
Isolation Yes Yes
Non-prompt lepton WP - Tight | Tight-not- | VeryTight - Tight | Tight-not- | VeryTight
VeryTight ‘ VeryTight ‘
Yes -

Electron charge-misassignment veto -
Electron conversion candidate veto —

Yes (except )
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Channel selection criteria

| 208807304 | 300Ty0q | 40 | 20881700 | 102704 | 202730q
Light leptons
N, 2 3 1 2 I 2
Lepton definition T Lo, Ly, by LT T L M L L
Lepton pr [GeV] >15 | by, 0y, 0Ly > 10, 15, 15 > 10 >15 > 97 > 10
> +2 +1 0 +2 +1 0
|mgp — my| [GeV] - > 10 (SFOS) - > 10 (SF) - > 10
my [GeV] - > 12 (SFOS) > 12 (SFOS) - - > 12
m(4l) [GeV] - - 115 or ;130 - - -
Thad-vis and jets
N iein 0 0 - 1 2 2
Gy +1 0 0
Niets >3 =2 >2 >4 >1 >1
Npsn | =1 >1 >1 >1 - -
Ny - - - - >1 >1
Number of categories ‘ 14 11 2 1 ‘ 6 ‘ 2
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Channel selection criteria

20SS507y,,q and 3007y,,q4 channels

4¢ channel

Region 30VV | 30z 30IntC, 20tt(e)a,, 26t6(€) as, 1 30 uHF | 3¢ eLF

3¢MatC 2068 (1) g, > 2068(10) aa, 7 3¢ e HF

2086(e) ar,  a,, o 2066(1) a0,
Lepton requirement 3¢ ppe” 20588 eﬂziui ,ui,u;e;
,u;eiei

Lepton definition (Lor L', M, M) | (L, M,M) | (T, M) or (Mey, T) or (Mey, Mcy) L
Lepton pr [GeV] (10, 15, 15) (15, 15) (10,10,10)
[m$F,- —my| [GeV] <10 > 10 - - <10
|mgge — my| [GeV] > 10 <10 > 15
mr(Ly, EF) [GeV] - < 250 for TM,, and M, T pairs -
ERS [GeV] - -] <
Nicts 20r3 >4 - >2 >1
Niors 165% | > 1 p%% 0 %% 1 p85% > 165% | g pB%
Thad-vis candidates 0 0 -
3007},,q channel veto Yes
Region split internal, sub-leading e/p x e*uiui

material (T Moy, Moy T, Moy M.,,) ;ﬁeiei
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Channel selection criteria

20SS17,,q channel 1027y,,4 and 2027y,4 channels

Region CR-0S CR-SS VRy,., || FF-Z | FFtt | VR3[| VR
Lepton requirement 2, OS 2, SS 2, OS 2, 0OS 2, OS 1 2, 0OS
Lepton definition M r M L L L L
Thad-vis Tequirement 1 1 1 2, OS 2, OS 2, SS 2, SS
Thad-vis definition M M M VL VL M M
|7n?fr —my| [GeV] - - - <10 > 10 - -
Niegs 2013 2013 >4 >1 >1 >1 >1
Nyjoss >155% >155% S16%% || 067 | =17 | > 167 | > 167
Region split H - ee, efl, f1e, [LiL - H - ‘ - - -
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