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Higgs Boson

* Observed in 2012: luckily nature gave us a lot of

work to do ©
* Higgs—fermion Yukawa couplings y¢: . | b higgs
\/Em /, V(¢) potential
yf _ - f Our St;able
* Gauge couplings gyww and gpzz: im(@) | Higgs N\
Zma/ Zm% T T field
gaww = — Ynzz = — 1
. . . . V(g) = —5u*¢? + A
» Higgs self-coupling from Higgs potential 2= !
guartic term: Ve =M7
A i
- 22
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Overview of Higgs sector probes

* Excellent agreement ATLAS Run 2 otoss Ty Elorrarans WS
* Couplingsto 3rd generation “ | e e B
well established : a1 T il
* View on couplings to 2nd w| T | ® |t
generation is improving " . ;:‘ . FZ_. .%4 T * . *
* Total x-sec precision: ~5% e ww ez

¢ x B normalized to SM prediction

W/Z t/b

H t/b 3




High energy: enhance effects and sensitivity

PhysRevD.91.074012
Inclusive cross section with p; cut
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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
e H—> t1: p¥¥ > 300 GeV: 3.8 (3.3) g observed (expected) CONF
« H > bb: p? > 450 GeV: 3.8 (2.5) o observed (expected) Accepted PRL

* Today, with limited time, we will focus on one (personal contributions)
* Nice overview in June 16th CERN seminar
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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->1tT result

* New transformed based di- identification algorithm (OMNI tagger)
* ~10x better background rejection for same signhal efficiency

Background rejection

World leading result in this channel

SM compatibility: 52% (70%) for Run 2 (Run 3)
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How is boosted Z(t7) used to for H(t7)?

Run 2:Vs =13 TeV, 140 fb™

ATLAS Preliminary Run 3:Vs = 13.6 TeV, 162 fb”

Z—1t VBF-like (Run 2)

Z—11 ggF-like (Run 2)
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* Quality of tagger data/MC agreement demonstrated
* Check out seminar for more info.

UCL
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https://indico.cern.ch/event/1696833/
https://indico.cern.ch/event/1696833/

New H->bb result

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

* Now machine learning is breaking through
| | | ’

CMS H — bb Run 2 (2020). ATLAS H — bb Run 2 (2022). CMS H — bb Run 2 (2024).
pr(H) > 450 GeV, 95% C L. for p(H) > 450 GeV Observed signal strengths for the
obs. (exp.) significance of 2.5 (0.7) o (1 TeV) at 115 (9.6) fb uypr = 4.9t P and p, = 1.61 1]
JHEP 12 (2020) 085 Phys. Rev. D 105 (2022) 092003 JHEP 12 (2024) 035

SR Selection:

* 2Llarge-Rjets back-to-back |

« pr > 450 GeV [

* GN2XTag of eitherleading =~ |
or subleading jet

* Failed tag populates CR
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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
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Phys. Rev. D 105 (2022) 092003

7-10x improvement with only 2x data
e >4ximprovementin QCD rejection
e ~1.5ximprovement from bJR
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Major challenge: calibration

* Requires good understanding of:
* QCD jet mass model
* Effects onjet mass from ML models
* Biases in selection

* Exploitthe Z five different ways:

. In leptonic channels
: In control region for QCD model
: In signal region to calibrate

Events/ 5 GeV

Data-Multijet

35000

30000

25000

20000

15000

10000

N A (o))
o o o
o o o
o o o

o
T T T T

IIIIIIII[]IIIIIIII[IIII

T T T T T T T T T T T T T T T T T

 m— ] T T

—ATLAS ¢ Data

= s = 13/13.6 TeV, 140/161 fb’’ :

T 450 <p. <650 GeV Il . p!'<[450,650] GeV
T

Bl . 02 [450,650) Gev

80 100 120 140
Jet mass [GeV]

UCL

160

nnn
11



Major challenge: classification calibration

GN2X SF method follows this method § 35000 Arias T T T
. . 7o) Z4S=< e z’ B H. p7<[450,650) Gev
where SF denominator is taken as p@zuy) 2 30000F 450 <p, <650 Gov —
§ 25000%
LU L
20000F
data N data -
passed passed 15000F
data dat MC - =
SF _ € . Nto?a? _ Npassed . ﬂpost—tag 100005— _E
- MC_NMC _Ndata_ * P S n
€ passed total HMpre—tag 5 6000 -
MC E ultijet + 1o
Ntl:){g Ntotal CEU 4000 — r_‘-‘ Multijet + 16 4
T
()]

N
(=)
o
o
I
.
_ 1
|

E * L E
— ..bb T PN
For us, becomes puzobypzu) = Kenox 55 B0 100 720 740160

Jet mass [GeV]

Y
kK acts on Zand H in likelihood L o< KE?\IZX(NMC(Z) + Uy Nyc(H)) UCL'

12

o



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 uzuw) 9
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
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Major challenge: jet mass scale calibration

35000Fat2as 40
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Major challenge: jet mass resolution calibration

: > 35000Faras e
ChangeS to Z(b b) peak width S E%ngms.mev, 140161 107 - .
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Result: Evidence of H(bb) using in-situ

calibration of SOTA ML tools
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Result: Evidence of H(bb) using in-situ
calibration of SOTA ML tools
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What about the GN2X scale factor? K@K,ZX

|
ATLAS

O
+  Allin-situ calibrations are = 161 foL s 6Tev, 140161 —
decorrelated in: S 140 O preaibraiedDataz ~bb | ]
. pT bil’]S g' 1.2+ © DataWEl—L:-qﬁ -
* Leading & sub-leading 0 0;2’&?——1“7% ______ ]
tagged SR g 7 i .
e Run2andRun3 ,;E‘QE i il | |
* Relies less on MC but allows for 23| = lading fts. | ' |
larger fluctuations to be 8815
absorbed into calibration 0_51 bbb
factors.

P, [GeV]
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6, x B(H— bb) [fb]

Ratio to SM

Cross sections
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precision inclusive Higgs, probes Aof 1.1 TeV

e ~80% precision of 1TeV Higgs, probes Aof 1.1 TeV

* Anewregime of explorationis open!
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New tools coming down the pipeline
GN3X Better tracking in high pT jets

o> T T T T T T
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Boosted H(bb)...
* willimprove with the tools Contre of Data for
Intensive Science

 willimprove with HL-LHC At e
* |sinaccessible 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->tt: first above 300 GeV

 H->bb: first evidence for H(bb) above 450 GeV
* Measurements now extend beyond 1 TeV
* How canwe get evidence at 1 TeV?

* What about 3 TeV/?
* The frontier is open!
* This is what BOOST is for!







Signal significance p7' > 300 GeV [o]

Observed Expected
Run 2 1.7 2.1
Run 3 3.6 2.6
Combined 3.8 3.3
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