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Fabio Cerutti: All analyses use AI/ML techniques to 
perform several tasks, e.g. object identification, 
calibration, and event discrimination.

 𝜎(pp→H) uncertainty from 25% to 6%

11-7 Nov 2022 https://www.nature.com/collections/gbfhieacie 
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AI has made critical contributions to the Higgs Discovery!
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CERN-THESIS-2013-079

AI
AI

http://cds.cern.ch/record/1563183


APS/Alan Stonebraker

AI has been revolutionizing particle physics.
How?
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https://physics.aps.org/articles/v13/107


CORE-U
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https://core-u.hiroshima-u.ac.jp/en/research-groups-en/theoretical-particle-physics-en.html


CORE-U
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The Standard Model explains ALMOST everything in the VISIBLE Universe.
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arXiv:2207.00478 

What is the origin of the 
vast range of quark and 
lepton masses in the 
Standard Model?
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Why is there more matter 
than antimatter in the 
universe?

https://arxiv.org/abs/2207.00478
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stronger than gravity?
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arXiv:2207.00478 

What is the origin of the 
early-universe inflation?

What is the origin of the 
vast range of quark and 
lepton masses in the 
Standard Model?

What is dark Matter?
● Can the Higgs provide 

a portal to dark matter 
or a dark sector?

Why is the electroweak 
interaction so much 
stronger than gravity?

Why is there more matter 
than antimatter in the 
universe?
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https://arxiv.org/abs/2207.00478


How can we study zeptometer scale (10-21 m) physics?
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Quantum Mechanics relation
Heisenberg's Uncertainty Principle

Probing zeptometer scale 
by smashing 7 TeV protons.
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ATLAS (UW)

Proton-Proton Center-of-mass energy 13.5 TeV

27 km circumference 

22

Large Hadron Collider (LHC)
Geneva, Switzerland

FASER (UW)

CMS (NTU)



Can the Higgs provide a portal to dark matter or 
a dark sector?
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Jonathan Feng 24

https://indico.fnal.gov/event/22303/contributions/245785/attachments/157925/206869/2207SnowmassTF.pdf
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ATLAS

FASER
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https://indico.fnal.gov/event/22303/contributions/245785/attachments/157925/206869/2207SnowmassTF.pdf
https://sites.google.com/site/ntupheno/seminars


UW ATLAS Pixel
i) DAQ firmware maintenance
ii) Emulator and readout upgrade

Insertable B-layer 29



How do we search Beyond Standard 
Model at the LHC?
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M. Duerr et al., JHEP 04 (2017) 143

Model dependent search: Dark Higgs Model

Dark Higgs s decays to bb, WW

Dark Matter 𝝌 escapes from 
detector without detection.
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https://arxiv.org/abs/1701.08780


Phys. Rev. Lett. 126 (2021) 121802 ATL-PHYS-PUB-2019-032/ 

b

b
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https://arxiv.org/abs/2010.06548
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-036/


Missing Transverse Momentum

Merged (bb)

muon

muon

33



Hulin Qu
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http://arxiv.org/abs/arXiv:2202.03772
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Y.-T. Chen, A. Emerman, S.-C. Hsu, et. al. 
PRD D 101, 114006 (2020)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.114006


Y.-T. Chen, A. Emerman, S.-C. Hsu, et. al. 
PRD D 101, 114006 (2020)
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Translate Particle Physics problems into Machine Learning problems.
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Translate Particle Physics problems into Machine Learning problems.

JHEP12 (2017) 051



ATL-PHYS-PUB-2022-036/ 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-036/


More advanced AI Algorithms!
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Calorimeter Generative Model
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Qibin Liu, S-C- Hsu CaloChallenge 2023

https://agenda.infn.it/event/34036/contributions/200900/attachments/105903/148984/calosim_QL2023053ba.pdf


Deep learning jet  parton match

SPANet uses the invariance property in jet assignment, improving the accuracy
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Cheng-Wei Chiang, Feng-Yang Hsieh (NTU) 



Source: Lindsey Gray, FNAL 46

https://developer.nvidia.com/blog/scaling-inference-in-high-energy-particle-physics-at-fermilab-using-nvidia-triton-inference-server/
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https://docs.google.com/file/d/1aWlVorsveP_N7EnmqWpsCKufvStGWvXJ/preview


Calorimeter  Generation

Denoising for KAGRA  CCSN detection Quantum 6, 727 (2022)
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Graph NN Tracking to identify correct arxiv:2103.06995 

https://indico.cern.ch/event/1159913/contributions/5062708
https://indico.cern.ch/event/1156222/contributions/5062795/
https://indico.cern.ch/event/1156222/contributions/5062784
https://arxiv.org/abs/2105.00098
https://arxiv.org/abs/2103.06995


What is the next step of the LHC?
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Today x 2.5~3
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x 2.5~3 x15~20
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Today



Colliding more than 1 proton pairs within 25 ns
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Even Aggressive R&D can’t be fulfilled by sustained budget.

We need alternative solutions!
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The broader use of ML in industry and academia is fueling 
rapid innovation in hardware.

Snowmass 2021 Computational Frontier Report
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https://arxiv.org/abs/2209.07559
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https://a3d3.ai/

https://a3d3.ai/


Our vision is to make real-time AI user friendly in order to 
transform science and engineering discoveries.
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Our vision is to make real-time AI user friendly in order to 
transform science and engineering discoveries.
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Neuroscience



Our vision is to make real-time AI user friendly in order to 
transform science and engineering discoveries.
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Multi-messenger 
Astrophysics

Y, Yang
NYCU

A. Kong
NTHU

K-C. Pan
NTHU



Broader Impact beyond A3D3 domain sciences
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Accelerator Control Material Science



Nation to International 10 Institutes, 80 Members

Members:
● 17 faculty
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● 5 affiliated faculty
● 11 Postdocs
● 27 PhD 
● 3 MS
● 12 Undergrad
● 4 Postbacs
● 1 High School
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B.-C. Lai
Affiliated Professor 

NYCU, TW

https://a3d3.ai/trainees.html


How can we accelerate AI Inference?
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Altcoin
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Advancement of Hardware

https://blockoperations.com/the-mining-algo-technology-progression-cpu-gpu-fpga-asic/


● hls4ml: an open-source package enabling FPGAs & ASICs deployment of 
ML/AI algorithms (github      798  )

Hardware level: Targeted system for low latency/power
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● hls4ml: an open-source package enabling FPGAs & ASICs deployment of 
ML/AI algorithms (github      798  )

Hardware level: Targeted system for low latency/power
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Bo-Cheng Lai
 NYCU, TW

https://github.com/fastmachinelearning/hls4ml


● ML as-a-Service (SONIC, hermes) enabling users in sync with the most 
up-to-date AI model, and the inference server handling job execution in 
heterogeneous computing system.

Computing level: Heterogeneous system for high throughput
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IT Cloud Providers High Performance Computing

HOLL-I

https://github.com/sonic-net/SONiC
https://github.com/ML4GW/hermes


73

https://a3d3.ai/jobs.html 

https://a3d3.ai/jobs.html


Summary

● Particle Physics heavily utilizing AI/ML 
○ From physics objects to classification and signal extraction discriminant, AI/ML is everywhere.
○ Model dependent search being the most sensitivity search, while model independent search is 

the least un-biased way to search for BSM

● A3D3 revolutionizing data-driven discovery via real-time AI 
○ HL-LHC is the science driver of the NSF HDR. 
○ Our work is benefit to global science and engineering community.
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UW A3D3 on accelerating AI techniques

J. Duarte

E. Khoda, C. Paikara, R. Rao, A. Wang, S.-C. Hsu, etc. 
https://arxiv.org/abs/2207.00559  (submitted to MLST)

M. Trahms, S.-C. Hsu, etc. Comput Softw Big Sci (2019) 3: 13

M. Trahms, S.-C. Hsu, etc. MLST 2 (2021) 035005

M. Trahms, K. Lin, Y. Lou, S.-C. Hsu, etc. H2RC, 2020, pp. 38-47
A.Elabd, M. Trahms Front. Big Data 5 (2022) 828666
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Machine Learning-as-a-Service
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