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Pulsars could be strangeon stars

Human civilization:

from matter to atom
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Civilized by Understanding Matter
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Ludwig Boltzmann vs. Wilhelm Ostwald

“A scientific truth does not 

triumph by convincing its 

opponents and making them see 

the light, but rather because its 

opponents eventually die and a 

new generation grows up that is 

familiar with it.”
“Planck’s Law”

“atomism/

realism”

vs.

“energism/

positivism”

Civilized by Understanding Matter

metaphysical 

interpretation

scientific 

materialism
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Max Planck (1858-1947)

(1844-1906) (1853-1932)



•1911: Rutherford model, 1913: Bohr model

Stationary states
（mvr = n）

Transition
h = Ei-Ef

.

.

Civilized by Understanding Matter

electronsatomic
nucleus

E-levels
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Matrix mechanics (1925)

Erwin Schrödinger (1887-1961)Werner Karl Heisenberg (1901-1976)

Wave mechanics (1926)
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Wolfgang E.Pauli (1900-1958)

Pascual Jordan (1902-1980)

Enrico Fermi (1901-1954）

Paul Dirac (1902-1984)

-13.6

-3.40

-1.51

0

E/eV

1925:

Pauli statistics?

1926:

FD statistics!



•FD statistics: Fowler, Sommerfeld, Chandrasekhar, Landau…

Fowler (1926)

Sommerfeld (1928)

Chandrasekhar (1929)

1928 autumn: Sommerfeld lectured at 

Presidency College, meeting Chandra.
(1910-1995)

The Birth of New Statistics
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•Band; insulator, semi/conductor, superconductor

The Birth of New Statistics

Zero resistance

Meissner effect

Flux quantization

1911: Kamerlingh Onnes (1853-1926)

BCS!

Strong correlation between electrons?
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material 

world



•the Material world: strong besides electric?

The Birth of New Statistics

PSRs=Strangeon Stars? http://faculty.pku.edu.cn/xurenxin/    R. X. Xu

Xu (2023)
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Can we have strong matter?
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Matter condensed by

the strong force?
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Strong matter is not surprising!

•Let’s do an exercise…to squeeze an apple!



~100 cm ~10-8 cm ~10-13 cm

..

.
.

{uud} {udd}

Total baryon number Aapple~100g/u~1026.

Electrons no-relativistic before squeezing, but what after?

A giant “nucleus”: ~0.5m, ~nucl, Ee~300MeV if e keeps

Gravity-squeezed core: A >> Aapple and not gravity-free!

mn-mp1MeV
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Subramanyan Chandrasekhar

(1910-1995)

“for his theoretical studies of the physical 

processes of importance to the structure and 

evolution of the stars”
Nobel Prize in Physics (1983)

•FD statistics: Fowler, Sommerfeld, Chandrasekhar, Landau…

Landau (1932)

Chandrasekhar (1931)

Landau, Bohr & Rosenfeld

Strong matter formation in strong gravity

Edmund Clifton Stoner 

(1899-1968)

noted a limiting mass of 

white dwarfs (∼ M⊙) in 

the uniform density 

approximation (Stoner 

1930).
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•A real history：Landau in 1931/1932!

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

How gigantic is gigantic?Lev Davidovich Landau

(1908-1968)

Strong matter formation in strong gravity



•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?
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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)



•NS vs. SS…
u + e− → d + νe
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u + e+ → d + νe

u + e− → s + νe

u + e+ → s + νe

_ _ __
neutronization strangeonization?

_ _

p={u2d1s0}

Detailed ways to neutralize…
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What if pulsars could be

strangeon stars?
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(Lai & Xu 2009 MNRAS, 398, L31)

Demorest et al. (2010) 

A very stiff equation of state!
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Constraints by PRE bursts

of 4U 1746-37, on the 

assumption that the touchdown 

flux corresponded to LEdd,

and the obscure

effect is included.

Li et al. (ApJ, 2015)



Watts et al. (2015)

Hyperon puzzle?

Quark-

confinement?

in this quark-

cluster star model

A very stiff equation of state!



•We face major challenge to understand extr.ev

The free energy: B-field vs. quake?
2

stored

53~  ergs10
GM R

E
R R




for M ~ M⊙

R

R

(Xu et al. 2006)

AXP/SGRs (flares, even superflares), GRBs, FRBs…

magnetars vs. strangeon stars?

Huge free energy to power events

How to determine quantitatively the free energy?
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•Anisotropic stars in general relativity (spherically)

Huge free energy to power events
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An. Phys. 2002

0

R

r
Pr

Pt Pt > Pr higher Mmax!

Pt ~ Pr

Free-energy releasing...



Pr - Pt = r(dPr/dr)



•To distinguish: an easy example …

Eggs: Raw or Cooked ?

Pulsars B1821-11: precession or even free precession?
(Stairs, Lyne & Shemar,  2000, Nature, 406, 484)

May others…
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Summary
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Lev Davidovich Landau

(1908-1968)

Three Arguments to Strangeon Star

Neutrality

Edward Witten

(1951-)

New-degree

Strong-coupling QCD

(1973-)

No-perturbativity

strangeon star



•It has been 90 years since Landau re-considered 
Fowler/Chandersekhar’s statistics of white 
dwarfs, but the basic unit inside the resultant 
gigantic nucleus is still uncertain.

• In the triangle, the units could be 3-flavour 
symmetric strangeons rather than 2-flavour 
asymmetric nucleons if the Nature really loves 
symmetry when building the world.

•To test the models in the further…
THANKS!

Summary
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