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Abstract

Based on the fact that torsion 1is related to fundamental unit of spin 4, defects 1
spacc-ume topology should occur in multples of Planck lengrh that follows from che
intringic defect buslt 1nto the structure of space-tume, 1mplying 2 minimal fundame-
neal length which, 1o turn, imphes 3 maximal curvature. This results has some
physcal consequences. entropy do not become infinite a3 the collapmng object appro-
aches the Schwarzachild radius and moreover we have slso a minimal mass ( 5= 0 and
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=M i) of black holes that could form 1n the carly universe or survive as a remnant
1 the evaporation of larger black holes.
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In an attempt to overcome the problem of the infinite self energy of a pount
charge and other singular problems in classical electrodynamics, Born and Infeld®@
suggested & modification of the Maxwell equations incorporating the notion of a
manimal field strength E3,, which an electric field can have. In the weak field -
mit defined by F,,F., &« El, onc recovers the usual Maxwell theory. The moadified
field equations have the form:

— v-E ___

(1 - E!/EL:)‘”
which for E & E,,, becomes ¥ « E =0, as usual The term (I -+~ E}E2. ) co-
rresponds to an effective ficld-dependent dielectric constant ¢ = (1 — E*/ EL, )%,

0 (1)

As & result of the modificauon, the minimsl radius of a point charge is not ze-
to, but s (¢/E ., )V? and one doet not have the singular situation of Maxwell's the-
ory. One can raise the question as to whetber a similar modification of Einstein's
genera] relauvity could resolve simular singular problemas associated with that theory.

First of all we can give an esumate about the value of E,, referring to one of
our previous works” where we have given & mmimum radius for the electron when
considering torsion and strong gravity In fact we have

o (%:{—)'" @
(where Gy 13 the strong gravicy consiant), 1o that
e (2 .
and as (gee ref.[2]):
¢ % (Catmic)t ®
we have

rl
Eppy % —T0C 5
We can write for ro.
a1, x KGO 6
m
For gravitational field slso we can find a minimal length obaerving that we can go
from electromagnetsm to gravitation with the usual substitution ¢ = m+/G,, With
chis we have for ray:

r .G
=8 %))
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But we can reach this result 1n a better way. In fact in & recent work™ it was aga-
in emphasized that by relating torsion to the intrinsic fundamental unit of spin 4,
defects 10 space-time topology should occur in multiples of the Planck length (AG/
Y2 This intrinsic defect built 1nte the structure of space-time would then define
2 minimal fundameatal length, i.e. the Planck length (AG/&’)X®) entering through
the minimal unit of spin or action 4. The notion of ‘length’ or distance would lose
1ts physical meaning beyond this length. This 1n turn would also 1mply a maximal
curvature which turns out to be

R = /4G = 10%cm™ (8)

Agawn this 1s consistent with the argument 1n ref.[4], that the notion of “maxi-
mal acceleranion® which 15 1mplied 1n many 1ndependent approaches™, would thro-
ugh the equation of geodesic devistion 1mply a maximal curvature R,,, the same as
sbove. As 1n gravitation curvature plays the rele of field strength, the norion of
meximal curvature would suggest by analogy a Born-Infeld type of modification of
general relativity A suitable acuon incorporating the maximal curvature R’ would
be:

I = (216xG) (_(l\/T_Z&T d's + Losiee

_ V=R
— (11626 [T R Ry %+ Lau ®)
In the limit of small curvatures (1.c. field strengths) R « R.,,r this would reduce
to the usual Hilbert action for general relauvity.

Expanding the sbove Lagrangian for R = R, we have the effecuuve Lagrangi-
an 1n powers of the curvature:

Lug= Ed'x /= g(1/16x)[Re*/G + AR* + ALLR’

doeenene + ALY ?R") (10)

It 15 remarkable that L.y has the same form as that suggested carlier® by one
of the present authors by very different considerations through sarguments involving
scale and Weyl 1nvarience of gravity and comstruction of a “high energy” theory of
gravity by analogy with the QCD theory of strong intersctions.

Also 1t appears to be consistent with the approach to gravity suggested by Sa-
kharov?? where the zero point energy associated with the curving of background space
can be expressed by expanding the gravity Lagrangian as a series of powers of the
curvature of space Agsin it may be noted that the field theory Limit of supersiring
theories which also involve a minimal length™, gives rise to a similar Lagranguan.

We note that 1n the above expression the remarkable fact that the Hilbert term

() In the case of strong gravity relovant for hadromic pbysice, 1 c. ecoergy 3cslee of ~ GeV,
the apprepriate coupling constant would be the strong gravity constant Gyp. At Planck scale G = Gy
the Newtonian consctant (1o ref [8] for detsils)
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(which 15 the term dominating at ordinary energy scales R <« Run L D L,,) 13 the
only one not having #, 1a the coupling Thus the higher power terms are to be pi-
ctured as quantum gravity corrections appearing when the curvature 1s near R, or
at distance scales of L,,. The terms 1nvolving higher powers of the curvature are
suppressed st ordinary eergies E by high powers of (E/E,,), where E, =~ 10"GeV.

Thuas for all practical purposes the low energy cffective action would jusc have che
ususl Hilbect term of genaral relativiry. The higher powers of curvature correspond
to higher powers of #, 1. e. quantum corrections of higher order.

The field equations of the above acrion would have the form-

—R_

(1 - LLRY
which would indicate that even 1n the hypothetical case of infinite density of point
particles or infinite number of particles (1.e. the right hand side becoming infinate),
the curvature R would not become infinite but would tend to the maximal value
Ress = 1/L} = ¢*/AG. This would eliminate curvature singularities 1o the solutions
of the field equations includtng cosmological models. This would be explored 1 o
later work.

2 XOumyrear (ll)

We can apply eq.(11) to self-gravirating radiation system (SGRS) Sorkin et
3l." conmdered the eatropy of SGRS confined to a3 spherical box. To avoid produ-
cing iwofinice entropy they pointed out that configurations of SGRS should not
approach their own Schwarzschild radi arbicranly close to zero, and that the pro-
per discance of the radiatzon from its Schwarzschild radius be at least one radiation
wavelength

D(r) = gifle = r¥1* 2 1(r) 12)

D(r) 1s the proper distance, 2(r) denores a typical proper wavelength of the radi-
ation st that radius and

8(r) = r — 2Gm(r)[F >0 (13)
&r=[1 = 2Gm(r)/c*r]7 = r/s (14)
m(r)et = 5' pA= ridr (15)

Ly

Eq.(15) 1 different from the corresponding eq. 1n ref. (9] siace L, 18 taken as the
lowest bound on all physical length scales following eq.(8).

It 18 1nteresting to note the snslogous behaviour of both time and entropy 1n
the collapse to the Schwarzschild radtus. It was noted above thst entropy become:
infinite as the collapsing configuration approazches its Schwarzschild radius. This 1
also analogous to the 1nfinite ume taken by an objecr approaching its Schwarzschulc
radius a5 messured by a dutanc observer. However the notion of maximal curvatur.
which ilso tmplies 2 minimal physical length = L, and conscquently also 2 minuma
tme 2 Ly, /c = (AG/e)* (uf one conmders the temporal component of the torsior
wnduced defect) would drastically alter the situation.
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The quantum fluctuations 1n the metric induced by torsion would be governed

by 8g/{g) ~ L,/L? (16)
implying that the Schwarzschild radius would fluctuate by-

R, ~ L{/R, Q7)
80 1n the integration for the time as measured by an external observer to fall to R,
would be modified as Y] !’:'“.’ dr/[1 —R,/r] (18)
This can be shown to give & finise quanuty Ar e R,In(R,/L,,) (19)

If the minumal length (or time) tends to zero, t.e L, —+0 (or alternatively the
maximal curvature ~ 1/L} — ®), we recover the usual As— 0, of classical gene.
ral relativity.

Eq. (8) can also be interpreted as 3 modification of the energy density p of
SGRS as: p~=c'{8xGA(l + L1/r") (withr > L) (20)

With eq (20) one can prove that inequality given by eq (13) would hold everywhere.
The maximal cutvature as given by eq.(8) would imply from Einstein’s equati-
ons that the maximum possible energy densuty of SGRS 13

Pusz = Plrmt,, = ¢'[4xGL}, (€39
subsutyung eq.(21) 1ato eq (11) we have:
R/(1— LLRY = 2/L}, (22)

giving for this case R = [(5+3)/4](1/L}) and connidering thsr R, =~ 1/L},, we
must choose the smaller solution, as the other one exceeds the value for maximal
curvature, that 1s R = (1/2)(1/L}) 15 a good solution

Since the density of a black hole icales as 1/M? 1.
pun ™ 34 32x G Mol M? (23)

eqs. (22) and (23) would suggest that the existence of a marimal curvature would
constrain the minimum mass of black holes that could form in the early universe or
survive as & remnaat In the evaporation of [arger black holes to be ms M, =~ (Ac/
G)l’l.
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