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gravitational waves !

fgw = 2 frot



G R AV I TAT I O N A L  W AV E S  F R O M  
S P I N N I N G  N E U T R O N  S TA R S

• signal always there 

• very weak: 

ellipticity  ε• amplitude   for  

D=1 kpc 
 

 kHz 

• amplitude from binary merger 

h0 =
2π2G

c4

Iεf2
gw

D
= 2 × 10−25

ε = 10−6

fgw = 1

≈ 10−21
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basic idea: combine the data, the signals adds 
coherently, the noise does not



obviously not to scale !
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S I G N A L  AT  T H E  D E T E C T O R  
I S  M O D U L AT E D



R E S O L U T I O N  G R O W S  W I T H  
O B S E R VAT I O N  L E N G T H

• if now does not know the source of the signal, the data 
needs to be differently combined for every tentative 
frequency value and for every sky position 

• number of points to evaluate quickly grows with 
observation time (  for a typical all-sky search)∝ T5
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M O S T  C H A L L E N G I N G  D E T E C T I O N  
P R O B L E M  O F  G W  A S T R O N O M Y

 waveforms resolvable with 1 year of data≈ 1026



• sacrifice depth and/
or breadth of search, 
depending on target

 O P T I M A L  S E A R C H  M E T H O D S  C A N N O T  
B E  U S E D

• have to develop new methods
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• interesting objects 
(known pulsars)  

• regions (galactic 
centre, globular 
clusters, young SN 
remnants) 

• all-sky

TA R G E T S



T H E  P R I M A R Y  G O A L  I S  T O  M A K E  T H E  
F I R S T  D E T E C T I O N

• very sensitive searches but so far no detection 

• can constrain signal amplitude 

largest ellipticity 
consistent with no 

detection

signal frequency

lower is better



A L L - S K Y  S U R V E Y S

S E A R C H I N G  F O R  O N E  T H AT  I S  N E A R B Y  
A N D  B U M P Y  E N O U G H  B E  D E T E C TA B L E



O 3  D ATA

plausible  valuesε



E V I D E N C E  O F  M I N I M U M  E L L I P T I C I T Y  ?

Woan et al, ApJ 863 (2018)
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Center of our galaxy

bright LMXB

Young supernova  
remnant



Y O U N G  S U P E R N O VA  R E M N A N T
distance D, age , evolving solely due to GW emissionτ

  hspdwn
0 =

1
D

5GI
8c3τ



C L O S E - B Y  S U P E R N O VA  R E M N A N T S

τ
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A C C R E T I N G  N E U T R O N  S TA R S



S P I N S  O F  A C C R E T I N G  N E U T R O N  S TA R S

Patruno Haskell Andersson, ApJ 850 (2017) 



S Y N T H E T I C  P O P U L AT I O N  W I T H  
G R AV I TAT I O N A L  W AV E  E M I S S I O N

F.	Gi&ns,	N.	Andersson,	Mon.Not.Roy.Astron.Soc.	488	(2019)	



T O R Q U E  B A L A N C E

  

for R=10 km, M=1.4 , =600 Hz, 10 Km,  
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S C O R P I U S  X - 1  
B R I G H T E S T  X - R AY  S O U R C E  ( A F T E R  S U N )

Abbo9	et	al,	arXiv:2209.02863	(2022)	
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– J O H N  C .  M A X W E L L

“The only guarantee for failure is to stop trying.” 


