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* Flat space

» Electromagnetism AF = —4

: 7 ) :
. 2 Solutions: A,.., A, singular!

Retarded solution Advanced solution
R R R
FW = 0, A, — 6’,,AM

__ rext R v
—p may = J, A+ ek u Dirac, 1938
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e Curved spacetime

e Scalar (O—CR)® = —4ru+ O(e

e Electromagnetic: (0% — RY) A® = —47j® + O(€?)

. Gravitational:  (JacOpald + 2Rcaqy) ! = —167T(; ) + O(€?)

* General case: (5ABD — PAB) U et/ (adv) = —4ArMA + O(e?)

‘I’(ret)/(adv) /GAB’(ret)/(adv)(xax,)MB (f’)\/—g’d%/
Retarded
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e Curved spacetime

e Scalar (O—CR)® = —4ru+ O(e

e Electromagnetic: (6%,0 — RY) A® = —47j% 4+ O(€?)
. Gravitational:  (JacOpald + 2Rcaqy) ! = —167T(; ) + O(€?)
e General case: (00— P%p) U et)/(ade) = —4r M* + O(€%)

‘I’(ret)/(adv) /GAB’(ret)/(adv)(xax’)MB (w/)v—g’d4x/

Detweiler-Whiting singular field

Singular

1

Gp(s) = 5

5 U g (z,2)(0) + VA5 (2,2)0(0)]

(6450 - PAg) ¥P R =0, Fo = p® 4 ¥4y
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 Mode-sum regularisation

e Barrack, Ori (2001) \')

@)

Fo(@) =Y (Fi9(@) - F{S)(@)),
14

2 1 _
FAret)/(5)(z) = lim H/Féret)/(s)(T+AT,t,O&,5)Pg(COSO&)dQ

Ar—0 4

* Expansions of the form, Ff(s) (Z) = Ff/(s) (Z) + O(EnH)

g—n—Q
convergence [N

: 1.3784482573 x 1073 1.2 x 10710 | 1.3784482 4 x107° 7 x 1071
hlgher order 3784482573 0 0 3784482575667 0 3.7 x 10

. 1.37844825757 x 10~° 5.0 x 10712 | 1.378448257566791 x 10~°> 3.3 x 1071

parameters increase , ,

. 1.378448257567 x 10~° 4.2 x 10713 | 1.378448257566793 x 10> 1.7 x 107%°

efficiency p » p »
1.37844825756675 x 107° 3.0 x 10 ‘ 1.3784482575667951 x 10 5.5 x 10

155s 4247s

Data bv N.Warburton
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Schwarzschild scalar DMW / HP | HOW | HOW

Schwarzschild electromagnetic
Schwarzschild gravity
Schwarzschild huu
Kerr scalar
Kerr electromagnetic

Kerr gravity

Kerr huu

BO: Barack, Ori
DMW: Detweiler, Messaritaki, Whiting

HP: Haas, Poisson
HOW: Heffernan, Ottewill, Wardell
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1. Calculate singular field and it’s associated self- -
i W | HOW

HOW

force

2. Rotate to Riemann normal coordinates

3. Spherical harmonic decomposition and integrate

Riemann Normal Coordinates:
8%

w1 = 2sin (§> cos 3,

sin f cos(¢ — ¢q) = cos a,
sin f sin(¢ — @) = sin «.cos f3,

. (Q . : :
wg = 281N (5) sin 5. cos # = sin arsin S3.
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1. Calculate singular field and it’s associated self-

force (In Riemann normal coordinates)
2. oo RS T nSTT e coorainaice

3. Spherical harmonic decomposition and integrate

Riemann Normal Coordinates:
8%

w1 = 2sin (5) cos 3,

sin f cos(¢ — ¢q) = cos a,
sin f sin(¢ — @) = sin «.cos f3,

. (Q . : :
wg = 281N (5) sin 5. cos # = sin arsin S3.
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LB Fo | Fafg

W | HOW
HOW

1. Calculate singular field and it’s associated self-

force
2. oo Riemann normal coordinates

3. Spherical harmonic decomposition and integrate

Riemann Normal Coordinates:
8%

w1 = 2sin (§> cos 3,

sin f cos(¢ — ¢q) = cos a,
sin f sin(¢ — @) = sin «.cos f3,

. (Q . : :
wg = 281N (5) sin 5. cos # = sin arsin S3.
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e Scalar case

- 12 =% (adv) 5
/ @ar T(adv) .}; ==
b)) = 4| 0L) st
2 O UC 2 /7_
- . ;U’:g’;(,r,et) (ret)
20 = 040
_ 2 B ab

P = P p° = (ugp + gap) A
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e Scalar case

_U( /)- a’;/:x(ad’v) fT( d ) .9
q X, T a adv)
(I)(S)(aj) — 5 : / _|_ a vr<W7 Z’{"'\\/]
2 O-C/uc 2 T(ret
; - ) - ZU/:aj(ret) (ret)
Py :P[ Aby b+8AbA —Erfde (FbchrFfbc) ﬂbcde]

(dee,c + 2dee,c - Fbcd,e - 2dec,e + Ffbcrfde _ Ffbdl_‘fce> U

S| =

171 -
+ ; [Ab ( b SCAT g+ = Axbcu ) +

(3 i 1
+ Ab (gAchbc + ZAbaCdAmcd - ZAZCCdeCd) + (4Pcdf,e — 4che,f + ch I"Lde + I chze ) —bcde

1
4
1 1 1b—cde — f
-+ —3{ — EA WAL e (Amb + Uy Axf)
0
1 - _ -
— AP Aea [0 (6A°Awy + Ayit®) + 257 A (8T Ay + 1) + 200" Aay
1
+ EﬂdeeAxbc [ZASU (Fjezrj ijzr dez e 2Ffid,e + Fdef,i + 2Ffde,7;>
NUNT (Fnjk (Pﬁ“ + F"ﬁ>aﬂ'%xe + Ag (Fjekrkﬁ 4 Ty Ty — AT, ps i 4F€fi,j))]
1

1 , 1 .
+ §ﬂbcﬂiﬁdef [gAxb (Fz’efrzcd —Laete = Tede, s + che,f) — Zrbdercfisz} }

1 _ _ . . .
tos {3AbadAxbcd [ACa’“ef@Ax ;= 21° (rmf@Axcf + T/ foﬂ)]
0

+ 3Az " (Tpeale s A 4 20 4o T 1 upe AT T 1T tipege Az F ) }
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PreV|ous Rotation: sin 6 cos(¢ — ¢p) = ces a, —
sinfsin(¢ — ¢p) = Sirhﬁ,\‘ ki

>
| cos f = sin arsin f.
New Rotation: B
cos 0 cos 6 + sin 6§ sin 6 cos(¢ — ¢p) = cos a,

sin fsin(¢ — ¢p) = sinacos(8 — ),

—sin 6 cos 0 cos(¢p — @) + cos@sinf = sin asin(B — 3').
Target: No Az cross terms in p, recalling ‘

2

b
p° = (ugp + gap)Az*
Leor (15+ years ago): Use 3’ freedom to set U, to zero

Explicitly in Riemann normal coordinates: Not viable

Solution: Don’t reinvent the wheel!
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Data by Zach Nasipak
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1. Calculate singular field and it’s d self-force

Covariant Scalar: D

Non-geodesic: D

2. Break covariance: Riemann normal coordinates
Schwarzschild: D
Kerr: B

3. Spherical harmonic decomposition and integrate

Coordinate independent: D

B ] x/:x(adv)
q U(SIZ‘, CE/) q T(adv)
®s)(x) = 1 + 5/ Vix,z(T))dr
- ¢ - aj/:x(’r‘et) T(ret)
B a b / ] xlzw(adv) .
- u® v’ Ugpa'vy (T, @ (adv) ;g
hé‘g) = 2/ aal/)zf’ (,) + 2,u/ Vavarvy (2, 2(T))u® u® dr.
C T(ret)

/—
- - L= (ret)
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