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On the way to understand the nuclear structure

Gaffney et al. Nature 497, 199 (2013) The nuclear landscape

1949 Shell model

100 s 3 T
1911 Rutherford model : ; e =55555555555555='"555555|==== e
W0 £ i ....EEEE!EE: Cemnmmimiaa’  Enmaaind
L83 S0 . N\ ey N T T e A
Femi-gas model o o s RS S
T b SRS I <p>
oy gl S
1936 Liquid drop model 60 P | Eimti mafm et iemmmaties 5;;!
N SO -rboomdoee oo hems SR et i hocir ©
E E JEEEE: ""‘"““"':::::E msEmEEEE  coordinate
40 mEaaEngs
HE

ER=:
L L] LLLLLLLLL
e SRR B R~ p e r e s ranaas

oblate spherical prolate

1953 Collective model § ,,;;_:;-;Ei-i E |32. Cwiok et al. Nature 433, 705 (2005)
10 Quadrupole deformation of the nuclear ground states I
“:" ) | 1 | 1 | | ] | I | 1 | 1 [ 1 ]
20 40 60 80 100 120 140 160 130 200

N M. Girod, CEA Bruyéres-le-Chatel

Rich nuclear structure in quantum many-body system
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Measurement from lower energy literature and Ovf search

Zr (A, Z) — (A, Z +2) + 2e” +>:—%
w [BET w [BET %Zr is a good candidate for the Q33 search
b=\~ & Ps =<3 >
’ 3% ) Ov -1 Ov Ov |2 2
\ [Tl/z] =G ‘M ‘ (mgg)
8—|—4389 , .
=i ) 9062 "T (A Majorana nature?)
S7r
o + 1
) o S ea6 0 \ ls
4t — 156.9 s=—¥ 3120 P2 N 1625.9 keV
= o0 olo .
1222.7 2 3| 2 I\QQ '
| | S.Llandsberger, PRC21, 2 (1980) T2 < 1497.8 keV
(4 3 E \Q@'n
. = 1148.1 keV
2 8> %0
2 832.3 3| b
2] NN
1780.4 . 778.2 keV
N
S
o* Qi =3 350 keV . &
' — 0 BB %Mo
2 %Ry . https://physics.aps.org/articles/v11/30

. M. Alanssari et al., PRL116, 072501 (2016)
Lower energy experiment data show large 3, gy, and B3z

B2 Esr (MeV) Bs Es; (MeV)| 1) Rarely explored in experiments and model dependences
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- 2) Nuclear structure can affect the f decay and radioactive half-time
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Unique isobar runs and the STAR detector

RHIC energies, species combinations and luminosities (Run-1 to 22)
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Special operation mode:

R
*  Fill-by-fill switching between Ru+Ru and Zr+Zr ’ —

*  Similar run conditions at STAR (minimize the
systematics)

Ideal systems to study nuclear structure
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= Datasets:
Ru+Ru @200 GeV, Zr+Zr @200 GeV
P . = Measurement based on TPC:

In| < 1.0, 0.2 < pp <2GeV/c

= Centrality based on uncorrected tracks
<R ’ Nofine in |n|< 0.5
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Relativistic heavy-ion collisions and nuclear structure

Relativistic Heavy-Ion Collisions

Nuclear Structure
made by Chun Shen
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R =5.09 fm
) ap = 0.46 fm
i By = 0.162

B3 ~ 0

R =5.02fm

ag — 0.52 fm

By = 0.06

B = 0.20 — 0.27

Jia, PRC105, 014905(2022)

Heavy-ion expectation:
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Shou et al., PLB749, 215(2015)

Li et al., PRC98, 054907(2018)

Xu et al., PLB819, 1136453(2021)
Giuliano et al., PRC104, L041903(2021)
Zhang and Jia, PRL128, 022301(2022)

Study nuclear structure via collectivity
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1) v, ratio: large [, ry, nNegative contribution from f3 7. = Sharper increase in central
2) v5 ratio: strong decrease from 3 7. with negligible (3, g, distortion

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

4) No significant effect due to nuclear size R,

v The large differences of v, and v; suggest B, gy > B2z and B3, K B3z
Direct measurement of octupole deformation in heavy ion collider
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Study of nuclear structure via event-by-event fluctuations

1.2

Heavy-ion expectation:
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1) Nonmonotonic trend: large suppression in mid-central and increase in central collisions

2) Enhancement from mid-central = larger S5, ry

3) Large suppression in mid-central = stronger octupole ,83,Zr

[p;] fluctuations can also be used to constrain the nuclear deformation.
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Separate the impact of neutron skin and nuclear deformation
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1) Difference in skin thickness between Ru and Zr impacts the intrinsic ellipticity of the collision systems, or

elliptic flow relative to reaction-plane, vgp.

2) Differences in nuclear deformations impact only the fluctuations of v, around Vgp.
3) This idea is confirmed by the STAR-published data from PRC105, 014901(2022).
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Conclusions and outlooks

* v, ratios as a new probe to constrain nuclear structure parameters:

AMPT estimation: [3?“ = 0.16 = 0.02 ﬂgr = 0.20 £ 0.02 AagRu-zr = —0.06 fm

96RY %R 967 %67,

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

The nonmonotonic trend with Ng, in mean, enhancement in normalized variance and normalized skewness ratios

* Asignificant step: separating the impact of nuclear skin and nuclear deformation on elliptic
flow and its fluctuations (more studies on the way!)
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Nonlinear coupling coefficient
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