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Congress Centre at Prague
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Capacity: up to 9,300 participants in more than 50 halls and meeting rooms

originally: the Palace of Culture, communist party conventions: 1981 - 1989

reconstruction in January 2018

ICHEP-2024: 1400 participants from 55 countries,

about 1000 lectures, 18 blocks of parallel sessions

excellent organization !



Congress Centre at Prague: upon the Vyšehrad Hill
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Congress Centre at Prague: interiors
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Congress Centre at Prague: interiors ... and the Zeitgeist
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Outline

Present: LHC Era (Higgs, AI)

Future collider(s) (on Earth)

In Space: AMS-02 (+LHCb)

In Mind: New ideas (see also backup plots)
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Parallel Sessions
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01. Higgs Physics

02. Neutrino Physics

03. Beyond the Standard Model

04. Top Quark and Electroweak Physics

05. Quark and Lepton Flavor Physics

06. Strong Interactions and Hadron Physics

07. Heavy Ions

08. Astro-particle Physics and Cosmology

09. Dark Matter Detection

10. Formal Theory

11. Accelerator: Physics, Performance, and R&D for Future Facilities

12. Operation, Performance and Upgrade (incl. HL-LHC) of Present Detectors

13. Detectors for Future Facilities, R&D, Novel Techniques (→ backup plots)

14. Computing, AI and Data Handling



Parallel Sessions (cont.)
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15. Education and Outreach

16. Equity, Diversity and Inclusion

17. Technology Applications and Industrial Opportunities

18. Sustainability (accelerators, detectors, computing)

This is a new session in ICHEP2024. Nowadays, the need for sustainability impacts any
human activity. This session will discuss the sustainability of fundamental high-energy
particle research. Visionary contributions that would help set the direction of the field
for decades to come are welcome.

→ for example: carbon footprint in HEP



Parallel Sessions (cont.)
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15. Education and Outreach

16. Equity, Diversity and Inclusion

17. Technology Applications and Industrial Opportunities

18. Sustainability (accelerators, detectors, computing)

This is a new session in ICHEP2024. Nowadays, the need for sustainability impacts any
human activity. This session will discuss the sustainability of fundamental high-energy
particle research. Visionary contributions that would help set the direction of the field
for decades to come are welcome.

Dear Grzegorz Grzelak

For your information:

your jobs for user grzelak and group HERA on NAF @ DESY

in the past seven days

accounted for 79.5942 hours in 105 different jobs

equivalent to 2.27412 kWh power consumption

equivalent to 1.10295 kg CO2 production according

to the usual conversion factor from UBA

equivalent to CO2 production of driving 7.55444 km

in an average fossile fuel powered VW Golf



Conference Summary by Marumi Kado

Strong statement, contested in many talks
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Raymond Volkas



LHCb physics: overview

LHC(b) contribution to “textbooks” physics,
accumulating data on precise hadron spectroscopy (→ non-pQCD)
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Yasmine Amhis



CMS plenary talk

Impressive number of results (all LHC experiments)
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Maurizio Pierini



LHC time table

LHC is already running with 45% of HL-LHC !
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Maurizio Pierini



LHC time table

Much more data still to come
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Monica Dunford



Higgs after 12 years

ICHEP-2012 at Melbourne: Higgs announced by ATLAS and CMS
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Nicolas Berger



Higgs couplings (“A portrait of the Higgs boson...by CMS”)

Higgs boson couplings, scaling with particle mass
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Nicolas Berger



Higgs production and decay (“A portrait of the Higgs boson...by ALTAS”)

Higgs boson production xsections and decay BR, agreement with SM
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Nicolas Berger



LHC Higgs physics: overview

Higgs physics pillars, couplings to Vector Bosons, hZZ: window to Higgs compositness
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Marumi Kado



LHC Higgs physics: mass measurement

Most precise measurement to date (H → 4l , H → 2γ)
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Nicolas Berger



LHC Higgs physics: overview

Higgs physics pillars, coupling to fermions (3rd and 2nd generation)
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Marumi Kado



ATLAS: ttH production, H → bb

Towards HL-LHC, 4.6σ visible, very complex final state, tt + bb bkg. (ML !)
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Monica Dunford



LHC Higgs physics: overview

Higgs physics pillars, ttH Yukawa coupling, H → bb
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Marumi Kado



LHC Higgs physics: overview

Higgs physics pillars, self couplings
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Marumi Kado



ATLAS: di-Higgs production

Towards HL-LHC, process is visible already now
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Monica Dunford



LHC Higgs physics: overview

Looking for tension...
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Marumi Kado



ATLAS precision measurements: overview

Sub-percentage precision of many measurements.
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Monica Dunford



ATLAS precision measurements: W width

Best world value.
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Monica Dunford



ATLAS precision measurements: W width, fits to W pT distribution

Experimental data better then theoretical modeling.
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Monica Dunford



ATLAS: lepton universality from W decays

R
µ/e
W - better then world average so far. R

τ/µ
W - consistent with 1.0.
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Monica Dunford



CMS precision measurements

Agreement with SM
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Maurizio Pierini



CMS data taking strategy

Scouting and Parking. Future: only Scouting for High Rate Physics.
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Maurizio Pierini



CMS data scouting, up to 100x more data “on tape”.

Possible thanks to excellent understanding of detector calibration.
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Maurizio Pierini



CMS: fast simulation

Application of AI for fast detector simulation
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Maurizio Pierini



CMS: anomaly detection

Application of AI for anomaly detection (at trigger Level I !)
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Maurizio Pierini



FCC: The landscape

FCC: Future Circular Collider
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Rende Steerenberg



FCC: layout

Latest version of FCC layout: optimized for existing network of public roads
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Rende Steerenberg



FCC: ee

FCC-ee: physics programme
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Rende Steerenberg



FCC: timetable

FCC: data taking in 2045 (FCC-ee) and 2070 (FCC-hh)
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Rende Steerenberg



ICHEP’24: panel discussion

60 minutes, 4 directors of HEP labs, 1:1:2 - Europe : America : Asia
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AMS-2: 12 years of data taking

2.2× 1011 events over 12 years → and more to come (till 2030)
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AMS Collab.



AMS-2: detector

“full function” HEP detector in space
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AMS Collab.



AMS-2: particle identification, cont.

matter antimatter separation
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AMS Collab.



AMS-2: origin of cosmic rays

a lot of effort to understand CR propagation in heliosphere
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AMS Collab.



AMS-2: positron spectrum (flux)

positron flux decomposition

G. Grzelak (University of Warsaw) ICHEP-2024 report HEP seminar 44 / 73

AMS Collab.



AMS-2: positron spectrum: energy cut-off

spectrum cut-off significance: 4.8σ

G. Grzelak (University of Warsaw) ICHEP-2024 report HEP seminar 45 / 73

AMS Collab.



AMS-2: positrons vs. antiprotons

positron and antiprotons have similar energy dependence
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AMS Collab.



AMS-2: positrons are not from pulsars

tendency is already visible, expected projections by 2030
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AMS Collab.



AMS-2: positrons spectrum: expected precision by 2030

Precision of positron spectrum projected to 2030
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AMS Collab.



AMS-2: electrons spectrum

negligible contribution from secondary interactions → more clean picture
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AMS Collab.



AMS-2: electrons spectrum, power law fits

cannot be described only by power law dependency (Fermi mechanism)
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AMS Collab.



AMS-2: electrons spectrum, source term contribution

visible contribution from source “positron-like counterpart” term
(2.5σ at present, 4σ expected at 2030)
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AMS Collab.



AMS-2 anti-Helium observation

AMS-2 reports of ∼ 10 events (#COSPAR2022) of 3He and 4He nuclei

possible sources:

Supernovas explosions → extremely low rate, (should be correlated to anti-protons)

Cosmic Rays interaction plus Supernovas Shock Waves acceleration ?
→ too small flux...

Dark Matter annihilation:
like X + X →WW ,ZZ , bb, ... (as product of single heavy particle decay from
W ,Z , bb → jets fragmentation and hadronization)

More Exotic Sources ?
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Anti-He from AMS-2: possible sources
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LHCb: production of anti-helium

LHCb: looking for anti-helium production in pp collisions
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Dan Moise



LHCb (plenary): production of anti-helium

LHCb: contribution to AMS observations
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Yasmine Amhis



LHCb: prompt and displaced helium

LHCb: prompt (anti)helium : from fragmentation of recombination of QCD strings
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Dan Moise



LHCb: anti-hypertriton and displaced production of anti-helium

LHCb: BR predictions from Pythia within LHCb reach, soft-QCD uncertainties
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Dan Moise



LHCb: helium and anti-helium background

Background: γ → e+e− conversion with small opening angle (mimics Z=2 ionization)
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Dan Moise



LHCb: another penguin process

Penguins analysis :).
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Dan Moise



LHCb: topology and kinematics of Λ̄0
b decay

barion number conservation → 2 nucleons are expected (+X)
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Dan Moise



LHCb: topology and kinematics of Λ̄0
b decay

barion number conservation → 2 nucleons are expected (+X)
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Dan Moise



LHCb: (no) signal of Λ̄0
b decay

exclusive channel, similar for inclusive channels, no signal...
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Dan Moise



LHCb: limits for Λ̄0
b BR decay

limits well below (naive ?) Pythia BR expectations...
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Dan Moise



LHCb: Λ̄0
b →3 H̄e + X Summary

translation to the abundance of 3He in CR requires more work... (what about 4He ?)
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Dan Moise



AMS-2 anti-Helium observation
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Thank You For Your Attention
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BACKUP PLOTS
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BACKUP PLOTS FOLLOWS...



OREO: EM calorimetry in oriented crystals

Coherent mechanism of Electromagnetic shower development along crystal axis
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Alessia Selmi



OREO: EM calorimetry in oriented crystals

alignment of crystal axes wrt. the impact particle is crucial: ∼ 1 mrad
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Alessia Selmi



OREO: EM calorimetry in oriented crystals

acceleration of EM shower: simulation by Geant4 extension
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Alessia Selmi



OREO: EM calorimetry in oriented crystals

PbWO4 prototype assembled within INFN project at test beam: proof of principle
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Alessia Selmi



OREO: EM calorimetry in oriented crystals

shower acceleration was observed for the first time
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Alessia Selmi



OREO: EM calorimetry in oriented crystals

possible fields of application
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Alessia Selmi


