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SI®  CME search and isobar structures

=

Chiral magnetic effect (CME)
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The multiplicity and v, differences are crucial for the CME
search in isobar collisions
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Clear differences in multiplicity and elliptic
flow, indicating isobar structure difference
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Isobar structure difference is predicted by DFT
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‘ . — Smaller r, larger density ——— Larger N, and {p;)
HJX, etal., PRL121, 022301 (2018)

. H. Li, HIX, et.al., PRC9S, 054907 (2018)
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The STAR isobar data demonstrate thick halo-type neutron skin in Zr,
Haojie Xu consistent with DFT (energy density functional theory) calculations Qi.ﬂ%gﬁjﬁmm



I8  Neutron skin: sensitive probe of symmetry energy 5

1
- Linear Fit, r = 0.979

Zr: (N—Z)/A =0.167

Arnzrf > Arlﬁj“

Ru: (N —Z)/A = 0.083 03F 3 Relatvisic models
DFT(eSHF): State-of-the-art DFT calculation using extended @ Q.25 $e o & ; -
Skyrme-Hartree-Fock (eSHF) model. & 5 ]
Z. Zhang, L. Chen, PRC94, 064326(2016) :
Pu=P, 0.15 .
E(p,6) = E(p)+E ()5 + 06", p=p,+p; 6= P '
Ol s 100 1%

L (MeV) B Brown, PRCS5, 5296 (2000)

Slope parameter :
R. Furnstahl, NPA, 706, 85 (2002)

L=L(p)=3p [dEZm(p )] L(p,) = 3p, [dEZrn(p)] X. Roca-Maza, et.al. PRL106, 252501 (2011)
P p=p, saturation density p p=p.=0.11p,/0.16
Larger L
HarderEOS <+ Need small § to lower E <— Smaller p,, larger Ar

The symmetry energy is crucial to our understanding of the masses and drip lines of
Haojie v Neutron-rich nuclei and the equation of state (EOS) of nuclear and neutron star matter Qﬂzﬁ%ﬁ,?fMAWER



é Central isobar data indicate nuclear deformation

STAR, PRC105, 014901 (2022)

0oos | ' STAR Isobar blind analysis -
Vs = 200 GeV
0.06 % = 2o g g gNN |
s 2
o = 4 S J
> 0.04 B a 4
W v, {2}(TPC), Ru+Ru =" g
0.02 | = v, {2}(TPC), Zr+Zr
@ V, {SP}(TPC-EPD), Ru+Ru
0t , , __“© Vp{SP)(TPC-EPD), Zrs2r |
e TPC (|n|<1), EPD (2. 1<|1'||<5 1)
002} & M s e s A4 sy . ]
A -
o0
> 001+ A v3 {2}(TPC), Ru+Ru
' £ vy {2}(TPC), Zr+Zr
v3 {SP}(TPC-EPD), Ru+Ru
ol 1 1 1 Vg {SPH(TPC-EPD), Zr+Zr
1.2 Ru+Ru / Zr+Zr
, o v, {2} @ v,{SP}
O 1.1 A vz {2} vz {SP}
©
o

80 70 60 50 40 30 20 10 O
Centrality (%)

Sizable v, and v; ratios in central collisions indicate shape difference between isobars
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Part |

Probing nuclear deformation in heavy-ion collisions
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‘@ V2, V3, <PT> variance ratios in isobar 8
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~ Mapping on same N"ﬁ:llne instead of centrality

~ The ratios show non-monotonic trends
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“@ V5, V3, (P7) variance ratios in isobar
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J.Jia and C. Zhang, arXiv:2111.15559
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: : T. Kebedi, et.al. At.Data Nucl.Data Tables 80, 35 (2002
~ The ratios well constrain the nuclear structure parameters e e e e (2002)
Pory = 0.16 £0.02 Species | B> B3 ag(fm) Ry (fm)
., =020+ 0.02 Estimate based on AMPT Ru 0.162 0 0.46 5.09
3,zr — V.U T U.
Haoiie X = : Zr 0.06 0.20  0.52 502 | wmex
aojie Xu Isobar ratios as new probe to nuclear deformation
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S Event-by-event | pt| fluctuation in U+U and Au+Au "

=

i i Wi Wi (i = p) - (pr, = (pr)) G.Giacalone et al., PRC103, 024910 (2021)

J. Jia, arXiv:2109.00604
Ziﬁe...#n Wiy - - Wi, S. Bhatta, C. Zhang and J. Jia, PRC105, 024904 (2022)
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Pearson correlation coefficient in U+U and Au+Au

cov(v,, [pr])

\/ Var(R)ay(opropr)
IPGlasma+Hydro: private calculation provided by Bjoern Schenke (PRC102, 044905 (2020))
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Sign change ofp(vzz, [pr]) confirms that U is prolate and /%, ; = 0.28 £ 0.03 (IPGlasma + Hydro)
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Probing neutron skin thickness and symmetry energy in isobar collisions
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IR Multiplicity distribution and (pr) ratios in isobar collisions
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Haojie Xu The multiplicity and (p) differences can probe neutron skin and symmetry energy @-/]gg@awma
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Multiplicity ratio to probe symmetry energy

H. Li, HJX, et.al, PRL125, 222301 (2020)

g 1.4 ~ 1.004
N B .. -~ -
'S - STAR Prelimina Glauber+DFT(eSHF @ -
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£ 12 S £, - e
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1.1~ Zhang, Chen, PRC94, 064326 (2016) I f il I C 7
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C L o0 £ 1.001— /,/’/ deformations (BZ”=0.16, B§’=0.2)
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- Mean multiplicity ratio in central collisions to extract neutron L(p,) =538+ 1.7%7.8 MeV

L(p)=654+2.1%12.1 MeV
Ary 7. =0.195 £ 0.019 fm

Ary, gy = 0.051 £0.009 fm

skin thickness and symmetry energy

~ Uncertainties can be improved with deformed (more difficult) p-Zr

DFT calculations p.Ru

@.4 QUARKMATTER
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1.01

N N _
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o The values at top 5% are used to extract neutron skin L(p,) =56.8+0.4+10.4 MeV

o The centrality dependence needs further investigation L(p) =69.8£0.7£16.0 MeV
(nuclei size vs collision geometry) Arapzr = 0.202 £ 0.024 fm
Arypry = 0.052 £ 0.012 fm

HIJX, et.al arXiv:2111.14812

Haojie Xi Consistent with the measurement from multiplicity ratio le;mw



Net-charge (AQ) ratio in most peripheral isobar collisions

more n+n in most
—_—

peripheral collisions

HJX, et.al.,, PRC105, LO11901 (2022)
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© R(AQ) invery peripheral collisions is directly

related to neutron skin thickness

Haojie Xu

© Data imply a ~ 0, contrast to model studies

Fewer participant protons,
thus smaller net-charge

R(AQ) _ 9dRuRu + a/(l + a)

47:7x + a/(l + a)

4 4: participant p/(p+n)
o« = AQ,m/AQpp
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Compare to world wide data
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State-of-the-art spherical DFT with eSHF nuclear potential

Zhang, Chen, PRC94, 064326 (2016)
~ Multiplicity ratio:
L(p,) =53.8+1.7+7.8 MeV
L(p)=654=+21x12.1 MeV

Aty 7: = 0.195 £0.019 fin

Arp, gy = 0.051 £0.009 fm

p,Ru

~ (py) ratio:
L(p,) =56.8+0.4+10.4 MeV
L(p) =69.8£0.7+16.0 MeV

Aty 7e = 0.202 £ 0.024 fm

Aryy gy = 0.052 £0.012 fm

p,Ru

Haojie Xu

L (MeV)

B. Li, et.al Universe 7, 182 (2021)
120 T T L) L) L}
! 2021 Fiducial value (24 new analyses of neufron star data) 57.7 + 19 MeV PREXII
110} 2016 systematics (53 analyses) by Oertel et al. 58.7 + 28 MeV = (PRL2021)
X T 2013 systematics (29 analyses) by Li & Han 58.9 + 16 MeVT 4 ®
100 - -
W -
80 23 -
| s e e S E— —_—— L -y
16 1
01K 1 T(, Q 17 =2
i ; n o1y 14 4 20 21 |-
= 12 33 24 |
ol I - L *
50 w 9 15 "] STAR Preliminary
30
il 68% confidence boundries
-r (90 -100)% confidegce boundries
1old : | : | X | . | l (68% confidence boundries)

Consistent with world wide data with good precision
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19
Summary

1. v5, V3, {py) variance ratios, v>-(py) correlations to probe nuclear deformation

-~ Estimated from AMPT: f,p, = 0.16 = 0.02 and p; ,, = 0.2 = 0.02

- Estimated from IPGlasma+Hydro: f, ; = 0.28 = 0.03

2. Multiplicity and (pr) ratios in isobar to probe neutron skin and symmetry energy
o L(p,) =53.8x1.7x7.8 MeV from multiplicity ratio
o L(p,) =56.8+0.4=*10.4 MeV from (py) ratio

~ Systematic uncertainties due to deformation can be improved

Relativistic heavy-ion collisions can constrain
nuclear deformation, neutron skin and symmetry energy

Haojie Xu @{] QUARKMATTER
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The STAR Detector 2
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R Centrality vs Multiplicity 22

STAR, PRC105, 014901 (2022)
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