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Introduction
• Over a decade of Higgs boson physics at the LHC ➔ probing Higgs boson 

properties ever more precisely
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Higgs boson production measurements
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See talks in the parallel sessions  
(S. Chatterjee, G. Callea)

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-006/index.html
https://indico.cern.ch/event/1253590/timetable/?view=standard#b-551099-higgs-physics-higgs


Cross sections at 13.6 TeV
• Measurements with 

2022 data

• Fiducial cross section 

measurements 
extrapolated to full 
phase space to 
combine: 


  σH = 58.2 ± 8.7 pb  
  (exp: 59.9 ± 2.6 pb)

  @13.6 TeV

• Main uncertainty 

component statistical 
(for now)
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Cross sections per production/decay mode
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• Precision better than 10% for ggF, 10-20% 
precision on most other production modes


• Decays into bosons, tau leptons: precision 
~10%

https://doi.org/10.1038/s41586-022-04892-x
https://doi.org/10.1038/s41586-022-04893-w
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• Precision better than 10% for ggF, 10-20% 
precision on most other production modes


• Decays into bosons, tau leptons: precision 
~10%

Improving granularity of measurements

for less common production modes!

https://doi.org/10.1038/s41586-022-04892-x
https://doi.org/10.1038/s41586-022-04893-w


STXS H➔ττ 
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New

• Number of measured STXS bins 
doubled wrt previous measurement

• Additional bins in VBF, ttH  

Enabled by NN pT(H)-regression 
and S/B MVA

See A. Gomez Delegido's talk in the parallel session tomorrow 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-007/


VH, H➔bb 
• Rare process (V➔leptons): large-branching fraction final 

states

• Rely on multivariate analysis techniques to improve sensitivity

• Inclusive (μ=1.15±0.21), per-production mode signal strengths 

and STXS 
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Electroweak VH

• EW production of WH sensitive to relative 
sign 


• H➔bb final state (CMS including merged jets)

• ATLAS and CMS both exclude values λWZ<0 

consistent with existing measurements        
(@ more than 5σ)

λWZ =
κW

κZ
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ttH production
• 1% of Higgs 

bosons


• Direct probe of top 
quark Yukawa 
coupling


• H➔bb: ML for S/B 
discrimination, CRs 
for backgrounds
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b-associated production
• b-associated production (via b-fusion and 

gluon fusion with gluon➔bb splitting ) studied 
in final states with leptons (WW, ττ)


• Obs (exp) upper limit: 3.7 (6.1) x SM

11
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STXS interpretations
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• Use fine-grained measurements 
to constrain new physics, e.g. in 
EFT context
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Example: STXS measurements in H➔γγ 

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-015/index.html


STXS interpretations

1310- 8- 6- 4- 2- 0 2 4 6 8
 x B  normalized to SM valueσ

Total Stat.

Syst. SM

ATLAS
-1 = 13 TeV, 139 fbs

| < 2.5
H
y = 125.09 GeV, |Hm

 (WW*)HÆgg

 (WW*)HqqÆqq

 (ZZ*)HÆgg

 (ZZ*)HqqÆqq

 (ZZ*)VH-lep

 (ZZ*)Htt

            Total    Stat.    Syst.

 < 200 GeVH
T
p0-jet, 0.15-

0.16+   0.08±    0.17-
0.18+  1.27   ( ) , 

 < 60 GeVH
T
p1-jet, 0.50-

0.51+   0.29-
0.30+    0.58-

0.59+  0.66   ( ) , 

 < 120 GeVH
T
p ≤1-jet, 60 0.33-

0.37+   0.32±    0.46-
0.49+  0.68   ( ) , 

 < 200 GeVH
T
p ≤1-jet, 120 0.44-

0.62+   0.62-
0.63+    0.76-

0.89+  1.43   ( ) , 

 < 200 GeVH
T
p 2-jet, ≥ 0.72-

0.85+   0.42-
0.43+    0.84-

0.95+  1.54   ( ) , 

 200 GeV≥ H
T
p 0.44-

0.65+   0.62-
0.63+    0.76-

0.91+  1.37   ( ) , 

 < 200 GeVH
T
p < 700 GeV, jjm ≤ 2-jet, 350 ≥ 0.41±   0.41-

0.45+    0.58-
0.60+  0.12   )(  , 

 < 200 GeVH
T
p < 1000 GeV, jjm ≤ 2-jet, 700 ≥

0.33-
0.37+   0.51-

0.57+    0.61-
0.68+  0.57   )(  , 

 < 200 GeVH
T
p < 1500 GeV, jjm ≤ 2-jet, 1000 ≥

0.24-
0.40+   0.45-

0.50+    0.51-
0.64+  1.32   )(  , 

 < 200 GeVH
T
p 1500 GeV, ≥ jjm 2-jet, ≥

0.17-
0.23+   0.38-

0.42+    0.42-
0.48+  1.19   )(  , 

 200 GeV≥ H
T
p 350 GeV, ≥ jjm 2-jet, ≥

0.22-
0.34+   0.46-

0.51+    0.51-
0.61+  1.54   )(  , 

 < 10 GeVH
T
p0-jet, 

0.13-
0.19+   0.27-

0.30+    0.30-
0.36+  0.93   )(  , 

 < 200 GeVH
T
p ≤0-jet, 10 

0.11-
0.14+   0.17-

0.18+    0.20-
0.23+  1.15   )(  , 

 < 60 GeVH
T
p1-jet, 

0.13-
0.16+   0.36-

0.40+    0.38-
0.43+  0.31   )(  , 

 < 120 GeVH
T
p ≤1-jet, 60 

0.18-
0.30+   0.38-

0.42+    0.42-
0.52+  1.42   )(  , 

 < 200 GeVH
T
p ≤1-jet, 120 

0.08-
0.23+   0.58-

0.80+    0.59-
0.84+  0.41   )(  , 

 < 200 GeVH
T
p 2-jet, ≥

0.14-
0.23+   0.51-

0.55+    0.53-
0.60+  0.35   )(  , 

 200 GeV≥ H
T
p

0.31-
0.75+   1.04-

1.32+    1.09-
1.52+  2.41   )(  , 

VBF 0.09-
0.17+   0.50-

0.61+    0.50-
0.63+  1.49   ( ) , 

 < 120 GeVjjm 2-jet, 60 < ≥
0.29-
0.45+   2.22-

2.79+    2.24-
2.83+  1.51   ( ) , 

 200 GeV≥ H
T
p 350 GeV, ≥ jjm 2-jet, ≥ æ 

0.18+   æ 
2.08+    æ 

2.09+  0.18   ( ) , 

( 0.01-
0.15+   1.05-

1.67+    1.05-
1.67+  1.29   ) , 

0.18-
0.39+   1.13-

1.72+    1.14-
1.77+  1.73   ( ) , 

8- 6- 4- 2- 0 2 4 6 8 10

 x B  normalized to SM valueσ

Total Stat.

Syst. SM

ATLAS
-1 = 13 TeV, 139 fbs

| < 2.5
H
y = 125.09 GeV, |Hm

)γγ (HÆgg

)γγ (HqqÆqq

)γγ (νHlÆqq

)γγ (ννHll/Ægg/qq

)γγ (Htt

)γγ (tH

)γ(Z H

           Total    Stat.    Syst.

 < 10 GeVH
T
p0-jet, 

0.09-
0.12+   0.24±    0.26-

0.27+  0.66   ( ) , 

 < 200 GeVH
T
p ≤0-jet, 10 

0.08-
0.10+   0.15±    0.17-

0.18+  1.24   ( ) , 

 < 60 GeVH
T
p1-jet, 

0.11-
0.13+   0.36±    0.38-

0.39+  1.16   ( ) , 

 < 120 GeVH
T
p ≤1-jet, 60 

0.15-
0.22+   0.33±    0.36-

0.40+  1.14   ( ) , 

 < 200 GeVH
T
p ≤1-jet, 120 

0.10-
0.20+   0.52-

0.53+    0.53-
0.57+  0.93   ( ) , 

 < 120 GeVH
T
p < 350 GeV, jjm 2-jet, ≥

0.14-
0.19+   0.52-

0.53+    0.54-
0.56+  0.58   ( ) , 

 < 200 GeVH
T
p ≤ < 350 GeV, 120 jjm 2-jet, ≥

0.09-
0.15+   0.47-

0.48+    0.48-
0.50+  1.31   ( ) , 

 < 200 GeVH
T
p 350 GeV, ≥ jjm 2-jet, ≥

0.34-
0.30+   0.89-

0.91+    0.95±  1.09   ( ) , 

 < 300 GeVH
T
p ≤200 

0.13-
0.18+   0.39-

0.41+    0.41-
0.45+  1.56   ( ) , 

 < 450 GeVH
T
p ≤300 

0.15-
0.14+   0.47-

0.54+    0.49-
0.56+  0.17   ( ) , 

 450 GeV≥ H
T
p

0.23-
0.41+   1.15-

1.42+    1.18-
1.47+  2.11   ( ) , 

-vetoVH 1-jet and ≤ 0.18-
0.32+   0.84-

0.90+    0.86-
0.96+  1.05   ( ) , 

-hadVH 2-jet, ≥ 0.12-
0.14+   0.62-

0.72+    0.63-
0.74+  0.21   ( ) , 

 < 200 GeVH
T
p < 700 GeV, jjm ≤ 2-jet, 350 ≥

0.23-
0.51+   0.56-

0.61+    0.60-
0.80+  1.28   ( ) , 

 < 200 GeVH
T
p < 1000 GeV, jjm ≤ 2-jet, 700 ≥

0.23-
0.43+   0.64-

0.72+    0.68-
0.84+  1.47   ( ) , 

 < 200 GeVH
T
p 1000 GeV, ≥ jjm 2-jet, ≥

0.20-
0.29+   0.33-

0.36+    0.38-
0.46+  1.31   ( ) , 

 200 GeV≥ H
T
p < 1000 GeV, jjm ≤ 2-jet, 350 ≥

0.11-
0.13+   0.59-

0.73+    0.61-
0.74+  0.31   ( ) , 

 200 GeV≥ H
T
p 1000 GeV, ≥ jjm 2-jet, ≥

0.23-
0.28+   0.52-

0.61+    0.57-
0.67+  1.69   ( ) , 

 < 150 GeVV
T
p ( ) , 0.09-

0.16+   0.72-
0.80+    0.73-

0.82+  1.75   

 150 GeV≥ V
T
p ( ) , 0.10-

0.13+   0.89-
1.11+    0.90-

1.12+  1.65   

 < 150 GeVV
T
p  , ( )æ 

0.13+   æ 
0.87+    æ 

0.88+ -0.64   

 150 GeV≥ V
T
p  , ( )0.18-

0.21+   0.91-
1.08+    0.92-

1.10+  0.39   

 < 60 GeVH
T
p  , ( )0.05-

0.11+   0.68-
0.81+    0.69-

0.82+  0.83   

 < 120 GeVH
T
p ≤60  , ( )0.04-

0.08+   0.50-
0.59+    0.51-

0.60+  0.81   

 < 200 GeVH
T
p ≤120  , ( )0.08-

0.13+   0.53-
0.63+    0.54-

0.64+  0.65   

 < 300 GeVH
T
p ≤200  , ( )0.06-

0.11+   0.65-
0.80+    0.65-

0.81+  1.23   

 300 GeV≥ H
T
p  , ( )0.12-

0.16+   0.74-
0.95+    0.75-

0.96+  1.17   

 , ( )0.90-
1.22+   3.14-

3.94+    3.27-
4.13+  2.06   

0.33-
0.41+   0.87-

0.88+    0.93-
0.97+  2.05   ( ) , 

H➔ZZ, H➔WW  H➔γγ, H➔Zγ  

8- 6- 4- 2- 0 2 4 6 8

Total Stat.

Syst. SM

ATLAS
-1 = 13 TeV, 139 fbs

| < 2.5
H
y = 125.09 GeV, |Hm

)ττ (HÆgg

)ττ (HqqÆqq

)ττ (Htt

 (bb)HqqÆqq

 (bb)νHlÆqq

 (bb)ννHll/Ægg/qq

 (bb)Htt

)µµ (Htt, HÆgg

)µµ, VH  (HqqÆqq

           Total    Stat.    Syst.

 < 200 GeVH
T
p ≤1-jet, 120 

0.54-
0.55+   0.40-

0.41+    0.67-
0.68+  0.19  ( ) , 

 < 60 GeVH
T
p ≤ < 350 GeV, 0 jjm 1-jet, ≥

0.76-
0.75+   0.56±    0.94±  0.31  ( ) , 

 < 200 GeVH
T
p ≤ < 350 GeV, 120 jjm 2-jet, ≥

0.57-
0.68+   0.54±    0.78-

0.87+  0.60  ( ) , 

 < 200 GeVH
T
p 350 GeV, ≥ jjm 2-jet, ≥

1.36-
1.92+   1.30-

1.31+    1.88-
2.33+  3.55  ( ) , 

 < 300 GeVH
T
p ≤200 

0.28-
0.46+   0.30-

0.31+    0.41-
0.55+  1.02  ( ) , 

 300 GeV≥ H
T
p

0.31-
0.61+   0.45-

0.46+    0.54-
0.77+  1.27  ( ) , 

 120 GeV≤ jjm ≤ 2-jet, 60 ≥
0.34-
0.36+   0.53-

0.55+    0.63-
0.66+  0.97  ( ) , 

 350 GeV≥ jjm 2-jet, ≥
0.12-
0.15+   0.16-

0.17+    0.20-
0.23+  0.80  ( ) , 

0.55-
0.77+   0.98-

1.11+    1.12-
1.35+  1.24  ( ) , 

0.18-
0.20+   0.33±    0.38-

0.39+  0.98  ( ) , 

 < 250 GeVV
T
p ≤150 

0.36-
0.37+   0.33-

0.34+    0.49-
0.50+  0.79  ( ) , 

 < 400 GeVV
T
p ≤250 

0.18-
0.20+   0.34-

0.35+    0.38-
0.41+  1.10  ( ) , 

 400 GeV≥ V
T
p

0.41-
0.51+   0.72-

0.78+    0.83-
0.93+  1.50  ( ) , 

 < 150 GeVV
T
p ≤75 

0.49-
0.52+   0.47±    0.68-

0.71+  0.90  ( ) , 

 < 250 GeVV
T
p ≤150 

0.20-
0.25+   0.27±    0.34-

0.37+  1.13  ( ) , 

 < 400 GeVV
T
p ≤250 0.17±   0.33-

0.35+    0.37-
0.39+  1.01  ( ) , 

 400 GeV≥ V
T
p

0.51-
0.53+   0.69-

0.76+    0.85-
0.92+  0.29  ( ) , 

 < 120 GeVH
T
p

0.87-
0.94+   0.48±    0.99-

1.05+  1.10  ( ) , 

 < 200 GeVH
T
p ≤120 

0.75-
0.73+   0.70-

0.72+    1.03-
1.02+ -0.22  ( ) , 

 < 300 GeVH
T
p ≤200 

0.53-
0.57+   0.68-

0.71+    0.86-
0.91+  0.98  ( ) , 

 < 450 GeVH
T
p ≤300 

0.47-
0.45+   0.54-

0.58+    0.72-
0.73+ -0.23  ( ) , 

 > 450 GeVH
T
p

1.06-
1.03+   0.91-

1.06+    1.40-
1.48+ -0.19  ( ) , 

0.19-
0.22+   0.83±    0.85±  0.54  ( ) , 

0.25-
0.31+   1.22-

1.28+    1.24-
1.32+  2.23  ( ) , 

40- 30- 20- 10- 0 10 20 30 40

 x B  normalized to SM valueσ

 (bb)HÆgg
 < 650 GeVH

T
p ≤450 7.9-

3.9+      5.0-
5.0+     9.4-

6.4+  -4.2   ( ) , 

 650 GeV≥ H
T
p

7.4-
10.4+    10.2-

10.3+    12.6-
14.7+   8.6   ( ) , 

(μμ)

(μμ)

H➔ττ*, H➔bb, H➔μμ   

+ +

arXiv:2402.05742 (sub to JHEP)

*NB fewer bins than in slide 7

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-17/
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• 2499 dim-6 operators ➔ reduced to less 
than 200 through symmetries

• 50 remaining CP-conserving operators 

relevant for Higgs sector

• Degeneracies ➔ identify & study 19 

independent directions

BSM interpretations of STXS measurements
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arXiv:2402.05742 (sub to JHEP)
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(Anomalous) couplings
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Overview
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• Inclusive production 
and decay rates ➔  
couplings (coupling 
modifiers)


• Not all effects can be 
covered by this
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Very good agreement with the SM 

expectation!

Nature 607 (2022) 52

Nature 607 (2022) 60

https://doi.org/10.1038/s41586-022-04893-w
https://doi.org/10.1038/s41586-022-04892-x


Anomalous Higgs interactions
• Higgs boson confirmed to be spin-0, and consistent with CP++ since run 1

• Pure CP-odd state excluded ≠ CP-even state ➔ active field of study 

• Compatible with the SM expectation so far

• Here: H➔VV; previous results with H➔ττ, ttH available

17
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Constraints on CP-odd Wilson coefficients in SMEFT 
H➔ZZ➔4l (black points) + comparison with other approaches
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arXiv:2403.00657 (acc by EPJC
)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-30/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-008/index.html


Mass & width
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Overview of mass and width measurements

• Mass: Exploit best-resolution 
channels: H➔γγ and H➔ZZ➔4l


• mH measured from fitting the 
reconstructed Higgs boson 
invariant mass distribution 
(categorized by resolution)


• Width: H➔ZZ➔4l, 2l2ν


• Indirect measurement, using
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Mass measurements - ATLAS
• Combination of H➔γγ and H➔ZZ➔4l

20

ATLAS
Run 1:

p
s = 7-8 TeV, 25 fb°1, Run 2:

p
s = 13 TeV, 140 fb°1

Total Stat. Syst. Combination

Total Stat. Syst.

Run 1 H ! ∞∞

Run 2 H ! ∞∞

Run 1+2 H ! ∞∞

Run 1 H ! 4`

Run 2 H ! 4`

Run 1+2 H ! 4`

Run 1 Combined

Run 2 Combined

Run 1+2 Combined

Run 1+2 combined: mH= 125.11±0.11 (±0.09 (stat.)±0.06 (syst.)) GeV ➔ 0.09% relative precision (most precise 
measurement to date)


PRL 131 (2023) 251802

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-20/


Mass measurements - CMS
• mH measured in 9 mass resolution categories

• 2D fit: reconstructed m4l and kinematic 

discriminant 

• Direct constraint on ΓH
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Direct constraint on ΓH 

ΓH < 330 MeV @ 95% CL

mH = 125.08±0.12 GeV 
(0.1% precision)

most precise single-channel

measurement

CMS-PAS-HIG-21-019

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html


Width measurements
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• Off-shell region (m4lreco > 200 GeV) studied in H➔ZZ➔4l and H➔ZZ➔2l2ν 
channels + combination with on-shell H➔ZZ➔4l  


• 3D observable (CMS) / NN (ATLAS) ➔ comparable sensitivity O(70%) precision - 
2-3 MeV!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-32/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html


Summary & outlook
• Many Higgs boson production and property 

measurements already performed with Run 2 data


• Run 3 well underway ➔ expect more Higgs 
measurements at 13.6 TeV soon


• Much more to be learned about the Higgs boson with 
Run 3 and HL-LHC data ! 
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More details in the parallel talks today and tomorrow !

See also J. Alison's talk on di-Higgs production in tomorrow's plenary, 

and S. Hirose's talk on rare/BSM Higgs boson decays in yesterday's plenary

https://indico.cern.ch/event/1253590/timetable/?view=standard#50-dihiggs-production-at-lhc-s
https://indico.cern.ch/event/1253590/timetable/?view=standard#59-search-for-rare-higgs-boson

