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Isobar collisions: a microscope for nuclear structure
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Long-range correlations: angular deformations
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Short-range NN correlations: the step function
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M. Luzum, J. Y. Ollitraut, M. Hippert - Eur. Phys. J. A, 59, 5, 110 (2023)
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Correlation volume          

Short-range NN correlations: the step function
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The T ENTo modelR

Nucleus-nucleus collision: superposition of proton-proton collisions
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Energy deposition
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Fluctuation parameter

5



Analysis design
300 design points for emulator training
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Neutron excess in Zr
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Neutron excess in Zr

Zhang, Chunjian and Jia, Jiangyong - Phys. Rev. Lett. 128, 2 (2022)

Jia, Jiangyong and Zhang, Chunjian - Phys. Rev. C 107, 2 (2023)

Jia, Jiangyong - Phys. Rev. C 105, 1 (2022)



From parameters to nucleon correlations

T. Duguet, G. Giacalone, S. Jeon, A. Tichai - Phys. Rev. Lett. 135, 18 (2025) 9
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average over ultra-central events

From parameters to nucleon correlations
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One-body operator
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One-body operator

Two-body operator
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average over ultra-central events

From parameters to nucleon correlations



Bridging high- and low-energy results

S. Bofos, B. Bally, T. Duguet, M. Frosini - Phys. Lett. B, 879, 140649 (2026):
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(Instrinsic quadrupole moment)

Kumar shape invariant of order 2

K. Kumar - Phys. Rev. Lett. 28, 249 (1972)



Distributions from posterior samples
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The importance of an analysis with a full model

12M. Badshah, M. Ajaz - arXiv:2607.12660 [nucl-th]

9

https://arxiv.org/abs/2607.12660


Assembling the nuclei: Isobar Sampler
Start with a spherical nuclear configuration and shift nucleons to introduce the desired
angular deformations and/or short range correlations

M. Luzum, J. Y. Ollitraut, M. Hippert - Eur. Phys. J. A, 59, 5, 110 (2023)

Highly correlated sets of nucleons’ positions!
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Synchronizing other fluctuations

Design Point 1 Design Point 2

Event 1

...

Event N

Same (scaled) impact parameter, Euler angles and gamma weights in each event
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10  events 2500  events
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Conclusions

Isobar collisions: a “microscope” for nuclear structure
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Conclusions

Isobar collisions: a “microscope” for nuclear structure

Calculation of two-body operators from posterior samples of the toy analysis using a
genuine two-body density

Strong correlation between high- and low-energy pair of analogous quantities

Thank you!

Toy Bayesian analysis with ratios of observables: precise constraints on isobars’ relative
properties



Backup



Quantifying the correlation

r = 0.791r = 0.698





Posterior for initial state parameters



Posterior for the triaxiality parameter



High-statistics reference point: 1D example



Choosing b      for each design point
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max

Construct an effective radius and expand up to second order in the deformations:



Dependence on SRC parameters



Dependence on SRC parameters



Rigid-rotor with Gaussian density

T. Duguet, G. Giacalone, S. Jeon, A. Tichai - Phys. Rev. Lett. 135, 18 (2025)

One-body term:

Two-body/collective term:



Introducing the angular deformations
For deformed nuclei, the nuclear surface is not constant:

We define a t-parameterized distribution as:

such that t = 0 represents a spherical distribution and t = 1 represents the desired deformed distribution

The shift in position of particles with respect to parameter t is described by a vector field

Positing a solution of the form of a gradient:

and inserting in the continuity equation:

we obtain an equation for the scalar field:

(1)



Decomposing the scalar field into multipole components:

Inserting in the differential equation and using Equation (1):

The radial part in fact doesn’t depend on m

The final shift is given by:



Symmetric shifts

Add a constant offset to ensure the sum rule is satisfied                                                                      where:

Introducing the short range correlations

Conservation of the number of pairs must be satisfied:

Pairs of nucleons with relative position                            are shifted radially from their centers to a new separation        

The one-body and two-body densities are probabilities, and must integrate to unit. Sum rule:



In the case of the step correlation function, the correlation volume is:

and the new separations as a function of the original separations are given by:

where:
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