Wi
i

Machine Learnin 7

Thea Klzeboe Arrestad (ETHzlrich)




log size (PB)

10M

10

Big Data sizes

140 M hours/day
of streaming (1 GB)

71k B e-mai
2020/10 — 2021/

51.1k PBly

60k B spam

1.9k PBly
e-mails(5 KB)

5.4k PBly

2 YouTube

D

S00.PBly 263 PBly

720k hours/day
of video uploaded (1 GB)

Streaming

500 EB
(total)
o 100 T objects stored
Wit in S3 up to 2021 (5 MB)
60 GB/s WLCG  ®
transfers in 2018 ’0’

98.83 M new users
+ 1.17 M paid subs in 2020
(1.5 GB and 500 GB, respectively)

733 PBly

30+ B web pages
in 2021 (2.15 MB)

~

62 PBly

Storage
data sources
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240k pics/min. HL-LHC real

shared in 2021 data expected in 40k EBlyr

(2 MB)
LHC real 1200 PB/
data in 2018 800 PBly
HL-LHC Monte Carlo
252 PBI/ d ted in 2026
AR ,‘yrhat we‘can
65k pics/min. S EBly LHC Mon ;ﬁaﬁ)rd to keep
shared in 2021 data in 2018
(2 MB) © Luca Clissa (2023)

Production

Clissa et al. 10.3389/fdata.2023.1271639



https://www.frontiersin.org/journals/big-data/articles/10.3389/fdata.2023.1271639/full

A3D3 Institute

N 1013

0(100) TB/s LHC AL

107 L HC LT

How much data Sleuro
goes through E ° O
system : lceCube @) Netflix 4K U

104 102 10° 102  10*  10° Time to process
Latency requirement [s] )




Production
frequency

13.6 TeV (L<5fb™")
13 TeV (L<138fb)
8 TeV (L<19.6fb")
7 TeV (L<5fb)
5.02 TeV (L<302pb-") _
2.76 TeV (L<231nb™)

95% CL limit at
13 TeV (L< 138fb™")

Theory prediction
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Standard Model Process = A

New Physics’

What we’re looking for is way down here somewhere!
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High Luminosity LHC

LHC (currently)
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How to maintain physics acceptance
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Detector
Latency O(1) ns

ASIC inference




www.nature.com/natmachintell / August 2021 Vol. 3No. 8

nature
machine
intelligence

Co-processing kernel
(Accelerators/SoCs)

Quantized neural networksonthe edge
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https://www.nature.com/articles/s42256-021-00356-5
https://doi.org/10.1088/2632-2153/ac0ea1
https://doi.org/10.1088/1748-0221/13/07/P07027

- - LOST DATA
B SELECTED DATA
- - POSSIBLE NP SIGNAL

Are we keeping “the right” ones?

Trigger threshold Energy (GeV)



CMS-DP-2024-059

Anomaly Detection triggering

CMS Preliminary 0.527 fb~!, 2024 (13.6 TeV)

10° Run 380470
All Scouting
All except AXO
: ..+ AXO Nominal
AXO Nominal Threshold
104 AXO Tight Threshold
AXO Very Tight Threshold

RFAXO! ITL

- - LOST DATA

B SELECTED DATA 10°

2000 3000

Trigger threshold Energy (GeV) Anomaly threshold  AD score

... In 50 nanoseconds!


https://cds.cern.ch/record/2904695

Outlier detection in analysis

- CMS Ssimulation Preliminary (13 TeV) _CMS Simuiation Preliminary

Inclusive: X = YY, 0=24 fb

—4— Simulated Pseudodata
=—— Signal + Background Fit
— Signal

Background

TNT: X - YY, 6=241b

——— Simulated Pseudodata
=—— Signal + Background Fit
— Signal

Background

Events / 100 GeV
Events / 100 GeV

y2/ndf = 27.11/31 = 0.87 ¥2/ndf = 16.36/24 = 0.68
Prob = 0.667 Prob = 0.875

2000 3000 4000 5000 6000 3000 4000 5000
Dijet invariant mass (GeV) Dijet invariant mass (GeV)

Before cut on anomaly score After cut on anomaly score

The CMS Collaboration 2025 Rep. Prog. Phys. 88 067802
Friday Track 9: Model-independent searches and anomaly detection at the CMS experiment, L. Moureaux



https://indico.in2p3.fr/event/33627/contributions/154478/
https://iopscience.iop.org/article/10.1088/1361-6633/add762

138fb~" (13 TeV)
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3 TeV resonances

<+ 30 significance VAE-QR
O 50 significance + ® CWola Hunting

-- Inclusive, 95% CL exp. upper limit TNT
Inclusive CATHODE

2-prong (T21, Mgp) + m CATHODE-b
3-prong (T32, Mgp) QUAK: generic
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Improv. w.r.t. inclusive

()

X->YY —4q W -Bt-bZt Wk->WR-3W Gw—oHH-4t
(2+2) (3+3) (2+4) (6+6)

Signal model

Setting limits on ~50 New Physics hypothesis in one go,
many which have never been searched for!

The CMS Collaboration 2025 Rep. Prog. Phys. 88 067802
Friday Track 9: Model-independent searches and anomaly detection at the CMS experiment, L. Moureaux



https://indico.in2p3.fr/event/33627/contributions/154478/
https://iopscience.iop.org/article/10.1088/1361-6633/add762

Anomaly detection with
VAEs in 50 ns

- - LOST DATA
B8 SELECTED DATA
- - POSSIBLE NP SIGNAL

Reconstruction error
AD threshold

CMS DP2023 079
E. Govorkova et al (2022)

Quantised Interaction
Networks and Deep Sets
In <160 ns

Interaction Network IN
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quark, gluon Z, top

P. Odagiu et al

On-detector data
compression

10k ECONS with ML inside

iIn CMS HL-LHC

TWEPP, C. Suarez



https://cds.cern.ch/record/2876546/files/DP2023_079.pdf
https://www.nature.com/articles/s42256-022-00441-3
https://cds.cern.ch/record/2888659/files/Publication.pdf
https://indico.cern.ch/event/1255624/contributions/5443789/
https://indico.cern.ch/event/1255624/contributions/5443789/

...and outside

Colliding particles not cars: CERN's Denoising event cameras Earth monitoring N

machine learning could help self-

driving cars I satellites

CERN and software company Zenseact wrap up a joint research project that could
allow autonomous-driving cars to make faster decisions, thus helping avoid accidents

25 JANUARY, 2023 | By Priyanka Dasgupta

Cleaned events

7 B 74 i
= Marine Debris Sparse Floating Algae = Marine Water Turbid Water mmm Oil Refinery
Qil Spill mmm Natural Organic Material Sediment-Laden Water Shallow Water Jellyfish

mmm Dense Sargassum Ship mmm Foam Waves & Wakes Sea snot

CERN'’s expertise in machine learning could help the field of autonomous driving (Image: Zenseact)

N. Ghielmetti et al. 2022

CVPR2023 Edge SpAlce, S. Summers

e MLPerf tinyML benchmarking e Accelerator control
e For fusion science phase/mode monitoring e Magnet Quench Detection
e Crystal structure detection e Food contamination detection

e Triggering in DUNE e Quantum control etc....



https://iopscience.iop.org/article/10.1088/2632-2153/ac9cb5
https://openaccess.thecvf.com/content/CVPR2023W/EventVision/papers/Rios-Navarro_Within-Camera_Multilayer_Perceptron_DVS_Denoising_CVPRW_2023_paper.pdf
https://arxiv.org/abs/2206.11791
https://indico.cern.ch/event/1156222/contributions/5058420/attachments/2535257/4363120/CJH_FML4Science-10_4_22.pdf
https://docs.google.com/presentation/d/1gnAqn4gpZvx4JVVD8dqbXKMsZ_vpguO9hxC7zH0jv6w/edit#slide=id.g13512715b6e_0_5
https://indico.cern.ch/event/1156222/contributions/5062816/attachments/2522993/4338612/fast_ml_2022_gk.pdf
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.24.104601
https://ieeexplore.ieee.org/document/9354037
https://ieeexplore.ieee.org/document/9181293

Join us!



https://indico.cern.ch/event/1496673/

Thank you very much!
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