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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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LHC performance
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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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Enhanced detectors

Werner Riegler
Technical Coordinator of ALICE and leader of the experiment studies
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Credit: Minimalistqu

“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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Cloud Chamber 1910 — 1950ies

Bubble Chamber 1950 — 1980ies
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?ATLAS
EXPERIMENT

http://atlas.ch

Pb-Pb 5.36 TeV
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Donald Glaser

Georges Charpack
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EXPERIMENT
Run: 300687
Event: 1358542809
2016-06-02 18:19:05 CEST
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The fundamental standard model particles
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Silicon Detectors

from high-tech novelty to ubiquitous workhorse

Silicon Timing Detector

High Granularity
Silicon/Scintillator
Calorimeter

Silicon Strip/Pixel Detector

Silicon Pixel Detector
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Silicon technology is everywhere

Phone cameras X-ray CT scanner Computer chips
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Working principle of a silicon detector

redout electronics
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Silicon trackers at the heart of all LHC experiments

Giant, ultra-fast and very complex 3D camera
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Increasingly powerful accelerators

Increasingly powerful accelerators => call for smarter detectors
An example of novel concepts: distinguish low and high momentum particles on detector
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curved MAP sensor

wire bonding

carbon foam

stitching
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Understanding our Universe

What is Dark Matter?

What can the elusive neutrinos
tell us about our Universe?
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Hunting for Dark Matter
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How to detect neutrinos?

To be sure to detect 1 neutrino: Luckily, sources produce MANY neutrinos!

Accelerators neutrinos Cosmic rays — atmospheric Solar neutrinos
neutrinos
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We need very large detectors

SuperK
50 000 tonnes water

e

Credit: SK Collaboration ‘
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We can use Nature to make them even bigger!

IceCube: km3 ice detector Km3Net: km3 water detector
at the South Pole in the Mediterranean Sea
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Credit: KM3net website
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Imaging neutrinos in high resolution
with Noble Element Detectors
NEXT detector; Gas Xenon

ProtoDUNE detector: Liquid Argon

STl R W WA .
NN iy
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Credit: DUNE Collaboration Credit: NEXT Collaboration
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Imaging neutrinos in high resolution
with Noble Element Detectors

MicroBooNE Experiment (Liquid Argon)
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The next generation of experiments

XLZD: ~50 tonnes of Liquid Xenon XENONNT detector

1 detector of 2.6
diameter by 2.6m height
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The next generation of experlments
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How to go even larger?

To build larger Xenon detectors, we need more Xenon!
Only 50-100 tonnes of Xe are produced per year

Xenon production is tightly coupled
to oxygen extraction for steelmaking

Linde Air Separation Unit
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Rare Event Searches

Cryostat technologies Machine learning for Global Xenon Market Share, Photons from
from natural gas industry image reconstruction By Application, 2021 positron annihilation
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Credit: Minimalistqu

“Measure what can be measured,
and make measurable what cannot be measured.”

Galileo GALILEI
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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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'C STl CMS Experiment at the LHC, CERN
Data recorded: 2015-Sep-28 06:09:43.129280 GMT

Run/ Event/LS: 257645 / 1610868539 / 1073 ]] ,
i

low energy, light
quarks/gluons:

1°000°000°000/sec
pairs of heavier quarks, _ ' ".;'.’j‘! .
bottom quarks:

100°000/sec

©

Z, W bosons:

1’000 events/sec —
-5
e — =
- o
pairs of the heaviest s | S S0 S
quarks top quarks: : -— E.
10/sec i | A
g [ = - ‘:_;
few Higgs bosons per minute! o oK
... and similar or lower event rate (?) 3 i
. . P aaas =
for the New Physics we are searching for e |
g oy E
- T —
:*': ot e S
5 :



Exploring farther: machines for new knowledge
Speaker : Cristina Botta

CE/RW
\
N
YEARS /ANS CERN

CMS High Level Trigger

CMS Detectors

l 40 MHz

L1 Trigger
FPGAs and Custom Electronics

100 kHz
v DAQ \
event readout
v
event building
HLT

Event filtering
Computing Farm: CPU+GPU

l O(kHz)

CERN Data Center
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High Luminosity LHC: up to 200 proton-proton
collision per bunch crossing

Remove charged particles Weight neutral particles

Reconstructed jet

|

=~ : 7 i a i f / Interaction of interest Pileup interaction
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New CMS L1 Trigger for HL-LHC

From 2 Tb/s to 63 Th/s (1/10 of the internet traffic)

108

Trigger threshold
£ —
E 10° g
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efficency
o
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CMS High Level Trigger
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Nex

TGen

Next Generation Triggers

S

Experiment: Trigger Systems

Heterogeneous Computing

Artificial Intelligence

Physics Simulation

Education and Training
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New theory models as benchmarks
for new trigger systems
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Next Generation Triggers
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A massive growth in data

Data / Information created, recorded, copied, and consumed world-wide
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10M Big Data sizes
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Streaming Storage Production

A comprehensive survey of data production, storage, and streaming in science and industry
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How can this amount of data be processed?

Massive amount of data
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Massive amount of data
split into pieces
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Special hardware for special purpose

Modular Supercomputing Architectures: Heterogeneous Computing

Complex hardware

Complex tasks

Module 6
Multi-tier
Storage System

Module 5
Quantum
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Deep
Learning
workflow
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Data Analytics
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The role of Al in science and industry

Number of ML Publications Number of notable ML models
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The role of Al in science / industry / society

Prediction, modeling, acceleration, automatization, replacement of traditional methods

Copilot

Engineering High-Energy Physics Entertainment Medicine Personal assistant
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Al trends: from single- to multi-purpose

Foundational models as Al trained on heterogeneous data

CA

QE'%

Copilot

Engineering High-Energy Physics Entertainment Medicine Personal assistant
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The cost of Al training

Massive increase of costs: hardware, energy, etc.

2022
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. $160K 2019
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2018
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World-wide Al developments

How to keep up with the developments?

No. of notable ML models
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EuroHPC: HPC in Europe

Infrastrutcure
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Al and HPC landsacpe in europe

Support of Projects & Education; Access to knowledge
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The future of data processing

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