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Top to Higgs coupling

e Top-Higgs strong Yukawa couplingy, ~ 1

e Consequence: e Can be measured indirectly (e.g. H->yy)

o  Significant correction to Higgs self-coupling caveat: assumes no new physics
" HH o H 4@ H-ttnot accessible due to m, << 2m,
" P AN A L A e Direct measurement! E.g. in tH or ttH:
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o Major contributor to fermion loops in general




ttH in nutshell
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Both Higgs and top have diverse decay channels, 8 | = 1
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ttH measurements overview

t| Data (total uncertainty) Systematic uncertainty [ SM prediction
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more details on Higgs CP in Matthew Basso's talk
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072003
https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9
https://link.springer.com/article/10.1007/JHEP07(2023)088
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https://indico.cern.ch/event/1291157/contributions/5876702/
https://doi.org/10.23731/CYRM-2017-002
https://indico.cern.ch/event/1291157/contributions/5888283/

ttH(bb) with full Run 2 data

JHEP 06 (2022) 97
e Main challenge: tt+bb background e RN

o  How to separate the signal?

o  What are the modeling uncertainties? b
(heavy quarks + large number of jets!)

e Expected sensitivity 2.70, observed 10:
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e Also measured p_(H) in STXS scheme


https://link.springer.com/article/10.1007/JHEP06(2022)097
http://arxiv.org/abs/2407.10896

ttH(bb): We can do better!

New legacy analysis of Run 2 data: Expected sensitivity increased from 2.7¢ to 5.4¢!

ATLAS: JHEP 06 (2022) 097 today
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ATLAS managed to improve precision
and reach 4.60 observed significance in ttH(bb) alone!

.. what did it take?


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-24/

Problem tackled from
three major directions
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Legacy ttH(bb) analysis

Link to paper

e Analysis done for leptonic decay of ttbar
o  Single-lepton: resolved and boosted (~45% BR)
o  Dilepton: Inclusive (<9% BR)

e (Goal to measure both inclusive XS
and pT(H) in STXS model: [0, 60, 120, 200, 300, 450+] GeV

o extra bin wrt to 2021 result

e Looser selection wrt 2021 result
o  Single lepton: 5 jets, 3 b-jets (85% b-tag eff.)
o  Dilepton: 2 b-jets (85% b-tag eff.) + 1b-jet (70% b-tag eff.)
o  Allows better control of tt+jets backgrounds
o  Factor 3 larger signal acceptance

ttbar branching ratio:

All jets 44%

T+jets 15%

™+T 1%
T+ 2%
+e 2%
p+p 1%
p+e 2%

jets 15%
e+e 1% K ?

e+jets 15%

www.quantumdiaries.org - Top quark


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-24/
https://indico.cern.ch/event/1291157/contributions/5888299/
https://indico.cern.ch/event/1291157/contributions/5888299/

Monte Carlo overview

1 b-hadron;, b-jet 2 b-hadrons

e Heavy flavor classification of ttbar, !
based on hadron presence in additional jets:
o tt+=1b: atleast one jet with b-hadron
|
|

o tt+=1c: nottt+=1b
+ at least one jet with c-hadron

o  tt+light: not tt+=1b/tt+=1c
e tt+c and tt+light still contribute i
(looser selection + flavor tagging not perfect) ‘

Process Sample
tt+bb can have different signature in the detector,
ttH Powheg + Pythia8 with different impact of modeling.
tt + light, tf + > 1c Powheg + Pythia8 t#f @NLO 5FS = three categories of tt+b considered in legacy analysis:
tt+ >1b Powheg + Pythia8 tf + bb @NLO 4FS
tH, ttV, titt" MC@NLO + Pythia8 0 liEA
] 3 a la . . .

. _ e tt+1B (e.g. bbin single jet)

Wty sEbaven SR e tt+1b (e.g. 1 jet out-of-phase-space) .

Single top Powheg + Pythia8




Modeling of tt+bb
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o  updated renormalization scale, nominal model closer to data
o  updated systematic model , [ ATLPHYSPUB-2022-006 i 1
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e For the first time: consistent 4FS Monte Carlo used for tt+bb o E— ATLAS Preliminary —_
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ME scale Independent pp/up
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Parton shower PP8 4FS dipole recoil presented yesterday by Ricardo Goncalo 10



https://cds.cern.ch/record/2802806
https://cds.cern.ch/record/2802806
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-03/
https://indico.cern.ch/event/1291157/contributions/5878652/

Multivariate analysis

Networks are getting more complex:

e State-of-the art NN classifier using
transformers with attention mechanism [arXiv:1706.03762] R i
( } =
[_'—'_]Fea'uufmheddmg

e Low-level objects used as inputs (e.g. 4-vectors, b-tagging discriminant) ST

e Similar structure used to classify processes and to reconstruct properties,
difference in the last step and the training

Event passing

e Classification transformer: @ @ Pre-selecton
o  Class for ttH + all tt+jets categories, ‘
define analysis regions based on score @( Sanby sm=n il S

o  Select boosted events in single lepton — L S

More details in the
d,iy > 4.072  single lepton publication or
dizgg > 9.031  dilepton Yusong Tian's poster
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https://arxiv.org/abs/1706.03762
https://indico.cern.ch/event/1291157/contributions/5888298/
https://indico.cern.ch/event/1291157/contributions/5888298/

Reconstruction transformer

Find b-jets from decay of the Higgs Signal Regions

Structure similar to SPANet [Phys. Rev. D 105 (2022) 112008] ( @ @ 1
SR [120, 200)
X Q | )

Used to define regions for different bins of the p.(H) for STXS
Also employed for tt+=2b for better control over the background Y
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No Truth Higgs p; [GeV]
.

Y
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£+ jets
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https://link.aps.org/doi/10.1103/PhysRevD.105.112008

Statistical analysis
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e Profile likelihood fit of all signal and control regions
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e Fitvariables: - E
a s E!
o Boosted region in single lepton: reconstructed Higgs pT P 1 »’%%)&%}77%/:-7/%//;-f///%//////fwy//rwy%/f;‘k-/;%
T E 3
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o Otherwise discriminant variables (different for each region!) 0.3 E
0.8
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e 8 free-floating normalization factors for major ttbar background components

tTH Discriminant

e 1 (6) signal parameters for inclusive (STXS) result

e  5.40 expected sensitivity! 13



Results

T I T T I T T
ATLAS o Total Unc. i Syst. only Stat. only SM + Theory
All these improvements come together to deliver V3 = 18TeY, 1400, my=12509GeV Total - ( Stat. Syst.)
. . . H - f—e—] 1.25 *o i .
significantly improved measurement of ttH(bb)! Pr €[0,60) GeV I
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In conclusion

Still a lot to gain from studying Run-2 data! *§ 108 :_IAITII.A.S‘I,I T ; ata _:

) ) w - {s=13TeV, 140 fb” ttH (Mg, =100 3

Improvements coming from all aspects of analysis " tH(bB) B TH (= 081) ]

) ) ~ Single-lepton and Dilepton DBackgllound -

e  Object reconstruction/performance 105 —Post-fit ~/, Bkgd. Unc. -

e Analysis strategy, state-of-the-art methods = 3

e Theoretical prediction and uncertainties e [ -

Improvement in measured (expected) significance 10* =

from 1.00 (2.70) = =

to 4.66 (5.40) with the same Run-2 dataset! - —‘—-r‘F'_L-;

10°E =

- T P I ISP AR BT AR I A A

) 13— TH (4, = 1.0) + Bkgd o

@ 2 —tfH (u_=0.81) + Bkgd _-

1.1 prageed ¢ —

Ultimate precision will be reached in combination § 1%#*»-%#»#%7‘ 2 :
with the other ttH channels, ttH(bb) to play significant role 095 25 2 -18 -1 -0.5

Iogm(S/B)
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Classification transformer

Discriminant:
Pi

Define signal and control regions for all tt+jets background categories
. . B d; = —
+ separate classifier for boosted events (using large-R jets) in single lepton channel Z = N
jei Py Vi

Nij = N;/3 ks Ni

Control Regions

Event passing

( ] Pre-selection where:
@ @ ¢ p.: average network output
t for processii

' N.: event yield of process i

) [ }
Boosted
C
Transformer Yes

Sort by max.
tt + jets
Classifier

Classification <
Transformer

d;sy > 4.072  single lepton
d;7g > 9.031 dilepton

i Reconstruction
Yes Transformer 17

ttH
Classifier

£+ jets
boosted
Event?



Reconstruction transformer performance

ATLAS Simulation V5 =13 TeV ATLAS Simulation V5 =13TeV ATLAS Simulation VS =13 TeV

Single-lepton resolved incl. SR Single-lepton boosted SR Dilepton incl. SR
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CP nature of Higgs boson HIGG-2020-03

e Result @ = 11°%3% compatible with SM

------------------- — 40
Phys. Lett. B 849 (2024) 138469 S - ATLAS 1 4
e Standard model predicts CP-even top-Higgs \:h 5 [ &=1aTel 2e 7
Yukawa B 1l
- ]| 130
-> is there CP-odd component? 1= |-
e Measured in ttH/tH with H->bb E E 1 <
e Measuring alpha mixing angle between 01— =120 ﬁ
CP-even and CP-odd - 11 9
e Dedicated BDT sensitive to CP M i
2

prediction “2[7 % Bestfit a=11", k/=0.84
# SMCP-even: a=0",k,=1
CP-odd: a=90",k; =1
_3—2llll—1.“‘0||||1|‘ g

K} cos o 19


https://www.sciencedirect.com/science/article/pii/S0370269324000285/pdf

Uncertainty sources and impact

. Pre-fit impact: Ac, /oM
Uncertainty source Aoz (fb Aoyig ol (% a
Y 17l (fb) 171 [0iin (%) 6=0+A0 0=0-A8 01 005 i 0.05 -
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R i J i
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Other instrumental +10 +2 kg, ., dilep S -
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Total statistical uncertainty +54 +13 b-tag EV 7 b-jets i ! I
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Total uncertainty +101 -92 +25 —22 =Sl =hE0S O 1058 1 1 w2

(0 - 6,)/A0
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Post-fit overview of signal regions
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Events

Data / Pred.

Events

Data / Pred.

Single lepton signal regions postfit
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Dilepton signal regions postfit
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Single lepton control regions postfit
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Systematic sources comparison

Uncertainty Previous analysis Legacy analysis tt + jets components
ISR Var3c (PS) and pup/pp (ME) Var3c (PS) All

FSR g FSR (PS) wr FSR (PS) All

ME scale - Independent pp/up All

NLO matching aMC@NLO + Pythia8 PP8 4FS pthard = 1 4FS tt + > 1b

PS & Hadronisation

Parton shower

Powheg + Herwig7 (PH7)

PP8 4FS pthard = 1 5FS
PH7 4FS
PH7 5FS
PP8 4FS dipole recoil

tt + light, tf + > 1c
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