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16/76/9 1. Under the broadest definition, any non-trivial solution to a system
of classicel non-linesr equations,which le confined to a finite region of space

and which cerries a finite evergy, may be considered a scliton. The problem

. . is to discover to what extent such classicel objects can approximste to the
Internationai Atomic Energy Agency
and quantum systems encountered in particle physics. Are they stable? What
conserved quantities can be asscclated with, them? How do they intermct with

United Kations Educational Sclentific and Cultural Organization "ordlnary” particies deseribed by quantized fields?

INTERNATTORAL CENTRE ¥OR THEORETICAL FPHYSICS It is the purpose of this note to peint out that & whole cless of
' solitens is apparently availeble among the known exact elassical Schwarzschild-like
solutions 1o Einstein's equetions. These solutions are statlonary, possess
finite energy and can be localized. The stability of some of these soclutions
depends on rather genersl considerations but, in any caese, the association of
& finite and conserved energy with asymptotically flat {i.e. localized)
BLACK HOLES AS SOLITONS * solutions follows from fhe existenc; of the so~called energy-momentum. pseudo-

tensor.,

Abdus Salam

2, For solutions to Einstein's equations, the conservaticn of energy and
Internetional Centre for Theoretlical Physics, Trieste, Italy, a4 ’ &

a momentum results from eppropriste symmetries in the equeticns of mt:}on. This
an;
1

is unlike the conservation cof magnetic charge in 't Hooft's theory,”  where

Imperial College, London, England,
electromegnetism ie part of & spontanecusly broken non-abellian gauge system.

a In such theories the conservation is not dependent on a symmetry of the

an
Lagrangien ~ and, moreover, magnetic charge is confined to sites of topological
significance. There has been some controversy as to whether such topological

J. Strathdee )|

) significance is the hallmark of a soliton (see, for example, T.D. Lee 2 + for
Internationsl Centre for Theoretical Physics, Trieste, Italy.

the contrary viewpoint),

I+ is worth remarking tn this context that, although classically stable,
ABSTRACT the gravitational solitons msy be able to decay through vacuum effects. Thus,
Hawking 3 has shown that the Schwarzsehild solution radistes like a black

body whose temperature ls inversely proportionsel to its maes. Concelwvably,
vacuum effects could be relevent for non-gravitatiomal solitoms; for

We remark that exact classical Schwarzschild-like solutions to Einstein's

(and possibly gravity) equations provide examples of reslistic solitons.

example, stability mey -be lost for solitons carrying topologicsl conserved
mubers {'t Hooft's monopole} through a phase transition induced by & high

tem ers.tur.e or strong external electromagnetlc environment.
MIRAMARE - TRIESTE P € &

January 1976
3. CGrevitationel forces should not be eignificant in particle 'physiecs

«
gt foreseeable energies. Y However, the mathematically enalogous f gravity &)

%) But note that masses up to the Planck walue ~1ol9 GeV are already being
* To be submitted for publicationm. eontemplated for wnified models of week and electromagnetic imteractiona.
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associated with strongly interscting 2t mesons could be relevent. Indeed,

it was suggested some yesrs ago thet T gravitiy black holes - now to be called
sclitens - might represent hadrons _h),S ¥or such black holes the "Schwarzschild
radius" of an f gravity soliton would be comparzble to iis Compton wavelength.
An interesting possibllity is that the well-known property of the black hole,
whereby sothing cen escape from it, c¢ould have implications for the confinement
problem. The colour selectivity for seturation of strong forces (i.e. the
colour singlet charscter of ordinary metter) could result from an SL{6,C)'
structure for f gravitons 6}, where the relevant internal symmetry is FSU'(3)‘

of colour.

known
At present there sre no exact aolutions[to the two-tensecr f-g generally

covarient equations and no solutions known even in the flat space approximation

g“v = nuv . However, if the mass of the f meson is discarded then the
equations for fuv become ldenticsl in this approximetion with Einstein's
equaticns for ELI\J . Ve conjecture that it may be possible to restore the

effects of the mass term by mesns of the replacement 1/r + e_m/'r in the

Schwarzschild solution - at least in some favourable co-cordinate system.

4, The mpst interesting selution of the pure Einstein-Maxwell equations
ig the charged Kerr-Newmsn rotating system 7 described by the gravitetional

ard electromagnetic fields,
gw(x) a” ax¥ = - (84/p%) (at - = sint ap)® +
+ (sineelpa) ((ra + &%) db - a &t)z + (pzlﬂ) ar® + p2 as® .
Fuv(x) d.xu,\d_xv = Q p_h (r2 - a.2 cosee) dr A(dt - & sin26 ag¢)
+2Q 0" ar cosd sind a9 Mr?+a®) ap - aat)

whe-re A= r2 - 2Mr + 52 + QE, and p2 = r2 + azcosze . {These are the Boyer-
Lindquigt 8 or generalized Schwarzschild ¢o-ordinates, ) The energy and
angular momentum carried by this soliton can be deduced from the asymptotic
form of the wmetric fields. Thus, using the definition of the energy-momentum
pseudotensor given by Landau end Lifshitz °

’

sunc

= 2 4
totar = o puKA
3x

-3 _9°
6w ax:ax‘“ [\/-? (chng B gukgku}] ‘

-F

the space integrals for Pu and MW can be reduced to two-dimensional
surface integrals over a sphere of infipite radiue. One finds a total energy
equal %o M and angular momentum equal to Ma . The linesr momentum vanishes.
In a similar fashion ore deduces from the asymptotic form of FU‘U that the
total charge 13 @ and magnetic moment Qa . (Notice that the gyromegnetic
ratic takes the Dirac value, Q/M.}

In additicn to theae, there are other kmown clsssical solutions;

for exemple Curzon's solutien 10) of Einstein's equations:

2 2,4
as® = eEM/0 (g4)2 _ J2u/p [e—mr 120" (42 4 a5®) + d¢2] SR a2y 22’

i1
and Singh's solution - ) of a gealar tensor theory:
b b

d52=[ -ré'i] FE__-% ateg-{l'--;a‘-"-}' 2"%

[drz + [1 - -12_2] r2 (dB2 + 51n92 d¢2)-‘| .

Loy (7]

PR

this lstter is related to Schwarzschild's aolution‘. - With—
these four-dimensionsl soliton solutions available, we feel that the recent
work on particle production near black holes affordga particularly favou:!rable
testing ground for ideas in soliton physics.

We thank Dr. M.N. Mahanta for telling us of Singh's solution,and
Dra. C.J, Isham and M.J. Duf?f for discussioms.
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