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expérimentales



The Higgs boson
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Mass! We wouldn't be here without H 
But the SM does not predict the mass of H... 



The Higgs boson and the vacuum
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Higgs <> vacuum stability:important to measure the mass and its self-interaction

PRD 97 056006 (2018)



Attacking the Higgs boson self-coupling

4

Higgs boson production modes
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The LHC

5

"General" experiments  
➔ study pp, heavy ion collisions 
Higgs boson discovery

CMS

ATLASLHCb 
pp, B physics, CP violation

ALICE 
Heavy ions



LHC timeline

6HL-LHC schedule

Today

~90% of data still to be collected! 

https://project-hl-lhc-industry.web.cern.ch/content/project-schedule


ATLAS & CMS
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ATLAS CMS

In general:  
Tracker (in magnetic field): to measure trajectories  (+ energies) of charged particles

Calorimeters: to measure energy of electromagnetic and hadronic particles

Muon detectors: trajectory/energy of muons



The Higgs boson discovery
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The Higgs boson discovery
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JHEP 08 (2016) 045

What we learnt about the Higgs boson in Run 1
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Higgs boson mass measurements
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 (8 TeV)-1 (7 TeV) + 19.7 fb-1: 5.1 fbRun 1

µ4 ) GeV
-0.14
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Higgs boson mass measurements

New

CMS measurement of mH separately in 
γγ, 4l:  
ZZ: mH=125.08±0.12 (0.10 stat; 0.06 
syst)

γγ: mH=125.07±0.13 (0.09 stat; 0.10 
syst)

ATLAS measurement of mH 
combining γγ, 4l:  
mH=125.11±0.11 (0.09 stat; 0.06 
syst)

4x improvement in precision 
compared with Run 1

Mass measurements will soon become limited by systematic uncertainties 
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Higgs boson cross sections and couplings
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ATLAS-CONF-2025-006

arXiv:2602.18611 (Sub'd to ROPP)
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Beyond inclusive rates
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ATLAS-CONF-2025-006

arXiv:2602.18611 (Sub'd to ROPP)

Measurements of σB relative to SM expectation in different kinematic production regions ➔ interpretations



Beyond inclusive rates

13

ATLAS-CONF-2025-006

arXiv:2602.18611 (Sub'd to ROPP)

Measurements of σB relative to SM expectation in different kinematic production regions ➔ interpretations
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Beyond inclusive rates
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ATLAS-CONF-2025-006

arXiv:2602.18611 (Sub'd to ROPP)

Measurements of σB relative to SM expectation in different kinematic production regions ➔ interpretations

Leading-order Higher-order: Higgs self-coupling



Beyond inclusive rates
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ATLAS-CONF-2025-006

arXiv:2602.18611 (Sub'd to ROPP)

Measurements of σB relative to SM expectation in different kinematic production regions ➔ interpretations

~3.5<κλ<10 @ 95% CL (other couplings fixed)



Beyond inclusive rates
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ATLAS-CONF-2025-006

arXiv:2602.18611 (Sub'd to ROPP)
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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   ( ) , 
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| < 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  ( ) , 
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 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   ( ) , 
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 (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   ( ) , 
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           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   ( ) , 
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 (bb)ννHll/Ægg/qq
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           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
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p ≤150 

0.20-
0.25+   0.27±    0.34-

0.37+  1.13  ( ) , 

 < 400 GeVV
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0.35+    0.37-
0.39+  1.01  ( ) , 
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p
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0.76+    0.85-
0.92+  0.29  ( ) , 
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p
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0.72+    1.03-
1.02+ -0.22  ( ) , 

 < 300 GeVH
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0.53-
0.57+   0.68-

0.71+    0.86-
0.91+  0.98  ( ) , 

 < 450 GeVH
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0.47-
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 > 450 GeVH
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1.28+    1.24-
1.32+  2.23  ( ) , 
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Measurements of σB relative 
to SM expectation in different 
kinematic production regions 

80-100 measurements ➔ 
BSM interpretations
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Upper limit on HH production signal strength: 
2.5x SM expectation

Constraint on κλ:  -0.71< κλ < 6.1 at 95% CL

https://arxiv.org/abs/2602.23991
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arXiv:2602.23991, sub'd to PRL

Upper limit on HH production signal strength: 
2.5x SM expectation

Constraint on κλ:  -0.71< κλ < 6.1 at 95% CL

Channel Details Expected Observed

𝐿HH 𝑀𝐿 𝑀2V 𝐿HH 𝑀𝐿 𝑀2V
AT

LA
S

bbbb < 8.1 [→5.3, 12] [0.38, 1.7] < 5.4 [→3.4, 11] [0.55, 1.5]
bb!! < 3.3 [→2.6, 9.2] [→0.24, 2.4] < 5.8 [→3.3, 9.1] [→0.51, 2.7]
bb𝑁𝑁 < 5.2 [→3.0, 7.9] [→1.1, 3.3] < 4.1 [→1.6, 7.0] [→0.48, 2.7]
bb𝑂𝑂 + 𝑃miss

T < 14 [→11, 17] [→0.50, 2.7] < 9.6 [→6.5, 13] [→0.19, 2.4]
Multilepton < 11 [→4.5, 9.6] [→1.9, 4.1] < 17 [→6.4, 12] [→2.5, 4.7]

Combined < 2.4 [→1.7, 7.2] [0.41, 1.7] < 2.9 [→1.3, 7.2] [0.57, 1.5]

CM
S

bbbb < 4.3 [→4.6, 12] [0.63, 1.4] < 7.0 [→5.0, 12] [0.66, 1.4]
bb!! < 5.4 [→4.2, 11] [→0.64, 2.8] < 3.5 [→1.9, 8.9] [→0.32, 2.5]
bb𝑁𝑁 < 5.7 [→3.5, 8.8] [→0.94, 3.1] < 8.7 [→3.5, 8.0] [→1.4, 3.6]
bbWW < 19 [→9.4, 16] [→1.4, 3.5] < 15 [→6.1, 13] [→1.0, 3.1]
Multilepton < 20 [→8.0, 12] [→2.5, 4.6] < 22 [→5.8, 10] [→3.4, 5.6]

Combined < 2.6 [→2.2, 8.0] [0.63, 1.4] < 3.5 [→1.4, 6.6] [0.66, 1.4]

ATLAS + CMS combined < 1.7 [→1.3, 6.7] [0.66, 1.4] < 2.5 [→0.71, 6.1] [0.73, 1.3]

https://arxiv.org/abs/2602.23991
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arXiv:2507.03495 (sub'd to PLB)

CMS-PAS-HIG-25-007

CMS-PAS-HIG-24-010
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Run 3 more sensitive than Run 2 (and more data to 
be analyzed)

Similar sensitivity to Run 2, with 
less than half the Run 2 data set 

Data from 2022-2023

HH➔ bbγγ
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-010/index.html
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+HH➔bbγγ w/ 22-23: 
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Future prospects: HL-LHC...
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Higgs boson couplings: measurements expected to 
be dominated by theoretical uncertainties by the end 
of HL-LHC

ATLAS+CMS input to European 
Strategy Update 2026

https://indico.cern.ch/event/1439855/contributions/6461580/
https://indico.cern.ch/event/1439855/contributions/6461580/
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Future prospects: HL-LHC...
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Higgs boson couplings: measurements expected to 
be dominated by theoretical uncertainties by the end 
of HL-LHCκλ expected to be measured to 

within ~30%

Expected sensitivity improved due to 
improvements being brought  
to current analyses

Or perhaps even better

ATLAS+CMS input to European 
Strategy Update 2026

https://indico.cern.ch/event/1439855/contributions/6461580/
https://indico.cern.ch/event/1439855/contributions/6461580/


... and beyond

20

FCC input to European strategy 
update 2026 

?

4 MeV precision on mH with FCC-ee


Sub per-cent level precision on many Higgs boson 

branching fractions


New decay modes accessible


https://indico.cern.ch/event/1439855/contributions/6461619/
https://indico.cern.ch/event/1439855/contributions/6461619/


Summary

• Much has been learned about 
the Higgs boson since the 
discovery in 2012


• Still a lot to explore with LHC 
Run 3, HL-LHC, and beyond 
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