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Schedule

* Today
* ML’s relationship to Science
* Intro of Machine Learning (this)
* Quick guided demo of ML using the JAX framework

e Tutorial: Signal and Background Separation in H —
WW — 2£2v

* Tomorrow
* The Data Pipeline

e More formal introduction to neural networks and
advanced applications

 Auto Encoders
e Tutorial: Auto Encoder with HEP data



ow does Machine Learning
and other topics in this

training connect to Scientific

Discovery?

Christopher Tunnell (Rice
21-May-202
Delhi University



History of “Light Matter”

The First "Dark Matter”

Dark Matter's N-Body Evidence

What goes here?




1st Paradigm: Empirical Observation

2c—16c. earth-centric cosmology

Ganymede

“Light Matter”

Galileo




History of “Light Matter”

The First "Dark Matter”




2nd Paradigm: Mathematical Modeling




History of “Light Matter”

The First "Dark Matter”

Dark Matter's N-Body Evidence




3rd Paradigm: Numerical Methods

“The underlying physical laws necessary for the mathematical
theory of the whole of chemistry are thus completely known, and
the difficulty is only that the exact application of these laws leads

to equations much too complicated to be soluble.”

Hartree-Fock
0
0

Lattice QCD

Climate simulations

Large-scale structure




3rd Paradigm: Numerical Methods
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Galactic accretion requires Dark Matter.

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.
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1st Stars
about 400 million yrs.

Big Bang Expansion

13.77 billion years



History of “Light Matter”

The First "Dark Matter”

Dark Matter's N-Body Evidence




4th Paradigm: Data-intensive Science

CMS PbPb

HST Abe||_1689

Methane vs coal
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XENONNT watch 30 Hz with 55 people for 100 years
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5th Paradigm: Al-enabled science

AlphaFold. Protiein folding
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An animation of the gradient, descent method
predicting a structure for CASP13 target T1008
' 4

Tokamak control

PDEs / Physics-Informed NNs

Exa.TrkX. CMS track finding




Casual Forward Model = Inverse Problem

Particle physics
Dark matter mass m, Nuclear physics
interaction strength o Radioisotope

Astrophysics contamination
Density p, Velocity v

Inference on dark
matter or other new
physics

Scattering theory
Energy E transferred to microscopic
degrees of freedom in detector,
sometimes 3-Position x and time t from

mMC
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. NEST
Molecular/atomic

Scintillation S1 photons N, ionization S2
electrons N, sometimes spatiotemporal
densities

. B
Design
esign Measured number of

photon mN,, electron

m " : :
Ne, positions, times, quality

Detector, optical, i
e|ectronics Experimentélists

simulation
Spatiotemporal sensor data of

Detector data

500 sensors digitized at 10 ns



