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Scaling approach to nuclear structure on initial and final state
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Nuclear structure via v, ratio

STAR Collaboration, PRC105, 014901(2022) 5% 1% 0.2% 5% 1% 0.2%
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Heavy-ion expectation: 1) vo ratio: large S, gy, Negative contribution from g5 7. = Sharper increase in central
v = ay + b2 + by3fBE, vE = as+ byB 2) v; ratio: strong decrease from 3 7, with negligible S, g, distortion
vg,Ru 1 by @ 8,) bys p 3) Residual effect due to radial structure, e.g., neutron skin in Zr
~ T \F2Ru ~ M2Zr) T M3Zr ) . .
V3,2 a2 a2 4) No significant effect due to nuclear size
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C. Zhang and J. Jia, PRL128, 022301 (2022)

non-central collisions

v Direct calculations are same as initial whole B,, B3, as, Ry input.
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A direct algebra linked to neutron skin
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Using relation for WS: R = (")~ (—RO + —na )/(1 + 3 zn:ﬂn>
Neutron skin expressed by R and a parameters for nucleons and protons:
R? - R? 3(R:— B}, ) +7r*(a® - a) 5= (N—-2)/A

R(6+1) VISR \[1+ Bt (14 0+ & 3, 8)

The difference between two isobar systems can be expressed as:

Arp, =

2 @’ [ AY [ Aa AR,
ay - (S v (S - ))

A(Arpp) = Arpp1 — Arppa & - —
\/1_51_%0(1 +5+ 2 znﬁg)

where Y=3(R} —R},) +7r*(a®> —a) Az=z1—22 Z=(z1+x2)/2

Can obtain skin diff. from AR, Aa for nucleons and known AR, Aa for protons

Table from: H. xuetal. PLB819, 1136453(2021)

%Ry %7 Direct calc.: A(Arp,)=0.0296 fm — 0.1606 fm = -0.1310 fm
R a R a
P S0 oss s015 05 Formula: A(Ar,p)= -0.1319 fm <1% difference

p+n 5.067 0500 4965  0.556
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Conclusions and Outlooks
1) Demonstration: the nuclear structure effect on bulk observables.
2) AMPT could describe the STAR published data quantitatively.
3) A new approach to constrain the collective nuclear structure parameters:

v The final state bulk observables v, v;and p(Ng,) follow a simple dependences on the variation of parameters:

ORu
OZr

O ~ by + b185 + baf85 + b3(Ro — Ro, rer) + ba(@ — arer) Rp = ~ 14 clABS + czAﬂ§ + c3ARy + csAa

v' The ¢, can be determined precisely in a given model.
v' The data-model comparison can precisely constrain the dependence of nuclear parameters:
ABs = Byra — Baz AB3 = Bipa — B3z ARy = Roru — Ro,zx Aa = agy — az

v" Achieve to obtain the difference of neutron skin between two isobar systems:
sy g (7 - 4))

\/1_5R0(1 +8+ 25 Znﬂ_i)
4) Unique opportunities by relativistic collisions of isobars as a tool to study nuclear structure.
S Q M 2 0 22

A(Arpp) = Arpp1 — ATppa =
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