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® Ground based detectors: LIGO, VIRGO, KAGRA, ET, CE [ ey

Ground-based observatories, such as LIGO, have a relatively short baseline and thus detect short wavelength
events. Pulsar timing arrays have the longest 'haseline’ and so are sensitive to longer wavelengths.
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PM expa WsLon

e PM e)q:awslow x = 4iwM y = 2lwr

X
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with
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Ho(y) =y P14 (5 — aa —mg; 1 —2aa; y) mmm)  Connection formulas !
and PO; PO Finite polynomials of y and x/y. '
| Boundar
/ conditioni BHs vs ECOs ?

) Fuwdamew’caL SDLM.tLOV\/SZ Rin,up(z) = Oc(z)
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lnsplral motion
o Stress energy:

r2sin @
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lnsplral motion
o Stress energy:

oV
TH = /dT il (O [x — x0(7)] ut = 0,z

r2sin @

E J?
Ot = —— 8T7°\/E2f(r)<,u2+—) , 0.6=0 |, 8Tqb:i2

(r) 72

wave form:
2
h=hy —ihy = —/dwew t>2h Y (0, ¢)

hem = Zem = Tem( )dr’

1 1\ 2
(iw) - A(r')
homogenous incoming wave at horizon

L ' [—1-2i ) £ 2,.2
Ry, = (_inr)€+2(_21wM)1wMF(€ 1A 2iw M) 1+ 21wr B 2M (1 + 2) B (9 + O)w?r L
[(20+2) 144 r 6 + 100 + 472




lnsplral motion
o Stress energy:

y ubu” o,
ThY /dTTQ Sin05< ) [x — x0(7)] ut = 9.t
E J J
aTt:m ; 8TT\/E2f(T)</’L2+_T2) , 0.06=0 |, 8T¢:_r2

wave form:

r

2 . *
h=hy—ihy = - /dw e =t Zheme?(97¢)

Zm
ng 1 /OO Tgm (7“/) /
h p— p— 4 d
tm (W2 (iw)? T+ A(r)?2 r
7
homogenous incoming wave at horizon

— 9 ; 1+ £ 2,.2
%n:(—m(—sz@@l 2w M) <1+ Zer T ) (O +>

A res 2) 1+¢ r 6 + 10¢ + 4¢2
Tail of tails Double expansion with rational coefficients '
|
Blanchet 1310.1528
, . Thorne, Damour, Will, Blanchet, Poisson
# All log’s and transcendental numbers are exponentiated ' Wi Vel e, Geneti, Sl £, s, Tenee
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e Clreular orbits: NAANAANAANAN
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PN expansion of gravitational waves

e Clreular orbits: NAANAANAANAN
M mu>
To = ﬁ w = i

= = QZ\ZMP 32u% 010 [1_12471)2 5 447110 8191m5

— Arod —
A2 502 336 "V 9072

. 6643739519 @ 167  3424d0g(2)) 1712 Vino Nakamura, Sasaki
69854400 105 ' Shibata, Tagoshi, Tanaka
, NN
o Hyperbolic encounters:
eccentricity
ra(v) = Ma,, osh(v) — 1) .

t(v) = @ Ki(e¢sinh(v) —v) + ...

elocit Multioolar P Minkowskian Bini, Damour,De Angelis,Geralico, Herderschee,
/ e +1 Sl poia oSt owskia Roiban, Teng 2402.06604
¢(v) = 2K yArctan tanh(=) | +... _
ep — 1 2 Amplitudes Georgoudis, Heisenberg, Russo 2402.0636
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Soft theorem:
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Soft Limit

o Softtheoremt:  weinberges
piv N PLPE
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1
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w—0 W 4] :2psin§

g Universal '

o BH perturbation theory:
w—0 Large time Nearly straight lines r~+7,tRuT —Ynt, o £ (z + 9)
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Resume whole series of universal log towers: '
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¢ Swagravity duality:

2M
% PM of Heun equation: Qn=z=—<x1 . : . ..
r Partial resumation of instant series into '
_ ) hypergeometric functions.
% PN of Heun equation: QG =1y = 2wr < 1 .

% Connection formulas: Al non-triviality codified into a single function: the gauge prepotential

% Tail contributions: exact resumation

o APLlcat'Lows:

% Geometries: Kerr, BH in higher dimensions, ECO’s, Topological Stars, '

% Any Trajectory: Close & open orbits

% Observables: QNMs, tidal (Love numbers), absorption cross sections, scattering amplitudes, ....

5
e ECO Vs BHS:  Differences show up at order (GM )

r
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