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Preamble … 
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Current Landscape …
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Just a few examples …
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Precision EW and 
QCD observables

Higgs boson 
properties 

Flavor physics and 
CP violation

Neutrino Masses 
and mixing

CP violation

Astro-particle 
physics 

Search for Dark 
Matter

CMB, Galaxy 
Surveys ABO, 

Cepheids and SN 1a 
measurements  

Search for BMS 
particles and forces

SM of particle physics (Gauge theories and 
BEH mechanism): 26-28 parameter 

(extended to include  masses)

General relativity and CDM model: 6 (+1?) 
parameters 

Moriond EW Program is focused on these fundamental 

questions allowing constructive interactions between 

theory and experimental physicists from all these fields in 

a  special environment: 

1 week of full immersion in a wonderful location



Usual disclaimer … 
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Flavor physics
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• Over constrain the CKM parameters measuring different 
processes, particularly those linked to CP violation

• Study of highly-suppressed SM processes (rare decays), 
possibly with small theoretical uncertainties

• Tests of accidental SM symmetries 
• Investigate Flavor anomalies



First LHCb CP measurement with Run 3 data!
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Halime Sazak

5.8fb-1 at 13.6 TeV

NEW!



The b → sll
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Christoph Langenbruch



The legacy  analysis LHCb B→K*0+−
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Christoph Langenbruch



R(D/D*) studies at Belle II 
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Raynette van Tonder
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NEW!

Raynette van Tonder



Prospects for flavor anomalies
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2025
2024



R(D(*))
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Alejandro Vaquero slide taken from https://indico.fnal.gov/event/71119/contributions/325774/

https://indico.fnal.gov/event/71119/contributions/325774/
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Xiafei Chang



K+
→ + from NA62 
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Xiafei Chang

NEW



Summary flavor
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Neutrino Physics
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• Measure missing PMNS parameters, in particular CP
• Nature of neutrino masses: Majorana vs Dirac via neutrino-less double- decay 
• Mass ordering Normal (m1<m3) or Inverted (m1>m3): via matter effect, partial 

degeneracy with CP
• Absolute masse scale:  decay endpoint, several experimental techniques
• Additional (sterile) light neutrinos? 

All these ingredients are needed to understand how to “extend” the SM (level of 
BMS needed) to include neutrino masses

PDG 2025: PMNS review

https://pdg.lbl.gov/2025/reviews/contents_sports.html
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Sensitive 12, m2
12 main goal is mass ordering: need excellent E resolution

Detector performance very close to design level , very high up time and data taking efficiency  

Zeyuan Yu, Mingxia Sun, Mingyuan Wang
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Based on 59 days data taking → leading results in 12, m2
12

Mass ordering at 3-4 need 6-7 years (assuming design energy resolution can be achieved)

First Juno resultsZeyuan Yu, Mingxia Sun, Mingyuan Wang



Combined T2K and Nova fits
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Artur Sztuc
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Mark Ross-Lonergan

Puzzling “signals” that do not fit the 3 paradigm: Can be explained with 3+1 with m2~1 MeV 
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Mark Ross-Lonergan

BooNE LArTPC: profit of 2  beams: BNB and NuMI with different  energy profile and e contaminations
Look for → e appearance  → Large Flux systematics constrained including constraints from  CC 
(introducing some model dependency)
Still origin of “MiniBooNE anomaly” not understood: 3+1 essentially excluded – looking at model 
independent approach slight excess in single- events (2 level)?

Combination of 2 beams with different e 
contamination strongly improves sensitivity



Results from Cuore: less- decay
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Alice Campani

Double- decay for isotopes when single  is kinematically forbidden: 0 only possible if  are Majorana
particles 
Observation will measure ”effective” mass and ordering, prove Majorana nature and probe Majorana 
phase! 
Several experimental based on different techniques: Cuore largest cryogenic calorimeter ever built 
(<20mK)
Optimization: careful choice of isotope 130Te, Large active mass, large Q, small bkg., excellent Energy 
resolution, high detection efficiency  



Results from Cuore: less- decay
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Alice Campani

Results based on about 2/3 of the collected data: several experiments entering in the 
Inverted order area, CUPID (100Mo larger Q + improvements) could go down to 10meV 
Normal mass ordering very challenging!



Results from Katrin
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Huge EM spectrometer → energy end-point from  decay → Energy resolution ~1 eV
Results based on 260 days, full 1000d coming out soon -> 0.3eV
Can also search for sterile  in Ga anomaly region -> limits excluding most of the preferred regions 

Chloé Goupy



Summary on  physics
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Search for BSM phenomena at colliders
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Complementary approaches developed to look for BSM physics:
• Agnostic Effective Field Theory: most general set of effective operators, fit to all measured 

observables
• Well motivated UV models: SUSY, Other GUT symmetries, Extra-dimensions, Dark Sector, …
• Completely model independent/data driven: Topology driven, Anomaly Detection, …

Tina Ojeda
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15 excellent talks covering ~50 analyses! 
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15 excellent talks covering ~50 analyses! 
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15 excellent talks covering ~50 analyses! 

Highlight new techniques and directions 
developed in the last years



Search for low mass resonances in ATLAS + CMS
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Caroline Collard

New low ET 
elector trigger

Trigger Level Analysis: JJ 



Search for low mass di-jet resonances in ATLAS
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Caroline Collard

Caroline Collard



Search SUSY in ATLAS + CMS
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Chris Ohm



Search “compressed” EW SUSY in ATLAS + CMS
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Chris Ohm

New reconstruction techniques to address low DM electroweakinos regions:
“Soft leptons” dedicated ID
“Displaced” tacks
“Disappearing” tracks



Search for high mass di-jet resonances 

ATLAS
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Andrea Malara

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112005


Search for DM at BES III
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Zhijun Li
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CMS searches summary plots ATLAS searches summary plots

Huge amount of exclusion limits available in 
form of summary plots!

https://cms-summary-searches.docs.cern.ch/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SearchesPublicResults


Summary of searches
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Search for 
DM
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Overwhelming evidence for DM existence: Wide range of DM candidates 10-22 eV < M < 1037 kg (90 order of 
magnitudes!)! makes the search extremely challenging
Extension of SM (BSM) provides good candidates: WIMPs, QCD Axions (ALPs), Dark Sector, … 
Complementary searches form direct detection, production at colliders, indirect (annihilation signals), …  

For a nice review see Dark 
Matter: Cirelli, Strumia, Zupan

Gian Marco Lucchetti

https://arxiv.org/abs/2406.01705
https://arxiv.org/abs/2406.01705


Latest Results from LUX-Zeplin 
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Electron recoil

Nuclear recoil

Bjoern Penning

Leading sensitivity >5GeV



Latest Results from XenonT
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Gian Marco Lucchetti



Latest Results from DarkSide-50 
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Timothée Hessel



Brout-Englert-Higgs boson physics
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The BEH mechanism and Higgs boson play a central role in the SM: Spontaneous EW symmetry breaking 
via vacuum expectation value → Fermions and boson masses, 16 of the 19 fundamental parameters are 
related to Higgs boson interactions (masses, flavor)
mH vs BSM  scale (hierarchy problem)
Measure Higgs boson self-interactions → constrain Higgs potential 

SU(3)QCD x SU(2)L x U(1)Y

Nature Reviews Physics volume 3, pages608–624 (2021)

https://doi.org/10.1038/s42254-021-00341-2
https://doi.org/10.1038/s42254-021-00341-2
https://doi.org/10.1038/s42254-021-00341-2


H → Z from CMS
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Phys.

Rev. Lett. 132 (2024) 021803

Rare decay loop-suppressed in the SM with BR=1.5x10-3 
→

Sensitive to BSM effects

Intriguing ATLAS+CMS in Run 2: (SM)=2.2±0.7 (Obs./Exp. 

Significance 3.4/1.6s - about 2s above SM prediction) Phys. 

Rev. Lett. 132 (2024) 021803

ATLAS updated the results adding 2022-2024 data: Combined

Run2+Run3: =1.3+0.6
-0.5 significance 2.5 (exp. SM 1.9) 

NEW CMS reanalysis of Run 2 + 2022-2023 Data: improved 

strategy (13 categories) and improved trigger:

Run2+Run3: =1.10+0.52
-0.61 significance 1.9 (exp. SM 2.3) 

Andrzej Novak


±~

t

https://link.aps.org/doi/10.1103/PhysRevLett.132.021803
https://link.aps.org/doi/10.1103/PhysRevLett.132.021803


H → mass
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The Higgs boson mass is a fundamental parameter of the SM (last to be measured)
H→ is very challenging at LHC due to difficulty to calibrate  E-scale at the LHC
CMS performed an improved calibration of Run2  −scale (adding Z→)→Hard work paid off: 

NEW Run 2 mH = 125.14 ± 0.10 (stat) ± 0.11 (syst) GeV
Very consistent set of measurement → next LHC combination will have a precision ~70 MeV

Gaetano Barone



High-momentum inclusive H→bb
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The high pTH regime is very sensitive to BSM physics
gg→H→bb largest xBR allow to explore extremely boosted production
Considered  “impossible”  at LHC due to huge QCD bkg.

Gaetano Barone

ATLAS Physics TDR May 1995

https://cds.cern.ch/record/391177


High-momentum H→bb
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Gaetano Barone

Evidence  3.8 for inclusive H→ bb pTH>450 GeV
Measured xs in agreement with SM predictions

New GNN based tagger for 
large R-jets (H→bb)



H → ZZ* → 4l
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Martina Manoni and Lailin Xu

Both ATLAS and CMS analyzed Run 3 data 2022-2024 ~160-170 fb-1
CMS Fiducial, differential 
ATLAS Fiducial, Differential, STXS  

All in agreement with SM



HH production 
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Valerio Dao

Legacy Run 2 ATLAS+CMS reach better than 1 sensitivity for HH production 



Summary of BEH
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EW and top-quark physics
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Incredible impact of LHC measurement on EW precision observable and top-quark
physics

Roman Kogler



s from di-jet cross-section CMS 
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Stefano Camarda



Measurement of |Vcb| from top decays
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Adam Warnerbring

arxiv:2411.18639

https://arxiv.org/pdf/2411.18639


Prospects (HL-)LHC …
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Suzanne Gascon-Shotkin

Run 3→ ~double Run 2 (and 13 → 13.6 TeV)
HL-LHC→ goal 3ab-1 good for physics ~20 time Run 2!



Summary of the summary … 
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60th Annyversary celebration
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https://moriond.in2p3.fr/60years
https://moriond.in2p3.fr/60years


Backup
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Precision EW and 
QCD observables

Higgs boson 
properties 

Flavor physics and 
CP violation

Neutrino Masses 
and mixing

CP violation

Astro-particle 
physics 

Search for Dark 
Matter

CMB, Galaxy 
Surveys ABO, 

Cepheids and SN 1a 
measurements  

Search for BMS 
particles and forces

SM of particle physics (Gauge theories and 
BEH mechanism): 26-28 parameter 

(extended to include  masses)

General relativity and CDM model: 6 (+1?) 
parameters 
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Precision EW and 
QCD observables

Higgs boson 
properties 

Flavor physics and 
CP violation

Neutrino Masses 
and mixing

CP violation

Astro-particle 
physics 

Search for Dark 
Matter

CMB, Galaxy 
Surveys ABO, 

Cepheids and SN 1a 
measurements  

Search for BMS 
particles and forces

SM of particle physics (Gauge theories and 
BEH mechanism): 26-28 parameter 

(extended to include  masses)

General relativity and CDM model: 6 (+1?) 
parameters 

Program focusing on these fundamental questions

allowing constructive interactions between theoretical and 

experimental physicists from all these fields in a  special 

environment: 1 week of full immersion in a wonderful 

location



A new 2-Charmed hadron Ξ+
cc  at LHCb
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Shuyu Han

NEW



CPV in B0 → 00 at Belle II
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Radek Zlebcik



CPV in B0 → 00
→ 
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With more precision can reduce 8fold ambiguity in extracting  from B->
NEW!

Radek Zlebcik



LFV at LHCb and Belle II
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arxiv:2601.20785

In SM ~ 10-55 (via neutrino mixing)

Same result at Belle II  B(→3)<1.0 x 10-8  @90% CL
ATLAS presented a NEW results at this conference:
B(→ 3) < 8.7 x 10-8  @90% CL 

Hanae Tilquin and Edwin Chow

https://arxiv.org/abs/2601.20785


The b → sll
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Christoph Langenbruch



b→s and b→s decays
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Meihong Liu 



b->cl
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Raynette van Tonder

Belle II



The KL→0
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Keita Ono



The “golden” KL→0
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Keita Ono
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Can only be  meditated via Majorana s ~10-22-10-23

Small excess <2→ Run 3 large increase of sensitivity



Joint SK Atmospheric  + T2K analysis
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Benda Xu
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Mark Ross-Lonergan

Still origin of “MiniBooNE anomaly” not understood: 3+1 essentially excluded – looking at model 
independent approach slight excess in single- events (2 level)?



Results from IceCube
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Photomultipliers arrays at South Pole photo multipliers that detects Cerenkov radiation from  interactions 
Main goal is to detect astro-physical sources but  also reach  research program (astrophysics n composition, cosmic 
rays hadrion interactions, search for WIMPs, ...)
Example: study of n emission from active Galaxies (NGC) 
Proposed upgrade form1 to 8 km3

Thijs van Eeden

Neutrino emission from nearby 
active galaxy NGC 1068 
Science, 378(6619), 538-543



Results from Katrin

22 March 26 F. Cerutti LBNL 74

Huge EM spectrometer → energy end-point from  decay → Energy resolution ~1 eV
Results based on 260 days, full 1000d coming out soon -> 0.3eV
Can also search for sterile  in Ga anomaly region -> limits excluding most of the preferred regions 

Chloé Goupy



Results from Katrin
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Huge EM spectrometer to get integral e- energy spectrum 2-3h cycles → Energy 
resolution ~1 eV
Fit of analytical model of the spectrum + model of experimental response with 4 free 
parameters + systematics

Chloé Goupy



Results from Katrin
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Huge EM spectrometer → energy end-point from  decay → Energy resolution ~1 eV
Results based on 260 days, full 1000d coming out soon -> 0.3eV
Can also search for sterile  in Ga anomaly region -> limits excluding most of the preferred regions 

Chloé Goupy



First results with 2022 data from FASER
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Michaela Queitsch-Maitland



22 March 26 F. Cerutti LBNL 78

John Anders
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John Anders



Search for ALPs in Belle II
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Devender Kuma



Search for DM
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Overwhelming evidence for DM existence: Astrophysics, Weak lensing, CMB acoustic peaks …
Wide range of DM candidates (10-21 eV < M < 1037 kg!) makes the search extremely challenging
Extension of SM (BSM) provides good candidates: WIMPs, QCD Axions (ALPs), Dark Sector, … 
Complementary searches form direct detection, production at colliders, indirect (annihilation signals), …  

Dark Matter: Cirelli, Strumia, Zupan

≠1/√𝑟

https://arxiv.org/abs/2406.01705


Cosmology
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By ESA and the Planck Collaboration - Cosmic Microwave Background, 
CC BY 4.0, https://commons.wikimedia.org/w/index.php?curid=130789180

DES Collaboration/DOE/KPNO/NOIRLab/NSF/AURA/C.Lamman

Very successful model CDM: fit of 6 parameters to a large number of 
experimental observations: CMB, LSS,  …
Link between DM,  inflation and particle physics need to be clarified
Some tensions emerging between Early and Late measurements 
(Hubble tension, S8 tension, …)  



Neutrino mass limits from Cosmology fits
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Consequence of tension in H0 and  between two measurements (Early vs Late)  

Yvonne Wong



The muon g-2 measurement
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Laurent Lellouch

Leonard Polat



H with EW precision observables
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LHC Higgs xBR

Roman Kogler



th→ and combination

22 March 26 F. Cerutti LBNL 86

Gaetano Barone

New analysis searching for tH associated production in H→ decays from ATLAS
Combined with previous Run 2 analyses



ATLAS CP studies on HVV interaction
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Stringent limits on EFT CP-odd interactions between H and V
Fermion sector even more interesting (CP possible at tree level!)



VBS production ATLAS 
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Santiago Folgueras



22 March 26 F. Cerutti LBNL 89

Sergio Sanchez Cruz

LHC gives access to very rare process with high sensitivity to BSM operators but also very difficult to model

Rare tt+X processes
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Baptiste Ravina
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