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Exciting times: light ion collisions allow(ed?) for genuine predictions
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The shape of nuclei

Benjamin Bally, James Daniel Brandenburg, Giuliano Giacalone, Ulrich Heinz, ShengliHuang, JiangoyngJia, Dean Lee, Yen-JieLee, Wei Li, Constantin Loizides, Matthew Luzum, GovertNijs, 

Jacquelyn Noronha-Hostler, Mateusz Ploskon, WS, BjoernSchenke, Chun Shen, Vittorio Somà, Anthony Timmins, ZhangbuXu and You Zhou

Imaging the initial condition of heavy-ion collisions and nuclear structure across the nuclide chart (2022)

Hydrodynamics converts

position space anisotropy into 

momentum space anisotropy



Synergy between HIC
and nuclear structure

1. LHC seems like an expensive machine to determine the shapes of nuclei
Ion collisions are unique: yoctosecond imaging of the ground state

Much like a collapse of the wave function (nucleon positions)

Thickness function: two-dimensional projection / random orientation

±ŜǊȅ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǘƻ ȫǎǘŀƴŘŀǊŘΩ ƴǳŎƭŜŀǊ ǎǘǊǳŎǘǳǊŜΥ

Charge profile, excitation energies, isospin density (PREX)

2. Two-way transfer: 
heavy ion community needs to know the structure accurately

Fluctuations are enormous

Unlikely to learn much without full control of the shape
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Giuliano Giacaloneet al, Nuclear Physics Confronts Relativistic Collisions Of Isobars (2025)



Did we see aςclustering? (I think yes)

1. After 10 hours convincingly 2% 20Ne ς4He collisions in ALICE
Not seen in Oxygen collisions (!)

Not yet seen in other experiments (pile-up, different bunches?)

2. The (only?) convincing argument why this happens:
Neon top abreaks off

Related: First excited state Neon much lower energy

Much more convincing than flow measurements

3. Unexpected benefit: first time asymmetric 
nuclear collisions at top LHC energy (!)

Especially mean pT will be interesting to verify
size and hydrodynamic paradigm

Possible to distinguish E-by-E? V0A versus V0C, ZDC asymmetry, mean pT?
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9Φ IŀǊǊƛǎ Ŝǘ ŀƭΣ vǳŀƴǘƛŦȅƛƴƎ ʰ ŎƭǳǎǘŜǊƛƴƎ ƛƴ ǘƘŜ ƎǊƻǳƴŘ ǎǘŀǘŜǎ ƻŦ 16O and 20Ne (2025)
Govert Nijs and WS, Transmutation of 16O and 20Ne at the Large Hadron Collider (2025)
https://indico.cern.ch/event/1436085/contributions/6107509/attachments/2966206/5218662/talk_bally_cern_13112024.pdf

https://indico.cern.ch/event/1479384/contributions/6631982/attachments/3130687/5553818/JFGO8p.pdf

https://indico.cern.ch/event/1436085/contributions/6107509/attachments/2966206/5218662/talk_bally_cern_13112024.pdf
https://indico.cern.ch/event/1479384/contributions/6631982/attachments/3130687/5553818/JFGO8p.pdf


Transmutation: a prediction

The mean transverse momentum of Ne-He will be measured and large

/ƭƻǎŜ ŀƴŀƭƻƎȅ ǿƛǘƘ ȫǎǇŜŜŘ ƻŦ ǎƻǳƴŘΩΣ ƻǊ ultracentralPbPb

But in much smaller system (!)

pOalso interesting mean pt fluctuations

WS and Govert Nijs, Transmutation of 16O and 20Ne at the Large Hadron Collide (2025)
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Work in progress ALICE multiplicity (OO and NeNe)
ATLAS vn{2}

Refit parameters based on current data - prior



Prior with light ions ςNeon, Neon/Oxygen, Lead, Oxygen
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Refit parameters based on current data - posterior

Satisfactory fit for integrated 
observables across systems (?)
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Work in progress
CMS multiplicity (OO only)
ATLAS vn{2}

Refit parameters based on current data - prior
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Satisfactory fit for integrated 
observables across systems

Refit parameters based on current data - posterior
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Fit to ATLAS vn{k} + CMS multiplicity; light ion only

Pretty good fit; quite some uncertainty 
due to emulator precision for vn{2}
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Even for just these observables 
v2 is a bit off; quite surprising 
with so many parameters?

Fit to ATLAS vn{k} + ALICE multiplicity; light ion only


