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Summary. The origin of the homochirality in living systems is still unknown. We propose here a
mechanism that could have used the natural chiral symmetry-breaking effects of the weak charged-
current and weak neutral-current interactions on organic materials in dense molecular clouds. A
nearby supernova helped amplify the effects of the weak interaction, as well as the bifurcation
process proposed by Kondepudi and Nelson in 1984.
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There is growing consensus that (1) organic materials were provided for the Earth by some form
of delivery from the interstellar medium (ISM) (Khare and Sagan 1973; Chyba and Sagan 1992), and
(2) homochirality is essential for the development of the self-replicating molecular systems in life
(Bonner 1991; Goldanskii and Kuz'min 1989). There is also evidence that the solar system may have
been triggered by a nearby supernova (Clayton 1984). One way to reconcile all of the ideas is for
the ISM to contain a homochiral prebiotic organic system. The likely organic origin of the system
is in fine dust particles in the ISM (Greenberg 1984); but where does the homochirality come from?
One idea is that circulating polarized radiation from neutron stars provides this effect (Bonner and

Rubenstein 1987). In this paper, we describe another mechanism, namely the polarized * particles

- from radioactive decay and nearby supernova explosions interacting with the organic molecules in

a dense molecular cloud, in conjunction with a bifurcation process (due to the weak neutral-current
effects), to give homochiral organic molecules (Ulbricht and Vester 1962; Yamagata 1966; Mason
and Tranter 1985; Kondepudi and Nelson 1985; Hegstrom, Rein, and Sandars 1980; Timmes 1995;
Hegstrom 1985; Salam 1991; Cline, Liu, and Wang 1994, 1995).

*Submitted to J. Molecular Evolution.



There is increasing evidence that the formation of the solar system was initiated by one or more
nearby supernova (Clayton 1984). This evidence is derived largely from the isotopes in pre-solar
grains in old meteorites and from dynamical models of the formation of stars and planetary systems
(Greenberg 1984). In this paper, we address the question of the origin of a homochiral prebiotic
organic medium in connection with supernova emissions (Cline, Liu, and Wang 1995). We find that
the emission of (v,A(*®) could provide a mechanism for selectively inducing a homochiral structure
in the organic materials in the ISM and elsewhere.

For more than a century, there has been evidence for the chiral nature of life forms on Earth.
Pasteur was among the first to point this out (1848-1880), and the universal nature of chiral
symmetry breaking in DNA and RNA is now very well established for all life forms. With the
discovery of parity violation in charged current reactions in 1956, and the discovery of weak neutral
currents (WNCs) in 1973, two universal symmetry-breaking processes (WNC and 3 decay) were
observed that could have determined the handedness of DNA and RNA (Ulbricht and Vester 1962;
Yamagata 1966; Mason and Tranter 1985). The main problem is that the symmetry-breaking effects
(AE/ky T ~ 10") in the WNC are extremely small. However, there are plausible non-linear
mechanisms that could have amplified this small, symmetry-breaking phase transition up to the full
symmetry-breaking level observed in life forms (Kondepudi and Nelson 1985; Hegstrom, Rein, and
Sandars 1980; Timmes 1995; Hegstrom 1985; Salam 1991).

There are some who claim that the complex biomolecular structure of life must have arisen from
a “chiral pure” medium (Bonner 1991; Goldanskii and Kuz'min 1989). This concept, combined with
the likelihood that the period on Earth for life to have originated seems to be sometime between 3.8
and 3.5 billion years ago, leaves a small window of 300 million years or less for life to have emerged
from the prebiotic medium. Indeed, some speculate that the time could be less than 10 million years.

In this paper, we discuss the possible effects of a chiral impulse that could have come from the
intense pulse of neutrinos or radioactive debris interaction (Cline, Liu, and Wang 1995) from a very
close supernova explosion or a sudden release of a large amount of radioactive material near a dense
molecular cloud with appreciable organic material. The basic idea is that the WNC is time-

independent, but §* sources and intense neutrino interactions are pulsed (because of the short



lifetimes). However, these two processes working in concert could definitely produce the
mechanism to amplify the effects of the weak force to the full homochirality of biomolecules.
There are three effects from a Type-II supernova in the primordial cloud that could have formed
the solar system (as shown in Fig. 1):
1. v, emission (with v, + p ~ €* + n interaction in the hydrocarbon);
2. v, Vv, v,V (x=n,1)neutrino emission and subsequent coherent interaction with the nuclei
of the organic materials;
3. Intense B emitters like A(*® formed by supernovas that emit polarized ¢* particles that interact
with the organic materials (Timmes et al. 1995).

Of course during all of this time, the effect of the WNC can be driving the system toward a

homochiral state (Kondepudi and Nelson 1985; Cline, Liu, and Wang 1994, 1995).
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FIG. 1. Schematic effect of a Type-II supernova on the organic material in a large gas cloud
(possibly one that went on to participate in the formation of the solar system). This could have

produced an intense chiral impulse.



Let us consider the rate of these three effects:

1. For v, absorption and a supernova 1 parsec away (or inside a I-parsec dense cloud), the
number of interactions will be ~10"'/kg of material for 100 M, of organic material (which
would be 10'* grams of organic material that is active), therefore the positrons from the v,
interactions would lose energy at a rate of 10™"* MeV/cm and thus travel over a parsec.

2. For the coherent v.+ N - v_+ N', and for the carbon in the hydrocarbons, we would have ~
10> more, or ~ 10'®, grams of active material.

3. For the A(*, over the half-life, there would be ~ 10% decays producing the ~ 10° ¢* that lose
energy at the rate of 10"'* MeV/cm; for MeV e, the range of the positrons would be of order
of a parsec (ignoring possible magnetic-field effects).

Consider the example where 0.001 M_ of Af*® is produced and assume, for simplicity, that the

energy of the " is 1 MeV and is contained in the gas cloud. Assume that the cloud has a density of

10* atoms/cm”® and that 107 of the atoms are organic, then the stopping power for e* will be

dE | MeV/g/em?® | (1)

dx

and for a density of p = 10* atoms/cm® ~ 10777 g/cm’, we find

dx = E{EMeV ~ 10%cm (~3 parsec) . (2)

p

For 0.001 M, of Af*® and 10~ organic fraction, we obtain a total of ~10°° collisions of polarized
positrons, with organic materials in the cloud assuming all of the e* stop in the cloud. (We assume
that only one of the collisions can result in spin exchange.) There will also be the same order of
polarized photons from the e’¢” - yy annihilation. It is estimated (Hegstrom 1985; Meiring 1987)
that the asymmetry due to the weak interaction would be of order 10! to 10, depending on the
positron energy {it scales like a*[e/(v/c]*}. Thus, it takes N ~ 10** interactions for the asymmetric
to become statistically important--there are far more in this example.

It is clear that the largest effect in all of these processes will be due to the interaction of the
polarized e*. 1Tt is plausible that these e¢* give rise to a reasonable fraction of chiral interactions and

classify as a chiral impulse, as shown schematically in Fig. 1.



There is no doubt that either the interactions of chiral particles from B* decay or the effects of
the WNCs tend to promote asymmetric organic molecule dominance; however, the size of this effect
is very small for individual interactions. There are two ways to increase the size of the effect: (1)
large numbers of interactions in a short time (Hegstrom 1985) or (2) a self-organized bifurcation
process occurring over long periods of time (Kondepudi and Nelson 1985; Cline, Liu, and Wang
1995). We propose that in dense molecular clouds and in other parts of the prebiotic systems, these
two processes may act in concert. As shown in Fig. 1, in a molecular cloud with supernova
explosions nearby, an intense chiral impulse would be observed. The number of chiral interacticns
of ~ 10 far exceeds the required number to overcome statistical fluctuations for the expected
asymmetry of 10" or so (Hegstrom 1985). Thus, it is plausible that an appreciable asymmetry could
have developed because of this mechanism alone.

We now turn to the effects of the WNC and of this chiral impulse (Kondepudi and Nelson 1985;
Cline, Liu, and Wang 1995). In contrast to the gradual buildup of symmetry-breaking effects on the
cloud, we propose here another mechanism: an interaction between the effects either of a nearby
supernova and impulse of  emitters (A(*®) and the organic molecules in a dense molecular cloud.
Initially this interaction might seem to be an unimportant effect that has been ignored in the past
literature on this subject but, with interest increasing currently, more attention should be paid to this
issue. Here we present some results based on our previous work (Cline, Liu, and Wang 1994, 1995).
We believe it is most likely that this interaction occurred in the ISM where organic-loaded dust
particles helped form the enormous cloud that subsequently formed the solar system.

To simulate this intense pulse interactions combined with some reasonable condition, we added
a time-dependent quasi &-pulse, which gives very large, but not infinite, amplitude to the small bias
g. We are assuming that both the WNC and the impulse of chiral symmetry-breaking effects
occurred. When the first-order stochastic equation (Kondepudi and Nelson 1985; Cline, Liu, and

Wang 1994)

do _ Ao’ + B(A - Ao+ e?f(t) + Cg , (3)

becomes dt

% _Ae? +B(A - Ade +ef(0) + Cg +db,,, @

dt
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where « is the amplitude of the symmetry-breaking solution, A is the control parameter, A, is the
symmetry-breaking transition (critical) point, €"* is the rms value of fluctuation (noise), f(f) is the
normalized fluctuation (noise), g is the interaction or bias symmetry-breaking selector, d is the
amplitude of a quasi 6-pulse, and 8., is the &-function, which gives 6,,, =1 when A = 4" and 3.,
=0 when A # A’. Therefore,

A=A +yl (5)

where A, is the initial value of A, vy is the evolution rate, and ¢ is the evolution time.

To solve the first-order stochastic equation numerically, we designated the initial symmetry-
breaking amplitude, o, to zero at time ¢ = O, but the f{#) is a random number generated by the
computer. To obtain the trace of o at a different time for each trial, we just sampled it at different
times (Cline, Liu, and Wang 1994). Our studies confirm the results of Kondepudi and Nelson
(1985). One simulation assumes that the impulse takes place near and after the critical point (A, =
1.0)at A = 1.5, and 6 = d/g = 100, as shown in Fig. 2. In this case, the impulse plays a dominant role
to push the process toward a favored state! We have studied over 40,000 trials and find a trend that
the early chiral impulse produces a significant bias towards the preferred state. Furthermore, we
found an 88% probability of the favored state being selected (Cline, Liu, and Wang 1995).

Over a very long period preceding the formation of the solar system, there could have been many
supernovas penetrating the organic medium with both v, and A¢*® “impulses.” The B* from the A(*
could cause an asymmetry in the interactions with organic molecules. As shown by Cline, Liu, and
Wang (1995), the time for achieving homochirality can be greatly decreased. For example, although
the “strength” of the * asymmetry generation is several orders of magnitude greater than the WNCs
(Hegstrom 1985; Meiring 1987), the lifetime of the * sources can be very short (10* to 10° years),
while the neutral currents act constantly; therefore, together they could produce a stronger

amplification process.
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FIG. 2. Single trial with the impulse at A = 1.5, where 6 = d/g = 100. The impulse strongly affects
the phase transition.

Based on the concepts described here, we propose that a new round of experiments should be
undertaken to measure the asymmetry in polarized e* or e scattering from homochiral materials and

possibly the use of reactor antineutrino beams to explore the effects of the process
V,4p-e+n (6)

on biological materials. Two types of particle physics experiments are being studied:

1. With the powerful RF electron guns, which provide polarized electrons for the Stanford
Linear Collider and other laboratories, one can imagine a new round of experiments to search -
for parity violation in biological materials. In such an experiment, it would be possible to
decelerate the electrons to low energy where the effects should be relatively large. A
Novosibirsk-UCLA team is preparing a proposal for these experiments. One initial
experiment would be to study the Cherenkov light from L material (PBA) while reversing

the polarization.

2. The possible use of reactor antineutrinos to simulate the effects of weak interactions,
including coherent scattering from the nucleus, is being considered. (This could simulate the

effect of supernova v,, e.g., by taking very long time exposures to obtain an equivalent flux.)



It would be extremely interesting to produce a mixture of the material in the dense molecular
cloud and to subject this mixture to the polarized ¢* asymmetry tests to obtain input information for
a general simulation of the effects of chiral radiation in the molecular clouds.

We have presented a plausable picture of how the small effects of weak interactions can be
amplified greatly in the presence of Type-II supernova explosions and the resultant radioactive *
emitters. A similar effect could have occurred on Earth in the prebiotic medium (Khare and Sagan
1973; Chyba and Sagan 1992; Cline, Liu, and Wang 1995) with one or more very close supernova
events during the 100 to 300 million years between the end of the strong bombardment of the Earth
and the formation of the first life forms. A clear understanding of the conditions that are necessary
for a homochiral prebiotic medium to exist will require more detailed simulation studies. We note
that in the model in Bonner and Rubenstein (1987), the handedness of the biomolecules is random;
whereas for the concept presented here, all life forms would have the same handedness. One, albeit
very difficult, way to test this idea would be to observe the chirality of organic materials in (or near)
the solar system (outside of the earth's biosphere) that have not been strongly disturbed by solar
heating. For example, comets in the Oort cloud or the inner parts of asteriods could be candidates
for this study. New comets from the Oort cloud could, in principle, be studied by space probes. Our
model would predict that these organic molecules should display the same homochirality as life on

Earth does.
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