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ω = 22.5 + 4.7 → 3.4 + 6.6 → 5.5 fb (data)
NLO QCD + EW (theory) 140 EPJC 83 (2023) 496

ω = 200 + 111 → 91 + 65 → 37 fb (data)
Sherpa 2.2.2 (theory) 140 PLB 866 (2025) 139527

ω = 660 + 93 → 90 + 88 → 81 fb (data)
Sherpa 2.2.2 (theory) 140 PLB 866 (2025) 139527

ω = 442 ± 94 + 60 → 52 fb (data)
Sherpa 2.2.2 (theory) 140 PLB 866 (2025) 139527

ω = 820 ± 100 ± 80 fb (data)
NLO QCD (theory) 139 PRL 129 (2022) 061803

ω = 176 + 52 → 48 ± 24 fb (data)
HELAC-NLO (theory) 20.3 JHEP 11 (2015) 172

ω = 860 ± 40 ± 40 fb (data)
NLO + NNLL (theory) 140 JHEP 07 (2024) 163

ω = 369 + 86 → 79 ± 44 fb (data)
MCFM (NLO) (theory) 20.3 JHEP 11 (2015) 172

ω = 880 ± 50 ± 70 fb (data)
NNLO QCD + NLO EW (theory) 140 JHEP 05 (2024) 131

ω = 4.8 ± 0.8 + 1.6 → 1.3 pb (data)
NLO+NNL (theory) 20.3 PLB 756 (2016) 228

ω = 8.2 ± 0.6 + 3.4 → 2.8 pb (data)
NLO+NNL (theory) 140 JHEP 06 (2023) 191

ω = 6.7 ± 0.7 + 0.5 → 0.4 pb (data)
NNLO (theory) 4.6 JHEP 03 (2013) 128

PLB 735 (2014) 311

ω = 7.3 ± 0.4 + 0.4 → 0.3 pb (data)
NNLO (theory) 20.3 JHEP 01 (2017) 099

ω = 15.38 ± 0.81 pb (data)
Matrix (NNLO QCD + NLO EW) (theory) 140 arXiv:2511.15569

ω = 16.9 ± 0.7 ± 0.7 pb (data)
Matrix (NNLO) & Sherpa (NLO) (theory) 29.0 PLB 855 (2024) 138764

ω = 19 + 1.4 → 1.3 ± 1 pb (data)
MATRIX (NNLO) (theory) 4.6 EPJC 72 (2012) 2173

ω = 24.3 ± 0.6 ± 0.9 pb (data)
MATRIX (NNLO) (theory) 20.3 PRD 93 (2016) 092004

ω = 51 ± 0.8 ± 2.3 pb (data)
MATRIX (NNLO) (theory) 36.1 EPJC 79 (2019) 535

ω = 51.9 ± 2 ± 4.4 pb (data)
NNLO (theory) 4.6 PRD 87 (2013) 112001

PRL 113 (2014) 212001

ω = 68.2 ± 1.2 ± 4.6 pb (data)
NNLO (theory) 20.3 PLB 763 (2016) 114

ω = 127 ± 1 ± 4.1 pb (data)
MATRIX 2.1 nNNLO QCD x NLO EW (theory) 140 JHEP 08 (2025) 142

ω = 22.1 + 6.7 → 5.3 + 3.3 → 2.7 pb (data)
LHC-HXSWG YR4 (theory) 4.5 EPJC 76 (2016) 6

ω = 27.7 ± 3 + 2.3 → 1.9 pb (data)
LHC-HXSWG YR4 (theory) 20.3 EPJC 76 (2016) 6

ω = 53.02 ± 1.84 ± 2.23 pb (data)
LHC-HXSWG YR4 (theory) |yH | < 2.5 140 CERN-EP-2026-228

ω = 59.3 ± 4.8 ± 3.1 pb (data)
N3LO (theory) 164 arXiv:2605.19016

ω = 16.8 ± 2.9 ± 3.9 pb (data)
NLO+NLL (theory) 2.0 PLB 716 (2012) 142

ω = 23 ± 1.3 + 3.4 → 3.7 pb (data)
NLO+NLL (theory) 20.3 JHEP 01 (2016) 064

ω = 75 ± 1 + 15 → 14 pb (data)
NLO+NNLL (theory) 140 PRD 110 (2024) 072010

ω = 27.1 + 4.4 → 4.1 + 4.4 → 3.7 pb (data)
MCFM (NNLO) (theory) 0.3 PLB 854 (2024) 138726

ω = 68 ± 2 ± 8 pb (data)
MCFM (NNLO) (theory) 4.6 PRD 90 (2014) 112006

ω = 89.6 ± 1.7 + 7.2 → 6.4 pb (data)
MCFM (NNLO) (theory) 20.3 EPJC 77 (2017) 531

ω = 221 ± 1 ± 13 pb (data)
MCFM (NNLO) (theory) 140 JHEP 05 (2024) 305

ω = 67.5 ± 0.9 ± 2.6 pb (data)
LHC TOP WG (theory) 0.3 JHEP 06 (2023) 138

ω = 182.9 ± 3.1 ± 6.4 pb (data)
LHC TOP WG (theory) 4.6 EPJC 74 (2014) 3109

ω = 242.9 ± 1.7 ± 8.6 pb (data)
LHC TOP WG (theory) 20.2 EPJC 74 (2014) 3109

ω = 829.3 ± 1.3 ± 11 pb (data)
LHC TOP WG (theory) 140 EPJC 86 (2026) 470

ω = 850 ± 3 ± 27 pb (data)
LHC TOP WG (theory) 29.0 PLB 848 (2024) 138376

ω = 20.11 ± 0.04 ± 0.35 nb (data)
DYTURBO+CT18 (NNLO+NNLL) (theory) 0.3 EPJC 84 (2024) 1126

ω = 29.53 ± 0.03 ± 0.77 nb (data)
DYNNLO+CT14 NNLO (theory) 4.6 JHEP 02 (2017) 117

ω = 34.24 ± 0.03 ± 0.92 nb (data)
DYNNLO+CT14 NNLO (theory) 20.2 JHEP 02 (2017) 117

ω = 60.18 ± 0.2 ± 1.78 nb (data)
DYTURBO + CT18 (NNLO+NNLL) (theory) 0.3 EPJC 84 (2024) 1126

ω = 59.12 ± 0.029 ± 1.6 nb (data)
DYTURBO+CT18 (NNLO+NNLL) (theory) 29.0 PLB 854 (2024) 138725

ω = 67.334 ± 0.06 ± 0.74 nb (data)
DYTURBO+CT18 (NNLO+NNLL) (theory) 0.3 EPJC 84 (2024) 1126

ω = 98.71 ± 0.028 ± 2.191 nb (data)
DYNNLO + CT14NNLO (theory) 4.6 EPJC 77 (2017) 367

ω = 112.69 ± 3.1 nb (data)
DYNNLO + CT14NNLO (theory) 20.2 EPJC 79 (2019) 760

ω = 190.1 ± 0.4 ± 4.2 nb (data)
DYTURBO + CT18 (NNLO+NNLL) (theory) 0.3 EPJC 84 (2024) 1126

ω = 187 ± 0.1 ± 6.5 nb (data)
DYTURBO+CT18 (NNLO+NNLL) (theory) 29.0 PLB 854 (2024) 138725

ω = 95.35 ± 0.38 ± 1.3 mb (data)
COMPETE HPR1R2 (theory) 8↑10→8 Nucl. Phys. B (2014) 486

ω = 96.07 ± 0.18 ± 0.91 mb (data)
COMPETE HPR1R2 (theory) 50↑10→8 PLB 761 (2016) 158

ω = 104.7 ± 0.22 ± 1.07 mb (data)
COMPETE HPR1R2 (theory) 34↑10→8 EPJC 83 (2023) 441
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Data
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↑
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LHC pp
↑
s = 5 TeV

Data
stat
stat ↓ syst

Standard Model Production Cross Section Measurements
Status:
July 2026

ATLAS Preliminary
↔
s = 5,7,8,13,13.6 TeV
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huge breadth/depth of the LHC 
physics program 

covers enormous dynamic range: 
milli-  femtobarn 

focus here on selected, recent 
experimental results 

complete public results: 
ATLAS, CMS, LHCb 

(notably: I’m not going to 
attempt to cover the wealth of 

LHC searches)

→

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome
https://cms-results.web.cern.ch/cms-results/public-results/publications/
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html
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these results enabled by 
excellent operation of the 

LHC and detectors. 

much of what I will discuss 
is from the Run 2 dataset 
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these results enabled by 
excellent operation of the 

LHC and detectors. 

much of what I will discuss 
is from the Run 2 dataset 

Run 3 is an incredible 
“harvest”: being analyzed 

as we speak 

looking forward to what we 
will learn with these new 

data + the HL-LHC!
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hang on tight…
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Higgs Physics
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Higgs boson production modes
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 (13 TeV)-1138 fbCMS
=125.38 GeVHm
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1.05

State of the Higgs: 2022
comprehensive Nature summaries released by ATLAS and CMS 
cover couplings, cross-sections, mass, etc: CMS, ATLAS

κx = gobs
x /gSM

x

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/
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Higgs boson production modes
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State of the Higgs: 2022

summary: the Higgs behaves as 
predicted, but there has been 
substantial progress since.

κx = gobs
x /gSM

x

comprehensive Nature summaries released by ATLAS and CMS 
cover couplings, cross-sections, mass, etc: CMS, ATLAS

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/


122 123 124 125 126 127 128
 (GeV)Hm

   7 + 8 + 13 TeVl4→ATLAS H
Phys. Lett. B 843 (2023) 137880

   7 + 8 + 13 TeVl4→CMS H
Phys. Rev. D 111 (2025) 092014

   7 + 8 + 13 TeVγγ→ATLAS H
Phys. Lett. B 847 (2023) 138315

   7 + 8 + 13 TeVγγ→CMS H
This Work

 0.03 ) GeV± 0.17 ± 0.18 ( ±124.94 

 0.05 ) GeV± 0.10 ± 0.12 ( ±125.08 

 0.09 ) GeV± 0.11 ± 0.14 ( ±125.22 

 0.11 ) GeV± 0.09 ± 0.14 ( ±125.06 

CMS
 (13 TeV)-1 (8 TeV) + 138 fb-1 (7 TeV) + 19.7 fb-15.1 fb

Tot Stat Syst

Total Stat Syst

10

important SM consistency check together with  and  

currently ~ 100 MeV precision per experiment, 
consistent with 125 GeV

mt mW

mH =

Higgs mass measurements

ATLAS Run 2 combination 
(2023):  GeVmH = 125.00 ± 0.11

CMS-HIG-24-007

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-24-007/index.html
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important SM consistency check together with  and  

currently ~ 100 MeV precision per experiment, 
consistent with 125 GeV

mt mW

mH =

Higgs mass measurements
expect < 100 MeV precision from LHC combination 

< 50 MeV from HL-LHC 
~ 10 MeV from FCC-ee [source]

122 123 124 125 126 127 128
 (GeV)Hm

   7 + 8 + 13 TeVl4→ATLAS H
Phys. Lett. B 843 (2023) 137880

   7 + 8 + 13 TeVl4→CMS H
Phys. Rev. D 111 (2025) 092014

   7 + 8 + 13 TeVγγ→ATLAS H
Phys. Lett. B 847 (2023) 138315

   7 + 8 + 13 TeVγγ→CMS H
This Work

 0.03 ) GeV± 0.17 ± 0.18 ( ±124.94 

 0.05 ) GeV± 0.10 ± 0.12 ( ±125.08 

 0.09 ) GeV± 0.11 ± 0.14 ( ±125.22 

 0.11 ) GeV± 0.09 ± 0.14 ( ±125.06 

CMS
 (13 TeV)-1 (8 TeV) + 138 fb-1 (7 TeV) + 19.7 fb-15.1 fb

Tot Stat Syst

Total Stat Syst

ATLAS Run 2 combination 
(2023):  GeVmH = 125.00 ± 0.11

CMS-HIG-24-007

https://arxiv.org/abs/1701.02663
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-24-007/index.html
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Higgs width measurements

CMS-HIG-25-003

 MeV in the SM  

measurements via off-shell 
production sensitive to BSM 

effects and can break 
degeneracies e.g. . 

< 2 MeV precision on  

measurements via on-shell line 
shape result in ~30 MeV 

precision.

ΓH ∼ 4

kt ↔ kg

ΓH

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-25-003/index.html


🌟 dominant uncertainty from 
 background predictionqq → 4ℓ

13

Higgs width measurements

CMS-HIG-25-003

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-25-003/index.html
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Higgs cross sections
pr

od
. 

me
ch

.

decay mode

10-20% precision on main prod. modes, ~10% on BRs 

broadly in line with the SM

HI
GP

-2
02

5-
16

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-16/
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Higgs couplings: kappas

interpretations via coupling 
modifiers are in agreement 

with the SM 

~10% precision in a fairly 
model-independent fit 

 now also at < 10%BR(invis)

HI
GP

-2
02

5-
16

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-16/
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Higgs couplings: kappas
🌟 substantial uncertainty 

theory predictions

🌟

🌟

🌟

🌟

🌟

HI
GP

-2
02

5-
16

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-16/
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Rare / 2nd gen decays

rapidly closing in on decays to  and  (evidence) 

 driven by impressive growth of jet flavor identification: 
we’ve already surpassed HL-LHC projection from 2022

μμ Zγ

κc < 3

PRL 135 (2025) 231802
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Rare / 2nd gen decays

rapidly closing in on decays to  and  (evidence) 

 driven by impressive growth of jet flavor identification: 
we’ve already surpassed HL-LHC projection from 2022

μμ Zγ

κc < 3

PRL 135 (2025) 231802 PRL 136 (2026) 011801



19

Rare / 2nd gen decays
PRL 136 (2026) 011801

🌟 efficient charm-jet 
identification depends 
critically on correct 

simulation of QCD-induced 
background jets
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High-  cross sectionspT
Higgs production at high  very sensitive to 

non-SM contributions to the gg-H loop.
pT
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High-  cross sectionspT
Higgs production at high  very sensitive to 

non-SM contributions to the gg-H loop.
pT
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High-  cross sectionspT
Higgs production at high  very sensitive to 

non-SM contributions to the gg-H loop.
pT
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new 
measurement 
of  

focusing on 
high 

H → ττ
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T

ATL-HIGP-2024-49



23

High-  cross sectionspT
Higgs production at high  very sensitive to 

non-SM contributions to the gg-H loop.
pT

🌟 driven by improvements in boosted  identification, 
which crucially relies on QCD predictions, 

for backgrounds in particular.

H
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g

g H

H

H
κt

(ctth)
κλ

(chhh)

The Higgs potential
 production is uniquely sensitive 

to Higgs self-interaction and the 
shape of the Higgs potential. 

LHC experiments closing in on  
evidence

HH

HH
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g

g H

H

H
κt

(ctth)
κλ

(chhh)

The Higgs potential
 production is uniquely sensitive 

to Higgs self-interaction and the 
shape of the Higgs potential. 

LHC experiments closing in on  
evidence

HH

HH
PRL 137 (2026) 131803

“Legacy” Run 2 LHC 
combination is 
now complete.

HH
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g
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H

H
κt

(ctth)
κλ

(chhh)

The Higgs potential
 production is uniquely sensitive 

to Higgs self-interaction and the 
shape of the Higgs potential. 

LHC experiments closing in on  
evidence

HH

HH

ATLAS  
 obs. 

(  exp.) 

CMS  
 obs. 

(  exp.)

HH → bbττ
2.5σ
1.2σ

HH → bbττ
1.5σ
0.7σ

PRL 137 (2026) 131803

ATL-HIGP-2024-37

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-37/
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g

g H

H

H
κt

(ctth)
κλ

(chhh)

The Higgs potential
 production is uniquely sensitive 

to Higgs self-interaction and the 
shape of the Higgs potential. 

LHC experiments closing in on  
evidence

HH

HH

🌟 important theoretical uncertainties coming from  
production cross sections

H + b(b)
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Electroweak Sector 
and Beyond
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vector boson scattering
q q

q q

W
±

W
±

H

W
±

W
±

ω

ε

ω

ε

without the Higgs, the VBS cross 
section diverges at high mass 

the coupling of longitudinally-
polarized  bosons to the Higgs 

prevents this divergence 

CMS and ATLAS have been searching 
for  production in this process 

V

VL

VL
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vector boson scattering
without the Higgs, the VBS cross 
section diverges at high mass 

the coupling of longitudinally-
polarized  bosons to the Higgs 

prevents this divergence 

CMS and ATLAS have been searching 
for  production in this process 

ATLAS recently showed first 
evidence of one  in VBS events
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vector boson scattering
impressive program of electroweak  

, ,  measurements since: 

differential cross sections, 
observation of longitudinally-

polarized -boson pairs

W±W± W±Z ZZ

Z

CMS-SMP-25-013 AT
L-

ST
DM

-2
02

4-
01

https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-25-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2024-01/
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lepton universality
the LHC has produced millions 
of -bosons and top-quarks: 

ideal testbed for precision 
tests in the lepton sector 

broad program searching for 
lepton universality violation 
and lepton flavor violation 

V

W 𝒪( % )

e/μ
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lepton universality

0.9 0.95 1 1.05 1.1
')ν l'→W(Β)/ν l→W(Β
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J. Phys. G 34 (2007) 2457, PRL 68 (1992) 3398

PRL 75 (1995) 1456, PRL 84 (2000) 5710

Phys. Rept. 532 (2013) 119

JHEP 10 (2016) 030

EPJC 77 (2017) 367, Nat. Phys. 17 (2021) 7

Phys. Rev. D 105 (2022) 7

Prog. Theor. Exp. Phys. (2022) 083C01 + 2023 update

ATLAS - this result

-1 = 13 TeV, 140 fbs

Statistical Uncert.
Total Uncertainty

the LHC has produced millions 
of -bosons and top-quarks: 

ideal testbed for precision 
tests in the lepton sector 

broad program searching for 
lepton universality violation 
and lepton flavor violation 

in  decays,  uncertainties 
for all charged leptons 

(sub-percent for the  ratio)

V

W 𝒪( % )

e/μ
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anomalous EM couplings
lepton anomalous electromagnetic moments are a hot topic: 

the LHC is uniquely sensitive to the -lepton  τ g − 2

aτ
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anomalous EM couplings
lepton anomalous electromagnetic moments are a hot topic: 

the LHC is uniquely sensitive to the -lepton  

rapid progress constraining  using a variety of strategies

τ g − 2

aτ

JH
EP

 1
0 
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measurements of mV

LHC experiments are leading measurements of  
 

< 10 MeV uncertainties and impressive scaling with .
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measurements of mV

LHC experiments are leading measurements of  
and may compete with LEP  in the near future 

< 10 MeV uncertainties and impressive scaling with .
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measurements of mV

Na
tu

re
 6

52
, 

32
1–

32
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🌟 important theoretical uncertainties from PDFs, 
hadronic recoil, angular coefficients.
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BSM exclusions

enormous breadth 
of searches for 
BSM physics… 

mass-scales probed 
up to  TeV 

no stone unturned, 
but so far no 

surprises

∼ 30
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EFT constraints
in the absence of 

“striking” new physics 
(so far), 

both experiments are 
providing 

comprehensive 
constraints on dim 6 

EFT operator 
coefficients. 
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EFT constraints
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in the absence of 
“striking” new physics 

(so far), 

both experiments are 
providing 

comprehensive 
constraints on dim 6 

EFT operator 
coefficients. 

scales probed range 
from 0.1-30 TeV

SM
P-

25
-0

02

JHEP 07 (2026) 238

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-25-002/index.html
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 →

the strength of many results go well beyond our projections: 

driven by important improvements in computing, triggering, 
reconstruction algorithms, calibrations, theory calculations, 

etc.
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 →

🌟 in the majority of cases, ML advances are enabled by 
excellent simulation.
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Growth with luminosity
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Phys. Rev. D 110 (2024) 032012
Luminosity-based scaling

ATLAS
 searches-τ+τb b→HH

(simplified by CP)

astonishing scaling of 
experimental sensitivity 
over the past few years: 

far beyond  would 
predict. 

creativity still has a 
large part to play in 

the LHC program.

L
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incredibly strong EW-scale program at the LHC: 

๏ the Higgs continues to be probed with higher and higher 
precision 

๏ several EW measurements are world-leading or on the cusp 
of being so 

๏ sensitivity scaling well beyond projections in ~all cases 
๏ clear gains on the horizon from Run 3 and the HL-LHC 

thanks for your attention!
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Bonus
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Higgs potential: future
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Higgs couplings: future

source

relative uncertainties on coupling modifiers

HL-LHC:  
uncertainties on 
Higgs couplings 

FCC-ee: factor 2-10 
improvement 

FCC-hh: additional 
factor ~3 for rare 

decays

𝒪( % )

https://cds.cern.ch/record/2928193#

