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By considering a sphere of constant energy density admitting a spin density sur-
rounded by a layer of matter void of spin density, we calculate the binding energy
of the sphere and discuss the effects that the spin density has on the stability of the
sphere. We also outline how the total binding energy of the two layer configuration
can be calculated.

1. Introduction

Theories of the early universe may include elements that are foreign to conventional
Big Bang cosmology and particle theory in the GeV range [1]. Among these elements
we must admit that higher dimensions (2], non-trivial topologies [3}, instanton effects
[4], quantum gravitational effects [5] and spin generated effects [6] all could figure into
the dynamics of the early universe. Since spin is such an elemental notion with a
pure quantum interpretation we might expect that at high densities spin-spin couplings
would effect the dynamics of matter and space-time. In this regard the Einstein-Cartan
theory was invented to take into account both the effects of energy momentum and spin
on the geometry of space time through the presence of a non-symmetrical connection
constructed from the metric and torsion [7]. Actually there are numerous torsion the-
ories and a main competitor for the Einstein Cartan theory is the Poincare theory of
gravitation which is the logical consequence of gauging the Poincare group [8]. In this
theory, the fundamental fields are the tetrad e and spin connection Emm which in turn
generate the metric and torsion.

The effect that torsion has on both local and cosmological dynamics makes the study
of it well worthwhile. When adjoined to the Einstein theory it can avert a cosmological
singularity [9], and for a dust sphere it will halt its unimpeded collapse [10]. In two
important papers, Kerlick [11 - 12] has discussed the effect of spin-generated torsion
on singularity prevention through the modification of the Hawking Penrose singularity
theorems. A rather remarkable fact is that convective spinning dust opposes singularity
formation, while spin generated by a Dirac field enhances singularity formation. More
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recently both Gasperini [13] and Demienski et. al. {14] have shown that spin generated

torsion leads to cosmological solutions which are inflationary in character. In black hole
physics DeSabbata et. al. have shown that torsion can stabilize a black hole to Emé_a:m
radiative decay by generating a zero effective temperature [15]. When torsion interactg
with electromagnetism it can lead to the dispersion of E. M. waves [16] and also the
rotation of the plane of polarization of E.M. waves coming from cosmological sourceg
[17]. Numerous experimental tests for the presence of torsion have been proposed with
no conclusive results reported to date [18 - 20].

In what follows we discuss the effect that spin generated torsion has on a isotropic
sphere of matter when it is surrounded by a layer of matter with no spin density. Ac-
tually in a previous note [21] we have found the solution for the metric and pressure
for such a configuration and in this paper we construct the binding energy of the in-
ner sphere and discuss what effect spin generated torsion has on its stability. If the
outer spinless layer is also considered we outline how the total binding energy can be
calculated.

2. The Effect of Spin Generated Torsion on the Stability of a Isotropic
Sphere of Matter

In (Ref. 21) we discussed the following model for a compact astrophysical object,
for

0<r<R), €=c¢€p, S=35 (spindensity)

for ;
Ry <r < Ry, €=¢p, S=0 AMC

for
r>Ry, e=P=S5=0

{¢ = energy density, P = pressure)

For a spherically symmetric distribution of spin (pointing in radial direction) it has
been demonstrated that the Einstein Cartan theory of metric and torsion is o@E,S_ma
to G. R. if we set [22]

i

2
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( S = spin density )
Without repeating the calculation in (ref. 21) we found the following solution mon
the metric

(dS)? = e (dz*)? — e*dr)? -

r’(d®)? — rsin? ©(d®)?
in the three regions of Eq. (2.1).

r > Ry, @thlyHHI

Ri<r< Ry, S=0, e€=¢1, P=0
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2GM B h
v(r) = In, A~ — mmﬁév I\. mﬁmﬁ (2.3)

Note at 7 = Ra, v(R3) reduces to the value at r = Ry from Eq.(2.2) ( the value found in
the region r 2> R3). To find C; we will match e at r=R; {note for R; < r < Ry
we choose the radial pressure to be 0). For o< r <R,

S maQﬁm Amo _ %.m.mv

87G QH
3c? o’ + T

e =1-

(2.4)

by matching e=* from Eq. (2.4) to the above expression (Eq. (2.3)) for e~> found for
Ri <r< Ry atr= R, we find

87 887G 227G
Qw WQA €01 Amwv = WQA Amow - Qm .Wov AMWV
also A <V
2 e
P= Amom — %s.Q.m.ov |mWI.vm — €92 + i M.w AMOV

for 0 < » < R; which follows from the AWV and AMV Einstein equations upon using
P=0atr=R;. Also A and B in Eq. (2.4) were found by setting P =0 at r = R;
and matching € from Eq. (2.4) to ¢ from Eq. (2.3) at 7 = R; (Ref. 21). By maiching
Eq. (2.3) (using Eq. (2.5) for C1) to Eq. (2.2) at r = R, we find

» ?mu wam
M= uoﬁms (R~ R?) + uoe_ Ams| o mov Q.d

where we identify

R3 2G
Eu“&s. ~Amow| = .m_ov

3C? Cc?
My = oreor (B - BY) (2.8)
2= 353601 i
Also in Eq, (2.4) (Ref. 21)
B_ (L= B/e) _ 2.9)
AT (3-Bla)(1 - 2GM,/R,C))Y/
where 2262 —
167 0 1
k. (2.10)
Q C6 C? mw
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We also assume 8/ is small and keep terms in §/a to first order. From Eq. {(2.10)

Qm:mﬂwumu erwu w:Q
s o (M= e (oS (2.11)

The assumption that 3/a is small essentially states that

2rGS?
€02 2> 0
thus from Eq. (2.11)
47 R}
M, = wQ% €02
and 5 6xGS?
Trog
S ——XK1 2.
o Cos < (2.12)
Using Eq. (2.6) and B/A from Eq. (2.9) we find for B, >r >0
4 2/3 +26/9
P= Ams _ 4G /34 26/ —1 (2.13)
C? 1 L 28 (1-2GM.r2/C?R} 1/2
- hm - @av A 1-2GM /R, C? v
For the binding energy of the inner sphere (0 < r < R;) we have [23], [24]
R 2 3
B.E = \, Nms.ﬂ.waw Amou - MNUV dr — \Swa AMHAV
0

where €gs = po2C? + 3P and poC? = rest mass energy density and 3 P represents three
non-relativistic degrees of freedom of kinetic energy.
Eq. (2.14) gives

R 2 2
t regadr 3 47GS,
B.E.= \rﬂ\ L Vi m&i ASN - lﬁbﬁv
0 T _ MQE_LV
C?R3
2
x \m, r m + mmv 2 dr
— T
o 26 (1-26Mir2/C2R2) 2 _2gmr2)'V?
1- AW - wmv A T=3GMi/R.C? V AH Qumm v ‘
—M,C? (2.15)

or

4 2 Ry 2
BE. = Wmazi =3 (4m) Ahwmlov_\ T o
2 2 Cy o (1-2GMr2/C2R3)

3 ArGS?E
Imﬁi AAS & |q_.mm|ov
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r? Am + wmv dr

Ry
x\o L 28\ (1-26Mur2/C2R3N /2 5 it A2
- (5-2) (Bker) |0 -26Mr/CPRY)

- M;C* (2.16)

The second term in Eq. (2.16) represents an extremely difficult integral, to approximate
it we replace rZ — mmm where

Ry 24,2
r?4nred 3
L " =ZR? (2.17)

E
Jo anwridr 5

represents the average of r2 over the sphere. Using the substitution

_2GM,

kr = sin©, B =
C2R3

we may evaluate Eq. (2.16) after using Eq. (2.17), the result is

WASMVTT_. — WT;.V Aﬁmv

B.E. = X
—3(4r) (co2 — &5 53) 242050

1-(1/3-28/90) AIITSK:SNE vi

1-2GM,; /[C2R;

1

1., [26M, HAMQEQJ& | 2GM, xA%mw

2"\ R3c? 2 T Ry C? 9GM,;

v — M,C?* (2.18)

From Eq. (2.18) we see from the second term that since

1 - 6GM; /5R,C?
1— 2GM;/R,C?

>1,

the spin density in the second term of Eq. (2.18) will dominate and give an en-
hanced binding energy due to spin. The spin has a tendency to stabilize com-
pact objects over and above the situation when spin is absent. We see from Eq.

(2.16) that if we neglect spin and omit the factor (1- MQ\SL\QNNHUL\M we ob-
tain B.E. = mﬂmwmom — M;C? = 0, Neglecting the factor ? - ulmolw%mrnv e essentially
refers to a situation void of gravitation in flat space, that is the E:.&:m energy before
the Newtonian approximatation. The next terms in the expansion (including all terms
containing GM;) will give the Newtonian, Post-Newtonian, etc. terms in the expansion
of the binding energy.
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3. The Binding Energy of the Two Layer System of Matter and Spin
Density

In the above calculations we have calculated the binding energy of the inner mvrmwm
of matter and spin density, if we choose to calculate the binding energy of the two layey
configuration {total sphere from 0toRy we have g

H]

Ry N
BE = 4rrie Amou - Wwv %.I?DQM+\

R, A
dnr’e (e — Pr)dr—M,C? (2.19)
0

R,
here M;C? = mass energy of inner sphere (R; > r > 0)

M>C? = mass energy of layer (Ry > r > R;) el
where M;, M, are given by Eq. (2.8).

The second term in Eq. {2.19) contains the term eo; — Pr where ¢o1 = poC? + Py
is the equation relating the proper energy density (poC?) to the energy density €g; and
the kinetic energy density Pr. Note Pr is the transverse pressure and since there is
no radial pressure, the kinetic energy density has just two degrees of freedom, thus KE
(density) = Pp. Of course when the radial pressure vanishes it is difficult to strictly
define the kinetic energy density for the vanishing of the normal pressure destroys the
isotropy of the configuration. If however, we subscribe to Eq. (2.19) for the definition
of the total binding energy we would add the result in Eq. (2.18) to the second term in

Eq. (2.19). To evaluate the transverse pressure, we first write down the @V component
of the Einstein equation as

|> WWI»:\ \N\I\/\Ims.ﬁ Imaﬂ ,
‘ Aw T tat )T =k (2.20)

For the ﬁv equation we have

4
dr

87
M& rleos (2.21)

for Ry > r > R;. From Eq. (2.20) and Eq. (2.21) we have after much labor with the
use of e™*, v(r) from Eq. (2.3) for R; < r < Ry

m;wiog%%i IH|»+M?Q 1 /887G A
AT Ege\z Tt Tt T\ g ) ty\Tire)¢ )

(2.22)
If we substitute €o1 — Pp from Eq. (2.22) into the second term of Eq. {2.19) we would
find the total binding energy (using e, e* from Eq. (2.3)) after integration. That is
of course if the definition for the anisotropic binding energy can truly represent a three
dimensional gas with just two kinetic degrees of freedom (in the © and ¢ direction).

T;mlyv =1-
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4. Conclusion

In Eq. (2.18) we have assumed the spin mos.mm@ is constant. .<<rm= Eq. Aw;mvmm
expanded to any order in m._lsm.w assuming m\ a is small, we wgw:ﬂ a ».ong_.:m for aam
binding energy including spin. Since the spin increases the v._:m.Em energy it suggests
that the gravitational binding triggers a spin-spin noc.vr:m which is mn.ﬁwmré in m_mf:..m.
IN Ref. (12) it was pointed out that pair Eomcﬁm_wz by the m.amﬁnmro:.m_ mv_s-m.m:w
interaction becomes significant at much lower m.m.zm;_mm than pair Eom:w?o: by tida
forces. This suggests that the above spin-stabilized A.uoav.@on object might form late
in the cosmological time scale creating pairs of particles in the core that ._wao_. may
annihilate to produce high energy X rays or 7 rays bursts. Such a Boow._ws_ma might
provide an alternate reason for v bursts beside the usual dynamo mechanism for v rays
produced in the magnetosphere of a neutron star [25]. .: such a vvmuoaosm actually
existed it would also give us a firm experimental Soﬁ.z.nysoz.no ascertain the correctness
of the Einstein Cartan theory. In Section 3 we have o:o::wa a method n.o. calculate
the total binding energy of the two layer configuration nﬁoﬁmwm our aam:._so.s of the
anisotropic kinetic energy correctly represents a three m_iosm_o.cmﬂ gas with Eme n.éo
kinetic degrees of freedom. One last curious result of our calculation is that H.ro binding
energy of the inner sphere in Section 2 in not way depends on the surrounding shell of
spinless matter. N
Acknowledgement I'd like to thank the Physics Departments at Williams College
and Harvard University for the use of their facilities.

References

[1] LJ.R. Aitchison, A.J.G. Hey: Gauge Theories and Particle Physics, Adam, Higler Ltd.,
Bristol, 1982;

[2] O. Klein: Z. Physics 37 (1926) 895;

[3] A.D. Sakharov: Sov. Phys. J.E.T.P. (Eng. Traps.) 60 (1984) 214;

[4] P.F. Gonzales-Diaz: Il Nuovo Cimento 106B (1991) 335;

[5] B.S. DeWitt: Phys. Rev. 160 (1967) 1113;

{6] F.W. Hehl, P.von der Huyde, G.D. Kerlick: Phys. Rev. D10 (1974) 1066,

[7}] F.I. Heyl: Gen. Rel. & Grav. 6 (1975) 123;

[8] Y.Z. Zhang, K.Y. Guan: Gen. Rel. & Grav. 16 (1984) 835;

[9] A. Trautman: Nature Phys. Sci. 242 (1973) 7;
P. Hajicek, J. Stewart: Nature Phys. Sci 244 (1973) 96;

10] S. Banerji: Gen. Rel. & Grav. 9 (1978) 783;

1] G.D. Kerlick: Phys. Rev. D12 (1975) 3004;

2] G.D. Kerlick: Annals of Phys. 99 (1976) 127,
13] M. Gasperini: Phys. Rev. Lett. 56 (1986) 2873;

[14] M. Demianski, C. deRitis, G. Platania, P. Scudellaro, C. Stornaiolo: Phys. Lett. Ali6
(1986) 13

[
L
[
[



590 C. Wolf

[15] V. DeSabbata, Dingxiong Wang: Annalen de Physik 47 (1990) 508;
[16] C. Wolf: Il Nuovo Cimento 91B (1986) 231;

[17] V. DeSabbata, M. Gasperini: Lett. Al. Nuovo Cimento 28 (1980) 181;
{18] R. Amorim: Gen. Rel. & Grav. 17 (1985) 525;

[19] W.R. Stoeger: Gen. Rel. & Grav. 17 (1985) 981;

[20] J. Grundberg, V. Lindstrom: Gen. Rel. & Grav. 18 (1986) 1037;
[21} C. Wolf: Acta Phys. Slov. 43 (1993) 1;

[22] 1.S. Nurgaliev, W.N. Ponomariev: Phys. Lett B 130 (1983) 373;
[23] J.P. Wright: Phys. Rev. 136 (1964) 288;

[24] S. Chandrasekhar: Astrophysical J. 140 ( 1964) 417;

[25] D.G. Galdi: Comments on Nuclear and Particle Phys. 19 (1990) 137;




