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Nuclei shape, radial structure and nucleonic cluster
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Relativistic heavy-ion collisions and nuclear structure

Nuclear Structure
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Unique RHIC runs and the STAR detector

RHIC energies, species combinations and luminosities (Run-1 to 22)
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Nuclear parameters used in AMPT:

Anisotropic flow v,

Species | [ Bs aop(fm) Ry(fm)
Ru 0.162 O 0.46 5.09
Zr 0.06 0.20 0.52 5.02
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1) v, ratio: large B, ry, Negative contribution from B3 7. = Sharper increase in central
2) v5 ratio: strong decrease from 3 7z, with negligible 3; g, distortion
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v3,Ru
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AMPT extractions:

non-central collisions

4) No significant effect due to nuclear size

3) Residual effect due to radial structure, e.g., neutron skin in Zr

ARY = 0.16 + 0.02

Zr —0.20+£0.02 Aagru-z = —0.06 fm
Direct indications and well constrains the nuclear deformation

C. Zhang and J. Jia, PRL128, 022301(2022); J. Jia, PRC105, 014905(2022); J. Jia and C. Zhang, arXiv: 2111.15559;

G. Nijs and W. Schee, arXiv:2112.13771 H.J. Xu et al., PLB819, 1136453(2021);F. Li, Y.G. Ma et al., arXiv:2201.10994;

X.L. Zhao and G.L Ma, arXiv:2203.15214; G. Giacalone, J. Jia and C. Zhang, PRL127, 242301(2021);
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non-linear coupling coefficient
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S.J. Zhao, H.J. Xu, Y.X. Liu and H.C. Song, arXiv:2204.02387; J.Jia, G. Giuliano and C. Zhang, arXiv:2206.07184 ..
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Precision tests of the linear and nonlinear mode coupling
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Symmetric cumulant
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Mean transverse momentum p; fluctuations
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A complementary probe to decipher Ru and Zr structures.
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Mean transverse momentum p; fluctuations

IP-Glasma+Hydro: private calculation provided by Bjoern Schenke
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Au+Au: follow power-law decrease, but with strong deviation in central normalized variance and normalized skewness

U+U: large enhancement in normalized variance and skewness and sign-change in normalized kurtosis
— size fluctuations enhanced

Nuclear deformation role is confirmed by hydro calculations.
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v, —[p+] correlations
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v, —[p+] correlations

Pearson correlation coefficient:
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Ru/Zr ratio also reflects the possible nuclear structure.
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v, —[p+] correlations in U+U and Au+Au

IP-Glasma+Hydro: private calculation provided by Bjoern Schenke (PRC102, 044905(2020))
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* Without deformation, CGC+hydro model shows positive p(vZ, [pt]) in central.
* With increasing 5, model could describe the trend of p(v3, [pt]).

* Model shows that p(v3, [pt]) is insensitive to 3,.
Sign-change of p(v3, [pr]) confirms that 238U is prolate and IP-Glasma+hydro constrains By = 0.28 £0.03
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https://journals.aps.org/prc/pdf/10.1103/PhysRevC.102.044905

Conclusions and outlooks

« v, ratios as a new probe to constrain nuclear structure parameters:
AMPT estimation: AR = 0.16 4 0.02 B =0.20+0.02  Aagruz: = —0.06 fm

%Ru %Ry 9%67r

9GZr

» Experimental test on the non-linear coupling coefficient: identical for Ru+Ru and Zr+Zr in final state as expected

Ru+Ru Ru+Ru
4,22

Data: ——— = 0.9983 +0.00141 AMPT : Xa22 0.9985 - 0.00506
r+Zr Zr+7Zr

X4,22 X122

* Mean p; fluctuations also as a complementary probe to decipher nuclear structure:

The nonmonotonic trend with Ng, in mean, enhancement in variance and skewness ratios, sign-change in kurtosis

« Pearson correlation coefficient also reflects possible nuclear structure dominated by flow in isobar.

238U
TRENTo and AMPT reproduce data

IP-Glasma+hydro estimation: B2 28y = 0.28 = 0.03 ‘

Thank you for listening and thanks to the organizers.
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