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Twelve years since the discovery

CERN

 Melbourne

Higgs boson with mH ~ 125 GeV 
announced by ATLAS and CMS on 
July 4, 2012, during ICHEP 2012

CMS

ICHEP 2012

ATLAS

https://indico.cern.ch/event/197461/
https://indico.cern.ch/event/181298/
https://indico.cern.ch/event/197461/
https://indico.cern.ch/event/181298/
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Current state-of-
the-art

Image: https://azgaar.github.io

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/
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Nature 607 (2022) 60Current state-of-the-art: Higgs boson couplings

~7-8%

~10%
~15%

~35%
~20%
~  8%

κ = g
gSM

Nature 607 (2022) 52 

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/
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Nature 607 (2022) 60
Nature 607 (2022) 52 

Main production and decay processes observed, measured with <10% – 20% precision

Current state-of-the-art: Production and Decay

ggF
κt

VBF
κw,z

VH

κw,z ttH
κt
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/
https://indico.cern.ch/event/1291157/contributions/5888283/
https://indico.cern.ch/event/1291157/contributions/5876716/
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ATLAS: combining H→4l + H→γγ :

mH = 125.11 ± 0.11 GeV (syst: 0.09 GeV)
Most precise measurement to date

H→γγ mass resolution systematics reduced by a factor 4 !

 Phys. Lett. B 843 (2023) 137880, 
 Phys. Lett. B 847 (2023) 138315 

CMS: using H→ZZ*→4l :  

 mH = 125.08 ± 0.10 (stat) ± 0.05 (syst) GeV
Most precise single measurement (< 1 ‰ )

See taks by Camila Pazos, 
Léo Boudet, Badder Marzocchi and 

Federica Primavera for details

Current state-of-the-art: Mass

 CMS-PAS-HIG-21-019 

 JINST 19 (2024) P02009

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-16/
https://indico.cern.ch/event/1291157/contributions/5876935/
https://indico.cern.ch/event/1291157/contributions/5876934/
https://indico.cern.ch/event/1291157/contributions/5876720/
https://indico.cern.ch/event/1291157/contributions/5876914/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EGAM-2021-02/
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Open questions remain … which the Higgs boson can help address 

Adapted from  
G. Salam et al, Nature volume 
607, pages 41–47 (2022)
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Higgs boson
couplings to

t, b, c
μ, τ

W, Z 

CP violation in
Higgs boson 

processes

Higgs boson decays,
total width

Higgs boson
self-coupling

What is the origin of quark and lepton masses ?
● Fermion flavor violating Higgs boson decays ?
● Are there modified Higgs couplings to other particles ?

Why is the EW interaction much stronger than gravity ?
● Are there anomalies in HVV interactions ?
● New particles at the TeV scale
● Is the Higgs boson elementary ?

Why is there more matter than antimatter ?
● Higgs boson self-coupling  strong first-order EWPT ?⇒
● Are there multiple Higgs sectors?
● Are there CP-violating Higgs boson decays

What is dark matter?
● Can the Higgs boson provide a portal to dark matter ?
● New decay modes of the Higgs boson ?
● Higgs lifetime consistent with the SM ?

https://www.nature.com/articles/s41586-022-04899-4
https://www.nature.com/articles/s41586-022-04899-4
https://indico.cern.ch/event/1291157/contributions/5958302/
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LHC Datasets

20
22

20
23

20
24

Run 3 dataset (13.6 TeV)
Being collected now
~60 fb-1 good for physics in 
2022-2023, expect 300 fb-1 at 
the end of 2025

Run 2 dataset (13 TeV)
Per experiment:
~140 fb-1 good for physics 
~ 7M Higgs bosons produced
~ 5000 reconstructed H→γγ

Excellent accelerator performance over many years!

https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults
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Overview

Focus on new results released for ICHEP 

Latest Run 2 results

• Higgs boson couplings to fermions

• Higgs pair production

Fresh-off-the-press results using Run 3 data

New

Precise SM measurements
Search for BSM at high energies
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Higgs Boson 
Couplings to 

Fermions

Di-Higgs
Image: https://azgaar.github.io

Differential 
measurements 



12

Aside: Improvements in flavor tagging
ATLAS: Eur. Phys. J. C 83 (2023) 681, FTAG-2023-01

Rapid progress in techniques: BDTs → feed-forward DNNs → Graph NNs, transformer networks…
● Single b-jet and c-jet tagging
● Merged H→bb|cc|ττ tagging
Large gains in past years, still improving quickly! → Major driver of sensitivity increases

CM
S:

 C
ER

N
-C

M
S-

BT
V-

22
-0

01
-P

AS

More details in Maxence Draguet’s talk 

Better 
performance

Better 
performance

b-jet 
tagging

cc-jet 
tagging

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2019-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/
https://cds.cern.ch/record/2866276/files/BTV-22-001-pas.pdf
https://indico.cern.ch/event/1291157/contributions/5892373/
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ATLAS Final Run 2 ttH→bb measurement

ttH  tree-level Higgs-top coupling⇒
H→bb  largest Higgs BR (58%)⇒ H→bb t→W(eν)b 

t→W(qq)b 

Complex signature: 4b + 2 W
1 or 2 leptons (e|μ)

Reanalysis of JHEP 06 (2022) 97 with
● Improved b-tagging (DL1r)
● Improved modeling of backgrounds (tt+b(b)...), looser selection for better control.
● Use of transformer networks to separate signal and background, reconstruct pT

H

New

More details in Filip Nechansky’s talk and 
Yusong Tian’s and Zef Rozario’s posters

H
t

t

b

b

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-23/
https://indico.cern.ch/event/1291157/contributions/5876701/
https://indico.cern.ch/event/1291157/contributions/5888298/
https://indico.cern.ch/event/1291157/contributions/5888299/


14

Measure σttH in pT
H bins 

up to 450 GeV

Best single measurement to date.

 ⇒ Test SM in extreme phase-space 

ATLAS Final Run 2 ttH→bb measurement

Overall uncertainty improved by factor 1.8, 4.6σ observed
New

More details in Filip Nechansky’s talk 

μ ttH = 0.81 −0.19
+0.22 ( −0.16

+ 0.20  syst.) relative to SM expectation

CMS Results with similar sensitivity:  HIG-19-011

Image credits: R. Balasubramanian

https://indico.cern.ch/event/1291157/contributions/5876701/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-011/
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CMS Search for WW H→bb Vector-boson Scattering

Analysis of H→bb + W±W±→lνlν in VBS production

Sensitive to WWHH coupling → κWW.

κWW

Reconstruct H→bb as a 
single bb-tagged jet

New

  -3.33 < κWW < 5.33 @ 95% CL

First analysis targeting κVV using single-H VBS 
production, can be extended to other modes

CMS-PAS-HIG-24-001

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-001/index.html
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Aside: Higgs-charm coupling

Only accessible second-generation 
quark Yukawa coupling

 ⇒ Important check of the Higgs 
mechanism, but currently very large 
uncertainties
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ATLAS Final Run 2 VH→bb|cc
H→bb  largest Higgs BR (58%)⇒
H→cc  largest BR to 2⇒ nd gen. fermions (2.9%)

(V→lep)H most sensitive
mode to access both.

Require b-jets or c-jets, split signal in 
Nleptons = 0 (Z→νν), 1 (W→lν) or 2 (Z→ll)

Reanalysis of previous VH→bb and cc results. H→cc 

Z→μμ New
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/
https://indico.cern.ch/event/1291157/contributions/5876813/
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ATLAS Final Run 2 VH→bb measurement

Probe pT
V spectrum up to 600 GeV for both WH and ZH

New

CMS Results with similar sensitivity PRD 109 (2024) 092011 

More in  Francesco Di Bello’s talk 

Results compatible with SM
Uncertainties reduced by ~20%, 
most precise to date

First observation of WH→bb (5.3σ)

μWH = 0.95 −0.19
+0.21 ( −0.13

+0.15  syst.)

μZH = 0.87 −0.20
+0.23 ( −0.14

+0.18  syst.)
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-001/
https://indico.cern.ch/event/1291157/contributions/5876813/
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ATLAS and CMS VH→cc 

μVH→cc < 11.3 @ 95% CL (10.4 exp.) 

Best limit to date
Factor 2.5 improvement over 
previous limit !

 
 ⇒ |κc| < 4.2 @ 95% CL 

Factor 2 improvement over previous

ATLAS VH→cc
Simultaneous fit with VH→bb

CMS VH→cc : 
Includes boosted H→cc  (pT

H > 300 GeV)

μVH→cc < 14 (7.6) @ 95% CL best sensitivity

 ⇒ 1.1 < |κc| < 5.5 

First observation 
of Z→cc in hadronic
collisions. 

PRL 131 (2023) 041801,
PRL 131 (2023) 061801

New

More in  
Francesco Di Bello’s talk 

More in  Andrea Cardini’s talk and 
Maarten de Coen’s poster

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-012/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/
https://indico.cern.ch/event/1291157/contributions/5876813/
https://indico.cern.ch/event/1291157/contributions/5876814/
https://indico.cern.ch/event/1291157/contributions/5888310/
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Target pp→H+c production
Potential to constrain κc, also
large contributions from 
non-κc-dependent processes.

Large backgrounds  use clean ⇒ H→γγ decay 

ATLAS & CMS H→γγ + c 

ATLAS: target inclusive H+c → σ(H+c) =  5.2 ± 3.0 pb (SM: 2.9 pb), < 10.4 pb @ 95% CL

CMS: target κc-dependent part : μcH < 243 (355)  ⇒ |κc| < 38.1 (72.5) @ 95% CL

More in Andrea Cardini's talk 

CERN-EP-2024-175CMS-PAS-HIG-23-010

κc

Background modeling using 
Gaussian process regression

New

https://indico.cern.ch/event/1291157/contributions/5876814/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-010/index.html


21Image: https://azgaar.github.io

Di-Higgs

Differential 
measurements 
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Higgs pair production at LHC

pp→HH : 1000× smaller than pp→H

Access the triple Higgs boson coupling (→ κλ)
 ⇒ Probe the shape of the Higgs potential

Also accesses other interactions, e.g. VVHH (→ κ2V).

From G. Salam et al, Nature volume 607, pages 41–47 (2022)

(destructive 
interference)

+Κλ

https://www.nature.com/articles/s41586-022-04899-4
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HH decays
Others H→bb H→ττ H→γγ H→WW|ZZ

H→bb
(58%)

HH→bbbb (34%)
μ < 3.9 (CMS)

H→ττ
(6.3%)

HH→bbττ (7.3%)
μ < 3.3 (CMS)

HH→ττττ HH→WWγγ HH→ττWW

H→γγ
(0.23%)

HH→bbγγ (0.26%)
μ < 4.0 (ATLAS)

HH→ττγγ HH→γγγγ

H→WW|ZZ
(24%) 

HH→bbVV (25%)
μ < 14 (CMS)

HH→ττVV HH→γγVV HH→VVVV

HH→multileptons
μ < 17 (ATLAS)
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More on HH in talks by Dilia Maria Portillo Quintero and 
Cristina Ana Mantilla Suarez

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-005/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18
https://cds.cern.ch/record/2853597
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18
https://indico.cern.ch/event/1291157/contributions/5876708/
https://indico.cern.ch/event/1291157/contributions/5876724/
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CMS VBF HH→bbVV

Search for VBF HH→bbVV production
Consider collimated hadronic decays: use
H→bb tagging + new H→VV→qqqq tagging

Observe μHH < 142 (69 exp.) 

and -0.04 < κ2V < 2.05 @ 95% CL

ATLAS: search in VBF HH→bbbb channel, 0.55 < κ2V < 1.49 @ 95% CL    CERN-EP-2024-092

M
ore in Cristina Ana M

antilla Suarez’s talk

H→bb 

H→VV 

q 

q 

New

CMS-PAS-HIG-23-012

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2022-02/
https://indico.cern.ch/event/1291157/contributions/5876724/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-012/index.html
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ATLAS Run 2 Di-Higgs Combination CERN-EP-2024-160

Combine HH→bbττ + bbγγ + bbbb + multileptons + bbll+MET:

Uncertainty comparable to SM signal!

-1.2 < κλ < 7.2 @ 95% CL
dominated by γγbb + ττbb
Best constraint to date on λ3 coupling!

0.6 < κ2V < 1.5 @ 95% CL
dominated by VBF HH→bbbb

Best constraint from CMS: 0.67 < κ2V < 1.38 @ 95% CL

More in  Dilia Portillo’s talk 
and Song-Ming Wang’s talk 

on HL-LHC prospects

μHH = 0.5 −1.0
+1.2 ( −0.6

+0.7  syst.)

CMS HH Combination results: 
Nature 607 (2022) 60

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18/
https://indico.cern.ch/event/1291157/contributions/5876708/
https://indico.cern.ch/event/1291157/contributions/5876710/
https://www.nature.com/articles/s41586-022-04892-x
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Differential 
measurements 

Image: https://azgaar.github.io
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Reanalyis of  JHEP 08 (2022) 175, improving VBF and ttH

 Most precise single measurement of VBF.
Fiducial differential cross-sections, e.g. Δφjj, sensitive to Higgs CP. 

ATLAS Higgs CP in H→ττ
CERN-EP-2024-198

More on CP topics in talks by 
Matthew Basso and 

Dermot Anthony Moran

c ~HW

Λ2 |ϕ|2W μ ν
a ~W a

μ ν

CP-odd effective 
coupling

 ⇒                                     @ 95% CL (Λ = 1 TeV) Best constraint to date−0.31 < c ~HW < 0.88

μVBF = 0.93 −0.15
+0.17

See Chris Young’s talk for more info

H
τ

τ

New
Today

H→ττ 

q 
q 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-09/
https://indico.cern.ch/event/1291157/contributions/5876702/
https://indico.cern.ch/event/1291157/contributions/5876721/
https://indico.cern.ch/event/1291157/contributions/5876714/
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CMS Run 2 differential combination

New

CM
S-PAS-HIG-23-013

Combined measurements using:
● H→γγ
● H→ZZ*→4l
● H→WW*
● H→ττ
● H→ττ boosted

Test of the SM over a wide pT
H range

Also Njets, pT
j1, Δφjj, …

Interpretations in terms of κc, EFT parameters  

 ⇒ Good agreement with SM
predictions in all distributions

Sensitive to
high-pT

H region

High-precision
channels

See Irene Dutta’s talk 
for more on EFT

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-013/index.html
https://indico.cern.ch/event/1291157/contributions/5876723


29

Measure H→γγ and H→ZZ*→4l in Run 3 data (34.7 fb-1 collected in 2022)
Fiducial XS: σ fid , γγ = 78 ± 11  (stat.) −5

+6  (syst.) fb  (SM: 67.8±3.4  fb)

New

σ fid ,4 l = 2.94−0.49
+ 0.53  (stat.) −0.22

+0.29  (syst.) fb  (SM: 3.09−0.31
+0.39  fb)

H→γγ
H→ZZ*→4l

Comparable ATLAS 
results in 
EPJC 84 (2024) 78

CMS Run 3 H→γγ and H→4l at 13.6 TeV

CM
S-PAS-HIG-23-014

CM
S-PAS-HIG-24-013
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-12/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-013/index.html
https://indico.cern.ch/event/1291157/contributions/5876716
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CMS Run 3 H→γγ and H→4l at 13.6 TeV

Measure H→γγ and H→ZZ*→4l in Run 3 data (34.7 fb-1 collected in 2022)
Differential distributions in pT

H, Njets, … All in good agreement with SM expectations. 

H→γγ

H→ZZ*→4l
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https://indico.cern.ch/event/1291157/contributions/5876715/
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ATLAS Higgs width from 4-top production

Top processes with on-shell and off-shell Higgs:

Similar technique as used in H→ZZ (ΓH < 7.9 × SM, with coupling assumptions,  CMS-PAS-HIG-21-019 ) 

σ( pp→ttH ) ∼
κ t

2 κf
2

ΓH

σ( pp→tttt ) ∼ f (κ t
2)

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

μ(pp→tttt) = 1.9+0.8
−0.5 

CERN-EP-2024-190

Use full Higgs combination to constrain other couplings

ΓH < 110 × SM (expected 18 × SM) Larger observed due to observed excess  in pp→ tttt

ttH → tree-level processes, no BSM in loops  complementary to HVV⇒

Combination constrains ΓH
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New

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2021-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-22/
https://indico.cern.ch/event/1291157/contributions/5888282/
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Conclusions

Very broad ongoing Higgs boson physics program at CMS and ATLAS 
● Precision measurements: few-% level on some couplings, 0.1% on mH.
● Significant reduction in uncertainties on charm coupling 
● Di-Higgs is already reaching SM sensitivity with Run 2 data only!

Improvements driven by better analysis techniques and performance.

Run 2 physics harvest is ending, but interesting results coming
→ In particular final Run 2 ATLAS+CMS combinations

Focus now on Run 3 : higher collision energy and
aiming for 2 × larger dataset – There is much more to come!
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Additional Material
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ttH→bb
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ATLAS Final Run 2 ttH→bb measurement
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ATLAS Final Run 2 ttH→bb measurement
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ATLAS Final Run 2 ttH→bb measurement
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ATLAS Final Run 2 ttH→bb measurement

Combined
1l
2l

(SM: 507+35
-50 fb)

4.6σ (5.4σ)
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ATLAS Final Run 2 ttH→bb measurement
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ATLAS Final Run 2 ttH→bb measurement
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CMS WW H→bb
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CMS Search for WW H→bb in Vector-boson Scattering

ll lτ
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CMS Search for WW H→bb in Vector-boson Scattering

ll lτ

ll lτ ll lτ

ll lτ
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ATLAS VH→bb|cc
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ATLAS Final Run 2 VH→bb|cc measurement
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ATLAS Final Run 2 VH→bb measurement
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ATLAS Final Run 2 VH→bb measurement
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ATLAS Final Run 2 VH→bb measurement
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CMS VH→cc
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CMS H→cc 

μ(VH→cc) = 7.7+3.8
-3.5 

Expected |κc| < 3.4, observed 1.1 < |κc| < 5.5
μ(VZ→cc) = 1.01+0.23

-0.21  5.7σ (5.9σ)⇒
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CMS H→cc 
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CMS H→γγ + c
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CMS H→γγ + c

~30% uncertainty on cH and bH FS
~50% uncertainty on ggF+HF
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ATLAS H+c
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ATLAS H+c
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ATLAS H→ττ
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ATLAS H→ττ STXS Measurement
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H→ττ Fiducial Cross-section Measurement
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H→ττ Fiducial Cross-section Measurement
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H→ττ Fiducial Cross-section Measurement
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H→ττ Fiducial Cross-section Measurement
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H→ττ Fiducial Cross-section Measurement
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H→ττ Fiducial Cross-section Measurement
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Higgs Pair Production
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Di-Higgs production and λ3

General case: only local information near the minimum 
 Probe V(H) by measuring λ⇒ 3 in pp→HH

1000x smaller than pp→H !

In the SM, specified by 
v ~ 246 GeV (from GF) 
and mH ~ 125 GeV

Also probes other interactions, 

e.g. VVHH (→ κ2V).

From G. Salam et al, Nature volume 607, pages 41–47 (2022)

(destructive 
interference)+

V (H ) = 1
2
mH

2 H 2 + λ 3 v H
3 + 1

4
λ 4 H

4

λ 3 = λ 4 =
mH

2

2 v2

https://www.nature.com/articles/s41586-022-04899-4
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HH decays
Others H→bb ττ γγ Others

H→bb
(58%)

HH→bbbb  (34%)
μ < 3.9 (7.8) [C,R]
μ < 9.9(5.1) [C,B]
μ  < 5.3 (8.1) [A]

H→ττ
(6.3%)

HH→bbττ (7.3%)
μ < 3.3 (5.2) [C]
μ  < 5.9 (3.3) [A]

HH→ττττ 

H→γγ
(0.23%)

HH→bbγγ (0.26%)
μ < 7.7 (5.2) [C]
μ  < 4.0 (5.0) [A]

HH→γγττ HH→γγγγ

Others
HH→bbWW (25%)
μ < 14 (18) [C]
μ < 10 (14) [Α,bbll]

HH→VVττ HH→VVγγ HH→VVVV

HH→multileptons
μ < 21 (19) [C]
μ < 17 (11) [Α]

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-005/
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-22-003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18
https://cds.cern.ch/record/2853597
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-002/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18
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VBF HH→bbbb and κ2V CERN-EP-2024-092

H→bb 

H→bb 

qq

Require 2 double-b-tagged large-R jets + VBF jets
BSM κ2V  Enhancement at high p⇒ T

H.

Combined with resolved HH→bbbb,

0.55 < κ2V < 1.49 @ 95% CL
Compatible with SM (κ2V=1), 3.8σ from κ2V = 0 

More in  Dilia Portillo’s talk 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2022-02/
https://indico.cern.ch/event/1291157/contributions/5876708/
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CMS VBF HH→bbVV  

ggF VBF
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ATLAS HH combination CERN-EP-2024-160,
Nature 607 (2022) 60

Combine HH→ττbb + γγbb + bbbb + multileptons + bbll+MET

-1.6 < κλ < 7.2 @ 95% CL (dominated by γγbb + ττbb)  Best constraint on κ⇒ λ to date

0.6 < κ2V < 1.5 @95% CL (dominated by VBF HH→bbbb)  Best constraint on κ⇒ 2V to date 

More in  Dilia Portillo’s talk 
and Song-Ming Wang’s talk 

on HL-LHC prospects

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18/
https://www.nature.com/articles/s41586-022-04892-x
https://indico.cern.ch/event/1291157/contributions/5876708/
https://indico.cern.ch/event/1291157/contributions/5876710/
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Higgs Boson Mass and Width
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Higgs mass measurements

ATLAS H→4l + H→γγ (Run 1 + Run 2):

mH = 125.11 ± 0.11 GeV
Most precise measurement to date

ATLAS :   JINST 19 (2024) P02009, Phys. Lett. B 843 (2023) 137880,  Phys. Lett. B 847 (2023) 138315 
CMS:  CMS-PAS-HIG-21-019 , Phys. Lett. B 805 (2020) 135425

H→γγ: small BR (~0.2%), clean 
signature, relies on Εγ calibration

 ⇒ ATLAS: factor 4 reduction in 
systematics for final Run 2 value.

H→4l :  tiny BR (~0.01%) but excellent S/B driven by p(μ) calibration
→ CMS: 50 MeV systematic uncertainty (<0.05%),

 mH = 125.08 ± 0.10 (stat) ± 0.05 (syst) GeV, 
Best single-channel measurement

See Leo Boudet’s talk for details

See taks by Camila Pazos, Badder Marzocchi and Federica Primavera for details

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EGAM-2021-02/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-16/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-004/
https://indico.cern.ch/event/1291157/contributions/5876934/
https://indico.cern.ch/event/1291157/contributions/5876935/
https://indico.cern.ch/event/1291157/contributions/5876720/
https://indico.cern.ch/event/1291157/contributions/5876914/
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Higgs Width Measurements

Direct measurement not sensitive to SM:
Mass resolution ~ 1 GeV ↔ ΓH ~  4 MeV in SM

 ⇒ Indirect measurement using off-shell : SM-level sensitivity, 
with assumptions on off-shell couplings.

σ pp→H Γ4 l

ΓH
on-shell ~ 

off-shell ~ 
σ pp→H Γ4 l

(m4 l
2 −mH

2 )2

More details in talks by 
Rafael Coelho Lopes De Sa 
and Badder Marzocchi

https://indico.cern.ch/event/1291157/contributions/5888282/
https://indico.cern.ch/event/1291157/contributions/5876720/
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CMS:  CMS-PAS-HIG-21-019 

Higgs Width

Direct measurement not sensitive to SM:
Mass resolution ~ 1 GeV ↔ ΓH ~  4 MeV in SM

 ⇒ Indirect measurement using off-shell : SM-level sensitivity, 
with assumptions on off-shell couplings.

ΓH = 2.9−1.7
+2.3  MeV

ATLAS:  PLB 846 (2023) 138223 

ΓH = 4.5−2.5
+3.3  MeV

σ pp→H Γ4 l

ΓH
on-shell ~ 

off-shell ~ 
σ pp→H Γ4 l

(m4 l
2 −mH

2 )2

(expected 4.1−4.0
+4.1  MeV)

More details in talks by 
Rafael Coelho Lopes De Sa 
and Badder Marzocchi

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-32/
https://indico.cern.ch/event/1291157/contributions/5888282/
https://indico.cern.ch/event/1291157/contributions/5876720/
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Higgs width measurement from 4-tops

ΓH < 450 (75) MeV  ⇒ ΓH < 110 × SM (18 × SM)
ΓH < 44 MeV expected for no systematics)
2σ tension with SM (1.8σ tension in pp→tttt) 

ΓH < 160 MeV (55 MeV) for resolved loops 

Effective 
loops

Resolved 
loops



75

Higgs width measurement from 4-tops
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Higgs width measurement from 4-tops
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CMS Run 2 Cross-sections
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Run 3 Results
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Run 3: Higgs production at 13.6 TeV
Eur. Phys. J. C 84 (2024) 78

Higgs production at 13.6 TeV measured in H→γγ 
and H→4l using 2022 data 

Combined H→γγ  + H→4l total XS

σ(pp→H) = 58.2 ± 8.7 pb (SM: 59.9 ± 2.6 pb)

σ fid , γγ = 76 ± 11  (stat.} −7
+ 9  (syst.) fb  (SM: 67.6±3.7  fb)

σ fid ,4 l = 2.80 ± 0.70  (stat.) ± 0.21  (syst.) fb  (SM: 3.67±0.19  fb)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-12/
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CMS Run 3 H→4l Cross-sections 
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CMS Run 3 H→4l Cross-sections 
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