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A2; Update from FIAS:
 
DL-simulations of heavy-ion collisions 
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Studying strongly interacting matter 
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Tracing the phase boundaries of QCD matter and identifying the nature of the 
transitions are the fundamental goals for HIC experiments 

Phase diagram of water

https://chem.libretexts.org/
Particles 3.2 (2020): 320-335

QCD phase diagram

Well understood!

Highly conjectured!

● Heavy-ion collisions (HIC) probe the QCD phase diagram 

● creates matter with extreme temperatures and/or densities
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Observables

e.g. collective flow, fluctuations

QCD at high baryon density
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Fast model simulations are necessary to fully exploit future experiments

Experiments

e.g. CBM @ FAIR 

● SIS-100, Darmstadt
● 107 events/ s

 EPJ Web Conf., 214 (2019) 01043

Physics inference: Inverse problem 
● Multi-param fits, bayesian inference

● e.g. EoS, Phase transitions

Experimental 
MeasurementsModel parameters

Model simulations
● microscopic models eg: UrQMD 
● hydrodynamics
● hybrid models

○ ~1 event/hr

FOPI, 
HADES

E895
STAR

E877
E895 E895
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Generating collisions with DL

● UrQMD cascade     Au- Au , Elab= 10 AGeV, b= 1 fm

● Train: 4000 events,  Test: 6400 events

ID1 pz1 py1 pX1

ID2 pz2 py2 pX2

ID3 pz3 py3 pX3

ID4 pz4 py4 pX4

.

.

ID1100 pz1100 py1100 pX1100

An event in point cloud representation

pz

PID

px

py
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What’s necessary:

● event by event generation
● generate large multiplicity ~1000 
● capture correlations

Autoregressive point cloud generation

● We fix the event multiplicity to be 1100
○ 7 particle species 

● A particle:
○ PID, px, py, pz
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Generation
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Empty particle !

Step: 1
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Generation
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Step: 200
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Generation
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Step: 600
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Generation
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Step: 1000
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Generation
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Step: 1100
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Performance: Momentum distributions
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Performance: Momentum distributions

● Well captured for most species
● Deviations at tails!
● Doesn’t learn 𝛯 distributions!

11
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Particle Multiplicity

● everything except 𝛯 agrees well to ground  truth
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● learns certain correlations of abundant particles

● Also creates several non existent correlations 
○ Σ - 𝛯
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pT distributions: mid rapidity

● Deviates at tails but reproduces the mean pT well for most particles

13
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● Learns the mean and variance of the distributions well
○ Averaged observables are well reproduced

● certain correlations are well captured
○ Also learns also fictitious correlations for rare particles

■ only 4000 training events!

● Focus on improving the model
○ Increase training dataset
○ physics based loss?

● Towards a foundation model:
○ centrality, collision system, 

beam energy, physics

● train on hydro/ hybrid model data

● train for detector response simulation

Outlook

14
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Backup slides 
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pT distributions: Forward and backward rapidity
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Multiplicity distributions

● Event multiplicity matches UrQMD data well

● The means of individual distributions are close to ground truth

● However, the variance and higher moments deviate from true values 

17
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The Phase Diagram
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PhysRevC.101.034904

plot: J steinheimer
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Autoregressive point cloud generation
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IEEE Winter Conference on Applications of 
Computer Vision (WACV) (2018).
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Autoregressive point cloud generation
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Sun, Yongbin et al. 2020 IEEE Winter Conference on 
Applications of Computer Vision (WACV) (2018): 61-70.
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Generating “UrQMD like events”
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UrQMD

ParticleGrow

● Events with less particles are filled 
with zeros 

○ empty/ dummy particle

● Loss: cross entropy
○ 100 bins for momentum 

distributions
○ 8 bins for PID
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Rapidity distributions

● Agrees well to the data except for 𝛯 !
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