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• 2009年12月21日，两国总理的见证下，中山大学
与法国民用核能工程师教学联盟签署协议

• 结合法国工程师教育和中国高等教育资源，培养
核能领域的一流工程师

• 2010年9月正式招生，通过法国工程师职衔委员会
(CTI)认证和欧洲工程教育认证(EUR-ACE)，合
格毕业生不出国门就能拿到欧洲认可的证书
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Outline

• Motivation and shell model

• Light nuclei

• Medium mass nuclei

• Heavy nuclei

• Uncertainty

• Summary and perspective
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Force: realistic, phenomenological; Model: Ab initio, Mean Field

Huge amount of nuclear structure data: BE, level, EM, GT

Phenomenological shell model: deduce force from data

4Traditional shell VS dynamic shell



5

CXY, et al., PRC 85 (2012) 064324

YSOX, enlarged model 

space, 0-3hw compared 

with 0-1hw in WBT…

Cross-shell interaction is 

reconsidered 

sd component in 12Be beyond N=8

J. Chen, et al., PLB 781(2018)412



CXY, et al., PRC 89, 044327 (2014)
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IAS (0+) of 22Al,

Expt. 8829 (406) keV, USD* 9020 keV

Observed properties of decay of 22Si
CIAE group (PLB766(2017)312, arXiv:1610.08291) 
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Phong et al., PRC 

100, 011302(R) (2019)

Possible isomer in “South east” region of 132Sn
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2+ state of 132Cd: Our 708 keV, observed 618(8) keV
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120I by ANU Group 

doublet bands and a high-spin 

isomer built on πh11/2υh11/2

9+: 49%, 1004 keV

10+: 60%, 1003 keV

25+: 90%

π(g7/2)1(d5/2)1(h11/2)1υ(h11/2)3

25+-20+: 1.4 MeV

B. Moon et al., PLB 782 (2018) 602
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11

45 BE RMS

0.09 MeV

Pb South

khhe

khpe

VMU



N=126 gap
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Prediction for more properties
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Ground state spin parity of 223Np compared with alpha decay 

results, by Zhong Liu@IMP

M.D. Sun et al. PLB771(2017)303



• Confidence: nice results on BE, level, EM, GT

• Confusion: different H, quality of predicted power

• Uncertainty MUST be included in shell model to 

evaluate predictions

• One effective force for all possible nuclei (RMS for 

BE, level, EM. GT) 14



Experimental

Uncertainty

Model

Uncertainty

Numerical

Uncertainty

Residue: yexp-yth

Precise

Data

Neglected

Statistical

Uncertainty

(Indefinite

Parameters)

Analytical

Model

Neglected

Theoretical model: yth=f(x1, x2… p1,p2…)

yth: unknown, f(): model, x1,x2 : known, p1,p2: parameters

Systematic

Uncertainty

(Model

Deficiency)

Difficult
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• Uncertainty Decomposition Method (UDM) for 

simple model under simple statistical assumption.

• Distribution of residue is assumed to be the sum of 

two normal distribution:

• After inclusion of shell term both statistical and 

systematic uncertainty reduce: 

CXY, PRC, 93, 034310 (2016) 16



• Non-parametric Bootstrap Method

BS Cai, GS Chen, CXY, et al., submitted to PRC
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Dataset

Combination 1

Combination M

(a1, b1, c1)

(aM, bM, cM)

Universal Decay Law (by Qi et al. in 2009):

log 𝑇1/2 = 𝑎𝑍𝑐𝑍𝑑
𝜇

𝑄
+ 𝑏 𝜇𝑍𝑐𝑍𝑑 𝐴𝑐

1/3
+ 𝐴𝑑

1/3
+ 𝑐

New Geiger-Nuttall Law (by Ren et al. in 2012):

log 𝑇1/2 = 𝑎𝑍𝑐𝑍𝑑
𝜇

𝑄
+ 𝑏 𝜇𝑍𝑐𝑍𝑑 + 𝑐 + 𝑆 + 𝑃𝑙 𝑙 + 1



• Full model space calculation: 

– 2≤Z,N≤8; 8≤Z,N≤20; 20≤Z,N≤28 

– 28≤Z,N≤50? JUN45 interaction dimension~1010

18
M Honma et al., PRC, 80, 064323 (2009) CXY, et al., in preparation
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Configuration mixing

Semi magic T=1

C10+C11+LS+T

Uncertainty of C10 and C11
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“Mirror” difference?

CXY, TX Du, NPR35.4(2018)537



RMS from nuclei around 208Pb and 132Sn

nn: 101 levels in Pb and Sn isotopes, 201-214Pb, 125-138Sn

pp: 97 levels in N=126 and N=82 isotones, 204Pt-214Ra, 128Pd-139La

Different pp and nn interaction for C10 channel

Few effect from C11, T, and LS channel

21
CXY, TX Du, NPR35.4(2018)537 and CXY, et al., ND2019 proceedings
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Uncertainty of strength of 

C10 from bootstrap method

CXY, et al., ND2019 proceedings
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Such simple nuclear force give both 

nice description on levels, ESPE, and 

the mechanism of shell evolution

ZQ Chen, et al., PRL, 122, 212502 (2019)



Summary and perspective
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• Summary and perspective

– Systematic study for proton- and neutron-rich 

nuclei from light to heavy nuclei

– More data and more computational power! 

Uncertainty of shell model from more than 1000 

nuclei and more than 10000 spectroscopic 

properties, BE, levels, EM, GT and FF
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Thank You for Attending
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