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Probing this Higgs Boson potential



Testing the shape

Vig) = = u¢? + Ag’

1=—h — 013
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Testing the shape

V($) = — u’¢p* + A*

EW vacuum

Deeper minimum

Figure by K. Serdula

Absolute minimum

my,
A=——=0.13
202

SLAE Caterina Vernieri + HEP Seminar - Imperial College London - October 14, 2026



Testing the shape
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Testing the shape

Vig) = = u¢? + Ag’

L 2 4
Vio+h) =V, + 2mhh

0(20%) premsmn on the Higgs self-coupling would allow to
exclude/demonstrate at 50 models of electroweak baryogene3|s

ya V4
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nggS bOSOn Se|f-COUp|ing Review in Physics (2020) 100045
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HH production allows to probe the self-coupling: Ac/c ~ AA/AifA ~ Agy,

Extremely challenging measurement at the LHC, but it can be sensitive to large deviations from BSM: x, = 1//,,
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HH, a variety of final states

BR [%]
7y 02% H(bb) is a key element in the exploration of HH
0.3% 0.1% 0.03% 0.01% hlgheSt BR
v o0 5 107 good b-jets identification performance: 70%
77+ 3.1% 1.1% 0.4% 0.3% 0.2% 0.07% efficiency at 0.3-1% q/g mistag probability

° ° ° ° o H(YY)
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cc clean final state
L+p- 13% 27% 1.0% 0.4% ® ATLAS excellent mass resolution, ~1%
o e o CMS + 102
3.5% 0.7%
4.6% L1073
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£ clean final state
L+p- 13% 27% 1.0% 0.4% ® ATLAS excellent mass resolution, ~1%
) [ [ 1072
CMS
3.5% 0.7%
4.6%  10-3 Several channels have been investigated:
° - Similar sensitivity to SM HH
Different coverage on mpn
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ATLAS

EXPERIMENT

Run: 456118
Event: 301264610
2023-07-08 06:59:42 CEST
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https://arxiv.org/pdf/2207.00348

Incredible progress in flavor tagging

ATLAS-FTAG-23-05
ATLAS-FTAG-23-01

Low level algorithms replaced by complex models
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/fig_06a.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2023-05/

ATLAS-Phys. Rev. D 106, 052001

HH tO bBYY - the Strategy ATLAS-PLB 876 (2026) 140280
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HH to bbyy - the strategy

ATLAS-Phys. Rev. D 106, 052001
ATLAS-PLB 876 (2026) 140280
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Photon selection similar to H(yy)
measurements

myy and mps compatible with the Higgs
boson mass

M™*yybb resolution improves by up to 10% due to
the cancellation of detector resolution effects

m*yyob and BDT (includes angular
correlations) used to categorize events

Fit myy distribution in 7 regions per run
period based on BDT score

Sensitivity to Low/High myyub
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HH to bbyy - backgrounds

ATLAS-Phys. Rev. D 106, 052001
ATLAS-PLB 876 (2026) 140280
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- Main backgrounds are:

- yy+jets (prompt or jets misidentified as y)
- SM single Higgs modeled from simulation

- Fake yj and jj (2%) background processes

estimated in data from sidebands

- The dominant yy-continuum background

modeled using exponential function and
tested in data sidebands

13
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Improving the b-jet resolution

ATLAS-Phys. Rev. D 106, 052001
ATLAS-PLB 876 (2026) 140280

ATL-PHYS-PUB-2024-015

Multidimensional calibration targeting the truth jet ptto account also for the missing neutrino energy
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« Muons originating from semileptonic B
hadrons decays (Muon-in-jet correction)

+ Undetected energy from neutrinos and
out-of-cone effects (PtReco correction)

* Mpp resolution improves up to 17%

 Future: transformer-based regression to
correct reconstructed jet properties to the
true values.
 Improvement with respect to the
nominal calibration between up to 30%
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Events / 2.5 GeV

ATLAS-Phys. Rev. D 106, 052001

Improving the b-jet resolution ATLAS-PLB 876 (2026) 140280
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HH to bBYY - Categories ATLAS-PLB 876 (2026) 140280
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https://arxiv.org/abs/2507.03495

HH to bBYY - results ATLAS-PLB 876 (2026) 140280
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Fraction of events / 20 GeV

ATLAS-Phys. Rev. D 106, 052001

Constraints on K from bE)Y'Y ATLAS-PLB 876 (2026) 140280
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HH to bbyy - uncertainties

ATLAS-PLB 876 (2026) 140280

Source of systematic uncertainty

Relative impact [ %]

Up Down

Experimental

Photon energy scale +22 —-34

Photon energy resolution +14 7.5

Photon efficiency +13 -2.5

Jet +10 -6.9

Luminosity +6.7 -1.2
Theory

QCD scale + myop, PDF+as +35 -5.2

B(H — vy, bb) +10 -2.1

Parton showering model +15

Heavy-flavour content +30
Background model

Spurious signal +7.2

Si.~e Caterina Vernieri -+ HEP Seminar + Imperial College London - October 14, 2026

- Still statistically limited:
Apnn(stat.) =+1.3/-1.0
ApnH(syst.) = £0.5

 Leading systematics: HH theory,
photon energy calibration and single-
Higgs + heavy flavor

18
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Review in Physics (2020) 100045

Towards an (SM)EFT analysis for the self-coupling

The EFT formalism summarizes deviations that might appear in a very wide class of models beyond the SM
The most general set of BSM perturbations will modify other interactions and not just 1

BSM contributions to HH production cross sections are at most of size E2/M2, if E~mnp and M~ O(TeV):

e,
ngSM‘l‘ZV;@i"‘“‘

l

.7 .’ 1 [~ N
}-’ %%]>\ j 10 f \\\
? BN :% [T S N —
/ Te :0.05,7“[{: 1
riq¢ = 10,rgq = 200 |

I Tty = 1
5 operators contribute to the HH process at LO ‘ ‘ ‘ ‘ Y ‘ |
) |f CP Conserved —20 —15 —10 -5 0 5 10 15 20

o/osm
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Beyond k,

ATL-PHYS-PUB-2025-034
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Wilson Coefficient
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https://cds.cern.ch/record/2942493

435831

Event: 229974012
2022-10-02 05:46:56 CEST

Run:



HH to bbtt

7.3% of all HH decays and a good compromise between expected signal yield and purity.

Lepton, T and b-jet triggers extend acceptance across the HH phase space
Based on tau decay mode, analysis two channels: had-had & lep-had

-

H H §

> @ < > @ <
"' A H

-~ H A
Thad \ Thad / \ Thad
O e/u from 7 decay O
s 90% efficiency with > 3 prongs
~ 80% efficiency with > 1 prong
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HH to bbtTt - the strategy

arXiv:2607.26879

- All tau decay contains at least one neutrino

- Additional complexity in estimating
kinematics of di-tau system

 Missing Mass Calculator is used to
reconstruct the Tt system

- visible T decay products and missing
transverse momentum

- T-decay constraints give a likelihood
estimate of the TT mass

SLAL Caterina Vernieri + HEP Seminar - Imperial College London - October 14, 2026
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HH to bbtTt - the strategy arXiv:2607.26879

> 3
3 0.22 A11.AS Simulation E
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ggF SM HH = bb 1 4@% .
- All tau decay contains at least one neutrino 018F ¢ ;4 [ Visible mass E
- Additional complexity in estimating o 0.16 f A MMC mass =
. . . > , \ -
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« Missing Mass Calculator is used to 0.12 . X o
reconstruct the 1T system 0.1 | o/u[%] ARRy, 3
- visible T decay products and missing 27.0 .
0.08 ! 122 55% E
transverse momentum P - 6 ]
- T-decay constraints give a likelihood 0.06 X E
estimate of the TT mass 0.04 E
0.02 | =
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HH to bbtt - backgrounds

arXiv:2607.26879

o)
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- tt is one of the dominant background for both lep-
had and had-had channel (45 & 60%)

« Simulation with correction from data

- Z+heavy flavour is irreducible and estimated
directly from data

- tW is subdominant but tW-tt interference
becomes important in the most signal-like bins

- Estimated in a dedicated control region in data

 Multijet events, jets misidentified as thad, are also
estimated in data

24



HH to bbtt - multivariate analysis

arXiv:2607.26879

SR Preselection

\4

Transformer MVA (one for each channel)

Multiclass

Pggr> PvBF> PB> PBsM

Binary
myy > 350 GeV, main-stream

Aux

Top parentage

Aux

Higgs parentage

PHH, Hi> PB, Hi

LTotal = LMulliclass +10 LBinary +2 LAux Top +5 LAux Higgs

A4

Categorisation score
y2 ggF

cat —
PggF + DVBF
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v
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2pyer
Pver t P8

—1

SR VBF =

SR Lo

SR Lo =

2 pesm
Pesm t+ P

=1

SR Hi =

SR Hi
2Py, wi

PHH, Hi T DB, Hi

=1
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- Total: 12 discriminant distribution + 4 control region
distributions used for final fit
« 3 models per Run period per T decay channel
 Object information together with event kinematics
« Multiclass outputs for ggF, VBF, BSM-like signal
and backgrounds
- Auxiliary tasks identify objects from Higgs and top
decays
- Dedicated high-mnn classifier targets SM HH
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Events

Data/Pred.

ol AR

ke M\

Validating the bbtt analysis with ZH arXiv:2607.26879
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- Same final state and closely related analysis strategy
* Retrain the classifier for ZH and ZZ production

- ZH: 3.50 observed (2.40 expected)

- ZZ: 1.80 observed (2.70 expected)

A useful test of reconstruction and background
modeling
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HH to bbTT - resulis

arXiv:2607.26879
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‘uHH
65% gain in expected SM HH significance
15—-20% from the new classifier,

~10% from improved b-tagging
~15% from the additional Run 3 data

HEP Seminar * Imperial College London - October 14, 2026

Ky,

+ Observed significance: 2.60 (1.20 exp)

« Compatible with the SM within 1.650

* 95% CL upper limit: 5.3 x SM

- Expected (background only): 2.4 x SM o5



HH to bbTT - uncertainties arXiv:2607.26879

Source of uncertainty Ounn
Total 1.20
Statistical 091
Systematic 0.76
Experimental uncertainties 0.20 - Still Statistica”y limited
Electron and muon 0.01 ] o ]
Thad 0.13 - Experimental uncertainties are 3% of the total: jet and
B o tau reconstruction
Flavour tagging 0.04 « Modeling are the dominant uncertainties, 35%:
Pile-u 0.01 . .
Luminosity 003 - Leading systematics: HH theory, photon energy
odell o . calibration and single-Higgs + heavy flavor
odelling uncertainties : —
Background template statistical ~ 0.21 . Interference between tf & tW
HH 0.54
ZH 0.02
YA <0.01
Other SM Higgs 0.25
Z+jets 0.07
tW 0.21
Top 0.12
jet — Thaq fakes 0.07
Others 0.01

SLAL Caterina Vernieri + HEP Seminar - Imperial College London - October 14, 2026



Run 2 combinations - the reference ATLAS+CMS PRL 137 (2026) 131803

=0~ ATLAS expected CMS expected =<~ ATLAS+CMS expected
=@= ATLAS observed CMS observed  =@= ATLAS+CMS observed
SM SM
G (b) Kx
N O 81 - e —————— |
bbbb ! bbbb !
! 4.3 ;
_ : O 33 ) I___i____-—'|
bbtt i bbtt |
i 5.3 :
] : o s ) F——t————o
bb : bb :
Yy | 56 Yy |
| OCo ** ko]
Combination ! Combination :
i 2.5 {
ATLAS+CMS R 'S 1.7 ATLAS+CMS Fr;i:nlo.n, 6.1]
0 2 4 6 8 10 -10 -5 0 5 10 15
95% CL upper limit on uyy 95% CL interval on K,

ATLAS+CMS: expected limit 1.7 x SM, observed 2.5 x SM
Run 2 inputs only; the new Run 3 results are not included
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Run 3 - beyond luminosity scaling
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Analyzed luminosity [fb~!]

Published limits improve faster than the 1//L reference
Much of the recorded Run 3 sample has yet to enter these analyses
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LHC — High Luminosity LHC

RUN 3
16M H

2023 2024

Caterina Vernieri (SLAC)

HL-LHC installation
ATLAS Upgrade

2025 2026 2027 2028 2029

TODAY

2030

HL-LHC schedule

RUN 4/5

170M H
120K HH

Phase-2 HL-LHC detector M
upgrades are being built
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/UpgradeEventDisplays

HL-LHC - how the projection changed FoPPL 2025 HLAHE

v 12 ' ' - 3 ab* per experiment, 14 TeV
§ ATLAS + CMS Projections ESPPU 2026 P P
S0} VY5=14TeV, 3ab™ per experiment _ - Combined HH significance: about 40
g SM HH prodlction {ig = 1) in ESPPU 2020 to 7.60 in ESPPU 2026
m - -
s 8 mm= bbbb ' - Improved analyses, with the largest
@ = bbyy relative gain in 4b
B 6F mmm bbrt
g W= Combined - Reduced systematic uncertainties and
T 4t improved b/t identification are part of
the projection
21 - Halved theoretical uncertainties
0
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Higgs physics at the HL-LHC

ESPPU 2025 HL-LHC
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Perspectives

Experiments at LHC are approaching SM sensitivity to non-resonant HH production

- Several final states investigated, more to exploit with more Run 3 data

« More sophisticated analysis techniques and ML improvements
from object reconstruction to analysis categorization

- More to be learned on the self-coupling from differential mpn

- H+HH and EFT combined analyses for a more general
interpretation

- Effective luminosity scales faster than adding more LHC data
 Getting to SM sensitivity by Run 3 is a real possibility

- At HL-LHC more data will be available to test the self-coupling and
probe rare (new?) processes

 Challenging experimental environment for online selections and
b-tagging

 Improved tracker and new timing detectors should allow us to
maintain or even yield to increased acceptance

ol AL : o
O\, Caterina Vernieri
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Perspectives

Experiments at LHC are approaching SM sensitivity to non-resonant HH production

- Several final states investigated, more to exploit with more Run 3 data

« More sophisticated analysis techniques and ML improvements
from object reconstruction to analysis categorization

- More to be learned on the self-coupling from differential mpn

RAVAAAS Become a Member .
September 2018 - Science

» H+HH and EFT combined analyses for a more general SCIENCE  comems - wews - carers + s -
Interpretation O o oo year e it o

- Effective luminosity scales faster than adding more LHC data
 Getting to SM sensitivity by Run 3 is a real possibility

- At HL-LHC more data will be available to test the self-coupling and
probe rare (new?) processes

 Challenging experimental environment for online selections and
b-tagging

 Improved tracker and new timing detectors should allow us to
maintain or even yield to increased acceptance

i\, Caterina Vernieri

2 years for upgrades. In 2026 it will undergo
another 2-year hiatus to boost its collision
rate. The so-called High-Luminosity LHC
would then run until 2034. On paper, only the
full run will yield enough data to validate the
standard model prediction. However, some
physicists think they can beat that timetable
as their Higgs-spotting algorithms continue
to improve. "Even before the High-Luminosity
LHC, | think we could get close to the
standard model prediction," says Caterina
Vernieri, a CMS member at Fermilab.

may have decayed into bottom

quarks in this 2016 collision in the ATLAS detector

Of course, all LHC experimenters hope the
rate for double-Higgs events will exceed the
standard model prediction. It cannot be sky
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arXiv:1312.3322
arXiv:1910.00012

Self-coupling at e+e- with single Higgs ESPPU FCC -arXiv:2504.05974

- Relative enhancement of e+e-— ZH and
H—W+W- partial width
* Need multiple Q2 to identify the effects due to the
self-coupling 2.0%
- (More) model dependent
+ 18%: HL-LHC+FCC365 (baseline)

6o/o or OI/T

1.0%

6240 =100 (267 + 0.01465,) %

0.0% F

Q (GeV)

-1.0% L

New observables? Top-quark uncertainties? Which is the optimal energy scan?

ol AR
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arXiv:1312.3322
arXiv:1910.00012

Self-coupling at e+e- with single Higgs ESPPU FCC -arXiv:2504.05974

Bounds, py = 250 GeV

- Relative enhancement of e+e-— ZH and —
H—-W+W- partial width LHC Run 2 95% C.1. S ———————
- Need multiple Q2 to identify the effects due to the I i
Se|f-COUp|ing 5 4 3 2 1 0 1 2 3 4 5
- (More) model dependent ——
- 18%: HL-LHC+FCC365 (baseline) HL-LHC e —_—
6240 =100 (267 + 0.0146;,) % L LHC ——
+FCC-ee —
@240 GeV N —
Ind., O(A2) —
HL-LHC Marg., O(A;Q) ——
+FCC-ee IMn:rgOg\( AL) —— 5 MEFiT
—1.5 —1.0 —0.5 0.0 0.5 1.0 1.5
(5!633

New observables? Top-quark uncertainties? Which is the optimal energy scan?
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Self-coupling at €+€_ with double HiggS Review in Physics (2020) 100045

ZHH and vvHH have similar P=(-80%,+30%) cross section at 1 TeV =0.18 fb

0.5

0.4

0.3

0.2

0.1

P(e+,e-)=(0.3,-0.8): — Higgs-strahlung (ZHH)
— WW-fusion (v v HH)
P(e+,e-)=(0.6,-0.8): ... Higgs-strahlung (ZHH)
--- WW-fusion (v v _HH)
my=125 GeV

.......
--------
-
» e
Wi
u
"
o
e
“a

-~
~a
-
~a
.......
LR
o
.,

400 600 800 1000 1200 1400

centre of mass energy [GeV]

et

- The self-coupling can be probed at e+e- through HH with ZHH ~500GeV and vvHH =1TeV

- HHvv requires ¢; el'{ , the use of polarized beams could increase the cross-section by a factor ~2

- For both ZHH and WBF processes there are diagrams involving the self-coupling in constructive/deconstructive

interference with diagrams that do not contain this coupling.

Caterina Vernieri -

HEP Seminar * Imperial College London - October 14, 2026
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Self-coupling at e e~ with double Higgs

Review in Physics (2020) 100045

ZHH and vvHH have similar P=(-80%,+30%) cross section at 1 TeV =0.18 fb
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P(e+,e-)=(0.3,-0.8): — Higgs-strahlung (ZHH)
— WW-fusion (v v HH)

P(e+,e-)=(0.6,-0.8): ... Higgs-strahlung (ZHH)
--- WW-fusion (v v _HH)

m,=125 GeV
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.......
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o
.,
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centre of mass energy [GeV]

No matter what is the sign of the deviation of the Higgs self-coupling
one process is always enhanced

~2
constructive

HEP Seminar * Imperial College London - October 14, 2026
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Self-coupling at e e~ with double Higgs LC-REP-2013-003
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Self-coupling at e e~ with double Higgs

LC-REP-2013-003
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o(l) =al*+bl+c

a Higgs self-coupling diagram
¢ irreducible diagrams
b interference between them

Effect for 60/0 ~ 10%

500 GeV ZHH | 1 TeV WBF
K 1.64 0.76
OAIA 16.4% 7.6%
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Updating 2014 ZHH Analysis Thesis-2016-Durig

- Extensive projections for 4/ab ILC 500 based full Geant4 based
simulations of the ILD concept (DBD 13, IDR '20)

 HH — 4b (Z - ee/uu/vv/qq)
» o« - inclusive approach i.e. HH — 4b + non-4b
e - specific 4f+6f+8f backgrounds
- likelihood ratio
- HH = bbWW improves by 20%

- Combined sensitivity :
» AgZHH/gZHH=16.8 %

* Msm /Asm = 26.6%

o1 AN
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Updating 2014 ZHH Analysis Thesis-2016-Durig

- Extensive projections for 4/ab ILC 500 based full Geant4 based
simulations of the ILD concept (DBD 13, IDR '20)

 HH — 4b (Z - ee/uu/vv/qq)
» o« - inclusive approach i.e. HH — 4b + non-4b
e - specific 4f+6f+8f backgrounds
- likelihood ratio
- HH = bbWW improves by 20%

- Combined sensitivity :
» AgZHH/gZHH=16.8 %

* A\sm /Asm = 26.6% same as latest HL-LHC projections...
But ML improvements not included yet
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Towards improved ZHH projections Thesis-2016-Durig

Evaluate dependency as a function of CM and further analysis improvements

I ...................... e:':.,.e'._QZHHé(s]og%iEff;.,.gno.Bkg._.) ..... ........... -

o - ....................... .................. ..' .......... i
: e*+e —>ZHH(full simulation) i.«=="""

500 1000 1500 2000 2500 3000
/s [GeV]
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v Z-11. +8% improvement expected

* +10% with all other HH channels (+30% signal)

v Flavor tagging: +30% improvement in 4b final
state

v Improved kinematic reconstruction for better
Z/ZH/ZHH separation

v neutrino energy corrections for semi-leptonic
b-decays
* including matrix element ratios in selection
* better jet clustering: “perfect” jet clustering +40%
* better removal of yy—had +15%
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ECM dependency ILD-note 2509.14148v1

) I O AN S N

o, e ZHH ]

<2 — e > VVHH .o

~ : e TITE : :

R 102 b B 500 GeV — 550 GeV

O e ~E A AR .
:::::::!:::::::::::::ié:::::::::::::::::::Fg.'::é:?qg?::::;§::::::::::::::::::::::::::::::::::::::::::::::::::::E:::::::::: * INCreases OzHH by 16%
:fﬁﬁﬁZIIﬁ;ﬁiﬁﬁﬁI'.Iﬁﬁﬁié-ﬁiZ]IfﬁIIIIIIIﬁZﬁIﬁI]IfiiﬁIﬁIﬁIiiﬁﬁﬁﬁﬁﬁIIZIIIIIIZﬁﬁﬁﬁfﬁZIﬁfIﬁﬁIﬁﬁﬁﬁﬁI]IﬁﬁIIIIIIIIIIIIﬁIIﬁﬁﬁfﬁIZIZIZIZIZIIIEZI]IIIZIZ: * Increases owsr by~ 2x
T l-...‘..ﬂ
-h.i.::.ll'.'...‘ ......... -
A S LN O S -

10 EESEEESEE535EEEEEESZEEEgESEEEEEEEEEEEESESEEES55SEEESEEEEEZEESEEEEEEEEE7:5EEEE5E!EEE!EififiEiEEE;EEE;SEE;EES;EEESEEEEEEZEEEEEEEEE L = 4/ab —~8/ab & IP(e-,e+)l = (80%,30%) —(80%,60%)

::::::::::::::::::::::f;::::::::::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::::::::::::::::::._:::f:::;:::!:::1 . P(e+) = 30%—60% ~ 10% higher luminosity
R lll ......... Further improvements with run at 1 TeV (5-100/0)

Uncertainties of ~11% for 8/ab at 550 GeV could be achieved at LC from direct measurements.
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Collider physics is essential to explore the property
of the Higgs Boson and EWSB

Higgs plays a central element for the future
colliders

- We want to expand our understanding of Higgs
properties far beyond HL-LHC sensitivity reach

Quantitative improvement and Qualitatively new
information available to us to test physics beyond
the Higgs SM

Know-how developed at LHC is key to really

assess potential of future facilities and inform

both machine and detector design

Cost/sensitivity optimization

ESPPU Physics Briefing Book

68% probability sensitivity — All scenarios combined with HL-LHC

HL-LHC ‘

LHeC

LCFz/250 ‘

LCFz/250/550/1000 !
LEP3 ‘
Fcc—eez/ww/240 ‘
FCC-eezww/240/365
European Strateg,
- FCC-hh
- HEP
0 5 10 15 20 25 30

OA3[%]
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From the detector to particle images

Caterina Vernieri

tracking electromagnetic hadronic muon
system  calorimeter calorimeter system

photons

electrons

neutrons

L

C. Lippmann — 2003
innermost layer » outermost layer
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b tagging

b quarks hadronize into “jets” of particles

- B hadron ct~ 500 ym
— Byct ~5mm @ 50 GeV

Reconstruct secondary

vertex from B hadron decay . B-hadron decay tracks are mostly

s produced in a cone in the B hadron
/4 flight direction

/P/ | — B flight ~ jet direction
Imary vertex

Si.~e Caterina Vernieri -+ HEP Seminar + Imperial College London - October 14, 2026 47



Incredible progress in flavor tagging

ATLAS-FTAG-23-05
ATLAS-FTAG-23-01

Low level algorithms replaced by complex models

b-jet

light jet
Ny
q)ﬁg Initial track
\ .
N £ Secondary vertex representation
o o
Q St

Primary vertex

Track
initialiser

Impact
parameter
/ Transformer
Track inputs Combined inputs

Jet inputs

Miracks X My Riracks X (e + Myg)

SLAE Caterina Vernieri + HEP Seminar - Imperial College London - October 14, 2026

* In Run 3 ATLAS uses a single
transformer with low-level input

- It directly takes tracks variables
and jet kinematics as input

* looser track selection

- auxiliary tasks replace low-level
taggers

 can adapt better to other use-
cases
(c-jet, bb-jets)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/fig_06a.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2023-05/

ATLAS-FTAG-23-05

Incredible progress Iin flavor tagging ATLAS-FTAG-23-01

Low level algorithms replaced by complex models

* In Run 3 ATLAS uses a single

b-jet . .
e transformer with low-level input
- It directly takes tracks variables
light jet and jet kinematics as input
S - - looser track selection
93 nitial track -
oc’é Secondary vertex representation ° aUXIllary taSkS replace IOW'Ievel
V& & taggers
. >t 0 =
Primary vertex ":p:ct £g — - - can adapt better to other use-
parameter - cases
(c-jet, bb-jets)
Transformer
Track inputs Combined inputs

A ~4x improvement in rejection with respect
to previous generation of taggers

LLAaChd (88 uavno
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The ultimate b-tagging algorithm

ATLAS-FTAG-23-05

Good agreement between data and simulation

C : T T T T I T T T T I T T T T ] T T T T I T T 1 T ]
2 {0° & ATLAS Simulation GN2 |
3 E V5 =13.6TeV, ttevents DL1d 3
‘© 4 20<pr<250GeV, In|<2.5 1
210 E 2
o] F
:C3 3l
o 10 ;‘ E
2 ol
g 10 F E
o i
‘|01 E_ o
100 1 1 1 1 I I l I 1
r T | T | :
20F —— brjets 3
151 -
oL === Light-jets ]
Ro) i
- 1 i i i i "
5' C i T T | Y
....... T-jetS ]
2 50 .
0 I ]
© [ ]
m 0 xxxxx {aaguuyunpunpanjesnmannny grnfnny pespumsensEnteyTayeny
0.1 0.2 0.3 0.4 0.5 0.6
c-jet efficiency
SLAE Caterina Vernieri + HEP Seminar - Imperial College London - October 14, 2026

c 105 - T T T I T
0 = ATLAS

- 140 fo~1, Vs =13 TeV

- tt 1-lepton(e or ) events

4 L20<pr<250GeV,|n|<2.5

Light-jet rejecti
=

| 1 | | |

GN2
GN2 calibrated ]
DL1d .
DL1d calibrated

0
10055 060 065 070 075 0.80

| |
085 090 0.95
b-jet efficiency

Excellent b-jets identification performance:
85% efficiency at 1% q/g (20% c) mistag probability
- Good agreement between data and simulation
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Evolution of algorithms from Run1to Run 3

CMS Simulation Preliminary

13.6 TeV
|

—A
o
©

tt events, pr > 20 GeV, |n| < 2.4

— CSVv2 (MLP - Early Run 2)
DeepCSV (DNN - Run 2)

-—h
=
|

—— UParT (Transformer - Run 3)

udsg-jet misidentification efficiency
S
Il'\)

—

o
do
|

CSVv1 (Likelihood ratio - Run 1)

. —— DeepJet (CNN+RNN - Late Run 2)
— ParticleNet (DGCNN - Early Run 3)

1074 '
0.0 0.2 0.4 0.6 0.8 1.0
b-jet tag efficiency
SL,%\S Caterina Vernieri - Aspen - February 2, 2026

Figure 11: Evolution of the b-tagging
performance for identification algorithms used
in CMS from Run 1 to Run 3 [4,5,6,7,18,19]. The
increase in object performance follows the
progression in machine learning. The underlying
network architecture for each algorithm is given
in the brackets, together with the era when the
algorithm was first used in physics analyses.
The figure shows the approximate performance
and has to be considered illustrative.


https://cds.cern.ch/record/2904702/files/DP2024_066.pdf

Evolution of algorithms from Run1to Run 3

120

C jet rejection
o
=)

60

40

20

ol AL

o b M\

{10°

Caterina Vernieri - Aspen * February 2, 2026

CMS Simulation Preliminary 13.6 TeV
P * = | E. N : il ¥ | | " LR
tt events, pr > 20 GeV, |n| < 2.4, €, =70%
Bl c jet rejection
udsg jet rejection a4 3
Run 1 Run 2 Run
x61
x29 —
x19
o x9.1
x6.1
x3.3 6.9 —
[ x0 X5.0 4
I, x3.2 =
x1.8
= N I
CSWw1__ CSVv2 DeepCSVDeepJet  PNET UParT  UParT
(ko= 0.14)

10*

10°

10’

10°

Figure 13: Evolution of the
light- (udsg, yellow bars)
and c-jet (red bars)
rejection for a fixed b-jet
identification efficiency of
70% for taggers from Run 1
to Run 3. The BvsAll
discriminator is used to
derive all numbers but the
last one, where the
weighted BvsAll
discriminator with a factor
of k_ = 0.14 is used, yielding
a good trade-off between
light- and c-jet rejection.
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Theory predictions for HH

ggF HH at 13.6 TeV

Normalization in current analyses

34 .1 fp +6.5%/-23.2% total

2026 LHCHWG recommendation

33 62 .I:b +7.26% / —21.04% theory

+2.43% PDF + aq

N3LO+NS3LL QCD and NLO EW factors
on NNLO (FTapprox), with PDF4LHC21

LHCHWG-2026-010
JHEP 06 (2026) 005

NNLO (FTapprox): exact NLO with full m,
+ mass-improved NNLO in the heavy-top limit
NLO + parton shower signal samples

Differential N3LO QCD in the heavy-top limit
+ exact NLO m, dependence
NNLO + parton shower with m, effects (GENEVA)

The top-mass scheme remains the dominant ggF theory uncertainty

SLAL Caterina Vernieri - HEP Seminar - Imperial College London - October 14, 2026
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HH to bbyy - Run 2 + Run 3

Run 2

Run 3

Combined

ol AR

Si.~e Caterina Vernieri -

ATLAS
Vs =13/13.6 TeV, 140/ 168 fb~?!
HH - bbyy

—e— QObserved limit
---- Expected limit (uyy =0

( )
Expected limit (uyy = 0)
Expected limit (uyy = 0)
( )
( 0)

- Expected limit (uyy =1

Expected limit (Lyy
JHEP 01 (2024) 06

O’II

Exp. Exp.
(MHH = 0) (UpH = 1)

3.7 2.6 3.7

HEP Seminar * Imperial College London -

0 12 14 16

95% CL upper limit on upyy

October 14, 2026

ATLAS PLB 876 (2026) 140280

« 140 fb1' at 13 TeV + 168 fb! at 13.6
TeV

MHH = 0.9 (+1.4/-1.1)
- Statistical uncertainty: +1.3/-1.0
Systematic uncertainty: +0.5

* Run 2 and Run 3 results are
compatible

15



JHEP 12 (2016) 080,

Single Higgs to probe k Eur. Phys. J. C77 (2017) 887

Single Higgs processes are sensitive to A via NLO EW
kx-dependent corrections to

w/z 0.8

_
=~
Q|

E [ L T 1T T T T T [ T T [

© 14 -
cross-sections (ttH, ggF, VH, VBF ) \b - ]
Higgs boson decay rates <12 .
kinematic properties of the event (differential distributions) i -

g 111111

—0 /O-SM

e goF © YggF
S 0.6 S SM
9 Ovgr/ Ovar

% . SM i
0.4 Own/ Owh —
L SM |
- Oz / Oy ]
g SM ]
X Gyee b1 - Ot/ O ]
N O L 1] I L1 11 | L1 | L1 | L1 | L 11 ‘ L1 | L1 1
'Ra 1111111112 ' 20 -15 -10 -5 0 5 10 15 20
\\
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ATLAS-Phys. Lett. B 843 (2023) 137745

First double and single Higgs combination ©"SFhys.Lett. 88612029 139210

10 I | | | I | | | | I | | | I I I | |
E - ATLAS  HK only
— | vs=13TeV, 126—139 fb-"! A
c\Il 8 Expected SM — HH i only
I —— HH + H k; only First constraints derived from 13 TeV
I HH + H K only: R = H Ko gereric single H + double H measurements with 126-139/fb
6 95%: K, € [-1.9,7.6]

HH + H K, generic:
95%: k) € [-2.2,7.7]

Combination assumption Obs. 95% CL Exp. 95% CL Obs. valuej‘;

HH combination -0.6 <k <6.6 -2.1<k1 <738 Ky = 3.1“:5'_%
5 Single-H combination ~40<ky <103 -52<k1<1L5 k1 =25%¢

HH+H combination -04<k3<63 -19<k;<76 k=303

HH+H combination, k; floating -04<ky<6.3 -19<ky <76 Kp= 3,0*:11:3
0 L HH+H combination, k;, kv, Kp, kr floating  —14 <k3<6.1  22<k <77 Kk =23%%

-5 0 5 10 15
Kx
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https://arxiv.org/abs/2211.01216
http://dx.doi.org/10.1016/j.physletb.2024.139210

ATLAS-Phys. Lett. B 843 (2023) 137745

First double and single Higgs combination ©"SFhys.Lett. 88612029 139210

CMS 138 b (13 TeV)
J 1.3 L AL A L L LA LR
- Observed — single-H comb. 1
1 2-_ Ky =Ky, =1 HH comb. ]
T —single-H and HH comb. 1
1.1F .
1.0F :
0.9 S B ey 5
[ ¢ Best fit value

0.8 —68.3% CL (o) |
I =--95.4% CL (206) 1

0.7 | 1 P 1 PR 1 PR R B R PR S B T 1

-5 0 5 10 15
LY
SLAE Caterina Vernieri + HEP Seminar - Imperial College London - October 14, 2026

First constraints derived from 13 TeV
single H + double H measurements with 126-139/fb

They are compatible to those derived from HH direct
searches but an EFT global analysis is needed to properly
account for BSM contributions
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https://arxiv.org/abs/2211.01216
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More on the constrains from HH on k; OMS-JHEP 03 (2021) 257

It is impossible to extract x; constraints from HH production without assumptions on «;

CMS 137 fb (13 TeV)

- 2 =
. / i/ . A simultaneous likelihood scan for k; and , is
J performed to account for the modifications to
production HH and single Higgs cross
sections

0.5

Br(H — bb) and Br(H — yy)
0 Combination with ttH (lep. & had.) categories
N improves the constraints on «,

. o HH cat. Best fit
—— HH cat. 68% CL
.......... HH cat. 95% CL

1

. -F + HH+tiH cat. Best fi A combination of single H and HH
15E  HH4+ttH cat. 68% CL )
- HH+ttHcat. 95% CL measurements would provide a more
B T T T R e T model independent determination of k;
Ky,
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https://arxiv.org/abs/2011.12373

ATLAS-Phys. Reuv. Lett. 133 (2024) 101801
CMS-PAS-HIG-20-011

Double Higgs Results

Similar sensitivity from bbbb, bbtt and bbyy to SM HH production

CMS Preliminary 138 fb™' (13 TeV)
T T T T T T T
—e— Observed limit (95% CL Ky =K = Ky = Ky = 1
ATLAS E d limi (9 o ° CL) —e— Observed = 68% expected
............ xpected limit (95% CL) .+ees Median expected :=:::: 95% expected
Vs =13 TeV, 126—140 fbo! (UHH = 0 hypothesis) W Wy - -
Expected limit +10 . (Exp.):
Oggll:+VBF(HH) =328 fb = £ P 4 limit 42 Obs: (Bxp):95 (54 |
[ Expected limit +20 bbZZ, 4l — —
Obs. (Exp.): 33 (41)
Obs. Exp. ) _Xp B B
: YYTT
bbif + Eiss — * 10 14 Obs: (Bxp.J: 31 (20)
Multilepton B ]
Obs. (Exp.): 22 (20)
Multilepton— 17 11 N B B
bbW*W
: Obs. (Exp.): 16 (18)
bbbb— 5.3 8.1 - - .
+ bbyy
: Obs. (Exp.): 8.4 (5.6)
bbyyl- 4.0 5.0 bbt+r B 7
1 Obs. (Exp.): 3.4 (5.3)
bbrtt - * 5.9 3.3 bbbb B N
Obs. (Exp.): 7.5 (4.3)
Combined— 0 2.9 24 gtg,n(]gpr.])?gs (2.5)
||§IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII L B ) L
0 5 10 15 20 25 30 35 40 i 10 100
95% CL upper limit on HH signal strength uyy 95% CL limit on o(pp = HH) / &

Theory

e An
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https://arxiv.org/pdf/2406.09971
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-011/CMS-PAS-HIG-20-011_Figure_005.png

ATLAS-Phys. Reuv. Lett. 133 (2024) 101801
CMS-PAS-HIG-20-011

Double Higgs Results

Similar sensitivity from bbbb, bbtt and bbyy to SM HH production

CMS Preliminary 138" (13 TeV)
—e— Observed limit (95% CL K, =K = Ky =Ky, =1
ATLAS Serve .Im.l ( o ) —e— Observed = 68% expected
............ Expected limit (95% GL) .+ees Median expected :=:::: 95% expected
Vs =13 TeV, 126—140 b~ (UuH =0 hypothesis) WWyy -
[ Expected limit £10 Obs. (Exp.): 95 (54) |
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ObS_ EXp Obs.(ijp.):33(41) i i
: YYTT
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assuming SM top-H coupling
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Si.~e Caterina Vernieri -+ HEP Seminar + Imperial College London - October 14, 2026 57


https://arxiv.org/pdf/2406.09971
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-011/CMS-PAS-HIG-20-011_Figure_005.png

HH to bbTtT - T reconstruction

ATLAS arXiv:2607.26879; ATL-PHYS-PUB-2022-044

1.2_ T T T T 11 T T T T T 171 ] . . .
%) oo ATLAS Simulation Preliminary  __ |ooee - thad identification uses charged tracks
- /s =13TeV Medium and calorimeter information
= 1.1 Truth 1-prong . -
W Electron veto Tt - Recurrent neural networks separate
- : thad from quark- and gluon-initiated jets
1 =
0.9 55_ e B * Leptonic T decays appear as an
) 9%'-_" T electron or muon plus neutrinos
O Tttt - =
- A —— - . . ‘pr .
0850 =t taea . E - Fake-T estimates and identification
0 85'-+ E calibrations remain essential
0.75F E
0 7: 1 | 1 | I I 1 | | 1 | | I |
10° 10°

P (Thag-vis) [GEV]
Electron-veto efficiency for one-prong T candidates
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HH to bbtT - trigger acceptance arXiv:2607.26879

% 0_ 1 8 LI I L I L I L I LI | | I | L I L
O] - ATLAS Simulation Total ]
& 016 ’ st =
- - s =13.6 TeV, 26.7 fb | DTT (main-stream) .
% 0.14— 2023 [ DTT (delayed-stream) —]
all events
G>J : - DBT ] STT offline selection
L 012_— ] P> 180 GeV
- — (100 or 140 GeV in 2015 and parts of 2016)
0.1 — ] DTT offline selection
— ] Nominal Only DTT with 2 L1 jets fired
0.08— — Pl > 40 GeV PR > 40 GeV
I . P> 30 GeV P> 30 GeV
— ] Pl > 70 GeV P> 50 GeV
0.06— — pji > 20 GeV pil > 50 GeV
— i PR > 40 (30) GeV AR,, < 2.5 (from2017)
— — (2023 : po> 35 GeV, p7 > 25 GeV)
0-04 __ —_ T T
L —] T e DBT offline selection
— - STT bucket . S .
0 02 - — main-stream Ordered {pp, py!, ps Pyl - - - P} > {85, 60, 50, 25} GeV

QOO 300 400 500 600 700 800 900 1000
My [GeV]

32% improvement in acceptance in Run 2
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Validating the bbtt analysis with ZH arXiv:2607.26879

All'L/!S | \(§=13|/13.6 Tev, 1I40/56fb"
ZH — bb t*7 - Same final state and closely related
—Total —Stat. (Tot.) (Stat., Syst.) analysis strategy
oy Trag RUN 3 H—) ——|| 08 711 (“10 s ,;E)?jtl:iiino;he classifier for ZH and ZZ
TiepThag RUN 2T "'_'_"' 21 %5 (%7, %) « ZH: 3.50 observed (2.40 expected)
ThagThag RUN 3 H—e—H 32 77 (Y5, %) - ZZ: 1.80 observed (2.70 expected)
T, T RUN 2| Fe—i 0.6 or  ('5s. '55) A useful test of reconstruction and
 Runsl [e—e—a 2408 (07 sy background modeling
Run 2} II--O-'-I'I 12 55 (%4, f3)
Combinedr 1S Ifg.'; | (igli ) fgg )
0 2 4 6 8 10
Koy

27
SLAL Caterina Vernieri + HEP Seminar - Imperial College London - October 14, 2026



ZZ Val id atio n i n b BTT ATLAS arXiv:2607.26879

UL L L L LN L L ° 1 H &
ATLAS (137136 ToV. 140,56 1 Retrain the classifier to select ZZ

2Z > bbrr - Observed significance: 1.80
—Total =—Stat. Tot.) ( Stat., Syst. _—
| (Tot) | yet.) Expected significance: 2.70
T T Run 3 | H_._:__" 0.4 +0.9 (+0.8, +0.4 ) .
lep thad E DO - Separate run periods and T channels
TiepThag RUN 2 S 09 05 (050 03 give compatible results
T T Run 3 | . PN - 1.9 i1.2 (+1.0, +0.8 )
e e | o - The selected data overlap with the HH
Thagtag RUN 2T WO | 02 s Las: 2a) | and ZH fits
Run3f  K—o— 1037 (5. fa4)
Run2 ke 05 %55 (l03. 02
] i +0.4 +0.3 +0.3
Combinedr  We4 . ... . 0%as (o3 02)
—1 i1 2 3 4 5 6 7 8
Kz

77
SLAL Caterina Vernieri + HEP Seminar - Imperial College London - October 14, 2026



HH to bbtt - tW and tt interference

ATLAS arXiv:2607.26879

ATLAS  —e-Daa

> = T T
8 = .
B HH x 2.59 _
Q | 4| Vs=136Tev, 56" = W : N
5 10 = tWCR tt E
c - Z + HF 3
a>) L aamas Pre-fit [ ] Other.s _
L 2 , SM Higgs ]
10 Uncertainty E
I 14
1
0., -
-81.5:—" + ""'l"'l"'lA
T 3 LA /%ﬁ
T 055 . +. + . . .
Q 250 300 350 400 450 500 550

m,, [GeV]
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 tW is subdominant inclusively but
important in the signal-like bins

» NLO tW and tt amplitudes overlap in
the WbWhb final state

- Diagram-removal and diagram-
subtraction prescriptions probe the
modelling difference

* A dedicated tW control region
constrains its normalisation and the
interference uncertainty
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to bbTT - final fit

HH arXiv:2607.26879
LO :I LI | T | 1 I T | | LI | | T rr i | | LI | | LI | ] | I | LI I T I =
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HH to bbtTt - Constraints on K2V e pere
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Linear Collider Vision

Direct HH at a linear collider o _<<d || D.note 2509.14148v1

Uncertainties of ~11% for 8/ab at 550 GeV could be achieved at LC from direct measurements.

—a— LC1TeV,4ab" LR, wHH (2014 single coupl. ana.)| i-t- _________________ ________

== |.C 550 GeV ZHH & wHH + 1 TeV vwwHH combined o

Al T |_|" _________________ e -

A- 0-5 v v v or v v v v L) : I i 1 1 1 I I I I I 1 I I
@ [xebsoleuncerainties [ | | ] L=4/ab —8/ab & IP(e-,e+)l = (80%,30%) —(80%,60%)
S [ " HLLHCESPPU2025 : : ] * P(e+) = 30%—60% ~ 10% higher luminosity
5 0.4 | = %€’ 550 GeV, 8 ab™ ofifr oo S e —  Further improvements with run at 1 TeV (5-10%)
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| — e+e' — WHH i ‘<U) 8 —s— HL-LHC ESPPU25 projections |77 !-h ........
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Sensitivity degrades at HL-LHC for kA > 2
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Next steps - even more sensitivity to squeeze

Full update of analysis ongoing

* Include additional HH final states to increase overall sensitivity ~30% more signal
 Improve b-tagging performance by training with larger statistics.
- Develop ML-based jet clustering and color-singlet identification (a la CEPC) ~ 20-40% improvement
* Implement ML-based event selection (BDTs with modern multi-class)
* Include the Matrix Element Method (MEM)
 Better ZHH/ZZH separation
- Exploit kinematic information sensitive to A, in particular the mun distribution
+ a simple muu-based weighting already improved sensitivity by ~6% in the current projections.

Note: For e'e” = ZHH, a single-parameter A extraction is effectively equivalent to a full dim-6 SMEFT
interpretation

All other operators will be tightly constrained by independent measurements.
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2014 analysis

channel decaymode | S B S/v/S+B
qqHH 8] I5 838 1.5
qqHH Iv6j 16 18  0.38
IIHH 216] 22 84  0.69
[IHH 3lv4j | 1.0 26 055
combined 1.9

Si.~e Caterina Vernieri -
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P(e”),P(e™)  channel decay mode | S B c, S/\/S+B
—80%, +30% eeHH inclusive 39 7.0 1.07 1.14
HH — 4b 2.6 0.84
upHH inclusive 51 89 1.26 1.36
HH — 4b 2.8 0.82
vwvHH inclusive 56 6.5 1.50 1.58
HH — 4b 5.5 1.56
bbHH inclusive 85 219 1.57 1.54
HH — 4b 8.0 1.46
qqHH inclusive | 12.6 55.0 1.55 1.53
HH —4b | 10.9 1.34
—80%, +30% combined  inclusive 32
HH — 4b 2.8
+80%, —30% eeHH inclusive 29 42 092 1.09
HH — 4b 1.9 0.77
upHH inclusive 38 53 1.10 1.26
HH — 4b 2.0 0.74
vwvHH inclusive 36 1.1 1.54 1.66
HH — 4b 3.5 1.63
bbHH inclusive 59 70 1.58 1.64
HH — 4b 5.6 1.58
qqHH inclusive 83 160 1.64 1.68
HH — 4b 7.8 1.60
+80%, —30% combined  inclusive 33
HH — 4b 3.0
combined combined  inclusive 4.6
HH — 4b 4.1
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2025 analysis

Caterina Vernieri -
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P(e”),P(e”) channel decaymode | S B S/i/S+B d0/c|%]
—80%, +30% eeHH inclusive 54 7.0 1.5 65
HH — 4b 3.8 1.2 86
uuHH inclusive 6.9 89 1.7 58
HH — 4b 4.1 1.1 88
vwHH (ZHH only) inclusive 6.1 6.5 1.8 55
HH — 4b 6.0 1.7 60
bbHH inclusive 123 219 2.1 47
HH —4b | 11.7 2.0 49
qqHH inclusive 18.0 55.0 2.1 47
HH —4b | 16.0 1.9 53
—80%, +30% combined inclusive 4.2 24
HH — 4b 3.6 28
+80%, —30% eeHH inclusive 40 42 1.4 72
HH — 4b 2.8 1.1 95
pwuHH inclusive 51 53 1.6 63
HH — 4b 2.9 1.0 98
vwvHH inclusive 5.2 2.1 48
HH — 4b 5.1 2.1 49
bbHH inclusive 86 7.0 2.2 46
HH — 4b 8.2 2.1 48
qqHH inclusive 12.0 16.0 2.3 44
HH —4b | 114 2.2 46
+80%, —30% combined inclusive 4.3 23
HH — 4b 4.0 25
combined combined inclusive 6.0 16.6
HH — 4b 54 18.7

Imperial College London - October 14, 2026
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https://arxiv.org/abs/2301.03212
https://arxiv.org/abs/2202.09617

ATLAS-Phys. Lett. B 858 (2024) 139007
CMS-ArXiv:2205.06667

VBF production in bbbb

138 b (13 TeV)

c 10*prr | B - cant
= - CMS $ Deta oo ] VBF production has a small cross-section b
% | VBFaat -0 Pl (1.73 fbo @ N3LO)
% 103 ov = +jets _:
Lﬁ ~ Bkgd. unc.

10%F LP MP HP -

- New results from ATLAS & CMS for bbbb which targets
boosted Higgs bosons

12 0 l - It probes large deviations of k, and x,, from their SM

18 4 b % I "r : ::u:a;:;s = 2 predictions

8&(3)- G e + L — Harder muH spectrum — boosted Higgs bosons
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My [GeV] x30 improvement wrt early Run 2 results
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VHH production

ATLAS-ArXiv:2210.054157
CMS-HIG-22-006

CMS Preliminary
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VHH production has a small cross-cross-section
(0.86 fb @ NNLO)
Dependencies on k2y (VVHH), kv and Kx

/4]1 ‘ lh
i h

N
N
N

h ~

h

VHH production allows separation of WHH and ZHH
- Three leptonic channels (OL, 1L, 2L), one for each leptonic
decay mode of the W and Z bosons
- HH in the bbbb final state

- The observed (expected) limits constraint k,,, within -8.6 < k,, <

10 at 95% CL (ATLAS) and -12.2 < ky;, < 13.5 at 95% CL (CMS)
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