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Motivation
Higgs rates are sensitive probes of physics beyond the Standard Model (BSM)
• From e.g. “new” heavy particles in loops

Largest dataset ever collected of Higgs bosons from pp collisions at √𝑠 =13 TeV
• Best ever sensitivity to small deviations from new physics

New dataset at √𝑠 =13.6 TeV, the highest energy ever achieved in pp collisions

• Can probe the growth of Higgs rates with √𝑠 for new physics effects
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Where we stand
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Latest ATLAS/CMS combinations show that nature agrees remarkably well with the SM
• Nature 607, 52 (2022) (ATLAS) / Nature 607, 60 (2022) (CMS)

https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04892-x


Outline
arXiV:2402.00426

Phys. Rev. Lett. 132, 131802 (2024)

Phys. Rev. Lett. 132, 021803 (2024)

arXiV:2312.02394

ATLAS-CONF-2024-007

Eur. Phys. J. C 84, 78 (2024)

Full Run 2 (13 TeV, 140 fb-1)
1. VBF WH - arXiV:2402.00426
2. High-pT V(qq)H(bb) - Phys. Rev. Lett. 132, 131802 (2024)
3. Z𝛾 decay (ATLAS + CMS) - Phys. Rev. Lett. 132, 021803 (2024)
4. V(leptons)H(𝜏𝜏) - arXiV:2312.02394
5. H(𝜏𝜏) STXS - ATLAS-CONF-2024-007

Run 3 (13.6 TeV, 31.4-29.0 fb-1): 
• Production cross-sections with H(𝛾𝛾) and H(4ℓ) decays - Eur. Phys. J. C 84, 78 (2024)
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NEW !

https://arxiv.org/abs/2402.00426
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.131802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021803
https://arxiv.org/abs/2312.02394
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-007/
https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5


VBF WH
Sensitive to ratio of Higgs couplings to W and Z, 𝜆𝑊𝑍 = 𝜅𝑊/𝜅𝑍

• 𝜆𝑊𝑍 =1 in the SM → low cross-section
• 𝜆𝑊𝑍 < 0  in some BSM models → enhancement in 

cross-section + modified kinematics

Events with one lepton, 2 b-tagged jets, ≥ 2 non 
b-tagged jets (2 tagged as VBF jets)

2 separate (similar) analyses for 𝜆𝑊𝑍 > 0 and 𝜆𝑊𝑍 < 0
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arXiV:2402.00426

https://arxiv.org/abs/2402.00426


VBF WH - results
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Nature 607, 52 (2022)

Region of 𝜆𝑊𝑍 = 𝑘𝑊/𝑘𝑍 < 0 within 2𝜎 boundaries of 
latest ATLAS combination Nature 607, 52 (2022) 

Excluded by 𝜆𝑊𝑍 < 0 analysis with 
significance greater than 5𝜎 ⇒ 𝝀𝑾𝒁 > 0 !

𝜆𝑊𝑍 > 0 analysis obtains for the signal strength 𝜇 = 𝜎/𝜎𝑝𝑟𝑒𝑑. = 0.9−4.3
+4.0

• upper limit of 9.0, equivalent to 𝜎 × 𝐵(𝐻 → 𝑏ത𝑏)= 308 fb

arXiV:2402.00426

https://www.nature.com/articles/s41586-022-04893-w
https://arxiv.org/abs/2402.00426


High-pT V(qq)H(bb)

Events with 2 large-R jets tagged as W/Z→ qq and H → bb

Multijet background estimated from data in CR
• Extrapolated to SR using transfer factors
• Alternative method (BDT) for validation and derivation 

of uncertainties
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High-pT phase spaces very sensitive to new physics contributions in VH production
• V(qq)H(bb) channel has highest statistics - difficult due to large multijet background

Phys. Rev. Lett. 132, 131802 (2024)

Transfer factor control region

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.131802


High-pT V(qq)H(bb) - results
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Fit to the invariant mass inclusive in 𝑝𝑇
𝐻

• 𝜇 =  1.4−0.9
+1.0, dominated by syst. uncertainty

• Dominant systematic: multijet shape uncertainty
• Significance: 1.7𝜎 (1.2𝜎) obs. (exp.)

Additional fit of 𝜇 in each 𝑝𝑇
𝐻 category.

All results agree with SM prediction !
• Larger data samples and improved methods will improve analysis sensitivity

Phys. Rev. Lett. 132, 131802 (2024)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.131802


Z𝜸 decay (ATLAS+CMS)
Rare (loop) decay (𝐵𝑆𝑀 = 1.54 × 10−3)
• sensitive to BSM heavy particles

Events assigned to different categories, with different S/B:
• ATLAS: 6 categories, inc. 1 targetting VBF topology
• CMS: 8 categories, inc. 1 targetting VH/ttH and 3 based 

on BDT targetting VBF
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Signal and background modelled with analytical functions
• Definition of background models is the main difference between ATLAS and CMS analyses

Phys. Rev. Lett. 132, 021803 (2024)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021803


Z𝜸 decay (ATLAS+CMS) - results
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Several theoretical uncertainties correlated

𝜇 = 2.2 ± 0.7, dominated by statistical uncertainty
• Dominant systematic: 𝐻 → 𝑍𝛾 branching fraction, 

background modelling

Combined significance > 3𝜎 – first evidence @ LHC !

Fit to branching ratio (assuming SM production cross-sections):
• 𝐵 𝐻 → 𝑍𝛾 = (3.4 ± 1.1) × 10−3 (1.9𝜎 away from SM)

Phys. Rev. Lett. 132, 021803 (2024)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021803


V(leptons)H(𝝉𝝉)
Rare production+decay mode 𝜎 × 𝐵 𝑆𝑀 = 6.59 ± 0.03 fb

Events with light leptons and ≥ 1 hadronically decaying taus
• Improved methods for hadronic tau identification (ML-based)

Misidentified jet background estimated from data.

Neural network (NN) to separate signal from diboson background
• Mass-based analysis as cross check
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arXiV:2312.02394

https://arxiv.org/abs/2312.02394


V(leptons)H(𝝉𝝉) - results
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Fitting combined signal strengths + split in WH/ZH
• Dominated by statistical uncertainty
• Dominant systematic: tau reconstruction

Significance: 4.2𝜎 (3.6𝜎) observed (expected)

Results consistent with the SM.

Mass-based analysis: similar signal strengths, lower significance - 3.5𝜎 obs., 2.6𝜎 exp.
• Shows power of machine learning techniques

arXiV:2312.02394

https://arxiv.org/abs/2312.02394


H(𝝉𝝉) STXS
Cross-sections for specific production modes/regions of phase space:
• VBF, V(qq)H, ttH(0L)H(𝜏ℎ𝑎𝑑𝜏ℎ𝑎𝑑), ggH (high-pT)
• Categorization in #jets, 𝑝𝑇

𝐻 and 𝑚𝑗𝑗

New w.r.t. previous Run 2 analysis:
• Finer split in VBF and ttH
• Reconstruction of 𝑝𝑇

𝐻 for categorization improved with NN

BDT discriminants to separate signal- and background-rich regions
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ATLAS-CONF-2024-007

NEW !

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-007/


H(𝝉𝝉) STXS - results
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Highlights:
• first VBF STXS measurement for high 𝑝𝑇

𝐻

• most precise VBF STXS measurements for 
low 𝑝𝑇

𝐻

• 25% improvement on ttH 𝜇 w.r.t. previous 
publication

• 95% CL upper limits on ttH STXS

All results consistent with the SM.

ATLAS-CONF-2024-007

NEW !

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-007/


H(𝜸𝜸), H(𝟒ℓ) @ 13.6 TeV
Inclusive Higgs boson production cross-section @ 13.6 TeV
1. fiducial cross-section measurement
2. extrapolation to full phase space

New: H→ 𝛾𝛾 uses generative ML model to create very high-
statistics template of the continuum 𝛾𝛾∗ background
• More accurate estimation of background modelling uncertainty

Measured-fiducial correction factors derived from simulated signal.
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Eur. Phys. J. C 84, 78 (2024)

https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5


H(𝜸𝜸), H(𝟒ℓ) @ 13.6 TeV - results
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Full phase space cross-sections 𝜎 𝑝𝑝 →  𝐻 :
• H→ 𝛾𝛾: 67−11

+12 pb
• H→ 4ℓ: 46 ± 12 pb
• H→ 𝛾𝛾 + H→ 4ℓ: 58.2 ±  7.5 (𝑠𝑡𝑎𝑡. )  ±  4.5 (𝑠𝑦𝑠𝑡. ) pb

Dominant systematics:
• H→ 𝛾𝛾: background modelling
• H→ 4ℓ: lepton reconstruction uncertainties

Measured cross-sections agree with SM value, 𝜎 𝑝𝑝 →  𝐻 𝑆𝑀  =  59.9 ±  2.6 pb
• A lot more to come from Run 3 dataset !

Eur. Phys. J. C 84, 78 (2024)

https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5


Conclusions
ATLAS continues its exploration of the Higgs boson sector:
• 𝜆𝑊𝑍 < 0 excluded at > 5𝜎, evidence of H → 𝑍𝛾 (with CMS), ...
• first ATLAS Higgs measurements at 13.6 TeV

Latest results agree with the SM quite well… but we’re not stopping yet
• Still coming up with creative methods and analyses ideas to explore the Run 2 dataset
• Collecting more (and better) data in Run 3 dataset

Always hopeful for a sign of new physics !
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Backup



VBF WH - I
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Predictions were obtained for 
various values of 𝜅𝑊 and 𝜅𝑍 
using the procedure outlined in 
Phys. Rev. D 102, 033006

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.033006


VBF WH - II
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𝜆𝑊𝑍 < 0 𝜆𝑊𝑍 > 0



High-pT V(qq)H(bb) - I
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V(leptons)H(𝝉𝝉) - I
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V(leptons)H(𝝉𝝉) - II

SUSY 2024 - Higgs Rates @ ATLAS 23

NN variables
Uncertainty 
breakdown



H(𝝉𝝉) STXS
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H(𝝉𝝉) STXS - II
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H(𝜸𝜸)
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Fiducial selection

Uncertainty 
breakdown



H(𝟒ℓ)
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Uncertaint
y 
breakdown

Detector-level selection

Fiducial selection


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18: Backup
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

