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Advanced particle beam accelerators

Mike Seidel
Accelerator Physicist, Center for Accelerator Science and Engineering, Paul Scherrer Institute

Full Professor, Particle Accelerator Physics Laboratory, EPFL
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Security – cargo scannerParticle physics

Medicine Biology, material science, …
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“I have long hoped for a source of positive particles more energetic
than those emitted from natural radioactive substances.”

Ernest Rutherford,

from his address to the Royal Society, 1928
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Credit : symmetry
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European Synchrotron Radiation Facility (ESRF)
Grenoble
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Advanced particle beam accelerators

Mei Bai
Accelerator Physicist, SLAC National Accelerator Laboratory, Stanford University
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Synchrotron radiation
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LHC performance
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Advanced particle beam accelerators

Edda Gschwendtner
Senior Physicist and Project Leader of AWAKE, Beams Department, CERN
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Linear Colliders
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FCC-hh magnet development
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Muon production and cooling
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Session 1 – Q&A

Advanced particle beam accelerators

Mei Bai
Accelerator Physicist, SLAC National Accelerator Laboratory, one of the 17 US Department

of Energy national laboratories, operated by Stanford University

Edda Gschwendtner
Senior Physicist and Project Leader of AWAKE, Beams Department, CERN

Mike Seidel
Accelerator Physicist, Center for Accelerator Science and Engineering, Paul Scherrer Institute

Full Professor, Particle Accelerator Physics Laboratory, EPFL
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Session 2

Enhanced detectors

Werner Riegler
Technical Coordinator of ALICE and leader of the experiment studies

for the Future Circular Hadron Collider, Experimental Physics department, CERN
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Credit: Minimalistquote

“ Measure what can be measured,

and make measurable what cannot be measured.”

Galileo GALILEI
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Rutherford’s Discovery of the Nucleus 1911
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Bubble Chamber 1950 – 1980iesCloud Chamber 1910 – 1950ies Photographic emulsions 1930ies to present
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Cloud Chamber Bubble Chamber Wire ChamberNuclear Emulsions

C.T.R. Wilson Marietta Blau Donald Glaser Georges Charpack
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The fundamental standard model particles
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Enhanced detectors

Petra Merkel
Senior Scientist and Detector R&D Coordinator, Fermilab
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from high-tech novelty to ubiquitous workhorse

Silicon Timing Detector

High Granularity  
Silicon/Scintillator 

Calorimeter

Silicon Pixel Detector

Silicon Strip/Pixel Detector
CMS Upgrade
for HL-LHC

Silicon Detectors
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Phone cameras X-ray CT scanner Computer chips

Silicon technology is everywhere
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Working principle of a silicon detector
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Scalability
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Giant, ultra-fast and very complex 3D camera

CMS

ALICE

ATLAS

LHCb

Silicon trackers at the heart of all LHC experiments
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Increasingly powerful accelerators => call for smarter detectors
An example of novel concepts: distinguish low and high momentum particles on detector

Increasingly powerful accelerators
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carbon foam

stitching

curved MAP sensor

wire bonding

Strive for almost massless detectors
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CMS timing layer
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Enhanced detectors

Roxanne Guenette
Professor of Particle Physics, Department of Physics and Astronomy, University of Manchester
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What is Dark Matter?
What can the elusive neutrinos

tell us about our Universe?

Understanding our Universe
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Nucleus

DM

Hunting for Dark Matter
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Credit : ESA, Unsplah

DM DM

Hunting for Dark Matter
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SM

DM

DM

??

SM

Hunting for Dark Matter
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To be sure to detect 1 neutrino: Luckily, sources produce MANY neutrinos!

Cosmic rays → atmospheric

neutrinos

Accelerators neutrinos Solar neutrinos

Nuclear reactors Supernova neutrinos

V

How to detect neutrinos?



We need very large detectors!
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SuperK:
50 000 tonnes water

SNO:
1000 tons heavy water

Borexino:
300 tons Liquid Scintillator

Credit: SK Collaboration Credit: SNO Collaboration Credit: Borexino Collaboration



We can use Nature to make them even bigger!
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IceCube: km3 ice detector
at the South Pole

Km3Net: km3 water detector
in the Mediterranean Sea

Credit: KM3net websiteCredit: IceCube/NSF
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NEXT detector: Gas Xenon ProtoDUNE detector: Liquid Argon 

Credit: DUNE Collaboration Credit: NEXT Collaboration

Imaging neutrinos in high resolution
with Noble Element Detectors
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NEXT Experiment (Gas Xenon)

Electron neutrino

Cosmic rays

MicroBooNE Experiment (Liquid Argon)

Electron neutrino

Cosmic rays

MicroBooNE Experiment (Liquid Argon)

Imaging neutrinos in high resolution
with Noble Element Detectors
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XENONnT detector

1 detector of 2.6

diameter by 2.6m height

XLZD: ~50 tonnes of Liquid Xenon 

The next generation of experiments
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4 modules of 70m x 20m x 20m

DUNE: 40,000 tonnes of Liquid Argon 

The next generation of experiments
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Only 50-100 tonnes of Xe are produced per year

To build larger Xenon detectors, we need more Xenon!

Xenon production is tightly coupled
to oxygen extraction for steelmaking Linde Air Separation Unit

How to go even larger?



Exploring farther: machines for new knowledge

Speaker : Roxanne Guenette
69

Cryostat technologies
from natural gas industry

Machine learning for
image reconstruction

Global Xenon Market Share, 
By Application, 2021

Photons from
positron annihilation

36.7

Rare Event Searches
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Credit: Minimalistquote

“ Measure what can be measured,

and make measurable what cannot be measured.”

Galileo GALILEI
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Enhanced detectors

Roxanne Guenette
Professor of Particle Physics, Department of Physics and Astronomy, University of Manchester

Petra Merkel
Senior Scientist and Detector R&D Coordinator, Fermilab

Werner Riegler
Technical Coordinator of ALICE and leader of the experiment studies

for the Future Circular Hadron Collider, Experimental Physics department, CERN
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Session 3

Intelligent computing systems

Cristina Botta
Physicist, Experimental Physics department, CERN
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few Higgs bosons per minute!
... and similar or lower event rate (?)

for the New Physics we are searching for

low energy, light

quarks/gluons:

1’000’000’000/sec

pairs of heavier quarks,

bottom quarks: 

100’000/sec

Z, W bosons: 

1’000 events/sec

pairs of the heaviest

quarks top quarks: 

10/sec
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CMS Detectors

40 MHz 

L1 Trigger

FPGAs and Custom Electronics

100 kHz

event readout

event building

DAQ

HLT

Event filtering

Computing Farm: CPU+GPU

CERN Data Center

O(kHz) 

CMS L1 Trigger

CMS High Level Trigger



High Luminosity LHC: up to 200 proton-proton
collision per bunch crossing
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From 2 Tb/s to 63 Tb/s (1/10 of the internet traffic)

New CMS L1 Trigger for HL-LHC
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CMS High Level Trigger
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Experiment: Trigger Systems Heterogeneous Computing Artificial Intelligence Physics Simulation Education and Training



Hardware-aware AI optimisation

software developments for

heterogeneous architectures

Hardware and services for                                           

large scale training and simulation

Fast inference of complex network
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New theory models as benchmarks

for new trigger systems

New strategies for physics simulation
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Intelligent computing systems

Andreas Lintermann
Coordinator of the European Center of Excellence in Exascale Computing RAISE and leader of the Simulation

and Data Laboratory "Highly Scalable Fluids & Solids Engineering" at the Jülich Supercomputing Centre, Forschungszentrum Jülich
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Data / Information created, recorded, copied, and consumed world-wide

0

20

40

60

80

100

120

140

160

180

200

2 5 6.5 9 12.5 15.5 18
26

33
41

64.2
79

97

120

147

181

Data in zettabytes

181 ZB = 1.81 x 1011 TB

A massive growth in data
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A comprehensive survey of data production, storage, and streaming in science and industry

Storage ProductionStreaming
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Big Data
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…
…

Thousands of years
processing time

Massive amount of data

How can this amount of data be processed?
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The concept of parallel data processing / computing

High-Performance

Computing Systems

Millions of compute cores

…
…

Massive amount of data

split into pieces

How can this amount of data be processed?
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Modular Supercomputing Architectures: Heterogeneous Computing

Complex hardware Complex tasks

Special hardware for special purpose
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High-Energy Physics Engineering Entertainment Medicine Personal assistant
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Prediction, modeling, acceleration, automatization, replacement of traditional methods

The role of AI in science / industry / society



High-Energy Physics Engineering Entertainment Medicine Personal assistant
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Foundational models as AI trained on heterogeneous data

AIA
I

AI

A
I

AI trends: from single- to multi-purpose
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Massive increase of costs: hardware, energy, etc.

The cost of AI training
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How to keep up with the developments?

World-wide AI developments
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Infrastrutcure

JUPITER
1 EFlop

MELUXINA

18.29 PFlops

DEUCALION

5.01 PFlops

MARENOSTRUM 5

295.81 PFlops

KAROLINA

12.91 PFlops

VEGA

10.05 PFlops

DISCOVERER

5.94 PFlops

LEONARDO

315.74 PFlops

LUMI

539.13 PFlops

EuroHPC: HPC in Europe
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Support of Projects & Education; Access to knowledge

AI Support Centers

AI Factories

RESEARCH EDUCATION

REGULATIONS

INFRASTRUCTRURE

INDUSTRY

AI and HPC landsacpe in europe



The future of data processing
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0100100101111 0100100101111

Dealing with large streaming data

Of the Zettabytes of data produced by CERN’s HL-LHC, 99.9% cannot be inspected

training

Intelligent compression

Event reconstruction

Detection of the unknown

Correlation detection

Knowledge enrichment

Continual learning loop
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Asking Al to generate the Tour de France
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and Data Laboratory "Highly Scalable Fluids & Solids Engineering" at the Jülich Supercomputing Centre, Forschungszentrum Jülich
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