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CAN QUANTUM GRAVITATIONAL FORCES
STOP GRAVITATIONAL COLLAPSE?Y
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We gonsider, fn lowsast arder of the gravilatisnal coupling
manstant 5, the aravitational pokentiazl between fwo nsu-
trons,  As woe have oreviensly pointed out [I]. the gquantum
fincluding shin) conbributiaons to the gravaitational fleld
dopinabe for digtanees smaller than the Compton wavelangih
af the nepbtron. AT such distapces Lhe gravitationald Fforos
Detwaeh twa neutrons may be repulsive. In parbicular, bhe
gravitaticral forees which are analogous bto Ehe familiar
Darwin and Fermi forcos of guandus cleootrodunamics ape
capable of stopping gravitartiocnal coliapse. our digcus-—
Fion 15 within the Framewoark of Einstein's thaory, bLud on
a mizrogcopic level. We cangiude that gravitaticenal col-
lapzs=s may be halted without the necessibty of extending
Bingrain'e theory d 1a Cartan or otherwise.

Seme four vears age we podnted oot [Y] that the gravitabicnal
force between two electrons may be repulsive at distanc smzller
than the Sompton waveleagth of the electron, and mentioned the pos-
sible relevance of this possibility to the problem of sravitational
collapse (GC).  In wview of the recent interest [E2-£] in the possi-
Bility of halting GO by extending Finstein's theory & la Cartan,

We wish to return to these considerations and argue that GC may be
halted without the necessity of extendiog Finstein's theory. This
ig achieved by treating the latter theory ou a microscopic level.

We consider, in the lowest order of the gravitational coupling
constant O, the gravitational potential between two noubrons [(re-
parded, Fer our present discussion, as point particles),  We have

I Pregsznted at the S=venth International Conferesnce on Gravita—
Lion and Relakivity, June 1974, Tel-paviv, Israel.
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arevieusly noted [&,5] the advantage of formulating our discussion
in terms of what we called the pravitational Breit-type interac-
Lion [GEI].

The electromagnetic interaction hetween two electrons, which Is
accurate to first order in o2 (where 9= 22/827, with inclusion of
velativistic and spin effects, was derived by Breit [P] from guan-
tum electrodynamic field theory. His result Fer ths potential may
he written, in the notation of reference [¢], as
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are the relativistic, spin-orbit, spin-spin, Darwin, and Fermi con-
tributions to the poteatial, respectively. The Darwin term is geti-
erally considered to be due to the zitterbewegung of the electrom
and arises from the use of a relativistic theory. The Fermi term
gives rise to the well-known hyperfine splitting.

The correspending gravitational potential ?K may be written as

(5]
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[n-particular, we see that the gravitational quadratic spin tarms
may be obtained from the corresponding dlectromagnelic torms by

simply letting &2 + -G42,  We note that the Darwin term and both
quadratic spin terms (and the spin-orbit term when the velecities
are relativistic) are essentially of the same order of magnituds,
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and comparable to the Newtonian term Lor & o< &,

The mapgnitude and sign of the owverall Ffovee will, of course,
depend on the spla orientations.  In the special case ef a TFried-
mann universe with random spin orientation we expect that all the
guantun corrections will average to zers exeept the Darwin Lerm.
The latter is spin-independent and repulsive, and capable of over-
coming the Wewtonion éttraction for @ £ .. In other words, pravi-
tational collapse may be halted by quantum forces —and withouwt the
necessity of having spin alignment.

q
%

Me rvemark that the Fermi spin-gpin contact Lerm is similar in
form to the term whiclh arises Ffrom using Cartan's extenzion of Lin-
stein'd thesry Lo introduce torsion., We emphasize that our discus-
ston is within the Framework of Linstein's theory but on a micro-
seople level —¥_ Is ghrtained from a consideratiom of one-graviten
exchanpe in the gravitatienal seattering of twe noutrons, similaxr
to the way Fpp is obtained from g consideration ol one-pholoen ex-
change in Mgller scattering. However, the forn of the spin squared
Lerm I the medificd Fricdwann equation in Carten theory, Ah. say,
is unusual pot only in the sense that it is of ovder &9 but also
that it is of erder #2 (¥ = fotal number of barvons in the uni-
verse]. The form of the corresponding modification due to the Dar-
win or Fermi terms, A say, iz of First order in both T and &, Ip
fact

; P43

where r. i3 the Schwarzchild radius.

A measure of confidence in the correctness of /, is achieved
From the fol lowing consideration. Barker and 0'Connell [&,48] used
aegquations [2,3) as a starting-poliont ¢ obtain the gravitational in-
teraction belweon macroscopic spimming boedies.  From the latter
Lhey obtained results Lor (a) the Lensce-Thirring contribution zo
the precession of perilielion, and (1] the precession of o gyroscope
in the field of a votating body. 'These results are in complete
agrecment with those ohtained by using Finstein's equations supple-
mentad by the Corinaldesi-Fapapotreou cuuations of motiaon ol a
spinning body in a gravitational field. Thus, at least, the cor-
rectiess of the Uon and Yoo gpravitational terms are confirmed.

To conclude, we feel that our analysis makes fzasible the ides
thal gravitational ccllapse may be halted simply by including the
quantum forces which arise from a nicrescopic treatment of Bin-
steln's cquation.,  Ultipately, of course, one would like Lo carry
aut g more exact caleulation [the considerations above were con-
fined tg order &) and also take aceount of the Ffinite size of neo-
trons.
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