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The missing compact star
1.  The neutrino burst from SN1987A indicates the forming 
of a “neutron star”;

2.  Multi-wavelength observations did not find any point 
source or pulses;

3.  The X-ray luminosity of a 

Cooling neutron star is higher 

than the observational upper 

limit at 1 keV. (McCray, R. 2007)

What is wrong?

Solutions
1.  Transformed to a black hole 
via accretion from fallback 
material;

2.  It is a quark star which cools 
very fast that has luminosity 
lower than the observational 
limit; (Chan et al. 2009)

3.  It is a solid quark cluster star 
which has very small heat 
capacity thus cools faster than 
neutron star, and has smaller X-
ray luminosity.

Notes
It is difficult, pulsar maximum 
mass is larger than 2 solar 
mass; (Demorest et al. 2010)

It was almost ruled out since 
its equation of state is soft 
which could not has mass as 
large as 2 solar mass;

It has stiff equation of state 
that can have maximum mass 
larger than 2 solar mass. (Lai 
& Xu 2009)

Summary:
1. A sold quark star with normal parameters is compatible with the non-detection in SN1987A. 

A low-mass quark cluster star has a wider parameter space than a more massive one.
2. If the surround dust is opacity in X-ray band, the parameter constraints become relaxed. The 

parameter space of a solid quark star is wider than that of a neutron star.
3. The parameter constraints are model independent.
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Cooling of quark cluster star
Heat capacity:
The heat capacity of quark cluster star is composed by the 
contributions of lattice structure        and electrons       , i.e. 
(Yu & Xu 2011)                            where        is proportional to T3, 
and       is proportional to T. The heat capacity is dominated by 
electrons when the  temperature is lower than ∼1010K. The 
contribution of electrons is                                                 where

is the electron fraction.

Cooling curve:
The heat energy could emit via neutrino radiation, color 
superconductivity related photon emission and 
bremsstrahlung. The figure shows the cooling curve of a quark 
cluster star via only 
Bremsstrahlung (BR), 
compared withblack-
body emission. It shows 
that even it cools only 
via bremsstrahlung the 
luminosity is lower than 
the observational limit 
at the age of 20 years.

Restrict parameters via heating
The heating luminosity should also be lower that the limit, thus 
it can be used to restrict the compact star’s parameters.
Heating from magnetosphere:
The rotational energy lost rate is related to the magnetic field 
and rotation frequency                                   The thermal X-ray 
luminosity is proportional to     , i.e.                 where               
(Yu & Xu 2011)  The red lines in two panels of the figure are 
obtained with                      and        . The areas left to the lines 
should be ruled out.

Heating from accretion:
If there is a disk around, it should not be in accretion phase 
which usually has very large luminosity. Thus                 , yielding

The blue lines in two 
panels of the figure are 
obtained with 
for blue solid lines,

for blue dashed 
lines and                      for 
blue dash-dotted lines.
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