Massive-Field Approach to the
Scalar Self Force in Curved
Spacetime

Eran Rosenthal



Goals of this talk

" Proposing an alternative regularization method
for the scalar self force.

® This method is based on the difference between
two retarded scalar fields: a massless scalar
field, and a massive scalar field.

s Show that this method, can be used to
calculate the mode-sum regularization
parameters.



Scalar self force - introduction

Consider a point like object with a scalar
charge q, and a given world line z(7)

and a fixed background spacetime metric £, (X)

The object induces a scalar field (perturbation) ¢(x)
and a scalar force F,(x)=g¢ ,(x)
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Coleman showed that electromagnetic self force
in flat spacetime (ALD term)

se 2 .
fy / (ZO) — ?qz(alu _azulu)

can be obtained by replacing the original Green function G

with a new Green function, which depends on a parameter,
such that: 1imG, =G

A—o0

This Green function G, can be obtained from a fictitious
massive electromagnetic Green function.

The scalar self force in curved spacetime (after regularization):

c—0

#:(2y) = (local —term) + limq” [ 0"G(z, | 2(z))d=
N T. C. Quinn (2000)



Massive-Field Approach

¢ = —4np

( —m ’ )¢m — _472',0 Auxiliary field

p=¢,

x) = —  S5(x—-z(t)Nd 1 The same charge density
) q_-[o - g ( 7)) for both fields




——x(2y ,n",0)

z(77)
z(7) /

X

Ap=¢p—¢@,  u'n,=0 n“n, =1
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Result

f;elf (z,) =¢ lim {lgiil(}Aﬁﬂ (x) +%q[m2nﬂ (z,)+ ma,, (ZO)]}
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Calculate AF,=qA¢,(x)

Retarded solutions for a charge density of a point particle

4,(x)=q [ G, (x| 2(D)dz @-m*)G,(x|x) =~ j_igd“u—x')

Y4

H

#()=q |G(x|z()dr  OG(x|x)=-——6"(x-x)

Assumption: these integrals converge off the world line.



Scalar field

Locally: when x is in a local neighborhood of z

G(x|z) = OZ(x),2)[U (x| 2)8(c) ~V (x| 2)0(-0)]

. 2
H(x) =g j G(x|z)d7+q j G(x|z)dz
-

p(x) = ¢ (x) + 4" (%)

" (x)=qU (x| Z(T))Z’—;(T) diverges as x — z(7)

6" (x) = —q j V(x|z)dr+q j G(x|z)dr regularas x—> z(7)



Massive scalar field

Locally: when x is in a local neighborhood of z

G, (x]2) = O(Z(x),2)[U(x|2)8(0) -V, (x| 2)0(-0)]
&

f—%

8, (x) = qum(x|z)dr+qum(x|z)dr
| -
$,()=¢," () +4," (x)

#4" (x) = qU (x| z(r‘))j—é(r‘) = 47 (x)

p' () =—q [V, (x| 2)dr+q | G, (x| 2)dz



Difference field

Ap(x)=¢—¢, =¢"" (x)—¢," (x)

AV =V-V AG=G-G,

Ag(x) = —q]AV(x | z)dT+q TfAG(x | z)drt




AF,(x)=qA9 ,(X)

AF,(x)==q*(z) [AV] —q’ [AV dr+q* [AG d7

. =

AF,(x)=F" (x)=q’(z) [AV]_+4* [V, dr-4* |G, dr

F;“il(x) =—q° II{ﬂd7+q2 J‘G,ﬂdr




AF(x) = F'(x)~¢*(t7) J[AV] +q° j v, dr—q° j G, dt
Smooth splitting %, (7)+A,(7) =1

h(t)y=Lfort>7r,+e h(r)=1Lforc<z, h(r;)=0 h,(r,+&)=0
1.

T, +E

AF,(x) = F;“” (x)—q2(z'_),ﬂ[AV]T_ +g° J‘hle,ﬂdr—qz jthm,ﬂdT

(1) (2) €) (4)

I. Calculating the limit 6 — 0

II. Then calculating the asymptotic form as m — <o




(1)

Fi'(x)==q* [V, dr+q* |G dr

To—€

lim F“" = lim g’ j 0,G(z, | 2(2))dt

50 * £—0



z(7,

(7).

0,1, 0)

1
X

AF,(x)=F,;" (x)

-4’ () [V, +q* [hV, dz

(2)+(3)

T1t+¢&

—q° J‘thm,ﬂdT



Hadamard expansion

0 Gn o0 O_nN
Vix|z)=2 —v,(x|2)  V,(x|2)=) —
n=0 M- n=0 N
Recurrence differential equations Z(mz /2y
for vn,vn ‘ (n k)v

S

yo=myaUS) S, <ms>(‘sjn s(x|z) =4-20(x| 2)
n=0 m

There is a different derivation, see F. G. Friedlander

(2)+(3) ‘ I. Calculating the limit 6 — 0

II. Then calculating the asymptotic form as m — «©
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T+E

4 -¢* |G, (x| 2)dr

Simplified problem: The world line is within a convex
domain (no - caustics), spacetime is globally hyperbolic.

Use asymptotic expansion (Friedlander)
G,,(x] 2) = O(X(x), 2{US(0) = [V " + O(m™"*)10(-0)}

2
e =gy |20 cos(ms — 3—ﬂ)
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lim lim (—¢?) j hhG, (z,|2)dt
T
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T +E

(4) —qg° thGm,ﬂ (x|z)dr A more general case : allow caustics
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Fou(Z0) = 4$,.,,(2,) = (depends on [z, + ,7 D +¢° [h,G, dr

m — o0 m —» o©
assumption 0
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(1)+(2)+(3)+(4)

Result "

/ ;elf (z))=¢ lim{lgiilolAQ () +% q[m2 n,(z,)+ma, (Zo)]} _

Fu(zy)+ a,—a’u,)+(=R, u,+—R"uuu,—— Ru
u(20)+q l: (4 ) (6 u U > ):|

Application: calculation of the mode-sum regularization
parameters.




Notation change ;; > A

Multipole expansion
=34 424
n(z) = n, )= a,(z)=a,0)=dux)

Substitute in /5
se . ° 1
£3(2,) = ¢ lim {}ggmzﬂ (¥)+ qlA'n, (2)) + Aa, <zo)]}

I _
h.=AL-B,~C,/L
-

self _ < . [ [
flu (ZO)_ZZ:O:Ié'lE)I(}(qé’u_h’U)_D’U



Static particle in Schwarzschild spacetime

b~V + NN =~Amp" [ r=1-22

For large value of /- use WKB approximation to solve for ¢i’"

. B

M
Ar+=—q 1 B.=q"—2

ry NS () 4

C.=0
2r02f(r0) "

For large value of A (any value of /) - use WKB
approximation and take A — o

D,=0
Conforms with results obtained by Barack and Ori (2000)
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