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I. Nuclear structure of 1sobars
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&) Relativistic isobaric collisions and chiral magnetic effect

Fuqiang Wang’s talk

Chiral magnetic effect (CME)
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The isobar collisions was proposed to measure the chiral
magnetic effect.
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* Same background
 Different magnetic field => different CME signals

1.02 | STAR Isobarpost-blind analysis, sy = 200 GeV, Ru+Ru/Zr+Zr, 20-50%
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Backgrounds are not identical!!!



&) 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

WS parameters extracted from charge density distributions
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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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) Predictions on isobar differences

Predictions with charge densities Predictions with DFT densities
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DFT predictions are verified by STAR data
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HIJX, et.al., PRL121, 022301 (2018)
H. Li, HJX, et.al., PRC98, 054907 (2018)
HIJX, et.al., PLB819, 136453 (2021)
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Determlne the neutron skin type by STAR data

~ Neutron-skin nucleil and neutron-halo nucler for Zr
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The shapes of the Ru+Ru/Zr+Zr ratios of the multiplicity and eccentricity in mid-central collisions can further
distinguish between skin-type and halo-type neutron densities. Haojie Xu
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Photoproduction of di-electrons in peripheral isobar collisions
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The Born-level total cross section
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The cross section only sensitive to the charge density, while the centrality definition depends on the mass density.
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[I. How to 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 ]
Pu=P, 0.15 .
E(p,0) = l*?o(,0)+l*jsym(P)52 + 0%, p=p, +py 0= p ; |
Ol s 100 1%
Slope parameter : L (MeV) B Brown, PRC85, 5296 (2000)
R. Furnstahl, NPA, 706, 85 (2002)
_ dEym(p) dEgym(p) X. Roca-Maza, et.al. PRL106, 252501
L=L(p =3p 0 L(p.) = 3p, 4y (2011)
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Larger L . 1610 — Small I Ay
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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.
Haojie Xu
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&7 Current status of neutron skin measurements

PREX-2 Collaboration, PRL126, 172502(2021); B. Reed, et.al., PRL126, 172503(2021)
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This PREX-2 result favors a large neutron skin thickness and symmetry energy slope parameter, at tension with existing

experimental data and theoretical analyses. Haojie Xu
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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
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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
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a is the AQ ratio in nn to pp interaction:
2 Pytha: & = — 0.352 20
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i Method IV: spectator neutrons in ultracentral collisions
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The yield ratio of free spectator neutrons is a clean probe of the neutron-skin thickness
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&) Nuclear deformation
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shape difference between isobars

ac,{3} = ((ei(2¢1+2¢2‘4¢3)) = (v22v4 cos4(¥, - ¥,))
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The STAR isobar data indicate thick halo-type neutron skin in Zr, consistent
with DFT calculations
* Nuclear structure causes 1sobar multiplicity and v2 differences, important for
the CME search
Precision isobar data can be used to probe the neutron skin and symmetry
energy

« Multiplicity distribution ratio; Mean p; ratio; Net charge ratio; Spectator

proton ratio,...

Haojie Xu
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