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Pulse sequences from a radio pulsar 

What is a Pulsar? 

•Pulsar: cosmological lighthouse... 

EoS of pulsar is meaningful for both 

•QCD at low-energy scale: non-perturbative features of fundamental strong interaction  

•Understanding cosmic events: SNE, GRB, bursts of AXPs/SGRs, timing behavior ... 

structure? 

or EoS? 



“… The successful use of Yang-Mills theory to describe 

the strong interactions of elementary particles depends on a 

subtle quantum mechanical property called the "mass gap": 

the quantum particles have positive masses, even though 

the classical waves travel at the speed of light. …” 

However, non-perturbative QCD is 

challenging us, being related to 

one of the Millennium Problems. 

QCD
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• As in the case of Navier-Stokes Equation, we do have a 

framework for strong interaction, the QCD Lagrangian: 

• QCD has asymptotic freedom in high-energy limit, but is 

strongly non-perturbative in low-energy scale. 

• NQCD not only is necessary to understand pulsar inner 

structure, but is meaningful to know broad nature, e.g., 

the origin of mass, the QCD phase transition in the early 

University, and even ultra-high energy cosmic rays. 

The undoable problems in  mathematics 

could be solved by ways of sciences, e.g. 

physics, chemistry, biology, geology, … 
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Pulsars: Strange Stars? 

•Different models of pulsar inner structure… 
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conventional 
Neutron Star 

light flavour symmetry: 
Strange Star 



•Strange (quark) stars 

Pulsars: Strange Stars? 
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Witten’s (1984) conjecture: for quark matter {u, d, s, (e)} 

Greiner et al. (1998) 

Kinetic Potential 

Analogy of Nuclear Symmetry Energy: 

From Baoan’s talk yesterday 

Coulomb barrier on surface:  ~10 MeV 
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~103 fm 



Pulsars: Strange Stars? 

Clustering? pressure-free  in “low ” regime 

Interaction? DSE approach of NQCD… 

? Clustering ← BEC ← BCS 

Xu 2009, JPG, 36, 064010 
•Fermi gas at a few 0: 

 (32)1/3 cn1/3~0.4GeV<1GeV 
 

•Fischer & Alkofer (2002) 
 

 
           ~ 2 at even 100! 
 

•If Coulomb-like color interaction 
 
 

      Fermi gas is dangerous? 
 

•A quark-cluster state expected … 

>  

•Strange (quark-cluster) stars 



? 

Pulsars: Strange Stars? 
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•Strange (quark-cluster) stars 

Witten conjecture extended: for quark/quark-cluster matter 

Each quark-cluster 

could have Nq quarks 

with almost equal 

numbers of u, d, and s. 

u 

u 
s 

s d 

d 

An extension of the Witten conjecture: 
it does not matter whether three flavours of 

quarks are free or bound. 

strange matter = cold dense matter with 
light flavour symmetry 

Certainly ~10 MeV Coulomb barrier still exist in case of 
quark-cluster stars! 
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Strange Star: a strangeness barrier? 

A strangeness barrier  http://vega.bac.pku.edu.cn/rxxu       R. X. Xu 

•Accreted matter easily penetrate Coulomb barr. 

p 

free fall 

~10 km 

~1 M⊙ 

p

kinetic Coulomb~  Me10 V  ~ 10  MeV0
GMm

E V
R



Accreted ions (with kinetic energy ~ 100 
MeV) could easily penetrate the Coulomb 
barrier: de-confine first into 2-flavour 
quark matter by fast strong force (~10-24s) 
and then change to 3-flavour quark matter 
by slow weak force (~10-7s). 
 

A strange quark star should keep bare even 
during a phase of accretion! 



Strange Star: a strangeness barrier? 
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•Weak interaction first for quark-cluster star! 

pp reaction as an analogy: p + p  d + e+ + e 

Two steps: barrier penetration (~10-10), flavor-changed weak interaction (~10-20) 

For comparison: 12C(p, )13N, cross-section > 1020 times higher 
p 

p 

Though ion kinematic energy 
could be higher than the 
barrier, Vcoulomb 

 

But it is difficult to produce 
strangeness from u and d 
 

A corona composed by ions 
and electrons forms above a 
strange quark-cluster star! 



Strange Star: a strangeness barrier? 
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•A very simple corona model: (h) 

3

b( ) exp( / ) g/cmh h kT  

Because of mass conservation, we have 

or the bottom density of the corona above strange star surface 

Then we could have a very simple model for the corona: 
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Nucita et al. (2014) 

H-like Ly-α Lines at E/eV: {10.2, 40.8, 91.8, 163.2, 255, 367.2, 500, 𝟔𝟓𝟐.𝟖, 826.2, 1020, 
1234.2, 1468.8, 1723.8, 1999.2, 2295, 2611.2, 2947.8, 3304.8, 3682.2, 4080, ...} 

The puzzling symbiotic X-ray 
system 4U 1700+24 



Xu (2014) 

A solution of the puzzling symbiotic X-ray system 4U 1700+24? 



Galloway+ (2002) 
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Conclusions 
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•Compact stars are sending us message being 

essential for us to know non-perturbative QCD. 

•A strangeness barrier is suggested to exist on 

a strange quark-cluster star surface. 

•Beside observations (stiff EoS, two types of 

glitches and extra free energy for bursts), the 

quark-cluster model is also good to understand 

the detected z and fO of 4U 1700+24, ~10-2M⊙! 
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Quarks and Compact Stars 
KIAA at Peking University, Beijing; Oct. 20-22, 2014 

    Though the standard model of particle physics is 

proved to be successfully perfect as the discovery of Higgs 

boson, the nature of strong interaction at low energy scale, 

which is essential for us to understand atomic nuclei and 

compact stars as well as the early Universe, is still far from the 

end. Certainly the quark degree of freedom 

could not be negligible, and compact 

stars provide a unique test- 

ground for studying the 

non-perturbative 

behaviors of the 

strong inter- 

action. 

KIAA at Peking University hosts a bilateral meeting 
to strengthen the researches and foster collaborations 

between China and Japan. 
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