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Measured cross sections and exclusion limits at 95% C.L.
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huge breadth/depth of the LHC
physics program

covers enormous dynamlc range:
milli- — femtobarn

focus here on
experimental results

omplete public results:
ATLAS, CMS, LHCDb

(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

these results enabled by
excellent operation of the
LHC and detectors.

much of what I will discuss
1s from the Run 2 dataset



these results enabled by
excellent operation of the
LHC and detectors.

much of what I will discuss
1s from the Run 2 dataset

Run 3 1s an 1incredible
“harvest”: being analyzed
as we speak

Llooking forward to what we
will learn with these new
data + the HL-LHC!

Total integrated luminosity (fo™)
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H1ggs Physics



State of the Higgs: 2022

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

Higgs boson production modes CMS 138 b (13 TeV)
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4 , H & “: - m,=125.38 GeV W Z . ]
/ > i R ]
% _ K
V kv~ < I o
s 107"k .
q vV c |2
b b
d) e) , £) q / “ 1072 E T ' .
& Oty b q q @
t b e } Vector bosons
) K W —
3 v H t Kkt~ 3 } 3" generation fermions
t,b 10°F u - - E
T S eneration fermions
g W\ t,b b t b x" . J
"""" SM Higgs boson
107 L | | E
(% 1 4 :' "l [ |
S 12t S e T
o Uf ¢ | ¢
e 0.8 - 0.95 =
m 0.6_“' ! Lol ! Lo ! ool
107 1 10 10°

3 Particle mass (GeV)


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/

State of the Higgs: 2022

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

Higgs boson production modes CMS 138 b (13 TeV)
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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/

H1ggs mass measurements

important SM consistency check together with m, and my

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

5.1 (7 TeV) + 19.7 fb' (8 TeV) + 138 fb' (13 TeV)
CMS —e— Total Stat Syst

Tot Stat  Syst

ATLAS H—=4] 7+8+ 13 TeV
Phys. Lett. B 843 (2023) 137880

CMSH—4] 7+8+13TeV
Phys. Rev. D 111 (2025) 092014

ATLAS H—>vy 7 +8 +13 TeV
Phys. Lett. B 847 (2023) 138315

CMSH—yy 7+8+13TeV
This Work

124.94+0.18 (£ 0.17+ 0.03) GeV

o4  125.08+0.12 (= 0.10= 0.05) GeV ATLAS Run 2 combination
= (2023) :

125.22+ 0.14 (+ 0.11x 0.09 ) GeV

125.06+0.14 (£ 0.09+ 0.11 ) GeV

] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ]
122 123 124 125 126 127 128

m,, (GeV)

CMS-HIG-24-007/ 0



https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-24-007/index.html

H1ggs mass measurements

expect < 100 MeV precision from LHC combination
< 50 MeV from HL-LHC

~ 10 MeV from FCC-ee [source]

5.1 (7 TeV) + 19.7 fb' (8 TeV) + 138 fb' (13 TeV)

CMS —— Total Stat . Syst
Tot Stat  Syst

ATLASH—4] 7+8+13TeV ——] 124.94+ 0.18 (= 0.17+ 0.03 ) GeV
Phys. Lett. B 843 (2023) 137880
grl]\llSRHelgﬁiJ(rzgz;)l%goﬁ\i @ 125.08 = 0.12 (= 0.10= 0.05 ) GeV ATI—AS Run 2 COmblnathn

ys. Rev.

(2023): m,, = 12500011 GeV
ATLAS H—yy 7+8+13TeV =i 125.22+0.14 (= 0.11= 0.09 ) GeV
Phys. Lett. B 847 (2023) 138315
CMSH—yy 7+8+13TeV @ 125.06 = 0.14 (+ 0.09= 0.11 ) GeV
This Work
| | | | I | | | | I | | | | I | | | | I | | | | I | | | |
122 123 124 125 126 127 128
m,, (GeV)

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

H1ggs width measurements

25

-2 AlnL
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CMS

138 fb~1 (13 TeV)
2o e 1eV)
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| I I I I |

—— 40 on- and off-shell

- Expected

4% on- and off-shell
222V off-shell

4% on- and off-shell
222V off-shell
WW — 2£2v on- and off-shell

" 95% CL

~
\\\\

Z 68% CL_ |

f”
- =

: | | | | | | | |
5 10 15

[',~4 MeV 1n the SM

measurements via off-shell
production sensitive to BSM

effects and can break

degeneracies e.g. k < k,.

measurements via on-shell line

shape result i1n ~30 MeV
precision.


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

H1ggs width measurements

CMS

25 —
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! I
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WW — 2£2v on- and off-shell

O N.'--—

P 4
-~
P 4
-
-
-
-
”
-

138 fb~' (13 TeV)
2o 12 1eV)

# dominant uncertainty from

qq — 4¢ background prediction



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

H1ggs cross sections

ATLAS

¥s=13TeV, 126 - 140 fb ™", m, = 125.09 GeV, IyHI < 2.5, Py, = 53% o4 Data (Total Unc.) Syst. Unc. | SM prediction
10 5 0 5 5 0 5 1 2 3 40 0 10 20 -10 0 10 -10 0 10 o 1 2 3 1 2 3 0 10 20

Tl S I I P iy 1102 | HERH | sest |HEH | Il 2ot

tH B | st 0sess HBH | 04553 | HEH [os03s 082% | @ 05638

ggF+bbH |10s3% 10395 B ooosy|uesn @ [ososz 0953

. 2.03'¢;

VBF 103 KBl 12792 j# | BB 1zsnfosesi@l [rosss
WH |ooc2: HE$EH | 14905 | 14750 HEH | o480l |149%y  HEEH 284 0.987%; —&— HessH

ZH (10032 HEAZH [HaH  |o22ss 170% | HEEH [10e3s HEH | HEH ossi: HE#AH 0713
incl. [tz @ froscz M o om0z B 05435 B os7ei | s KA 1327

06 08 1 1.2 0 0 1 2 05 1 1.5 0 1 2 3 1 2 3 0 10 20

Incl. VY ZZ* ww* TT bb uu Zy cc
o x B normalized to SM prediction
decay mode

5.08"5 75

prod. mech.
%

HIGP-2025-16

-
[\
—_
[\
w
o
-
\V]

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

broadly 1n line with the SM
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-16/

nggs couplings:

HIGP-2025-16

Ky

K

|Kb|

Ik |

I |

ATLAS
------ o \/_ 13 TeV, 126 - 140 fb
| 125OQGeV IyI<25
- _(..)_ — '_ Leptons Quarks
B —e— B, =B,=0,p. =75%
@ ' SM
..... Bor IR --m-- B, B, free lx,I<1,p  =69%
— L e (GRIEE B..,, B, free, off-shell incl, P, = 73%
F - _ﬂ_ - SM prediction
B Qe Parameter value not allowed
b g
——————————————— - - -
................................................ O,
AP EPRN BRI AP B L L L
0.8 1 1.2 1.4 1.6
68% CL interval
R T R S T T T T L. ...
0 1 2 3 4
95% CL upper limit
i nininin i siwiniits S |
1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1
0 0.1 0.2 0.3

95% CL upper limit

Kappas

interpretations via coupling
modifiers are 1n agreement
with the SM

~10% precision 1n a fairly
model-1ndependent fit

BR(1nv1s) now also at < 10%

15


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

nggs couplings: kappas

, —s—— ATLAS
4 o o ----------- : Vs =13 TeV, 126 - 140 fb™
— mH_125OQGeV ly <25
k"* , Kt ' - _:.)___1 Leptons Quarks
. = | | Ve || Vu || Vr u
\2 : ® | “A> . .
o K k| TEEE e : # substantial uncertainty
|_| ) B Force carriers Higgs boson . .
o bed) z theory predictions
LM K,
u
g . |_ e : —e— B, =B,=0,p_ =75%
b g ""IF"' --m-- B, B,free lx,I<1,p  =69%
N ) — . (GRIEE B, , B.. free, off-shell incl, Py, = 73%
! - lc | A P SM prediction
D— : ’ T Prover Parameter value not allowed
LI—ID K| C------------- = R ——— ,
U DT DU B DU B L
L 0.8 1 1.2 1.4 1.6
68% CL interval
IKCI '...T..T.f..T..T.T..T..T.T...'..T.f..f.:.f.f.:.f..T..F.f..f.:..l. ................... o I |
0 1 2 3 4
95% CL upper limit
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Bu. vt ntniettniniettintiette ST |
| | | ] | |
0 0.1 0.2 0.3

95% CL upper limit 16


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

Rare / 2nd gen decays

PRL 135 (2025) 231802

1200 = 5= 13.6 TeV, 165 fb" — Total pd B

1000 = H—>uu — Signal pdf -

L Inclusive, In(1+S/B) weighted ---- Background pdf 3
800 [

600 |

Weighted events / 2 GeV

400 b

200 |

o
|

o
|

Data - Bkg.
(weighted)
o N A

|
N
|

110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]

rapidly closing 1n on decays to uu and Zy (evidence)
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Rare / 2nd gen decays

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

- I EEEE————— _ CMS Supplementary 138 fb~! (13 TeV)
8 - ATLAS ® Data - T
- _ y
~ 1200 (=136 TeV, 165 b — Total pdf : ¢ Obgerved 68% expected
2 1000 = H— uu — Signal pdf 4 0t Median expected 95% expected
3 L Inclusive, In(1+S/B) weighted ---- Background pdf -
()
3 Combined .
'-5) Exp. 5.6 i ®
g Obs. 9.3 !
ttH(H - cc) !
Exp. 8.7 ? i
. 6 Obs. 7.8
23T L0
() —
TE VH(H-cc) ,
‘% 'g 0 Exp. 7.6 i ¢
0 < of Obs. 14 !
A R B S I AT R O R B
110 115 120 125 130 135 140 145 150 155 160 0.0 55 0 - 0.0 oY 150 T7E
m,, [GeV] 95% CL upper limit on py_cs

rapidly closing 1n on decays to uu and Zy (evidence)

k. <3 driven by impressive growth of jet flavor identification:
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Rare / 2nd

gen decays

PRL 136 (2026) 011801

CMS Supplementary 13870 (13 TeV)
¢ Observed 68% expected
————— Median expected ~ 95% expected
#* efficient charm-jet Combined
. . . . Xp. o.
identification depends Obs. 93
critically on correct HH(H o) .
simulation of QCD-1induced Obs. 7.8
background jets VH(H-c0)
Obs. 14 .
00 25 50 75 100 125 150 175

95% CL upper limit on PUy_ce
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High-p, cross sections

Higgs production at high p; very sensitive to | ~_ )
non-SM contributions to the gg-H Lloop.

20



High-p, cross sections

Higgs production at high p; very sensitive to
non-SM contributions to the gg-H Lloop.

B | |
| ATLAS I

- Vs =13/13.6 TeV, 140/161 b
B pT>450 GeV ®

- ¢ Data - Bkg

1000 — [ Higgs signal
- 2 Bkg. uncert.

—h
a0
o
o

500

Bkg. subtracted Events / 10 GeV

PRL 137 (2026) 7, 071801

60 80 100 120 140

d -

first evidence of “inclusive”

H — bb production and of
pf > 450 GeV'!
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High-p, cross sections

Higgs production at high p; very sensitive to
non-SM contributions to the gg-H Lloop.

—
o > CT T T | | - g
0O (51500 ATLAS _
: o - 5 =13/13.6 TeV, 140/161 fb” - .
= = - b >450 GeV | ; Run 2: Vs = 13 TeV, 140 fb |
% - T - ATLAS Run 3:Vs = 13.6 TeV, 162 fb”
-~ GC) — ‘Data-Bkg — IS L L L L L Y I
N Z 1000 [~ [ Higgs signal — o Total Unc.  Stat. only I Syst.only  SM+Theory
- 2 Bkg. uncert. N
G E n Run 2 Total Stat. Syst.
N @ 0O ] EW qqH e 13 I3 45 03
@ > u pT>300GeV new
Nl 'g 500 ) ggF .0.8 *28 23 +13
~ » - 300 GeV < p!' <450 GeV ey 22 -19 10
™~ g ] ggF450 GeV <p!' <650 GeV |o=— 0.6 17 i3 los mea S u reme n t
- ok : C SN [ I— 50 3% 3 of H— 11
N et I [ [ e e L L L R L R L R L LR L EEEEEEEEEEE :
g L) S RN BRI R Run 3 a5 s 0 fOCUSlng on
60 80 100 120 140 EW A 00 cev frod 14 L3 Do s hiah 30
: : “u: ' " oV <o < 450 G Lo 23 53 T2 0o g pT
first evidence of “inclusive” pisa .
. 450 GeV < p'' < 650 GeV o] 19 s 43 09
H — bb production and of o, et 12 3 %
T II|III|III|III|III|III|III|III|III|III|III

8 6 -4 20 2 4 6 8 1012 ATl _HIGP-2024-40

50 o,/ oM

pf > 450 GeV'!



High-p, cross sections

Higgs production at high p; very sensitive to
non-SM contributions to the gg-H Lloop.

¥ driven by improvements in boosted H identification,

which crucially relies on QCD predictions,
for backgrounds 1in particular.
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The nggs potential

\\\\\\ HH production 1s uniquely sensitive
| to Higgs self-interaction and the

//////}1m;\\ shape of the Higgs potential.
H
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The nggs potential

HH production 1s uniquely sensitive
| N o to Higgs self-interaction and the
(m)Hﬂw;\ shape of the Higgs potential.
g 0909009000009 ~ Ctth Chhh ) H

< 8T T T T T T T T T T T T T T T T
< t ATLAS and CMS — ATLAS ]
N 7-LHC Run2 —— CMS ]
- Vs =13 TeV — Combined -
6:_AII other k fixed to SM — 00s.95%CL: [-0.71,6.1] 7

--- Exp. 95% CL: [-1.3,6.7]

“Legacy” Run 2 LHC

HHcombination 1s
now complete.
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potential

HH production 1s uniquely sensitive
to Higgs self-interaction and the
shape of the Higgs potential.

/ :
g 2002999929929 ~ (Chhh)

LHC experiments closing 1n on HH

-2 1In A

PRL 137 (2026) 131803 :
8_| | | I | | | | I | | | | I | | | | I | | | | I | | | | I | | | | I_ eV l d e n C e

- ATLAS and CMS T ATLAS T
‘' LHC Run?2 — CMS - r T A L L B IR

513 TeV — Combined - ;:HTL;:_)S | Vs=13/13.6 TeV, 140 / 56 b

B o _ _ — TtT
O All other « fixed to SM — Obs.95% CL:[-0.71,6.1]  —

: --= Exp.95% CL:[-1.3,6.7] ] —Total = Stat. (Tot.) ( Stat., Syst.)
5_ \ ; ; ] | '

E \‘\\ ," : Ilepthad Run 3 - ! 3.3 jg (::23,;1 4 ir11 .'g )
41 / = TiepThag RUN 2 H—Q—H 2.6 20 (10, e
3:_ B ThadChad Run 3~ H_'._H 2.8 jg (%50 40

i Tnadthag RUN 2P f—e—H 2305 (2 hs)
2 E Run3f  [b——re——H 30 %9 (57 %%)
1:_ - Run2r |¥F—e—H 24 77 (T, Yos)

] Combined ¥ "T._H| | |2-6 f:fgl CS.'QT, o )|
0 &0 0 2 4 6 8 10 12 14

K « ATL-HIGP-2024-37



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

The nggs potential

HH production 1s uniquely sensitive
to Higgs self-interaction and the
IO shape of the Higgs potential.

LHC experiments closing in on HH
evidence

#* important theoretical uncertainties coming from H+ b(b)

production cross sections
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Electroweak Sector
and Beyond




vector boson scattering

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

the coupling of longitudinally-
polarized V bosons to the Higgs
prevents this divergence

CMS and ATLAS have been searching
for VvV, production in this process
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vector boson scattering

(7)) — ]
*qc')' 90 ATLAS ® Data B WWH EW
T 80F Vs=13TeV, 140 fo W WiW i EW I W;Wijji EW =
- W WTj fit Bl W-Wj Int W=W+jj QCD 5
0F sr: DNN__ . bin2 Bl WzQCD Bl WZEW -
60 ;— Post-Fit Non-prompt Conversions—;
= ) Other prompt 7/7. Tot. Uncert. 2
50 I ;/ 7 -
o- |
30 s
20
10
O
5 120t
© 0.8F -
QO - .
06 =

O 01 02 03 04 05 06 0.7 08 0.9

PRL 135 (2025) 111802 Signal DNN score

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

the coupling of longitudinally-
polarized V bosons to the Higgs
prevents this divergence

CMS and ATLAS have been searching
for VvV, production in this process

ATLAS recently showed first
evidence of one V, 1n VBS events
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vector boson scattering

do/dmjj [fb/bin]

Theory
Data
—h

171 b (13.6 TeV)

o Data

i SHERPA 2

MG5_aMC@NLO+Py8 without NLO corr. |
MG5_aMC@NLO+Py8 with NLO corr. —

T

seepEssRepss pepsRsEsgansesgelITHTHLCHCIHLN SO
Busnen NN NN NENNN N AN

RERERRRRERRE R AR :

IIIII

500

CMS

-SMP-25-013

I !
2000 2500
m, [GeV]

] | ] ] | ]
1000 1500

impressive program of electroweak
W=wW=, W*Z, ZZ measurements since:

-2AINA
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ATLAS

Run2:Vs = 13 TeV, 140 fb™
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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/

Lepton universality

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

1deal testbed for precision
tests 1n the lepton sector

broad program searching for

and
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Lepton universality

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

1deal testbed for precision
tests 1n the lepton sector

broad program searching for

and

in W decays, O(%) uncertailnties
for all charged leptons
(sub-percent for the e/u ratio)
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anomalous EM couplings

Lepton anomalous electromagnetic moments are a hot topic:
the LHC 1s uniquely sensitive to the z-lepton g-2
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anomalous EM couplings

Lepton anomalous electromagnetic moments are a hot topic:
the LHC 1s uniquely sensitive to the z-lepton g-2

rapld progress constraining . using a variety of strategiles
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measurements of m,

| —
c w my in MeV (o)
ectroweak fit N
PRD 110 (2024) 03000 Ml 80353 + 6 D
LEP combination 80376 + 33 ~
Phys. Rep. 532 (2013) 119 N~
DO 80375 + 23 : N
PRL 108 (2012) 151804 |
CDF 80433.5 + 9.4 i ~
Science 376 (2022) 6589 D ES N
LHCb 80354 + 32 R
JHEP 01 (2022) 036 ~
ATLAS 80366.5 + 15.9 @
arXiv:2403.15085
CMS 80360.2 + 9.9 8
This work S
| | | | | | | | )
80300 80350 80400 80450 2

mw (MeV)

LHC experiments are leading measurements of my,

< 10 MeV uncertainties and impressive scaling with L.
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LHC experiments are leading measurements of my,

< 10 MeV uncertainties and impressive scaling with L.
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measurements of m,
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# important theoretical uncertainties from PDFs,

hadronic recoil, angular coefficients.

PRL 135 (2025) 161802



BSM exclusions
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Overview of CMS EXO Results

July 2026

Vs =13,13.6 TeV, [L=36-283fb"?

https://cms-summary-searches.docs.cern.ch/exo_all_bar/
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enormous breadth
of searches for
BSM physics..

mass-scales probe
up to ~30 TeV

no stone unturned,
but so far no
surprises



EFT constraints

1n 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

1n the absence of
“striking” new physics
(so far),

both experiments are
providing
comprehensive
constraints on dim 6
EFT operator
coefficients.
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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 1mportant improvements 1n computing, triggering,
reconstruction algorithms, calibrations, theory calculations,
etc.
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in the majority of cases, ML advances are enabled by

excellent simulation.




Growth with luminosity

Expected SM HH significance
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astonishing scaling of
experimental sensitivity
over the past few years:

far beyond /L would
predict.



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 beilng so

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

S on coupling modifiers

Coupling FCC-ee |[FCC-ee + FCC-hh
Ky, (%) 0.10 0.10
kw (%) 0.29 0.25
ki (%) 0.38 /0.49 0.33 /0.45
kg (%) 0.49 / 0.54 0.41/0.44
ke (%) 0.46 0.40
ke (%) 0.70 / 0.87 0.68 /0.85
Ky (%) 1.1 0.30
KRZy (%) 4.3 0.67
ke (%) 3.1 0.75
ky, (%) 3.3 0.42

" +29 +29

|Ks| (%) —67 —67

Ty (%) 0.78 0.69

B (<, 95% CL)
Bunt (<, 95% CL)

1.9 x 1072 *

4x 1072

5 x 104
6.8 x 102

2.3 x 10~ 4
6.7 X 103

SOUrce
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HL-LHC: O(%)
uncertainties on
Higgs couplings

FCC-ee: factor 2-10
improvement

FCC-hh: additional
factor ~3 for rare
decays


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

