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From Quark to Quake

丰富多彩的物质世界
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丰富多彩的物质世界
雪域高原



From Quark to Quake http://faculty.pku.edu.cn/xurenxin/       R. X. Xu

丰富多彩的物质世界
峨眉云海
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丰富多彩的物质世界
大漠胡杨
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丰富多彩的物质世界
格桑花艳
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丰富多彩的物质世界
藏羚羊追
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丰富多彩的物质世界
三口之家



•the Material world: strong besides electric?

Xu (2023)
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Can we have strong matter?

丰富多彩的物质世界
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凝聚态物质：

从电到强
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凝聚态物质：从电到强

•Let’s do an exercise…to squeeze one ton of water!



~10-8 cm ~10-13 cm

..

.
.

{uud} {udd}

Before: baryon Awater~106g/u~1030, Electrons Ee<1MeV

After the squeezing:

a, A giant “nucleus”: Awater
1/3fm~10m at ~nucl

b, Pauli principle  Ee~300MeV >> mec
2!!!

mn-mp1MeV
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•Landau (1932)’s neutralization: e- + p+ → n0 + e

Landau L. 1932, Sov. Phys., 1, 285

How gigantic is gigantic?Lev Davidovich Landau

(1908-1968)

凝聚态物质：从电到强



•Quark flavors in the standard model of particle physics

wikipedia.org

Now is era of the standard model!
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•What’s a proton? What’s a neutron?

u

u

d
u

u

u
u

d
d

d d

s

s
s

s

_
_

__

_

_

d

u

d
u

u

u
u

d
d

d d

s

s
s

s

_
_

__

_

p={u2d1s0}

n={u1d2s0}

A perturbative calculation of quantum chromodynamics 

(QCD) may predict a nucleon sea with light-flavor symmetry, 

but the observed flavor asymmetry in the light-quark sea 

would be the result of the non-perturbative nature.

Now is era of the standard model!



Symmetry dictates interaction

---- C. N. Yang (1980)
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•Neutron star? Strange Quark star? Strangeon Star?

?
?

Road to NS...
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We are 
here!

NQCD?pQCD?

Other two along with Landau (1932)



Lev Davidovich Landau

(1908-1968)

Neutrality

Edward Witten

(1951-)

New-degree

Strong-coupling QCD

(1973-)

No-perturbativity

strangeon star

Proton Star? Symmetry Energy? Nucleons in Nucleus?

Three Arguments to Strangeon Star



星震诱发的后果：

自转/释能
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•Quake-induced decrease of I

星震诱发的后果：自转/释能

Glitches
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(I) = 0

/ = - I/I

Glitch amplitude: 
/ ~ 10-5, ...10-9...



Seismological feature: a series of quakes?
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AXP/SGRs (flares, even superflares), GRBs, FRBs…

magnetars vs. strangeon stars?

星震诱发的后果：自转/释能

•Quake-induced release of free energy
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E. T. Herrin & V. L. Teplitz (1996 PRD)



总 结
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•理解丰富的物质世界促进人类文明与进步。

•类似于电磁力凝聚原子而成的物质，原子核
由强力凝聚核子（p/n）而成，但不足10fm。

•宇宙中存在巨核（gigantic nucleus）吗？
Landau于1932年就给出肯定回答：中子星！

•推测构成致密星的基本单元是奇子，则固体
奇子星的星震导致：自转突变和能量释放。

•星震的深入研究值得期待...

总 结
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THANKS!


