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The work in a nutshell

o From remnants to mature NSs

• Dynamical evolution in the Galaxy

• Spin evolution due to spin-down 

torques (EM+GW)

o Detectability assessment

• Astrophysical characteristics of 

detectable sources

• Parameter space of interest
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What mostly affects present-
time spin frequency:

MAGNETIC FIELDS BIRTH SPIN FREQUENCY



Spin evolution: two main families of models
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AGNOSTIC

Flat-in-log priors:

• B ∈ 10!", 10!# G ,		no	decay

MAG FIELD

SPIN AT BIRTH

• f" ∈ 2, 300 Hz (Camelio et	Al.	2016)

• f" ∈ 2, 1200 Hz (Haskell	et	Al.	2018)



Spin evolution: two main families of models
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EMPIRICAL
informed priors consistent with: Popov et Al. 

(2010), Viganò et Al.(2013), Gullón et Al. (2015)

MAG FIELD

SPIN AT BIRTH

• 𝑝(log!" B/G) = 𝒩(13, 0.8)

decay	time-scale	τ = 109yr

• 𝑝(P"/ms) = 𝒩(300, 200)

• 𝑝(P"/ms) = 𝒰(0.8, 500)
(Gullón	et	Al.	2014,	2015)
(Gonthier	et	Al.	2004)



and finally…ellipticity

MMCW 2023 G. Pagliaro

Scenario 1: 
MAGNETIC FIELD INDUCED

Mastrano et Al. (2011):

𝜀 𝐵 ∝ 𝐵C 1 −
0.4
Λ

Scenario 2: 
OTHER

Origin of deformation not specified

𝑝(log 𝜀) = 𝒰(𝜀DEF, 𝜀DGH)

Λ = 0.9
Ciolfi et Al. (2010), Lasky et 
Al. (2012), Lander & Jones  
(2009), Lander et Al. (2021)

Λ = 0.1
Braithwaite (2009), Akgün   
et Al. (2013), Ciolfi & Rezzolla  
(2013)

• 𝜀!"# = 𝜀(𝐵, Λ = 0.9)

• 𝜀!$% = 10&'
(Ushomirsky et Al. 2000, Haskell et Al. 2006, 
Horowitz & Kadau 2009, Morales & Horowitz 2022)
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Current sensitivity: detectable sources

average no. 
detectable sources

agnostic empirical

ellipticity

magnetic 
induced < 0.01 < 0.01

other ≈ 1.4 – 3.6 0.01
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Current sensitivity: detectable sources

average no. 
detectable sources

agnostic empirical

ellipticity

magnetic 
induced < 0.01 < 0.01

other ≈ 1.4 – 3.6 0.01

CURRENTLY DETECTABLE SOURCES 
(agnostic-other)
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Current sensitivity: parameter space
DETECTABLE AND CLOSE-TO-BE DETECTABLE SOURCES

(CURRENT SENSITIVITY)
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Current sensitivity: parameter space
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Ditch parameter space 
portions must be done 
carefully!
See Ming et Al.(2016,2018)
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Current sensitivity: parameter space
DETECTABLE AND CLOSE-TO-BE DETECTABLE SOURCES

(CURRENT SENSITIVITY)

vs

Ditch parameter space 
portions must be done 
carefully!
See Ming et Al.(2016,2018)
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3rd gen detectors 
EINSTEIN TELESCOPE & COSMIC EXPLORER

N!!" > 20 Hz
(%)

N!!" > 5 Hz
(%)

AGNOSTIC 0.14 - 0.16 % 2.9 - 3 %

EMPIRICAL 0.22 - 0.47 % 6.9 - 8.7 %

NUMBER OF SOURCES IN BAND
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3rd gen detectors 

average no. 
detectable sources

agnostic empirical

ellipticity

magnetic 
induced < 0.01 < 0.01

other ≈ 350 – 525 ≈ 2 – 5

EINSTEIN TELESCOPE & COSMIC EXPLORER

N!!" > 20 Hz
(%)

N!!" > 5 Hz
(%)

AGNOSTIC 0.14 - 0.16 % 2.9 - 3 %

EMPIRICAL 0.22 - 0.47 % 6.9 - 8.7 %

NUMBER OF SOURCES IN BAND
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3rd gen detectors 
EINSTEIN TELESCOPE & COSMIC EXPLORER

Expected num
ber of detectable 

sources in 𝑓#$
−
ℎ
%

bin

3rd-gen detectors

curr. detectors

EMPIRICAL MODELS BECOME DETECTABLE!
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3rd gen detectors 
EINSTEIN TELESCOPE & COSMIC EXPLORER

ü DETECTABLE THANKS TO MAGNETIC
FIELD DECAY!

ü (PRESENT TIME) GRAVITARS!

ü NOT MAXIMALLY DEFORMED!



Conclusions
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• Detection is limited to stars with deformations not just due to magnetic 
field and is (currently) far from guaranteed

• Currently detectable sources show a strong correlation between
magnetic field and ellipticity: the larger the magnetic field, the larger
the ellipticity needed for current detectability

• For some of our models, 3rd generation detectors are able to detect     
few hundreds more sources than current ones

• “Empirical” models become detectable with 3rd gen. detectors

• For these, it is of fundamental importance to account for the GW-spin-
down contribution to avoid to overestimate the number of detectable 
sources

• Feeding our results to optimisation frameworks will help us in wisely      
choosing the parameter space portion to survey
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EXTRAS
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