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LETTERS TO THE EDITOR 

ASTROPHYSICS 

Quasars and Antimatter 
IF matter is being continually created from radiant 

energy in the Universe, so that the first step in the syn
thesis is a pair production of some sort, then one might 
expect equal amounts of matter and antimatter to result 
from a. synthesis which employs equal numbers of ele
mentary particles and antiparticles (probably electrons, 
positrons, neutrinos, and antineutrinos). The possible 
existence of antimatter is a. common topic for speculation. 
The purpose of this note is to direct attention to what may 
be a. close analogue to the evolution of 'local pockets' of 
matter and antimatter in the Universe. 

I refer to the asymmetrical evolution of optical isomers 
in naturally occurring substances. In the case of sub
stances which have an asymmetrical carbon atom in the 
molecule, synthesis in the laboratory always results in 
equal mixtures of the dextro- and laevo-rotatory forms, 
unless the conditions of the synthesis are made especially 
asymmetrical, for example by involving in the synthesis 
circularly polarized light or molecules which are already 
asymmetrical (that is, predominantly d- or l-rotatory). 
It has been found without exception that when a poten
tially active substance is synthesized from optically 
inactive materials the product is optically inactive. In 
fact, were it not for the ready availability of substances 
in the natural world which are predominantly either 
d- or l-rotatory, it would be very difficult to resolve 
externally compensated substances into their d- and l
components. On crystallization below the transition 
temperature, the d- and l-forms do separate into crystals 
containing only right- or left-handed molecules, and the 
crystals can be distinguished physically. But it is difficult 
to see how the asymmetry in naturally occurring sub
stances, which is very general and may be either dextro
or laevo-rotatory depending on the species, can have 
resulted from such slight differences of physical properties. 
To quote from an excellent account of stereochemistry 
by J. Read 1 : "It has been proved that in natural processes 
the second form is not produced and then destroyed, but 
that its formation is entirely suppressed in synthetic 
operations known under the name of asymmetrical 
synthesis. Laboratory experiments have demonstrated 
that the presence of an optically active molecular nucleus 
in a chemical synthesis determines the spacial orientation 
of any new asymmetrical molecular grouping which may 
be grafted onto the existing configuration. Hence, since 
asymmetry begets asymmetry in chemical synthesis, the 
problem is narrowed to determining how the first optically 
active substances arose in nature. No satisfactory answer 
to this question has been given". 

The fact that we find in nature either one or other 
enantiomorph, but not equal mixtures of both, therefore 
teaches us that: (a) the parity of the original progenitor 
of a naturally occurring species determines the parity 
of the entire species, since parity is inherited from one 
generation to the next of asymmetrical molecules. 
(b) The evidence indicates that the parity of the original 
molecules, from which the molecules of the entire species 
have evolved, is determined by chance. For example, the 
piperitone which is found in the leaf oils of many species 
of eucalyptus is laevo-rotatory, while that found in the 
oil of a Himalayan grass is dextro-rotatory. Many other 
such examples might be quoted. 

There is much to suggest that the asymmetry between 
matter and antimatter which we observe, at least in local 

regions of the Universe, arose in much the same way as 
the asymmetry in the naturally occurring optical isomers. 
I would conclude that: (a) the matter of the Universe has 
evolved, as have living species; (b) the non-equivalence 
of left- and right-handedness which is demonstrated by 
the non-conservation of parity in weak nuclear interac
tions is connected with the matter-antimatter asymmetry, 
so that in a region which contained antimatter we would 
expect the direction of emission of ~-particles relative to 
the imposed magnetic field to be reversed; (c) since pair 
production always yields equal numbers of particles and 
antiparticles, then matter must have evolved from a 
chance inhomogeneity in the particle-anti-particle distri
bution in space, and presumably in regions where the 
antiparticle concentration outweighed the particle con
centration antimatter would evolve. 

If matter begets matter, and antimatter begets anti
:rnatter, the time required for matter to assert itself over 
antimatter might be expected to be long compared to the 
time, Rjo, where R is the radius of the Universe, in which 
case one is inclined to favour a cosmology which postulates 
at least a quasi-steady state (for example, thermodynamic 
equilibrium due to a ma.tter~radiation~matter cycle1); 

but without knowing the detailed mechanism by which 
matter is synthesized and without knowing the initial 
difference in the concentration of particles and antipar
ticles, such a conclusion is bound to be highly speculative. 

If the Universe contains pockets of both matter and 
antimatter, then occasional annihilations of, say, stars 
and antistars might be expected. This might provide the 
energy source for quasars. Such annihilations might have 
been more common at the earlier epochs in the history of 
the Universe when the matter-antimatter imbalance 
was not so great as at present. 

5 Kenmare Grove, 
Manchester, 10. 

G. K. GRAY 

1 Read, J., Organic Chemist171, 363 (Bell and Soll8, Ltd., 1948). 
1 Browne, P. F., Nature,193,1019 (1962). 

MR. GRAY has directed attention to a. remarkable parallel 
between the evolution in living species of particular 
enantiomorphs or optical isomers to the complete exclu
sion of the other, and the evolution of matter in the 
Universe to the (apparently) complete exclusion of anti
matter. In both cases a particular parity is preferred, 
that in the latter case being defined by a particular 
direction for the emission of ~-particles relative to an 
applied magnetic field in ~-decay. Under the symmetrical 
conditions of synthesis in the laboratory, only inactive 
mixtures of equal quantities of the dextro- and laevo
forms are formed, as we would expect if the materials 
involved in the synthesis are optically inactive. In the 
case of matter synthesis, the materials appear to be sym
metrical, namely, equal numbers of particles and anti
particles produced by pair creation, yet the product is 
asymmetrical. As Gray points out, the large-scale asym
metry (either in the stereochemistry of naturally occurring 
molecules or in the creation of matter in the Universe) 
appears to have evolved from what was initially a very 
small-scale and chance asymmetry. 

I should like to make a few remarks concerning the scale 
of the 'pockets' of matter and of antimatter. Might it not 
be that the Universe itself, defined as a region of finite 
dimensions (by the radius constant, R,.) in an infinite 
Cosmos, constitutes a 'pocket' of matter, and that outside 
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