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Possible phase transitions in matter at high density



Mass-radius diagram for hybrid stars

Phase transition:
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EOS for pure nuclear matter is from Douchin & Haensel, Astron. Astrophys., 380 151-167 (2001)



Mass-radius diagram for hybrid stars

Phase transition:

Nuclear Matter

Quark Matter

 
1

4
3

qP E B 

Values of B are in MeV/fm3

EOS for pure nuclear matter is from Douchin & Haensel, Astron. Astrophys., 380 151-167 (2001)

 3 ln 91
pt

n

B



   



Mass-radius diagram for hybrid stars

Phase transition:

Nuclear Matter

Quark Matter

 
1

4
3

qP E B 

Values of B are in MeV/fm3

EOS for pure nuclear matter is from Douchin & Haensel, Astron. Astrophys., 380 151-167 (2001)

 3 ln 91
pt

n

B



   



Mass-radius diagram for hybrid stars

Phase transition:

Nuclear Matter

Quark Matter

 
1

4
3

qP E B 

Values of B are in MeV/fm3

EOS for pure nuclear matter is from Douchin & Haensel, Astron. Astrophys., 380 151-167 (2001)

 3 ln 91
pt

n

B



   



Mass-radius diagram for hybrid stars

Phase transition:

Nuclear Matter

Quark Matter

 
1

4
3

qP E B 

Values of B are in MeV/fm3

EOS for pure nuclear matter is from Douchin & Haensel, Astron. Astrophys., 380 151-167 (2001)

 3 ln 91
pt

n

B



   



Mass-radius diagram for hybrid stars

Phase transition:

Nuclear Matter

Quark Matter

 
1

4
3

qP E B 

Values of B are in MeV/fm3

EOS for pure nuclear matter is from Douchin & Haensel, Astron. Astrophys., 380 151-167 (2001)

 3 ln 91
pt

n

B



   



Mass-radius diagram for hybrid stars

Phase transition:

Nuclear Matter

Quark Matter

 
1

4
3

qP E B 

Values of B are in MeV/fm3

EOS for pure nuclear matter is from Douchin & Haensel, Astron. Astrophys., 380 151-167 (2001)

 3 ln 91
pt

n

B



   



S
ag

er
t

et
a

l.
J

P
h

y
s

G
.3

6
,6

(2
00

9
)

F
ra

ga
et

al
.N

u
cl

.P
h

y
s.

A
,7

02
(2

00
2

)

The are other examples
of such M-R diagram

in the literature!



What is going on inside the star at the Magic Point?
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OVT-equations of equilibrium Phase equilibrium
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The main equation
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Dimensionless form of the Main Equation
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Equilibrium equations:



Homology-invariant variables

For some specific EOSes TWO TOV-equations of equilibrium can be
combined to ONE differential equation with homological variables.
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Newtonian limit, polytropes: GR, P=qE

From P.-H. Chavanis, Astron. Astrophys.,381, (2002)



“Almost” homological variables
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Global structure of fixed points?



Global structure of fixed points
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The condition that a small shift
from a fixed point bring us to

another fixed point



Open questions:

Other (non-linear) EOS as the solution of the main equation?
Other topology of fixed-points because different envelope?


