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Density Profile

Demircik, CE, Järvinen 2009.10731 (ApJL)
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Equation of State

Relates properties of dense matter to properties of neutron stars.

p � ppe; : : :q
Einstein Eq.
ÝÝÝÝÝÝÑ MpRq

Constrained by theory and neutron star observations:

� Causality & thermodynamic stability: 0   c2
s �

dp
de
  1

� Direct mass and radius measurements: MTOV ` 2Md, 11 km À R À 14 km

� First GW detection from a BNS merger GW170817: Λ̃ À 720
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Equation of State

Relates properties of dense matter to properties of neutron stars.

p � ppe; : : :q
Einstein Eq.
ÝÝÝÝÝÝÑ M pRq

Constrained by theory and neutron star observations:
Ÿ Causality & thermodynamic stability: 0   c2

s � dp
de   1

Ÿ Direct mass and radius measurements:MTOV Á 2 Md , 11 km À R À 14 km

Ÿ First GW detection from a BNS merger GW170817: ~� À 720
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Agnostic Approach

Ÿ Impose boundary conditions from nuclear theory and perturbative QCD.
Hebeler, Lattimer, Pethick, Schwenk 1303.4662 (ApJ);

Fraga, Kurkela, Vuorinen 1311.5154 (ApJL)

Ÿ Connect with random, but causal and thermodynamically consistent EOS.

c2
s p� q�

p� i � 1� � qc2
s; i � p� � � i qc2

s; i � 1
� i � 1� � i

; np� q� n1 e

³�
� 1

d � 1

� 1c2
s p� 1q ; pp� q� p1�

³ �
� 1

d� 1np� 1q :

Annala, Gorda, Kurkela, N•attil•a, Vuorinen 1903.09121 (Nature Physics)

Ÿ Constrain with pulsar and binary neutron star observations.

Lots of recent work:
. . . ; Annala, Gorda, Kurkela, N•attil•a, Vuorinen 2105.05132 (PRX);

Komoltsev, Kurkela 2111.05350 (PRL); Altiparmak, CE, Rezzolla 2203.14974 (ApJL);

Gorda, Komoltsev, Kurkela 2204.11877; CE, Rezzolla 2207.04417 (ApJL); . . . 8/37



Sampling the EOS

Ÿ Statistics of millions of EOS models that pass theory+astro constraints.

Ÿ Mass bound of generic (sub-conformal) models:MTOV   3p2:1qMd .

Ÿ Radius estimates (+ error bars) for typical stars:

R1:4 � 12:42� 0:52
� 0:99 km ; R2:0 � 12:11� 1:11

� 1:23 km p95%con�denceq: (1)

Altiparmak, CE, Rezzolla 2203.14974 (ApJL)
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Sound Speed in Dense Matter

Ÿ Local maximumc2
s ¡ 1{3 below maximal central densities of TOV stars

ec;TOV � 1064� 399
� 244 MeV{fm3 p95%con�denceq:

Ÿ c2
s ¤ 1{3 at all densities possible, but only a small fraction (0:03%).

Ÿ Lower boundc2
s Á 0:2 of sub-conformal models arounde � 400 MeV/fm 3.

Ÿ Monotonic sound speed is impossible:M max
TOV   2Md .

Altiparmak, CE, Rezzolla 2203.14974 (ApJL)
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Speed of Sound inside Neutron Stars?
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Speed of Sound inside Neutron Stars

Median (red) and 95% intervals (black) can be accurately described by

c2
s pxq �

�
� e� x2

� 
 e� px� � q2
	

r1 � tanh p� x � � qs; x � r {R :

Ÿ Light Stars: sti� core, soft outer layer.
Ÿ Typical Stars: large sti� core.
Ÿ Massive Stars: soft core, sti� outer layer.

CE, Rezzolla 2207.04417 (ApJL)
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CE, Rezzolla 2207.04417 (ApJL)
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