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Tests for second-class axial-vector currents in X~hev decay and neutrino reactions are analyzed as to their
sensitivity to the assumption that this current is conserved. The possibility of an anomalous conserved first-

class vector current is also discussed.

I. INTRODUCTION H. SECOND-CLASS AXIAL-VECTOR CURRENT

Recent beta-decay experiments"' suggest the
existence of a second-class axial-vector current
in the weak interaction. It is obviously important
to search for the effects of such a current in other
weak processes, and many possibilities have been
discussed. ' The main purpose of this note is to
indicate the importance of distinguishing tests
which are sensitive to a conserved second-class
axial-vector current from those that require the
current to be nonconserved. The importance of
this distinction in the case of beta decay has been
emphasized by Delorme and Rho. 4

The recent beta-decay experiments involve the
observation of a parameter labeled d in the anal-
ysis of Holstein, and this satisfies the zero-diver-
gence condition. Thus these observations are con-
sistent with, although they do not require, a con-
served second-class axial-vector current. If the
impulse approximation is used, these experiments
determine the nucleon matrix element of the form

(g»/2M) po„„y,q„s .

The two experiments yield g« =(- 3+ 3)g~ (Ret'. 1)
and g» =(-3.5e 1)g„(Ref. 2).

In the case of the Ne" experiment it is noted that
an alternative explanation would be the failure of
the assumption that the weak vector current is pro-
portional to the isovector electromagnetic current.
This requires that the weak-magnetism parameter
5 equal (1.9+0.4) times its expected value. A
similar explanation is possible for the A =12 sys-
tem' if the weak-magnetism parameter b equals
(1.9m 0.3) times its expected value. In this case
there exists a well-known independent test of the
weak-magnetism term, ' but deviations of this mag-
nitude may not be entirely ruled out. Such un-
expected values for the weak-magnetism parame-
ter could result from the addition to the usual vec-
tor current of an anomalous conserved first-class
vector current. Such an anomalous vector current.
is considered in Sec. III.

%hile the standard quark model does not allow
second-class currents, it is instructive to con-
sider modified forms that do allow them. The
simplest possibility is to allow derivative cou-
plings in which case the second-class axial-vector
current could have the form

A» -uv„„y,ds/Bx„. (2)

This may serve as a model and provide some mo-
tivation for a divergenceless second-class cur-
rent. ' Holstein and Treiman' consider an alter-
native in which there are two nonstrange quark
doublets with

A„-u2y y5d, —u,y y5d2.

%'ithout considering the consequences of this ad-
ditional degree of freedom, we note that this pro-
vides a model of a nonconserved second-class
axial-vector current.

A very interesting test for second-class cur-
rents involves the mirror decays'

Z' A+e'+ v,

Z A+e +P.
(4a)

(4b)

+fsoi„q„/2Mc j Z',

~[(gQ gQ )r,r, + (g', g", )o,„y,e„/2M-,
+f~o„~„/2Mc] Z . (5b)

Here we have neglected the vector coupling pro-
portional to q' and the scalar coupling proportional
to (mc —m~). ' Assuming SU(3) symmetry, the
weak- magnetism coupling is

f~ =- (m, /m„)(-,')'~'} „=3.
Among the axial-vector-current form factors we have
neglected the pseudoscalar g~ which makes a con-

ith the usual assumptions for the vector currents
the decay matrix elements are

~[(gg +gA )r,r. + (gr +g& )o,.r, I /2M.
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tribution proportional to m, to the decay amplitude.
The other two form factors g„and g~ have contri-
butions as indicated from both first-class (super-
script I) and second-class (superscript II) cur-
rents. If the second-class current is conserved,
there is no constraint ongz, , but g„" is propor-
tional to q'g~~/(mc+m~) and can be a.ssumed to be
negligible for the range of q' involved. Note that
g~' unlike g~ has no pion-pole enhancement. The
coupling gr arising from the usual axial-vector
current vanishes in the SU(3)-symmetric limit
and will be assumed to be negligible. The
simplest observable, the difference in rates for
(4a) and (4b), is given to first order in the second-
class couplings

W,-(v, c) =W&(P, c„), (7)

where c represents a set of hadronic transitions
and c is the mirror set. For the case of the mir-
ror elastic reactions

V+P- P. +n,
P'+n- p,'+P

(8a)

(Sb)

second-class currents contribute only to a dif-
ference between W, (v) and W, (P) when spin-aver-
aged structure functions are considered. However,
8'4 does not contribute to the cross section in the
limit of zero muon mass. " This leads to a relation
between the cross sections of (Sa) and (8b) in the
zero-mass limit which follows from CPT and
lepton locality" and does not depend on the ab-
sence of second-class currents. To find second-

(6)

The present experimental result 4 = 0.01+0.13
corresponds to Ig„"/g„'I-0.07 or Ig'r'/g„'I- 3.3 at
the one-standard-deviation level. The limit on g„"
might be interpreted as a significant limit on a
nonconserved second-class current. For a con-
served current it is seen that the limit, now only
ong~, is much less significant. In any case, the
value of g~ for this decay is not directly related
to g» for the nucleon [Eq. (1)], even for an octet
second-class current [as in Eq. (2)], since there
remains an undetermined d/f ratio.

A variety of possibilities for second-class-cur-
rent effects exists in comparisons between v and P
reactions. Because these reactions also differ as
a consequence of V-A interference terms a simple
comparison of cross sections is not enough in this
case. The general result following from the ab-
sence of second-class currents is the equality
among hadronic structure functions, '

class- current effects that produce differences be-
tween reactions (8a) and (8b) in the zero-mass
limit requires polarization experiments which
belong to a future generation of experiments. "
However, detailed observations of the cross sec-
tions of reactions (Sa) and (8b), together with the
usual assumptions for the vector current, could
determine both g„(q') and g»(q') and thus deter-
mine the second-class coupling. ' Clearly, a non-
zero value of g, z can be produced by a conserved
second- class current.

The one attempt to test Eg. (7) has been made by
Musset, "who attempted to test

W, (v) = W, (P) (9)

V+P~ P ++

V+@ P ++
(10a)

(10b)

Steven M. Brown" has discussed the difference

W, (v, &")—W, (P, & )

as a test for a second-class axial-vector current.
In order to isolate 8", it is necessary to measure
the differential cross section near q'=0. In a
general phenomenological analysis Brown finds
that the difference (11) is largest near q'=0. The
conclusion is completely different if the second-
class current is conserved, since it follows from
a general theorem due to Adler" that for forward
muons (q'=0 in the zero-mass limit)

w, (v, b) ~ l(b'
I
BA~/Bxx IN) I

2
~

so that a conserved current makes no contribution
at q'=0.

Pais" has pointed out that for neutrino reactions
with two or more hadrons in the final state there
exists an observable which has no contribution
from V-A interference. As a result, any dif-
ference between the values of this observable in
v and v mirror reactions can only be due to sec-
ond-class-current effects. For the case of reac-
tions (10) this observable corresponds to an align-
ment of the & given by the second-rank tensor
component T„„, where n is a vector defined by

in inclusive neutrino reactions in the Gargamelle
experiment at CERN assumirig an isoscalar tar-
get. He found that the equality held within sizable
experimental uncertainties. However, in the case
of a conserved second-class current described by
Eq. (2), it seems possible that Eq. (9) might follow
from the parton picture just as in the case of
elastic scattering. " Thus there is some question
whether this is a good test for a conserved seeond-
class current.

To avoid the problem with the elastic reaction
one may turn to the inelastic reactions
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lepton momenta, n =p~ +p„. This alignment is
detected by means of a cos2$ term in the angular
distribution of the b decay products, where Q is
the angle between the decay plane of these prod-
ucts and the plane formed by lepton momenta. '
For this observable, in contrast to that of Eq.
(11), there is no reason to expect a suppression
for the case of a conserved second-class current.
These conclusions are borne out by the detailed
calculations of Holstein and Treiman, ' who intro-
duce second-class currents into rea, ctions (10) via
a nucleon pole term containing the conserved ma-
trix element of Eq. (1). They find a considerable
interference contribution to the cos2$ term dis-
cussed above, while for q'=0 there is no first-
class-second-class interference in W'2 and thus
none in the cross section. ' An examination of the
figures in Ref. 3 indicates that after averaging
over q' there is a contribution linear in'& to
(o„—o&)/2(o„+o-„) of the order of 0.1',. However,
it is difficult to isolate the second-class effect
from the V-A interference effect except near
q'= 0.

An alternative to the assumption that the second-
class axial-vector current is conserved is the
assumption that it is the same member (1+i2) of
the octet as the usual first-class current. " For
the decays (4) it then follows from SU(3) sym-
metry that g„" vanishes; however, taking into ac-
count SU(3) breaking this means only a suppres-
sion by a factor 5 or 10. The suppression of g„"
from the assumption of current conservation dis-
cussed above is much stronger. Similarly for the
neutrino reactions (10) it follows from SU(6) sym-
metry [or more simply the SU(4) subgroup of
SU(6)] that the difference (11) vanishes, since in
the symmetry limit the reaction may be considered
as elastic. Taking into account SU(6)-breaking, we
expect corrections to this result of the order
(m~ —mN), whereas for the case of a conserved
second-class current the vanishing of (11) is ex-
act as q' approaches zero. Of course the deriva-
tive parton coupling in Eq. (2) satisfies both the
conservation condition and the octet symmetry.

III. ANOMALOUS VECTOR CURRENT

The standard assumption for the weak vector
current is that it is proportional to the isospin
partner of the isovector piece of the electromag-

netic current. While this is usually called the
conserved vector current (CVC) hypothesis, we
shall label it the proportional vector current
(PVC) since we will consider an alternative that
still satisfies the conservation condition. The
alternative involves adding to the usual vector
current a term which in the quark model could
be written

V~ =uo~,ds/Bx„. (12)

This may be called an anomalous weak magnetism
with no corresponding anomalous magnetic mo-
ment of the quark. Since no charge is associated
with V~, it should not affect such CVC tests as
v'-n'e'v or the constancy of ft values for allowed
Fermi transitions. On the other hand V' would be
expected to upset the PVC predictions for the
weak-magnetism parameter b and so help explain
the recent beta-decay experiments discussed in
the Introduction.

The anomalous conserved vector current V' of
Eq. (12) is clearly the chiral partner of A," given
in Eq. (2). In this case the chiral partner of the
second-class axial-vector current is a first class-
anomalous vector current. " From this point of
view it seems reasonable that if one of these un-
expected currents exists, probably both of them
do. Thus instead of asking whether the recent
beta-decay results are to be explained by 2" w.
V', we might ask how the two combine to produce
these results.

While V' and A" both contribute to the beta-
decay experiments, the existence of V,' does not
in general affect the other tests for A."which we
have discussed. In the case of the decays (4a) and
(4b), the only effect of V~ is to change the pre-
dicted value of f„; this has no effect on the dif-
ference in decay rates [Eq. (6)]. In the case of
neutrino reactions the basic test for second-class
currents Eq. (7) is unaffected by the presence of
the anomalous first-class current V~I. On the
other hand, the attempt to extract g„(q') from the
differential cross sections for the elastic reac-
tions (8a) and (8b), as discussed above, requires
the PVC assumption. Thus, a nonzero value for
gzz determined in this way could in general be
interpreted as a sign of a second-class axial-
vector current or a failure of PVC or a combina-
tion of the two.
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