Welcome to HA MLET-Physics 2024

How to Apply Machine Learning ';?l xperiment and Theory in Physics




What is HAMLET-Physics?

HAMLET-Physics is conference /workshop on
using Machine Learning in physics research.

The conference / workshop has three main goals: r; i
1. To bring together Danish and international i | o
physicists using ML to meet, share ideas, and | |

build community across location and physics
specialty.

2. To bring domain scientists into close contact
with ML experts, to build community across the
theory — application bridge

3. To provide a friendly environment for =
researchers to share best practices, for students to e

interact with experts, and for other sciences and o
industry to understand the state of ML in physics. s Ernn G001 LJINLEAVRIDI



Who Are We?
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This is Copenhagen with the (potentially) useful

-

places to know for this conference:

1. Conference Venue.

Lundbeck Auditorium and H. C. Orsted Inst.
2. Niels Bohr Institute.

For those who wants to visit Bohr’s old lairs.
3. Osterport Station.

From where we depart Tuesday at 15:55!
4. Broens Gadekgkken (street food by Nyhavn). \GARDSKVARTERET/
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This is where the conference takes place: » & [8<
1. Venue (Mon. + Tues.). Fa el AW g AR R R |

i , Egmont(t.” @ 44 [Dansepladsen
Lundbeck Auditorium. < RIS 48 (15 S RN |
2. Venue (Wednesday). "
H. C. Orsted institute Auditorium 4.
3. Vibenhus Metro Station. ? oy
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This is our very local area:
1. Venue (Mon+Tues).
Lundbeck Auditorium.
2. Venue (Wednesday).
H. C. Orsted Institute Aud. 4.
3. Daily Lunch.

From 12-13 (vegetarian options).
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The Lundbeck Auditorium

Monday and Tuesday, we will mainly be in and around the Lundbeck Auditorium (see below).
Wednesday, we will be at HCO (but still have lunch as before).

Lundbeck
Auvditorivm

Toilets (downstairs)

tnlrance



Daily Lunch 12:00-13:00 (better start early!)

The (vegetarian) lunch is served in the canteen around the corner. You take a plate and the food you want,

and then put it on one of the weights. We will take care of payment (Malene and Asbjern will help).
Water can be gotten right after the two freestanding weights (dashed red box).
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H. C. Orsted Auditorium
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10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

18:00

Monday

Intro

Lundbeck Auditorium 09:30 - 09:50
Keynote: Search for New Physics with Machine Learning: concepts, applications and recent progress

Prof. Roman Pasechnik

Lundbeck Auditorium 09:50 - 10:45
Coffee

Lundbeck Auditorium 10:45 - 11:10
GraphNeT 2.0 Rasmus @Drsoe
Lundbeck Auditorium 11:10 - 11:35
Transforming the Bootstrap: Using Transformers to Compute Scattering Amplitude Dr Matthias Wilhelm
Lundbeck Auditorium 11:35 - 12:00
Lunch

Lundbeck Auditorium 12:00 - 13:00
Keynote - Savannah Thais (Columbia): Trustworthy and Robust Al for Science and Society

Lundbeck Auditorium 13:00 - 13:55

Advancing Ultra-High Energy Neutrino Astronomy through Deep Learning and Differential Programming Christian Glaser

Lundbeck Auditorium 13:55 - 14:20
Coffee
Lundbeck Auditorium 14:20 - 14:45

cp3-bench: A tool for benchmarking symbolic regression algorithms tested with cosmology Mattias Ermakov Thing

Lundbeck Auditorium 14:45 - 15:10

Data challenges for black-hole image reconstruction and feature identification Radl Carballo-Rubio

Lundbeck Auditorium 15:10 - 15:35
Decoding the Early Universe: Machine Learning Applications in CMB Analysis Leonora Kardum
Lundbeck Auditorium 15:35 - 16:00

Poster Lightning Talks

Lundbeck Auditorium 16:00 - 16:30
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The Program

09:00

10:00

11:00

12:00

13:00
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15:00

16:00

17:00

Tuesday

Intro

Lundbeck Auditorium 09:00 - 09:10

Keynote - Thea Aarrestad (ETH Zurich): Al at the Extreme Edge: Nanosecond inference for New Physics Discovery at the
Large Hadron Collider

Lundbeck Auditorium 09:10 - 10:05

Exploring Bottomonium Behaviour at Finite Temperatures: Machine Learning and Lattice QCD Benjamin Jaeger

Lundbeck Auditorium 10:05 - 10:30
Coffee
Lundbeck Auditorium 10:30 - 11:00

Keynote - Petar Velickovi¢ (Google DeepMind): The Power of Graph Neural Networks Petar Velickovic

Lundbeck Auditorium 11:00 - 11:35

Bayesian optimisation of ocean models Marta Mrozowska

Lundbeck Auditorium 11:35 - 12:00
Lunch

Lundbeck Auditorium 12:00 - 13:00
Development of innovative methods for fission trigger co... RINGHETERAsETGE

Brigitte PERTILLE RITTER

Enhancing Neutron Scattering Experimentation: A Data S...
Petroula Karakosta

Bayesian Model Selection of Inflationary Models Using th...
Camilla Theresia Gren Saren...

Identifying dwarf AGN candidates through novel machine ...
Mikkel Theiss Kristensen

Chatbots for astrophysicists Simon Albrecht

Lundbeck Auditorium 14:15 - 14:35

Development of a Neural-Network-Based Event Reconstru...

Luise Meyer-Hetling 13:00 - 14:55

Lundbeck Auditorium

From Lundback Aud to @sterport Station (Self transport)

Lundbeck Auditorium 15:00 - 15:35
Social Session: Heritage Train Ride from @sterport to Helsinger Station
Lundbeck Auditorium 15:50 - 17:00

Social Session: Visit Kronborg
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11:00

12:00

13:00

14:00

15:00

Wednesday

Intro
Auditorium 4, HC @rsted Building

An overview of the Gefion Supercomputer

Auditorium 4, HC @rsted Building

Symbolic regression for Science: challenges and opportunities.

Auditorium 4, HC @rsted Building

Discovering interpretable physical models using Symbolic Regression and Discrete Exterior Calculus

Auditorium 4, HC @rsted Building

Coffee

Auditorium 4, HC @rsted Building

RECLAIM-DAQ: A framework for Reclaiming the DAQ for ...

Carlos Abellan Beteta

Deep Learning-Based Data Processing in Large-Sized Tel...

laroslava Bezshyiko

GNN Classification of Muon- and Electron Neutrino Event...

Kaare Endrup Iversen

Lunch

Lundbeck Auditorium

Al for fusion, plasma simulations, and experiment control

Lundbeck Auditorium

Uncertainty estimation in magnetic field inference

Lundbeck Auditorium

Interactive session

Lundbeck Auditorium

Workshop Summary & Outro

Lundbeck Auditorium

Coffee & Beer

Lundbeck Auditorium

09:00 - 09:05

Morten Bache

09:05 - 09:30

Alessandro Lucantonio

09:30 - 09:55

Simone Manti

09:55 - 10:20

10:20 - 10:50

Exploring the Impact of Pseudospectra on the Stability of...
SEBASTIAN Basterrech

ADVANCING NON-LINEAR SPACE CHARGE SIMULATIONS
Isabella Vojskovic

3D single-molecule detection using CNNs and semicond...
Rubina Davtyan

11:50 - 13:00
Adriano Agnello
13:00 - 13:25
Stefan Pollok

13:25 - 13:50

13:50 - 14:30

14:30 - 15:00

15:00 - 15:30
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Interactive session

Lundbeck Auditorium 13:50 - 14:30
Workshop Summary & Outro

Lundbeck Auditorium 14:30 - 15:00
Coffee & Beer

Lundbeck Auditorium 15:00 - 15:30
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Slides, Computers and Zoom

For the sake of everyone (those on Zoom, the near sighted, the organisers, etc.), we request that you kindly
submit your slides in PDF format at least 4 hours before the start of your session, either by:

e Uploading them on Indico yourself.
e Sending them by (a link on) Email: inar.timiryasov@nbi.ku.dk

The speakers are welcome to present on their own laptops (except the poster lightning talks, Monday). We
have a central laptop, which is connected to Zoom permanently, and which displays the screen in the room.

Plenary Sessions: https:/ /ucph-ku.zoom.us/j/63460201538?pwd=YYibNORPmMFCfAjjiBnmVOZxa05cyir.1
Meeting ID: 634 6020 1538, Passcode: 808014
Parallel Session 1: https: / /ucph-ku.zoom.us/j/ 645440005022 pwd=3x0PjwW1OQb8gpzjsY2XEhvKIgvAb.1
Meeting ID: 645 4400 0502, Passcode: 626075
Parallel Session 2: https:/ /ucph-ku.zoom.us/j/64429958243?pwd=GZ0ke AFotMpHQTzWivFLbM08b5aTQw.1

Meeting ID: 644 2995 8243, Passcode: 105183

Important Notes:
- The event will be shared as a webinar format. Questions will be addressed after each talk.

- If you have questions for the speakers, please use the Q&A feature in Zoom.

14
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Monday



The Monday Keynotes

The two keynotes Monday are:

Roman Pasechnik (Lund University):
Search for New Physics with Machine Learning:
Concepts, applications and recent progress

Think: Overview & Methods

Savannah Thais (Columbia University):
Trustworthy and Robust Al for Science and Society

Think: Robustness & Ethics

16



The Poster session

The poster session start Monday afternoon 16:00 with introductory lightning talks (2 minutes!) in the
Auditorium, following by seeing the posters, discussing them, voting on them, having a drink, and
mingling (right) around the corner, when you exit the auditorium.

Those with posters should hang these on the designated walls ahead of time, and prepare a “one slide,
two minutes” lightning talk to introduce the poster subject.

Everyone can vote for the best posters (please do so). The four best will be transferred
to the postal carriage on the train and celebrated on the trip to Kronborg Castle.

We will serve drinks for the Poster session. Please mingle (see how in a few slides!)

After the poster session we suggest (but do not organise, and weather permitting) that people take the
metro to Kgs. Nytorv, walk down Nyhavn, cross the bridge to “Broens Gadekekken”, where there is a
great outdoors food market.

Take away message: Monday night you are on your own (nothing official planned)!
17
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The Tuesday Keynote

The keynote Tuesday is:

Thea Aarrestad (ETH Zurich):
Al at the Extreme Edge:
Nanosecond inference for New Physics
Discovery at the Large Hadron Collider

Think: Speed & Al in Hardware

Petar Velickovi¢ (Google DeepMind):
The Power of Graph Neural Networks.

Think: Geometric Deep Learning & Graphs

19



Parallel Vs. Tutorial

The afternoon session (13:00 - 14:50) has two tracks:
e Talks in a parallel session
e Tutorials & demos

The tutorials & demos are a brief introduction to applying ML to physics problems, followed by
a few examples (with code!), starting from Boosted Decision Trees and to Graph Neural Networks.

13:00

14:00

Development of innovative methods for fission trigger co... RUNGHEIER AT
Brigitte PERTILLE RITTER

Enhancing Neutron Scattering Experimentation: A Data S...
Petroula Karakosta

Bayesian Model Selection of Inflationary Models Using th...
Camilla Theresia Gren Saren...

Identifying dwarf AGN candidates through novel machine ...
Mikkel Theiss Kristensen

Chatbots for astrophysicists Simon Albrecht

Lundbeck Auditorium 14:15 - 14:35

Development of a Neural-Network-Based Event Reconstru...
Luise Meyer-Hetling

Lundbeck Auditorium 13:00 - 14:55
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Aldersrogade
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train to Helsingor ‘
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Copenhagen part:

Getting on our ¢

120

Vibenshus Runddel
St. (Metro)

Dansepladsen @
[

15:10: We depart from Lundbeck Auditorium (at the latest!).

The metro is 1.0 km away, which is a 14 minute walk.
15:30: We take the metro line 3 three stops to Usterport metro.

This takes 1-3 minutes of waiting and 7 minutes of driving.
We will check you in, so p.

2
ease report to one of the organisers.
5:40: We transter from metro

X 14 min
1 km

—=C9o3*=

e\

0 Usterport train station (2-4 min.).
5:47: Train arrives at track 1/2, and we all go aboard immediately.

5:55: Train departs. We all mingle, discuss, and enjoy the ride.

o o Aw'
jemmet i 9 5055
The “locals” can of course take their bike

ienhavn...
and use their own “Rejsekort”. Please help O”’e,*

)
non-locals to find the way. ’

B O Lundbeckfond-auditoriet
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Train departs from @sterport 15:55!!!
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@ Grgonnehave
3 St. (Helsinger) @

No,
G,g,):/f% El
Plan for 0./
o “/’-
% 4’)/,0 Veaerftets Madmarked
H ]. I % % kst
elsingor N
Helsinger part:
16:54: Planned arrival at Helsinger, where we leave the train.
Walk towards Kronborg (1.4km, 19 minutes).
Kronborg closes at 18:00, and we have paid your tickets. |

17:14: Enter Kronborg, enjoy the place and have a great time.
18:10: We assemble on the northern ramparts. W

Purpose: Great view, conference photo, and a drink.
18:30: Walk to Veerftets Madmarket (0.7km, 9 minutes).
Here you will find 15+ different kitchens to choose from.

Kulturveerftet -
'he Culture Ydfd

Nybolig HelsiE
= Nybollq dln

Flying Tiger Copenhagen

Q Vaerftsm‘useet
O

= fm....

auo ,)l‘ “\N

boligekspert

Organisér O
We will hand out tickets to buy the food. s .o"
22:20 and 22:50: Last direct trains back to Copenhagen. :.elimgm @ y
Later, a replacement bus and then train (23:02 and 00:24). @@resundsl,n,en
Q“& |

Sorry... no fancy train home!

Helsinggr Station g.‘

rt

(:)ﬁ Mie

*

O Kronborg Castle

*Kronborg Slotskirke

Kronborg strand Q

Art Space v.
Maria Kollerup

~

el

Herakles og Hydraen
af Rudolph Tegner
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New venue & Physics+ML discussions

Wednesday will be held at a new (but very close) venue: H. C. Orsted Institute (HCO), Auditorium 4
For the parallel session, we will also be using Auditorium 2 (just across).

The day (and conference) will end with two sessions in smaller groups (held in HCYJ rooms on 1st floor):
e First, we divide according to field of physics.

e Next, we divide according to ML methodologies used.

After these two 20 minutes discussion sessions, we will reconvene to conclude for a potential...

Short White paper

e The current status of ML usage in physics: The Physics Fields and the ML Methods
® The education & infrastructure status and needs

* The future directions
[f we have a yearly HAMLET - Physics conference, then this series of white papers will be very useful for
other fields to follow in our footsteps (for good and for bad).

The conference will conclude with us serving the remaining drinks (if any is left)!
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“Participant Proximity” &
HAMLET Meet App



Who are you alike? Dislike?

In order to let everyone get an idea of who is who at the HAMLET-Physics conference, we wanted to
try to find out, who were alike/ dislike. Using your registration information, the following pattern

m .
came out Attendee Similarity Network (t-SNE)
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Who are you alike? Dislike?

But that of course does not tell you, who you are really alike. Nor did it involve any ML... so...
Using similar information, we used t-SNE to map us all into a 2D space, which we then applied
Clustering to: K-means Step: 1
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The HAMLET MeetUp App

Using ChatGPT, Daniel put together a short Physics-ML Bio of everyone, which can be found using
the conference numbers here: https:/ /hamlet-conf.github.io /hamlet-meet/

Try to look up yoursel... OEEENM0
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https://hamlet-conf.github.io/hamlet-meet/

The HAMLET MeetUp App

Using ChatGPT, Daniel put together a short Physics-ML Bio of everyone, which can be found using

the conference numbers here: https:/ /hamlet-conf.github.io /hamlet-meet/

Enter your User ID

LOGIN

Try to look up yourself...

i
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The HAMLET MeetUp App

Using ChatGPT, Daniel put together a short Physics-ML Bio of everyone, which can be found using
the conference numbers here: https:/ /hamlet-conf.github.io /hamlet-meet/
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The HAMLET MeetUp App

Using ChatGPT, Daniel put together a short Physics-ML Bio of everyone, which can be found using
the conference numbers here: https:/ /hamlet-conf.github.io /hamlet-meet/
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The HAMLET MeetUp App

Using ChatGPT, Daniel put together a short Physics-ML Bio of everyone, which can be found using
the conference numbers here: https:/ /hamlet-conf.github.io /hamlet-meet/

Try to look up yourself... @ :E;::§°§:f§°:§:°°f§°: @
Pushing this idea, Daniel (in collaboration with ChatGPT) also worked out, Ej 3.:::°::..°:.°..§ f:....§°.§:§;.f
how we all pair-wise scientific connection/overlap (or lack of). :E:::.:°::.::E fé:gf:gf:é‘%:
Using the conference number of others, you can in the app find your g.°§.::§°:°3fg i E: E:.::..
connection to others at the conference. We list the 5 closest (and 3 furthest) .::E:E:E :§§.S. . :§. EEE: :
co-HAMLETSs, and save your history, so that you can continue possible phe ."igogz;sz.:gf: gf.;j.:.g“;:
collaborations after the conference. @ cele®® 330, & “33°78% 8 e

Try to look up the connection you have with someone near you...
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The HAMLET MeetUp App

07.50 il 56 @ 07.51 il 56 @

4 Camera 4 Camera

hamlet-conf.github.io ih hamlet-conf.github.io i)

= Hamlet Meet 9 0 [ S= Hamlet Meet ©0erb

Find Your Partner ¢ BACK TO SEARCH

Partner ID TrOe|S Pete rsen

.
Partner Details A

Affiliation: Niels Bohr Institute

Partner Slmllarlty Seniority/Role: Associate Prof.

ORCID: 0000-0003-0221-3037 [4
ID Name Similarity

13 Matthew von Hippel 0.77 a

Johann loannou-

99 Nikolaid 0.77
Ikolaides Machine Astro-Particle Innovative
Learning Physics Acoustic
106 Arnau Morancho Tarda 0.77 n Exploration Signaling
Particle in
Physics Zoology
53 Martin Langgard Ravn 0.76

07.51

4 Camera

hamlet-conf.github.io

Opening Line

"Let's explore how our graph neural
networks expertise can revolutionize
particle physics research.”

Discussion Points A

1. Both of us have an interest in
applying graph neural networks
(GNNS) in our research. How could
we possibly leverage our combined
expertise to explore novel problems
in particle physics or beyond?

2. Considering that we are both from
the Niels Bohr Institute and use
similar ML methods, what are some
specific ways we can collaborate or
share insights on projects related
to anomaly detection and data
optimization?

3. With one of us working on the
Next-to-Minimal Composite Higgs
Model and the other on
experimental particle physics, how
do we see the crossover between
the oretioai=ssetietontningm
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The HAMLET MeetUp App

07.50

4 Camera

hamlet-conf.github.io

all 5G @)

(h

Hamlet Meet 9H O [

Find Your Partner

07.51

4 Camera

all 5G @)

hamlet-conf.github.io i)

= Hamlet Meet 9H O [

< BACK TO SEARCH

07.51

4 Camera

hamlet-conf.github.io

Opening Line

"Let's explore how our graph neural
networks expertise can revolutionize
particle physics research.”

Play around with this tool, and don’t hesitate to give us feedback.

Cartner similarity
ID Name
13 Matthew von Hippel
99 Johann loannou-
Nikolaides
106 Arnau Morancho Tarda
53 Martin Langgard Ravn

Similarity

0.77

0.77

0.77

0.76

Happy App'ing.

ORCID: 0000-0003-0221-3037 [A

Machine Astro-Particle Innovative
Learning Physics Acoustic
in Exploration Signaling
Particle in
Physics Zoology

expertise to explore novel problems
in particle physics or beyond?

2. Considering that we are both from
the Niels Bohr Institute and use
similar ML methods, what are some
specific ways we can collaborate or
share insights on projects related
to anomaly detection and data
optimization?

3. With one of us working on the
Next-to-Minimal Composite Higgs
Model and the other on
experimental particle physics, how
do we see the crossover between
the oretioai=ssetietontningm
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Code of Conduct

HAMLET-Physics is a community event intended for presentations, networking and collaboration.
We value a civil and respectful environment which encourages the free expression and exchange of
scientific ideas.

All attendees are expected to adhere to the CERN Code of Conduct.

Should a lapse of professional decorum occur (such as discrimination or harassment), attendees are
encouraged to bring issues, in a confidential setting, to the advisors appointed by the conference
organizers. The advisors will suggest ways of redressing the matter and counsel the parties involved.
The conference organisers may, after due consideration, take action as they deem appropriate,
including, in severe cases, expulsion from the conference.

[f you believe someone is violating the code of conduct, we ask that you report it by emailing Daniel
Murnane (daniel. murnane@nbi.ku.dk) and / or Troels C. Petersen (petersen@nbi.dk).
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on that happy note... Welcome!




