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Two-body problem: Amplitudes approach @

: think of compact
objects as elementary
particles (EFT)
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Two-body problem: Amplitudes approach @

: think of compact
objects as elementary
particles (EFT)

Large angular momentum

=
Long wave length

G~ G o2
A

T ~ )—"__X_(f L< A
W

Large Spin

L ~ OK)

» Exploit the power of unitarity: Start from building blocks A,

» Better make sure we have the correct building blocks !!
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One can only be sure by matching amplitudes to actual GR
computations!
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Kerr Black hole as elementary particles

1. The minimal coupling 3 pt. amplitude encodes essentially the same information
the linearized Kerr metric [Guevara et al 2018;Huang et al 2028;Arkani-Hamed et al 2019 ]
(See also Johansson tak)

Yilber Fabian Bautista |


https://inspirehep.net/literature/1709403
https://arxiv.org/abs/1812.08752
https://arxiv.org/abs/1906.10100
https://inspirehep.net/literature/1624163

Kerr Black hole as elementary particles

1. The minimal coupling 3 pt. amplitude encodes essentially the same information
the linearized Kerr metric [Guevara et al 2018;Huang et al 2028;Arkani-Hamed et al 2019 ]
(See also Johansson tak)

<E,/A ‘e¥k'0 Pauli-Lubansky

=
v (kt) = prp s(pk) (esl e T2 9 |en) — pHp”5(p-k) (eh] e ea)

spin states

» Hilbert space matching and classical limit combines the spin exponential operators (trivial
at 3pt, but not at 4pts)
> No-radiation in (3, 1) signature, but in (2, 2) = Radiation modes
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1. The minimal coupling 3 pt. amplitude encodes essentially the same information g
the linearized Kerr metric [Guevara et al 2018;Huang et al 2028;Arkani-Hamed et al 2019 ]
(See also Johansson tak)

<E,/A ‘e¥k'0 Pauli-Lubansky

=
v (kt) = prp s(pk) (esl e T2 9 |en) — pHp”5(p-k) (eh] e ea)

spin states

» Hilbert space matching and classical limit combines the spin exponential operators (trivial
at 3pt, but not at 4pts)

> No-radiation in (3, 1) signature, but in (2, 2) = Radiation modes

[ On the gravitational side: O(G)-Kerr metric [Vines 2017] }
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Kerr Black hole as elementary particles

1. The minimal coupling 3 pt. amplitude encodes essentially the same information g
the linearized Kerr metric [Guevara et al 2018;Huang et al 2028;Arkani-Hamed et al 2019 ]
(See also Johansson tak)

<E,/A ‘e¥k'0 Pauli-Lubansky

=
v (kt) = prp s(pk) (esl e T2 9 |en) — pHp”5(p-k) (eh] e ea)

spin states

» Hilbert space matching and classical limit combines the spin exponential operators (trivial
at 3pt, but not at 4pts)

> No-radiation in (3, 1) signature, but in (2, 2) = Radiation modes

[ On the gravitational side: O(G)-Kerr metric [Vines 2017] }

sinh(a - 8)}

Gm
2 22Puupopﬂ p° :ta 87

[ Same exponential structure as for the infinite spin amplitude! ]

hie” = Puvasp™ ["’B cosh(a - ) + €?777p,a, 05

» Linearization erases the BH horizon, -2 o < 1= gy > 1NotKerr but rather a naked ring
singularity
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Kerr Linear perturbations

2. Linear perturbations of Kerr sourced by a small orbiting body (aligned-spins, equatorial
scattering) [Siemonsen-Vines 2019]. Checks through a3 at G2. red-shift and procession
frequency =-geodesic motion deviation due to Gravitational self-force of the perturbation

((,1) QSG’(:) @ + ' + 008

Gravitational self-force LS- GOV
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Kerr Linear perturbations

2. Linear perturbations of Kerr sourced by a small orbiting body (aligned-spins, equatorial
scattering) [Siemonsen-Vines 2019]. Checks through a3 at G2. red-shift and procession
frequency =-geodesic motion deviation due to Gravitational self-force of the perturbation

Gravitational self-force LS- GOV

3. In this talk: BH stability under small wave perturbation (generic spin-orientation).Checks
through a® for GWs

0= MO
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Gravitational Compton amplitude: BCFW extrapolation @

The same helicity configuration
Dg
(£h, ks)
M*[23]* o —ko)-a

++
Ar=2 ™ 5= Myt

(h.k2)
(4.p1)

» Only physical poles for any a.
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Gravitational Compton amplitude: BCFW extrapolation @

The same helicity configuration
Dg
(£h, ks)
M4[23]4 e~ (ko —k3)-a

++
e ™ (5= et

(h.k2)
(4.p1)

» Only physical poles for any a. In principle, a good higher spin amplitude

The opposite helicity configuration e, = ‘/[‘32]]@' X €&
_ 2 4w ka—k)- . s — M?
Al ~ ({2lpifa)* eWhamka)a it wH = 2" ¢k
(s — M2)2t 2p; - €

» Unphysical pole starting at a>. Not a good higher spin amplitude Q

Still useful exponential, Just need to cure uphysical behavior. At a given order in
spin, we seek an ansatz of the form

25

W) = o) X (™7 4 felaa,ks - a,w-a))

Helicity-weights

spin-Information
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The higher spin ansatz

Build the function f¢ spin basis {k, - a, ks - a,w - a} under certain physical
assumptions:
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> Locality and Unitarity; correct 3-pt factorization. = (A7) x f¢ can only contain
contact terms
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The higher spin ansatz

Build the function f¢ spin basis {k, - a, ks - a,w - a} under certain physical
assumptions:
> Locality and Unitarity; correct 3-pt factorization. = (A7) x f¢ can only contain
contact terms

» Crossing symmetry: Same classical amplitude in chiral and anti-chiral basis
A5 = (el A er) = [en AT 1], = fe(k2, ks, w) = fe(K3, k2, )
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The higher spin ansatz

Build the function f¢ spin basis {k, - a, ks - a,w - a} under certain physical
assumptions:

> Locality and Unitarity; correct 3-pt factorization. = (A7) x f¢ can only contain
contact terms

» Crossing symmetry: Same classical amplitude in chiral and anti-chiral basis
A5 = (el A er) = [en AT 1], = fe(k2, ks, w) = fe(K3, k2, )

> (A) x fe must cancel unphysical pole (2|p:|3] o 1+ & Here

' = oy ﬁ”Nt') — _sin®(8/2) — —1

starting at a°. Strategy: Laurent-expand in &:

fe(k, - a,—ks-a,w-a) = ngf(m)(kz -a,—k;-a,w-a),

> Laurent expansion introduces poles in £ (s — M?), each cancelled by operator
(w-a)?. Furthermore, (A3) contains a simple pole in £. This gives

f™ o (w-a)> 2" for m<1.
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» Each power of £ introduces poles in t = [23](32). To cancel such poles we
invoke:

wh — ki as (23) -0
wh — ki as [23] — 0.
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» Each power of £ introduces poles in t = [23](32). To cancel such poles we
invoke:

wh — ki as (23) -0
wh — ki as [23] — 0.

Then, a pole in tis cancelled by (w - a — k, - a)(w - a — ks - a): This implies

f™ o (W-a—k,-a)""(wW-a—k;-a)"" for m>—1,
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» Each power of £ introduces poles in t = [23](32). To cancel such poles we
invoke:

wh — ki as (23) -0
wh — ki as [23] — 0.
Then, a pole in tis cancelled by (w - a — k, - a)(w - a — ks - a): This implies

f™ o (W-a—k,-a)""(wW-a—k;-a)"" for m>—1,

» Caveat: The identity The classical identity [Gram determinant relation in
Aoude’s talk]

— 2 — 2
MM g e x o~ ke a)(wea — ks -a) + (w-a)’

= the quadratic Casimir is not independent of our {k.-a, k;-a, w-a} basis. But |a| is!

Q c Q —M?
So we can implement operators proportional to |a|w, with w = 2 zh’;"
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» Each power of £ introduces poles in t = [23](32). To cancel such poles we
invoke:

wh — ki as (23) -0
wh — ki as [23] — 0.
Then, a pole in tis cancelled by (w - a — k, - a)(w - a — ks - a): This implies

f™ o (W-a—k,-a)""(wW-a—k;-a)"" for m>—1,

» Caveat: The identity The classical identity [Gram determinant relation in
Aoude’s talk]

— 2 — 2
MM g e x o~ ke a)(wea — ks -a) + (w-a)’

= the quadratic Casimir is not independent of our {k.-a, k;-a, w-a} basis. But |a| is!

Q c Q —M?
So we can implement operators proportional to |a|w, with w = 2 zh’;"

» Special role: Track BH horizon dynamics!!
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After putting all the ingredients together we can parametrize the Compton ansatz via

fE:ng—’l(w.a)“—zm(w-a—kz-a)m(w-a_ks. ) ‘a‘ (k2~a ks a,w - a)

2m+6
DY R
€™ (W a—ky - a)™ 3 (wea— k- a)m“qf:‘)(kzva,ks.a,w.a)] (1)
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After putting all the ingredients together we can parametrize the Compton ansatz via

fE:ng—’l(w.a)“—zm(w-a—kz-a)m(w-a_ks. ) ‘a‘ (k2~a ks a,w - a)

2m+6
DY R
€™ (W a—ky - a)™ 3 (wea— k- a)m“qf:‘)(kzva,ks.a,w.a)] (1)

(m) o(m) (m)
> Pla > 9jal »"lal

» Polynomial include linear correction in w|a|

are polynomials, symmetric in their first two arguments
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After putting all the ingredients together we can parametrize the Compton ansatz via

fE:ng—’l(w.a)“—zm(w-a—kz-a)m(w-a_ks. ) ‘a‘ (k2~a ks a,w - a)

2m+6
DY R
€™ (W a—ky - a)™ 3 (wea— k- a)m“qf:‘)(kzva,ks.a,w.a)] (1)

(m) o(m) (m)
> Pla > 9jal »"lal

» Polynomial include linear correction in w|a|

are polynomials, symmetric in their first two arguments

» Contact terms starting at a* [ Huang + 2018; Bern+ 2022; Aoude + 2022 |
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Compton up to sixth order in spin @

The r-polynomial

r\(m) =™ 4+ ™ (ky-a + ks-a) + Mw-a + c|alw
+ ™ (w-a — ky-a)(w-a — ky-a)
+ ™ (2w-a — ky-a — ky-a)w-a (2)
+ c§m)(2w~a — ky-a — ky-a)® + cgm)(w.a)Z
+ " (kz-a + ks-a)|alw + <§w-alalw + O(a®)

The p— and g—polynomilas

) =d™ +0(a),  ai) =" +O(a), (3
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Compton up to sixth order in spin @

The r-polynomial

r\(m) =™ 4+ ™ (ky-a + ks-a) + Mw-a + c|alw
+ ™ (w-a — ke-a)(w-a — ky-a)
+ ™ (2w-a — ky-a — ky-a)w-a (2)
+ c§m)(2w~a — ky-a — ky-a)® + cgm)(w.a)Z
+ " (kz-a + ks-a)|alw + <§w-alalw + O(a®)

The p— and g—polynomilas

) =d™ +0(a),  ai) =" +O(a), (3

» 3-free conservative operators at a*
» 5 conservative + 3 dissipative free operators at a°

» 12 conservative (19 LD operators in [Aoude+2022]) +5 dissipative free operators
ata®
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BHPT @

vb‘(rl

e = 2GMw PM .
Parameters: . a’e = 2dw

*

__a
a —Wsp”'\

Yilber Fabian Bautista |



BHPT @

H Vu»(f,

e = 2GMw PM .
Parameters: . . . a’e = 2dw
a” = gy spin

> [Teukolsky 1972]. NP formalism: Linear perturbations W, = W& 4 5W,. =
Separation of variables in Kerr [See C. Kavanagh self-force review talk].
Radiative content in the scalar

hp ~ Z e_whzemthEmw(F)hsém(ﬁ, @, aw) ~ An
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BHPT @

HHFVK»«,

é o)
e = 2GMw PM .
Parameters: . . . a’e = 2dw
a* = z; spin
)
o Secth
> [Teukolsky 1972]. NP formalism: Linear perturbations W, = W& 4 5W,. =
Separation of variables in Kerr [See C. Kavanagh self-force review talk].

Radiative content in the scalar

hp ~ Z e_whzemthEmw(F)hsém(ﬁ, @, aw) ~ An
Im

N

» Asymptotic behavior:

f
B (a* e) i

Bin (09 p—ieor” __ Bio .
me s 0 + mers—e r* — oo, (r - o)
trans /1 _* e_iQJrr*
hRimw ~ Blmw (G ,E)T r— —0Q, (r = r+)
| —

purellyingoing @ r
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Tree-level Scattering amplitude. Spin 4

» Remove the PW from the asymptotic Teukolsky solution _,1p = ™ + *W
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Tree-level Scattering amplitude. Spin 4

» Remove the PW from the asymptotic Teukolsky solution _,1p = ™ + *W
» Expand the scattering amplitude f = ry»*" in the harmonic basis

f0,6)=> " —2Ym(0,¢)fm(v,€,0").
=2 m=—o0
. glreM . .
» Mode functions completely determined by Bs(fnf;‘) . Complicated functions of ¢, a*

sém
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Tree-level Scattering amplitude. Spin 4

» Remove the PW from the asymptotic Teukolsky solution _,1p = ™ + *W
» Expand the scattering amplitude f = ry»*" in the harmonic basis

f0,6)=> " —2Ym(0,¢)fm(v,€,0").
=2 m=—o0
. . glreM . .
» Mode functions completely determined by Bs(fnf;‘) . Complicated functions of ¢, a*

sém

> Low energy solutions ¢ < 1. Keep a* < 1 = use BHPT tools

ol (I+1— e . . A
fim ' (7) :e¢7r§l+1+;€; (14 B0 (v a)e + B (7,a")¢ + B2 (v, a)e + -+ )

» Point particle description = a* >> 1. Delete BH horizon, naked singularity.
keep a* e = 2aw fixed.
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Tree-level Scattering amplitude. Spin 4

» Remove the PW from the asymptotic Teukolsky solution _,1p = ™ + *W
» Expand the scattering amplitude f = ry»*" in the harmonic basis

f0,6)=> " —2Ym(0,¢)fm(v,€,0").
=2 m=—o0
. . glreM . .
» Mode functions completely determined by Bs(fnf;‘) . Complicated functions of ¢, a*

sém

> Low energy solutions ¢ < 1. Keep a* < 1 = use BHPT tools

ol (I+1— e . . A
fim ' (7) :e¢7r§l+1+;€; (14 B0 (v a)e + B (7,a")¢ + B2 (v, a)e + -+ )

» Point particle description = a* >> 1. Delete BH horizon, naked singularity.
keep a* e = 2aw fixed.

> Uptoi< 4,the 6,(,2(7, a*) are REAL, and polynomial in a*. Unique analytic
extension Complete agreement with the exponential
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Spin 5 and 6, anomalous terms

» Non-polynomilas fori > 4.
\/m/5sin
42247941120
- 7o4132352<(1 - 2cosy)1p(°)(4a*/f%) + (1+ 2cos )y (:a /R) )a

ﬁs),,(’Y) = [ — 43659(12017 + 17775 cos(27y))a*® — 1408264704 cos(~y) ia

75633058816(sinz('y/z)w(o)(fzia*/fi)+cosz('y/2)w ) (2ig* //%))a ] ,

here & = /1 — a*?
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» Non-polynomilas fori > 4.
\/m/5sin
42247941120
- 7o4132352<(1 - 2cosy)1p(°)(4a*/f%) + (1+ 2cos )y (:a /R) )a

ﬁs),,(’Y) = [ — 43659(12017 + 17775 cos(27y))a*® — 1408264704 cos(~y) ia

75633058816(sinz('y/z)w(o)(fzia*/fi)+cosz('y/2)w ) (2ig* //%))a ] ,

here & = /1 — a*?

» Absorption (imaginary contributions) [Dolan 2008]
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Spin 5 and 6, anomalous terms

» Non-polynomilas for i > 4.

a3
(s) 7\/7/55”‘! "/[
v) =~—————| — 43659(12017 + 17775 cos(2y — 1408264704 cos(y
B +(7) 42247941120 ( (27))a” (v)ia

= 7o4132352<(1 - 2cosy)1p(°)(4a*/f%) + (1+ 2cos )y (:a /R) )a
= 5633058816( sin?(v/2)9' (—2ia* /&) + cos? (v /2)p ) (2ia* //%))a ] ,
here & = /1 — a*?
» Absorption (imaginary contributions) [Dolan 2008]

» Non-rational functions
» Discontinuity at a* = 1. Choice of a branch for analytic extension
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» Non-polynomilas for i > 4.

a3
(s) 7\/7/55”‘! "/[
v) =~—————| — 43659(12017 + 17775 cos(2y — 1408264704 cos(y
B +(7) 42247941120 ( (27))a” (v)ia

— 7o4132352<(1 — 2cos ) (—ia* /&) + (1+ 2cos 7)) (ia* /&) )a
- 5633058816( sin?(v/2)9' (—2ia* /&) + cos? (v /2)p ) (2ia* /H))a ] ,
here & = /1 — a*2
» Absorption (imaginary contributions) [Dolan 2008]
» Non-rational functions
» Discontinuity at a* = 1. Choice of a branch for analytic extension

» Conservative amplitude: Absorption removal by dropping the imaginary parts
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» Non-polynomilas for i > 4.

a3
(s) 7\/7/55”‘! "/[
v) =~—————| — 43659(12017 + 17775 cos(2y — 1408264704 cos(y
ﬁ2~*‘( ) 42247941120 ( (27)a” (v)ia

— 7o4132352<(1 — 2cos ) (—ia* /&) + (1+ 2cos 7)) (ia* /&) )a
- 5633058816( sin?(v/2)9' (—2ia* /&) + cos? (v /2)p ) (2ia* /H))a ] ,
here & = /1 — a*2
» Absorption (imaginary contributions) [Dolan 2008]
» Non-rational functions
» Discontinuity at a* = 1. Choice of a branch for analytic extension
» Conservative amplitude: Absorption removal by dropping the imaginary parts

P> Or keep them but keep track of them
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Spin 5 and 6, anomalous terms @

» Non-polynomilas for i > 4.

a3
(s) 7\/7/55”‘! "/[
v) =~—————| — 43659(12017 + 17775 cos(2y — 1408264704 cos(y
B +(7) 42247941120 ( (27))a” (v)ia

- 7o4132352<(1 - 2cosy)1p(°)(4a*/f%) + (1+ 2cos )y (:a /R) )a
- 5633058816( sin?(v/2)9' (—2ia* /&) + cos? (v /2)p ) (2ia* /H))a ] ,

here & = /1 — a*?

» Absorption (imaginary contributions) [Dolan 2008]
» Non-rational functions
» Discontinuity at a* = 1. Choice of a branch for analytic extension
» Conservative amplitude: Absorption removal by dropping the imaginary parts
P> Or keep them but keep track of them
» Digamma functions contributing or not to a given branch choice. Conjugate
choice
ﬁf)_"1(~/) — — %7%05 sin® [(12017 + 17775 cos(zv)) + 96768a — 132256(1 + 4a) cos 7] .
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Spin 5 and 6, anomalous terms @

» Non-polynomilas for i > 4.

a3
(s) 7\/7/55”‘! "/[
v) =~—————| — 43659(12017 + 17775 cos(2y — 1408264704 cos(y
B +(7) 42247941120 ( (27))a” (v)ia

- 7o4132352<(1 - 2cosy)1p(°)(4a*/f%) + (1+ 2cos )y (:a /R) )a
- 5633058816( sin?(v/2)9' (—2ia* /&) + cos? (v /2)p ) (2ia* /H))a ] ,

here & = /1 — a*?

» Absorption (imaginary contributions) [Dolan 2008]
» Non-rational functions
» Discontinuity at a* = 1. Choice of a branch for analytic extension
» Conservative amplitude: Absorption removal by dropping the imaginary parts
P> Or keep them but keep track of them
» Digamma functions contributing or not to a given branch choice. Conjugate
choice
ﬁf)_"1(~/) — — %7%05 sin® [(12017 + 17775 cos(zv)) + 96768a — 132256(1 + 4a) cos 7] .

Conservative n = 0. Absorption n = +£1.
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Spin 5 and 6, anomalous terms @

» Non-polynomilas for i > 4.

a3
(s) 7\/7/55”‘! "/[
v) =~—————| — 43659(12017 + 17775 cos(2y — 1408264704 cos(y
B +(7) 42247941120 ( (27))a” (v)ia

- 7o4132352<(1 - 2cosy)1p(°)(4a*/f%) + (1+ 2cos )y (:a /R) )a
- 5633058816( sin?(v/2)9' (—2ia* /&) + cos? (v /2)p ) (2ia* /H))a ] ,

here & = /1 — a*?

» Absorption (imaginary contributions) [Dolan 2008]
» Non-rational functions
» Discontinuity at a* = 1. Choice of a branch for analytic extension
» Conservative amplitude: Absorption removal by dropping the imaginary parts
P> Or keep them but keep track of them
» Digamma functions contributing or not to a given branch choice. Conjugate
choice
ﬁf)_"1(~/) — — %7%05 sin® [(12017 + 17775 cos(zv)) + 96768a — 132256(1 + 4a) cos 7] .

Conservative n = 0. Absorption 1 = £1.0utgoing boundary conditions at r_. results
n — —n terms. . n = 0 = Reflective boundary conditions
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Compton Matching @

Compton modes are given as integrals on the 2-sphere

F9T(y) = / 4 V(8,8 )(As(1, 60, 8)), (@
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Compton Matching

Compton modes are given as integrals on the 2-sphere

0) = [ d ¥ (0,8 84020, ), (@
For our mode example
ﬁf)_Q:T(v) __ Vs a’sin®~y [12017 + 17775 cos(2y) + 20160(4 + 3 cos(27))c\” + 60480c)
967680 (5)

— 10080(7 + 6 cos(27))c!” — 30240c) + 120960 cos v (c{?) cos v — cf,"*‘“))] ,
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Compton Matching @

Compton modes are given as integrals on the 2-sphere

F9T(y) = / 4 V(8,8 )(As(1, 60, 8)), (@

For our mode example

/5 a°sin® [12017 + 17775 cos(2y) + 20160(4 + 3 cos(27))c\” + 60480c)

(5)QFT _
ﬁz’ =he 967680 (5)

— 10080(7 + 6 cos(27))c!” — 30240c) + 120960 cos v (c{?) cos v — cf,"*‘“))] ,

Agreement of the QFT and BHPT results means the equality

e (y) = fm () s (6)

is satisfied for all values of I, m.
» Linear system of equations for the Compton coefficients
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Spin 6 results

Spin Spurious-pole Free Coeffs, Teukolsky Solutions
ot £ i=o0.1,2 D=0, i=0,1,2
=0, (i)=0.1,2
4 1
O > o =a(15—5. P =Q§.
e 1, E
’ ) n 4
0t | P maj15 - ) | ) o = 5+ o)
&0, .2 &0 = a®t
16 4
) al®
D=0, i=0.12 j=5.7
© _ 128 4y 32
@ _ W _ G TYgs % T g
€10 = €10 ~ €10 @) 8 © 512
4@ 8 A i—o1,2 | % = gitie) .’ = a0,
oo 0 i=0.1,3 | = —a200 - 16449,
+3 5= | 9 i =0,1,2 Si23 45 3
6 7 | e’ i=0,1, ©) _ _  _ _ 32
a =5 i=0 ) Co = M, e = —nae,
©_4 o o - L3 e 2
1 =15 7% “6 j;)_ 12| 5’
2 i o 256
e R e
=0 (1) _ 352 (2 32
S = —nae, o) = —nap
1
d” =0, /P = —=(1+4)

» Not shift symmetry, even for n = o

» uptoa®, for n = a = 0, Shift-symmetric amplitude, Not true at a® :(

(k2 —k3

» Same helicity: e )9 does not changes up to a®.
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Exact Kerr matching

» No ambiguity in the interpretation of the Compton operators for exact Kerr
matching

Spin Kerr Solution
r:({):(], i:ﬂ 1,2

0= ot 308 1)
8
= o ((4 300 (ul( )) L1201 430 (vn(?!—)))
o *2
o 32(143a") [ a*
C = W k-2 LU(ZE)

= i ((8+9u*?)u. a (4—%*%3(%@%)) 8a*(1+30"%)3 (L”(Qz—)))

15a

(2) 4 #2 LS TP T I P AT oo E ot o *2yry Iy E
&= ((2+ﬁu —3a"™)ik — a"(4 - 3a )J(?,)[](lk)> a'(2430™)F (L()(Q[k)))

Table 3: Exact matching to spin operators, where coefficients are relaxed to functions of

gt

the spin norm "a". Here a” refers to quintic monomials in {ky - a,k3 - a,w - a} but to all

orders in the norm. In the large a limit, they reduce to the coefficients of table 2.
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Conclusions

> We have extracted a unique conservative (n = 0) amplitude up to the sixth order in spin
from solutions of the Teukolsky equation. Unfortunately the solutions do not preserve
spin-shift-symmetry

» BH horizon dissipative effects can be accounted for in a gravitational Compton ansatz,
with operators proportional to |a|. Imaginary contributions: branch choice subtlety that
needs further investigation.

» How does the Spin supplementary condition change by allowing |a| operators?
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Conclusions

> We have extracted a unique conservative (n = 0) amplitude up to the sixth order in spin
from solutions of the Teukolsky equation. Unfortunately the solutions do not preserve
spin-shift-symmetry

» BH horizon dissipative effects can be accounted for in a gravitational Compton ansatz,
with operators proportional to |a|. Imaginary contributions: branch choice subtlety that
needs further investigation.

How does the Spin supplementary condition change by allowing |a| operators?
But how about real Kerr? (a* < 1). Extract all orders in G solutions from Teukolsky.

Future: Higher spins, higher loops.

vvyYyy

Double copy and the relation to v/Kerr ?: Linear electromagnetic perturbations of
Kerr-Newman in the GM — 0 limit
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Thank you for your attention!
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Gravitational waves era and templates demand

parsec
Wavelengthkm) 1 10 10° 10' 10° 10° 10t 10" 10t a0® 10 0" 10" 0" g0 10" a0 107 0% 100 10
—— S E— L L 1 L L — - | L 1
Ultrasound Sound Infrasound m-Sound u-Sound n-Sound
T —p— g el T T
Froquency (Hz) 1 T T SR Sl B | i [ o 0 b T T B T T s S [ e 8 [ o
[t-Ha] [deciHz]  [n-Hz) [u-Hz) [n-Hz) [femto-Hz)
9 . ity - —»
credit:AB| ¥ p o3 o
( ) LIGO/Virgo/KAGRA/LIGO-India LISA Pulsar Timing Array CMB-probes

—
Einstein TeIescopelCosmikEprorer

GW templates should have into account as much information about the binary as

possible. In particular:
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Gravitational waves era and templates demand

parsec
Wavelengthkm) 1 10 10° 10' 10° 10° 10t 10" 10t a0® 10 0" 10" 0" g0 10" a0 107 0% 100 10
—— S E— L L 1 L L L 1 | L 1
Ultrasound Sound Infrasound | m-Sound u-Sound n-Sound
T —p— g el T T
Froquency (Hz) 1 T T SR Sl B | i [ o 0 b T T B T T s S [ e 8 [ o
[t-Ha] [deciHz]  [n-Hz) [u-Hz) [n-Hz) [femto-Hz)
9 . ity - —»
credit:AB| ¥ p o3 o
( ) LIGO/Virgo/KAGRA/LIGO-India LISA Pulsar Timing Array CMB-probes

—
Einstein TeIescopelCosmikEprorer

GW templates should have into account as much information about the binary as
possible. In particular:
» spin effects: Expected to be measured with great precision in LISA for nearly
extremal BH [Burke et al 2020]
» Astrophysical implications: Spin effects = information about the Binary’s
formation mechanism
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Spin-shift symmetry @

» Low spin observations [Bern + 2022, Aoude+ 2022]: Opposite helicity
amplitude eW—ka—ks)a inyariant under (See R. Roiban review talk)

a — a" +waq"/q%,
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Spin-shift symmetry

» Low spin observations [Bern + 2022, Aoude+ 2022]: Opposite helicity

amplitude eW—ka—ks)a inyariant under (See R. Roiban review talk)

a — a" +waq"/q%,

AA ko —k3)-a
but not same helicity amplutude 2=
Spin Shift-Sym. Free Coeffs. Relation to [Aoude+|
. =
a? A =0,i=12 o A=
O - -
& G = DA‘L i=127=23 0 A0 _ azesdtd—df)
0 i . 2 2 = 5
(:&):ﬁ. cﬁ’:ﬂ,z:O.\l.Z
=0, i=0.1.2. j=5.9.10
=0,i=1,2j=678 o 176 + diO 4 g
s | o4 _ o o o | 180
a | g =— - ey ¢
o 45 L © 128 4 4+
=0 T e
(0) 8 0 40
d'l = = +eg 4 4ep
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Spin-shift symmetry

» Low spin observations [Bern + 2022, Aoude+ 2022]: Opposite helicity
amplitude eW—ka—ks)a inyariant under (See R. Roiban review talk)

a — a" +waq"/q%,

AA ko —k3)-a
but not same helicity amplutude 2=
Spin Shift-Sym. Free Coeffs. Relation to [Aoude+|
. o]
a? A =0,i=12 o A=
0] - -
e’=0,i=12 j=23 o ) o(5)
o (]n) N & o .&2+ad%! —d
G =1 G =0,i=0,1,2
=0, i=0.1.2. j=5.9.10
D _ 0. iz i 5
¢ = 0, Z— 1,2, j=6,7,8 é“) =176 " df,“‘ +6) + d(ls)
5 o __* O (0 (0) 180
ab | g = cg e’ ¢
45 6 57 ©o__ 198 + d‘(]usmy

0) -
1"=0 o’ = o
(0) 8 0 40
d'l = = +eg 4 4ep

» |n this talk: Does this symmetry emerge from Teukolsky solutions?
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Near/Far zone separation

Love proposal [lvanov +, 2022]

(refl) imy Ky v
Boom _ 1 15rE Ky « AZ ez e—(1—r))
B(inc) w= + je—imv sin(7 (v —stie)) K—v—1 AY

=

sfm sin(w(v+s—ie))  Kp ,
Near zone Farzone
Spin “Far zone” solutions
4 0y _ 1;;'-)n=m [l) 86044 (2] _ 10402
a = — T —IfEr: o€l = — g
0y ITAZ08 (1 113[](]12 (2) _ 435488
20T Tass3r ? T 7amss ) 2 T 2232555
a5 | o 26064608 | () 2531080196 © oy 745559744
T 1157665635° ri504965325g2 “ =T 75016551085
(3) : o _ B (1) : (2)
=0, i=0.1,2, = e —
G —0. -0 SRS T SRt S ARG S 11T

» Match the exponential up to a®
P Contact deformations at a*
P Extra, non-contact contribution to the Compton at a®
w-a)® w-a)®(k,-a)(—ks-a
te I | o (ol
(2) (0) 2
+ (w-a — kp-a)(w-a + ks-a)w-a (51 (kz-a)(—ks-a) — e, (w-a) )
P On the good side, only polynomials in a*




2PM aligned-spins scattering angle

oW _ @ 457G*m,Eb (0+1+2)
< < ,Gov 32‘/272(!’2 o 03)7/2 1

+2 .
(3) 7GFmaE [315azb (04142) 3 ( 8. re 5
= : - (300%(3 + v
T (e — a3)?/2 L 322 “ 16(b? — ad)3e? S080(3 +v7)
+ aSu(104 + 1350%) + 5a30%0(509 + 3750%) + 15a3b*v(435 + 4460%)
+ 6a5b%0(458 + 547v%) — 35a2b7 (6 + 2507 + v?1) — 28adb(6 + 4907 + 10
— 42a36%(30 + 20302 + 37v) — 214367 (65 + 34507 + 54«&))} .
5 TGZima 945b 7 5 202 + a3 ;
JO N 355303 72“.%)9/2 [ = (E(‘gwl +2) it ;"uz (::.’Tll+l+2))
7
N

R e (80a26%0(11 + 50%) + dade(28 + 370%)

+ 100afb?0 (38 + 470%) + 10a3b%0 (827 + 677v?)
+ Ba3bte (2113 + 2287v?) + 5867 (5ot — 2302 — 6)

— 5a3b7 (201 + 880w7 + 83v?) — 15a3b”(216 + 121907 + 2020)

— aSp(192 + 169002 + 3530%) — 2a86%(984 + TO6002 + 13311‘4))} .

P Digamma contributions drop out from the scattering angle

> Kerr: C§o+1+2) —o, Cgo+1+2) —o, C(éo+1+2) _

8 (o+1+2) __
25andc =

7 o

Yilber Fabian Bautista |



Famous BBH formation mechanisms

Astrophysical Implications

« Spins carry important signatures of compact binary formation channel

Field formation: Dynamical formation:
Preferentially aligned spins Isotropically distributed spins

/

N\

o
O =

\ r. /S} e
e

\

Images: http//www-astro.physics.ox.ac.uk/~podsi/grav_waves.pdf

This results in a loss of information on for example if you find that the effect of distribution as small as we.

Credits: [Sylvia Biscoveanu 2021 talk @ PI]
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