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GW bursts with memory
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•
 

Ideal GW detector (‘free masses’) would 
have permanent displacement (“memory”)

•
 

Biuld-up of the displacement is 
measurable (difficult by ground-based 
LIGO, but can be done from space by 
LISA)
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GWM: linear effect
•

 
Non-oscillatory change of quadrupole

 
and higher multipole moments 

(Zeldovich
 

& Polnarev
 

74, Braginsky
 

& Grishchuk
 

78, Braginsky
 

& 
Thorne 87). For example, gravitational scattering (hyperbolic orbit)

Turner 77,
Velocities before and after
scattering are the same
but sign is opposite
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•
 

For any system of N 
gravitationally unbound 
bodies with velocities vA 
before and after GW burst 
emission (Braginsky & 
Thorne 87, Thorne 92)

•
 

Examples: hyperbolic orbits 
(Turner 77), asymmetric 
neutrino emission (Epstein 
78), asymmetric SN 
explosions (Burrows & 
Hayes 96, Ott 08), GRB jets…
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Nonlinear effect (Cristodoulou 
memory) Cristodoulou 91, Blanchet & Damour 92

(Favata 09)
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•
 

Hereditary nature: memory piece of the 
GW field depends on the entire history:

•
 

Similar to linear memory can be 
interpreted as arising from changes in the 
mass quadrupole

 
moment of the system 

during emission of individual gravitons 
(Thorne 92) with energies                           
and velocities va

j
 

=cna
j

(TR

 

is retarded time)



10.06.2010 Quarks-2010

GWM in binary BH mergers
•

 
Quasi-circular orbits: hx

 

=0, h+
 

≠0

Favata
 

2009, ApJL
 

696 159

Depends on the 
entire history, but roughly

hmem ~ hinsp
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Favata 2009,

SMBH mergers
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Detection of GWM by pulsar 
timing 

•
 

GWM leaves unique signature in pulsar timing: 
linear growth of rms

 
residuals with time
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0 0

00
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Pulsar frequency modulation (Sazhin 78, Detweiler 79)

1
2

Timing residuals
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Physical sense: frequency variation is determined by difference between the 
GW strength at the place and time of observations (first [.]) and its strength 
at the site and time of signal emission  
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obs

0

For GWBM from SMBH 0,
( (1 )) 0 at the site of PSR

if (1 ) . 
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Timing residuals
•

 
Calculate expected 
signal

•
 

Extract quadratic fit 
to obtain postfit

 residuals
•

 
Check whether 
they can be 
measured at a 
given SNR by 
pulsar timing array 
(PTA)Pshirkov, Baskaran, PK, 2010 MNRAS 
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Detectability: 1. SNR

2

obs

t

Residuals (t) = signal residuals (t) + noise (t)

Gaussian stationary noise uncorrelated for each pulsar
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Detectability: 2. Rate of events
•

 
Rough estimate: ~ 10-3 Gpc-3

 
yr-1 as major galaxy 

mergers (Concelice
 

et al 09) ~ 0.5 event per year up 
to z~0.5. Consistent with numerical simulations

•
 

More accurate analysis: from observed SMBH mass 
function N(>M)=0.07(M/107)-2

 
and galaxy merger rate 

evolution n(z)~(1+z)(2…3)

23
100 30.1

250 20 10
t obs

n

N N T nsN
yrs SNR

α

σ
⎛ ⎞⎛ ⎞⎛ ⎞⎛ ⎞ ⎛ ⎞≈ ⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟⎜ ⎟

⎝ ⎠⎝ ⎠⎝ ⎠⎝ ⎠ ⎝ ⎠



10.06.2010 Quarks-2010

Conclusions
•

 
GW bursts with memory leave unique imprint in pulsar 
timing residuals

•
 

Gravitational bursts with memory and amplitude h~(1.5-
 2)x10-15

 
can be potentially detected in 10yrs of  Pulsar 

Timing Array observations at the SNR=3 at the current 
timing noise level 100 ns.

•
 

With account for observed SMBH mass function and 
evolution of galaxy major mergers with redshift, PTA 
detection rate can be around 1 in a 10yrs run 

•
 

For merging SMBH, this method is complimentary to 
LISA for M>108M to which LISA sensitivity decreases
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THANK YOU!
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