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• Neutron	  stars
– Speculated	  by	  Landau	  (1932)
– Produced	  in	  supernova	  explosions	  

(Baade	  &	  Zwicky	  1934)
– IdenVfied	  as	  pulsars	  (since	  1968)

3

• Ques.ons
– De-‐confined	  quarks	  in	  the	  

inner-‐cores	  ?
– Quark	  stars	  ?
– The	  state	  of	  quark	  ma/er	  ?
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heavy	  quarks
(M	  >	  1	  GeV)

Quark-‐deconfinement	  +	  Strangeness	  at	  high	  densiVes
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

light	  quarks

Strange	  Quark	  Ma9er	  (SQM,	  or	  Strange	  Ma/er)

• A	  simple	  es.ma.on	  on	  
stability
– Bodmer-‐Wi/en	  conjecture

Weber,	  2005
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Quarks	  in	  Compact	  stars:	  Free	  or	  Locallized

Appliable	  to	  compact	  stars?

AsymptoVc	  freedom	  	  	  	  	  	  	  
– weakly	  coupled	  quarks	  	  	  	  	  	  	  	  	  	  

(Xu,	  2009)

αs

nB/n0

Highly	  non-‐
perturba.ve

quarks

quark-‐clusters
?

localized	  into

Alford	  et	  al.	  2008
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quark-‐clustering	  in	  compact	  stars

Quarks	  are	  localized	  
into	  quark-‐clusters

hadrons:	  “quark-‐clusters”

u	  +	  d	  +	  s
Nq	  ≥	  3

The	  system	  could	  not	  be	  treated	  as	  Fermi	  gas

?

How	  to	  describe	  the	  state	  
of	  clustered	  quark	  maCer?
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Lennard-‐Jones	  quark-‐cluster	  ma9er	  
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cluster-‐cluster	  potenVal:
(similar	  to	  inert	  gas)

Lai	  &	  Xu,	  MNRAS,	  398,	  L31	  (2009)	  

Wilczek,	  2007
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Demorest et al. (Nature 2010):
M=1.97+/-0.04 M_sun

Antoniadis et al. (Science 2013): 
M=2.01+/-.04 M_sun

We	  predicted	  massive	  
quark	  stars	  (M≳2M_sun)

Massive	  pulsars	  are	  found	  :

Lai	  &	  Xu	  (MNRAS	  2009)

S.ff	  equa.on	  of	  state

High	  maximum	  masses	  
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H-‐cluster	  stars
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Lai,	  Gao	  &	  Xu,	  MNRAS,	  431,	  3282	  (2013)	  

H-‐dibaryons	  (Λ-‐Λ	  bound	  states,	  uuddss):	  specific	  quark-‐clusters

H-‐H	  interacVon:

Brown-‐Rho	  scaling	  for	  both	  mesons	  and	  H-‐dibaryons:

A	  corresponding-‐state	  approach	  to	  
quark-‐cluster	  ma9er

Guo,	  Lai	  &	  Xu	  et	  al.	  2013
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Summary

Thank	  you!
comments	  and	  sugges.ons	  are	  welcome

The	  nature	  of	  
pulsar-‐like	  compact	  stars My	  answer
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