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Higgs Boson
• Observed in 2012: luckily nature gave us a lot of 
work to do ☺
• Higgs–fermion Yukawa couplings 𝑦𝑓: 

𝑦𝑓 =
2𝑚𝑓

𝜈
• Gauge couplings 𝑔𝐻𝑊𝑊 and 𝑔𝐻𝑍𝑍: 

𝑔𝐻𝑊𝑊 =
2𝑚𝑊
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• Higgs self-coupling from Higgs potential 
quartic term:
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• Here we look at the Higgs boson at the energy frontier! 
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• Excellent agreement
• Couplings to 3rd generation 

well established
• View on couplings to 2nd 

generation is improving

• Total x-sec precision: ~5%

Precision~15% ~18% ~12% ~7% 

Overview of Higgs sector probes 
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• 𝐿𝑒𝑓𝑓 = 𝐿𝑆𝑀 + σ𝑖
𝐶𝑖𝑂𝑖

Λ2 ,    𝜹 𝝈

𝝈
~𝑪𝒊

𝑬𝟐

𝚲𝟐

• To probe a new physics 
scale of Λ = 2.5 𝑇𝑒𝑉 
• Inclusive: 𝐸 = 𝜈 = 246 𝐺𝑒𝑉, 

1% precision
• Boosted: 𝐸 = 𝑝𝑇

𝐻 = 1 𝑇𝑒𝑉, 
15% precision

New particles in loop → 𝐹
𝑝𝑇

𝐻 2

𝑀2

𝜎 ∝ ℳ𝑆𝑀 + ℳ𝐵𝑆𝑀
2 → enhance or supress 

High energy: enhance effects and sensitivity
PhysRevD.91.074012
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https://link.aps.org/accepted/10.1103/PhysRevD.91.074012


Boosted Higgs Boson production

• ATLAS recently released two new probes into high pT Higgs production
• 𝐻 → 𝜏𝜏:  𝑝𝑇

𝐻 > 300 𝐺𝑒𝑉: 3.8 (3.3) 𝜎 observed (expected) CONF
• 𝐻 → 𝑏𝑏: 𝑝𝑇

𝐻 > 450 𝐺𝑒𝑉: 3.8 (2.5) 𝜎 observed (expected) Accepted PRL

• Today, with limited time, we will focus on one (personal contributions)
• Nice overview in June 16th CERN seminar

5

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2026-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-01/
https://indico.cern.ch/event/1696833/


New 𝐻→𝜏𝜏 result
• New transformed based di- identification algorithm (OMNI tagger)

• ~10x better background rejection for same signal efficiency

• World leading result in this channel

• SM compatibility: 52% (70%) for Run 2 (Run 3)

300 𝐺𝑒𝑉 < 𝑝𝑇
𝐻 < 450 𝐺𝑒𝑉 6



How is boosted Z 𝝉𝝉  used to for H 𝝉𝝉 ?

• Quality of tagger data/MC agreement demonstrated
• Check out seminar for more info.
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https://indico.cern.ch/event/1696833/
https://indico.cern.ch/event/1696833/


New 𝐻→bb result
• 1999 ATLAS TDR stated that the QCD background was overwhelming 
so “only possible process” to see H(bb) was with VH, ttH

• Jet substructure put a crack in the wall (this conference!)

• Now machine learning is breaking through

SR Selection:
• 2 Large-R jets back-to-back
• 𝑝𝑇 > 450 𝐺𝑒𝑉
• GN2X Tag  of either leading 

or subleading jet
• Failed tag populates CR 8H→ bbrecoil



Key Components 
• Jet classification and energy/mass 

calibration with transfomer-based models

• Uses all jet constituents & detailed info

bJRGN2X

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-015/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-021/


Before & After
7-10x improvement with only 2x data
• > 4x improvement in QCD rejection
• ~1.5x improvement from bJR

Phys. Rev. D 105 (2022) 092003 arXiv:2603.19369 (PRL)
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Major challenge: calibration
• The Z(bb) peak offers us opportunities 
to calibrate these tools in-situ
• Requires good understanding of:

• QCD jet mass model
• Effects on jet mass from ML models
• Biases in selection

• Exploit the Z five different ways:
• 1: In leptonic channels
• 1: In control region for QCD model
• 3: In signal region to calibrate
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Major challenge: classification calibration

GN2X SF method follows this method

where SF denominator is taken as 𝜇(Z𝜇𝜇)

For us, becomes 𝜇(Zbb)/𝜇(Z𝜇𝜇) = 𝜅𝐺𝑁2𝑋
𝑏𝑏

𝜅 acts on Z and H in likelihood ℒ ∝ 𝜅GN2X
𝑏𝑏 𝑁𝑀𝐶(𝑍) + 𝜇𝐻𝑁𝑀𝐶(𝐻)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-035/


Major challenge: classification calibration

GN2X SF method follows this method

where SF denominator is taken as 𝜇(Z𝜇𝜇)

For us, becomes 𝜇(Zbb)/𝜇(Z𝜇𝜇) = 𝜅𝐺𝑁2𝑋
𝑏𝑏

𝜅 acts on Z and H in likelihood ℒ ∝ 𝜅GN2X
𝑏𝑏 𝑁𝑀𝐶(𝑍) + 𝜇𝐻𝑁𝑀𝐶(𝐻)

𝑍 → 𝜇+𝜇− for 𝜇𝑝𝑟𝑒−𝑡𝑎𝑔
𝑍
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-035/


Major challenge: modelling QCD

• GN2X constant 
rejection vs jet 
mass by design
• SR (tagged)  & 
CR (anti-tagged) 
have ~same mass 
shape
• Allows tests of 
QCD model in CR

(No time to explain how we choose N) 14

𝑓𝑁 𝑥 𝜙 = 𝜙0exp ෍

𝑖=1

𝑁

𝜙𝑖𝑥𝑖



𝜎𝑠𝑐𝑎𝑙𝑒 ≡ 5GeV, constrained to <1%-2%

Major challenge: jet mass scale calibration

Changes to Z(bb) peak location 
applied directly to H(bb) 
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Major challenge: jet mass resolution calibration

𝜎𝑤𝑖𝑑𝑡ℎ ≡ 20%, constrained to 3%-18%

Changes to Z(bb) peak width 
applied directly to H(bb) 
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Result: Evidence of H(bb) using in-situ 
calibration of SOTA ML tools 

Leading jet tagged SR in Run 3 data 17

Note SRL has wider 
and lower mass peaks 
and QCD shape also 
differs → kinematic 
bias of jet ordering



Result: Evidence of H(bb) using in-situ 
calibration of SOTA ML tools 

Sub-leading jet tagged SR in Run 3 data 18

Note SRL has wider 
and lower mass peaks 
and QCD shape also 
differs → kinematic 
bias of jet ordering



What about the GN2X scale factor? 𝜅𝐺𝑁2𝑋
𝑏𝑏

• All in-situ calibrations are 
decorrelated in:
• pT bins
• Leading & sub-leading 

tagged SR
• Run 2 and Run 3

• Relies less on MC but allows for 
larger fluctuations to be 
absorbed into calibration 
factors.
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Cross sections

20

3.8σ observed  |  2.5σ expected

𝜇𝐻 = 1.53 ± 0.27 𝑠𝑡𝑎𝑡. −0.27
0.33 𝑠𝑦𝑠𝑡 ± 0.17(𝑡ℎ𝑒𝑜. )



Cross sections
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• Roughly speaking…
• ~5%    precision inclusive Higgs, probes Λ of 1.1 TeV
• ~80% precision of 1TeV Higgs, probes Λ of 1.1 TeV

• A new regime of exploration is open! 



New tools coming down the pipeline
Better tracking in high pT jetsGN3X

Boosted H(bb)…
• will improve with the tools
• will improve with HL-LHC 
• Is inaccessible with lepton colliders

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-013/


A new Higgs frontier is open

• H→ττ: first above 300 GeV
• H→bb: first evidence for H(bb) above 450 GeV

• Measurements now extend beyond 1 TeV
• How can we get evidence at 1 TeV?
• What about 3 TeV?

• The frontier is open!
• This is what BOOST is for!
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