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Abstract

A possible experimental method for the determination of the enantiomeric energy inequivalence is developed
and suggested. It is based on the observation of differential scattering of right spin polarised neutrons from a
right handed enantiomer, followed by the same measurement of differential scattering of left spin- polarised
anti-neutrons from a left handed enantiomer. A small difference in the intensity distribution of the differential
scattering should be observable because of the parity violation inherent in generating one enantiomer from
the other by parity inversion alone, without simultaneous charge conjugation.

Introduction

There is a small energy difference between a right and left handed molecule (enantiomers) due to the weak
neutral current interaction {1-5} between the nucleus and electrons and between different electrons. Quantum
mechanical calculations {6,7} of the magnitude of this difference are available, producing an order of magni-
tude of 10-* J. The enantiomeric energy inequivalence is a parity violating phenomenon of the type fisst
discovered by Wu et al. {2} after a suggestion by Lee {1}. The parity violating weak neutrai current terms in
the hamiltonian are odd under space inversion, and the energies of two enantiomers are affected in opposite
senses by the weak neutral current terms in the hamiltonian. The existence of parity violation of this kind in
achiral molecules and atoms has been confirmed experimentally in several ways. Apart from the original
experiment of Wu et al. {2} there have been observations {8-10} of minute but real optical rotations in
atomic vapours of heavy metals. Other observations have revealed parity violating differential scattering
from right and left spin polarised high energy electron beams by nucleons in hydrogen and deuterium {11}.
Parity violation causes the rotation of the spin vector component perpendicular to the propagation direction (
k ) of a beam of polarised neutrons passing through crystals of !37Sn isotope {12}.

In this short paper we propose an experimental method for the detection of parity violating phenomena in
scattering of elementary particle beams from right and left handed enantiomers. We are looking for a small
difference in seemingly equivalent experiments on the right and left handed specimens (or targets) which may
be crystals, liquids, or vapours.

Symmetry Considerations, the CPT Theorem.

Let C be the charge conjugation operator which converts elementary particles into their equivalent antiparti-
cles. Thus C (neutron, right spin) gives the antineutron, right spin; C (e,leclron, right spin) gives the positron,
right spin; C ( neutrino, left spin) gives the antineutrino, left spin; C (proton, right spin) gives the antiproton,
right spin; and so on.

Let P be the parity reversal operator, which effects (X, Y, Z) - (-X, -Y, -Z) for each particle in the system
under consideration.

Let T be the time reversal operator, which reverses the velocities of each particle in the system, and leaves
time independent properties unchanged.
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The CPT Theorem of Luders, Pauli and Villars then states {13,14} that the hamiltonian of the systeﬁ: of
elementary particles in the laboratory frame is invariant to the product of operations CPT even if it is not
invariant to one or more of the operators considered separately. This Theorem is derived from relativistic
quantum field theory {14} and no counter example has yet been found. Parity violation and time reversal
violation (CP violation) have been observed separately {15}.

The CPT operation produces strict energy equivalence, i.e. leaves the energy of the system exactly the same as
that of the original. Thus, the CPT operation on a right handed enantiomer produces the left handed
enantiomer with all charges reversed. The right handed enantiomer exists in the real world and the left
handed equivalent generated by CPT exists in the anti-world. Chirality is time-even in nature, according to
Barron {15}, so that one enantiomer is generated from the other by a combination of parity and charge
conjugation reversal

CPT - (=C)(~P)T )
The Effect of CPT on Elementary Particle Beamns

The combined operation CP interconverts a left handed electron and a right handed positron. These elemen-
tary particles therefore have chirality and are enantiomers themselves. Similarly, the left spinning neutron is
converted by CP in to the right spinning anti-neutron; the left handed or left spinning proton in to the right
handed or right spinning anti-proton. For particles without mass, such as the photon or neutrino, chirality is
defined precisely, since they always move at the velocity of light. Omly left-handed neutrinos and right-
handed anti-neutrinos exist in nature {15}, their other-handed equivalents are not observed. Thus an experi-
ment in the real world using a beam of left spin- polarised neutrons is converted by CP into an experiment in
the anti-world with a beam of right spin-polarised anti-neutrons. Therefore, left spin-polarised neutrons scat-
tered by a left handed enantiomer (a target liquid) in the real world is exactly equivalent epergetically to right
spin-polarised anti-neutrons scattered by a right enantiomer with reversed charges in the anti-world. Simi-
larly, the scattering of left spin polarised electrons by a left enantiomer target in the real world is exactly
equivalent to the scattering of right spin polarised positrons by a right enantiomer with reversed charges in
the anti-world.

Differential Scattering from Left and Right Enantiomer Targets

A left and right enantiomer in the ceal world are not energetically equivalent due to the neutral weak current
nucleus- electron and electron-electron terms. The key to experimental observation of the enantiomeric energy
inequivalence appears therefore to be the inequivalence in the real world experiments such as the following.

1) Scattering of left spin polarised neutrons {12} from a left handed enantiomer liquid.

2) Scattering of right spin polarised anti-neutrons from a right handed enantiomer liquid.
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Parity violation also causes the rotation of the spin vector component perpendicular to the propagation direc-
tion of a beam of polarised neutrons passing through crystals of the 137 isotope of tin {12} and minute but
real optical rotations in atomic vapours of heavy metals {8-10}. Because of the parity violating enantiomeric
energy inequivalence‘in targets of molecular enantiomers, we expect that the electron-electron parity violating
weak current interactions in one molecular target enantiomer will rotate the plane of polarised
electromagnetic radiation in one direction which will be minutely different from the rotation for the other
enantiomer. This goes against all the received wisdom that the rotation of the plane of plane polarised
electromagnetic radiation is exactly the same but opposite for molecular enantiomer pairs. Such differential
rotations might also be expected for beams of polarised elementary particles. This opens up a range of
exciting opportunities of observing experimentally the effects of the parity violating weak field interactions in

molecular enantiomers.
Optimisation of Experimental Conditions

The last type of experiment, where plane polarised radiation is rotated differentially by liquid enantiomer
targets is perhaps the most accessible experimentally. To optimise conditions we need a chiral molecular
target where the rotation angle is maximised. We need to amplify the rotation still further by maximising the
length of the sample, perhaps through the use of a White (multi- pass) cell. Finally, the sensitivity of the
apparatus to the angle of rotation must be optimised. The apparatus used in references {8-10} for the meas-
urement of parity violating rotations in atomic vapours would probably suffice for similar measurements in
vapours of molecular enantiomers. Using liquids would considerably enhance the rotation, which is conven-
tionally proportional {16} to the sample length multiplied by number density. The differential rotation might
possibly be in the region of one degree in a million or less, but this is observable using samples which can
rotate the plane of radiation by thousands of degrees per unit sample length, such as optically active biopoly-
mers. A rotation of some millions of degrees might be obtainable with a sample length of a few metres with
frequencies at which the probe plane polarised radiation is not absorbed by the sample.

The enantiomeric energy inequivalence would cause a rotation of a million degrees in one direction for one
enantiomer, accompanied by one of say a million and one degrees in the other direction for the other

enantiomer.
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