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‘What’s the gravitational wave memory? Wiseman & Will ‘91
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‘ The Memory Effect
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‘ PN and Numerical Results

0.25

2nMx 0.2

hyopn = [—(1 + cos?1)cos2® + 9—165in2L(17 + cos?) + O(xl/z)] '
0.15
Dominant mode (2,2) Dominant mode (2,0) L i
e 0.05

x = (Mw)?/3

“180 -150 -120 90 -60 -30 0 30
Credit:Buonanno et al. (t-tpcak)fM

10

-Sensitive to the merger phase ol — 32”:; T ey
«Numerical results needed (inclusion of higher modes) o E %iié
*Step function approximation FT[O]~ i/f : w ;IZI (lm”l —— ‘X I
h.(f) = 2f|h(f)|~const for f < f; ")N =3 ff \’\
Memory extends the signal to low frequencies! -

10° 107 104 10 10" 10"

fHz)



‘ Is the memory helpful for parameter estimation?
Credit: Abbott et al., 2016d
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Characteristic Strain

Characteristic Strain

‘ The memory helps for “short” and “light” signals
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‘ Observability and mean improvement

Astrophysical Catalogs

|Light Seeds

Heavy Seeds

SN-delays Niot = 39 Niot, = 25

Ny, = 0.1(0) N = 16 (6.5)

(p) = 0.01 (p) =45

Pmax = 1.4 Pmax = 65
NoSN-delay | Niot = 196 Niot, = 10.5

Ny, = 2(1) Nin = 6.4(3)

(p) =0.1 (p) =5.3

Pmax = 12.1 Pmax = 67
SN-short Niot = 1155 Niot = 814
Delays Nep = 12(2) Nip = 197 (15)

(p) = 0.05 (p)y = 0.8

Pmax = 0.16 Pmax = 14.7
noSN-short Neot = 1181 Nior = 1254
Delays New = 11(1) Nen = 300 (24)

(p) =0.04 (p) =0.8

Pmax = (-9 Pmax = 17.8

Total number of events with SNR above threshold
pen = 1(5) for 8 different astrophysical models
of Massive Black Holes

Assuming an observability window of 3 and 6
hours we find an averaged improvement of
50 % on d; for light and closed-by sources
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‘ Conclusions and Outlook

We firstly studied the impact of the memory on the estimation

of parameters of a binary GW.

Memory can mainly help in pinning down the uncertainty on
the luminosity distance and inclination.

Interestingly: major impact for short and almost out of band
sources.

¥ Outlook: “orphan” memory, test of GR, SGWB



Thank you for the attention!




‘ How do we compute it? Christodoulou ‘91, Blanchet & Damour *92
Wiseman & Will ‘91, Marc Favata ‘09-'11

To compute the waveform we need to solve this equation:

RTT(t,x) = 4 f( g)[ matter(t,'x’) +Tg§v(t’,x')]
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‘ How many sources are we going to
see in this mass range?
There is huge uncertainty on the merger rate of SMBHs because we don’t know their

initial seed mass, the impact of the SN feedback, the time delay between the formation of
the binary and the merger.... 8 models with different distribution in mass and redshift

noSN short delays heavy seeds noSN short delays light seeds
White points 35 6
SNR = 1; 6.5 ' 60
Red stars: 30 6 50
SNR =5 6
25 25

5 55 E

= =

S . S 4

-
wn

3.5

(%]

2.5

3.5

012 3 456 7 8 91011121314
12



