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Neutron skin and E
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Various constraints on Esym(pO) and L(pO)
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Constraint on Eg,, from Ar,
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CME and i1sobaric collisions
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Isobaric collisions to probe neutron skin

Charged-particle multiplicity
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Intermedlate energy HIC to probe neutron skm
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Basic idea of our studies
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Advantages:

1) Spectator matter has almost no interaction with participant matter
2) UCC region, free from uncertainties of clusterization/multifragmentation



Model setup: initial density distribution
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Model setup: initial density distribution
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TABLE II. Neutron-skin thicknesses Ar,, and deformation pa-
rameters £, and f; for different nuclei using different slope
parameters L of the symmetry energy from SHFB calculations.
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Model setup: Glauber model

Schematic Monte-Carlo Glauber model

1072
10™
10°
Numbers of sources
1
A Vpart ) 10
Nx — (1 _)‘) ‘I_«"Ncoll
Particle production n from each source “E10°
(n+m-—1)! <
4 m — ! ~
. N ] n al
Puba(nsm, p) = —p'(1 —p) _
(m—1)n! 4
n—+m
/SN 130 GeV 200 GeV 5.02 TeV 10"
Onn 40 mb 42 mb 68 mb
_ 10°
SNN X n m :
97 4 97y 200 GeV 0.12 2.3 2.0
9Ru + *Ru 200 GeV 0.12 2.3 2.2 10" L
197 Ay + 197 Au 130 GeV 0 4.8 4.6 3
9T Au+"7Au 200 GeV 0.10 5.8 2.3
208ppy 4 205ppy 5.02 TeV 0.09 10.3 32

ch

A\ Zr+%7r@200GeV INRu+*Ru@200GeV ]
;  TPC TPC i
() |n|<(l).5 | (b) |T]|<|0-5 . !
0 200 400 0 200 400
|1 AU+ Au@130GeV | AU+ Au@200GeV
| TPC 1 BBC X
0 MI<0S | j@ 3<Mi89 4 ]
0 400 800 O 800 1600
Mo oo T3 Nch
\ “®°Pb+*®Pb@5.02TeV ]
; - exp
I 1l ——L=30MeV
---L=120 MeV

loose tracks thick lines:
3 In|<2.5 i spherical
() Pr>0.5GeV/c. thin lines:
0 2000 4000 deformed

N



Model setup: multifragmentation process
Dynamics of participant matter is neglected! *; %HMW* B

A. Formation of heavy (A>3) clusters * MEWW%HW o
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Results and discussions: spectator matter
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Results and discussions: spectator particle yield
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Results and discussions: probing L or Arnp
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Results and discussions: effects from EB field

Spectator protons pushed by EB field generated by another colliding nucleus
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Relevant studies on Ar,(0) in deformed nuclel

Similar Ar,, in r and z directions
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Different Ar,, in r and z directions
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Affect the scissor-like motion (M1)
in deformed nuclei

D. Pena Arteaga and P. Ring,
arXiv: 0912.0908 [nucl-th]
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P. Sarriguren et al., PRC (2007)




Ar,, effect from different collision configurations
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Ar,, effect from different collision configurations
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Deformed Ar, from different SO interactions
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Importance of SO interaction

Maria Goeppert Mayer  Skyrme-Hartree-Fock model

N 2

2 pg o= p

Hartree- Fock method

= — W, = (vp+qu)
--:-r"i-:ns D. Jensen Schrodinger equation: hquq — eq¢q
or A * Relativistic mean-field model
"H-F’ _N Dirac equation

Non-relativisticlexpansion
?i?i?i?é \/\7 . C C = gi ga)
0 | 9b 2 “(2m-Cp)? VA =T e

» Strength: W, = 80~150 MeV fm®

* Isospin dependence: kink of Pb isotope charge radii /
« Density dependence: bubble nuclei P




Spectator nucleons from different W,

b=0 fm
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* Collisions with random orientation generally have the largest (N+Z)qpqcator
* Tip-tip (body-body) collisions by prolate (oblate) nuclei have the smallest (N+2Z)g,ectator
» About 2/3 spectator nucleons become free nucleons



Spectator nucleons from different W,,

b=0 fm
| 970197, PRuU+*Ru
1.9t A
o
o
¢ ta o 1
A B random
1.8} = m || A tip-tip
E n ® body-body
4 : . @ | 4 )
~N 238U+238U 197AU+197AU
< |l @
2.6} 4 A A o
Py
A
24 © o Y
i [ | |
' .
Ll o W me) | (@)
' 80 133 150 80 133 150

* Isospin asymmetry increased for free spectator nucleons compared to spectator matter
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 Comparing N./N,, in triggered tip-tip and body-body Ru+Ru as well as Au+Au collisions
may probe Ar,(0) and W,
« Such effect is independent of L



summary

Free spectator nucleons N, N: clean probes
Ultracentral HIC: free from deexcitations

Ratio of neutron-rich to neutron-poor system:
— (N,)#™+4"/(N,)RU*RU reduce uncertainties
— (N/N“™*2" /(N /N )RR cancel detecting efficiency

Triggering collision configurations: measure Ar,,(0)

Key question: _ _
way to unify different/contradictory experimental data

PREXII and CREX, %°8Pb nskin and other probes

Thank you!

junxu@tongji.edu.cn



About anti Egym-L correlation from Nskin

We illustrate the idea with a popularly used symmetry
energy of the following form,

P ¥
Eym(p) = EQ, (— (A1)

Thus, the slope parameter L of the symmetry energy can be
expressed as

0
= 3E,,..V.

sym

(A2)

I — 3PD|:dES}'m(P}]
o0

dp

For a fixed symmetry energy at a subsaturation density p*,

0 _.0* ¥
Egm(p*) = E, (E) , (A3)
the expression of L in terms of ESD},m is
EY In[ES . /Eqm(p*)
L — 3E5};m(p*)[ b}m* ] |: S:)‘ﬂ'.l/ '!}']:' P } . (A.‘{l']
E};y‘m(P ) In(po/p*)

It is obviously seen that L increases with increasing E!f;.m (see
Ref. [64] as an example). The slope parameter at p* can be

expressed as

d Esym Y
L(p*) = SP*[+('D)] = L(p—) ’ (AS)
p p* pD

where L(p*) is seen to be smaller than L. For a fixed L(p*),

the expression of Eg.m in terms of L is

g0 _ L(p*) In(p*/po) (A6)

sym 3 [L(p*)/L]In[L(p*)/L] -

The function x In(x) is negative for x < 1 and increases with

increasing x for x = 0.4. Thus, Eg.m generally increases with

increasing x = L(p*)/L. Because L decreases with increasing
x, this leads to an anticorrelation between L and E;Jym. This
conclusion is general and helps us understand the results

shown in Fig. 2 of the present manuscript.

JX, W.J. Xie, and B.A. Li, PRC (2020)
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Results and discussions: ZDC background
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