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[Rotating neutron star§7

What is the dependence of stellar deformations on
the star’s mass?

What is the impact of the adiabatic index on stellar
deformations?

https://arxiv.org/abs/1809.08542

“The importance of the adiabatic index in modeling strains and stresses in
spinning-down pulsars”
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[Model’s hypothesis summary]

Newtonian Gravity;
QO%R?
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Slow rotation; ~10~% « 1

Elastic crust;

Initial unstressed configuration;

No magnetic field;



| Equations /

h?. _ )7® + h = 0| | EQUILIBRIUM




| Equations /
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7-T — pV® + h = 0| | EQUILIBRIUM

non-conseruvative forces
e.g. pinning
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| Equations /
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ESPANSION The elastic properties of matter

(u(r),y(r)) are in the matrix 4,;(r)
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[ Boundary conditions]
Q

S = 0 (no shear stress in vacuum)
.. =0ar =a
() continuous atr = a

a

S=0
(fluid cannot support shear stress)

T, continuous atr =7,

Q continuous atr =r,
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/Adiabatic Index ]
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[ Our model |

POLYTROPE n =1

P = kp?

. 4
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Initial configuration
Y=V =2

SLOW |Y =7

Radius-Mass degeneracy
Study of the mass’effect on
deformation using realistic EoS

FAST |Y = Yfrozen




Displacement

Stress

[ Rotation: [ =2, m =0 harmonic]
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[ Physical explanation]
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[ Failure criterion]

ﬁ Strain tena
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[ Effect of the mass/
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[ Conclusion |

Construction of a Newtonian model for the study of different
loads on neutron stars.

Big impact of the adiabatic index on star’s response: the
reason lies in the small ratio % ~ 1073.

Strain angle is a decreasing function of the stellar mass.

Challenge of the idea of crust breaking due to rigid rotation,
used as example as possible trigger of glitches.




Open uestions]
/Open q

What are the elastic properties of the inner crust? What is
the impact of the superfluid?

Development of elastic models with two components: solid
elastic layer and superfluid in the same point.

MOUNTAINS
Study of non-axial perturbation due
to quakes on star. Evaluation of the
emitted gravitational waves.
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[ Physical explanation]
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[ Trigger? |
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Same , (),
different masses

[ Trigger? ]
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Study of the strain

dependence on the stellar
physical characteristics




CurtCutler, GregUshomirskyand Bennett Link

The crustal rigidity of a neutron star and implication for PSR
B182811 and other precession candidates

The Astrophysical Journal, 588:9401, 2003 May 10



Incompressible
[ /

Incompressible medium‘ ‘\7 U = ()‘ Gz 19
K

Homogeneous crust Pcrust = COSU ¥, Uprysp = COSE
Homogeneous core Peore = COSt Y, Ueore = COSt
Heore= 0

Analytical solution
First code check
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[ Incompressible ]
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[ Types of loads ]
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[Differential rotation/
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[Pinning ]
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[ Maximum strain comparison 7
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[ Incompressible ]

Incompressible medium ‘ V-4=0 Gz 19
K

Homogeneous crust Pcrust = COSU K, Uppysp = COSE
Homogeneous core Peore = COSt K, Ucore = COSE
Heore= 0

Analytical solution
First code check
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[ Incompressible ]
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[ Rotation: [=0m =0 harmonic]
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[ Rotation: [=0,m =0 harmonic]
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/Open questions/

Estimations of the elastic properties of the inner crust
(superiluid impact).

Development of elastic models with two components: solid
elastic layer and superfluid in the same point.

>



[ Future steps ]

MOUNTAINS
Study of non-axial perturbation due
to quakes on star. Evaluation of the
emitted gravitational waves.

GR
Development of a  full
Relativistic approach for the
study of NS deformations.




