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Effects of parity nonconservation in forbidden magnetic transitions in diatomic molecules are considered. 
In particular, the effect in the experimentally well investigated b lI.t<-X 3I., atmospheric absorption 
bands of molecular oxygen is examined. It is shown that A the degree of circular polarization in this 
transition due to electron weak neutral currents should be of the order of 10-9• Possible experiments with 
solar light or lasers are discussed. It is also shown that doubling leads to effects of considerable 
magnitude in the radiation from diatomic molecules involving transitions between II and I. states. In 
particular, the degree of circular polarization in the forbidden a 3I12 ..... X II. + transition in the SiS molecule 
may reach unity if the A doublet (AE- 10Hz) is resolved and amounts to about 10-4 if the doublet is not 
resolved. 

PACS numbers: 33.5S.+c, 33.70.Jg 

1. One of the most important problems of atomic 
physics at present is to detect and measure the effects 
of parity nonconservation in atoms. The importance of 
this problem stems from the possibility of confirming 
the presence of weak neutral currents and directly mea
suring the corresponding coupling constants. [1-3] The 
first experiments on optical rotation associated with 
parity nonconservation in atoms have already been per
formed. [4] It should be emphasized that in all the experi
ments that have been proposed[1-3] and performed[4] it 
is a question of weak neutral electron-nucleus currents. 
It is of no less interest to determine the magnitude of 
th.e weak neutral electron-electron currents. [5] In atoms, 
the latter are usually hidden by the stronger electron
nucleus interactions and in principle can be observed on
ly in special situations. [5] The purpose of the present 
work is to show that there are also fairly good possibili
ties of observing neutral electron-electron currents in 
the electronic spectra of diatomic molecules. 

The effects of parity nonconservation in atoms and 
molecules are similar in nature: they manifest them
selves as pseudoscalar terms in the probabilities for 
various processes. In the case of the absorption or 
emission of a photon by an atom or a molecule, the 
only pseudoscalar that can be constructed from the avail
able vectors is J • n, where J is the angular momentum of 
the photon and n is a unit vector in the photon propagation 
direction. This pseudoscalar can assume the values ± 1, 
corresponding to the two Circular polarizations of the 
photon. SpeCifically, the follOWing mechanism is re
sponsible for the parity violating effects: the weak inter
action causes the admixture of a state of opposite parity 
to a state l/J,.u of definite parity: l/J6.U-l/J6.U+Cl/J~'6' The 
mixing coefficient c is given by c =(g I Vlu)/ AE, where 
(g I Vlu) is the matrix element of the effective weak-in
teraction potential, and A E is the energy separation 
from the nearest state of opposite parity. As a result 
of such mixing, the expressions for the amplitudes for 
various processes assume the form A =Ao + cAl> where 
Ao is the transition amplitude for the main (parity con
serving) process (with the weak interaction turned off), 

and Al is the actual transition amplitude in the presence 
of level mixing. 

It is natural to introduce the "degree of parity noncon
servation" in a given process by the definition 

9'=cA.I Ao=cl'W.lWo, (1) 

in which Wo and Wl are the probabilities corresponding 
to the amplitudes Ao and A l • Two possible ways of en
hancing the effects in atomic and molecular systems are 
evident from Eq. (I): 1) to reduce AE, and 2) to in
crease the ratio Wl/Wo• Thus, one must look for a sit
uation in which levels of opposite parity lie as close to
gether as possible and the main transition is forbidden. 
As a result of interference between the main and ad
mixed transitions, the expression for the probability for 
a transition involving emission or absorption of a photon 
takes the form 

W=Wo (1+9' (jn) ). (2) 

It follows at once from Eq. (2) that the probabilities 
WI:) for the emission and absorption of right- and left
hand polarized photons will be different, so that the ab
sorption coefficients k(:), the absorption cross sections 
(1(:), and the refractive indices n(:) will also be different. 
The usual situation in atoms is the interference between 
a main forbidden Ml transition and an admixed allowed 
El transition. According to theoretical estimates, iJ' 
can attain the maximum value 9'-10.4 for electron-nu
cleus interactionsU - 3] and 9'-10.8 for electron-electron 
interactions. [5] Experiments on the rotation of the plane 
of polarization of light due to the electron-nucleus inter
actions, in which iJ' was measured, [4] gave the result iJ' 
-10-8, corresponding to the rotation angle l/J"'"lo- 7 rad/m. 

Strictly speaking, only parity under the simultaneous 
inversion of the coordinates of the electrons and the nu
clei is valid in diatomic molecules (the corresponding 
states are called positive or negative). In molecules 
having like nuclei, parity exists also under the inversion 
of the electron coordinates alone, the coordinates of the 
nuclei being held fixed. Such parity is not an exact 
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quantum number: because of the spin-spin interaction 
between the electrons and nuclei, each g or u state will 
have a small admixture of a state of opposite parity 
(molecules having spin-zero nuclei, e. g., Ca, are ex
ceptions). Of course parity under complete inversion 
is not thereby violated. Hence the presence of admix
tures of opposite parity in the g and u states leads, in 
the absence of the weak interactions, only to the appear
ance of additional terms in the transition problability 
(but not to interference); such mixing, therefore, can 
only reduce iJi. Actually, however, the electron-nu
cleus spin-spin interaction is so weak that the additional 
terms are much smaller than the term representing the 
main transition. 

2. Let us first consider the spin-forbidden magnetic 
dipole transition 1~; - s~; in the oxygen molecule. This 
transition has been thoroughly investigated experimental
ly, being observable in absorption in the atmosphere and 
in emission under laboratory conditions. Let us esti
mate the order of magnitude of the expected effect. In 
this case the levels l,slIu and 1,3~! may be mixed with 
the main-transition levels. These levels lie relatively 
far from the 1,3~: levels, so only the second of the two 
ways mentioned above for increasing iJi can be effective. 
The matrix element (g I V I u) (in units in which Ii = c = 1) 
is a small parameter of the following order of magni
tude: 

(gl VI u)-Gm'a'=lO'·'m(mlm p )'a', 

where G is the Fermi constant, mp is the proton mass, 
and a is the alpha fine structure constant. The energy 
separation I1E is of the order of ma2• Finally, if we 
estimate the probabilities W Jl1 and WEI on the basis of 
atomic calculations, we obtain 

Then formula (1) yields iJi -10-9. 

However, we have not taken into account an additional 
small numerical factor that may occur in the matrix ele
ment (gl Vlu) because V is a short-range potential. In 
the case of atoms, this effect leads to an additional fac
tor of 1/3271- in the matrix element for the electron-nu
cleus weak interaction[21 and to an additional factor of 
-10-· in the matrix element for the electron-electron in
teraction. [5] This second factor is as small as it is be
cause the overlap integral between the wave functions of 
electrons on different spatial orbits in an atom is small. 
One may suppose, however, that this effect will not 
arise in the case of the electron-electron weak interac
tions in molecules since all of the electrons taking part 
in forming a chemical bond are concentrated in the re
gion between the nuclei. This conclusion is confirmed 
by estimates, given below, of the matrix elements on 
the basis of experimental data. Moreover, estimates 
show that the electron-nucleus contact interaction in 
diatomiC molecules conSisting of light atoms is very 
weak, so that the effects of electron-nucleus neutral cur
rents can b( neglected. In estimating the probabilities 
we also neglected the Franck-Condon factors, which to 
a considerable extent determine the order of magnitude 
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of transition probabilities in molecules. It will be shown 
below, however, that these factors cannot significantly 
affect the magnitude of iJi in the situation that we are 
considering. 

According to formula (1), the degree of parity non
conservation in the process under consideration is given 
by 

9'= ('II.IVI'1:,-> W'f·('1:,+-'II.) + ('1:,+IVI'II.> W'h('II.-'1:,-) 
IJ.E, W'f.(I1:,+_'1:,-) IJ.E, W',.(I1:,+_'1:,-) • (3) 

where 

In Eq. (3) we have neglected the contributions from in
termediate ~ states which, as can be seen from symme
try considerations, must contain an additional small 
factor. The operator V has the following explicit form 
in the nonrelativistic limit: 

i>j 

(4) 

where the P. and s. are the momentum and spin operators 
of the individual electrons, Ge is the interaction constant, 
and [ ... 1 denotes the commutator or antic om mutator . 
In Weinberg's model[1-31 Ge "'-0.28G, where G is the 
usual Fermi constant. 

Let us estimate the matrix elements in (3) from the 
relevant experimental data. Experimental data on the 
atmospheriC intensities of individual absorption lines in 
the 0-0 band of the 1~; - 3~; transition are given in Ref. 
6. Since we are regarding this as the main transition, 
it is natural to choose one of the weakest lines, e. g. , 
the line PQ(J' =27), where J' is the rotational quantum 
number of the lower state. The intenSity of this line in 
absorption is S = O. 42 cm-l km-l. Expressed in terms 
of the intenSity, the transition probability is 

W('~g +-':E.-) =4gSI')..'g'N', 

where A is the wavelength in centimeters, g and g' are 
the statistical weights of the initial and final states, and 
N' is the concentration of molecules in the initial state. 
Putting A=O. 76Xl0-· cm, N' =2. 7Xl0l9 molecules/cm3, 

and g' "'g in this formula, we obtain W(l~;_3~;) -10-16 

cm-l ; this agrees in order of magnitude with the rough 
estimate given above. This result also shows that the 
Franck-Condon factor does not play any significant part 
in this transition. 

To estimate the probabilities of the admixed transitions 
l.3~;_ltSlIu is a more complicated problem. Calculations 
by the method of molecular orbitals show that the low
lying states of type l,slIu in the Oa molecule are repul
sive. [7] The corresponding energy differences for inter
nuclear distances equal to the equilibrium distances for 
t):le s~; and l~; states are toE l =0. 74 Ry and toEa =0. 52 
Ry. In our problem the ltSlIu levels are intermediate 
ones and we may consider transitions to vibrational 
states in the continuous spectrum. We can accordingly 
always select a transition for which the Franck-Condon 
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factor will be close to unity. Thus, we can use the 
previous atomic estimate for the probabilities. 

Now let us evaluate the matrix elements (1.3t:!I vP·ln.,>. 
Here it is more convenient to use atomic units, in which 
n=e =m =1. For simplicity we shall consider only part 
of the interaction operator (4): 

V'=-G.rJ.'.E (8,-8j) (p'-PJ) 6(" (rll). 
'>J 

The O2 molecule in the ground state has the electron 
configuration 

(1so,) '(1so. ')' (2811,)' (2sa. ')' (2po,) ' (2pn.)· (2pn,')', 

where the asterisks mark antibound states. [8] The elec
tron configuration for the 1.2nu states differs in having two 
(1, and 1Tu electrons replaced by 1T, electrons. As a re
sult, the matrix element 

takes the form 

Treating the operator Vi as the product of the operators 
- a 2Ceo(3) (r12) and (81 - 82)(Pl - P2), we obtain the follow
ing apprOximate expression for the matrix elements: 

and 

('l:, + (o,n.) I V' I 'II. (n,n,) > 
=-G,rJ.'('l:, + (o,nu) 16(3) (r,,) I'l:, + (o,n.» 
X('l:,+(o,nu) I (8,-8,) (p,-p,) I 'II. (n,n,) >, 

('l:, - (o,nu ) I V' I' II. (n,n,) > 
-G,rJ.'('l:,- (o,n.) 16(3) (r,,) I'l:,- (o,n.) > 

X{'l:,-(o,n.) I (8,-8,) (p,-p,) I 'II. (n,1t,». 

(5) 

(6) 

Here we have neglected the off-diagonal matrix elements 
of the contact-interaction operator. We also note that 
the average value of 03(r12) is zero for triplet states of 
two-electron systems, but that this is not the case for 
an arbitrary number of electrons. 

Now let us estimate the first matrix element in each 
of Eqs. (5) and (6). To do this we use the following ex
pression for the spin-spin interaction operator: 

(7) 

Both terms of this operator are short-range potentials, 
and the average values of these terms for Singlet states 
are of the same order of magnitude. [9] The average 
value of the operator (7) for the triplet state correspond
ing to a given Singlet state is also of the same order of 
magnitude (the average of the first term in (7) over a 
singlet state vanishes). We therefore use the following 
sequence of equations to estimate the matrix element 
(1~; I 0(3) (r12) 11~;>: 

1 1 1 
rJ.'('l:,+16") (r,,) I'l:,+> = - ('l:,+IH .. I'l:,+> "" - ('l:,-IH .. I'l:,->"" - 6 .. 

~ ~ ~ 

(8) 
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where Os is the spin splitting constant for the 3~; state. 
On estimating the matrix element (3~;lo(3)(r12)13~;> we 
immediately obtain 

(9) 

We note that such estimates can be made only for ~ 
states, since only for such states is the multiplet split
ting due to the spin-spin interaction, and not to the spin
orbit coupling. The result is the following estimate for 
the matrix elements (1.3~! I VI3,1nu ) on the average: 

f 
("'l:,"'1 VI"'II.>""- - G.6.("'1:,"'1 (8,-8.) (P,-PI) I','II.). (10) 

n 

The last matrix element in (10) agrees in order of mag
nitude with the matrix element for an electric dipole 
transition, i. e., it is of the order of unity. For the 
constant Os we take the valueClO] os"'2 cm-l • 

, Substituting these estimates for the matrix elements 
into (3), we obtain the value 9' -10-9, which agrees with 
the value obtained above. This shows that atomic cal
culations can be used to obtain order-of-magnitude esti
mates for diatomic molecules. 

The transition 1 a,- 3~;, which lies in the infrared, is 
another magnetic dipole transition that can be used. Al
though it is more difficult to make estimates for this 
tranSition, it is known that it has a considerably lower 
probability than the 1~; - 3~; transition. [111 This should 
lead to a larger value for 9'. One can also use the mag
netic dipple transition 3~~_1~: between excited states of 
the oxygen molecule. The 3~~ level crosses the In, re
pulsive term near its equilibrium position, and in prin
Ciple this could increase 9' by a factor of aE/r-106, 

where a E is the normal term separation and r is the 
level width. Finally, one can also consider tranSitions 
in other diatomic molecules, e. g., the B 3n,- X 1~; 
transition in N2. Here the weak interaction mixes the 
B3n, and a In,, levelS, for which aE"'0.1 Ry. We may 
therefore expect to have :1':;;. 10-9 for this tranSition. 

3. Now let us discuss the possibility of observing the 
effect experimentally. We shall first discuss the possi
bility of determining the difference between the absorp
tion cross sections (1(*> from atmospheric observations. 
In this case we have to measure the quantity 

]'+) (h) _]H (h) 
x (h) = ]'+) (h) +1(-) (h) , (11) 

where the I(*)(h) are the fluxes of right- and left-hand 
polarized photons at height h above ground level. Using 
the barometric formula for the pressure at constant 
temperature and the relation k(+) - k(-) = ,1'ko, where ko 
'" 3 kID-l is the absorption coefficient for the atmospheric 
A band (b 1~; - X 3~;), [6] we obtain 

x(h) ='f,g>(k,!a)e-ah , (12) 

from Eq. (11), where a = 1. 4 X 10-6 cm-l • This gives lot 

"'10-8 at h =0 and x"'2x10-9 at h =10 kID. 

In an experiment with "ideal" statistiCS, we should 
have to record a number N> 1/')<.2 of photons in order to 
bring the difference between the (1 (*) due to the weak in-
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teraction above the fluctuation level. In an actual ex
periment, of course, the total number of photons should 
be much larger-by several orders of magnitude-be
cause of various losses. If we assume that the total flux 
of solar radiation throughout the entire visible spectrum 
is 10 -102t photons/cm2 sec and also assume for rough 
estimates that the photons are distributed uniformly in 
frequency, we find that the photon flux within a single 
line (i. e., within its Doppler width) will be -1020 cm-2 

sec-1• Then estimates show that the flux of the photons 
we are interested in will be -1010 cm-2 sec-1 at ground 
level and -1017 cm-2 sec-1 at an altitude of 10 km. With 
a photon-detector area of -1 cm2, the observing time 
for the "ideal" experiment would be about 10 days at 
ground level and about 1 sec at h = 10 km. 

Now let us consider the possible disturbing factors. 
Generally speaking, the Zeeman splitting of the levels 
in an external magnetic field could lead to effects simu
lating those of parity nonconservation, since the transi
tion frequencies, and therefore also the absorption cross 
sections, turn out to be different for right- and left-hand 
polarizations. [1.2] The necessary condition that such ef
fects be insiglii.ficant is as follows: 

, 60) __ <fl', 
~O) ~CJ) 

(13) 

where 'Y is the total (Doppler) line Width, liw is the Zee
man splitting, and .6. w is the band width of the radiation 
dete.ctor (source), which we take equal to the Doppler 
width: .6. w - 'Y -10-5 w. This leads to the condition :J6 

< 10-t Ce. Since .re-O. 5 Oe for the earth's magnetic 
field, one must take measures to compensate the effect 
of terrestrial magnetism (by using various orientations 
of the interuments with respect to the magnetic lines of 
force, etc.). 

ColliSion-induced transitions are another disturbing 
factor. If, as a result of colliSions, the probability for 
the 1~;_3~; transition becomes larger than that for the 
main M1 tranSition, .'1' will fall. However, experimental 
data indicate that this situation does not obtain at nor
mal pressure. [12] 

Finally, there is a special problem: there may be cir
cular polarization in the direct solar radiation itself. 
This difficulty can be surmounted only by making control 
measurements beyond the atmosphere. 

Now let us consider possible laser experiments. The 
wavelength region of the A absorption band of molecular 
oxygen at ~ -7600 A falls within the range covered by 
tunable dye lasers. For an absorption experiment in the 
atmosphere, formula (11) is replaced by 

](+) (I) _]H (I) 
x (I) = ]<+)(1) +I' ) (I) , (14) 

where 1 (~) (l) =10 exp(- k(~)l), 1 is the absorption path 
length, and 10 is the initial beam intensity. Then formu
la (12) becomes 

x (I) =1/ ,fi'kol. (15) 

This gives ~ -10-9 for 1 = 1 km. 
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Another laser experiment that is possible in prinCiple 
is to measure the rotation of the plane of polarization 
of the laser light. [1.8] The expected rotation angle is 
roughly l/J 0# il>ko l, which gives l/J 0# 10-8 rad for 1 = 3 km. 
In this case the beam would be attenuated by a factor of 
e-10, which is quite acceptable. 

4. Another way of observing parity-nonconservation 
effects in the spectra of diatomic molecules involves 
making use of the phenomenon of A doubling. Now we 
shall be conSidering heteronuclear molecules. Each 
of the II and .6. levels of such molecules split into two 
close components, of which one is positive and the other, 
negative. The weak interaction (4) mixes these compo
nents. We note that in the case of two electrons, the 
operator V(12) does not mix states having the same 
total spin. In fact, in this case the operator (4) is anti
symmetric under exchange of the spin (or spatial) coor
dinates alone. Hence the two spin functions in the ma
trix element necessarily have different spin-exchange 
symmetries. However, this is not the case for an ar
bitrary number of electrons, 1. e., when the interactions 
of all the bonding electrons in the molecule are taken 
into account. In the case of dipole tranSitions from II 
or .6. states to a ~ state for which each rotational sublev
el is either positive or negative, the transition from one 
of the A sublevels Of the II or .6. state will be of electric 
type, and that from the other, of magnetic type. Thus, 
the weak interaction will mix a magnetic transition with 
an electric transition and the situation discussed in Sec. 
2 will arise, but with the difference that here either both 
transitions will be allowed, or both forbidden. 

Let us first consider the effect in a molecule whose 
bonding falls under Hund's case a). We write the wave 
functions for the positive and negative sublevels in the 
form 

>t± (nJU:.S1M) =2-"'(>t(nM:S1M) ±>t(nliS1M», (16) 

where A and ~ are the projections of the electron orbital 
and spin angular momenta onto the axis of the molecule, 
S is the electron spin, J and M are the total angular mo
mentum of the molecule and its projection in an arbitrary 
direction, and n represents the other quantum numbers. 
We have also used the notation A '" -A. It is not difficult 
to see that the off-diagonal matrix element of the opera
tor (4) between the states l/J ~ reduces to the matrix ele
ment 

(nM:S1MI VI nM:S1M> , 

since A and ~ change sign under inversion while the 
operator V cannot couple states with opposite signs of 
A and ~ in the first order. We write V in the form V 
= L, s,ah where the a, are certain electron orbital vec
tors. Making use of the fact that the operators 8, are 
diagonal in the nAJM representation, we write the ma
trix element of V in the form 

(nAQS1MlVlnAQS1M""'.E (nAQS1Mls,lnAQS1M>(nAQS1Mla,lnAQS1M>, , 
(17) 

where we have used O=A+~ in place of the quantum num-
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ber~. On averaging the vector a, over the electron co
ordinates with the nuclei held fixed, the resulting aver
age vector it can obviously be directed only along the 
axis of the molecule. Hence we can write 

<n~IAlI~lnlUJS1Al> 
=a.(nA) <nAQSIAlI nlnAQSIAl>. 

where n is a unit vector directed along the axis and 
the a,(nA) are constants calculated for the equilibrium 
separation between the nuclei. 

Introducing the spin vector U by the definition 

U - 1:a.(nA)s.. 
< 

we reduce the matrix element of V to 

(nAQS1AlIUnlnAQSIM>. 

To calculate this matrix element we use the formula[13] 

(nAQSIAlIUnlnAQSIM> 

=_1-1: (nAQS/I\Ul\nAQSl'>(nAQSl'I\nl\nAQSI>. (18) 
21+1 " 

The reduced matrix element of U can be writtent13] as 

(nAQS/I\ UI\nAQSI'> 
=(AQS/l\nI\AQSJ')(Sl:I U,ISl:>. 

where Uy is the projection of the vector U onto the axis 
of the molecule. Thus, 

(nAQSJAlIVlnAQSIM> - 21~1 (Sl:IU,(nA) ISl:> ~ I (AQS/l\nI\AQSl'> I'. 

(19) 

Substituting the explicit expressions[13] for the matrix' 
elements of the vector n into Eq. (19), we obtain 

. [21'(/+1)-Q'] 
(nAQSIAlI VI nAQSJM>=G,a''Y (AQS) 1(/+1)(2/+1) • (20) 

where 
G.a;''Y(AQS) ",,(Sl:1 U,(nA) ISl:>. 

It is important that the dependence on the rotational 
quantum number J is separated out in this expression. 
Since all the other quantum numbers A, n, and S are of 
the order of unity, we can say that y(ADS) -1 (in atomic 
units). On substituting expression (20) for the matrix 
element of V into formula (1), we finally obtain the re
sult 

2G.a' [2r(/+1)-Q'] 1/ W". 
gJ-~'Y(AQS) I (J+1) (21+1) Y w .... · (21) 

We note that the transition probabilities WE1 and WAIl 
depend on J in the same way, so that this dependence 
cancels out in Eq. (21). 

Now let us consider a molecule whose bonding falls 
under Hund's case b). As before we start with Eq. (17) 
and perform the subsequent operations, but ,now we 
use the following formula[13] in place of Eq. (18): 

{ /SK} <nASKIIUnlnASKI>= (-1) K+B+I <AKl\nI\AK><SI\U(nA) \IS>. 
1KS 

(22) 
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where K is the eigenvalue of the total orbital angular 
momentum of the molecule. Substituting the explicit 
expressions[lS] for the 6j symbol and the matrix element 
of n, we obtain 

2G.a' [/(/+1)-K(K+1)-S(S+1) ]1/ W.,. 
gJ=~'Y(AS) K(K+1) Y W ..... (23) 

where now 

G,a;''Y(AS) ""A(SIIU(nA) liS>. 

We note that for Singlet states the matrix element (22) 
vanishes and the effect is not present. 

5. Let us use various examples to estimate the order 
of magnitude of the effect and the possibilities of observ
ing it. The main thing to pay attention to in selecting the 
transitions is the fact that a magnetic transition always 
falls within the wing of a stronger electriC transition 
from a neighboring A sublevel. In the general case one 
cannot avoid the effect of this wing in emission by means 
of a time delay, because for this it would be necessary 
that no allowed electric transitions to other states be 
possible from the sublevel on which the magnetic transi
tion originates. 

The above situation may be encountered in the case of 
a Sno(J=O)_S~~(J=l)transition in which the ~ state is 
the groWld state and the n state is the first excited trip
let state. Then the sno'<J=0)_3~~(J=1) transition is 
strtctly forbidden and one of the sublevels of the A dou
blet is metastable. The desired delay might be effected, 
for example, by USing molecular beams.u'] Suitable 
molecules would by NH and PH, [12] but the A splitting of 
the sno state is relatively large and gJ turns out to be 
small: gJ -10-9. 

Another way to avoid the effect of the wing of the elec
tric transition is to use forbidden transitions with nar
row lines. The condition that the wing of the electric 
transition will not reduce gJ is as follows: 

(24) 

For thiS, however, it is absolutely necessary to resolve 
the A doublet, and this may not be possible in the case 
of metastable states; if the doublet is not resolved, the 
degree of circular polarization is reduced to 

As the first example let us consider the forbidden 
tranSition a snl-x l~+ in the CO molecule. According 
to Van Vleckm ] 

4B' 
L\E('II.)=-J(J+1). 

(0) 

(25) 

Taking w" 5 x 10' cm-t, B" 2 cm-1 (Ref. 12), and J = 1, 
we find ~ E -lO-s cm-l. USing the atomic estimates 
(g I Vlu) -10-18 Ry and WEl /Wlil -10' for the weak-inter
action matrix element and the ratio of the transition 
probabilities for the forbidden transitions, we obtain .'1' 
-10-8. 
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A still more favorable situation should obtain for a 
3IIa sublevel. Let us estimate the A splitting in this 
case. According to Van Vleck[151 the splitting A E~II2) 
is equal to the matrix element of the operator coupling 
the.A=l, 0=2 and A=-l, 0=-2 states: 

~E('II.)=<A=1, l:=1, 0=21 WIA=-1, l:=-1, 0--2}. 

The effects of such an operator appear only in the fourth 
order of perturbation theory in the small axis-orbit cou
pling Hor: 

<A-1, l:-1, 0=21 WIA--1, l:--1, 0~-2} 

-<A=1, l:-1, 0=2IH •• IA~1, l:=0, 0=1} _1_ 
~E. 

X <A=1, l:=0, O=1IHo.IA=1, l:=-1, O=O} _1_ . 
~E. 

X<A=1, l:=-1, O=OIH •• IA=O, l:=-1, 0--1> _1_ 
~E, 

x <A=O, l:--1, 0=-1IHo.IA=-1, l:--1, 0=-2}. (26) 

The matrix elements of Hor have the form[la1 

<A, l:, 0, IIH •• IA', l:', Q-1, 1}=BT(AM'l:') [(1+0) (1+1-0) p. (27) 

The energy denominators AEI and AEa in (26) are of the 
order of the intramultiplet splittings AEI - AEa - A, while 
AEa is of the order of the inter multiplet separations AEa 
- w. Therefore, USing formula (27), we obtain 

B' B ' 
M('II,)--;; boo) (/-1)/(1+1) (1+2). (28) 

Using the Same values of wand B as for the aII1 level 
together with the estimate A - a 2(Ry/ w)Ry -102 cm- t , 

we obtain AE-lO-6 cm-1 and 9'-10-3 for J=2. 

Analogous a 3II_X 1~+ transitions can also be consid
ered in the SiO and SiS molecules, in which transitions 
from the 3II1 level have recently been observed. U8,171 
For SiO we haveU81 w = 3. 5 x 10' cm-1, A = 73 cm-t, and 
B =0. 7 cm-1; this gives 

~E('II.)-10-· em-I, 9'('II,)-10-', 
~E('II,)-2·10'" em;, 9'('II,)-5·1O-'. 

For SiS we have[171 w = 3 x 10' cm-1 and B = 0.3 cm-1; 
then USing the estimate A -lOa cm-1 again, we obtain 

~E('II.)-3·10-· em;, 9'('II.)-3·10-" 
~E('II,)-1O-' em-I, 9'('II,)-1. 

Condition (24) is satisfied for all the cases listed above 
except the last one. In the last case, however, we do 
not have to resolve the A doublet, since 9' -1: the de
gree of cirCular polarization will be -10-' even if the 
doublet is not resolved. 

Finally, we shall give the limitation on the electric 
fringe fields that might be present in the apparatus, 
which could reduce !1 because of Stark broadening. The 
necessary condition that this effect is negligible is 
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IC<d)1 ~E<YW M./W".-10-', (29) 

where Is. is the electric field strength, (d) is the Stark 
matrix element, and AE is the level splitting. For the 
3IIa_l~+ transitions in CO and SiS, this condition reduces 
to 8<10-' V/cm and t <10-7 V/cm, respectively. 

In concluding, let us once again emphasize the reasons 
why certain of the experiments described above seem 
realistic to us. First, by now the technique for measur
ing the rotation of the plane of polarization of light in 
laser experiments through angles of the order of 10-8_ 

109 rad has been virtually mastered. This makes it pos
sible seriously to discuss the experiment on molecular 
oxygen described in Sec. 3. Second, modern methods 
of laser spectroscopy make it possible to resolve lines 
with separations of -10 kHz, and this is adequate for ob
serving the 3II1_l~+ magnetic tranSition in SiS. Finally, 
an attempt to detect the 3IIa_l~+ transition in SiS and to 
measure its comparatively high degree of circular polar
ization also seems to be fairly realistic. 
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