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NANOGrav 15yr observations - GW background signal
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PTA observation GW150914, etc

stochastic / persistent signal

power spectra & cross-correlations

combined signal from a population of approx
monochromatic inspiraling binaries

supermassive black holes (10° solar masses)

nanohertz frequencies (10-° - 10-7 Hz)
[periods: months -> decades]

galactic-scale detector using msec pulsars, with
“arm” lengths ~100 - few x 1000 light-years

GW wavelength << arm length

“evidence for ...” (3-4 sigma)

deterministic / transient signal

waveforms & coincidence

single binary black hole merger
stellar mass black holes (1 - 100 solar masses)

audio frequencies (10’s - 1000 Hz)

laser interferometers with km-scale arms
GW wavelength >> arm length

“detection of ...” ( >5 sigma)



other items of interest

e timing residual response:

| A A .~
AT(F) = —ulufJ ds hy(t(s), X'(5)) = de Jdk Z h,(f, ORA(F, ke
2c 0 A=+,X
ety | 1 PP S 1 [ piplej
RA(f k) = : [1 — e_lz”f?(l_k'”)] e~ 2kl with FA(k) = A] for the Earth-term-only response where p = — i
2V 1=k-0 | 2=f 2\ 14+k-p

e Hellings and Downs correlation as special case of an “overlap function” for cross-correlated power:
Cap(f) =L (f) Sp(f)

1 11 1 /1-cosy, 3 (1—-cosy, 1 —cosy,
L,(f)= Sﬂjdk D RALOR™(f.k) with T, = 5—4( > b) | 2( > ”>1n< : b) (1+6,)
A=+,X

. optimal cross-correlation detection statistic (to determine detection significance):

1% bI ab/
bl a
= “ where p , = 5tT 01, With (p . ) —Agwl ,p and c° ub0 = (pab)o

\/ Zab l—%b/ac%b 0

e optimal binned estimator of the Hellings and Downs correlation (for testing consistency with GWB model):

Fbin Zabej chej pabc b, cdrcd Flz)in 1

= where C, = {p .p N—{p Mp_ ) with(I' Y =T, and ¢
pt _ ab,cd — bFcd b d opt bin opt — _
Agw zabej zcdej FabCab,CdFCd ) e ’ ) gw Zabej chej 1—‘abCabl,ca,’l—’cd




extra slides




Plane wave expansion, ensemble average

e Plane wave expansion:

hit, X') = J df szﬂk Z h(f, k)eA(k) oi27f(t—k-Xc)

— A=+,X

e Polarization tensors:

er(k) = Ll —mgh;,  e¥(k) = Lum; + il

12:-?, —p, m=-0

e Ensemble average (for an unpolarized, isotropic, stationary-Gaussian

GWB):
(hy(f, k) =0

1
(ha(fs ORE(fL k) = To, WO =1 )0 5%(k, k)



Simple example: Omni-directional detectors

Ré?(f, ]’%) — Ce—i2nfl€-7a/c

| where
Fof) = [dk S RIGDR G0 ¥ —¥.=D,Ax,
C2 2fD, sinc x = SIn X
,[dke‘l Trebk-Ax, X
 dn
2 27 1 afD 1.0
=QJ' dng d(cos §) e L cos?
dr J, 1 _
20.5
= C*sinc ( “7f Da ) 0.0-
g (D,, = 3000 km)
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Example: Ground-based interferometers
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