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A lot of new physics for Moriond!
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Higgs boson
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Higgs boson

ÅThe newest addition, still measuring:
Åmass: known better than 0.1%, statistically limited!
Åwidth, Yukawa couplings

ÅThe shape of the Higgs potential:

ÅWays to measure ‗: 
ÅHH and HHH production ς challenging at the LHC
Åbut precision measurements of single H give 

information on the potential
Åᵼ use simplified template cross-sections (STXS 1.2) ς 

unified parameterisation between experiments, 
agreed upon with theorists, for results
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https://cds.cern.ch/record/2803606?ln=en


Legacy Run 2 STXS 1.2 combination by CMS

ÅCombination of all available H 
production and decay modes:
Å‘ ρȢπρτȢ

Ȣ

ÅCoupling ‖ interpretation:
Åconsistent with the SM

ÅH self-coupling constraints:
Å‖ⱦ ɸ [-3.34, 9.55] ς from STXS
Å‖ⱦ ɸ [-1.2, 7.5] ς from H + HH

ÅSMEFT interpretation:
Åprobe mass scale up to 20 TeV

ÅSome interesting deviations:
Åin high-pT (V) in VH regions
Ånot confirmed by ATLAS 5

J. Langford

https://indico.cern.ch/event/1480248/timetable/


Higgs boson properties: width
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F. Monti

S. Billingsley

Use interference between off-ǎƘŜƭƭ IҦ½½ ŀƴŘ ½½
New approach with a neural-network optimised 
for each tested signal strength value

Evidence for off-shell H production at 3.7(2.4)„ obs(exp)

Obs(exp) ɜ τȢσ Ȣ
Ȣ τȢρ Ȣ

Ȣ -Å6
A similar result by CMS

First attempt to do the same measurement 
in WW final state:
Å Similar sensitivity!
Å Obs(exp) ɜ πȢω Ȣ

ȢτȢρ Ȣ
Ȣ-Å6

https://indico.cern.ch/event/1480248/timetable/
https://indico.cern.ch/event/1480248/timetable/


Di-Higgs production
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E. Carquin

New projections are better than 6 years ago:
thanks to significantly improved b-tagging 
performance!
Observation is within the HL-LHC reach!

Å The most sensitive channels:
Åὦὦὦὦ, ὦὦ‎‎ȟὦὦ††

Å The limit is at 3.5 × SM

https://indico.cern.ch/event/1480248/timetable/


Higgs boson: coupling to charm in ttH
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S. Wuchterl

Simultaneous treatment of b, c, light jets
Simultaneous measurement of ttH(cc/bb), ttZ(bb/cc)
Lessons from ttbb/ ttcc measurements incorporated

Impact of the full-hadronic channel is the same 
as semileptonic and better than double-lepton!

Å ttH(bb) signal strength is compatible with 1
Å ttH(cc) |‖c| Ṃ 3.0: reached HL-LHC projection! 
Åάму ȅŜŀǊǎ ƻŦ ǇǊƻƎǊŜǎǎ ƛƴ о ȅŜŀǊǎέ

https://indico.cern.ch/event/1480248/timetable/


Rare and exotic Higgs boson decays
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S. Han

H. Zeng

.ƻŀȊΥ άbŜȄǘ ȅŜŀǊΣ ŀƭƭ ǘƘŜǎŜ ǎƘƻǳƭŘ ǘǳǊƴ ƛƴǘƻ ŜǾƛŘŜƴŎŜΦέ

Invisible and undetected 
(BSM) allows for new H decays

To recover sensitivity to boosted taus, 
new muon removal technique is developed

Unusual decays demand innovative ideas!

A variety of searches:
Å evidence for Z‎, ‎‎*, ˃˃
Å combinations of ATLAS and CMS
Å UL on more rare channels  

New sensitivity!

https://indico.cern.ch/event/1480248/timetable/
https://indico.cern.ch/event/1480248/timetable/


Many more rare H decays are out there!
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D. 5Ω9ƴǘŜǊǊƛŀ

And many others are listed and classified!

https://indico.cern.ch/event/1480248/timetable/


Top quark
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Top quark mass by ATLAS and CMS

ATLAS+CMS Run 1 combination:

0.2% relative precision!

New methods with Run 2 data: 

using merged tops ς 0.3% precision!
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B. Gocke

https://indico.cern.ch/event/1480248/timetable/


Quantum entanglement in top pairs
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O. Hindrichs

The first observation of 
an entangled quantum state 
at high άὸӶὸ (Љ+jets)

Spin correlation (e‘)

Differential cross section parameterized by the top
polarization vector P and the spin correlation matrix C

Entanglement observed at the production threshold
Tensions with MC generators

https://indico.cern.ch/event/1480248/timetable/


Magic in top pairs seen by CMS
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O. Hindrichs

where P ς top polarization coefficients,  
C ς their spin correlation coefficients,
defined in previous page 

Both entanglement and magic
are higher at lower |cos—|

Magic is a property of quantum states designed to quantify 
the potential computational advantage over classical states.

https://indico.cern.ch/event/1480248/timetable/


Toponium – Ӷὸὸ observation by CMS
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A contemporary particle physics textbook:

A. Grohsjean

to be updated!

ÅExplains multiple tensions in ά Ӷ at the 
threshold in previous measurements

ÅSpin correlation tension at low mass, seen by 
ATLAS,  can be due to this unaccounted state

Analytic mass reconstruction in dilepton final state (exploit known masses)
Simultaneous fit of mass, chel (helicity), chan όάhandidnessέύ

https://indico.cern.ch/event/1480248/timetable/


ÔӶÔ6 measurements by ATLAS and CMS
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G. Loeschcke Centeno

Differential ÔӶÔ7 measurement

Region D: 3ЉΣ ғпƧΣ җнōΣ aЉЉ < 110 GeV
Region G: 3ЉΣ ғпƧΣ җнōΣ aЉЉ > 110 GeV

Å Inclusive measured ÔӶÔ7 cross section higher 
than expected both for ATLAS and CMS
Å Tension decreases with the latest theoretical 
computation but still present

Many efforts to study these and 
related processes:
Å Inclusive and differential cross 

section measurements for 
ÅÔӶÔ7
ÅÔӶÔ:+Ô7:, Ô:Ñ

ÅEFT analyses for many channels
ÅHigh-mass ÔӶÔЉЉ, mЉЉ>mZ + 10 GeV

ÅNo smoking gun so far

https://indico.cern.ch/event/1480248/timetable/


Flavor physics
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ά²Ƙȅ ŀǊŜ ǿŜ ǎǘƛƭƭ ƛƴǘŜǊŜǎǘŜŘ ƛƴ flavor ǇƘȅǎƛŎǎΚέ
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Y. Amhis

https://indico.cern.ch/event/1480248/timetable/


Many observables under spotlight

ÅōҦǎЉЉ ratios for Љ=e, Ⱨ

Åother observables in the 
ōҦǎЉЉ transitions exhibit 
tensions with the SM:
Årates and angular observables

Åsome enhancement of 
ōҦŎⱲ’ decays vs ōҦŎⱧ’
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ōҦǎЉЉ ratios
(back to SM)

ōҦǎЉЉ rates

ōҦǎⱧⱧ angular

ōҦŎⱲ’

Orange: theory unc.; blue: experiment



FCNC at LHCb: 
more LFU tests and measurements
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S. Celani

First LFU tests in new channels or regions:
Å in ὄ ᴼὑ ЉЉ at high q2

Å in ὄ ᴼὑ ““ЉЉ, and first observation
of the electron decay mode
Å found compatible with the SM

https://indico.cern.ch/event/1480248/timetable/


Where electrons matter
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arXiv:2503.24346

S. Celani

Input to ESPPU from ATLAS, Belle II, CMS, LHCb

Low-q2 region of ὦO ίὩὩ  is one of 
the most sensitive probes to photon 
polarization in ὦO ί‎ and C7 WC:
Åὄ ᴼὑz ὩὩ  remains the best
Ånew ὄ ᴼ‰ὩὩ  is closesecond

ὄ ᴼὑz ὩὩ  beats traditional ὦO ί‎

https://arxiv.org/abs/2503.24346
https://indico.cern.ch/event/1480248/timetable/


FCCC: R(D) and others by LHCb
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LHCb finds the first evidence for ὄ ᴼὈzᶻ† Ӷ’ at 3.5„ level

SM prediction is 0.09 ±0.02

G. Wormser

The measurement agrees with the SM prediction and
is in line with the assumptions used in the R(D) analyses!
Feed-down rate is of the order of 10%


