
  

Topic 1 : Low-energy nuclear structure as a new “model uncertainty”

Topic 2 : A new experimental program in nuclear / collider research

Classical Quantum 

Imaging atomic nuclei in high-energy collisions



  

2

208Pb 129Xe
20Ne 16O

96Zr

238U
96Ru

197Au

smaller v2

larger <pT>

larger v2

smaller <pT>

QGP

QGP

1/R

TOPIC 1: Inevitable interface with nuclear structure –  Many nuclei collided recently!
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Anomalies in the data – Shapes as a source of anisotropic flow
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“classical interpretation”



  

4
[Giacalone, Nijs, van der Schee, PRL 131 (2023) 20, 20]

Bayesian analysis of 208Pb neutron skin
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PGCM

Bayesian analysis of 129Xe effective shape
[Giacalone, Nijs, van der Schee, in preparation]



  

Dealing with nuclear structure in the multi-system Bayesian era

Old paradigm: Take one-body charge density of nucleus X from a 1987 paper and 
sample nucleons … makes little sense, we see many-body correlations (a.k.a. 
deformations) in data!
Issue: Deformation/skin parameters (e.g. Woods-Saxon) needed in HIC cannot really be 
taken from low-energy measurements!

Strategy #1 – Keep a deformed one-body picture add related WS parameters 
to Bayesian fits. No interest in parameters themselves: use shapes to capture 
“realistic” initial-state effects and get QCD information
(Caveat: extracted shape parameters should still make some sense)

Strategy #2 – Take one nuclear input/model as “truth” and do fits
NB: Woods-Saxon parametrizations not viable, and subtleties with sampling of PGCM
[e.g. analysis by Weiyao Ke: 2509.09549] 
Possibility: Nuclear Lattice EFT with chiral EFT interactions 
(Caveat: some uncertainty quantification still needed)

|ψ|²



  

TOPIC 2: Impressive sensitivity to many-body properties of nuclei

What do we learn?

… 

[Maxim Virta (ALICE)]
Initial Stages 25

[Dobaczewski et al., PRR 7 (2025) 4, 043159]
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208Pb

Unique separation of scales – A billion high-resolution snapshots

High-energy collisions as imaging tools

[Gelis, IJMPE 24 (2015) 10, 1530008]

nucleons

Correlations of nucleon positions?

r12
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New many-body operators

Neon has stronger angular 
(quadrupole) correlations than oxygen

FINITE NUMBER OF NUCLEONS

TWO-BODY NUCLEAR CORRELATIONSFINAL STATE TWO-PARTICLE CORRELATION

[Duguet, Giacalone, Jeon, Tichai, PRL 135 (2025) 18, 182301]

Δϕ

> 0 ≈ 02 2NLEFT+
Trajectum

PGCM+Trajectum
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What do we learn? – Understanding the nuclear force 

Effective field theory of low-energy QCD

[Weinberg, PLB 251 (1990) 288-292,
          NPB 363 (1991) 3-18]

[Hammer, König, van Kolck, RMP  92 (2020) 2, 025004]
[Epelbaum, Hammer, Meissner, RMP 81 (2009) 1773-1825]

r-process nucleosynthesis, neutron star EOS and mergers, 
neutrinoless double β decay, direct DM searches, …

Modern paradigm of nuclear forces

[at least what I find most interesting]
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G Hagen (ORNL)

A Ekström 
(Chalmers, SE)

emulator

Input from heavy-ion collisions!

A Tichai (TU Darmsadt)

T Miyagi (Tsukuba)
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CC computations

Example of pipeline
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preliminary

16O

New many-body observables and sensitivities 
to explore parameter space of the EFT of QCD

Δ-full chiral EFT expansion at N2LO – 17 low-energy constants



  

13

data available
more
“experiments”

posterior
distribution
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Correlated sampling methods – How to deliver new information on nuclei?

2 – Systematic inference of LECs of chiral EFT

1 – The shape approach
Use deformations/diffuseness as “intermediaries”
Return results in terms of observables [more to come]

Obtain nucleon positions from A-body (or reduced) densities (NLEFT, QMC, …)
Promote LECs to parameters to infer in global Bayesian analyses
Do we have the technology to do this?  [feedback to QGP program]

y

z x

r12

Study correlations with final-state observables
(and with modeling of short-scale QCD effects)
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16O 

20NeZ.=.10

96Ru

96Zr

129Xe 

197Au

208Pb
238U238U Z.=.92

neutrons (N)
 

 

prot ons 
( Z)

 

8 species out of ~250 … 

New window onto EFTs of low-energy QCD

----> impact on many domains connected to nuclear structure

… lot of information already, but should this
 turn into a systematic program?  

New approach to many-body properties of nuclei through ground-state correlations
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