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THE STANDARD MODEL: 
A STORY OF SUCCESS
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So far, the Standard Model rules, but we know it has its shortcomings and 
the exploration has just begun…

ATL-PHYS-PUB-2022-009 Nature 607 (2022) 60-68

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-009/
https://www.nature.com/articles/s41586-022-04892-x


Curtesy of L. Pereira Sanchez, adapted from
JHEP04(2021)279
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EFFECTIVE FIELD THEORIES AT THE LHC
• Searching for physics Beyond the Standard Model (BSM) 

major goal of particle physics 

• Higgs, Top and electroweak precision measurements 
benefit from a global approach in the framework of 
Effective Field Theories (EFT)
• Different operators sensitive to different phenomena

• SMEFT (SM EFT, Higgs fields as doublets) or HEFT (Higgs 
EFT, physical Higgs boson)

• SMEFT typically expanded to dim. 6 operators, dim. 8 
included to probe certain couplings

• HEFT more general than SMEFT, certain coefficients 
become independent

SMEFT Wilson coefficients

https://arxiv.org/pdf/2012.02779.pdf
https://link.springer.com/article/10.1007/JHEP04(2021)279
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DIRECT VS INDIRECT PROBES

Direct 
BSM effect fully simulated
Analyses optimized for EFT 

parameters

Potentially better sensitivity to a 
smaller set of operators
• More difficult to combine due to overlap

Optimal Observables based on 
Matrix Element Method (MELA) or 

on parameterized classifiers 
optimized with ML 

Indirect
Reinterpretation of existing 

measurements 
(e.g STXS in the Higgs) 

Access to more operators but with 
potentially reduced sensitivity
• Power comes from combinations

Acceptance effects may be 
difficult to model 
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EXPERIMENTAL OBSERVABLES
SM

BSMWhat EFT 
allows us 
to probe

𝐸 < 𝐸!"# 𝐸 > 𝐸!"#

Inspired by D. Valsecchi

Wilson Coefficient 

Operator 
(indicated also with O)

Odd dim. neglected (l/b number violations)
Scale of BSM physics

ℒ!"#$% = ℒ!" + ℒ& + ℒ' + ℒ( + ℒ) +⋯ ,

https://indico.cern.ch/event/1198609/contributions/5367280/
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EXPERIMENTAL OBSERVABLES
SM

BSMWhat EFT 
allows us 
to probe

quadratic 
(1/Λ!)

Inspired by D. Valsecchi

ℒ!"#$% = ℒ!" + ℒ'+ ℒ) +⋯ ⇒
𝜎!"#$% = 𝜎!" + 𝜎*+,,' + 𝜎.!",' + 𝜎*+,,) + …

linear
(1/Λ")

𝐸 < 𝐸!"# 𝐸 > 𝐸!"#

https://indico.cern.ch/event/1198609/contributions/5367280/
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EXPERIMENTAL OBSERVABLES
SM

BSMWhat EFT 
allows us 
to probe

quadratic 
(1/Λ!)

Inspired by D. Valsecchi

ℒ!"#$% = ℒ!" + ℒ'+ ℒ) +⋯ ⇒
𝜎!"#$% = 𝜎!" + 𝜎*+,,' + 𝜎.!",' + 𝜎*+,,) + …

linear
(1/Λ")

High energy tails of kinematic 
observables enhance 
experimental sensitivity to SM 
deviations
• Lin. vs Lin.+Quad. to probe 

higher order effects

Differential & precise
measurements are key

Great complementarity between 
SM, Top and Higgs sectors to 
address fundamental physics 
questions…

𝐸 < 𝐸!"# 𝐸 > 𝐸!"#

https://indico.cern.ch/event/1198609/contributions/5367280/


STANDARD 
MODEL 
MEASUREMENTS

7/17/23 8

More in Li Yuan, Shu Li, 
W. Hopkins, M. Vos

V.M.M.CAIRO

https://indico.cern.ch/event/1114856/timetable/
https://indico.cern.ch/event/1114856/timetable/
https://indico.cern.ch/event/1114856/timetable/
https://indico.cern.ch/event/1114856/timetable/
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CP TESTS WITH V-BOSONS Eur. Phys. J. C 81 (2021) 163

• Additional sources of CP-violation required to 
explain the matter-antimatter asymmetry in 
the Universe à can manifest as anomalous 
Higgs/multiboson interactions 

• E.g. ATLAS EW 𝒁𝒋𝒋 Run 2 differential cross-
section

• 𝑚$$, |Δ𝑦$$|, 𝑝%,'', 𝚫𝝓𝒋𝒋 sensitive to SM and BSM 
interference, direct CP test

• Constraints placed on O) , O")* (CP-even) 
and 0𝑂) , 0𝑂")* (CP-odd), 
which produce anomalous 𝑊𝑊𝑍
interactions, e.g. 𝐜𝑾 obs [-0.19,0.41]

https://link.springer.com/article/10.1140/epjc/s10052-020-08734-w
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DI-BOSONS AS 
TESTS OF 𝒂TGC
• 𝑉𝛾 and 𝑉𝑉 production sensitive to anomalous triple gauge couplings

(aTGCs)
• CMS Run 2 analysis uses 𝒑𝑻

𝜸 and 𝝓𝒍 in 𝑾𝜸 events to enhance sensitivity to 
interference between SM and 𝑂/)

• Similar approach in ATLAS WW+jets (STDM-2018-34) previously unexplored

Phys. Rev. D 105 (2022) 052003

Charged 
aTGCs

Up to 
x10 
impr. 
due to 
𝜙 bins

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-34/
http://dx.doi.org/10.1103/PhysRevD.105.052003
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DI-BOSONS AS 
TESTS OF 𝒂TGC
• 𝑉𝛾 and 𝑉𝑉 production sensitive to anomalous triple gauge couplings (aTGCs)
• ATLAS Run 2 analysis examines high-energy tails of 𝒑𝑻𝒍𝒍 in 𝒁𝒁(𝒍𝒍𝝂𝝂) events (Z 

boosted against the other in the transv. plane)to test aTGCs in an effective 
vertex function approach 
• 𝑓0

1 and 𝑓02 (CP violating), 𝑓3
1 and 𝑓32 (CP conserving)

JHEP 10 (2019) 127

Neutral 
aTGCs

dim-8 in 
SMEFT

https://link.springer.com/article/10.1007/JHEP10(2019)127
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DI-BOSONS AS 
TESTS OF 𝒂QGC
• 𝑉𝛾 or 𝑉𝑉 plus jets used by CMS and ATLAS to test anomalous quartic gauge 

couplings (aQGCs) (dim. 8 EFT operators)
• 4 covariant derivatives Higgs field (𝑂#$,&,", scalar type)
• 2 Higgs covariant derivatives, 2 field strength tensors (𝑂'$,&,",(,!,),* of mixed scalar/tensor type)
• 4 field strength tensors (𝑂+$,&,",),,,*,-,. of tensor type)

CMS: 2212.12592, 
ATLAS: ATLAS-CONF-2023-023, JHEP 06 (2023) 082, ATLAS-CONF-2023-024

𝐸!
" > 150 𝐺𝑒𝑉

Neutral aQGCs

https://arxiv.org/abs/2212.12592
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-023/
https://link.springer.com/article/10.1007/JHEP06(2023)082
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-024/
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𝒔𝒔𝑾𝑾𝒋𝒋
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𝑾𝜸𝒋𝒋

DI-BOSONS AS 
TESTS OF 𝒂QGC

First efforts from ATLAS at combining aQGC results ATL-PHYS-PUB-2023-002

CMS: 2212.12592, 
ATLAS: ATLAS-CONF-2023-023, JHEP 06 (2023) 082, ATLAS-CONF-2023-024

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-002/
https://arxiv.org/abs/2212.12592
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-023/
https://link.springer.com/article/10.1007/JHEP06(2023)082
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-024/
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TRI-BOSONS AS 
TESTS OF 𝒂QGC
• V𝛾𝛾 also studied in ATLAS & CMS to test aQGCs
• Resent ATLAS 𝒁𝜸𝜸 inclusive and differential cross-section measured
• Sensitive to field strength tensors, with 𝑝%''distributions providing the highest sensitivity

Eur. Phys. J. C 83 (2023) 539

CMS’ results on 𝐖𝜸𝜸 and 𝒁𝜸𝜸 can be found here: JHEP 10 (2021) 174

https://link.springer.com/article/10.1140/epjc/s10052-023-11579-8
http://dx.doi.org/10.1007/JHEP10(2021)174


TOP
MEASUREMENTS

15

More in T. Barillari, D. Dobur

V.M.M.CAIRO 7/17/23

https://indico.cern.ch/event/1114856/timetable/
https://indico.cern.ch/event/1114856/timetable/
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𝒕�̅� CHARGE ASYMMETRY 2208.12095

• ~ O(1%) (symmetric 𝑔𝑔𝐹 production 
dominates over asymmetric 𝑞,𝑞 and 𝑔𝑞

• Effects can vary withm!!̅ , p#,!!̅, 𝜷𝒛,𝒕�̅�

• Full Run 2 ATLAS results report evidence 
of 𝒕�̅� charge asymmetry

• Combined inclusive 
𝑨𝑪𝒕�̅� = 0.0068 ± 0.0015, which differs
from zero by 4.7 standard deviations. 

https://arxiv.org/abs/2208.12095
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𝒕�̅� CHARGE ASYMMETRY

• BSM predicts charge asymmetry 
variying with𝐦𝒕�̅� , p#,!!̅, 𝛽(,!!̅

• Results are interpreted in SMEFT 
• 14 four-fermion operators and 1 

top-gluon operator

• Differential distributions allow for up 
to x2 better constraints on WCs

• Complementary info to charge 
asymmetry (see extra slides)

2208.12095

https://arxiv.org/abs/2208.12095
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• Most comprehensive CMS EFT analysis about top-related operators (top to leptons, bosons, 
and other heavy quarks)

• Run 2 data, categories based on lepton, jet, b-jet multiplicity & total lepton charge
• Targeting 𝒕𝒕𝑯, 𝒕𝒕𝒁, 𝒕𝒕𝑾, 𝒕𝑯𝒒, 𝒕𝒁𝒒, 𝒕𝒕𝒕𝒕 processes with 26 WCs fitted together, 178 analysis bins
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𝒕�̅� + X TOP-22-006

Two heavy 
two light

Two 
heavy 
with 
bosons

Two heavy two leptons

Four heavy

Two heavy with 
bosons, impact 
from many 
processes

https://cds.cern.ch/record/2851651/files/TOP-22-006-pas.pdf?version=1
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4 TOP OBSERVATION Eur. Phys. J. C 83, 496 (2023), 2305.13439

• 4 top observed by ATLAS (6.1𝝈) and CMS (5.6𝝈), announced during Moriond earlier this year
• Final state contains from zero to four charged leptons (results require at least 2) and up to 12 jets

https://link.springer.com/article/10.1140/epjc/s10052-023-11573-0
https://arxiv.org/abs/2305.13439
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4 TOP OBSERVATION
• 4 top observed by ATLAS (6.1𝜎) and CMS (5.6𝜎), announced during Moriond earlier this year
• Final state contains from zero to four charged leptons (results require at least 2) and up to 12 jets

Eur. Phys. J. C 83, 496 (2023), 2305.13439

https://link.springer.com/article/10.1140/epjc/s10052-023-11573-0
https://arxiv.org/abs/2305.13439
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4 TOP OBSERVATION
• ATLAS provides EFT interpretations (CMS’s provided before observation, included in top + X 

combination)
• 4top sensitive to heavy-flavour fermion operators O445 , O665 , O465 , O467 à probe BSM that enhances 

interactions between third-generation quarks

• Sensitive to Higgs oblique parameter H𝐻
ATLAS’ limit coincides with the largest value 
that preserves unitarity in the perturbative theory
CMS’ is at 0.12 

Fit one parameter at the time

Eur. Phys. J. C 83, 496 (2023)

https://arxiv.org/abs/1903.07725
https://link.springer.com/article/10.1140/epjc/s10052-023-11573-0


HIGGS 
MEASUREMENTS 
AND SEARCHES

23

More in A. Mehta

V.M.M.CAIRO 7/17/23

https://indico.cern.ch/event/1114856/timetable/
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CP TESTS IN 𝑯 → 𝝉𝝉 2205.05120

• CMS full Run 2 analysis dedicated to studying anomalous cuplings in ggF, VBF and VH 𝐻 → 𝜏𝜏
• Combined with 𝐻 → 𝛾𝛾 and 𝐻 → 4𝑙

• Measure effective cross-section ratios (reduce uncertainties)

Courtesy D. Valsecchi

https://arxiv.org/abs/2205.05120
https://indico.cern.ch/event/1198609/contributions/5367280/
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CP TESTS IN 𝑯 → 𝝉𝝉
• Access CP-violating effects using reconstructed 𝑯 → 𝝉𝝉 events 

• correlation of H and two quark jets or leptons in VBF and VH production (anomalous HVV)
• correlation of H and two quark jets in ggH production (anomalous Hgg)

• Use a matrix element likelihood approach (MELA) and neural networks
• Build optimal discriminants, e.g. 𝑫𝟎!

𝒈𝒈𝑭(𝐽; = 0< is the BSM hypothesis) 

2205.05120

CP even
CP odd

https://arxiv.org/abs/2205.05120
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OFFSHELL 𝑯 → 𝒁𝒁 IN SMEFT ATL-PHYS-PUB-2023-012/

• Breaks 𝒄𝒈 − 𝒄𝒕 degeneracy present in inclusive on-shell measurements
• High invariant mass (TeV level), 𝑍 𝑍→ 4l and 𝑍 𝑍→ 2l2𝜈 final states, with l = 𝑒 or 𝜇

k-framework SMEFT

See also CMS’s 
Higgs width 
analysis s41567-
022-01682-0
setting 
constraints on 
anomalous HVV 
couplings

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-012/
https://www.nature.com/articles/s41567-022-01682-0
https://www.nature.com/articles/s41567-022-01682-0


17.07.23

V.M.M.CAIRO 27

CMS HIGGS COMBINATION HIG-19-005-pas

• Interpretation of Higgs boson 
production and decay rates in terms 
of simultaneous constraints on EFT 
couplings in the Higgs Effective 
Lagrangian (HEL) model
• Paper provides mapping into 

WCs

• Included Higgs boson decays to 
𝛾𝛾, 𝑍𝑍,𝑊𝑊, 𝜏𝜏, 𝑏𝑏 𝑛𝑜𝑛 𝑏𝑜𝑜𝑠𝑡𝑒𝑑 @ 13 𝑇𝑒𝑉,
35.9– 137 𝑓𝑏)* depending on the
analysis

https://cds.cern.ch/record/2706103/files/HIG-19-005-pas.pdf?version=1
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ATLAS GLOBAL COMBINATION ATL-PHYS-PUB-2022-037

ATLAS 
Higgs

ATLAS 
EW

LEP & 
SLC 

EWPO

• Constraints on 28 SMEFT Wilson coefficients for 
dim.6 operators

• Insufficient information to constraint 
simultaneously all coefficients
• Basis modified: linear combination of WCs
• First combine inputs from ATLAS, constraining 7 

individual and 17 linear combinations of WCs
• Higgs production and decay in STXS bins
• EW differential cross-section measurements 

• Then add EW Precision Observables (EWPO)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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ATLAS GLOBAL COMBINATION ATL-PHYS-PUB-2022-037

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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Parameter value

• Some WCs tightly constrained by single sector, but contributions from ATLAS expected to become 
more important with larger datasets. Results largelt consistent with SM.

ATLAS GLOBAL COMBINATION ATL-PHYS-PUB-2022-037

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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31V.M.M.CAIRO

Double the Higgs,
Double the Challenge!

𝑯𝑯 → 𝒃$𝒃𝜸𝜸

More in 
Yu Nakahama Higuchi

https://indico.cern.ch/event/1114856/timetable/
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V.M.M.CAIRO 32

WHY HH? AND WHY IN EFT?

j.revip.2020.100045

LHC early Run 2 
constraints  ≈ 10

No sensitivity to 
parameters other 
than 𝑂> (~𝑘?)

Higgs pairs produced by means of various interactions at the LHC, including the Higgs
self-coupling, 𝝀, giving us direct access to its measurement when searching for HH

https://doi.org/10.1016/j.revip.2020.100045
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WHY HH? AND WHY IN EFT?

LHC early Run 2 
constraints  ≈ 10

Higgs pairs produced by means of various interactions at the LHC, including the Higgs
self-coupling, 𝝀, giving us direct access to its measurement when searching for HH

LHC full Run 2 
constraints  ≈ 3

Relevant to 
consider general 
coupling 
variations

j.revip.2020.100045

https://doi.org/10.1016/j.revip.2020.100045
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HIGGS PAIRS IN SMEFT 2301.03212

ATLAS 𝑯𝑯 → 𝟒𝒃

In Single Higgs, only included in 
linear combination with other WCs

Probed uniquely by HH

More 2D scans in the extra slides

https://arxiv.org/abs/2301.03212
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HIGGS PAIRS IN SMEFT 2301.03212

Limits are ~ comparable with global 
combination (dominated by single Higgs)

Order-of-magnitude hand-made comparison between 2301.03212 (Global Fit) and ATL-PHYS-PUB-2022-037 (HH4b)

https://arxiv.org/abs/2301.03212
https://arxiv.org/abs/2301.03212
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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HIGGS PAIRS IN HEFT 2301.03212, ATL-PHYS-PUB-2022-019, JHEP 03 (2021) 257

g
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cgghh
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g H
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Standard Model Beyond Standard Model

g

g H

H

H

ctth chhh

In HEFT, anomalous single-Higgs couplings ≠ HH couplings (𝑐@@"" ≠ 𝑐@@" , 𝑐66"" ≠ 𝑐66" )

(*)

(*) In black the CMS WCs convention, in colors the ATLAS one

https://arxiv.org/abs/2301.03212
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-019/
http://dx.doi.org/10.1007/JHEP03(2021)257
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HIGGS PAIRS IN HEFT 2301.03212, ATL-PHYS-PUB-2022-019, JHEP 03 (2021) 257
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Standard Model Beyond Standard Model

g

g H

H

H

ctth chhh

In HEFT, anomalous single-Higgs couplings ≠ HH couplings (𝑐@@"" ≠ 𝑐@@" , 𝑐66"" ≠ 𝑐66" )

HEFT results for ATLAS 𝐻𝐻 → 𝛾𝛾𝑏𝑏 + 𝐻𝐻 → 𝑏𝑏𝜏𝜏 (𝜎/𝜎AB < O(3)), ATLAS 𝐻𝐻 → 4𝑏 and CMS 𝐻𝐻 → 𝛾𝛾𝑏𝑏

(*) In black the CMS WCs convention, in colors the ATLAS one

(*)

See extra slides for constraints 
on “benchmarks”, i.e. xs limits 

on recommended 
combinations of WCs values

https://arxiv.org/abs/2301.03212
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-019/
http://dx.doi.org/10.1007/JHEP03(2021)257
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HIGGS PAIRS IN HEFT
• CMS full Run 2 search for 𝐻𝐻 −> 𝑊𝑊𝑊𝑊,𝑊𝑊𝜏𝜏, 𝑎𝑛𝑑 𝜏𝜏𝜏𝜏
• Require multi-leptons (𝑒, 𝜇, 𝜏CDE) in the final state
• 𝜎/𝜎AB < O(20)

2206.10268

https://arxiv.org/abs/2206.10268


17.07.23

V.M.M.CAIRO 39

CONCLUSIONS
• The success of the Standard Model is extensively 

confirmed by the current ATLAS and CMS resultsSM

• This motivates searching for hints of physics BSM 
which could manifest at a higher energy scaleBSM

• Effective Field Theory frameworks are powerful ways 
to map our current understanding and look for 
anomalies

EFT

• LHC results include more and more EFT direct and indirect 
seaches
• SM, top, Higgs and more recently also Higgs pairs
• Global combinations can unveil mysteries that are 

potentially still hidden

LHC
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Thanks for your attention!
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EFFECTIVE FIELD THEORIES AT THE LHC
https://arxiv.org/pdf/2204.01763.pdf

SMEFT

HEFT

https://arxiv.org/pdf/2204.01763.pdf
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SMEFT
JHEP04(2021)279

https://link.springer.com/article/10.1007/JHEP04(2021)279
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OBLIQUE PARAMETER AND 
UNIVERSAL BASIS 
https://arxiv.org/pdf/1903.07725.pdf

https://arxiv.org/pdf/1903.07725.pdf
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𝑺𝒕𝒂𝒏𝒅𝒂𝒓𝒅𝑴𝒐𝒅𝒆𝒍
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CP TESTS WITH V-BOSONS Eur. Phys. J. C 81 (2021) 163

• Additional sources of CP-violation required to explain the matter-antimatter asymmetry in 
the Universe à can manifest as anomalous Higgs/multiboson interactions 

Strongest limits when pure dimension-six contributions are 
excluded from the theoretical prediction 

https://link.springer.com/article/10.1140/epjc/s10052-020-08734-w
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DI-BOSONS AS 
TESTS OF 𝒂TGC https://arxiv.org/pdf/hep-ph/0008063.pdf

𝑓0
1 and 𝑓02 (CP 

violating), 
𝑓3
1 and 𝑓32 (CP 

conserving)

neutral

https://arxiv.org/pdf/hep-ph/0008063.pdf
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DI-BOSONS AS 
TESTS OF 𝒂TGC
• 𝑉𝛾 and 𝑉𝑉 production sensitive to anomalous triple gauge couplings (aTGCs)
• ATLAS Run 2 analysis examines high-energy tails of 𝒑𝑻𝒍𝒍 in 𝒁𝒁(𝒍𝒍𝝂𝝂) events (Z 

boosted against the other in the transv. plane)to test aTGCs in an effective 
vertex function approach 
• 𝑓0

1 and 𝑓02 (CP violating), 𝑓3
1 and 𝑓32 (CP conserving)

JHEP 10 (2019) 127

Neutral 
aTGCs

dim-8 in 
SMEFT

https://link.springer.com/article/10.1007/JHEP10(2019)127
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DI-BOSONS AS 
TESTS OF 𝒂TGC
• 𝑉𝑉 production sensitive to anomalous triple gauge couplings (aTGCs)

JHEP 07 (2022) 032,  JHEP 07 (2022) 032, JHEP 10 (2019) 127

Charged 
aTGCs

Use 𝑝!
" and 𝜙# to enhance sensitivity to interference 

between SM and 𝑂$%

http://dx.doi.org/10.1007/JHEP07(2022)032
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-014/
http://dx.doi.org/10.1007/JHEP07(2022)032
https://link.springer.com/article/10.1007/JHEP10(2019)127
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DI-BOSONS AS 
TESTS OF 𝒂TGC
• 𝑉𝑉 production sensitive to anomalous triple gauge couplings (aTGCs)

JHEP 07 (2022) 032,  JHEP 07 (2022) 032, JHEP 10 (2019) 127

http://dx.doi.org/10.1007/JHEP07(2022)032
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-014/
http://dx.doi.org/10.1007/JHEP07(2022)032
https://link.springer.com/article/10.1007/JHEP10(2019)127
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DI-BOSONS AS 
TESTS OF 𝒂TGC
• 𝑉𝑉 production sensitive to anomalous triple gauge couplings (aTGCs)

Charged 
aTGCs

Neutral 
aTGCs

Examine the high-energy tails of 𝑚%& Examine the high-energy tails of 𝑝!##
𝑓!
" and 𝑓!# CP 

violating 
𝑓$
" and 𝑓$# CP 

conserving

JHEP 07 (2022) 032,  JHEP 07 (2022) 032, JHEP 10 (2019) 127

http://dx.doi.org/10.1007/JHEP07(2022)032
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-014/
http://dx.doi.org/10.1007/JHEP07(2022)032
https://link.springer.com/article/10.1007/JHEP10(2019)127
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DI-BOSONS AS 
TESTS OF 𝒂TGC
• 𝑉𝑉 production sensitive to anomalous triple gauge couplings (aTGCs)

JHEP 07 (2022) 032,  JHEP 07 (2022) 032, JHEP 10 (2019) 127

http://dx.doi.org/10.1007/JHEP07(2022)032
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-014/
http://dx.doi.org/10.1007/JHEP07(2022)032
https://link.springer.com/article/10.1007/JHEP10(2019)127
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DI-BOSONS AS 
TESTS OF 𝒂QGC
• 𝑉𝛾 or 𝑉𝑉 plus jets used by CMS and ATLAS to test anomalous quartic gauge couplings (aQGCs) in 

terms of dimension-8 EFT operators
• 4 covariant derivatives of the Higgs field (𝑂'(,*,+, scalar type)
• 2 Higgs covariant derivatives and 2 field strength tensors (𝑂,(,*,+,$,-,.,/ of mixed – scalar and tensor – type)
• 4 field strength tensors (𝑂!(,*,+,.,0,/,1,2 of tensor type). 

𝐙𝒁 → 𝟒𝒍

The analysis sets also limits on dim6 operators, obtained using a 2D fit to the 4l𝑗𝑗
differential cross-sections as a function of 𝑚4l and 𝑚𝑗𝑗, except for the constraints on 
CP-odd operators when the pure dimension-six contribution to the EFT is excluded. 
Those constraints, denoted with a (∗), are obtained in a fit to the differential cross 
section as a function of Δ𝜙𝑗𝑗. 

2212.12592, ATLAS-CONF-2023-023, JHEP 06 (2023) 082, ATLAS-CONF-2023-024

https://arxiv.org/abs/2212.12592
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-023/
https://link.springer.com/article/10.1007/JHEP06(2023)082
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-024/
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𝐙 𝝂𝝂 𝜸𝒋𝒋

In addition, on 𝑇),-,. tighter limits than previous 
results by ATLAS and CMS (𝑇-,. uniquely probed 
via neutral quartic vertices)

DI-BOSONS AS 
TESTS OF 𝒂QGC
• 𝑉𝛾 or 𝑉𝑉 plus jets used by CMS and ATLAS to test anomalous quartic gauge couplings (aQGCs) in 

terms of dimension-8 EFT operators
• 4 covariant derivatives of the Higgs field (𝑂'(,*,+, scalar type)
• 2 Higgs covariant derivatives and 2 field strength tensors (𝑂,(,*,+,$,-,.,/ of mixed – scalar and tensor – type)
• 4 field strength tensors (𝑂!(,*,+,.,0,/,1,2 of tensor type). 

CMS: 2212.12592, 
ATLAS: ATLAS-CONF-2023-023, JHEP 06 (2023) 082, ATLAS-CONF-2023-024

𝐸!
" > 150 𝐺𝑒𝑉

https://arxiv.org/abs/2212.12592
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-023/
https://link.springer.com/article/10.1007/JHEP06(2023)082
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-024/
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𝐙 𝝂𝝂 𝜸𝒋𝒋

DI-BOSONS AS 
TESTS OF 𝒂QGC
• 𝑉𝛾 or 𝑉𝑉 plus jets used by CMS and ATLAS to test anomalous quartic gauge couplings (aQGCs) in 

terms of dimension-8 EFT operators
• 4 covariant derivatives of the Higgs field (𝑂'(,*,+, scalar type)
• 2 Higgs covariant derivatives and 2 field strength tensors (𝑂,(,*,+,$,-,.,/ of mixed – scalar and tensor – type)
• 4 field strength tensors (𝑂!(,*,+,.,0,/,1,2 of tensor type). 

CMS: 2212.12592, 
ATLAS: ATLAS-CONF-2023-023, JHEP 06 (2023) 082, ATLAS-CONF-2023-024

𝐸!
" > 150 𝐺𝑒𝑉

https://arxiv.org/abs/2212.12592
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-023/
https://link.springer.com/article/10.1007/JHEP06(2023)082
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-024/
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EW DIBOSONS AS 
TESTS OF 𝒂QGC

𝐙(𝝂𝝂)𝜸𝒋𝒋

JHEP 06 (2023) 082

https://link.springer.com/article/10.1007/JHEP06(2023)082
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4LEPTON EVENTS JHEP 07 (2021) 005

https://link.springer.com/article/10.1007/JHEP07(2021)005
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4LEPTON EVENTS JHEP 07 (2021) 005

https://link.springer.com/article/10.1007/JHEP07(2021)005
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𝒂QGC COMBINATION ATL-PHYS-PUB-2023-002/

These limits represent the first limits at 13 TeV on aQGC parameters in the electroweak 𝑊 ±𝑍 𝑗 𝑗 and 𝑊±𝑊± 𝑗 𝑗 processes, 
as well as the first combination of D-8 EFT operators, performed using unfolded and reconstruction-level results. 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-002/
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𝒂QGC COMBINATION ATL-PHYS-PUB-2023-002/

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-002/
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𝒂QGC COMBINATION ATL-PHYS-PUB-2023-002/

Comparing the nominal unclipped exclusion intervals 
with the current best limits, obtained by the CMS 
collabora;on using the 𝑊±𝑉 𝑗 𝑗 fully leptonic [10] and 
semileptonic [17] channels, it can be seen that the limits 
are not compe;;ve. However, no op;miza;on was done 
regarding the binning or the phase space used for this 
study. The individual limits can be improved by using the 
Full Run 2 dataset and the combina;on can be improved, 
for example, by including more channels as well as a 
more extensive correla;on of the experimental 
systema;c uncertain;es. The analysis flow developed for 
this result makes it straighKorward to include addi;onal 
measurements in the combina;on in the future. 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-002/
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𝑻𝑶𝑷
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𝒕�̅� CHARGE ASYMMETRY TOPQ-2020-06

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-06/
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𝒕�̅� CHARGE ASYMMETRY TOPQ-2020-06

The leptonic asymmetry is 
slightly diluted relative to 
the underlying top-quark 
asymmetry, but has the 
advantage that 
reconstruction of the top-
quark pair is not required; 
only the directions and 
charges of the leptons are 
needed. 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-06/
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𝒕�̅� CHARGE ASYMMETRY
• Results are interpreted in SMEFT (14 four-fermion operators and 1 top-gluon operator, SMEFT@NLO)

x2 impr.

2208.12095

Complementary info to charge asymmetry (see extra slides)

https://arxiv.org/abs/2208.12095
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𝒕�̅� CHARGE ASYMMETRY TOPQ-2020-06

Compared to global fits of 
the top-quark sector and fits 
including top, Higgs and EW 
data the bounds found in this 
analysis are of the same 
order of magnitude. 

Often, the bounds from the 
differential analysis are 
significantly tighter than the 
global bounds, indicating 
that inclusion of these results 
in future global fits can 
improve the global result, by 
disentangling some of the 
poorly constrained 
combinations of operator 
coefficients. 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-06/
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𝒕�̅� CHARGE ASYMMETRY 
AND ENERGY ASYMMETRY TOPQ-2020-06, TOPQ-2019-28

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-28/
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𝒕�̅� CHARGE ASYMMETRY 
AND ENERGY ASYMMETRY
• The energy asymmetry in boosted 𝒕�̅�𝒋 production 

provides complementary information that can 
eliminate a blind direction of the charge 
asymmetry measurement 

• Asymmetries probe different directions in chiral and 
colour space 

• For colour-octet operators with same chirality, 
shapes are different

• Charge asymmetry leaves a blind direction which is 
broken by the energy asymmetry due to operator 
interference with the QCD amplitude

2208.12095 , Eur. Phys. J. C 82 (2022) 374

https://arxiv.org/abs/2208.12095
https://link.springer.com/article/10.1140/epjc/s10052-022-10101-w
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𝒕�̅� CHARGE ASYMMETRY 
AND ENERGY ASYMMETRY TOPQ-2020-06, TOPQ-2019-28

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-28/
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𝒕�̅� + X TOP-22-006

https://cds.cern.ch/record/2851651/files/TOP-22-006-pas.pdf?version=1
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𝒕�̅� + BOOSTED H/Z TOP-21-003

• CMS Run 2 analysis, semi-leptonic 𝒕�̅� and 𝑯/𝒁 → 𝒃i𝒃, 8 dimension-six operators added to the 
SM Lagrangian and their WCs constrained via a fit to the data 

• Large tt+jets background

https://cds.cern.ch/record/2802060/files/TOP-21-003-pas.pdf
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𝒕�̅� + BOOSTED H/Z TOP-21-003

https://cds.cern.ch/record/2802060/files/TOP-21-003-pas.pdf
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𝑮𝒍𝒐𝒃𝒂𝒍
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GLOBAL COMBINATION ATL-PHYS-PUB-2022-037

Affects mainly EWPO and high energy 
tails for VH and diboson production

Triple-gauge-coupling 
parameter

Linear + quadratic model

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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ATLAS GLOBAL COMBINATION ATL-PHYS-PUB-2022-037

ATLAS 
Higgs

ATLAS 
EW

LEP & 
SLC EW

• Constraints on 28 SMEFT Wilson coefficients (and mutually orthogonal linear combinations) for 
dim.6 operators

• For processes in which kinematics are affected by different operators, parameterization done in a 
fiducial and not phase space. Overlap checked and dataset removed when relevant

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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ATLAS GLOBAL COMBINATION ATL-PHYS-PUB-2022-037

ATLAS 
Higgs

ATLAS 
EW

LEP & 
SLC 

EWPO

• Constraints on 28 SMEFT Wilson coefficients (and mutually 
orthogonal linear combinations) for dim.6 operators

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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GLOBAL COMBINATION ATL-PHYS-PUB-2022-037

• Insufficient information to constraint simultaneously all coefficients
• Basis modified: linear combination of WCs
• First combine inputs from ATLAS, constraining 7 individual and 17 linear combinations of WCs

Best constrained WCs 

Modifies 
the rate of 
𝐻 → 𝛾𝛾

Modifies 
the rate of 
gg → 𝐻

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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GLOBAL COMBINATION ATL-PHYS-PUB-2022-037

• Insufficient information to constraint simultaneously all coefficients
• Basis modified: linear combination of WCs
• First combine inputs from ATLAS, constraining 7 individual and 17 linear combinations of WCs

Weaker constraints from lin+quad e.g. 𝒄𝟐𝒒𝟐𝒍
(𝟏)

(introduction of quadratic terms leads to non-linear 
correlations between parameters)

Stronger constraints from lin+quad e.g. 𝒄𝑾
(sizable quadratic contributions from VV)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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• Insufficient information to constraint simultaneously all coefficients
• Basis modified: linear combination of WCs
• First combine inputs from ATLAS, constraining 7 individual and 17 linear combinations of WCs

Least constrained WCs, 
quadratic contributions large due to 

quadratic dependence on WCs, 
questionable validity of obtained 

constraints

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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Parameter value

• Include EWPO, constrain 28 WCs

• Group of 5 WCs now tightly constrained 
by single observables (𝑔𝑔 → 𝐻, 𝜎CDEK , 𝑍
width, forward-backward asymmetries,)

• Contributions from ATLAS expected to 
become more important with larger 
dataset analyses

• Results compatible with SM except for 
𝑐"LL,LMM0 , excess driven by a well-known 
discrepancy between 𝐴MN

K,N and 
𝐴MN
K,O measurements and the SM 

expectation

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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GLOBAL COMBINATION ATL-PHYS-PUB-2022-037

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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GLOBAL COMBINATION ATL-PHYS-PUB-2022-037

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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𝑯𝒊𝒈𝒈𝒔
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CP TESTS IN 𝑯 → 𝝉𝝉 2205.05120

• CMS full Run 2 analysis dedicated to studying anomalous cuplings in ggF, VBF and VH 𝐻 → 𝜏𝜏
• Combined with 𝐻 → 𝛾𝛾 and 𝐻 → 4𝑙

• Measure effective cross-section ratios (reduce uncertainties)

https://arxiv.org/abs/2205.05120
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CP TESTS IN 𝑯 → 𝝉𝝉 2205.05120

• CMS full Run 2 analysis dedicated to studying anomalous cuplings in ggF, VBF and VH 𝐻 → 𝜏𝜏
• Combined with 𝐻 → 𝛾𝛾 and 𝐻 → 4𝑙

• Measure effective cross-section ratios (reduce uncertainties)

It is hard to distinguish between 
the κ and agg, The only remaining 
effective fractional cross section 
for the Hgg interaction is defined 
as:

https://arxiv.org/abs/2205.05120
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CP TESTS IN 𝑯 → 𝝉𝝉 2205.05120

https://arxiv.org/abs/2205.05120
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CP TESTS IN 𝑯 → 𝝉𝝉 2205.05120

https://arxiv.org/abs/2205.05120
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CP TESTS IN 𝑯 → 𝝉𝝉 2205.05120

MELA discriminants 
in ggF

MELA discriminants 
in VBF

https://arxiv.org/abs/2205.05120
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CP TESTS IN 𝑯 → 𝝉𝝉 HIG-20-007

• Access CP-violating effects using reconstructed 𝐻 → 𝜏𝜏 events 
• correlation of H and two quark jets or leptons in VBF and VH production (HVV)
• correlation of H and two quark jets in ggH production (Hgg)

• Use a matrix element likelihood approach (MELA) and a neural network 

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-007/index.html
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OFFSHELL 𝑯 → 𝒁𝒁 IN SMEFT ATL-PHYS-PUB-2023-012/

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-012/
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OFFSHELL 𝑯 → 𝒁𝒁 IN SMEFT ATL-PHYS-PUB-2023-012/

• 𝑍 𝑍→ 4l and 𝑍 𝑍→ 2l2𝜈 final states, with l = 𝑒 or 𝜇
k-framework SMEFT

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-012/
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OFFSHELL 𝑯 → 𝒁𝒁 IN SMEFT ATL-PHYS-PUB-2023-012/

ZZ->4l

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-012/
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OFFSHELL 𝑯 → 𝒁𝒁 IN SMEFT ATL-PHYS-PUB-2023-012/

Signal, back-ground and non interfering bkgZZ->4l

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-012/
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OFFSHELL 𝑯 → 𝒁𝒁 IN SMEFT ATL-PHYS-PUB-2023-012/

ZZ->2l2nu

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-012/
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OFFSHELL 𝑯 → 𝒁𝒁 IN SMEFT ATL-PHYS-PUB-2023-012/

ZZ->2l2nu

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-012/
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OFFSHELL 𝑯 → 𝒁𝒁 https://www.nature.com/articles/s41567-022-01682-0

https://www.nature.com/articles/s41567-022-01682-0
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CMS HIGGS COMBINATION HIG-19-005-pas

• Interpretation of Higgs boson production 
and decay rates in terms of simultaneous 
constraints on EFT couplings in the Higgs 
Effective Lagrangian (HEL) model

• Included Higgs boson decays to 
𝛾𝛾, 𝑍𝑍,𝑊𝑊, 𝜏𝜏, 𝑏𝑏 𝑛𝑜𝑛 𝑏𝑜𝑜𝑠𝑡𝑒𝑑 @ 13 𝑇𝑒𝑉,
35.9– 137 𝑓𝑏<5 depending on the
analysis

HELWCs

https://cds.cern.ch/record/2706103/files/HIG-19-005-pas.pdf?version=1
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𝑯𝒊𝒈𝒈𝒔 𝑷𝒂𝒊𝒓𝒔
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WHY HH? AND WHY IN EFT?
Higgs pairs produced by means of various interactions at the LHC, including the Higgs
self-coupling, 𝝀, giving us direct access to its measurement when searching for HH

Complementarity between H & HH clear 
already from 𝑘 framework j.physletb.2023.137745

https://doi.org/10.1016/j.physletb.2023.137745
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EFT FOR HH

HiggsPairs-2022_Scyboz.pdf
https://arxiv.org/pdf/2304.01968.pdf

https://indico.cern.ch/event/1001391/contributions/4827320/attachments/2453035/4203719/HiggsPairs-2022_Scyboz.pdf
https://arxiv.org/pdf/2304.01968.pdf
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EFT FOR HH
https://arxiv.org/pdf/2304.01968.pdf

https://arxiv.org/pdf/2304.01968.pdf
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HIGGS PAIRS IN SMEFT 2301.03212

Standard Model
ATLAS 𝐻𝐻 → 4𝑏

https://arxiv.org/abs/2301.03212
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HIGGS PAIRS IN SMEFT 2301.03212

Standard Model
ATLAS 𝐻𝐻 → 4𝑏

https://arxiv.org/abs/2301.03212
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HIGGS PAIRS IN HEFT HDBS-2019-29, ATL-PHYS-PUB-2022-019/
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• ATLAS 𝐻𝐻 → 𝛾𝛾𝑏𝑏 and 𝐻𝐻 → 𝑏𝑏𝜏𝜏 combined, results available also from 𝐻𝐻 → 4𝑏
• In HEFT, anomalous single-Higgs-boson and HH couplings defined separately

M. Capozi and G. Heinrich,
Exploring anomalous couplings in 
Higgs boson pair production through 
shape analysis, JHEP 03 (2020) 091, 
arXiv: 1908.08923 [hep-ph]. 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-29/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-019/
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HIGGS PAIRS IN HEFT 2301.03212, ATL-PHYS-PUB-2022-019, JHEP 03 (2021) 257
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In HEFT, anomalous single-Higgs couplings ≠ HH couplings (𝑐@@"" ≠ 𝑐@@" , 𝑐66"" ≠ 𝑐66" )

𝐻𝐻 → 4𝑏

(*) In black the CMS WCs convention, in colors the ATLAS one

(*)

https://arxiv.org/abs/2301.03212
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-019/
http://dx.doi.org/10.1007/JHEP03(2021)257
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HIGGS PAIRS IN HEFT 2206.10268

• CMS full Run 2 search for 𝐻𝐻 −> 𝑊𝑊𝑊𝑊,𝑊𝑊𝜏𝜏, 𝑎𝑛𝑑 𝜏𝜏𝜏𝜏
• Require multi-leptons (𝑒, 𝜇, 𝜏CDE) in the final state

g

g H

H

cgghh

g

g H

H

ctthh

g

g H

H

H

cggh chhh

(*) In black the CMS WCs convention, in colors the ATLAS one

(*)

https://arxiv.org/abs/2206.10268
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HIGGS PAIRS IN HEFT HIG-21-002

• CMS full Run 2 search for 𝐻𝐻 −> 𝑊𝑊𝑊𝑊,𝑊𝑊𝜏𝜏, 𝑎𝑛𝑑 𝜏𝜏𝜏𝜏
• Require 2, 3, or 4 leptons (𝑒, 𝜇, 𝜏CDE)
• Observed (expected) upper limit on cross section at 95% confidence level (CL) is 21.3 (19.4) x SM

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-002/
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HIGGS PAIRS IN HEFT HIG-21-002

• CMS full Run 2 search for 𝐻𝐻 −> 𝑊𝑊𝑊𝑊,𝑊𝑊𝜏𝜏, 𝑎𝑛𝑑 𝜏𝜏𝜏𝜏
• Require 2, 3, or 4 leptons (𝑒, 𝜇, 𝜏CDE)
• Observed (expected) upper limit on cross section at 95% confidence level (CL) is 21.3 (19.4) x SM

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-002/
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HIGGS PAIRS IN HEFT 2206.10268

• CMS full Run 2 search for 𝐻𝐻 −> 𝑊𝑊𝑊𝑊,𝑊𝑊𝜏𝜏, 𝑎𝑛𝑑 𝜏𝜏𝜏𝜏
• Require multi-leptons (𝑒, 𝜇, 𝜏CDE) in the final state

https://arxiv.org/abs/2206.10268
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HIGGS PAIRS IN HEFT HIG-21-002

• CMS full Run 2 search for 𝐻𝐻 −> 𝑊𝑊𝑊𝑊,𝑊𝑊𝜏𝜏, 𝑎𝑛𝑑 𝜏𝜏𝜏𝜏
• Require 2, 3, or 4 leptons (𝑒, 𝜇, 𝜏CDE)
• Observed (expected) upper limit on cross section at 95% confidence level (CL) is 21.3 (19.4) x SM

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-002/

