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uncio). Torma ycinosue 6y = 6, 3KBUBaJIeHTHO R, = % = R, , toe R, Ha-
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3bIBA€TCS HeJIMHEHOM NudpaKIMOHHO! IJMHOM, WIN OJIMHOM caMmO(OKyCHMPOBKMA.
B ciryuae 60sbioii MomiHOCTH (P >> P, ) moBeeHMe ITyuyKa MOKET OBbITh OIMCAHO B
MIpUOIMKEeHUY TeOMeTPMUUeCcKOoi ONTuKM. B cirydae 8’2 < 0 (yMeHbllIeHMe [T0Ka3aTess
TIpesIoMJIeHMS B TT0JIe ITy4YKa) MMeeT MeCTo caMmozAeoKycpoBKa 3/IeKTPOMarHuTHOM
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We consider the problem of computing the self-force on a scalar or electric charge at rest in
the wormhole spacetimes.
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The motion of a charged point-like object in a fixed background spacetime, is affected
by the coupling between the object’s own charge, and the field that this charge induces.
This coupling results in a self-force acting on the object. At leading order, the object’s
acceleration due to this self-force (in the absence of non-gravitational external interac-
tions) is proportional to g?/ M, where g and M denotes the object’s charge and mass,
respectively. This leading order is obtained by treating the particle’s field as a linear per-
turbation over a fixed curved background spacetime.
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In flat spacetime this effect is produced by a local distortion of the field lines associ-
ated with the particle’s acceleration. For electrically charged particles in flat spacetime,
the self-force is given by the Abraham-Lorentz-Dirac formula. In the gravitational field
the self-energy problem becomes more complicated. The reason is that contribution to
the self-energy in this case is non-local. The self-force problem for an electric charge
in a curved space background was first investigated by DeWitt and Brehme and later by
Hobbs[1]. The gravitational self-force was first calculated almost simultaneously by Mino,
Sasaki and Tanaka[2] and by Quinn and Wald[3]. Later, Quinn derived the equivalent for-
mula for a charge coupled to a minimally-coupled massless scalar field[4].

Analysis of the self-force in curved spacetime also has a practical motivation: one pos-
sible source for LISA - the planned spacebased gravitational wave detector, is a binary
system with an extreme mass ratio, which inspirals toward coalescence. Here, the self-
force is required for the calculation of the accurate orbital evolution of such systems.
These orbits are needed in order to design templates for the gravitational waveforms of
the emitted gravitational radiation.

A number of simple static configurations has been analyzed, including the self-force
acting on scalar or electric charges held static in the spacetime of a Schwarzschild
black hole[5], electric or magnetic dipoles which are static outside a Schwarzschild black
hole[6], a static electric charge outside a Kerr black hole[7] or a Kerr-Newman black
hole[8], a static electric charge in a spherically-symmetric Brans-Dicke field[9]. The self-
force can be nonzero for a static particle in flat spacetimes of the topological defects[10].
In curved spacetimes with nontrivial topological structure the investigations of this type
have the additional interesting features[11].

Unfortunately, the authors do not know the results of calculation of the self-force of
the charge, which is the source of a massive field. In this paper we consider the problem
of computing the self-force on a scalar charge at rest in the spacetimes of long throats,
allowing for the arbitrary values of the mass of field and coupling constant. It gives the
possibility to compare the explicit calculation of the self-force in the limit of large mass
of the field with the corresponding result of paper[12].

References

1. Hobbs ]J. A vierbein formalism of radiation damping / J. Hobbs // Annals of Physics. - 1968. - Vol. 47,
Issue 1. - P. 141-165.

2. Mino Y. Gravitational radiation reaction to a particle motion /Y. Mino, M. Sasaki, T. Tanaka // Phys. Rev.
D. - 1997. - Vol. 55. - P. 3457-3476.

3. Quinn T.C. Axiomatic approach to electromagnetic and gravitational radiation reaction of particles in
curved spacetime / T.C. Quinn, R.M. Wald // Phys. Rev. D. - 1997. - Vol. 56. - P. 3381-3394.

4. Quinn T.C. Axiomatic approach to radiation reaction of scalar point particles in curved spacetime /
T.C. Quinn // Phys. Rev. D. - 2000. - Vol. 62. - P. 064029.

5. Wiseman A.G. Self-force on a static scalar test charge outside a Schwarzschild black hole / A.G. Wiseman
// Phys. Rev. D. - 2000. - Vol. 61. - P. 084014,

6. Leaute B. Self-interaction of an electric or magnetic dipole in the Schwarzschild space-time / B. Leaute,
B. Linet // Classical and Quantum Gravity. - 1984. - Vol. 1, N2 1. - 55-60.



A.A. Popov 325

7. Ottewill A.C. Static Kerr Green’s function in closed form and an analytic derivation of the self-force for
a static scalar charge in Kerr space-time / A.C. Ottewill, P.A. Taylor // Phys. Rev. D. - 2012. - Vol. 86. -
P. 024036.

8. Lohiya D. Classical self-force on an electron near a charged, rotating black hole / D. Lohiya //]. Phys. A.
- 1982. - Vol. 15, N2 6. - P. 1815-1819.

9. Linet B., Teyssandier P. Point charge in a static, spherically symmetric Brans-Dicke field / B. Linet,
P. Teyssandier // Gen. Relativ. Grav. - 1979. - Vol. 10, Issue 4. - P. 313-319.

10. Khusnutdinov N. Charged particle in the spacetime of a supermassive cosmic string / N. Khusnutdinov
// Teor. Mat. Fiz. - 1995. - Vol. 103, N2 2. - P. 339-350.

11. Casals M. Self-Force Calculations with Matched Expansions and Quasinormal Mode Sums / M. Casals,
S. Dolan, A. Ottewill, B. Wardell // arXiv:0903.0395 [gr-qc]

12. Popov A. Renormalization for the self-potential of a scalar charge in static space-times / A. Popov //
Phys. Rev. D. - 2011. - Vol. 84. - P. 064009.

ADDEKT CAMOJEVCTBUS B [TIPOCTPAHCTBAX KPOTOBBIX HOP
A.A. TTorioB

PaccmompeHr apgpekm camooeiicmaus 3aps0os, 16a0UUXCA UCTNOYHUKAMU HEMUHUMAIBHO C8S3aH-
H020 C KPUBU3HOUI CKANSAPHO20 NOJA UIU 3eKMPOMAZHUMHO20 NOJISl 8 NPOCMPAHCMBAX KPOIMO0BbIX
HOp.

KimoueBble cioBa: 3G deKT caMofieiicTBIsI, KpOTOBask HOpa.



