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Outline

1. Brief introduction on relativistic heavy ion collisions

2. Neutron skin, also as an illustration of Bayesian analyses

3. The shape of nuclei and preparing for oxygen collisions
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How to create QGP
Colliding heavy nuclei (Pb) at high energies

Lorentz gamma factor up to 2500

Hottest fluid:
1012 K

Most vortical fluid:
w~ 1022/s

Smallest fluid:
~ 2 fm living 10-23 s

Most perfect/strange:
h/s ~ 0.08
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Quark-gluon plasma is strongly coupled

Jet energy loss in dijet pair

Wit Busza, Krishna Rajagopal and WS, Heavy Ion Collisions: The Big Picture, and the Big Questions (2018) 4/20
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Anisotropic flow (small viscosity)

Initial stage - QGP - hadronic phase



Shear viscosity (4)

Bulk viscosity (3)

Second order transports: 2

EOS: 1

Standard model of heavy ion collisions

Subnucleonicstructure? (8)

Non-thermal flow? (2)
with hydrodynamisedinitial stage

Fluctuations? (1)

Shape (2)

Initial stage (13) Viscous hydrodynamics (10) Cascade of hadrons (2)

SMASH

Jonah Bernhard, Scott Moreland and Steffen Bass, Bayesian estimation of the specific shear and bulk viscosity of quarkðgluon plasma (2019)

GovertNijs, WS, UmutGursoyand RaimondSnellings, A Bayesian analysis of Heavy Ion Collisions with Trajectum(2020)
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Trajectum

1. Quite straightforward to use 
(see param file, right)

2. Includes analyseroutine
Parallelised: can analyseunlimited 
number of events

6/20http://sites.google.com/view/govertnijs/trajectum

http://wilkevanderschee.nl/trajectum

https://sites.google.com/view/govertnijs/trajectum
http://wilkevanderschee.nl/trajectum


Neutron skin
WITH A SHORT INTRO ON BAYESIAN ANALYSIS
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Performing a global analysis

Model depends on parameters non-linearly
wǳƴ ƳƻŘŜƭ ƻƴ оллл ȫŘŜǎƛƎƴΩ Ǉƻƛƴǘǎ 

Use an emulator for any point in parameter space (GP)

Markov Chain Monte Carlo
653 data points

Obtain posterior probability density of parameters

Compare posterior with data
Can include high statistics run

Bayes theorem:
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LIGO, Properties of the Binary Black Hole Merger GW150914 (2016)

Same technique: gravitational waves



Experimental observables: 
a wealth of data
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Prior



Design parameter-observable correlations:
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Experimental observables: 
a wealth of data
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Posterior



12/20

Full posterior distributions

1. Some parameters better 
constrained than others

Correlations add important information, 
e.g. width constrained much more 
accurately if q parameter is known

Wilke van der Schee, CERN/Utrecht



The neutron skin

1. Nucleus charge profile can be measured very accurately
Much more uncertainty in the profile of the neutrons

Relevant to understand cold QCD: EOS for neutron stars

2. Can we make progress using heavy ion collisions?
Isospin symmetry makes distinction neutron/proton difficult

Leverage accurate proton knowledge and obtain profile of nucleus?

3. How to obtain the profile of a nucleus?
Wood-Saxon + MC-Glauber + (model like Trento) Ą dynamics

Currently state-of-the-ŀǊǘ Χ

4. Profile influences many observables
Interplay with bulk viscosity, Trento model etc

Likely need a full global analysis

13/20
Constantin Loizides, Jason Kaminand David d'Enterria, Improved Monte Carlo Glauber predictions at present and future nuclear colliders (2017)



The neutron skin - emulator

1. Plan is to vary a for neutrons and see if HIC can constrain it

a determines the neutron radius (approx. linear for RMS radius)

2. First step: what does the emulator say?
Using a precise global analysis (26 parameters, 3000 design points)
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1. Main change: cross section
aŜŀǎǳǊŜǎ ΨǎƛȊŜΩ ƻŦ ƴǳŎƭŜǳǎ

2. Both multiplicity and mean pTchange
aŀƛƴƭȅ ŦƻǊ ǇŜǊƛǇƘŜǊŀƭ όΨǎƪƛƴ ŜŦŦŜŎǘΩύ

3. Small changes for other observables



The neutron skin - posterior

1. Three parameters are most sensitive to the neutron skin:
The nucleon width and the Trento parameters p and q

Small correlation with width (cross section is highly sensitive to w)

Very strong anticorrelation with p; centrality dependence is important
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