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Effective field theory me< M

Self-Force from Effective Field Theory

[many people in this room!]

» Effective action

S|Z,z, h| = Ser|2]

» Metric perturbation vanishes at particle (dimensional regularisation)

(hp (X (7)) = Q/MW} — 0 [Cheung, Parra-Martinez, Rothstein, Shah, Wilson-Gerow; 240614770]

» QFT integration techniques

Efficient organisation of expansion!
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Response Theory




2-pt response

Where does this come from?

Geodesics



Brief Reminder




Response theory in a nutshell 2"

Black hole coupling to source 7TH#*

TH
SonlX. 9. T) = Senlg) — SulX,g) — [ a2 by ()T (2)
THY (x) = /dT %y“ (7)y” (7’)5D (x —y(7)) (secondary black hole)

Effective action for environment W|T]

(

Z|T] :/D[h, A exp{h(SBH[X, g] — /de hW(x)TW(x))} |tree

(

= exp| W]

Jitze Hoogeveen, Humboldt Universitat zu Berlin



Response functions R

THY
. 8% 1 8% 1%
iW([T] = [ T (k1)Rap(k1) + 5 TP (k1) TH (k2) Ragpuw (K1, k2)
k1 — k1,k2 -
1
+ 3 TP (k)T (ko) TP (k3)Rapuvpo (k1, ko, k3) + . ..
- Jki,ko k3 e

0 0 0 0
JWT]
576(—) 57'1(+) 57'2(4‘) 5 T§+) 0

Raoﬁoalﬁlmanﬁn (k07 ki... kn)

(—3)"(hohi...hy)|con. COrrelation functions

n incoming gravitons
one outgoing graviton
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Response functions R

THY
. 8% 1 8% 1%
iW([T] = [ T (k1)Rap(k1) + 5 TP (k1) TH (k2) Ragpuw (K1, k2)
k1 — k1,k2 -
1
+ 3 TP (k)T (ko) TP (k3)Rapuvpo (k1, ko, k3) + . ..
- Jki,ko k3 e

RaoBoaifi...anbn (Ko k1 ... kn)

secondary
worldline
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metric

"Compton”




Self-force from responses




Self force expansion - action

Point particle source

™

Te (wsa(r) = [ dr i) (167 (@~ a(r)

BH response action

1SBHR|Z| = ©Skin|2] +IW[TL]] =

Skin |Z /dT — 5 95

Expand around OSF trajectory

v (1) = 2"(7) 4 2"(7)

Jitze Hoogeveen, Humboldt Universitat zu Berlin



Self force expansion - Feynman rules

Propagator

) ) 7 v - 0*SBhR -
(ZH(w1) 2%(w2)) = Q=R = 0zH(w1)02H (w2) |,z
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Self force expansion - Feynman rules

Vertices

Evaluated @ OSF trajectory X*(w)
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Self force diagrams

Need OSF!

1SF 25F

O(m) O(1/m)

2SF
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Self force diagrams

1SF 25F
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Self-force on shockwave




The shockwave iaichelburg, sexi: 1971]

SF: m/M < 1 SF: m/F < 1

VH massless P*

® g > | -
Vi — PHE
m m
P? =0
Guv () = Ny + AGf(x%)6(P - z)P,P,

Simplicity of shockwave Finite-width UV regulator 1/A [Steinbauer; 1997]
» P? =0 = cancellations » (P-x) — pa(P-x)=A/2exp(—A|0o])

» Localisation on shockwave . o
A — o0 recovers single shockwave limit
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OSF dynamics




OSF - geodesics on shockwave

.

_ 2 .
iSOSF [3_7] — —ZE dTgMVZLCM.CLUV — iSkin [Q_j‘] —|— glﬂ/(x) = N + 4Gf(XJ_)5(P :C)P/LPI/

) = —r-0 25 )

m PM expansion
=" + ot + 2

PH

m 5Sint [.CE]

- () =
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Berends-Giele recursion

7PM @ O(s?) in Kerr

e

[JH, Jakobsen, Pletka; 2506.14626]

Trajectory truncates at 2PM
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Berends-Giele recursion b
Position space PM diagrammatics  [JH, Jakobsen, Plefka; 2506.1462¢]
—
PH
2P (1)
2P2(12) = — 0 Sint[x]p °
P (7_1) 6331(7'1) .o 53}”(7_77,) pH— bl T
(r) () g
e = L (ry —7)0(r2 — 7)) 1 + p
e rH = ﬁxP“—l—x P“)—l— X'
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m
SlonStF[x] — _3
1 0.Sint | ] 0 1 0
_ - e 1nt
) =——n"—"— =0 77’“’(1 0 0)
0 0 1
Structure from Berends-Giele .
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Obtaining shockwave geodesics
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Obtaining shockwave geodesics

External component 2

dTldTQ 5(’7’1 — 7'())(’7'2 — 71)9(72 — ’7'1)5(7'2 — ’7'()) — O

/ propagator \

vertex vertex

PH

S P

555J_ T =bt LyH T
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Obtaining shockwave geodesics -

External component 2™

= taylor expansion only inz'| =

02~ |,——g z+=0, 2 =1PM

....... T [JH, Jakobsen, Plefka; 2506.14626]

11 _>
PH

ot =

-

xr~ PH + :1:+P“) 1+ x

(\)
x|~
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Geodesics summary

PH

2PM truncation T4—>
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- —
Geodesics summary defl. toward BH

(1) = (W7 +0)0(10 — 7) + (vh. (T — 70) 4 05,)0(7 — 70) \ ;
A4GEef(b?) / m

b, |2 (bﬁ —2Gef (bi)P“) 1PM discont. kick
L L AL

vh = v + Aot = oF

b, = b 4t + AbH = b + vty — 2GP f(b7) Focusing lens for null geodesics

[Ferrari, Pendenza, Veneziano; 1988]

Interpretation

[Dray, 't Hooft; 1985] [Steinbauer; 1998]

X
® 2 copies of " (Penrose junction) [Penrose; 1972] [Kunzinger, Steinbauer; 1999] !

1 X2 X2
H o~ — ] = -
Do e—l_log(i)) log(i/)

vy = 5 (F(b3) + 26/ (B2) + bf'(b2))
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OSF - resummed vertices

h (k)
% ik-Ab, 1L v
_ V(1. _ MAp ik-(vTo+0b) v* € Voo Voo '
— Y (L - — 0 < kick
é sec. (K3 )= 2 c (v-k—i() voo-k+i0> ®
.................. ® > kick
/ — imkpeFe() (v(“AE”) + H(O)ATJ(“AB”)) ® - kick
eval @ OSF e
hw (k) \ _
M _ 57;'5(’:/ (k7 Qj) o Z.mKJD 6il€°(”l)7'0—|—b) Qw U(Még) GZkAB'U(()g5Z> .
oxP o N 2 vok+w—10 vy -k+w+ 10 [Steinbauer; 1998]
......... 2P (w) - - 0(0) =1/2
DM Y eik-ABv,u Y 1
+ kp . 0O oo.
v-k+w—190 U -k+w+10
— mk pettE(To)FiwTo (wAB(“(SZ) + kv FADY) + H(O)kpAfD(“AE”))
4 ( .
. vH Y o . ()X (T
relation to flat-space e is(k v+ Q)< — /dT ek (M)A (_ )#(7)
\ vH \ xH(T)
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Towards 1SF




Towards 1SF

1/A

Geodesics

2-pt response RMP (e, kg) ~ [IT - H]‘“’p"/dD_le e laLxL [om2G(P R (xL) ]

Caveat: Method of regions

ki ~ k, ~ A"  appropriate on-shell

1
» Off-shell: k; ~ A%, &k, ~ A° /e (6 —q1)%((ki +£)2 — k7 (kT +iA))

» 1SF Waveform: No additional regions!
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Towards 1SF

1/A

Geodesics

2-pt response RMP (e, kg) ~ [IT - H]“’/p"/dD_Qxl e laLxL [om2G(P R (xL) ]

Resummation pending!
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Summary

» Response Theory efficient EFT for Self-Force

- 1SF = 2-pt response coupled to geodesics

» Shockwave

- 2-pt response exponentiates @ all PM orders

- Geodesics truncate at 2PM

» 1SF observables on the way!
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