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Artificial Intelligence and Spin Physics

and the future of Spin at Fermilab

 What is Al
« Some examples in Spin
 Where are things going

* A bit about gluons
« How does FNAL fit Iin



General Al: Full Al, Strong Al,

Artificial Intelligence True Al (designed to do anything)
Ability to sense, reason, engage and learn

What is Al?

Computer Robotics & Specialized Al: Designed to

Ly e motion do just one task very well
Natural Planning & op-
Language Machine Learning timization

Processing Ability to learn

. Unsupervised
Voice learning Knowledge

recognition | | capture
Supervised Reinforcement

learning learning
Methods

Ability to reason

* Regresseion
» Decision trees
» ELC

Technologies
Physical enablement

» Platform
+ UX

+ APIS

+ Sensors
» EtC



ARTIFICIAL INTELLIBENCE TEEMS

ARTIFICIAL
INTELLIGENCE

® Al is an umbrella term for machines
capable of perception, logic, and learning.

MACHINE
LEARNING -

- ® Machine learning employs algorithms
that learn from data to make predictions
or decisions, and whose performance

improves when exposed to more data
over time.

DEEP
LEARNING -

® Deep learning uses many-layered neural
networks to build algorithms that find the
best way to perform tasks on their own,
based on vast sets of data.



Basic Neural Network

"Non-deep" feedforward Deep neural network
neural network

hidden laver . hidden layer 1 hidden layer 2 hidden layer 3
: input laver

input layer

output layer output layer

Perceptron Concept



Evolution Timeline

Petaflop/s-days

le+s4
AlphaGoZero @
le+3
e AlphaZero
le+2 Neural Machine .
Translation
Neural Architecture 2045
Search
le+l
. o
e TI7 Dota 1vl
le+0
DeepSpeech?2 :
° « Starting about 50 years after the perceptron
et VC(iGSeQZSeq R l.\l t
i « Computational power doubling 100 days
Visualizing and .
le-2 UnderstandingConv o, jeNet e Speed has increased 300K from ‘12
AlexNet N:its
®
. * A pfs-day: #NN operations/s for 1 day
le-3 Dropout
3.4-month doubling
le-4
e DQN
le-5
2012 2013 2014 2015 2016 2017 2018

R. Kurzwell



Some Important ANNs

With applications to our field

e Feedforward Neural Networks

e Radial basis function Neural Networks

log,x + l0g.y
log,x — l0g.y

o Self Organizing Neural Networks

Caffe +Q+’Caffe2 d» Chainer

4 Plor @xnet

e Recurrent Neural Networks

e Convolution Neural Networks

MATLAB Toolkit
° MOdUIa‘r Neural Networks NVIDIA Tensor Cores @ PaddlePaddle O Py-rorCh
 Graph Neural Networks == Fon e | R, N
TensorFlow anguage

GPGPU Computing

Bogdan Oancea, Tudorel Andrei, Raluca Mariana Dragoescu
arXiv:1408.6923v1



https://arxiv.org/search/cs?searchtype=author&query=Oancea%2C+B
https://arxiv.org/search/cs?searchtype=author&query=Andrei%2C+T
https://arxiv.org/search/cs?searchtype=author&query=Dragoescu%2C+R+M
https://arxiv.org/abs/1408.6923v1

Machine Learning

In Nuclear and Particle Physics

* Event-level Classification

* [rigger and Pattern Recognition

* Tracking/Event Reconstruction

* Cluster Reconstruction in Calorimeters
» Jet Representations and Preprocessing
« Jet Tagging

* Regression of detector drifts

nucleon

Simulation acceleration
Systems Automation
Detector Design
Accelerator Design
Optimization of workflow
Detector Readout Optimization

Cut Optimization
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* Spin Phenomenology (information extraction) > ST 22 Oct 2021, 09:16 = EDT 21 Oct 2021, 20:16
e With ANN

0.100
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° Devin Seay: 120. NMR With Machine Learning . = 5
NMR Measurements > JST 22 Oct 2021, 09:40 = EDT 21 Oct 2021, 20:40 . 000z 040608101214
® ' ' ' ' Arthur Conover: 136. Machine Learning Online Monitoring for the SpinQuest
TraCkIng and Onllne Monltorlng > JST 22 Oct 2021, 07:25 = EDT 21 Oct 2021, 18:25

» Construction and Visualization of Models ¥

* Data Analysis on event level and asymmetry extraction > Multiple folks




Irradiation Performed at NIST (MIRF Accelerator)

Some Examples

In Polarized Targets

* [raveling-wave electron linac

e Irradiated to 10!7 ¢~ /cm2

« 14 GeV 10 pA under Liquid Argon (~87 K)

e Proton knocked out to from free radicals

e Also form color centers

e Material color i1s correlated to the dose

=»” Accumulated dose

* Optimized for field and temperature Material Photo 8




Some Examples

In Polarized Targets

Preliminary Predication using ANN Model (3% rel. error)

Deuteron Polarization
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PHASE Generator Voltmeter
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Some Examples

In Polarized Targets
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Vector Polarization Tensor Polarization

Some Examples

In Polarized Targets

1(C,_ mV)
1 (C_mV)

EPJA 53 (2017) 7-13
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« NMR-AI measures and enhances Q bin by bin
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Intensity [Ce mV]

Some Examples

In Polarized Targets
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Some Examples

In Phenomenology (Understanding Femtoscale Dynamics)

* |nverse Problem: Determine definitive measures of proton structures using
experimental information, Lattice Calculations, and Phenomenology

o Extraction of GPDs while eliminating the reliance of model fits
e Extraction of TMDs without assuming a Gaussian factorized form

e Curse of Dimensionality: Understanding the Mother Function (Wigner?) in terms of
processes and physical observables (interpretation yields inherent sparsity)

« How can we Impose constraints at the higher-level to interpret dynamics ana
geometry

 How do we best obtain information from experiments that gets us the farthest
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Challenges in the Interpretation
p , N
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Explore the Feature Space

A Second Look at Multilayered Integration
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Explore the Feature Space

A Second Look at Multilayered Integration
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Yoshiyuki Miyachi: Room 601. Polarized Dell-Yan experiment at Fermilab...
JST 22 Oct 2021, 09:34

- -
AI I n I Utu re Expe rl m e nts Zulkaida Akbar. Room 137. Dynamical Behavior of the SpinQuest Polarized Target...

And the Future of Fermilab Spin B
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Target Polarization

Al In Future Experiments
And the Future of Fermilab Spin

quark operator
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Al in (Possible) Future Experiments
And the Future of Fermilab Spin

Transversely Polarized Target

* Tensor/Vector Polarized (ND3 Target) Quark/Gluon Transversity

* Proton vs Deuteron (Mixed ND3-NH3) Spin Dependent Flavor Asymmetry
e LI-7, F Polarized EMC Study
 N14(spin-1), N15(spin-1/2) Nuclei TMDs and gluon structure

Longitudinally Polarized Target
* Polarized (NH3 Target) Helicity

* Proton vs Deuteron (Mixed ND3-NH3) Spin Dependent Flavor Asymmetry

e ND3 Tensor Pol SF



Dark Sector Physics at SpinQuest

A U nified Effo rt ) Visibly Decaying Dark Photon
10~ T T S S e S

Babell, Berlin, Blinov, Evans, Gori

FASER (2035)

® SpinQuest has unigue potential for dark sector searches 107" ¢
olLarge dark sector production cross section, 120 GeV p beam ]
oGeometry sensitive to unique lifetime baseline, covers open phase space

s KMAG provides good momentum measurement for forward decays

4
\‘_‘_/.—
"\ .

oEMCal upgrade opens up new final states distinct from muon backgrounds -

e \/Vide array of signatures in electron, muon, photon, and pion final states mar [GeV]
® [esting many dark sector signatures: dark photon, SIMPs, inelastic DM, heavy neutrino, ALPs, g-2, etc.

® New personpower joining SpinQuest collaboration to build this program!
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Thinking of Joining SpinQuest or Future Projects: (dustin@virginia.edu)
https://spinquest.fnal.gov/
http://twist.phys.virginia.edu/E1039/



