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A Fundamental Problem

At present we still do not know the composition of 
matter at densities as high as those expected at the 

interior of the usually called “neutron stars”.

ρ≥1014 g cm−3



Posible compositions:

• Normal Matter: Protons, neutrons and electrons

• Hyperonic Matter: Protons, neutrons, electrons and hyperons

• Quark Matter: up, down, strange (u, d, s)

 For example:
 a protón   is made up of quarks  u u d,
 a neutron is  u d d
 a lambda  is u d s

Non strange quark matter is unstable
Strange quark matter may be stable

P=(ρ−4B)/3



 Tabulated lifetimes correspond to  
terrestrial laboratory conditions.

Barions and leptons are fermions. So, at 
the neutron star interiors those decays 
are inhibited because of the Pauli's 
Exclusion Principle. 

At these conditions these particles do not 
decay.

Some properties of elementary partícles



Some ways proposed to differentiate quark stars 
from neutron stars 

• Nuclear matter is expected to have an equation of state 
(EOS) very different from the EOS corresponding to 
self-bound quark matter. Thus, the mass-radius 
relations for these objects should be very different.





• If the transition from nuclear matter to 
quark matter occurs, it will change the 
moment of inertia of the star

• If so, in a rotating pulsar, this process 
should be detected as a giant glitch. 



A sudden change in the rotation rate of the neutron star: 
“Glitch”



Difficulties related with these methods:

1.- related with the employment of the mass radius 
relation, it is very difficult to measure the radius of 
a neutron star: Do we measure an effective 
magnetospheric radius or the radius of the 
underlying compact object?

2.- For the occurrence of a giant glitch, the density 
of the neutron star should be extremely close to 
the transition conditions. These are fine tuned 
conditions.



Proposal:

The most likely moment to detect the transition 
from nuclear matter to quark matter is during the 
hot stage called “proto neutron star”. The  ideal 
way is by observing the neutrino emission of the 
next nearby core collapse supernova.



    This main aim of this work  is to predict the neutrino 
signal of a core collapse supernova including the 
occurrence of quark matter formation.

    At present this work is in progress 
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Evolution of the 
temperature profile 

Evolution of the profile of 
chemical potential of 
electron neutrinos 



Lepton number fluxEnergy flux 



Evolution of the mass and 
radius of the star 

Thermodynamics of 
the neutrinosphere 



Particle composition of the stellar inteior at different moments of 
evolution

Initial Model
(full of neutrinos)

Last Model
(without neutrinos)



The neutrino release favours the occurrence of the 
transition to a quark matter phase 



Benvenuto O.~G., Lugones G., 1999, MNRAS, 304, L25
Lugones G., Benvenuto O.~G., 1998, PhRvD, 58, 083001 



• The composition of the hot proto neutron star is 
in local thermodynamic equilibrium with its 
neutrino content

• As the star releases its neutrino content its 
composition shifts towards heavy hyperons

• The material gets closer to transition conditions

• We expect that the neutrino emission due to 
quark matter transition to be delayed a neutrino 
diffusion timescale (~seconds)

• Is it related to the last neutrinos detected by 
Kamiokande in the SN 1987A explosion?



Observation of neutrinos from SN 1987 A
at Kamiokande

Hirata K., et al., 1987, Phys. Rev. Lett., 58, 1490



• Unfortunately we cannot be sure: 
Detected neutrinos are too few to answer 
this question. 

• We have to wait for another nearby 
supernova.



Conclusions

• Within the present uncertainties we may 
expect a phase transition from nuclear matter 
to quark matter during the first few seconds 
after the birth of a neutron star in core 
collapse supernovae

• For quark matter formation we need beta 
decays to occur (~10 ns)

• But heavy ion collisions  are far shorter

• Neutron stars are plenty of time !



Conclusions

• If this transition really takes place in 
Nature its signals should be found among 
the neutrinos to be detected by 
Superkamiokande in the next nearby 
supernova

• Other kind of observations seem hardly 
useful for this purpose



Thank you very much !!!
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