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2/12Introduction
● Nuclear deformation

Past studies usually focused on the low energy

● Many recent results from high energy collision with deformed nucleus

U-U, Xe-Xe, Cu-Cu, Ru-Ru              Zr-Zr 

STAR Collaboration. Imaging shapes of atomic nuclei in high-energy nuclear collisions. Nature 635, 67–72 (2024)

Difficult to see 
effects from 
nuclear deformity

~ ~



  

3/12Introduction: Deformity and Orientation high energy collision

STAR Collaboration. Imaging shapes of atomic nuclei in high-energy nuclear collisions. Nature 635, 67–72 (2024)

● Experiment results 
from U-U and Xe-Xe 
collisions suffer from 
geometrical fluctuation 
due to the nucleus 
deformity.

● Large uncertainty in 
event centrality binning.

● Given a set of 
observable, can we 
guess the collision 
orientation?

NOT directly observable Directly observable

Effect from deformity and orientation in high-energy nuclear collisions



  

4/12Bayesian Inference

● For a set of observable {ô} and a set of collision parameter {A}. 

Probability of having {A}
Often assumed to be uniform

Probability of having {ô} if we have {A}.
Can be calculated from phenomenological model

Probability of having {A} if we have {ô}.
This is what we want to know

If we know P({A}) 
for all possible {A}



  

5/12Kolmogorov-Arnold-Network
● New approach to neural network based on Kolmogorov-Arnold representation[1]

● Analogous to having a quantum state                           defined in       basis

Approximate original function as a sum of function 

Write       as a function of mixing of xj

Express mixing amplitude between the two basis
Mapping function for each        to ô basis

[1] Z. Liu, Y. Wang, S. Vaidya, F. Ruehle, J. Halver-son, M. Soljaˇci´c, T. Y. Hou, and M. Tegmark, arXiv:2404.19756 
(2024)



  

6/12Kolmogorov-Arnold-Network

● Thus now we need to approximate             and             

● By universal approximation theorem

                                     

where we choose

Training the neural network means to adjust cn

Example
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● Entropy deposition is calculated based on nucleus overlap

● Use deformed Wood-Saxon distribution function[2]                                    where

Nuclear Deformity

For Xe-Xe

z

v ~ c v ~ c by

x

Φ θ

tilt rotate

z

[2] W. Ke, J. S. Moreland, 
J. E. Bernhard, and S. A. 
Bass, Phys. Rev. C 96, 
044912 (2017)
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● Experimental data to fit
● Anisotropic flow[3] due to its sensitivity to initial geometry

● Charged particle multiplicity[4] due to its sensitivity to centrality determination

Observables

Expansion
Fourier 
Transform

ν2 ν3

[3] S. Acharya et al. (ALICE), Phys. Lett. B 784, 82 (2018)
[4] S. Acharya et al. (ALICE),  Phys. Lett. B 790, 35 (2019),



  

9/12Posterior Probability
● We construct the posterior probability based on statistic sampled from the 

phenomenological model



  

10/12Comparison to Experimental Data

● Adjusted collision parameter PDF shows much better fit to experimental data for v2 

especially in the central collision region.
● Adjusted collision parameter PDF only slightly fits better v3 and multiplicity 

compared to common assumption.



  

11/12Collision Parameter Probability Distribution Function

● Enforce periodic boundary condition for tilt and spin angle.
● b probability distribution follows a similar pattern as common assumption.
● Tilt angle shows a strong preference to tip-type collision (tip-tip and body-tip)
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● Construct a new transparent and interpretable machine learning framework to 
analyze data from deformed nuclei high energy collision experiments.

● In order to avoid assumption, we employed Kolmogorov-Arnold-Network to 
approximate collision parameter probability distribution function.

● We have formulated collision orientation probability calculation given a set of 
experimental observables based on Bayesian inference.
 

Open up a new venue to calculate centrality based on multiple observables.

Summary

First application of KAN in HIC physics!

First soft classification algorithm for deformed nuclei collision!
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THANK YOU!



  

14/12Parameter Fitting

● Experimental data to fit
● Anisotropic flow due to its sensitivity to initial geometry

● Multiplicity due to its sensitivity to centrality determination

● Avoid extra free parameters with Procrustes Transformation

                                                                 such that

I.e find rotational, translation, and scaling transformation to produce best 
similarity to the data. For only 2 matrices, we can find exact solution.



  

15/12PDF Assumptions

● The probability distribution functions are uncorrelated

● There exists single tilt and spin angle distribution function that simulteanously 
describe the uncorrelated spin and tilt angle PDF



  

16/12Centrality determination problem
● Centrality is decided by multiplicity, X% to Y% centrality is defined as sharp cut 

boundaries in multiplicity such that

● Multiplicity is linearly proportional to entropy deposition which is linearly 
proportional to overlap between the colliding nuclei
=> Depending on the deformity and orientation, different b can give similar 
entropy deposition



  

17/12Soft Categorization Example

● For ν2 = 0.08 and multiplicity = 35.0



  

18/12Regression And Residual Analysis vs Uniform Distribution

V2

Uniform
V2 

Adjusted
V3 

Uniform
V3 

Adjusted
Multiplicity

Uniform
Multiplicity 
Adjusted

Residue 1.04 x 10-4 2.44 x 10-5 1.35 x 10-4 1.28 x 10-4 2.71 x 104 1.78 x 104

Std 
Deviation

7.49 x 10-3 3.87 x 10-3 9.04 x 10-3 8.99 x 10-3 1.52 x 102 1.15 x 102

R2 value 0.983 0.996 0.190 0.230 0.960 0.974



  

19/12Autocorrelation and Likelihood Analysis

Solution 
is fairly 
unique

Singular peak
Markov-chain 

converges
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