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Outline

What is the self-force?
What does it do?
What is a worldline?

What is known and why?
"Singular’ self-field and its effects

MiSaTaQuWa etc.

Comments and open problems
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The self-force problem

Compact objects coupled to long-range fields “carry” some of these fields
with them as they move. How does this affect their motion?

The fields radiate energy and momentum away from the system. They
also store energy and momentum. and thersfore have inertia. Self-force is
not just radiation reaction.

Mass and spring analogy (Miller and Fobiscoe [1993]):

(L DN\ Radiation Radistion
- (=8 X | Sy |
NS o F Field Maiter Field
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Typical consequences

For a sufficiently small object nearly in
internal equilibrium:

Trajectories usually circularize and
decay.

Orbital frequencies can shift due to
conservative effects.

Linear and angular momentum are
shifted (along with higher multipole
moments of the stress-energy tensar).

:‘_"‘1. i

if charged particie orbiting a large

nail

spinning charge in flat spacetime with

biue) and without (green) seff-force
coirections
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Why?

Various motivations over the last 100+ years:
Origir of inertia-
Structure and limits of classical field theories and mechanics

Just one more step towards understanding motion in certain systems (e.q.
EMRIs for gravitational wave astronomy)

=tc.
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What's so hard?
Multiple length scales
Point particles (as typically defined) don't work
Explicit calculations often not useful for demonstrating universal behavior
What is 3 self-field?

What should be computed anyway?
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What is motion?

The full theory uses PDEs to evolve data off of an initial hypersurface
(and impaoses caonstraints on that data).

This detall is often unnecessary and obscures general trends.

Point particles are incompatible with GR (Geroch and Traschen [1937])
or EM. yet people are still interested in worldlines and “peoint-like” limits.

Axiomatize point particles or try to abstract real objects (star, black hale,
etc.) to worldline + multipole moments.

Pirsa: 10060053 Page 8/70



= NN
Motion li

Which worldline?

All definitions are nonlocal and coupled to fields with infinite degrees of
freedom.

Their exact causality properties are very unlikely to be similar to those found
in Newtonian particle mechanics.

Its dynamical equations form an effective theory. Don't take it too seriously.
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Perturbative worldlines

Intrinsically perturbative notions of werldline are popular in gravitational
problems:

Where would the far-field metric perturbations “come from™ If they were
produced by, £.9.. a point source coupled to the linearized (Lorenz-reduced)

Einstein equation?

+ R[]
:
[ ]
:
[ ]
| ]
-
]
L ]
Choose I' such that ¢.: == 0.1@+ ~[I]).: in some “buffer region™ \™ = 1/
Also limiting worldtubes. etc. See Pound [2010]. -
- age 10/70
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" I
“Physical” worldlines

Non-perturbatively choose a collection of points inside a matter distribution.
Look for scmething with nice properties and argue that it's “representative.”
Usually consider points satisfying p iz . 215:i:z.2) = 0.

This requires defining linear and angular momentum.
Relatively simple to interpret. but not useful for black hales.

Used in scalar and EM SF problems. Partially implemented in the
gravitational case .
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Ignorable self-fields

Mast of the field near an object is large and highly non-uniform, but does not
contribute any net force (other than stress-energy renormalization). Newtonian

self-force:

Feg =— | pVosdl” =0

f ——— § —ET
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Ignorable self-fields Il

1':?:_: i S

homaogeneous near the body: (VY otz =0

relatively simple to compute: basically a type of angle-averaged field
(roughly analogous to what appears in the Quinn-Wald axioms, etc.):

l ._ — = Sge —
ok Ef —— / _"'\.__ e v .,____-I Y -—ciki "\_ .___- = F .t:—-_

slowly varying and well-behaved even for a point particle: £ - —» V.

I
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" S
Ignorable self-fields

Maost of the field near an object is large and highly non-uniform, but does not
contribute any net force (other than stress-energy renormalization). Newtonian

self-farce:

bl
|.|I
LA
|

I salf

et

Useful to identify this field at the outset and subtract it out:
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Ignorable self-fields Il

OH |IS. ..

homogeneous near the body: (V-omt|z =0

relatively simple to ::rr[: ute: basically a type of angle-averaged field
(roughly analocgous to what appears in the ¢ Quinn-Wald axioms, etc.):

J_ ._ = o = = al —==
o ) = — "-\_ AN Vostr. T ) — oA W Gstxr. x| - d.s

slowly varying and well-behaved even for a point particle: F =~ —»Vog
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Ignorable self-fields

Mast of the field near an object is large and highly non-uniform, but does not
contribute any net force (other than stress-energy renormalization). Newtonian

self-force:

|
|
—
4
|1I
LA
e
|

L oalf

== Saac P

Useful to identify this field at the outset and subtract it out:
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Ignorable self-fields Il

OH |IS. ..

homogeneous near the body: Y-out|z =0

relatively simple to compute: basically a type of angle-averaged field
(roughly analogous to what appears in the Quinn-Wald axioms, etc.):

T - o
Ot —— / VNV oiz “__—'_' . y—alx W Gt )| -dS

- el
£ 2 %

slowly varying and well-behav

(b

d even for a point particle:
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Ignorable self-fields lli

Why does this work? Newton's 37, background symmetries, ...

Translation invariance: _-'—::;. — 1)

Rotational invariance: \__. =0

Can this be generalized to relativistic systems (and generic spacetimes)?
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Ignorable self-fields

Maost of the field near an object is large and highly non-uniform. but does not
contribute any net force (other than stress-energy renormalization). Newtonian

self-farce:
e _/ Woesdl =0

S —asmea

Useful to identify this field at the outset and subtract it out
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Ignorable self-fields lli

=

Why does this work? Newton's 37, background symmetries, ..

—_:'_+-_: = / dl / dl cixictx \; _'_.-. §x. ¥ )

— —T_/ {T'f-:tT Dot WV +V)3str. 1
L:Ge(x. ¥') =(E'V, +£7V,)Gs =0

Translation invariance: _-'—::;. ==

Rotational invariance: V.. =0

Can this be generalized to relativistic systems (and generic spacetimes)?
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Ignorable self-fields Il

OH |IS. ..

homaogeneous near the body: (V-oui|z =0

relatively simple to compute: basically a type of angle-averaged field
(roughly analogous to what appears in the Quinn-Wald axioms, etc.):

1 [ = - == : —,
,_—,:_:1 ERe— /_‘I\_ ' ot E..LT )y — I A" (= 1 -l = -:1’_.'_“‘

\Vomir) = | Yor— — i
I i
slowly varying and well-behaved even for a point particle: £ -- -V
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Ignorable self-fields lli

]

Why does this work? Newton's 3, background symmetries, ...

ol f dl- /.-:i'_' A Xl X "u._; _'_._-.. r r)

= —Tl. / dl- /fkk WV LV )Gs6x. )

Translation invariance: F..- = 0

Raotational invariance: V.. =0

Can this be generalized to relativistic systems (and generic spacetimes)?
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More interesting S-fields

Yes, there are generalizations (Detweller and Whiting [2003], Poisson
[2004]. ...). Define a special Green function G-.

Two new effects for relativistic fields:
= ~- now confributes an sffective momentum.
= o< is no longer the full seif-field. There s also. e.g.. radiation.

This was originally an axiomatic approach developed to get reasonable
answers using paint particle methods (see also Dirac [1938], Quinn and
Wald [1997], ...).

Naon-perturbative versions now stated and proven for arbitrary
= extended objects coupled to scalar or electromagnetic fields on fixed
tackgrounds: AlH [2008, 2009].
= extended objects in GR linearized about an arbitrary vacuum background (in
preparation).
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Ignorable self-fields Il

= I S

homogeneous near the body: (Y -omt|z =0

relatively simple to compute: basically a type of angle-averaged field
(roughly analogous to what appears in the Quinn-Wald axioms, etc.):

1 § = = — =
 T) = — / VoG — ot 2 W' Gsiz. 2] - dS
5 F : !
= == &_ ==
oy—1 vore =2 | (=2 sl =1
: T — 1 Eiv

rC e
e %

slowly varying and well-behaved even for a point particle:
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More interesting S-fields

Yes, there are generalizations (Detweller and Whiting [2003], Poisson
[2004], ...). Define a special Green function G-.

Two new effects for relativistic fields:
= =- now confributes an effective momentum.
= o< Is na longer the full seif-field. There s also. e.g.. radiation.

This was ariginally an axiomatic approach developed to get reasonable
answers using point particle methods (see also Dirac [1938], Quinn and
Wald [1997], ...).

Non-perturbative versions now stated and proven for arbitrary
= extended objects coupled to scalar or electromagnetic fields on fixed
backgrounds: AlH [2008. 2009].
= extended objects in GR linearized about an arbitrary vacuum background (in
preparation).
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Self-force in general

Dixon's [1974] linear and angular momenta can be shown to satisfy, e.g.,

."H — = e . I:.-__,-Hr _: .

The only effect of os Is to (finitely) renormalize all multipole moments
of 77°: AlH [2010]. Otherwise only test body-type effects due to oz -

= —o" i O o Gy

I
iy
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Some common approximations

Internal timescales are long compared to the object’'s diameter:
{=relldiel <}, Jneldic) K 1

Without this, (almost?) all notions of effective worldlines break down
physically and/or mathematically.

It also precludes internally-generated self-force effects.

External length-scales are large compared to the diameter:

dlF+1h - R
= i . il - Z g il =

This gives ordinary multipole expansions for the external force (e.g. Lorentz
force or geodesic motion at lowest order).
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Final equations (EM)

Electromagnetism in a curved background (first in DeWitt and Brehme
[1960] and Hobbs [1968]):

Comparatle test body effects invalving spin and
electromagnetic dipole moment { see AlH [2009] and Gralla.
AlH. Wald [2009])

mz" = gy s (sps -:hp-.;-le'/

+ (<pin. dipole)

Should really cut this integral off at a finite ime in
the past and build the rest from an initial Cauchy
surface (see Pound [2010]).
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Self-force in general

Dixon's [1974] linear and angular momenta can be shown to satisfy, e g.,

T

(P

The only effect of os Is to (finitely) renormalize all multipole moments
of 77 : AlH [2010]. Otherwise only test body-type effects due to oz -
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Final equations (EM)

Electromagnetism in a curved background (first in DeWitt and Brehme
[1960] and Hobbs [1968]):

Comparaktle test body effects invalving spin and
electromagnetic dipole moment (see AlH [2009] and Gralla.

AlH. Wald [2009])
¥z cFir = + (spin. dipole
= = | - '
E 6 TG —="F— .= = / VUG =5). o 105

+ (<pin. dipole

Should really cut this integral off at a finite ime in
the past and build the rest from an initial Cauchy
surface (see Pound [2010]).
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Some common approximations

Internal timescales are long compared to the object's diameter:
{ __‘_ & - ) ¢ j_‘ _'_‘__'illrl;_',_: ) <= J_

Without this, (almost?) all notions of effective worldlines break down
physically and/or mathematically.

It also precludss internally-generated self-force effects.

External length-scales are large compared to the diameter:

.:.:,-'—1'_, =~ | h
L o - & R o =

This gives ordinary multipole expansions for the external force (e.g. Lorentz
force or geodesic motion at lowest order).
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Final equations (EM)

Electromagnetism in a curved background (first in DeWitt and Brehme
[1960] and Hobbs [1968]):

Comparakble test body effects involving spin and
electro mauncm: ’*1;:(:'&: moment { see AlH [2009] and Gralla.
AlH, Wald [2009])

m=z = §Fy 5 tspm -11113-.:-le--/

— (=pin. dipols:

Should really cut this integral off at a finite ime in
the past and build the rest from an initial Cauchy
surface {see Pound [2010]).
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Some common approximations

Internal timescales are long compared to the object's diameter:
(Z/eidic) < 1. neldic) << 1

Without this, (almost?) all notions of effective worldlines break down
physically and/or mathematically.

It also precludes internally-generated self-force effects.

External length-scales are large compared to the diameter:

e 5 A : a‘ i 2
- ETE - & -k

This gives ordinary multipole expansions for the external force (e.g. Lorentz
force or geodesic motion at lowest order).
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Final equations (EM)

Electromagnetism in a curved background (first in DeWitt and Brehme
[1960] and Hobbs [1968]):

Comparaktle test body effects involving spin and
electromagnetic dipole moment (see AlH [2009] and Gralla.

AlH. Wald [2009])

mz = gbys —--;,1:-111_-1111:-1;-le--/
+ ¢spin. dipole \

Should really cut this integral off at a finite ime in
the past and build the rest from an initial Cauchy
surface (see Pound [2010]).
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Some common approximations

Internal timescales are long compared to the object’'s diameter:
(siefidic) <€ 1, Zmldic) < 1

Without this. (almost?) all notions of effective worldlines break down
physically and/or mathematically.

It also precludes internally-generated self-force effects.

External length-scales are large compared to the diameter:

-_j- . . o Sl o
i, = ~ |* e il

0.
This gives ordinary multipole expansions for the external force (e.g. Lorentz
force or geodesic motion at lowest order).
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Final equations (EM)

Electromagnetism in a curved background (first in DeWitt and Brehme
[1960] and Hobbs [1968]):

Comparaktle test body effects invalving spin and
electromagnetic dipole moment { see AlH [2009] and Gralla.

AlH. Wald [2009])
mz = ghs —--;.131u_-1111:--:-le--/
= 2 1 =
__"+__:—:__ e e = —_:_: / \_ —+_|: .= B SR Jt

— opin. dipols:

Should really cut this integral off at a finite ime in
the past and build the rest from an initial Cauchy
surface (see Pound [2010]).

Pirsa: 10060053 Page 37/70



MiSaTaQuWa equation (GR)

First due to Mina. Sasaki and Tanaka [1997] and Quinn and Wald [1297]. Use
Lorenz gauge in a vacuum background.

Essentially a geodesic in 2 “smoothed” metric:

T 2N GA — VGRS = spimy D A

d= 2

D, D =

(P

Find H by subtracting ~-. from h.,:or use a surface integral “average:”

J‘_j.'?. J‘ [ s WL g =
iT S ;'- - 7
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Self-force in general

Dixon's [1974] linear and angular momenta can be shown to satisfy,

{[.'I'
iC::

The orﬂ effect of o Is 1o (finitely) renormalize all multipole mcments
of 7 AJH 2010]. Otherwise only test body-type effects due to ©
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MiSaTaQuWa equation (GR)

First due to Mino. Sasaki and Tanaka [1997] and Quinn and Wald [1997]. Use
Lorenz gauge in a vacuum background.

Essentially a geodesic in 2 “smoothed” metric:

Find H by subtracting »-. from %,:or use a surface integral “average:”
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MiSaTaQuWa equation (GR)

First due to Mino. Sasaki and Tanaka [1997] and Quinn and Wald [1297]. Use
Lorenz gauge in a vacuum background.

Essentially a geodesic in 2 “smoothed” metric:

ds

T e, SR
R |_ — —F 12\ 1. — % = iISpIRLY — A 5

Find H by subtracting . from % ,:or use a surface integral “average:”

L :.;r. ek = = _a'l =~ P e
J:T _'- ¥ e o F ot
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Final equations (EM)

Electromagnetism in a *-urﬂ:—d background (first in DeWitt and Brehme
[1960] and Hobbs [1968]

Wi, B

Comparable test body effects involving spin and

:Ic-::mmagn-.—;uc dlpo!e moment { see AlH [2009] and
AlH. Wald [200S])

mz = gk -tspin -:le-.:.-le--/

Gralla.

i
|
|T|
i
1
|
j
|
¥
4l
0
|
)|
|
¥
|
I
(21
i
|
'--,_____‘“-.

— ispin.dipols:

Should really cut this integral off at a finite ime in
the past and build the rest from an initial Cauchy
surface (see Pound [2010]).
Pirsa: 10060053
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MiSaTaQuWa equation (GR)

First due to Mina. Sasaki and Tanaka [1997] and Quinn and Wald [1997]. Use
Lorenz gauge in a vacuum background.

Essentially a geodesic in 2 “smoothed” metric:

L T B

e — — = i
— - —— = — —F VN G — % S e e, 57 B 1 S e T R
d: 8 i :
Find H by subtracting ~-. from h,:or use a surface integral “average:”
1 1 = E E _
== - o= T"_ G f T T & — "‘s_ i 2 _il" _|_f_,'| =
i Sy Ll E
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" S
MiSaTaQuWa Il

More standard “tail form:” Assume . = »>° and reduce order to eliminate

ALD-type SF:

T:" == ZZz Ak —— N s (spm) |- CHn)

Again. cut this off at a finite time in the past and
tuild the rest from an initial Cauchy surface.

Page 45/70
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MiSaTaQuWa equation (GR)

First due to Mina. Sasaki and Tanaka [1997] and Quinn and Wald [1997]. Use
Lorenz gauge in a vacuum background.

Essentially a geodesic in a “smocthed” metric:

Dy, D e s —— =
ds~ ds

2 NGRS — NG R 2T = pmr O R

Find H by subtracting ~-. from h.,:or use a surface integral “average:

1 :.:f. l.._. i [ o a'h v as - Vs
T i o e T da’h
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MiSaTaQuWa Il

More standard “tail form:” Assume . = »">° and reduce order to eliminate
ALD-type SF:
D | L , =
1_: ——ibs = 2 ——_< 4 (spm}- - )
1 . == :
= (0%, —SG.57) | V.GFo (s d

Again. cut this off at a finite time in the past and
tuild the rest from an initial Cauchy surface.

Page 47/70
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MiSaTaQuWa equation (GR)

First due to Mino. Sasaki and Tanaka [1997] and Quinn and Wald [1997]. Use
Lorenz gauge in a vacuum background.

Essentially a geodesic in a “smoothed” metric:

e __"T A1 e T -_-. =- 'L:'J'_T.l'_ _- | F—

D3 = D 1 —
ds~ ds

Find H by subtracting ~-. from h.,:or use a surface integral “average:”

1 1 = = -
— {550 — g g P (G, N —NTGE, A% \dS - OR
13 s =
Pirsa: 10060053 _ Page 48/70
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MiSaTaQuWa Il

More standard “tail form:” Assume . =2 and reduce order to eliminate

ALD-type SF:
D 1 _ ==
£ = SRR — L (spim) £ O
1 . &=
— b — —G,:0 NG Azis). zis))z = d

Again. cut this off at a finite time in the past and
cuild the rest from an initial Cauchy surface.
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MiSaTaQuWa equation (GR)

First due to Mino. Sasaki and Tanaka [1997] and Quinn and Wald [1997]. Use
Lorenz gauge in a vacuum background.

Essentially a geodesic in a “smoothed” metric:

—— " 2 2N A — VAR GITT DT A ispiny A
d: ds 4 ' -
Find H by subtracting ~-. from %.,:or use a surface integral “average:”
1 1 = = = _
T ~— G [ T Ve 5 —\N G 2 \d.S -+ Ok
il 275 2, =
Pirsa: 10060053 == Page 50/70
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MiSaTaQuWa Il

More standard “tail form:” Assume /. = 22" and reduce order to eliminate

ALD-type SF:
]f'. . L . = =
e = — —h 2 )+ (spin)+ O(h7)
R =

Again. cut this off at a finite time in the past and
tuild the rest from an initial Cauchy surface.
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Final equations (EM)

Electromagnetism in a curved background (first in DeWitt and Brehme
[1960] and Hobbs [1968]):

Comparatle test body effects invalving spin and
electromagnetic dipole moment (see AlH [2009] and Gralla.
AlH. Wald [2009])

mz = gfy5F --;,pm_-;lll:--:.-le-/

+ ¢spin. dipole

Should really cut this integral off at a finite ime in
the past and build the rest from an initial Cauchy
surface (see Pound [2010]).
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MiSaTaQuWa Il

More standard “tail form:” Assume e e ol
ALD-type SF:
_I = : __ : : — T o _I_ ¥ _ J_;'J_Jl i _I_ I._ 'li _:_ i
- - l 5 = -
= Hm —— T."_—_ = = b= = i

Again. cut this off at a finite time in the past and
tuild the rest from an initial Cauchy surface.
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Some comments

MiSaTaQuWa has now been rigorously derived in various ways:

Variants of matched asymptotic expansions: Gralla and Wald [2008], Pound
[2010]

An extended-body approach using { mostly) physical warldlines: AlH [in
preparation]

Be careful about definitions and approximations.
Dipcle and spin effects can be comparable to the self-force.

MiSaTaQuWa is a general equation. Better methods may exist for special
applications (symmetric backgrounds, quasicircular orbits in specific
spacetimes.. ). See. e g.. Hinderer and Flanagan [2008].
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MiSaTaQuWa Il

More standard “tail form:” Assume . = 27" and reduce order to eliminate
ALD-type SF:
T:" = = "':'_j‘--“_.'”"?—_I-'-"._|—|—|-'_£;.i_]_'|_|—|—|_| =
= (070 — =Ga:G” V.G lzs) zls))zZ 2% d

Again. cut this off at a finite fime in the past and
tuild the rest from an initial Cauchy surface.
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Some comments

MiSaTaQuWa has now been rigorously derived in various ways:

Variants of matched asymptotic expansions: Gralla and Wald [2008], Pound
[2010]

An extended-body approach using { mostly) physical woridlines: AlH [in
preparation]

Be careful about definitions and approximations.
Dipcle and spin effects can be comparable to the self-force.

MiSaTaQu\Wa is a general equation. Beftter methods may exist for special
applications (symmetric backgrounds, quasicircular orbits in specific
spacetimes.. ). See. e g.. Hinderer and Flanagan [2008].
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Ignorable self-fields lli

Why does this work? Newton's 3, background symmetries, ...

Ba—— f / A A WY Stz 1)

Translation invariance: _-'—::;. ==

Rotational invariance: V.. =0

Can this be generalized to relativistic systems (and generic spacetimes)?
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* B
“Physical” worldlines

Non-perturbatively choose a collection of points inside a matter distribution.
Look for something with nice properties and argue that it's “representative.”
Usually consider points satisfying p iz . 2)15:i:z.2) =0
This requires defining linear and angular momentum.

Relatively simple to interpret. but not useful for black holes.

Used in scalar and EM SF problems. Partially implemented in the
gravitational case .
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Self-force in general

Dixon's [1974] linear and angular momenta can be shown to satisfy, e.g.,
s = | p(2)Gs(x. X )dV
J__:PH — () — .-_':.-:__. s | :.-_';Hr 8 — i:F
The only effect of os Is to (finitely) renormalize all multipole moments
of 77 : AlH [2010]. Otherwise only test body-type effects due to o= -
pt=pt +9; Qb O% £ 35 / = J" 8.
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End of shde show, didk to ext.




Some comments

MiSaTaQu\Wa has now been rigorously derived in various ways:

Variants of matched asymptotic expansions: Gralla and Wald [2008], Pound
[2010]

An extended-bady approach using ( mastly) physical warldiines: AlH [in
preparation]

Be careful about definitions and approximations.
Dipcle and spin effects can be comparable to the self-force.

MiSaTaQuWa is a general equation. Better methods may exist for special
applications (symmetric backgrounds, quasicircular orbits in specific
spacetimes.. ). See. e g.. Hinderer and Flanagan [2008].
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Open problems

Gravitational self-force in the presence of strong non-gravitational forces
Comparatle EM and gravitational SF?

Higher order gravitational self-force is not understood.
Naotions of “seif-field” become much less clear (and may not be useful).

Universality isn't known (Elack holes vs. neutron star? ).
Is it still possikle to intraduce fictiious worldlines? Is it useful?

Sharp long-term error estimates

Practical methods
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MiSaTaQuWa Il

More standard “tail form:” Assume 2 : = >" and reduce order to eliminate

ALD-type SF:
D _ e _ =
== —pEz — —h_ z i+ ispim)+ Oth™)
= Lt _—i__ G’ ) N ds) 2 d

Again. cut this off at a finite time in the past and
tuild the rest from an initial Cauchy surface.
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Open problems

Gravitational self-force in the presence of strong non-gravitational forces
Comparatle EM and gravitational SF?

Higher order gravitational self-force is not understood.
Notions of “seiffield” become much less clear (and may not be useful).

Universality isn't known (Elack holes vs. neutron star? ).
Is it still possikle to intraduce fictiious worldlines? Is it useful?

Sharp long-term error estimates

Practical methods
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Some comments

MiSaTaQuWa has now been rigorously derived in various ways:

Variants of matched asymptofic expansions: Gralla and Wald [2008], Pound
[2010]

An extended-body approach using { mostly) physical woridlines: AlH [in
preparation]

Be careful about definitions and approximations.
Dipaole and spin effects can be comparable to the self-force.

MiSaTaQuWa is a general equation. Better methods may exist for special
applications (symmetric backgrounds, quasicircular orbits in specific
spacetimes.. ). See. e g.. Hinderer and Flanagan [2008].
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Maore standard “tail form:” Assume .. =2 and reduce order to eliminate

ALD-type SF:
D _ | _
I—: — Z = ——f_s - {Spm) A
— b d — i.— ot f G § = = bz = d

Again. cut this off at a finite time in the past and
build the rest from an initial Cauchy surface.
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Open problems

Gravitational self-force in the presence of strong non-gravitational forces
Comparable EM and gravitational SF?

Higher order gravitational self-force is not understood.
Nations of “seiffield” become much less clear (and may not be useful).

Universality isn't known (Elack holes vs. neutron star?).
Is it still possikle to intraduce fictiious warldlines? Is it useful?

Sharp long-term error estimates

Practical methods
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MiSaTaQuWa Il

More standard “tail form:” Assume 7~ ,: = 2> and reduce order to eliminate
ALD-type SF
T:" = —7F Z 2t ;— N _c -l (spm) |- )
: T . ===
= b —— G50 NG = Z 2z d

Again. cut this off at a finite time in the past and
build the rest from an initial Cauchy surface.
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Open problems

Gravitational self-force in the presence of strong non-gravitational forces
Comparable EM and gravitational SF?

Higher order gravitational self-force is not understood.
Naotions of “seif-field” become much less clear (and may not be useful).

Universality isn't known (Elack holes vs. neutron star?).
Is it still passikle to intraduce fictiious warldlines? Is it useful?

Sharp long-term error estimates

Practical methods
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