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Why care about top-Higgs interactions?
• Higgs Yukw sector is of prticulr importnce to mesure nd probe to high precision

• Top-Higgs interctions very compelling to study

ℒ = mf ψ̄fψf +
mf

v
Hψ̄fψf

yf

2

• Lrgest predicted Higgs-Yukw coupling in SM, yt ∼ 1

H

f

f̄

 running of Higgs self-coupling → λ

Higgs-fermion interction

fermion msses
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See tlk by B.Moser 
for c/b probing t 

ATLAS!

• Sensitive to  potentil new physics

• role in stbility of EW Vcuum

• Source of CP Violtion for bryogenesis

• So, how cn we probe these interctions nd mesure ?yt

Higgs Yukw sector

t tree-level

JHEP 08 (2012) 098

https://indico.in2p3.fr/event/33627/contributions/154130/
https://link.springer.com/article/10.1007/JHEP08(2012)098
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How to access top-Higgs coupling ( )?yt
Two pproches to extrct  from dtyt

Indirect

Direct

• Loop-induced single Higgs processes

• Virtul contributions to top 
production mechnisms
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Combintion in vrious production  decy 
chnnels

×

• e.g.   (4-Top) production 
cross-section

tt̄tt̄

• Tree-level ccess vi  ,  production,tt̄H tH

• ggF production, H → γγ
Cons: ssumes no BSM phenom. in loops

Cons: very rre!

• The focus of this tlk tody!

Chllenge: smll reltive production cross-sections

σtt̄H ∼ |yt |
2

Nture 607 , 52-59 (2022)

σtH ∼ (κt − κV)2

https://www.nature.com/articles/s41586-022-04893-w#citeas
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The landscape of direct access

H → bb̄ H → γγ,H → WW⋆, ZZ⋆, ττ

Low S/B Clen pek

Higher Sttistics Very smll brnching rtio

Direct ccess vi top-ssocited production mechnisms: , tt̄H tHq (tHW)

H
b̄

b

H W, Z

W, Z
H

ZZ → 4ℓ

Rnge of ccessible finl sttes to explore, ech with benefits/chllenges

Chllenging bckgrounds
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https://link.springer.com/article/10.1007/JHEP07(2023)088
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Overview of cross-section measurements in ATLAS
• Rich set of  mesurements performed with Run-2 dt!tt̄H, tH
• Both inclusive cross-sections nd differentil (within STXS frmework)
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• Individul nlyses re vitl for mesurement optimistion…

…But, ultimte sensitivity comes from combintion of ll ccessible finl sttes

tt̄H(H → bb̄)

tt̄H(H → WW⋆, ZZ⋆, ττ)

tt̄H + tH(H → γγ)

H → ZZ → 4l

H → ττ
See tlk by Z.Wolffs for 
updted combintion 

results!

Nture 607 , 52-59 (2022) [Modified]

Dedicted  Mesurements Mesured with other production modes

Eur. Phys. J. C 85 (2025) 210

ATLAS-CONF-2019-045

JHEP 07 (2023) 088

JHEP 03 (2025) 010

Eur. Phys. J C 80 (2020) 957

ℒ = 140−1 , s = 13 TeV

ℒ = 80−1 , s = 13 TeV

ℒ = 139−1 , s = 13 TeV

ℒ = 139−1 , s = 13 TeV

ℒ = 140−1 , s = 13 TeV

ATLAS-CONF-2025-006

https://indico.in2p3.fr/event/33627/contributions/154129/
https://www.nature.com/articles/s41586-022-04893-w#citeas
https://doi.org/10.1140/epjc/s10052-025-13740-x
https://cds.cern.ch/record/2693930
https://link.springer.com/article/10.1007/JHEP07(2023)088
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
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Overview of property measurements in ATLAS
• Cn lso probe CP properties of top-Higgs interctions nd reltive sign of yt

ℒ = −κ′ t ytϕψ̄t(cos α+iγ5 sin α)ψt• Form of interference between t-H nd W-H in  determines reltive signtH

tt̄H + tH(H → γγ) tt̄H + tH(H → bb̄)
Phys. Lett. B 849 (2024) 138469
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• Selected events ctegorised 
by 2D BDT for bckground 
discrimintion nd CP odd/
even discrimintion 

• Top reco. BDT for jet 
ssignment

•  excluded t 95% C.L.|α | > 43∘

• Inverted top coupling excluded t 2.5σ

• Pure CP-odd hypothesis ( ) excluded t α = 90∘ 3.9σ

• Events first ctegorised by jet 
nd b-jet multiplicities

• Anlysis design inherited from 
first full Run-2 SM mesurement

• Best fit results: , α = 11∘ +52∘

−73∘ κt = 0.84+0.30
−0.46

• Modified couplings lter both kinemtics nd production rtes of tt̄H, tH

• Angulr nd kinemtic 
observbles

• Further 2D ctegoristion 
bsed on clssifiction BDTs 
nd ngulr vribles 
sensitive to mixing ngle 
( )b2, b4

• Pure CP-odd hypothesis ( ) excluded t α = 90∘ 1.2σ

Phys. Rev. Lett. 125 (2020) 061802

JHEP 06 (2022) 97

See tlk by M.Kholodenko for more CP 
property mesurements with ATLAS!

•  BR lso provides constrints, but model-dependentH → γγ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-03/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061802
https://link.springer.com/article/10.1007/JHEP06(2022)097
https://indico.in2p3.fr/event/33627/contributions/154133/
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Highlight of Today’s talk

bbb bbb

bbb bbb

bbb bbb

Top
 Friends

Add a heading

Gols:

• Mesure inclusive cross-section σtt̄H

• Mesure differentil cross-section in bins of  (STXS v1.2)pH
T

tt̄H (H → bb̄)

•  provides criticl precision t high H → bb̄ pH
T

Ingredients:

Updted                               mesurement

Eur. Phys. J. C 85 (2025) 210

• Improved object definitions nd detector reconstruction

• Upgrded flvour tgging lgorithm

• New  tretment nd uncertinty modeltt̄ + jets

• Lrger sttistics by ccessing more of the phse-spce

• Stte-of-the-rt event clssifiction nd reconstruction with trnsformer NNs

First Full Run-2 
Mesurement

JHEP 06 (2022) 97

https://doi.org/10.1140/epjc/s10052-025-13740-x
https://link.springer.com/article/10.1007/JHEP06(2022)097
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: Analysis Strategytt̄H (H → bb̄)

• Trget leptonic decys of top-qurk pir to mitigte QCD multi-jet bckground events

Dedicted event ctegory to trget 
collimted (boosted) Higgs decys

• Anlysis performed using  of collision dt t ℒ = 140 −1 s = 13 TeV

• Define  wide pre-selection phse-spce to:
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b-jet

lepton

neutrino

Higgs (bb)
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top quark
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2 OS e/μ 1 e/μ

• Mximise the signl cceptnce (6.3%!)

• Mximise sttistics for constrining bckgrounds

Utilise DL1r b-tgging lgorithm

Eur. Phys. J. C 85 (2025) 210

625 (12) light- (chrm-) jet rejection

https://doi.org/10.1140/epjc/s10052-025-13740-x
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: Background Modellingtt̄H (H → bb̄)

• Independent set of systemtics nd free-floting normlistion for ech flvour component

• The dominnt, irreducible bckground from ,  in prticulr, very difficult to modeltt̄ + jets tt̄ + bb̄

• Additionl jets beyond  system re clssified vi prticle-level mtching, giving rise to 5 ctegoriestt̄
u

u

u

u

C
re

di
t: 

C
. S

ch
eu

le
n

tt̄ + ≥ 2b tt̄ + 1B tt̄ + 1b tt̄ + ≥ 1c tt̄ + light

Inclusive  5FS NLO PowhegPythi8 tt̄ 4FS NLO PowhegPythi8 tt̄bb̄

• Dedicted work performed to derive  MC settings tht better describe dt nd n improved systemtic modeltt̄bb̄

 Coherent  uncertinty tretment ll within 4-flvour scheme, optimised QCD scle vritions→ tt̄bb̄

• Dt-driven corrections pplied pre-fit to correct flvour-frctions, nd  mis-modelling in 5FS predictionsHT

Eur. Phys. J. C 85 (2025) 210

https://doi.org/10.1140/epjc/s10052-025-13740-x
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: Analysis Designtt̄H (H → bb̄)
• ML-bsed region definitions utilised in the nlysis

Event passing
Preselection

No Yes

tt + light
CR

tt + ] 1c
CR

tt + 1B
CR

tt + 1b
CR

tt + ] 2b
CR

Classification
NN

Control Regions

Region Name 
Truth pT [GeV]

STXS 1 SR
[0, 60)

STXS 2 SR
[60, 120)

STXS 3 SR
[120, 200)

STXS 4 SR
[200, 300)

STXS 5 SR
[300, 450)

STXS 6 SR
] 450

Signal Regions

Single-
lepton

boosted
Event?

No

Yes

Boosted
CR

Boosted
SR

ttH
Classifier

above 
Threshold?

Yes

No

Single-
lepton
Event?

No

Reconstruction
NN

Yes
Reconstruction

NN
Sort by max.

tt + jets 
Classifier

Reconstruction
NN

Single-
lepton

boosted
Event?

tt + ] 2b
CR 1

tt + ] 2b
CR 2

tt + ] 2b
CR 3

  H

• Dedicted & enriched control region for ech flvour-component of  
bckground

tt̄ + jets

Clssifiction NN Reconstruction NN

, , ,  , , tt̄H tt̄ + ≥ 2b tt̄ + 1B tt̄ + 1b tt̄ + ≥ 1c tt̄ + light Identify jets originting from Higgs decy

 Two trnsformer-bsed neurl networks used, with different strtegies in the finl lyers for downstrem tsk→

• Use NN discriminnts s observbles for cross-section extrction in likelihood fit

Performnce

• High signl purity, with S/B rnging from 10-17% in SRs

Eur. Phys. J. C 85 (2025) 210

Wht re the benefits?

ATLAS Simulation 
 = 13 TeVs

Single-lepton

b 2≥ + tt b + 1tt
B + 1tt c 1≥ + tt

 + lighttt Ztt
tW  + jetsW
Other
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 CR 1b 2≥ + tt  CR 2b 2≥ + tt  CR 3b 2≥ + tt  CRB + 1tt

 CRb + 1tt  CRc 1≥ + tt  + light CRtt Boosted CR
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STXS 5 SR STXS 6 SR Boosted SR

 CR 1b 2≥ + tt  CR 2b 2≥ + tt  CR 3b 2≥ + tt  CRB + 1tt

 CRb + 1tt  CRc 1≥ + tt  + light CRtt Boosted CR

ATLAS Simulation 
 = 13 TeVs

Single-lepton

b 2≥ + tt b + 1tt
B + 1tt c 1≥ + tt

 + lighttt Ztt
tW  + jetsW
Other

STXS 1 SR STXS 2 SR STXS 3 SR STXS 4 SR

STXS 5 SR STXS 6 SR Boosted SR

 CR 1b 2≥ + tt  CR 2b 2≥ + tt  CR 3b 2≥ + tt  CRB + 1tt

 CRb + 1tt  CRc 1≥ + tt  + light CRtt Boosted CR

ATLAS Simulation 
 = 13 TeVs

Single-lepton

b 2≥ + tt b + 1tt
B + 1tt c 1≥ + tt

 + lighttt Ztt
tW  + jetsW
Other

STXS 1 SR STXS 2 SR STXS 3 SR STXS 4 SR

STXS 5 SR STXS 6 SR Boosted SR

 CR 1b 2≥ + tt  CR 2b 2≥ + tt  CR 3b 2≥ + tt  CRB + 1tt

 CRb + 1tt  CRc 1≥ + tt  + light CRtt Boosted CR

Pre-fit region 
composition

https://doi.org/10.1140/epjc/s10052-025-13740-x
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: Results tt̄H (H → bb̄)
• Cross-section(s) extrcted through simultneous binned profile likelihood fit to ll signl nd control regions
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Da
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Data
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µ(Htt

= 0.81)
fit
µ(Htt

Background
Bkgd. Unc.

ATLAS
-1= 13 TeV, 140 fbs

)bH(btt
Single-lepton and Dilepton
Post-fit

• Observed (Expected) significnce of 4.6 (5.4) σ

σtt̄H = 411+101
−92 fb = 411 ± 54 (stat.)+85

−75 (syst.) fb

• Lowest bins resolved for the first time

• Boosted ctegory improves precision in  by 15%pH
T ∈ [450,∞)

All cross-section mesurements in  bins sttisticlly limitedpH
T

• Differentil mesurements in bins of  pH
T

Eur. Phys. J. C 85 (2025) 210

• Excellent greement with the Stndrd Model observed

https://doi.org/10.1140/epjc/s10052-025-13740-x
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: Uncertaintiestt̄H (H → bb̄)
• Brekdown of contributions to uncertinty

Uncertainty source ω𝐿𝐿𝐿𝑀 (fb) ω𝐿𝐿𝐿𝑀/𝐿𝐿𝐿𝑀 (%)

Process modelling

𝑀𝑀𝑁 modelling

𝑀𝑀𝑁 radiation +35 →21 +9 →5

𝑀𝑀𝑁 parton shower +32 →19 +8 →5

𝑀𝑀𝑁 matching <0.1 →0.3 <0.1 →0.1

𝑀𝑀𝑁 theory +25 →17 +6 →4

𝑀𝑀 + ↑ 1𝑂 modelling

𝑀𝑀 + ↑ 1𝑂 radiation ±31 ±8

𝑀𝑀 + ↑ 1𝑂 parton shower ±29 ±7

𝑀𝑀 + ↑ 1𝑂 matching ±19 ±5

𝑀𝑀 + ↑ 1𝑃 modelling ±18 ±4

𝑀𝑀 + light modelling ±5 ±1

𝑀𝑄 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

Modelling uncertinties

• Leding contributions from modelling of  signltt̄H

• Pertining to vritions in mount of finl-stte rdition 

• Primrily from  componenttt̄ + ≥ 2b

• Lrge contributions from modelling of  bckgroundtt̄ + bb̄

• prton-shower lgorithm choice

• Vritions in mount of finl-stte rdition

• Recoil scheme in Pythi-bsed Prton shower

Experimentl uncertinties

• Min contribution from flvour tgging efficiencies

• Other smller contributions from jet modelling

• Prton-shower lgorithm choice in tt̄ + 1b

Eur. Phys. J. C 85 (2025) 210

https://doi.org/10.1140/epjc/s10052-025-13740-x
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The Fruits of Labour

0 0.1 0.2 0.3 0.4 0.5 0.6

Expected uncertainty

γZκ

γκ

gκ

µκ

τκ

bκ

tκ

Wκ

Zκ

-48%

-7%

-14%

-37%

-14%

-15%

-26%

-18%

-14%

 PreliminaryATLAS
-1 = 13 TeV, 36.1 - 140 fbsRun 2: 

-1 = 13.6 TeV, 165 fbsRun 3: 
tκ = cκ

This analysis
Nature 607 52 (2022)
Run 3 + Run 2 combination

κt = yobs
t /ySM

t
• Updted  nlysis used s input to 

new coupling combintion
tt̄H(H → bb̄)

• Expected uncertinty on  reduced by 26%!κt

• New nlysis driving this sensitivity 
improvement

Check out the 
tlk by Z.Wolffs!

How do I find out 
more bout this 

new combintion?

How is this result lredy being utilised?

ATLAS-CONF-2025-006

https://indico.in2p3.fr/event/33627/contributions/154129/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
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Conclusions and Outlook

Run:	311402

Event:	2978391823

2016-10-25	20:22:18	CEST

Higgs	mass	=	124.6	GeV

Higgs	pT	=	301.6	GeV

• Mesurements involving the two heviest SM prticles re vitl to test the 
SM nd probe for new physics

“Event disply of  cndidte event in 
the single-lepton decy chnnel”

tt̄H(H → bb̄)

• Direct ccess vi  ,  production provides clenest route to probing 
top-Higgs dynmics

tt̄H tH

• Highlighted experimentl strtegy to exploit ll decy modes in this 
production chnnel for ultimte sensitivity 

• Rich rry of mesurements from ATLAS using the Run-2 dtset!

• Presented updted  nlysis: fctor 1.8 improvement in uncertinty for inclusive cross-sectiontt̄H (H → bb̄)

• Adds precision t high  for future STXS combintionspH
T

• More sttistics from Run-3 will llow for improved precision in STXS mesurements

μtt̄H = 0.81+0.22
−0.18

( +0.20
−0.16

syst. )

Reltive to SM expecttion

Eur. Phys. J. C 85 (2025) 210

Thank you for your attention!

• Highlighted property mesurements to serch for new phenomen, 
where inclusion of  is crucil (CP-nture, reltive sign of )tH yt

• Vitl input to drive incresed precision in ltest Higgs combintion

https://doi.org/10.1140/epjc/s10052-025-13740-x
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 CP-measurementtt̄H, tH (H → γγ)
Phys. Rev. Lett. 125 (2020) 061802
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: Transformer Architecturett̄H (H → bb̄) Eur. Phys. J. C 85 (2025) 210

nfeat

nobj Input Objects

×nembedd nodes d nodes

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

×ndensed nodes d nodes

Cross-Attention 
Pooling

& Softmax

Attention Blocks

Feature Embedding

×nattblock

Classification:

6 Class 
Probability 
Scores p i

Linear
Layer=

last layer:
no activation

Input Features

Pairing Layer
with Trainable 

Symmetric Tensor

Reconstruction:

Decay Jet 
Indices

nfeat

Layer Normalisation

Layer Normalisation

Layer Normalisation

Dropout Dropout

Dropout Dropout

Feature Description

𝐿𝐿 Object momentum in 𝑀-direction.

𝐿𝑀 Object momentum in 𝑁-direction.

𝐿𝑁 Object momentum in 𝑂-direction.

Energy Object energy.

𝐿T Object transverse momentum.

Mass Object mass.

𝑃 Object pseudo-rapidity.

𝑄 Object azimuthal angle.

cos 𝑄 Sine of object azimuthal angle.

sin 𝑄 Cosine of object azimuthal angle.

PCBT bin DL1r pseudo-continuous b-tagging bin assigned to jets in the following manner. Set

to 0 for leptons and 𝑅
miss

T
.

feature =




1, if un-tagged

2, if tagged at [85%, 77%)
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, and 0 for jets and

𝑅
miss

T
.

Lepton charge Charge of lepton objects in units of 𝑆. Set to 0 for jets and 𝑅
miss

T
.

𝑅
miss

T
flag Whether input object is 𝑅

miss

T
(value of 1) or not (value of 0).

Parameter Classification Reconstruction
Single-lepton Dilepton Single-lepton Dilepton

𝐿 number of latent features 256 256 128 128
𝑀 number of attention heads 4 4 8 8
𝑁embed number of feature embedding layers 2 2 2 2
𝑁attblock number of attention blocks 11 10 10 8
𝑁dense number of linear layers per attention block 5 4 3 3
Resulting total number of trainable parameters 6 716 416 5 466 368 1 207 424 976 256

• Trnsformer encoder trined 
on low-level object fetures

• Object observbles used for trnsformer trining

• Optiml hyper-prmeter vlues of the trnsformer 
rchitecture

• Utilise self-ttention 
mechnism to build rich 
discrimintive ltent 
representtions

• Depending on tsk, different 
strtegy used in finl lyers

• Multi-clss clssifiction 
mkes use of Cross-ttention 
pooling mechnism

• Reconstruction mkes use of 
 piring lyer with 
Trinble Symmetric Tensor

https://doi.org/10.1140/epjc/s10052-025-13740-x
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: Classification NN Performancett̄H (H → bb̄)
Eur. Phys. J. C 85 (2025) 210

https://doi.org/10.1140/epjc/s10052-025-13740-x
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: Post-fit Modellingtt̄H (H → bb̄) Eur. Phys. J. C 85 (2025) 210
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https://doi.org/10.1140/epjc/s10052-025-13740-x
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: Normalisation factorstt̄H (H → bb̄) Eur. Phys. J. C 85 (2025) 210

Normalisation factor 𝐿𝐿 + light 𝐿𝐿 + → 1𝑀 𝐿𝐿 + 1𝑁 𝐿𝐿 + 1𝑂 𝐿𝐿 + → 2𝑁

Single-lepton 0.78+0.08
↑0.08 1.51+0.19

↑0.18 1.06+0.10
↑0.10 1.15+0.15

↑0.14 0.94+0.08
↑0.08

Dilepton 0.88+0.11
↑0.10 1.36+0.10

↑0.10 1.24+0.09
↑0.09

https://doi.org/10.1140/epjc/s10052-025-13740-x
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: Reconstruction NN Performancett̄H (H → bb̄)
Eur. Phys. J. C 85 (2025) 210

https://doi.org/10.1140/epjc/s10052-025-13740-x
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: Pre-fit Region compositiontt̄H (H → bb̄) Eur. Phys. J. C 85 (2025) 210

ATLAS Simulation 
 = 13 TeVs

Single-lepton

b 2≥ + tt b + 1tt
B + 1tt c 1≥ + tt

 + lighttt Ztt
tW  + jetsW
Other

STXS 1 SR STXS 2 SR STXS 3 SR STXS 4 SR

STXS 5 SR STXS 6 SR Boosted SR

 CR 1b 2≥ + tt  CR 2b 2≥ + tt  CR 3b 2≥ + tt  CRB + 1tt

 CRb + 1tt  CRc 1≥ + tt  + light CRtt Boosted CR

ATLAS Simulation 
 = 13 TeVs

Dilepton

b 2≥ + tt b + 1tt
B + 1tt c 1≥ + tt

 + lighttt Ztt
tW Other

STXS 1 SR STXS 2 SR STXS 3 SR

STXS 4 SR STXS 5 SR STXS 6 SR

 CRb 2≥ + tt  CRB + 1tt  CRb + 1tt

 CRc 1≥ + tt  + light CRtt

https://doi.org/10.1140/epjc/s10052-025-13740-x
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: Individual Channel Resultstt̄H (H → bb̄)
Eur. Phys. J. C 85 (2025) 210

https://doi.org/10.1140/epjc/s10052-025-13740-x
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: Nuisance Parameter Impact Rankingtt̄H (H → bb̄)
Eur. Phys. J. C 85 (2025) 210

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2
θ∆)/0θ - θ(

-jetsb-tag EV 7 b
 PS H7B + 1tt

 + jets XSZ

-jetsb-tag EV 4 b

 dilepc 1≥ + ttk
 diagram subtractiontW

R
µ scale b 2≥ + tt

 STXS theory unc.Htt 200∆

damph c 1≥ + tt

-tag EV 0 light jetsb
R

µ scale b + 1tt
-jetsb-tag EV 5 b

 STXS theory unc.Htt 120∆

 matchingb 2≥ + tt

-jetsc-tag EV 0 b
 PS H7b + 1tt

 dipole PSb 2≥ + tt
 FSRb 2≥ + tt

 PS & hadHtt

 FSRHtt

0.1− 0.05− 0 0.05 0.1

SMσ/
H tt

σ∆Pre-fit impact:
θ∆ + θ = θ θ∆ - θ = θ

Post-fit impact:
θ∆ + θ = θ θ∆ - θ = θ

Nuis. Param. Pull

ATLAS
-1 = 13 TeV, 140 fbs

https://doi.org/10.1140/epjc/s10052-025-13740-x

