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Take Aways 1

u Why neutron stars and 
their tidal 
deformabilities are 
important

u How tidal 
deformablities in 
scalar tensor theories 
differ from those in 
general relativity

Image: Soheb Mandhai



Why do we care about neutron 
stars?
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u Neutron stars contain ultra-
dense matter which makes 
them unique nuclear 
physics laboratories 

u The exact equation of state 
(EOS) for nuclear matter is 
unknown

u One of two types of 
compact objects detected 
by gravitational wave 
detectors

GSI Helmholtzzentrum für Schwerionenforschung GmbH, Darmstadt/Germany



What is tidal deformability? 3
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Gravitational waves and tidal 
deformability

4

Image Credit: 
NASA/CXC/M.Weiss

u Gravitational waves from binary 
neutron star merger GW170817 
provided the best constraint on 
neutron star tidal deformability to 
date

Capano 2020, arxiv:1908.10352



What are scalar tensor theories? 5

General Relativity
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Why Scalar Tensor Theories? 6

u Scalar tensor theories 
have been proposed as 
alternatives to dark 
energy (quintessence)

u String theory, super-string 
theory, and supergravity 
also require scalar 
degrees of freedom

Dark 
Energy

Dark 
Matter

Matter

Quintessence?



How Love numbers are calculated 7

u Static, spherically 
symmetric, neutron star

u Apply external tidal field 
(which perturbs the body)

𝑝 → 𝑝 + 𝛿𝑝
𝜌 → 𝜌 + 𝛿ρ

𝑔56 → 𝑔56 + 	𝛿𝑔56
Image: Soheb MandhaiHinderer 2008
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The role of the metric 8

u The metric outside the star 
connects the multipole 
response to the applied 
field

For example:
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Thorne 1998



How Love numbers are calculated 9

u Static, spherically 
symmetric, neutron star

u Apply external tidal field 
(which perturbs the body)

u Solve master equation for 
the metric perturbations in 
the region outside of the 
star

Image: Soheb MandhaiHinderer 2008



Magnetic Love Numbers (Odd 
Parity)
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There are two ways to approach magnetic love numbers1

Strictly static2

𝜕IℎQ = 0

Irrotational3

ℎQ 𝑟, 𝑡 = ℎQ 𝑟 𝑒0%UI		
	𝜔 → 0

Pani 2018
Binnington and Poisson 2009
Damour and Nagar 2009



Scalar Tensor Theory

Static Case
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Exact Solution

Analytical Definitions 
of Tidal Love Numbers

No exact solution!

Analytical Definitions of 
Tidal Love Numbers



Love numbers and tidal 
deformabilities
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Electric Love Numbers (even parity)

General Relativity

Tensor

Scalar Tensor Theory

Tensor + Scalar

Analytical Solution Approximate Solution
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Love numbers and tidal 
deformabilities
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Love numbers and tidal 
deformabilities
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Gravitational Waves

u Current research either 
focuses on studying 
neutron star properties or 
on testing general 
relativity

u Our goal: combine these 
approaches to explore 
what gravitational waves 
could tell us about 
neutron star physics 
outside of general 
relativity.
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Thank You!
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QUESTIONS?
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