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We now have a long list of local quantities to calculate and
compare
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Look at the odd parity perturbations, r<r0
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Metric perturbation is a combination of the inhomogeneous solution and its derivative.
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For even parity, we can get away with using the odd parity
solutions!
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Any time we get a second derivative, use the RW equation.
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b Redshift, spin precession, tidal invariants, octupoles ...



The infinite | sum is split into three sections

= O, 1 Analytically derived by Zerilli

[=2,...,lnax Special function series solutions derived by Mano, Suzuki & Takasugi

e lmax il 17 -+« Ansatz based on the form of the low | modes.



RWV equation on circular orbits: large radius, small frequency
double expansions
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Expand in |/c to keep track of omega and r. Note, every two orders in |/c is one pN order.

Bini & Damour 2013



How do we truncate our series solutions? =2 ..

o) = Clin (7) Z a/ x Fln+v—1—ie,—n—v —2—i¢,1— 2ie, 1)

w

Xp2(r) =Clpy (2) > ab(—2i2)" x U(n + v+ 1 — i€, 2n + 2v + 2, —2iz)
_ 2GMw c’r s



Inner solution examination

MST series solution
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Series coefficients satisfy three-term recurrence relations
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MST series solution: Inner solution examination ;_o
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Order counting minimises the workload
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Then to get 30 correct orders we need
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Things get bad very quickly... [=2,... I nmax

in up( )
[ . 5% 100 e =R YN - e . 7
50000 - : : : i |
L (Jvind
i b 4100 - - ]
40000 - , o] g ]
A 1 I
I ° ] 6 | : ° |
2 30000 - A ; B, |
g i ° g b
— | s = | |
L 6 L : i
200007 . ‘ .. 2)(10 I @ 1
L S [ J
[ ]
: o’ ] 6 0 ]
10000 - o? . IX107 1 . ]
L [ ] 4 [ ]
* - ° i
ooe?® : - o°..
TE | C ol SOOI L R N N OF, .eeeoevseéosescsceesec*®” & ==
0 10 20 30 40 0 10 20 30 40

1
5 pN Order 5 PN Order



Extracting phase terms gives a massive T ,
simplification R
X1X21/2 e Ger = GMuw S constant in r
r
Looking at Xin for =2,
in Xo o 94, Iy/20es 12 X22 4
e e e £2X1X2 T o (—inXz & @) n
AP o, X2 X D A S OR 3 A
W 2 T ( o7 33064 it ( o800 — 105 28 (2X17 )>> i

Take out the log terms along with the r independence
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From millions to thousands... =2 ..
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Terms
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Log terms give an ansatz for the large | [ — [0 TSN/
behaviour-new way to get nu!
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Where the A’s are purely polynomials of X1, X».

A a(4,o)X22 + a(q,9) X2 X1 + 611(4,4)X12

And we solve for the a’s by demanding this satisfy the RWV equation.
As a bonus the a g 2 ;) give us the coefficients for nu.

The outer solution seems to be a bit more complicated for lower values of |. But for large values we

can
obtain all the orders we’d want by a similar ansatz.
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General | is only valid for ‘large-I I =lmax +1,...
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Outer solution generally blows up at O(7?'™*), and is valid until then. So at the very least
we chose [,,x by this.



Checking some 30pN data
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Bringing everything together involves an infinite [ sum

For the low I's we just add up directly-no issue there

With the large [, at every pN order we have a contribution from the infinite
sum. For instance after regularisation, at y* we have
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Awlafr’gel =T
Mathematica can do these sums analytically, but for higher pN orders the
polynomials becomes massive, and the calculation just takes too long.

Instead, split the denominator, extract manifestly convergent modes, bring
everything else together and ‘hope’ it’s manageable!



Put everything together to get some invariants
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— Compared with Paddy’s numerics
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A lot of this holds up well for Kerr.

Doing some low order expansions, phase extraction still gives good simplifications,
however we no longer have a purely even series-slightly different ansatz
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Have Rin, Rup for some low s, large | for about 6pN (12 in 1/c) as a test.

All we need to do is metric reconstruction. -Cesar, Abhay, Martin.

How about eccentric orbits!?

-Seth!



