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The Higgs Sector

- Gauge symmetry requires massless mediators, yet the W/Z

bosons are massive!

€ Spontaneous symmetry breaking generates their masses

dynamically via a field with a non-zero minimum
¢ Preserves Gauge invariance
€ Introduces a new fundamental particle
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- Higgs properties can be determined once m(H) is known:

€ Branching ratios
€ Decay width
€  Higgs self coupling

Fermions get their mass through Yukawa coupling and Higgs

vev value

current knowledge
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Single Higgs Trilinear Coupling
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[Nature volume 607, pages 41-47 (2022)]



https://www.nature.com/articles/s41586-022-04899-4

Higgs Physics at ATLAS
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Run 2 & Run 3:
Single Higgs



Run 2: Higgs Combined Measurement

Analysis Prod. AL Reference
modes i)
; . H —vyy All 139  JHEP07(2023)
Production modes: iyt - A . £ o e ens ) cooo
H— 171 All 140  JHEP03(2025)
H— WW ggF.VBF 140  EurPhys.J.C85(2025)
H— WW VH 140  HEP08(2025)
wiz ¥ y b6 e H— bl:a VBF 126 ~ EurPhys.J. C81(2021)
Decay modes: ¢ o H — bb,c¢ VH 140  JHEP04(2025)
A n v " h e, i e A H — multileptons  17H 36.1 EBhvs.Rev.D97(2018)
wiz iz SN b i H — bb (fH 140  EurPhys.J. C85(2025)
H— 17 VH 140  Phys. Lett B 855 (2024)
- H— Zy All 139  Phys. Lett. B 809 (2020)
ATLAS Preliminary FedData (Total Unc) EASyst. Unc. [l SM prediction H— pup All 139  Phys. Lett B 855 (2024)
s = 13 TeV, 36.1-140 fb ", m,, = 125.09 GeV, lv,<25p, =84% . . o o
LI T I LI I I T I I I I I I T I I LI L
" L% !—&—1 &
1 1 1 1
I I
ttH |"| e . ) o; X By
Signal strength: © = oS3 . pSM
ggF+bbH F a ] # f f
-
ver . # | .
. . ) . +0.056
. @' W 22 L | e Total Higgs signal strength: 1 = 1.023Z 53
| o
I @ I I ? I =z ]
ZH 11 11 | - | 1 1 1 |-EI-l | | 1| | | : 1 I-A|I |
08 1 12 05 1 15 2 05 1 15 1 2 3 0 1 2 0o 1 2 3 1 2 3 0 5 10
bb ww TT 77 Yy Hy Zy cc

6 x B normalized to SM prediction
[ATLAS-CONF-2025-006


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://doi.org/10.1007/JHEP07(2023)088
https://doi.org/10.1140/epjc/s10052-020-8227-9
https://doi.org/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1140/epjc/s10052-025-14761-2
https://link.springer.com/article/10.1007/JHEP08(2025)034
https://doi.org/10.1140/epjc/s10052-021-09192-8
https://doi.org/10.1007/JHEP04(2025)075
https://doi.org/10.1103/PhysRevD.97.072003
https://doi.org/10.1140/epjc/s10052-025-13740-x
https://doi.org/10.1016/j.physletb.2024.138817
https://doi.org/10.1016/j.physletb.2020.135754
https://doi.org/10.1016/j.physletb.2024.138817

Run 2: Higgs Combined Measurement
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Run 2: tH Combined Measurement

pp—tH Combination [ATLAS-CONF-2026-002]:
-  Two folds study:
€ tH—7r measurement
e  With at least 1 hadronic  — In two regions 2l+7 & 1l+27
€ tH combination with:
e  H—bb/ZZ/WW/7r [JHEP10 (2025) 093]
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Run 2+3: H>uu

Houu:
Run 2: 140ifb, Run-3: 165ifb

A0

€ Observed significance: 3.0
€ Expected significance: 2.5¢

[Physics Letters B 876 (2026) 140313]

Targeting ggF, VBF, VH, and ttH productions
Utilize the reconstructed mass of each signature
Evidence of Yukawa second generation coupling:

New channels to the categories:
— 2-Lepton VH
— All hadronic ttH

T
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https://link.aps.org/doi/10.1103/gzdh-p159

Run 3: H->4l

H— 41 [arXiv:2605.19016]: Fid. Bin (i)
->  Run 3: 164ifb
->  Major precision channel
- Two measurements:

€  InFiducial phase space
° Detector level selection
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https://arxiv.org/abs/2605.19016

Run 3: H->4l

H—4l [arXiv:2605.19016]:
=  Run 3: 164ifb

->  Major precision channel
- Two measurements:

*

STXS/Production cross-section

e Dissects phase-space into different regions
e  Aims to distinguish SM & possible BSM phenomena
e Harmonized between analyses of various decays
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https://arxiv.org/abs/2605.19016

Run 3: H->4l

H—4l [arXiv:2605.19016]:
-  Run 3: 164ifb
->  Major precision channel

— Vector boson and Fermionic coupling
— Analysis provides +40%/+25%

= Two measurements:

*

STXS/Production cross-section

e Dissects phase-space into different regions
e  Aims to distinguish SM & possible BSM phenomena
e Harmonized between analyses of various decays

improvement for k(V)/k(F)
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Run 2+3: Boosted Higgs H->zr
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-  Exploitation of b-tagging, large-radius jets % 10 -
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Run 2+3: Boosted Higgs H->zr
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Investigating boosted Higgs: § 14 \,/4_1'1.,1? GS[anlation Preliminary -
“ ) . . = L =13.01e B Boosted di-Thag
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e  Run 2+Run 3: 140ifb+162ifb C ]
e  First boosted H—z7 study - L er -
e Dedicated di-z identification [OMNI tagger]: Run 2: Vs = 13 TeV, 140 fb - §
. ATLAS Preliminary Run3:Vs=13.6 TeV, 162fo" 02| —
o POlnt'edgetranSformer ||||||S|||||e|||||||II¥|||||||||||||||||||||| I ]

o  Utilizes low-level track information HTotal Unc.  Stat. only lSyst. only  SM+Theory s IV S e
Run 2 Total Stat. Syst. PY truthivis [GEV]
EW qu ; 1.32 t1:29 t1:25 "0:32 = 107 LI L L B L B LN LN B BB NI
Fis S00/GEY e 108 oo e § [ ATLAS Simulation Preliminary E
F -0.7' +2.64 4227 +1.35 .y - \/— =1 136 Tev . =
99 500 GeV <p!! < 450 Gev [— 079 218 “tss o § 10° = Signal: flat-mass VH, H - TT i gsM/?\‘\INP E
ggF450 o<l <550 GeY | | 0.56 ﬂgg j:gg ﬁzgg g E Background: QCD multi-jet BDT E
X 4 _
EXtremely QQFPH>65O cev| e -4.987% SN T § 10 c E
high-pT regions ~  ~ [T al 1
Run 3 10 & E
EW o, ocey [T | R F ]
gngoo GeV <p!! <450 GeV oo {228 Rt 10 g_ _g
99F 50 GeV <p'! <650 GeV penq 1.85 S 53 08 10’ ;— I
gngH>650 GeV 116758 25 18 E :

T 11 I 111 | 111 | 111 I 111 | 111 | 11 I 111 | 111 I 111 | 111 0 Ll | L1 ] L1 I L1 I L1 I L1l
8 6 4 2 0 2 4 6 8 10 12 %70 075 080 08 090 085 1.00

6,/ oM Signal efficiency


http://cds.cern.ch/record/2962140

Run 2+3: Boosted Higgs H->bb

Investigating boosted Higgs:
- Better “resolution” of difficult yet abundant Higgs
decays: H—bb, H—r
-  Exploitation of b-tagging, large-radius jets
- Outlook at high energy BSM: composite Higgs, heavy
vector bosons
H—bb [arXiv:2603.19369]:
e  Run 2+Run 3: 140ifb+161ifb
e  Utilize GN2X tagger
e  Firstlarge-R b-jet pT and mass regression algorithm
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Run 2+3: Boosted Higgs H->bb

Investigating boosted Higgs: 2 L6l ATLAS 19 ATLas | |
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e  Utilize GN2X tagger 5 o Smleadngpls |
e  First large-R b-jet pT and mass regression algorithm &2 1-? 0 ——
e Inclusive signal strength: 05 1 | ! \ | ! ! ! | L
‘ 4033/ 600 800 1000 1200 1400 600 800 1000 1200 1400
Hsa50Gev = 1.53 + 0.27(stat.) 55 (sys.) £ 0.17(theo.) b, [GeV] o [GeV]
. . . . % 35000Fa7Las | [ T T T T
e The jet mass peak is fitted with an exponentiated & g %Tig 3.6 ToV. 140161 " 4 Data ]
polynomial (fN) multiplicative transfer function(tM) 2 30000F-450<p, <650 GeV Il . < 450,650] Gev E
@ - Bl - oere50650] Gev
[SR/CR] [CR] § 250005 Ez =
N . _ M . i : Top :
In(xl¢) = g exp( ¢ixl) s Iy () =1+ Z'ﬁjx] 200001 (Jw =
- =1 =1 £ [ ] Muttet ]
! 15000 =
x = (m, — 140 GeV) /70 GeV 100008 -
¢,- SR/CR indep. normalizations L
Jy.: Free parameters per pT/category 60 80 100 120 140 160
I /l/l

Jet mass [GeV]


https://arxiv.org/abs/2603.19369

Run 3: Di-Higgs



Run 2+3: HH~>bbyy

HH—bbyy [Phys. Lett. B 876 (2026) 140280]:

Good compromise between cross-section and signature
purity
Requirements:
o  2-photons in EM Calorimeter
o  2-bjets passing GN2 85%
Relies on BDTs to enhance signal:
o  m(bbyy) Regions split at 350 GeV
o  Low: 4 regions, High: 3 regions
k(2,2V,V) — 6 samples for VBF, k(1) — 3 samples for ggF

Largest BR(H) ~———

bb W T 7z
bb
ot 4.6%
A 7.3% 2.7% 0.39%
24 3.1% 11% | 0.33% |
Distinct signature <——  yy %



https://doi.org/10.1016/j.physletb.2026.140280

Run 2+3: HH~>bbyy

HH—bbyy [Phys. Lett. B 876 (2026) 140280]:

Events / 2.5 GeV

%0 40 60 80 100 120

e Good compromise between cross-section and signature
purity
e Requirements:
o  2-photons in EM Calorimeter
o  2-bjets passing GN2 85%
e Relies on BDTs to enhance signal:
o  m(bbyy) Regions split at 350 GeV
o  Low: 4 regions, High: 3 regions
e «(1,2V\V) — 6 samples for VBF, k(1) — 3 samples for ggF
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https://doi.org/10.1016/j.physletb.2026.140280

Run 2+3: HH~>bbyy

HH—bbpyp [Phys. Lett. B 876 (2026) 140280]: Largest BR(H) ~—— W . 77 W
e Good compromise between cross-section and signature
purity

e Requirements:
o  2-photons in EM Calorimeter

o  2-bjets passing GN2 85% o
e  Relies on BDTs to enhance signal: -
o m(bbyy) Regions split at 350 GeV L 73% | 27% |S03%%
o  Low: 4 regions, High: 3 regions }
e «(1,2V\V) — 6 samples for VBF, k(1) — 3 samples for ggF zz 3.1% 11% | 033%
e Results: o
o pmm < 3.7at 95%CL Distinct signature <—— vy | 026%
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https://doi.org/10.1016/j.physletb.2026.140280

Run 2+3: ttHH

ttHH [arXiv:2603.13113]:
° Relies on three selections
o 1-Lepton (1L): = 6 jets & = 4 b-jets
m  HH—bbbb & leptonic W decay (Large yield)
L] Binary transformer discriminator
o  Same Sign Multi-Leptons (SSML): = 2 leptons & = 2 b-jets
m  H— WW/bb/zr (excl. bbbb) — Small BR, better S/B
m  Three class transformer
o bbyy: 2-photons & = 2 b-jets
m  Clearresonance peak H—yy
[ BDT based discriminator
° Helps resolve k, ambiguities as the cross-section trend differs
from ggF & VBF

T T T T T
HH production at 14 TeV LHC at (N)LO in QCD
M,=125 GeV, MSTW2008 (N)LO pdf (68%¢l)

[Phy.Let.B 732 (2014) 142-149]

MadGraph5_ aMC@NLO



https://arxiv.org/abs/2603.13113
https://www.sciencedirect.com/science/article/pii/S0370269314001828

Run 2+3: ttHH
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https://www.sciencedirect.com/science/article/pii/S0370269314001828

Outlook

Outlook:

-  Run 3is now providing ATLAS with:

¢
¢
¢

Precise measurements of the Higgs cross-sections
And better interpretations
Increase in statistics for better di-Higgs searches

-  Exciting full Run 3 papers are yet to come!
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Run 3: CP in Higgs-Top Yukawa Interactions

T C ]
ttH+tH—yy [arXiv:2606.04855]: * 1251 ATLAS - Exp. gg:;o 8t 3
e CP-eveninSM: JCP _ g*++ 1005_ t\i/lf/;-;?-.lG TeV, 164 fb o 680/:@_;

e  Search for CP-odd component: °F A=Yy ~— Obs.95%CL

o  Two Higgs doublet 75k gfnst fit E

o  SUSY - .
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Run 3: CP in Higgs-Top Yukawa Interactions

T C ]

ttH+tH—yy [arXiv:2606.04855]: = 1251 ATLAS 1 - Eip gg; 8t 3

° CP-even in SM: JC’P — O—H— 100:_ ;{3/;_/1:7_}6 TeV, 164 fb- - Obz-. 68"/: cL -

e  Search for CP-odd component: °F A=Yy ~— Obs.95%CL
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Run 3: CP in Higgs-Top Yukawa Interactions

ttH+tH—yy [arXiv:2606.04855]:

CP-evenin SM: JCP — o+t
Search for CP-odd component:
o  Two Higgs doublet
o  SUSY

Higgs-top Yukawa coupling:
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Di-Higgs Combinations & High Lumi LHC

ATLAS and CMS —e— Observed
LHC Run 2 ---- Expected (uf}§fi™" = 0)
- Even with Run 2+3, Di-Higgs falls short on statistics: VS=13TeV B e 220
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. . ) + i-Higgs Run 2 Combination OB, pcimaw _ gy ugsimor =
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