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What dO we mean? See M. Van de Meent tomorrow!

* Osculating assumption--for now, motion
1s geodesic.

Aim

e Calculate anything of interest in EMRI

modelling without numerics--typically
asymptotic expansions (think PIN)

analytical SF < » post-Newtonian SF



Dissipative + conservative effects

F*h) = F$ bl + FS [h] ——  e.g. shift in periastron adv.
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* Fluxes are dominant, but ‘easy’ —exp. convergence
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e Their calcul

ation 1s well deve

oped analytically

+ Mano, Suzuki & Takasugi (~1996): analytic solns Teukolsky equation

+ eg. 22PN fluxes Schw & 11PN Kerr (Funta 2015), Generic eccentric
inclined Kerr (Sago, Fujita 2015).



Post—Newtonian SF conservative sector

* Focus in recent years has been on linear in the mass ratio
conservative effects, e.g. SF correction to classical redshift

* Need to deal with regularisation - ~solved
(Barack+collaborators, Detweiler-Whiting), e.g.

mode-sum approach
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q Polynomial convergence

— Not a problem for PN

Bini, Damour (2014)- Soln’s Teukolsky equation valid for all I's



Non-circular case: situation to date
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o Bl = SF correction to u’, encapsulated in A, u"u"

Generalized redshift <U >

e Bini et al (2016): 6.5PN, €2 Schwarzschild
e Hopper et al (2016): 4PN, ¢!V Schw.
e Bini et al (2016): 8.5PN, € Kerr.
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we want more...



Non-circular case: next level

* Want self-force e P“VAP(Qh,/)\;p =)

e Schwarzschild, but Radiation Gauge (eye

on Kerr) ‘eukolsky equation
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hft:f = (4siny e + 4sin(2x) e* + .. Jp=ottE (6 + 20 cosye + (10 + 14 cos(2x))e* +...)p > + ...

7 orders in 1/p

Can we do an inspiral? maybe, but hirst... including to e*

all ¢



Spin-precession: Circular overview

The orientation of a test spin will precess on a curved background

u'V,s? =0

e Dolan et al (2014)-- 1sf correction to this
1s gauge invariant - schw background

Y =Yg+ gAY + . ..



Spl n—precession . Eccentric Schwarzschild

Akcay, Dolan & Dempsey (2016)
= = = Accumulated precession/ radial period

p=1-—
o
s Acc. azimuthal phase/radial period

+prescription for calculating the 1-SF correction, explicitly requiring

knowledge of the SE and derivatives of the metric perturbation.

ADD give, strong field numerical data in Lorenz gauge, and a PN

expansion from the full PN Hamiltonman:



S pl n—precession . Eccentric Schwarzschild

Akcay, Dolan & Dempsey (2016)

ADD give, strong field numerical data in Lorenz gauge, and a 3PN

expansion from the full PN hamiltionian:

Add terms to 6PN

Independent check of the gauge invariance.

q .

> Complete the parameter space.

e Validate our code.



Spin-precession: Results

A = Ahg + Ayge? + O(e?)
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O Leading orders agree

O Agreement within numerical error

) Passed strenuous test of code.



Fffective-one-body approach: see T. Damour tomorrow!

Proposal: Knowledge of the SF spin precession can determine terms

in the EOB Hamiltonian (circ. case Bini,Damour...)

H(R, P, S1,55) _MCQ\/1—|—2V (Heg 1)
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The spin vectors satisty a familiar equation..
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OB spin-precession

dS,
dt

= {#,5,) =
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Strategy: 1) Set up same type situation..

my < mg, S1<1, S3=0, Pp#0, L-S=P,S

= <Q51>

q w = Is the same function!
(2,

2) Extract SF info by equating

O(v) piece of OB iz Aw

via gauge Inv. parameterisation. _ .
(straightforward, but delicate)



MQs, = ps(1 — véer)u’[ugs + (1 = ¥)gss] + O(°)
—

gs = 2+ Vg}g(u,pr) + O(V2)
= gg* (u, pr) + Vgév* (u, pr) + O(VQ)

A1) picks out ga«(u, p,)
g+ (u, pr) = ggi (u) + ggi (w)p2 + O(py)

pz ~ O(e?)



~OB spin-precession: Results
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. The coefficient of p? in the linear in v piece of

G
c? R3

Hos = (gsL - S + gs+L - S*)

1.e. EOB can handle spin-orbit interactions
with greater accuracy!



L. hyv,hyw p, F* — high order PN + eccentricity expansions
2. Extended knowledge of Ay, verified results of Akcay Dolan & Dempsey

3. Improved knowledge of gyrogravitomagnetic ratio gs=

1. Investigate the SF in radiation gauge?
2. Application to osculating inspiral?
3. PN always needs resummation!

4. SF in Kerr spacetime



