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Rare 
Isotopes

Teaser

“It is a big device, but 
without the people 

around it, its nothing”

Thanks 
Agnes 
Mocsy!

https://www.youtube.com/watch?v=9RSaj6LImts
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Video of me talking

Video of me talking

My research is to use 
machine learning and 

statistics to propel this 
cycle

https://www.youtube.com/watch?v=HBlbG6JgR4U&t=1473s
https://www.youtube.com/watch?v=HBlbG6JgR4U&t=1473s
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Building models

Questions?

Pablo

Building a (simple) nuclear model
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XVII century
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Building models (planets)

Good model

Explain Predict Build

“Retrograde” Halley’s comet Space shuttle
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Building models (nuclear)
XXI century

(You) (Pablo)

Behaviors:

●Binding energy

●Structure

●Reactions

(energy “debt”)

(arrangement of nucleons)

(smashing nuclei)

Huge team
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Building models (nuclear)

Good models

Explain Predict Build

Burning Sun Nuclear energyKilonova after merger
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Binding energy

More nucleons More surface More protons More asymmetry

Liquid drop model

https://en.wikipedia.org/wiki/Semi-empirical_mass_formula
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Liquid drop model
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3D Chart!
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come from?
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*For things moving very fast: Dirac Eq.
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1) Everything comes in “quantum” 

2) Schrodinger equation* describes the 
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VS

http://hyperphysics.phy-astr.gsu.edu/hbase/ewav.html

Pablo: don’t forget the rope

Thanks Tibor for the rope!!
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Quantum mechanics

Slide made by Witek Nazarewicz
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Nuclei are 
like ogres
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Can we model the 
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Not really…
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Building better models Rules of the game

(we don’t have 
them)

Witek Nazarewicz



Building better models

Nucleons

Iterative

Fields/
densities

Density Functional TheoryChiral Effective Field Theory

https://doi.org/10.3389/fphy.2020.00057

Each model
is a new set of 
guessed rules

Explain

Predict

Build

https://doi.org/10.1103/PhysRevLett.114.122501

https://doi.org/10.3389/fphy.2020.00057
https://doi.org/10.1103/PhysRevLett.114.122501
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Modern Models

https://doi.org/10.1103/PhysRevC.98.034318

Nuclear 
Masses*

*Displayed is the 2-neutron separation energy



Building better models Each model
is a new set of 
guessed rules

Error in
BE [MeV]

Liquid Drop 
Model

Modern Models

https://doi.org/10.1103/PhysRevC.98.034318

Nuclear 
Masses*

*Displayed is the 2-neutron separation energy
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Elastic 
reaction

Inelastic 
reaction

Transfer

Break-up

Capture

Particle 
beam

Detector

….

Building better models: Reactions

All this gives us 
hints about the 

rules of the game



Particle 
beam

Detector

Building better models: Reactions

Optical Potentials Time-dependent Density 
Functional Theory

NUCLEAR REACTIONS FOR 
ASTROPHYSICS (2009)

Woods-Saxon potential
Made by Kyle Godbey
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Many interests

Many models

Many experiments,
many nuclei

Many 
observations

Theory-Experiment Cycle

To better learn the 
rules of the game

Theory
Experiment



Why theory?

Who am I?

Building models

Building a (simple) nuclear model

For today

Quantum mechanics

Building (better) nuclear models

Questions?

Pablo

Challenges (Hands-On Session)



Hand-on session set-up

https://github.com/ascsn/theory-challenges



Link to the videos

Starting up with Python

Online guides with video-lectures and 
python notebooks!

ASCSN

Math
Python

Classical Mechanics
Quantum Mechanics

https://www.youtube.com/playlist?list=PLx2qaC0Xa2Rsj85ffzyUmyGkaQrh9iY8V


Hand-on session time

Reaction cross sections

Self Interaction

Time Dynamics

Single particle spectrum

Difficulty

Proton emitters lifetimes 

Liquid Drop Model



Hand-on session time



Hand-on session time



Hand-on session time



Hand-on session time
Potential

No 
interaction

Self 
interaction

40Ca nucleus vibrating 



Hand-on session time

Lifetimes



Hand-on session time



Hand-on session time

https://github.com/ascsn/theory-challenges

https://forum.ascsn.net/

Register on the forum
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