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1. Introduction

AL TAU Symposium No. 168 ‘the presentation was divided into two parts:
[.. Theoretical I'oundations and

II.  Observational Facts and Consequences

Nearly all of the work presented hefe is contained in four papers pub-
lished by Iloyle, Burbidge and Narlikar (1993; 1994a,b,c). which will be
abbreviated in the text to HIN 1993, HBN 1994a, IBN 1994b and HBN
1994c.

In this presentation Section 2 is devoted to the basic theory and in
Section 3 we describe the observations and the way that we interpret them
using the theory. Also in Section 3 we discuss various predictions relating
Lo the theory.

2. Theoretical 'oundations

To begin with we show with tle help of a model how-the problems of space-

lime singularity and violation of the energy momentum conservation law
that are present in the standard cosmology can be avoided by introducing
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ascalar field minimally coupled to gravity and having its sourcos in o Ol
where maltter is created. _
We than show that matter creation preferentially oceurs near collz nse

massive objects and the scalar field created at sucl mini-crealion events e
a feedback on spacetime geometry causing the*universe 1o liave a steady
expansion as in the de Sitter model but with periodic phases of CXpanision
and contraction superposed on it. i

The parameters of our model can be empirically fixed in relation to the
cosmological observations thus providing tests of the theory. In the secong
part the observational aspects are dealt with.

Next we argue that the mode]l arises from a deeper theory which js
Machian in origin with the inertia of a particle determined by the rest of
the particles in the universe in a long range conformably invariant scalas
interaction. The characteristic mass of'a particle created is then the Planck
mass. The Planck particle decays quickly to baryons. The inertial effects
produced by the Planck particles during their brief existence generate the
scalar field of the toy model while the inertial effects of the stable barvonic
particles give the more familiar Einstein equations of relativity.

Finally we show that extending the theory to the most general con-
formably invariant form automatically leads to the cosmological constant
whose sign and magnitude are of the right cosmological order.

We begin with the tentative definition that cosmology refers to a study
of those aspects of the unjverse for which spatial isotropy and homogeneity
can be used, with the spacetime metric taking the form

; + r2(dg? + sin0d¢? )'] (1)

dr
> S 2 _ @2
gs” = '8 (:‘,)[1 g

n terms of coordinates t,7,0,¢ with r = 0 at the observer. The topological "

constant & in this so-called Robertson-Walker form can be shown to be
0 or £1. The “particles” to which (1) applies are thought of as galaxies
or clusters of galaxies, each “particle” having spatial coordinates r.0,¢
independent of the universal (ime ¢. They form what is often referred to as
the Hubble flow.

Big-Bang cosmology in all its forms is obtained from the equations of
general relativity,

1 n
Ry - §yik13 + Agik = —8rG'Tyy,, (2)

which follow from the vhriation of an action formula

i
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with respect to a general Riemafinian metric
d32 = g;kd:z:"da:’? N1 ‘ (4)

within a general spacetime volume V. The physical Lagrangian Lpp,s(X)
generates the energy-momentum tensor Tix in this variation of gik. In the
standard big-bang cosmology the physical Lagrangian includes only parti-
cles and the electromagnetic field, whereas in inflationary forms of big-bang
cosmology a scalar field is also considered to be added to Lphys. This is done
in various ways, being severally advocated by different authors (see Narlikar
and Padmanabhan 1991 for a review).

The initial conditions assumed in the standard model are :

(1) The universe was sufficiently homogeneous and 1sotropic at the out-
set for the metric (1) to be used immediately over a range of the

r-coordinate of relevance to presentday observation, | |

(1) k=0, |

(iv) The initial balance of radiation and baryonic matter was such that the
light elements D, *He, “He, "Li were synthesised in the early universe
in the following relative abundances to hydrogen :

Yy

(i) A =0,

D SHe LR Iy -10
Bi1y o< S dd e e 10

I'rom detailed calculations these abundances can be shown to require

Pbaryon. = 107%27S gem™3, (5)

131)

“the radiation temperature being in degrees kelvin.‘(Gamow 1946, Alpher,

et al 1950. 1953, Hoyle and Tayler 1964).

There'is a fundamental problem here. ,Th'e,instant t = 0 is the so-called
spacetime singularity at which the field equations (2) break ﬁlown. This is



332

identified with the big bang epoch. All matter that we see in the universe
(';m well as radiation) is supposed to be given as an initial condition af
I = ¢ > (. The initial instant ¢ can be taken arbitrarily close to ¢ = 0 huy,
not identified with it. Thus the action principle (3) ilsell gets restricted i
validity since the singular epoch must be excluded from it too.

Conceptua,lly this is an exceptional step to take. In theoretical physics
the basic laws or principles like the action principle are considered superior
to the specific solutions based on them. Yet here we seek to restrict the
validity of (2) and (3) because the solution so warrants it! There is thus a
clear indication here of an inconsistency of the overall framework.

The other problems of the standard big bang model often referred to as
the horizon and flatness problems also relate to the above initial conditions
assumed at t = ¢ > 0. While the need for such far reaching assumptions
as (i) to (iv) has always prompted a measure of unease they were widely
accepted for a decade and-a half, and are indeed still fully accepted by
the more orthodox supporters of the standard model. Others, however,
welcomed the inflationary idea of including a scalar field in the physical
lagrangian that initially dominated both matter and other ﬁelds and which

varied adiabatically in such a way as to give ' o
ﬁ = (... §(2)=5(U) exp ¥, t (6) i
oy b

S ivafavog)

with C' a constant. The solut;on (6) is considered to apply from ¢t = ¢ > 0,

where ¢ ~ 107365 to a value of ¢ large compared'to 1/+/C'. It greatly reduces
the range of the r-coordinate over which (i) is needed and it effectively .&,.
removes the k-term from (1). [t also removes any initial contributions from
matter and radiation, but these are con51dered to be reasserted through a .5
physical transition of the scalar field, which j Jumps the solution (6) to

1 1l

&

P

. 4
‘ 1 !
. 9 R’ | e
2 = 3 7 "'
S 5’5 ( ) 5, (7) §

which is the so-called closure model with matter just having sufficient ex-’
pansion to reach a state of infinite dispersal, a condition that is considered
most favorable for the eventual formation of stars and galaxies.

A major problem associated with inflation is how to ellectively ehml-
nate the cosmological constant. The value of this constant which gave the .it
exponential solution (6) above must reduce to zero or, if the cosmologl’ "‘-'T

cal observations so demand, become as small as 107198 of its initial value: (‘
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Any theorelical trick invoked to achieve this has a contrived appearance

(Weinberg 1989).

The papers relerred to earlier (IIBN 1993, 1994abc) show how we have
developed an alternative scenario.

The action principle (3) has a second term which is supposed_to include
physical contributions other than gravity. A close parallel exists between the
scalar field used for inflation and the scalar field used earlier by Iloyle and
Narlikar (1963) for obtaining the steady state model from Einstein’s ficld
equations. To begin with we will use the 1963 formalism as a “toy model”
for describing creation of matter without violating the law of conservation
of energy-momentum and without encountering spacetime singularity.

Thus the classical Hilbert action leading to the Einstein equations is
modified by the inclusion of a scalar field C' whose derivatives with respect
to the spacetime coordinates ' are denoted by C;. The action is given by

- <. \ \

- -

= —Zrmadsa-}-/ls GR\/_—d4z——f/CC\/——d"c

-+ Z s C;da’ : (8)

where C is a scalar field and C; = dC/0z'. f is a coupling constant. The last
term of (8) is manifestly path-independent and so, at first sight it appears
to contribute no new physics. The first impression, however turns out to be
false if we admit the existence of broken worldlines. For, if particles a, 0, .

are created at world points AO,BO, respectwely, then the last term of
(8) contributes a non-trivial sum

1
W

LYok R .}:
t0 A

Thus, if the worldline of particle a begins at pomt Ao, then the variation
ol A th,h respect to that worldline gives

\

da' skl Ll
madsa — (9)

al Ag. In other.words, the C-field balances the energy- momentum of the
created particle.

The field equations likewise get modxﬁed to
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I — ;Zg,g R = =-8xG [’H; | c] (10)
where
Tiy i (RN ' ] B 1‘! : s
Cevr=hi=f SCiCki= 3 K CHICH P (11)
A B 'f'v" I e o
. J]t hy ..'.1("';1 Lo ".
Thus the energy conservation law is' i
"l' ‘ f.t,.[ Gt e b 15 3
: ; ot
Tik' g Y VYN
m o = =ieyk = fCC (12)
R

- -

That is, matter creation via a nonzero left hand side of (12) is possible
while conserving the overall encrgy and momentum. The C-field tensor has

negative stresses which lead fo the expansion of spacetime, as in the case
of inflation.

From (9) we therefore get a necessary condition for creation as

[
) : \ { .{
CHOMNC ‘,_'r.q,z i (13)

al,

this is the ‘creation threshold’ which must be crossed for particle creation.
How this can happen near a niassive object, can be seen from the following
simple example. e '

The Schwarzschild solution for a massive object M of radius R >
2GM/C2 is . : YRR R ‘

' 2 ( B il o oy .
ds* = dt* (1 - ﬂ) - I_é%G_AT = T2(d02 h sin20d¢2)’ (14)

0

for r > R. Now if the C-field does not seriously chahge the geometry; we
would have at 7 > R,

C ~ m, C”EE
A

IR

0. (15)
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[ we continue this solution closer to r a2 12, we lind that

. M\ -1
ity = <1—26”> m?. (16)

r

S

In other words C;C* increases towards the object and can become arbitrarily
; large if r % 2GM. So it is possible for the creation threshold to be reached
. near a massive collapsed object even if C;C" is below the threshold far away
from the object. In this way massive collapsed objects can provide new sites
for matter creation. Further, because of the negative stresses the created
matter is expelled outwards from the site while the C-field quanta escape
with the speed of light. Thus, instead of a single big bang event of creation,
we have mini-creation events near collapsed masgsive objects.
~ Since the C-field is a global cosmological field, we expect the creation
~ phenomenon to be globally cophased. Thus, there'will be phases when the
creation activity is large, leading to the generation'of the C-field strength in
.. large quantities. However, the C-field growth because of its large negative .-
. stresses leads to a rapid expansion of the universe and a consequent drop
*in its background strength. When that happens creation is reducedand
takes place only near the most collapsed massive objects thus leading'to a
2 drop in the intensity of the C-field. The reduction in C-field slows Qown
i the expansion, even leading to local contraction and so to a build-up of the
it C-field strength. And so on! iordblia '
¥ We can describe this up and down type of activity as an oscillatory solu-
4 tion superposed on a steadily expanding de Sitter type solution of the field

equations as follows. For the Robertson—Walker line element the equations
©(10)-(12) give ‘ '

5% + ke L s
=gz '=81G(p == fC"), (17)
S.'z 092+kC2 '2
2’5—, o+ TRl drG fC*, (18)

Where S(t) is the scale factor and k the curvature parameter (= 0,£1). The
Cosmic time is given by ¢. These equations have a deSitter type solution
. 8iven by '

'

s

.
LI



9 X exp(t/P), ks = 0, C = constant, £ "= constanl 19)
The oscillatory solution is given b}.“
k=41, C i 185, px 1/88, (20)

Thus (17) becomes, in the latter case |

§2 = 3 + ? =~ Sﬁ“’ A, B = constant, (21)

H

ol 1k 4 ; XA
lere the oscillafory cycle will typically have a, period ) < P.

Although the exact solution of (21) will'be difficult to obtain, we cap
use the following approximate solutjon of (19) and (20) to describe the
short-term and long-term cosmological behaviour :

1N

AW R R /|
S(t) = exp (-) {1 + acos;} ,: { (22) cust
Lok b '.*"‘_
, 5
Note that the universe has a long term secular expanding trend, but be- .,
cause [a| < 1, it also executes non-singular oscillations around it. For this s
teason this mode] has beep called quasi-steady state cosmolagy”. We can ,;
determine @ and oyp Present epoch ¢ = #5 by the obser: ations of the present i
state of the universe Thus an acceptable set of parameters js
* = 075,10 =085Q, Q =4 x 10", p- 20Q. (23) 4
' il
e
We shall show how their values relate to the observed parameters in iy
Part II. 'l {';j

But now we discuyss the theory underlying the physics of matter creation. .;(‘
An important Property of physical theorjes js scale invariance or confor- i‘;
mal invariance. Maxwel|’s equations and the Dirac equation for a massless éﬁ
particle are conformably invariant byt general relativity is not. If, how- =

ever, the inertia] mass transforms inversely as the length scale in conformal %
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Lransformation then the Dirac equation for a massive fermion as well as
classical and quantum electrodynamics will become conformably invariant.
Can general relativity be suitably reformulated to be conformably invari-
ant? We indicate the steps towards this goal since they naturally lead to a
compreliensive theory of matter creation that encompasses our model. -

Il is necessary to begin by finding an action A that is unaflected in its
value by a scale transformation. The second term on the right-hand side of
(3) can be made to satisfy this requirement. For a set of particles a,b, ...
of masses m,, mp, ... the forn of Lphys usually considered in gravitational
theory is

04(X, A) 5

X e A (24)
AR b

where the possibility of the particle masses varying with the spacetime

position requires the mass mq(A) of particle ¢ to vary with the point A on

its path, and similarly for the other particles. Hence the second term o

the right-hand side of (3) is — 2oa Jima(A)da.

With da* = Qda and m = Q=Vm, it is clear that (25) is invariant with

respect to a conformal (scale) transformation. j

;’l
|
54(X,A)

The possibility of particle masses varying with spacetime coordinates
arises most naturally in a Machian approach. Here the property of inertia
Is not entirely intrinsic to a particle but is also related to its presence in .
& non-empty universe. A quantitative description of this idea that we will
follow here is based on an early work by two'of us (Hoyle and Narlikar
1964). In this inertia is expressed as a scalar conformably invariant long
range interaction between particles.

To begin with choose a scalar mass field M(X) to satisfy

= Z/ma(A)da. | (26)

D%M(X)-FéRM(X) L. Z/

Bquation (26) has both advanced and retarded solutions. We particular-
ize an advanced solution M*¥(X) and a retarded solution M™(X) in the
following way. M (X) is to be the so-called fundamental solution in the
flat spacetime limit (Courant and Hilbert, 1962). This removes for M x)
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the ambiguity that would obviously arise from the homogencous wave Cqtia-
Lion. “I'he corresponding ambiguity for .Mad"(X) is removed by the physical
requirement that fields without sources are to be zero. Since

S— .

‘ [ﬁd-adv oo A,[rct.J s %R[A,[adv; A{[Te(.] 22 O, (2‘-)

{ ¥

e
\
i : N il \11"1_ Tiare)

the immediate consequences of this boundary condition is that MadV—M“",
being without sources, must be zero, so that

! \ \
o I "\

Lt
f

A/Iadv(X) = MTCL(X\) \= M(JY) say. (28_) : :

i
\

T'he gravitational equations are now obtained by putting

i

ma(4) = M(A), my(B)=M(B),... . ()

\

[

It can also be shown that in a conformal transformation the{ mass field

M(X) transforms as !

\

MX) = QTG (30)

a result that follows from the form of the wave equation (10) (c.f. Hoyle
and Narlikar, 1974, 111). The outcome (loc. cit., 112 et seq) is

|

K (R — 5_(],';,-13) = =T+ M;M; - ';‘gikgpq/ij‘{q

+Ga = I, (31)

wliere
y1 1halbsg0d. )
Ko o= oM \ (32)

L e A
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These gravitational equations are scale invariant. [t ay seem curious that
( {rom a similay beginning, (24) for the action rather than (3), the outcoma
' Is more complicated, but this seems to be a characteristjc of the physical
laws. As the laws are improve_q they become simpler and more.elegant in

AX) = M) (33)

where 77 is a constant with the djmensionalit_;y of M(X). After the scale
change the particle masseg simply become Mo everywhere and in terms

the equations (31) take the form of general relativity
1t ' N
Ry — 59{/:12 = -8rGT;. (35)

It now becomeg clear why the equations of general relativity are not scale
invariant. These are the special form to which the sc
- (31) reduce with respect o a particular scale, name]
§  masses are everywhere the same - ‘

It is also clear that ¢]e transition from (31) to (35) is Justified provided
X) # 0 or $(X) # 0. For example, if M(X)=0o0na spacelike hyper-

the big bang or in a black hole collapse arjse bec
ol (35) in place of (31).

It is easily seen from the wave equatjon (26) that M(X) has dimen-
Sionality (length =, and so hag mg. Units are frequ I
Physics for whicly both the speed of-light ¢ and Planck’s “constant # are
Unity and in these unjts mass has dimensionality (length)—1,
- these upjtg apply to the above discussion then from (34)
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g = (3/4xG)M/?, (36)

which with ¢ = A = 1 is the mass of the Planck particle. This suggests thal
in a gravitational theory without other physical interactions the particles

must be of mass (36), which in ordinary practical unifs is about 103 gram,

the empirically determined value of G being used. This conclusion can
be supported at greater length [See HBN 1994c]. We next consider what
happens when the Planck mass decays into the much more stable barvons.
A typical Planck particle ¢ exists from Ag to Ag+6Ap, in the neighbor-
hood of which it decays,into n stable baryonic secondaries, n ~ 6. 10%,
denoted by ay,ay,...a,. Each such secondary contributes a mass field
m(“r)(X), say, which is the fundament\al\ solution of the wave equation

A 12 Vg1

- -

1 l 64 (/Y A)
(or) 4 Lpplar) _ _/ S (37
R e R Jndotsde \/—g(A) i

while the brief existence of a contributes c(“)(X), say, which' satisfies

I
I
1

Ao+840 (54(/\’,/‘1){ | ‘."

(@ 4 lpew _ da. (38)

G Ao 101/ —g(A)

Summing ¢(®) with respect to «,b,... gives | B '

a

e(X)r= Zc(")(X), (39)

3!

the contribution to the total inass M(X) ,fro‘m the Planck particles during
their brief existence, while '

l}

Z Zn: m("")(X) ="m(X) | (40)

gives the contribution of the stable particles. ‘
Although ¢(X) makes a contribution to the total mass function
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M(X) = ¢(X)+m(X) (41)

thal is generally small compared to M(X), there is the difference that,

whereas m(X) is an essentially smooth field, ¢(X) contains small exceed-
ingly rapid fluctuations and so can contribute significantly to.the derivatives
of ¢(X). The contribution to ¢(X) from Planck particles @, for example, is
largely contained between two light cones, one from 4y, the other from
Ao+ 6 Ag. Along a timelike line cutting these two cones the contribution to
¢(X') rises [rom zero as the line crosses the light cone from Ap, attains some
maximum value and then falls back effectively to zero as the line crosses the
second light cone from Aq + 6 Ao. The time derivative of c(“)(X) therefore
involves the reciprocal of the time difference between the two light cones.
This reciprocal cancels the short duration of the Source term on the right-
hand side of (40). The factor in question is of the order of the-decay time ..
7 of the Planck particles, ~ 1073 sgconds. No matter how smal] r may be
the reduction in the source strength of c(")(X) is recovered in the deriva-
tives of ¢(*)(X), which therefore cannot be omitted from the gravitational
equations. ) : .

The derivatives of c(a)()x'),}:(b)(X),... can as well be negative as posi-
tive, so that in averaging many Planck particles, linear terms in the deriva-
tives do disappear. It is therefore not hard to show that after such an
averaging the gravitational equations become |

1 6 1l fag = § | i, bl
Ry — EgikR R [—Tu.- + 5 lgim® = mi) + (mimy, - ik,
2

)
a2 (| CiCk — =gircic’ )| . (42
‘ +3 (Iz k 4gzk l . ( )
Since the same wave equation is being used for ¢(X) as for m(X), the
theory remains scale invariant. A scale change can therefore be introduced

that reduces M(X) = m(X) + ¢(X) to a constant, or one that reduces
m(X) to a constant, Only that which reduces m(X) to a constant, viz

e (43)

has the virtue of not introducing small very rapidly varying ripples into
the mietric tensor. Although small in amplitude such ripples produce non-

|
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negligible contributions to the derivatives of the metric tensor, cansing dif.
eultios in the evaluation of the Riemann tensor, and so are better avoided,
Stplifying with (43) does not bring in this difficnlty, which is why sepq.
rabing of the main smooth part of M (X) in (41) now proves an advantagn,
with the gravitational cquations-simplifying to

6 y

87G '= —.,' mo a constant,
.mgc, Mo, 'a‘,“ f:ons an (44)
il {2 1 | .
s 59:‘1;1?- = —8rG[Ti - -3—(c;ck = 7Jikcie ) (45)
. \ -
\

Using the metric (1) with & = 0 the dynamical equations for the scale factor
S(t) are | ' '

DS g2 47

ot g = —3—Gé'2, (46)
i
AR A ’;
352 B Ak '
() NP
5 a4 (e ) ok

with p the average particle mass density and ¢2 being the average value of
¢*, the average value of terms linear in ¢ and of ¢ being zero. It is easily
shown from (46) and (47) that A

D fbasn gt bl @it

op g e N = ¢
m*’sf'z(@?;[ﬁf)' ) A (48)

If at a particular time there is no creation of matter then at that time’

the left-hand side of (48) is zero with p & $73. And with the right-hand
side also zero at that time ¢2 « §~%. The sign of the ¢ term in (46)
is that of a negative pressure, a characteristic of the fields introduced into
inflationary cosmological models. The concept of Planck particles forces the
appearance of a negative pressure. In effect the positive energy of created
pirticles is compensaled by the sign of the ¢2 terms, which in (46) increases
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578 and so causes the universe to expand. One can say that the universe
expands because of the creation of matter. The two are connected because
the divergence of the right-hand side of the gravitational equations (45) is
2010, . A . —

As would be expected from this cc?xiseryatién‘property the sign of the
¢2 term in (47) is that of a negative energy field. Such fields  have gener-
ally heen avoided in physics because in flat spacetime they would produce
catastrophic instabilities — creation of matter l\yith"positive energy produc-
ing a negative energy ¢2 terdi,"bfodﬁcing"‘mbreIma.tter, producing a still
larger ¢% term, and so on. Here the effect is to produce explosive outbursts
from regions where any such instability takes hold, through the é2 term in
(46) generating a sharp increase of §. The sites of the creation of matter
are thus potentially explosive. The explosive expansion of space serves to
. control the creation process and, avoids the 'qz‘i\tastrophic cascading down
{7 the negative energy levels. il

As will be discussed in II, this is in agreement with observational as-

trophysics which in respect to high energy activity is all of explosive out-

. bursts, without evidence for the ingoing motions required by the popular

« accretion-disk theory for which there is no direct observational support.

~ The profusion of sjtes where X-ray and 7-ray activity is occurring/ are on

the present theory sites where the creation of matter is currently taking
place. |

A connection with our model can now be given. Writing
G FiaGel)sabigaa (4o 00 1 o)

where 7 is the decay lifetime of the Planck particle, the action contributed '
by Planck particles g '

Mot RO

can be approximated as
—C'(Ao)—C'(Bo)— 3hvs (51)

Which form was used in the model. And the wave-equation for C(X), using
- the same approximation, is
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which was also used in the model, except that the 1/6 RC term is included
in the wa,vc, equation and prcwousl} an unknown constant f appeared in
place of 72

Wung M@(X), M(b)(X) . as the mass fields produced by the indi-
vidual Planck particles a, b the total mass, field

MX) = Y MX) (53)

satisfies the wave equatlon (26) when M( ) MO, o salisfy

54(X A)
V "g

M@ 4 %RM(") d (54)

Scale invariance throughout reqmres all the mass fields to tra.nsfonn as

k
i
i

M*@) = pmegt (55)

with respect to the scale change 2, when both the left and right hand sides
of every wave equation transform to its starred form multiplied by 73,

i.e. the left hand side of (54) goes to (M*(“ + R"‘ M- (4))273 and the rwht
hand side to " :

64(X, A =
4( )d *> (06)

\/ ~9 (A /

Then the factor 273 cancels to give the appropriate invariant equation.

This cancellation is evidently unaffected if, instead of (54) for the wave '
equation satisfied by M?, we have

(54(."\-, /12

1 3 "
M@ 4 ZRM@ 4y = / da (57)
6 " V—9(4)
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 Siiiee tho cube term transforms to M*(@)* Q=3 with respect to §) changing
(51) to (57) preserves scale invariance in what appears Lo be its widest
[orm. Since in other respects the laws of physics always scem to take on
the widest ranging properties that are consistent with the relevant forms of
invariance we might think it should also be here, in which case (57) rather
than (54) is the correct wave equation for M (%) and similarly for M®)
Lhe mass fields of the other Planck particles.
But this departure from linearity in the wave equations for the individ-
ual particles prevents a similar equation being obtained for M = S Mm@,

a
Nevertheless, the addition of the individual equations can be considered in

a homogeneous universe to lead to an approximate wave equation for M of
the form

. \ <18
M+ ZRM +AM® = Z/‘W(’A)

6 —‘:mda, o (58)

Aty N, '(59)

I
1

i - |
where IV is the effective number of particles contributing to the sum S M),
The latter can be considered to be determined by'an Olbers-like acut-_o'ff, ‘
contributed by the portion of the universe ‘surrounding the point X in
M(X) to a redshift of order unity. In the observed ‘universe this total mass
~ 10*2 Mg, sufficient for ~ 2.10%9 Planck particles, The actual particles are
of course nucleons of which there are'n ' 107 'But'if suitably aggregated.
they would give ~ 2.10%° Planck particles and with this value for NV

A o 2.50¢10712 (60)

The next step is to notice that the Wave-equation (58) would be obtained
in usual field theory from 6.4 = 0 for M - M+ 6M applied to

LAY A0y 1y

)

___1. .i_i I2 4.1_ 4 4
A = =g [On - 2R, gdz+4A/M‘\/—gdx

Gg( X, A) 0 o e BR Bl |
D% / ;WM(;;)?. | (61)
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In the scale’in which M is m(, everywhere the derivative term in (G1) van-
ishies and since G = 3/4am? the term in R is the same as in (3), as arc also

Lhe line integrals, requiring the remaining term Lo be the same gives
a2 : v
Al = —3Amp. (62)

‘I"hus we have obtained not only a cosmological coustant but also ils mag-
nitude, something that lies beyond:the scope of the usual theory: With
2.5 x 1071 for A as in (60) and with mg the inverse of the Comptlon
wavelength of the Planck particle, ~ 3. 1032 ~1,.(62) gives

A o= =2107%% ¢
\\

o (63)

agreeing closely with the magnitude that has previously been assumed for
A. In the classical big bang cosmology there is no dynamical theory to relate
the magnitude of A to the density or other physical properties of matter. For
observational consistency it is assumed that A is of order (63). A dynanucal
derivation is possible if one goes into the very ecarly 1nﬂatxonary ‘epochs.
However, the values of A deduced from those calculations are embarrassingly
large, bcmg 10198 - 10'?0 times the value given by (63). Th(’e problem then
is, how to reduce A from such high values to the presently acceptable range
(Wemberg 1989). By contrast, the present derivation leads to the acceptable
range of values with very few theoretical assumptions.,

The theory developed in this paper differs from big-bang cosmology in
what we believe to be an important aspect, tha.t the grav1tat10nal equations
are scale invariant. The gravitational equations including both the creation

terms and the cosmological constant then reduce in the constant mass frame
to '

Rik = g9l + Agix - = -87‘G k= 3(6;6;; = gikZClCl) . (64)

The immediate succgss%es of the the'()'ry"‘a.,lrlg,‘: ‘ |
(1) The circumstance that G determined by (34) is necessarily positive re-
quires gravitation to act as an attractive force. Aggregates of matter
must tend to pull together. This is unlike general relativity where grav-
itation can as well be centrifugal, with aggregates of matter blowing
always apart, as follows if G in the action (3) of general relativity is

chosen Lo be negative. | \
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(i1) In the cosmological case witl homogeneity and isotropy the pressure
contributed by the c-field term in the gravitational equations s nega-

live, explaining the expansion of the universe.

(iii) Also in Lhc‘_,cqsmological_case, the energy contribution of the e-lield
is negative, which ensures that when the creation conditions (9) are
satisfied the creation process tends tol‘é;asca..de with explosive conse-
quences. : ' r

(iv) The magnitude of the constant A'is shown to be of the order needed
for cosmology. Unlike big-bang 'c.oslm‘qlogy this is a deduction not an
assumption. e e ol b

LAYt ‘.".I""‘I"' ‘

These ideas therefore generate hopes: foria more comprehensive frame-
work for relating the property of inertia of matter and the phenomena of
matler creation to cosmology. It is not claimed that what is outlined here is
the final product; rather it should be looked upon as a preliminary attempt.
The successes claimed above have to be followed up by a quantum version
of the Machian theory and the empirical values of the parameters of the

. Quasi-steady state model have to be related to the fundamental constants

of the theory as well as to cosmological boundary conditions. This is the
direction in which our future theoretical work will go. {3

I

{

3. Observational Facts and 'Consequences j; '

!

Larlier we showed that the approximate solution for the scale factor S(t)
is given by equation (i~ '

i
4 D 4145 |

Mttty hyin 27t
S(t) = exp (}5) {1 + a‘cos?}. :
where P > Q ‘ (22)

We have chosen values of @ and P as follows.

Q = 4x10%%r, P =200 (23)

In (22) @, P, () are constants determining the model, with P > @ a con-
sequence of creation being slow. We now examine the astrophysical conse-
quences of the scale factor S5(¢) being given by (22).

We are thus concerned with an oscillatory model in which some madtter
Crealion occurs, especially near the minimum in each cycle, as was already
visualized in IIBN 1993. At each oscillation the universe ‘experiences an

- expansive push. To give a framework for discussion, we suppose creation

1 oceurs so that the ratio 91/5y stays fixed, as (22) requires it to do, with :
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Figure 1. S(t) plotted agaihst t/P (upper panel) and against t/Q (lower panel).

and S3 both increasing as the slow exponential factor ea;p,'t/P. Thus the
timescale for the universe to expand irreversibly by e is P{>> @, which is
to say in each exponentiation there are many oscillations. The situation is
analogous to the classical steady-state model but with each e\ponentlatlon
of the scale factor broken into many oscillations.

In Fig 1 we show S(t) plotted against t/P and against ¢/Q for the
assumed value of P = 20Q. We also put a = 0.75. The time in Fig 1
is measured in units of Q. In order to relate this model to the current
state of the observed universe we also need to assign a value for t,, the
present epoch, in relation to the phase of the oscillatory cycles. We choose
to = 0.85 being 85 per cent of the way throuvh the current cycle, cycles
being reckoned maximum to maximum.

The parameter () is related to the gbserved values of the Hubble con-
stant H, and the deceleration term ¢, respectively. For P 3> @, the effect on

Il,, qo of the overall expansion will hardly be noticed. The time dependent
quantities H, ¢ defined as

i ye= -§,q=_—f:9:7 (63)

have the following properties. Starting from the minimum phase of an oscil-
lation, II begins at zero, rises to a maximum and then falls back to zero at
maximum phase, while g starts sharply negative and grows to zero, and then
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TABLE 1.
Q(years) Ho(km sec™? Mpc™1)
30 x 10° 86.2
d 40 x 10° 64.7
50 x 102 51,70

.

£oes Lo markedly positive values as maximum phase is approached. The ob-
served value of A, H, lies between ~ 50km sec™! Mpe1 (cf Sandage 1993)
and ~ 80km sec™! Mpe=1 (cf Tully 1993) while Kristian, Sandage and
Westphal (1978) gave g, ~ 1.5 but with considerable uncertainty. These
values are generally indicative of phase\in"'the current oscillation ap-
proaching maximum. Without knowing the precise present-day ‘phase, the
time that has elapsed since the last minimum is somewhat uncertain but is
probably close to THTL, |

This leads us to the following numerical values relating () to He

In HBN 1994a we chose the value Q = 40 x 109 years with
Ho = 64.7km sec™ Mpe! as' a compromise between the high and low
values of H, which are 2, subject of continuous debate, The parameter g, is
determined from (22) to be 1.725, again close to the valye given abave. With
the choices of a and to the maximum redshift of objects in the present cycle
Is = = 4.86. This js not a limit, however, since the corrcsponding redshift
from the previous cycle will be z = 9.166'and so on step by step. However
the Hubble diagram for this model shows that the objects in each cycle will

by specifying e, t, and the pa1:afmeter () based on the observed value of o Py

a Hubble diagram. ‘

In this model we also have to explain "tlwo,'c‘)vther properties of the ob-
served universe which have previously been thought to provide strong evi-
dence for the so-called standard mode]. -

*1. THE COSMIC MICROWAVE BACKGROUND

of hvdrogen to helium in the visible baryonic matter in the universe (cf
Hoyln 1968). This density is p ~ 3 x 1071 gm ¢m=3 and Wwe suppose that
about 7.5X 10321 em=3 i He. Thus the energy released in the production
of this /7, through the conversion I — He is 4.5 x 107erg em=3, which
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il thermalized gives a radiation field of 2.78 1.

lu the standard Big-Bang cosmology this agreement with the observed
valie is considered to be purely fortuitous, but within the [ramework of
()SSC it is a clear indication that the.micrawave background was generated
ultimately by the burning of hydrogen into helium in stars, through many
creation cycles each of length @. The optical and ultraviolet light must have
progressively been degraded and scattered by dust, much of it in the form of
ron needles so that it now forms a smooth black body form, as discussed at
length in HBN 1994, where we predict a temperature of 2.681¢, very close

Lo the observed temperature of 2.735 £ 0.06¢ (Mather et al. 1990).

low many cycles are required, i.e. what is the value of P/Q? We have
shown in HBN 1994 that the ratio P/@Q can be obtained from the observed
log N — log S curves for radio sources, This is because radio sources from
carlier cycles are contained in the counts. The reason for this is that while
there will be optical obscuration near oscillatory minima and optical sources
from earlier cycles will not be easily detectable, this will not apply at long
enough radio wavelengths. For a simple model in which it is assumed that
radio sources appear at a uniform rate per unit proper volume, we find
that P/Q =~ 20. With this value we not only can understand the origin of
the microwave background but also the shape of the log N = log § radio
observations to very faint levels. Thus we have shown thq‘Lt in this model
we have two timescales Q = 40 x 10° years and P = 8 x 10! lyeais.

3.2. PRODUCTION OF THE LIGHT ISOTOPES

In the standard model the production of the light elements is attributed to
nuclear reactions early in the explosion. In HBN 1993 (Section 6 and Ap-
pendix) in Hoyle (1992), and most recently in Hoyle, Burbidge and Narlikar
(1995),(IIBN 1995), a detailed analysis has been given of a similar process
in QSSC in which the light elements are synthesized in a creation process
starting with a Planck fireball. In view of the fact that remarkable results
are obtained using this approach, we describe it again in some detail here.

Because the early stages in the development of a Planck fireball belong
to the realm of unknown physics, it is necessary to begin with a specification
of initial conditions. Fermions of familiar types are necessarily excluded
by degeneracy conditions at early stages when the fireball dimension is'
only ~ 10~33¢m. Indeed, fermions of familiar types cannot appear until
the interparticle spacing within the expanding fireball has increased to ~
T0=*20m,

We take the view in specifying the model to be investigated that energy
considerations discriminate against charmed, bottom and top quarks. ‘We
also take the view that degeneracy considerations, together with the need
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TABLE 2. Densities and Temperatures at 1 <7 < 4in the expansion of a Planck

Fireball
r i 1.25 To 1.75 2 205 3 355 q
log N 36.08_,‘._.35_._79 . -85.55 . 33.35 . 35.18" <34.89" 34.65 34.45 34,27
Iy 0 13.9 19.3 21.2 21.7 20.8 19.3 ’ 1,7.7 16.3

tric
against. When the up, down and strange quarks combine to baryons, equal
numbers of N, P, A T# I 420, S are. thite formed, with only » neg-
ligible amount of §27. Because of the long lifetimes, ~ 10-10 seconds, of
Ay Z= =0 =, the strange quark survives the effective stages in the ex-
pansion of the fireballs, although %0 goes tq A plus a 7-Tay at a stage
< p,roce__edjng the synthesis of the light elements. Einally, we consider that
baryons containing the strange quark do not form stable nuclei. Ultimately
they decay into N and P, but only after the particle density has fallen so
far that the production of light elements has stopped. With N going on
a-much longer time scale (10 minutes) into P, six of the baryons of the
octet go at last into hydrogen. Thus we see immediately that the fraction
by mass of helium, Y, to emerge from Planck fireballs s given by ! |

[ |

|

Y = 0.25(1-y) . (66)

that y will be shown in the next section to be ~ 0.085, equation (66) gives
Y =0.229. somewhat lower than the value of ~ (0,237 obtained previously
(1loyle, 1992). ‘

The numerical valyes used in the detajled calculations of later sections
are given in Table 9.

Here WV is the number per cm? of each baryon type, the values in the
table being such that N declines with Increasing r as r~3, The unit of r
depends on a specification of the total number of baryons in the fireball.
Thus for a tota] of 5.108 the unit of 7 js 5.10""em. However, since this
total is uncertain, because the Planck mass, usually given as (3/ic/47.'G')1/2,
is theoretically uncertain to within factors such as 47, we prefer to leave
the unit of » unspecified ~ we shall not need it in the calculations. Sullice
it that there wi]] always be a unit for » such that V has the values in the
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(he model we take the factor of proportionality here to be 107! seconds,
With the unit of 7 chosen as 5.10"7em this requires v = 5.10%m s71, a
rather low speed. But for a Planck mass increased by 4= above ( She /A G2
e expansion speed is raised by (47 7 )23 to 1. l() X lU“’cm s~1, Thus

t = 10757 seconds, (67)
thereby relating ¢ to N-and T through the values in Table 2. The nunerical
coefficient of equation (2) can be regarded as a parameter of the theory,
but it is not a parameter that can be varied by more than a small factor,
unlike the parameter 7 in Big-Bang nucleosynthesis which could be varied
by many orders of magnitude for a.ll one knows {rom the theory.

The temperature Values in Table 5" are calculated from a heating source
which comes mto play atr = 1,i.e.at t = 107165, The heating source is from
the decay of 7° mesons with a mean life of 8.4 x 10~17s. The tempembure
values in Table 2 correspond to a #% meson concentration of 2/3N ¢m ™2,
- which is to say one m meson to each neutron and each proton, with 70, =%
-in cqual numbers. ‘ [

The decay of a 7% meson into two 75 Mev y-rays does not immediately
deposit energy into the temperature Ty of the heavy particles. It does not
‘even lead to more than a limited production of e* pairs, because at these
densities this is prevented by electron degeneracy. Thus the energy of #°
decay is at first stored in the form of relativistic particles, quanta and some

e*, the latter being adequate, however, to prevent the v-rays from escaping
out of the fireball. i '

As the fireball expands, conﬁned relativistic partxcles lose energy pro-
portional to 1/7, the energy loss going to the heavy particles, for each type
of which there is a conservation equation of the form dQ = dE + PdV, viz

~ad(1/r) = 3/2kdT + 3kTdV/V, (68)

an equation that integrates to give

200 r-1
Iy = S ENETY (69)

the constant of integration being chosen to given Ty = 0 al » = 1. The
constant a in is easily determined from the energy yield of the 7% mesons.

Slmrm{, the energy communicated to the hcmy particles equally among all
of them, leads to the values of Ty in Table 2
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I'he energy is considered to liave all gone to the heavy particles by the
stage of the expansion when r reaches 4, after which 7y declines as i
.e. adiabaticlly, the heavy particles being non-relativistic in their thermal

motions. ‘I'hus for » > 4 we have

, 4\? 1 260.8 8
To b= g3, (;—) == (70)
fid
1.62%,10715
t=10"16 ‘= 28 1/120 seconds, (71)
Ty

while the particle densities decline as r=3. hie
(a) The Abundance of /e

It will be shown that neutrons and protons are in statistical equilibrium
with *He up to r = 3 in Table 2, but not for r > 3. Defining a parameter
¢ by | '

log.C = logN—34.07—-Z-long e i

it was shown by Hoyle (1992) that the fraction y of neutrons and protons
remaining free at temperature Ty and particle density N for each nucleon
type is given in statistical equilibrium by N

42 6
L = 0.90+3log( + ——, (73)

]
y* 9

log

the values of Ty and N in Table 2 at r = 3 giving y = 0.085, leading Lo
the value ¥ = 0.229 given above. A similar calculation at 7 = 2.5 yields
y = 0.083, much the same as at » = 3. For 7 <'2.5 the values of y fall
away to ~ 0.06. Thus in moving to the right in the table the values of y
increase towards r = 3, where the falling value of Ty eventually freczes the
ecuilibrium. |

The condition for freezing is that the break-up of 1H e by 1He(2N,T)T,
followed by the break-up of T' and.D into.neutrons and protons should
Just be capable of supplying the densities of P and N,n(P) = n(N) ~

5.10%%m=3 for the range of 7 froth 2.5 to 3 and y ~ 0.085. The time
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available for this break-up of 4Ml e is that for 7 to increase from ~ 2.5 lo ~ 3,
0. 5.10717 seconds. In this time the break-up of n(A) =~ 2.9 x 10*'em "",
lising the reaction rates of Fowler, Coughlan and Zimmerman (1975) we
verily thadl.

. — .,

1.67 x 10° 328 x 10730 | 4.872 oy _ 13151
Ty RO T T

(1+0.086T3"° - 0.455T2/ — 0.271T; + 0.108T5/® + 0.22575"°

N 2 [
(6.022(x)1023> n(4). 5 x 1077 (74)

Ilerc we put Ty = 20 for the range of r from 2.5 to 3, and putting n(N) =
5.10%%¢m ™3, n(A4) = 2.9 X 10¥cm=2 , the value of (74) is 2.85 X110%%em ™3,
This is close enough to the required value of - 2:51% 1%

This is already an astonishing result. That so complicated an expres-
sion as (74) should combine so exactly to produce such an outcome is
not a consequence of the parametric choice of the model. The.{freedom of
choice of the numerical coefficient in (74) is entirely dwarfed by the factors
1034, 10%3, 10%, 10719, 107" in (74), while even some v&m;xtion in the
parameter « in (4) as it affects the value of the factor exp —131.51/Ty ~
2.5 x 1073, is also dwarfed by the much larger powers in (74). The most
license that can be permitted to a critic would be to accept the above result
as model-dependent to the extent that it already consumes essentially all
the available degrees of freedom of the model, leaving all further results to
be judged as effectively parameter mdependent

(b) The Abundances of D and ®He '

We have omitted the analysis which leads to the values

DJH =% He/H =~ 5 x 10=5 (75)

which are given in the summary Table 3.
(¢) The Abundance of "Li

Writing n(P), n(A) for the densities of pl'oto1ls and alpha particles we
have

| T3 T
s 33 < > ~3 ] 33 < 9 )
n(J1?) 58 x 10° 63 em™",n(A) = 8.5 % 10 163 (76)
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Lhe ratio of the abundance of 7Li to 8Be established in statistical equi-
librium at temperature Ty is given by

PR 1 o 31 .o“ Tt-}-l 4_ 1.0' | ;{(P) -+ .3;4 07
g SBe o 5 og S og g | i

+§long &= & X(17.35,
.Fg

!

2 |
87.44 '\
=3 op— i 7
3.20 D 4,, (77)
with
. : . \.\v
"o 8P 3 i B )
lOg% = ElogQ +logn(A) — 34.67 - §log Tg =-2.11 (78)

also given by statistical equilibrium. :
The abundance of 7Li established at Ty according to (23) will, however,
be subject to attenuation as the temperature declines from Tg,l;a,i:cording

to an attenuation factor | ; /
|

- T T A

A/ exp o 43dt, (79)
0 Ty |
with ¥ i ; '.

o ‘ {1417y y° gl d .

8.1, x 1076 15 '
dt !;l' 3/2 : dTg’ ' (80)

9 i

Py I‘.»" | |

as before and 4 a numerical coefficient o.bta.i'ned from the reaction rate for
"Li(P,A)' He given by Fowler et al. (1975), viz .

‘y.}‘

10 131y !
1.7 x 1.05x 101 2,40 x 10 3

= 0 17 -1
A = T pomx 0Bl o =125x 107571 (g1)

The factor 1.7 here arises from an eétimate of the combined effect of various

terms adding to the rate of "Li(P, A)* He, the rest of A being the main term.
Lvaluating (79) leads to
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as Lhe atlenuation factor Lo be applied to the abundance of /i \Witl,

log l—”L = —1.08 we thus have

TLi
log —- = 3.20 ~ 2.11 - 1.08
‘ 0.443
~19.3 X 043437/ exp - 2 Tg (83)
= 0.01 — 8.38T1/2e Xp —30,;43
: 9

: ':"‘ ‘\

which has a maximum of —9. GO at Tg . 12 Thus the surviving lithium
abundance is

7

e
= O 50 X 10'10 ‘, (84)

[
a result in good agreement with the observational requirement, again cal-

culated from hlghly comphcated formulae agam without any model adjust-
ment.

(d) The Abundance of uB g 113 Lc‘\.-

|r-' ! 1

A similar calcula,txon for 1B leads to 1B/ I ~ 10-18 , below the obser-
vational detection limit. This is significantly lower than the value calculated
by Hoyle (1992) who used an attenuation factor that was not sufficient.
Irom an observational point of view the model therefore predicts that there
is effectively no ‘plateau’ under boron Such boron as exists is required to
come {rom cosmic-ray spallation onRCIIS0.

(e) The Abundance of °Be =~ "‘

As noted in Hoyle (1992), the nucleus of ?Be is exceptionally fragile,

leading to a particularly low freezing temperature. Statistical equilibrium
al higher temperatures establishes

9Be 3. 8 4 r
log —— s Elog§+log§—O.I.H-logD/H

'
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tlog THe ™ log n(P) Ty

with respect -to. the reaction ?Be(P, D)2l e. Using log D/Il = —1.30 al-
ready calculated, log ®Be/"He = —2.11 , log* He/n(P) = 0.73, gives
—5.03 = 3.28/Ty for the right hand side of (?). Because 9Be(P, A)8Li con-
tributes equally with ®Be(P, D)2*He to the destruction of 9 Be, wherecas
al 19 =~ 1 it contributes essentially nothing to the production of ?Be, the
cquilibrium concentration of Y Be is lowered by a further factor 2, so that

9Be '3.28
10o I = =5.93 - Tg— | (86)
Ireezing of the equilibrium condition at\Ty = 0.50 for 9Be_-wq'u:1,d thus
give § i | i : =l

" 9Be ‘ "
log— = =12.5 " ST
| E e ; (87)
in satisfactory agreement with the apparent observed plateau under °Be
(Boesgaard, 1994). ¥ ' i

The estimated freezing temperature according to the model :{m be ob-
tained by requiring that the product of the expansion time scale, 1.62 x

10715/72/% seconds. at temperature Ty and the'sum of the reaction rates
terms for ®Be(P, D)2 “He and of those for ®Be(P, A)°Li be unity, viz

-,",.'”' ! Py i i ll’l-

o, 103 x10° 240 10% 1.62x 10-15T3,2'é)'( 3.046
O T J R T gl et
= 1. i (88)

\
) | )

T'he factor 2 on the left of this formi;la, comes from the circumstance that
al the values of Ty in question the highly complicated non-resonant contri-
bution given by FCZ about doubles the resonant reaction rates. Equation

(88) determines a freezing temperature Ty -.'-"-',.0,-623, reasonably close to the
required value of 0.5. '

(f) The Abundances of 12(7 and 160
The reaction rate on ®Be from 9Be(A, N)12C as given by FCZ is

240 X 10° * n(A) - N 12,732
X I0F T Ty

(89)



Using (74) for n(A) and putting Ty ~ 10, at which temperature most of

Lhe production of C' takes place, gives 1.44 x 106 for (89). Multiplving
by the time-scale 1.62 x 10"15/1’91/2 then gives ~ 7.4, implying that an
abundance 9]36/1[ & 5.5 X 1077, giV_On__QX (20) is converted 7.4 times over
Lo ¢, leading to . N
'l et AW IR ek
120 _
€ " ilad xiore (90)

The value of 1°0/H is of a similar order.
(g) The External Medium

All of the above followed from just the N and P members of the baryon
octet. The other’six baryons are considered not to form stable nuclei. They
decay in ~ 10719 seconds, by which time a Planck fireball has elfectively
expanded into its surroundings, which according to the QSSC model (IIBN
1993.1994a,b) is necessarily a strong gravitational field in which the decay
products of A, % =0 and =~ may be expected rapidly to lose energy.
The Z° baryon decays to A and 7° in a mean life of 3.0 x 10195, £+ which
decays in a mean life of 8.0 x 10~11s, gives a 7% meson in a,bou‘t';'a half of the
cases, so that together with A, which decays in a mean life ofi2.5 x (=10,
there is a late production of about 2.57° per baryon octet, yielding ~ 5 late
7-rays per octet, typically with energies ~ 100 Mewv. It is these v-rays and
their products that are expected to be subjected to energy loss in strong
gravitational fields. : . 2 ~

The production of Planck particles near large masses of the order of
galactic clusters occurs typically in an environmental density ~ 10716y ¢ 3
at. which density y-rays of 100 Mev have path lengths of ~ 108¢m, ample
for considerable redshifting effects to occur, when quanta and particles in
the 1 — 100 kev range would arise. Although such particles and quanta
are readily shielded against, it is an interesting speculation that pathways
into the external universe may be brielly opened and that the mysterious
7-ray bursts arise in such situations. (oo

(h) Summary of Abundances and Conclusions

The calculations more accurate than those described earlier in Hoyle
(1992) and in HBN (1993). They lead to the abundances and results shown
in the following table.

To oblain a ratio Be/ll ~ 3.10~13 requires a freezing temperature
1y =~ 0.5 which is close but not equal to the calculated freezing Lempera‘ture

11y 22.0.62.
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TABLE 3. Summary of Results

‘He/ll = Y 20.229
D/H ~* He/H =~ 5.107°
s O e Bd X AG T e
B BIH : very small
“YOrH N4 %10

We conclude that a certain model of the decay of Planck particles leads
to interesting values for the abundances of the light elements. The work is
deductive, and in this sense the model used is not subject to negotiation,
any more than the axioms on which a mathematlcal theorem is proved are
subject to-megotiation. Or any more tha.q supporters of Big-Bang nucle-

= osynthesis regard the choice of their parameter 7 as a matter of negotiation.

Thus the only basis for judging the situation. is to assess how good or bad,
are the results. Our assessment is the followmg

(i) Our result for *He/H is very good.

(ii) The ratios D/H, *He/H are too high by factor ~ 2. A more detailed
calculation might well lower IIe/H to its observational value. But at the
expense of a further increase in D/H, necessna.tmg an eplcycle for the
theory in which the observed D/H =~ 1.5 X 107° is due to enTJronmental
effects.

(iii) The ratio "Li/ H is very good.

(iv) The prediction of essentially no “floor’ under !B is subject to test.
The “floor’ under °Be requires a freezing temperature Ty ~ 0.50, whereas
the calculated freezing temperature was Ty ~ 0.62. Considering ‘the very
complicated expressions of FCZ, especially that involved in"a cut-off pro-
cedure for non-resonant contributions, this correspondence is adequately
close.

I'inally we may ask how this situation for the synthesis of light elements
from Planck particles compares with the situation in Big-Bang nucleosyn-
thesis. In that case

(a) The classic choice n = 3.1071° for the baryon to photon ratio is good
for *He/H but is too low for " Li/H and too high for Y and D/H.

(b) While reducing 1 brings ¥ and “Li/H into good agreement with .
observation the value of D/H becomes so large that the theory requires an

astration epicycle to save itself.

(¢) Raising n to ~ 6.10719 gives good results for D/M, Slle/Ill and
"Ii/H but the resulting value Y = 0.25 is too high, and hardly savable by

any epicycle or combination of epicycles.
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(d) The theory predicts no plateau under ?He, which scoms wrona,
A recourse Lo inhomogeneous cosmological models would be to make tho
Lheory wildly epicyclic.

(¢) Big-bang nucleosynthesis, but not the present model, predicts «
present-day average baryon density in.tle universe much below the cos-
mological closure value, either forcing a change to a so-called open mode]
(when galaxy formation is made difficult or impossible) or leading to the
proposal that most of the material in the universe must be dark and non-
baryonic. It is this argument that has led to the proposal that non-baryonic
matter dominates the universe. None has so far been found.

!

3.3. THE VALUE OF p, |

To determine p, (the mean density at this époch) we have no simple relation
like po = 3H2/87G in the closure model of Friedmann cosmology. llowever
from the analysis in Part I we have that . | -

AU B 0, i St .
- SBhememl e =) 9.
57 3 <s> 8 (1)
: | Lo

Also neglecting the slight variation of ezp ¢/P over’.thle current half-
. cycle, | W i

So_ 14+0.75c0s1.77 (92)
8§ ' 7 1+ 0.75cos 2

in which @ = 0.75 and ¢, = 0.85 are used. Applying (91) and (92) at ¢t = 1,
the next maximum when § = 0, the value of p, is related to A by

A =058 8x G, . ~(93)

Substituting A given by (93) in (91) now gives

02 3
%‘ = z%gpo l:(-%'—) —0.558] X (94)

Since 52/5% at t = t, is H2 we therelore get

32
87G "’

0.442p, = (95)
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Lhe coellicient 0.442 being appropriate only for the present moment {, =
0.85. Putting H, = 64.7km sec™'mpc™?, (Q = 40 x 10°), determines the
present-day average cosmological density as
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— - Poiy 5 1I9 %107 22g cm ™2, (96)

Thus, since the density of visible matter is ~ 3 X 10™31gm ¢m=2 in this
theory as in the standard big bang the bulk of the matter is dark. However
the major difference between'the QSSC and the big bang is that the dark
matter in our theory is made'up of baryons. This points up the fact that it
is only in the big bang scenario that there is any reason at all to suppose
that dark matter is non-baryonic. '+ ¢l

3.4. THE COMPOSITION OF THE DARK MATTER - - 4

- -t

Since a typical galaxy goes through mahy cycles @ in our model, stellar |
evolution is not limited by the value of 2/3Hp =~ 15 x 10° years as it is in
the big bang.

In our Galaxy we then wxll expect to ha,ve the following stellar compo-
neuts: w7k : /

L. The known stellar population with stars with ages ranging from ~ 107
years for those most recently formed to ~ 15 X 10° years for the oldest
globular clusters.

2. Stars which were formed from matter created in a previous cycles and
are now ~ 50 X 10° years old, and remnants from even earlier cycles.

3. Tailed stars — the so-called MACHOS. ‘ "k '

The distribution of all of this baryonic matter in disk and halo is de-
termined by the formation process and its dynamical behavior. Creation
events on a scale sufficient to augment the masses of galaxies on a signifi-
cant scale will produce violent gravitational disturbances, mostly disrupting
and expelling into a halo all previously existing stars. Thus the present day
galactic disk (Population I) is only the most recent of a number of major
slar-forming episodes. Previous episodes occurring at ages (15 +50.°) x 10°
years, P-1,2,3,..., are now in the halo. Indeed they form the halo, and the
process just described gives a picture of how the halos of galaxies are built .
up. All galaxies have a largest value of P, corresponding to the epoch of
their formation, the larger P, corresponding to massive ellipticals and
the smaller P, corresponding to ‘late’ type spirals and irregulars. We

estimate Praz ~ 10 for a gala*{y such as our own and Py ~ 20 for a
typical massive elliptical.

The main-sequence of a stellar population of age 15 4 109 years is burnt
out down to masses of solar order and is usually taken to have mass to light
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ratio of ~ 3, while a population of age (154 501”) x 10" yeurs will have jtg ™
A (H0E L will |
main-sequence burnt-out down to a mass ~ My(& )! and will have o,

mass Lo light ratio ~ 3 % (1 + 10 P/3) which lu1 P = 10 have the values
0.1 Mg and ~ 100 respectively.

The stellar mass function determined in the Galaxy (rom the solar neigh-
borhood has a ‘missing mass’ factor of about 2. While this is uncertain, it
can be explained by the addition of so-called brown dwarfs to the mass
function. If the stellar mass function is taken to be everywhere and always
the same, high mass-to-light ratios for halo populations and for elliptical
galaxies cannot be explained wholly through a brown dwarf compouent.
But much or most of such high mass-to-light ratios can be explained if
such populations have ages of (10 + 50.P) x 10g years with ” ~ 10 or more.

It is a prediction of our theory that the main-sequence of halo stars
should thicken for red dwarfs with masses ~ 0.5Mg. Attempts to confirm
or deny-this prediction would need'to be confined, because of the low lu-
minosities of such dwarfs, to the solar neighborhood, say to with ~ 50pc of
the sun. Being halo stars they would pass through the solar neighborhood
with high velocities, ~ 200km s™'. An accurate color-magnitude for the
high velocity stars of the solar neighborhood would therefore be of great
cosmogonic interest. To which should be added the need for accurate the-
oretical studies of the evolution of very old stars with masses ~ 0.5M,
especially with regard to the possibility of the long- te1m mixing of the
products of nuclcosynthesls .

3.5. FAINT GALAXIES

The apparent luminosity of a galaxy of radial co- -ordinate 7 ahd intrinsic
luminosity L observed at a redshlft z is glven by

e 1 1
drr? (14 2)2 S%(to)

(97)

Putting rS(to) ~ cllg! ~ 2 x 10%cm,z = 2 = 5, a galaxy of absolute
magnitude —21 would thus be observed with an apparent bolometric mag-
nitude of about +27. Since this is within the range of observation it follows
that galaxies with still larger values of r should also be observable, such
galaxies having an emission time ¢ that occurred in the previous universal
oscillation. For those where emission occurred at the last oscillatory max-
imum there would be a blueshift with S(¢) > S(t,). If we suppose that at
the present we are not far from maximum phase, the blueshift will be com-
paratively small, and the second factor in (97) will be greater than unity
but not greatly so. With r5(t,) =~ 5 x 10%8¢m in such a caqc the appar-
ent bolometric magnitude of a ga.la.ky of absolute magnitude +21 would be
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somewhat fainter than 426 if absorption of a magnitude at the last oscil-
latory minimum is included. The theory thus predicts that a multitude of
blue galaxies should be observed at about this brightness level, some indeed
with spectrum lines that are blueshifted rather than redshifted. The blue-
ness is not an intrinsic property of the galaxies themselves but arises from
the oscillatory character of the scale function §(t) together-with there being
many oscillations occurring in the characteristic expansion time P ~ 1012
years of the universe, and with there being little change of the universe
{rom one oscillation to the next. (W

Thus the prediction is that faint blue galaxies will appear in profusion
at faint magnitude levels. Other explanations of this observed phenomenon
have been proposed (cf Koo and Kron 1992) but here we have an explana-
tion which comes naturally out of the cosmological model.
Also in this model the universe changes'much more slowly than had

~ hitherto been supposed since the appropriate timescale is determined by P.
Some 5-10 exponentiations of the scale factor S(t) are required to expand an
initially local situation with a dimension of a few megaparsecs to dimensions
~ 3000Mpe. In terms of the galaxies we observe, the average age is P/3 ~
3% 10" years, while the ages of the oldest objects at the limit of observation
are § - 10P ~ 10'3 years. Clusters of ellipticals like the Coma cluster may
well have ages intermediate between these values, i.e. ~ 2.10'? years. On
this basis we would expect thaut a large part of the mass will be'in {he form
of evolved stars, not only white dwarfs, neutron stars or black holes but
also dead stars with M > 0.5M¢@, including brown dwarfs. Some part of
this may be in the form of completely evolved galaxies.

3.6. THE COSMOGONY ASSOCIATED WITH THE QSSC

The long time scale associated with this cosmology means that galaxies can
form at all epochs and that different components in the same galaxy will
have very different ages. Thus stellar components with ages in the range
107 — 102 years will be present. ‘
Since the mass creation events will be at maximum intensity and fre-
quency in the minima of the cycles and decrease in intensity and numbers
al the peaks of the cycles young objects will be comparatively rare among
the galaxies at comparatively small redshifts.

Observational evidence of a range of ages is present. The evidence is of
several different kinds.

(a) A class of faint galaxies often called H II galaxies which were orig-
inally investigated by Sargent and‘Searle (1970) and Kunth and Sargent
(1983) are found among the faint galaxies.. Their spectra have very weak
continua and line emission characteristics of H 1I regions together with O
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and B stars. All of the strong features in the spectra arise from stars wit]
ages < 108 yr. There is some ambiguity about the continua. In one case,
Sandage (1963) argued that the colors of the continuum in NC.C 2414-2445
were similar to those in the Large Magellanic Cloud and that there conld b
an underlying old system. However, in general there is no strong evidence
that any old stellar population is present.

b) Highly luminous IRAS galaxies: Far-infrared observations (~ 25 —
200pm) made originally in a few cases from the ground or high-flying air-
craft, and then much more extensively from IRAS, have shown that thero
is a large population of spiral'and irregular galaxies which emit powerfully
in the far-infrared (Soifer, Houck, & Neugebauer 1988). It is generally be-
lieved that the far-infrared radiation is thermal emission {rom dust lieated
by main-sequence stars, and that the powerful sources are regions in which
star formation is:dominant — so-called starburst regions. The most extreme
examples are the liigh—luminosity IRASga.laxies with luminosities in excess
of 10'? L, practically all in the far-infrared. Nearby examples of such galax-
ies are Arp 220 and NGC 6240. Such systems are all very irregular. Whilc
it has often been argued that such objects are a result of mergers between
previously separate galaxies (cf. monograph edited by Wielen 1989), one of
us (Burbidge 1986; Burbidge & Hewitt 1988) has made the case that these
objects are genuinely young (< 10° years old) systems made up of succes-
sive generations starting with fairly massive stars (20Mg /< M < 50Mg)
which have themselves in the early generations made the dust which is now
being heated by ultraviolet radiation from later generations. These galaxies
fulfill all of the tests for young systems. There are no stars detected in them
older than A-type systems, they contain huge masses of molecyles and we
predict that the dust in them will not be of typical galactic form, since it
will have condensed from metallic oxides and other compositions typical of
material ejected from massive stars. According to our proposal made here,
galaxies of the types found in categories a and b have arisen from recent
mass-creation events. Another unexpected observational discovery has been
the finding of very young stellar systems in old galaxics. There are many
examples. We mention here two recent discoveries.

¢) In our own Galaxy, Krabbe et al. (1991) have shown that within
0.5 pc of the center there is a cluster of young massive stars with random
motions of ~ 200km s~1. These have been found by high-resolution imaging
of a 2.06um recombination line of He I. The stars are broad emission line
objects which must have ages less than 106 yr. The radio source Sgr A lies

in this cluster. This can readily be explained by mass creation very close
to the center.

d) Observations using the HST have shown what appear to be very
young globular clusters in the central region of the well-known radio galaxy
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NGO 1275 (Holtzman et al. 1992). This galaxy gives every indication {]yaf
parts of it al least have ap age ~ 10'° yr, Both of {]eso examples suggoest
Lhal mass creation may well be continuing at a low Jevel in the nuclear
regions of old galaxies.

A more general question is to what extent there is good evidence that the
majority of galaxies have ages ~ 101° yr. In fact We can only determine ages
accurately when we can observe the color-magnitude diagrams of clustors of
coeval stars and detect thejr turn-off on the majn Séquence or the positions
of their horizontal branches. This restricts us so far (o our Galaxy and
objects like the LMC. The arguments baseq on color measurements which
have been made in general (cf. Larson & Tinsley 1978) ivolve assumptions
about the mix of stellar populations that are not very secure, though they
are often implicitly assumed to Support the, claim that :the majority of
galaxies are old. If we look at dynamical motions, clusters of galaxies like
the Coma Cluster appear from their forms to be totally relaxed, and this
means that they are very well mixed. Since in 2 typical case it takes aboyl
10° yr for a galaxy to traverse a cluster diameter, such cluster galaxies
should have ages & 1010 yr: On the other hand, there are many clusters
which are clearly not relaxed (e.g., the Hercules Cluster) which contajn
many bright spirals. The dynamical argument would then suggest that the
age is 1o more than ~ 10° yr. This was the position taken by Ambprts_’umiam
(1958, 1965) when he first discussed expanding associations of galaxies.

Explosive ejections of this type is what we see in radio galaxies, QSOs
and other active nuclei. Al

The classical explanation of the latter phenomena js that they arise in 2,
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bursts away from its state near the event horizon, an cffect of a stron
neeative pressure term in the dynamical equations similar to that in tie
inflationary model (Guth 1981). Now it seems unlikely, cspecially for 4
rotating object, that the time dilatation factor will be everywhere the same,
Using spherical polar coordinates, the dilatation factor will not be precisely

of the form (1 = 2G I\I/R) 1/2 but will also have some dependence ou the
angular coordinates as in the Kerr metric. To an external observer the
moment of breakout from the strong gravitation ficld will therelore appear
dependent on 0 and . Even though to a comoving observer the tinmes of
breakout may not be greatly variable with respect to 0, ¢, to an external
observer the situation will appear otherwise. That is to say instead of the
object expanding after the creation phase as a uniform object, it is likely
to emerge in a series of blobs or jerks, every blob appearing as a distinct

object in its own right. This type of model may be important in atlempts

to understand the properties of radio galaxies and other aclive objecls in
which matter and high-energy particles are ejected in jets.

Let us consider a few examples starting with M87, the classical radio
galaxy with a jet interpreted in this way. The well-known synchrotron jet
in the large galaxy M87 lies in positioa angle 290°. It has been known since
1960 that the position angle of the line joining MS87 to the radio galaxy
M84 is coincident with the position angle of the jet (Wade 1960). This is
as direct evidence as one can have of a changing gravitating object at the
center of M87, a blob that later becomes the galaxy which we know as MS..
Arguing from the angular coincidence of the position angles, the probability
of this being so was already about 100 to 1 in favor, while now we have at
least the beginning of a theoretical explanation of how such situations arise.
Indeed, taking place repeatedly from the breakup of an initial large mass,
the product would be a cluster of galaxies. It is an interesting possibility
that the Virgo Cluster was formed in this way or, at any rate, the elliptical
galaxies in the Virgo Cluster. The spirals are more likely to have been
formed as gas from the object, created as M87, impinging on gas [rom
other neighboring creation units. The circumstances that we still sce the
jet of M87 suggests that the process of forming M84 occurred fairly recently
and that here we have good ¢vidence of a young galaxy.

In addition to this, Arp (1987) has shown that a number of X-ray-
cnitling QSOs are also aligned in the position angle of the jet, (Lll(l tlus
also is very suggestive of ejection.

We suggest that it is this type of event — creation process in the center
ol a massive object = which is largely responsible for the generation of
powerful radio sources associated with elliptical galaxies.

There is nearly always a preferred axis of ejection in a powerful source,
and many optical and near-IR observations have shown that there is a great

e~
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deal of optical emission along the Major axis of ]e radio emissjoy. Most of
these galaxies are very faint, anq many have z > 1, In some cases blobs are
seen, but most of them are far enou

hat structure
seen in M87. will not be : o
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