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Why Elasticity in Compact Objects?

Neutron Stars

Å Astrophysical objects are often idealized as 

self-gravitating perfect fluids.

Å At relatively low densities, fermions behave 

as a weakly interacting gas;

Å Challenging to understand phase of matter at 

high densities;

[ C h a m e l,  H a e n se l,  2 0 0 8 ]

Introduction

?

Solid Crust

[ H a e n se l,  P o t ekh i n ,  T a k o v l ev ,  2 0 0 7 ]
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Why Elasticity in Compact Objects?

Introduction

Å Buchdahl Limit: (GR, fluids, isotropy)

Å Several works have studied stars made of 
anisotropic fluidĮ

Į but, no physical motivation for the fluid model. 

Å Elastic matter naturally describes anisotropies

[ B o w er s ,  L i a n g ,  1 9 7 4 ;  D e v ,  G l e i se r ,  2 0 0 2 ;  M a k ,  H a r k o ,  2 0 0 3 ;  R a p oso + ,  2 0 1 8 ]

Tests of the BH paradigm and Exotic Compact Objects

2



Why Elasticity in Compact Objects?

Introduction

Å Beyond Buchdahl: (GR, fluids, isotropy)

Å Several works have studied stars made of 
anisotropic fluidĮ

Į but, no physical motivation for the fluid model. 

Å Elastic matter naturally describes anisotropies

[ B o w er s ,  L i a n g ,  1 9 7 4 ;  D e v ,  G l e i se r ,  2 0 0 2 ;  M a k ,  H a r k o ,  2 0 0 3 ;  R a p oso + ,  2 0 1 8 ]

Tests of the BH paradigm and Exotic Compact Objects
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Tangential Pressure

Radial Pressure

Energy density

Derived from theory of 
Relativistic Elasticity 

Equation Of State

?
Perfect Fluids: One EOS Anisotropic Fluids: Two EOS Elastic Matter

Compact Objects in GR

Spherically symmetric stars Elastic Matter

Anisotropic TOV equations
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Equation of State
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Elastic Materials

Fluid Materials
Number density

Linear density

Elastic Theory in a nutshell

Mapping

Reference 
spacetime

(undeformed)

Physical 
spacetime
(deformed)

Elastic Strain

Pushforward of



Example: Polytropic EOS
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Quadratic CorrectionPerfect-fluid Polytrope

Effects of Elasticity

1. Increase the maximum mass and compactness 
of star: 
Ultracompact and beyond-Buchdahlconfigurations;

2. New wave propagation modes:
5 modes (elastic) vs 1 mode (fluid)

3. Unphysical branch at high densities;



How compact can a Ĩnon-exoticĩ compact object be?

Incompressible Fluid EOS

Compactness Bounds in GR
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[Urbano, Veermäe, 1810.07137 ]

Linear Equation of State

Causal Buchdahl Bound Causal + stable Buchdahl Bound

Buchdahl Bound



Constant Sound Speed EOS

Important Remarks:

Å For elastic materials we cannot set all sound speeds constant.

Å Ultrarigid EOS fixes sound speed of longitudinal waves !
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4 parameters in the EOS



Compactness Bounds

Energy Conditions

NEC

WEC

SEC

DEC

Subluminal Sound Speeds
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Causal Bound

c

Causal + stable Bound

c
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Causal Bound

c

Causal + stable Bound

c


