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(1]

tion effects in nuclear forces, proportional to the first power of the Fermi constant C

Such effects were apparently observed experimentally recently at the Institute of Theoretical

and Experimental Physics of the USSR Academy of Sciences (3] and at the California Institute
(4]

of Technology . What will the isotopic properties of parity-nonconserving nuclear inter-

predicts parity nonconserva-
[1,2]

The current-current form of universal weak interactions

actions turn out to be? The character of the theoretical answer to this question depends es-
sentially on the choice of the concrete model which must supplement the current-current form
of the weak interaction to satisfy the known empirical rules |A¥| = 1/2, |AS| < 2, and

AS = +AQ, and the fact that lepton decays of strange particles are suppressed (see (5- ).

In the model with minimum violation of isotopic symmetry of hadron weak interactions [8],
the parity nonconserving nuclear interactions have exact isotopic invariance and in this re-
spect do not differ from ordinary forces.

In this letter we call attention to several characteristic predictions with respect to
parity nonconservation effects in nuclear and electromagnetic forces which appear when the

[8]

model of reference is generalized, and which it would be desirable to verify experimental-

ly.

Let us write down the "preliminary" isotopical- and CP-invariant Lagrangian of semi-weak
interactions in the form
L = glTX + 55 + 37(°)x7(°) + fju(o)Xu(O)] (1)
where jv, js, and 37(0) are the isovector, isospinor, and isoscalar hadron currents, respec-
tively. We assume that these currents constitute a complete set of components of a unitary
octet = « The isoscalar current ju(O) will be regarded as a unitary singlet. The inter-
mediate vector X-bosons also form a unitary octet and singlet. The masses of all the X-bosons
will at first be assumed equal to g. By violating the universality of the coupling constant
for the singlet current ju(o) in (1), choosing f = 2 x 1073, we can take into account the ob-
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consequences resulting from inclusion of the eighth component of the current octet 37(0) in

served small violation of CP-invariance (see the discussion in We consider below the

(1). This inclusion is attractive from the point of view of formulating an analogy with
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electrodynamics (10] .

The mixing of the bosons XV(O) and xy(O) leads to the following transformation for part
of the Lagrangian (1)

FOO) , 7070, ()72 7O , () (0), .
+ [(2)"Y2(5v(0) | 57(0)y4(0)4

2, where k is the off-diagonal matrix element

The masses of the Xg?%-bosons are M o = M2 3 &
causing the particle mixing. The vector part of the current (jv(O) + 37(0)) is identical in
its isostructure to the electric current, while the current (jv(o) - 37(0)) has an additional
isostructure. The entire subsequent formulation of the model corresponds to [ ], provided we

make in the corresponding formulas of that paper the substitutions
v(0 -1/2, .v(0O 0] v(O o]
50O L (23O L 0y, xv(0) L 0 (3)
The isotopic structure of weak strangeness-conserving non-lepton interaction now de-

pends essentially on two circumstances - on the value of k and on the physical meaning pos-

sessed by the "isolated" weak interaction appearing in the theory

AL = g/f2(37(9 + 77(0))x{®) (4)

We note that, according to (10]
(jv(O) - j7(0)), but must enter in the current (

current.

,» the lepton terms can be absent from the neutral current
v(0) , 37(9)) | a5 well as in the electric

A very attractive assumption is that x =M and that Xgo) is none other than the photon,
while the interaction (4) is simply the electromagnetic interaction, so that the model de-
scribes in fact a united electromeagnetically-weak interacticn, 2) However, such an assump-
tion is a new hypothesis, since the interaction (%) does not conserve parity and the question
of how the parity conservation is restored (the actual current vanishes) when the mass of the

3)

If the electromagnetic interaction has "split off" from the weak interaction in the

vector boson tends to zero remains open

sense indicated above, i.e., if it is simply a modification of interaction (%), then transi-

tions with |A¥| = 0, 1, or 2 should be of comparable magnitude in nuclear parity-

nonconservetion effects, and the analogous electromagnetic effect should be much larger in

magnitude than aC h). On the other hand, if interaction (4) is a "weak double" of the electro-

magnetic interaction, then we can expect the appearance of electromagnetic parity nonconserva-
[13]’ or even more, in{sEﬁte of the fact that the reaction

i

Vu + p - Vu + p has not been experimentally observed . Effects with magnitude of the or-

der of o€ are obtained in the simplest variant of the unified model with k = O. It can be

tion effects up to a value ~aC

shown that in this case the approximate selection rule AT = 0 will hold in nuclear parity-
nonconservetion effects (the |A¥| = 1 admixture is less than 1/30th in amplitude). When
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K f 0, however, and when the X-boson masses are not equal, the parity nonconservation effects
in electromagnetism can have different magnitudes, smaller or larger than aC, and transitions
with |A¥| = 0, 1, and 2 can then make comparable contributions to parity nonconserving nuclear
forces .

In sum, the unified model of broken isotopic symmetry of weak interactions predicts de-
finite correlations of the parity nonconservation effects in nuclear and electromagnetic inter-
actions.

In particular, if the magnitude of the electromagnetic parity nonconservation effects
differs appreciably from the estimate aC, then transitions with IAE| = 0 and 1, and possibly
also IAfI = 2, should be comparable in parity nonconserving nuclear forces, and the absence
in the latter of transitions with IAil = 1 and 2 calls for the presence of parity nonconserving
electromagnetic effects of the order of oC.

Typical experiments for the observation of parity nonconservation effects in electromag-
netic phenomena, such as ep scattering, mixing of levels[og]different parity in the hydrogen
1

atom, etc., were discussed earlier by Zel'dovich et al. The considerations presented

above show the desirability of such research, in spite of the lack of interactions between

[14]

neutrino pairs and nucleons Particularly promising are investigations at large momentum

transfers, since the relative magnitude of these effects increases like ¢Z.
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1) We note that, unlike the Cabibbo model [5], there is no need in this case for assuming

that the strangeness nonconserving hadron current is suppressed, and the equality of the values

of "sing" is automatically obtained for the vector and axial current (see [8]).
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2) The concept of a united electromagnetically-weak interaction was developed in the

(11] » Zel'dovich, and especially Salam and Ward[lz]. This notion presup-

papers of Schwinger
poses that g = e and that the intermediate boson has a large mass M =~ 30 mp. The concrete ex-
pression used here for the connection between the weak and the electromagnetic interactions
corresponds to the author's paper [10].

3) The most direct, although presently very uneconomical, way of constructing a unified
electromagnetic weak interaction with broken isotopic symmetry consists in inecreasing further
the number of intermediate X-fields in (1) with additional currents of the (V + A) type and
meutrino-flip" transitions (ve-u+) and (vu-e+). Such a model can be reconciled with all the
available data. An analysis of this interesting problem will be published elsewhere.

%)

processes should be made by the self-action term of the singlet current g2f2j

According to (1), a contribution to parity nonconservation effects in electromagnetic

u(O)ju(O) . In

addition, such effects, of course, appear in second order in C.

5)

magnitude B(OC) can be satisfied, for example, by means of the following choice of constants:

The requirement that the parity nonconservation in electromagnetic phenomena have a

Mi(e) = N3 = M35 Moy = MEq) = M3/2(1/B + 1), w2 = Z/2(1/B - 1)

where the plus sign is for B < 1 and the minus sign for B > 1.
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It has been suggested in several papers (1,21 that electron pairing takes place in some
superconductors in a state with unity orbital angular momentum, thus explaining the results of
experiments on the Knight shift. However, the theoretical analysis of the vector pairing was
made for infinite space, whereas the experiments were performed on samples with dimensions
much smaller than the depth of penetration of the magnetic field.

It will be shown below that vector pairing vanishes when the pair dimensions are larger
than the sample dimension or the electron mean free path. In ordinary scalar pairing the
transition temperature is independent of both the sample dimensions and the impurity concen-
tration. The reason for this difference is that in vector pairing the wave function F of the
pair depends on the direction of the relative momentum of the electrons forming the pair, and
vanishes when the momentum uncertainty becomes of the order of the pair dimensions.

Let us consider first the influence of impurities on vector pairing. We average the
equations for the Green's functions in the same manner as in scalar pairing ) , obtaining

the proper-energy parts G and F
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