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Asymmetry of breakup of optically active molecules by
longitudinally polarized relativistic electrons

Ya. B. Zel’'dovich and D. B. Saakyan

P. N. Lebedev Physics Institute, USSR Academy of Sciences
(Submitted 31 January 1980)
Zh. Eksp. Teor. Fiz. 78, 2233-2237 (June 1980)

We estimate the optical asymmetry produced in a racemic mixture of dextro- and levorotatory molecules
under the influence of longitudinally polarized electrons. We show how this effect is connected with the
known asymmetry of the photochemical action of circularly polarized light. The expected asymmetry of the
order of 107¢ is in agreement with not all the experiments on the chemical action of polarized electrons that

are naturally obtained in S decay.

PACS numbers: 82.30.Lp
1. INTRODUCTION

The predominance of certain optically active mole-
cules over their antipodes in living matter is a puzzle
long troubling the physicists, chemists, and biologists.
The discovery of parity nonconservation in weak inter-
action has raised hopes that the dextro- and levoro-
tatory asymmetry in living matter can be connected
with weak interaction (see Refs. 1 and 2).

In principle the situation may involve the energy con-
tribution of weak interaction, particularly on account
of neutral currents,®® which shifts the thermodynamic
equilibrium. Another variant is connected with the
longitudinal polarization of the electrons produced in the
B decay of radioactive elements. It is known that the
degree of their polarization, of the order of p/E
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=(E% —=m?3*)?/E, approaches unity for relativistic
electrons. The chemical reactions caused by such
electrons can have a somewhat different probability for
dextro- and levomolecules, and this can lead to the ap-
pearance of optical activity in an initially racemic mix-
ture. A general review of the problem, including spec-
ific biological enhancement mechanisms, can be found
in Ref. 7. The first to suggest the role of polarization
of B particles was Ulbricht (see Refs. 1 and 2).

Experiment®™! yields contradictory results, from
zero to several percent. In view of the difficulty of
the experiments and the various possible experimental
errors, an independent theoretical estimate of the pos-
sible effect is highly desirable. It must be kept in mind
here that in the case of photochemical action of cir-
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cularly polarized light the asymmetry has been incon-
trovertibly established and measured.?"'4

In essence, the very fact of rotation of the plane of
polarization proves the existence of the effect and pro-
vides an estimate of its magnitude. The rotation de-
pends on the difference between the refractive indices
of the right- and left-polarized light. The photochemi-
cal reaction is connected with the absorption of light,
i.e., with the imaginary part of the refractive index.
The dispersion relations, interconnect the real and im-
aginary parts. '

Direct measurements yield a photo-asymmetry of the
order of several percent. Ulbricht considers the cir-
cular polarization of photons emitted in the course of
bremmstrahlung, as well as their photochemical action.
At an energy of one or several MeV, however, the di-
rect chemical action is stronger than action via real
intermediate photons. We consider therefore in the
present note just the direct action of electrons on mole-
cules in collision.

In the examination of the mechanism, we note that the

action of the electron is due to its electromagnetic field.

In the case of direct action one can also speak of photon
exchange. Compared with the Ulbricht mechanism, the
difference is that in the direct action the photon is vir-
tual and the condition E =¢p is violated.

The idea of the calculation can be compared with the
Williams-Weizsacker method, in which the Lorentz-
transformed Coulomb field of the charge is regarded as
an aggregate of virtual photons. The sought asymmetry
of the reaction, due to the electron is expressed in
terms of the photochemical asymmetry, which can be
regarded as known. The principal result is that the
asymmetry of the electron reaction is less than the
asymmetry of the photon reaction in a ratio vZw/cE,
where v and E are the electron velocity and energy,
and Zw is the effective activation energy of the reaction.
Thus, the expected asymmetry of the electron action is
small, of the order of 107¢,

2. DEPENDENCE OF THE CROSS SECTION ON THE
LONGITUDINAL POLARIZATION OF THE ELECTRON

We consider the process of interaction of an electron
with an asymmetrical molecule in first-order perturba-
_ tion theory. The direct diagram is of the form

\/ I
|
|
/\ ,
here I and J are the transfer currents of the electron
and molecule, respectively. The exchange diagram dif-
fers from the direct one in that D (%) is now replaced
by D(p), so that the exchange diagram is smaller than

the direct one by a factor ?/p?, which in our case is
«<10™, We therefore neglect the exchange effect.

For the square of the transition amplitude we have
(see Ref. 15)
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[ My|*=e"J* Sp p'y*0y*DysDyry

='7,J,* D" D**[4pup,—2 (P, heop,) +2imen, o' k), (1)
where
a’=p¥/m, a=%+p(p§)/m(E+m).
We choose the following gauge for the photon propagator:
Dy=0, D=0,
4n kakﬂ
D= (80 =)

Then (1) reduces to the form

6wt . (p) (k) (pk) o
IM12 = W{[ 40— 8T 4 0W) ]
TK)*
+ 2im ( Jo—ke __(_:kz_)) (Ja-_k’ (k 2) ) Capr (a,ko—aokr)} . (2)

We now consider the molecule transition current. Its
orbital part is of the form
Jm(k)=—1—[<f|v,,e"'"+ e~*u.lid].
2c
If we expand the exponential and take additionally into
account the spin part of the transition current, we ob-
tain
el (ko, k)=ikodat*/:koQapkstieanksm.

Here d is the electric dipole moment, @ the electric
quadrupole moment, and m the magnetic dipole mo-
ment. Averaging over the orientations of the molecules
in space, we get

S & ‘d—md* .
€Vq (k) 7y (k) = ko’ 3 Sastean ETm— ko = k*ASaptiBoeapiki.  (3)

For optical transitions we have

B dm

—A— =2 Im —Ez— ~ &.
If we recognize that the main contribution to the decay
cross section is made by photons with energy 7Zw ~Ry,
then we can choose as a rough estimate B/A~a. If we
start from the concepts of spatial dispersion, then we
have for B/A the estimate ka~10"% - 107, where a is
the dimension of the molecule. Substituting (3) in (2) we

get

16n%e?

4mBk,
21, 2__OF2]. 2 2):2] 4 Z—Ezkzl.}, 4
-——(kgz_kz)z{éA[p R 2B RSB+ = (PR A (4)

IM.'/IZ=

where A is the helicity of the electron.

We consider now the case of a nonrelativistic elec-
tron. Then (4) reduces to the form

2,2 E'Z
167" [ (4ami+4mBEpr) K —bmBhe ——1). (5)
k* P ’
from the first term in the braces we have
G0 ho v B (6)
Nel™= 6. to- T met ¢ A

The contribution of the second term in the braces to gy
is an order of magnitude smaller than that of the first.

Thus, the degree of asymmetry of the decay cross
section is
N~/ C
(@ =1/137 is the fine-structure constant). Here o’ is

obtained from the ratio of the spin-orbit interaction to
the Coulomb interaction, and the additional power of a
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corresponds to m /d. In the relativistic case we must
be more careful with the expansion of the exponential.
But this is most likely to influence only the value of o,
and in order of magnitude we have 1,, ~ EwB/EA, i.e.,
the effect begins to decrease in the ultrarelativistic
case.

3. CHANGE OF THE ELECTRON POLARIZATION
UPON DECAY OF MOLECULES

According to Ref. 15, the polarization of the electron
as a result of one act of interaction is given by

0= Sp(p'+m) 1s (p+m) (1~ysd) v, (p'+m) y*y'A™
2m Sp(p'+m) v, (p+m) 1, (p+m) (1—ysd) v, 4™
AW=D"'],.J,"D™',
A calculation accurate to second order in k/p has shown
that the change of the longitudinal polarization is
B he v V

AE ¢’ (M
The obtained expression shows that the “reaction force”
of the asymmetrical breakup of the molecules changes
the electron polarization in the direction for which the
breakup cross section is minimal. Actually, however,
the electron loses its polarization, in absolute value,
even when scattered by atoms. This effect is of the or-
der of ¥*/p? and leads to an order-of-magnitude de-
crease of the absolute value of the longitudinal polariza-
tion greater than (7).

A —h=—M\

The exchange effects in electron-electron scattering
lead to a decrease of the polarization by a fraction
k*/p*. When the energy of the incident electron ap-
proaches Ry, the longitudinal depolarization of the elec-
tron in the collisions should be close to unity.

4. CROSS SECTION OF DECAY

OF AN ASYMMETRICAL MOLECULE UNDER
THE INFLUENCE OF CIRCULARLY POLARIZED
PHOTONS

The asymmetry of this process has been long known
(see Refs. 12 and 13). The matrix element of the tran-
sition for photon absorption is of the form

e(2n/0) e d (k). (8)
In a transverse gauge we have M,, <e-J. From this,
using

Jo(—k) Ty (—k) =ko2ABop—iBkok 10, 9)
we get for Ny = (0.~ 0.)/(0,+0.)

Moot =—B/A. (10)

Stevenson'* investigated decay under the influence of

longitudinally polarized photons as a function of the sol-
vent, temperature, and photon frequency. It turns out
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that, depending on the temperature and on the solvent,
Tpnoe €N undergo a severalfold change. On individual
forbidden lines, 7phot can reach 10%, and in other re-
gions it can have a value smaller by an order of mag-
nitude. Comparing (6) and (10), we find that

ho v

"lel((“)='77"phot(m)' (11)

Such a rigid connection between 1 and 7 ;. Should be
preserved also in the presence of solvents. The ac-
curacy of (11) might be limited only by the accuracy of
the first born approximation, but for our case of col-
lision of a fast electron with a molecule its accuracy is
~Ry/E ~10™%, The accuracy of (11) is not connected with
the correctness of the dipole expansion for the mole-
cule transition current. The fact that the asymmetry
of the process in which longitudinally polarized elec-
trons participate should not be large has been noted in
Ref. 9.

In conclusion we note the high desirability of per-
forming simultaneous photon and electron experiments
on the same substances. The authors thank B. Ya.
Zel’dovich for a helpful discussion.

IF. Vester, T. L. V. Ulbricht, and H. Krauch, Naturwissen-
schaften 46, 68 (1959).

2T, L. V. Ulbricht, Quart. Rev. Chem. Soc. 13, 48 (1959).

8T, L. V. Ulbricht, Origins of Life 6, 303 (1975).

4y. S. Letokhov, Phys. Lett. 53A, 275 (1975).

L. Keszthelyi, Phys. Lett. 64A, 287 (1976).

" 8V, Ya. Zel’dovich, D. B. Saakyan, and L I Sobel’man, Pis’ma,

Zh. Eksp. Teor. Fiz. 25, 106 (1977) [JETP Lett. 25, 94
(1977)1.

L. Morozov, Origins of Life 9, 187 (1979).

®w. A. Bonner, Origins of molecular chirality, in: Exobiology,
ed. by C. Ponnamperuma, Amsterdam, 1972.

%V. 1. Gol’danskii and V. B. Khrapov, Zh. Eksp. Teor. Fiz. 43,
823 (1962) [Sov. Phys. JETP 16, 582 (1963)].

10w. A. Bonner et al., Nature (London) 258, 419 (1975).

iy A, Bonner, R. M. Lemmon, and H. P. Noyes, fS-Radioly-
sis of Crystalline 1C Labeled Amino Acids, Preprint SLAC-
PUB-1958, 1977 (T/E).

2w . Kuhn and E. Brawn, Naturwissenschaften 17, 227 (1929).

13w, Kuhn and E. Knopf, Naturwissenschaften 18, 183 (1930).

1K, L. Stevenson, J. Am. Chem. Soc. 94, 6652 (1972).

15y, B. Berestetskii, E. M. Lifshitz, and L. P. Pitaevskii,
Relyativistskaya kvantovaya teoriya (Relativistic Quantum
Theory), Vol. 1, Nauka, 1968 [Pergamon, 1971].

Translated by J. G. Adashko

Ya. B. Zel’dovich and D. B. Saakyan 1120



