A
4 (THIC2023

Fluctuations and correlations driven by the nuclear
structure in relativistic heavy ion collisions

HAOIIE XU (f&#5%)

HUZHOU UNIVERSITY (¥ I 78 22 52)

THE 9TH ASIAN TRIANGLE HEAVY-ION CONFERENCE (ATHIC 2023)
23-28TH APRIL 2023 HIROSHIMA, JAPAN



& Outline

I. Nuclear structure and relativistic 1sobar collisions
I1. Probe the neutron skin thickness in relativistic isobar collisions
III. Impact of 1nitial fluctuations on ratio observables

I[II. Summary

Haojie Xu



I. Nuclear structure and relativistic 1isobar collisions
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) Relativistic isobaric collisions and chiral magnetic effect

Chiral magnetic effect (CME) The isobar collisions was proposed to measure the chiral

. 5 J_, magnetic effect.
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&) Predictions from charge density distributions
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p= Po R a beta2
1 + exp [r—R] Zr 5.02 0.46 0.08/0.217
a
Ru 5.085 0.46 0.158/0.053
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Nuclear structure calculation by DFT
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o Charge density # nuclear density.

= The proton and neutron densities obtained from the energy density functional theory (DFT)
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Ratio

DFT predictions are verified by STAR data
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HIJX, et.al., PRL121, 022301 (2018)
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HIJX, et.al., PLB819, 136453 (2021)
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[I. Probe neutron skin thickness and nuclear symmetry energy

using 1sobar collisions
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Neutron skin: sensitive probe of symmetry energy

o

T

— Linear Fit, r = 0.979
O Nonrelativistic models
¢ Relativistic models

oZr: (N—2Z)IA =0.167
2°Ru : (N —Z)/A = 0.083

Arnzrf > Arlﬁj“

DFT(eSHF): State-of-the-art DFT calculation using extended @ e o T o 3 ‘ ‘
Skyrme-Hartree-Fock (eSHF) model. & 5 ]
7. Zhang, L. Chen, PRC94, 064326(2016) 02 ]
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The symmetry energy is crucial to our understanding of the masses and drip lines of neutron-rich nuclei and the

equation of state (EOS) of nuclear and neutron star matter.
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& Neutron skin and nuclear symmetry energy

SHF: Standard Skyrme-Hartree-Fock (SHF) model

eSHF: Extended SHF model 1
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)/ Method I: multiplicity distribution ratio
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 The ratio of N, distributions highlight the differences
» To quantify the differences, we use the R observable of N, at top 5% centrality.
* R s arelative measure, much of experimental effects cancel
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| Method II: mean p; ratio
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The R({p;)) is inversely proportional to nuclear size

ratio in most central collisions.
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&/ STAR measurements

. 8
Compare to world wide data HIX(STAR), QM2022
State-of-the-art spherical DFT with eSHF nuclear potential
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a is the AQ ratio in nn to pp interaction:
2 Pytha: & = — 0.352 15

7/ Method I1I: net-charge ratio in very peripheral collisions  y;ins. ¢ = — 0389
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&) Nuclear deformation
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III. Impact of initial fluctuations on ratio observables in relativistic

1sobar collisions
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) Nuclear structure and event-by-event fluctuations

L. Gaffney, et.a 1, Nature, 497, 199-204 (2013) P. Kolb, J. Sollfrank, U. Heinz, PRC B. Alver, G. Roland, PRC81, 054905 (2010)
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Event-by-event fluctuation are crucial for the anisotropic flow observables, especially for the triangular flow v,
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& 5 Multiplicity differences and particle production mechanism
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Optical model, GPU parallel computing technology
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fi\iﬁ? Effect of deformations and fluctuations on R((N,;))
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The R({N,,)) distributions are different from Optical and Monte Carlo simulations due to the different total

Cross section.

The effect of nuclear deformations on the uncertainties of R({N,,)) distributions are considerably small when
the volume and RMS radius of the colliding nuclei are constrained.
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Eccentricities driven by the nuclear diffuseness and nuclear deformation

PHXSICAL REVIEW @ 67064905 (2009) have been largely suppressed by the initial fluctuations.

. . 0
tNueleon’ partieipants or guark participants: Such effect can be compensated by the sub-nucleon structure with more

S. Eremin'? and S. Voloshin' constituents. Haojie Xu
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& SUMMARY

~ The STAR isobar data indicate thick halo-type neutron skin in Zr, consistent
with DFT calculations

= Precision 1sobar data can be used to probe the neutron skin and symmetry
energy

= The event-by-event fluctuations are important for the anisotropic flow ratios in

1sobar collisions

Haojie Xu



