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中⼭山⼤大学-珠海海校区
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中⼭山⼤大学-物理理与天⽂文学院
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团队 教师⼈人数 专职+博后 团队主要研究⽅方向

理理论物理理 10 4 宇宙学、引⼒力力理理论、粒⼦子物理理和核物理理

量量⼦子1 9 10
超冷原⼦子与离⼦子，量量⼦子精密测量量，量量⼦子模拟，低
维量量⼦子材料料，拓拓扑量量⼦子物态，机器器学习在量量⼦子科
学的应⽤用，精密光学成像

量量⼦子2 7 1
超冷原⼦子；囚禁离⼦子；⾥里里德堡原⼦子为主的量量⼦子信
息处理理；单光⼦子为主的弱光测控技术和激光技术
为主的强光测控技术

天⽂文 25 20 星系宇宙学，恒星与⾏行行星科学，⾼高能天体物理理

天琴 22 14
引⼒力力波理理论与数据，空间惯性基准，星间激光⼲干
涉测量量，引⼒力力波卫星平台

总计 73 49

中⼭山⼤大学-物理理与天⽂文学院
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中⼭山⼤大学-天琴计划团队

u ~2035

“天琴⼀一号”卫星2019年年12⽉月20⽇日 

激光测量量地⽉月距离 
（2016-2019）

“天琴⼆二号”试验卫星 

(2025)
“天琴⼀一号”试验卫星 

(2019)
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天琴将打开0.1mHz~1Hz频段的引⼒力力波的探测
窗⼝口，主要探测对象包括了了 

• ⼏几倍太阳质量量的恒星级⿊黑洞洞 

• 上千万倍太阳质量量的⼤大质量量⿊黑洞洞 

• 致密双星 

• 以及源于早期宇宙的引⼒力力波等。

中⼭山⼤大学-天琴计划团队

天琴计划
9
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中⼭山⼤大学-巡天中⼼心
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中⼭山⼤大学-量量⼦子物理理团队
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中⼭山⼤大学-理理论物理理团队
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中⼭山⼤大学-“原⼦子核理理论与核天体物理理课题组”
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中⼭山⼤大学-物理理与天⽂文学院（研究⽣生招⽣生）

硕⼠士招⽣生 中⼭山⼤大学物理理与天⽂文学院2020年年全国优秀⼤大学⽣生云夏令营活动公告

坚持英语学习、 

参加学科竞赛、 

加⼊入科研团队
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中⼭山⼤大学-物理理与天⽂文学院（研究⽣生招⽣生）

博⼠士招⽣生

坚持英语学习、 

发表专业论⽂文
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Outline

✦ Introduction

New opportunities and challenges in nuclear physics 

16

✦ Advances in modeling atomic nuclei

‣Nuclear (covariant) energy density functional theory

‣Nuclear ab initio methods

Nuclear structure and weak decays

Neutron-star matter

✦ Summary and Outlook
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Atomic nucleus: core of matter

Proton

Neutron

17
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Seconds

 > 10+15   10-01

 10+10   10-02

 10+07   10-03

 10+05   10-04

 10+04   10-05

 10+03   10-06

 10+02   10-07

 10+01   10-15

 10+00   < 10-15

 unknown

half-life 
Superheavy nuclei

Structure of atomic nuclei

4He

https://www.nndc.bnl.gov/nudat2/

Total: 3386 known nuclei

中⼦子数

质
⼦子

数
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Seconds

 > 10+15   10-01

 10+10   10-02

 10+07   10-03

 10+05   10-04

 10+04   10-05

 10+03   10-06

 10+02   10-07

 10+01   10-15

 10+00   < 10-15

 unknown

half-life 
Superheavy nuclei

4He

https://www.nndc.bnl.gov/nudat2/

Total: 3386 known nuclei

Nuclei along valley of stability

E ~ Z

For a given mass 

number A=Z+N 

Structure of atomic nuclei
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Seconds

 > 10+15   10-01

 10+10   10-02

 10+07   10-03

 10+05   10-04

 10+04   10-05

 10+03   10-06

 10+02   10-07

 10+01   10-15

 10+00   < 10-15

 unknown

half-life 

Stable nuclei <300

Superheavy nuclei

 Pronounced shell structure 

 Strong collectivity/shapes 

 Superfluidity 

 High-spin states 

4He

https://www.nndc.bnl.gov/nudat2/

Total: 3386 known nuclei

Structure of atomic nuclei

20

C. Liu et al., PRL116, 112501 (2016)
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Seconds

 > 10+15   10-01

 10+10   10-02

 10+07   10-03

 10+05   10-04

 10+04   10-05

 10+03   10-06

 10+02   10-07

 10+01   10-15

 10+00   < 10-15

 unknown

half-life 

https://www.nndc.bnl.gov/nudat2/

Total: 3386 known nuclei

A.B. BALANTEKIN  et al., Mod. Phys. Lett. A (2014)

~3000

~2000

~3000

Structure of atomic nuclei

21

重离⼦子炮弹碎裂法
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https://www.nndc.bnl.gov/nudat2/

Total: 3386 known nuclei

Seconds

 > 10+15   10-01

 10+10   10-02

 10+07   10-03

 10+05   10-04

 10+04   10-05

 10+03   10-06

 10+02   10-07

 10+01   10-15

 10+00   < 10-15

 unknown

half-life 

unstable nuclei ~3000

 Neutron halo/skin 

 Exotic excitation modes 

 Shell quenching 

 Onset of large collectivity at 

nuclei with traditional magic 

numbers (island of inversion)

Neutron skin

Proton

Structure of atomic nuclei

Neutron halo
Interplay: continuum, pairing and collectivity

22
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Rare isotope facilities

CARIF: China advanced rare ion beam  facility
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Nuclear facilities in China (中国核物理理⼤大科学装置)

兰州重离⼦子加速器器与冷却储存环装置（HIRFL-CSR） ⼴东惠州 - 强流重离⼦加速器装置（HIAF）

最⾼高能量量达4.25GeV/u

Nuclear physics at HIAF
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Nuclear physics in the era of multi-messenger astronomy

Neutron star merger

GW170817

25

B. P. Abbott et al., Astrophys. J. 848, L12 (2017).
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Nuclear physics in astronomy (nucleosynthesis)

kilonova (decay of heavy r-process nuclei)

What is the origin of elements 

heavier than iron? 

GW170817: gravitational wave signal and its associated AT 2017gfo electromagnetic (EM) 
counterpart provided the first evidence that r-process nucleosynthesis occurs in neutron 
star mergers. 

Samuel A. Giuliani et al., PRC102, 045804 (2020)

• renormalized solar r-process abundances

26
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Nuclear physics in astronomy (neutron stars)

Collin D. Capano et al., Nature Astronomy 4, 625 (2020)

The leading-order contribution is proportional to 

each star’s tidal deformability parameter,

enhances GW emission 

accelerates the decay of the quasicircular inspiral

B. P. Abbott et al., PRL121, 161101 (2018)

T. Hinderer  (2008) 
27

Tidal deformation (潮汐形变)
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Constrain Nuclear physics from neutron stars

Credit to J. HoltNeutron stars as windows into ultra-dense matter
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The “three horses” in nuclear physics research

E
xp

er
im

en
t

Theory

High Performance

Computing

29

LQCD = q̄(iγµ
Dµ −M)q −

1

4
Gµν,aG

µν

a

Dµ = @µ � ig
�a

2
Aµ,a

Gµν,a = @µAν,a � @νAµ,a + gfabcAµ,bAν,c .

Quantum Chromodynamics
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Outline

✦ Introduction

New opportunities and challenges in nuclear physics 

30

✦ Advances in modeling atomic nuclei

‣Nuclear (covariant) energy density functional theory

‣Nuclear ab initio methods

✦ Summary and Outlook

Nuclear structure and weak decays

Neutron-star matter
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multi-faceted nuclei 

Image with different resolutions  

How to modeling atomic nuclei?
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multi-faceted nuclei 

Image with different resolutions  

The Frontiers of Nuclear Science: A Long-Range Plan, 2007.

How to modeling atomic nuclei?
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Nuclear (covariant) energy density functional theory

Mean-field approximation: (HF/DFT)

Many-body problem One-body problem

+ many-body forces
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(Jp T)=(0+0)

s
w r

(Jp T)=(1-0)
(Jp T)=(1-1)

)(g)r(S rs=
s

)(Ae)(g)(g)(V rrrr
030

3

0

2

1 t-
+rt+w=

rw

Sigma-meson:
attractive scalar field

Omega-meson:
Short-range repulsive

Nucleons are coupled by exchange of mesons via an effective Lagrangian

Serot & Walecka, Adv. Nucl. Phys. 16 (86) 1

Reinhard, Rep. Prog. Phys. 52 (89) 439

Ring, Prog. Part. Nucl. Phys. 37 (96) 193

Meng, Toki, Zhou, Zhang, Long & Geng,  Prog. Part. Nucl. Phys. 2006 

…

Nuclear (covariant) energy density functional theory
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Results of 76Kr from MR-CDFT calculation. 

[JMY, K.Hagino, Z.P. Li, J. Meng, P. Ring，Phys.Rev.C (2014)]

• AMP changes significantly the PES. 

• The gamma deformation dof 

connecting weakly oblate deformed 

energy minimum with strongly 

prolate deformed energy minimum. 

• The spectrum can only be 

reproduced with the inclusion of 

triaxially deformed states.

✦ Triaxiality in low-lying states of 76Kr 

35

Nuclear (covariant) energy density functional theory



江⻄西师范⼤大学尧江明

✦ From octuple vibration to octuple rotation excitations

Results of 224Ra from MR-CDFT calculation. 

[JMY, E.F. Zhou, Z.P. Li, Phys. Rev.C (2015)]

36

Nuclear (covariant) energy density functional theory
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E.F. Zhou, JMY, Z.P. Li, J. Meng, P. Ring, PLB (2016)

Molecular-like clustering structure

A rotation-induced dissolution of 4He+16O molecular-like structure 
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Semi-bubble structure in atomic nuclei

X. Y. Wu, J. Xiang, Phys.Rev.C 98 (2018)

Favor bubble:  

Quantum and Coulomb repulsion

D
e

n
s
it

y

Radius 

Anti-bubble effect: 

pairing correlation and shape-mixing 

X.Y.Wu, JMY, Z.P. Li, Phys.Rev.C (2014)

Formation of proton bubble: depopulation of 2s1/2 orbit
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Neutron stars

蟹状星云
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Neutron stars

Gravity

Pressure 

• Gravity tries to push the star into a black hole 

• Pressure of strongly interacting neutrons 

resists the gravity

http://xtreme.as.arizona.edu/

Probe the equation of state 

of ultra dense matter
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R ∼ 12 km

M ∼ 1.4 M�

NS

?
Λ Σ Ξ

πc Kc qp

npe

D. Lonardoni, A. Lovato, S. Gandolfi, F. Pederiva (2015) J. Schaffner and I. N. Mishustin (1996)

M
 [

M
0
]

R [km]

PNM

N

N + NN (I)

N + NN (II)

0.0

0.4

0.8

1.2

1.6

2.0

2.4

2.8

10 11 12 13 14 15 16

PSR J1614-2230

PSR J0348+0432

AFDMC

Neutron star matter (hyperon puzzle)
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Covariant energy density functional theory for NN/YN interactions 

The coupling strengths in hyperon-nucleon interaction 
are often fitted to hyperon binding energies

Parameters are NOT uniquely determined. 

More data on YN interactions are required.

parameters

Fitted to Lambda 

separable energy

Neutron star matter (hyperon puzzle)
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Modeling atomic nuclei from first principles?

• Construction of nuclear force from QCD (difficult)

• Nuclear force from Lattice QCD

Non-perturbative nature 
of strong interaction at 
low-energy regime
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chiral-symmetry-breaking (hard) 

scale (~700 MeV)

soft scale associated with external 

momenta, pion mass  (~140 MeV)

Weinberg’s power counting: 

S.Weinberg, PLB251, 288 (1990)

S. Weinberg, NPB 363, 3 (1991)

~1 fm

44

• Nuclear force from chiral EFT

Modeling atomic nuclei from first principles?
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Nuclear force from chiral EFT

K. Hebeler, arXiv:2002.09548 [nucl-th]

Ordonez, 

van Kolck

Weinberg

Ordonez, 

van Kolck

Weinberg 

van Kolck 

Epelbaum 

…

Kaiser

45
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ab initio many-body frameworks

Variational Monte Carlo (VMC) 

Green’s function Monte Carlo (GFMC) 

Auxiliary-field diffusion Monte Carlo (AFDMC) 

H. Hergert, S. K. Bogner, T. D. Morris, A. Schwenk, and K. Tsukiyama, Phys. Rep. 621, 165 (2016)

Pieper, S.C.; Wiringa, R.B. (2001)

• Quantum Monte Carlo methods

• Lattice effective field theory (EFT)

credit: D. Lonardoni

D. Lee, Prog. Part. Nucl. Phys. 63, 117 (2009)

Barrett, Navrátil, Vary, Prog. Part. Nucl. Phys. 69, 131 (2013)

• Coupled cluster (CC)

G. Hagen, T. Papenbrock, M. Hjorth-Jensen, and D. J. Dean, Rep. Prog. Phys. 77, 096302 (2014)

• In-medium similarity renormalization group (IM-SRG)

•  No-core shell model (NCSM)

J. Carlson et al., RMP 87, 1067 (2015)

• MBPT, (R)BHF,…

• Self-consistent Green's function (SCGF) 

V. Somà, Frontiers in Physics 8, 340 (2020)

46
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ab initio calculations for nuclei: nuclear masses

First-principles calculations predict the properties 
of nearly 700 isotopes between helium and iron
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H. Hergert, Front. Phys. 8, 379 (2020)

Achievements of ab initio calculations for nuclei

48
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Two-body currents+ 

many-body correlations

ab initio calculations for nuclei: single-beta decay
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ab initio calculations for nuclei: double-beta decay

JMY, Science Bulletin (2021)
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Constraints on Neutron Star Radii Based on Chiral Effective Field Theory Interactions

K. Hebeler, J. M. Lattimer, C. J. Pethick, and A. Schwenk
Phys. Rev. Lett. 105, 161102 (2010)

NN+3N (EM)

ab initio calculations for neutron star matter

piecewise 
polytropes
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Neutron Star Tidal Deformabilities Constrained 
by Nuclear Theory and Experiment

Use ab initio calculations as constraints

x: Proton fraction

 Determine prior probability 

distributions for ai and bi with the 

EOS by chiral EFT up to 2n0 


The posterior distributions are 
determined by empirical 
information of nuclear matter

Neutron matter

Symmetric nuclear matter

T
id

a
l 
D

e
fo

rm
a

b
ili

ty

Y. Lim and J.W. Holt, Phys. Rev. Lett. 121, 062701 (2018)



江⻄西师范⼤大学尧江明

Summary and outlook

• Many new exciting opportunities in nuclear physics 

Facilities for Rare Isotope Beams: Neutron-rich nuclei 

Multi-messenger astronomy: nucleosynthesis and neutron stars 

New physics probes: neutrinoless double beta decay, WIMP, etc

• Significant advances in modeling of atomic nuclei

Beyond mean-field (covariant) EDFs: collective excitations, decays, etc. 

Chiral EFT: an elegant framework to derive nuclear forces

Ab initio many-body frameworks:  MC, Lattice EFT, CC, IMSRG, MBPT, etc.

• Outlook  

Uncertainty Quantification: Truncation error in both nuclear interactions 

and many-body methods

Machine learning and quantum computing: application to nuclear 

structure and reaction
53
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