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Recent nuclear P-decay experiments have hinted at the existence of weak second-class currents. We review the
evidence for second-class. effects in other branches of weak-interaction physics and find that the presently
available data are inconclusive. W'e then propose additional tests, involving (3,3)-resonance production by
neutrinos and antineutrinos. The effects here could be quite substantial if the second-class interactions are as
big as suggested by the nuclear P-decay experiments.

I. INTRODUCTION element of the weak current is

Recent experiments in nuclear P decay have
yielded contradictory indications concerning the
existence of second-class currents in the weak
interactions. Recall that, by definition, first-
class vector and axial-vector currents are, re-
spectively, even and odd under G parity, whereas
second-class currents have reversed G-parity
assignments. ' Positive indications have been re-
ported by Calaprice et al. for the analog decay'

Ne"- F"+e' + v, ,

and by Sugimoto et g/. for the mirror processes'
B»'- C~2+e + v, ,

C~2+e+ + pe'
On the other hand, Wilkinson and Alburger, ' and
Garvey and Tribble' find no signal of second-class
interactions for the mirror processes

LI. Be *+~ +pe ~

Bes*- 2(y.

Since G-parity symmetry is violated by the elec-
tromagnetic interactions, tests for second-class
currents are decisive only to the extent that ob-
served signals exceed any reasonable expectations
for effects arising from electromagnetic correc-
tions. The tests are otherwise model independent.
It is the question of a possible second-class axial-
vector current that is especially at issue in the
nuclear experiments. What one seeks to measure
is a certain matrix-element parameter, d„, which
in the absence of electromagnetic corrections can
arise only from second-class axial-vector con-
tributions. In order to parameterize any observed
signals, it is convenient to employ an impulse ap-
proximation for the nuclear matrix elements, re-
lating these to the couplings which describe neu-
tron P decay. For the latter process the matrix

&P li„l~&=~(P.) r„(gv+gA75)+ g~(gs+gpy3

-fo,. 2" (g~+ai~3 &(&)
2 SPY

(4)

where g =P, -P, is the momentum transfer and g»
g» are respectively, the vector and axial-vector
second- class coeff ic ients.

The impulse approximation serves to relate the
second-class nuclear parameter d„ to the corre-
sponding second-class nucleon parameter g„.'
Although it is the existence of a nonvanishing dII
that is of direct concern, this procedure provides
a convenient, if rough, parameterization of the
experimental observations. Since the translation
from d» to gjl is model dependent, the "effective"
g„need not be the same for different nuclear pro-
cesses. ' However, if the second- and first-class
currents were of comparable strength one would
expect g„ to be comparable to g„(the weak-magn-
etism coefficient), i.e., g„of order unity. Even
in the absence of second-class currents, small
"simulated" signals could show up as a result of
electromagnetic corrections, but in this case the
effective g» should be small, of order nZ. For
light nuclei, therefore, an effective g» of order
unity or greater would constitute serious evidence
for second-class axial-vector currents.

For the mass-19 system the reported second-
class coefficient is' g = (-8+ 3)g„while for the

»
mass-12 system'g =(-3.5a 1)g„. These are sub-»
stantial effects, seemingly beyond what could be
induced by electromagnetic corrections. On the
other hand, the results for the mass-8 system are
compatible with vanishing g (see Ref. 5): g»II=(-0.5+ 0.8)g„. It is not our purpose here to
choose among these nuclear experiments, or to
discuss whether electromagnetic effects might
after all be large enough to account for the posi-
tive signals in the mass-19 and mass-12 systems.
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Instead we want to consider some tests outside of
nuclea. r P decay that might serve to clarify the
situation for second-class currents; in particular,
we want to consider angular-correlation measure-
ments for v and v reactions in the n, (1236) reso-
nance region. Our estimates indicate that second-
class signals could be substantial here if g„ is as
large as suggested by the nuclear experiments in
the mass-19 and mass-12 systems. Before this,
however, in Sec. II we offer some general com-
ments on the status of second-class currents.

II. SURVEY OF PRESENT EVIDENCE

Apart from the nuclear evidence discussed in
Sec. I, everything that we presently know about
the phenomenology of weak interactions is com-
patible with the absence of second-class vector
and axial-vector currents. Recall that the class-
ification of G parity applies only to the strange-
ness- and charm-conserving currents, so that the
hints of charge-symmetry violation that have been
reported for deep-inelastic neutrino reactions,
even if sustained experimentally, need not carry
any implications for the issue under consideration
here. The effects could arise from

ASTRO

and
4C4 o contributions; one would have to separate
these channels in order to draw any conclusions
about second-class currents.

On the other hand, it might be thought that the

successes of conservation of vector current (CVC)
and partial conservation of axial-vector current
(PCAC) can immediately serve to rule out any ap-
preciable second-class interactions; CVC relates
the weak vector current to the electromagnetic
current and the latter is surely first class. ' Sim-

ilarly, PCAC relates the pion field to the diver-
gence of the axial-vector current and this implies
that the axial-vector current is first class. ' %e
will, therefore, suppose that the first-class cur-
rents do indeed accord with CVC and PCAC to

high accuracy. The question is whether we can
rule out additional second-class currents. I et us

first review the situation for standard low-energy
phenomenology.

A. CVC

There are three classic and successful tests of
CVC in low-energy decay processes: (i) the con-
stancy of ff values for various nuclear 0+- 0'
analog transitions, m (ii) the relation of this ft val-
ue to that for pionP decay, m'-m'+e'+v„" and

(iii) the weak magnetism effect in P decay of the
mass-12 system I see Eq. (3)]." For pion P decay,
however, one observes solely from G-parity con-
siderations that the second-class currents can
make no contribution whatsoever. For the 0' 0'

analog P decays the second-class vector current
can, in principle, contribute. However, even if
the intrinsic strengths of the first- and second-
class currents were comparable [e.g. ( gz (

=
( g„(

in Eq. (4)], the second-class contribution to the

ft value would be strongly suppressed: The cor-
rection to the purely first-class contribution would

be of order m, /m, where m, is the electron and

m is the nucleon mass. Moreover, at least in im-
pulse approximation, this correction would be
about the same for all the 0'- 0' transitions. "
What the 0'- 0' and pion P-decay experiments
confirm, therefore, is CVC for the first-class
vector current. Concerning the weak-magnetism
effect in the mass-12 system, here again, in

principle, both second- and first-class currents
can contribute. On the other hand, for neutron P
decay the parent and daughter hadrons belong to
the same isotopic multiplet and both the Fermi
and weak-magnetism coefficients, g~ and g„ in

Eq. (4}, are purely first cia.ss. In impulse ap-
proximation for nonanalog nuclear transitions,
the weak-magnetism coefficient receives contri-
butions only from g~ and g~, not from the second-
class g~." To the extent that this is a good

approximation, therefore, the weak-magnetism
tests in nuclear transitions are really tests of
CVC for the first-class current.

The only serious potential difficulty for second-
class vector currents that we are aware of in low-
energy phenomenology concerns the decay process-
es Z' —A'+e'+v„Z -A'+e + v, . Thesereactions
bear on the issue of both vector and axial-vector
second-class currents, and we will return to them
shortly.

B. PCAC

If the axial-vector current contains both first-
and second-class pieces, then it is only the first-
class piece whose divergence can be associated
with the pion field, in the manner of PCAC. How-

ever, this produces no difficulty. Only the first-
class current contributes to m- p, + v decay and to
the g„parameter of nucleon P decay. The PCAC
relation" between g& and the pion decay parameter
f~ is therefore left intact even if there w'e second-.
class axial-vector currents. Indeed, if the usual
equal-time-commutator assumptions are main-
tained for the first-class currents, then all the
standard PCAC and current-algebra predictions
for strong-interaction phenomena are left un-
changed (Adler consistency condition, "Adler-
Weisberger relations for m Nscattering, "etc.-).
Similarly unchanged are the familiar predictions
for K» (Ref. 18) and K„(Ref. 19) decays, provided
we do not tamper with the strangeness-changing
weak currents.
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C. Weak nonleptonic decays

It is a standard assumption that the effective in-
teraction responsible for nonleptonic decays has
the form of a product of the currents that enter
into the weak semileptonic interactions. The in-
troduction of second-class currents would, of
course, modify the usual picture of the nonleptonic
Hamiltonian. However, a number of the standard
PCAC, current-algebrapredictions, i.e., those
concerning nonleptonic hyperon decays arid K 3m'

decay, rest only on the assumption that the cur-
rents are purely left-handed. " These predictions
are left intact if we assume that the second-class
currents have this property and that all equal-time
commutators between left- and right-handed
charges vanish. In order to maintain these predic-
tions, therefore, we must require that the second-
class currents, if there are any, have both vector
and axial-vector pieces.

One aspect of nonleptonic-decay phenomenology
that soould be altered by the introduction of second-
class currents, and altered in a favorable way, has
to do with the SU(3) structure of the nonleptonic
Hamiltonian. In the standard picture, based on
first-class currents which are exclusively left-
handed, the octet piece of the Hamiltonian trans-
forms like A., under SU(3). According to Gell-
Mann's theorem, "as generalized by Boulware and
Brown, "it then follows that KD 2m decays must
vanish in the limit of exact SU(3) symmetry. The
observed Ko-2m rates, however, have always
seemed to be too substantial to be accounted for by
SU(3)-symmetry breaking. As has been remarked
by B. W. Lee, this difficulty can be circumvented,
still without second-class currents, by the intro-
duction of right-handed currents into models of the
weak interactions. " Such right-handed interactions
have recently come under intense consideration.
We may also notice, however, that the same end
is accomplished through the introduction of left-
handed currents of second class. The octet term
arising from a product of first- and second-class
currents contains a piece which transforms like
A., under SU(3), and this term allows for Xo 2v

decays.

D. Hyperon P decays

We have already noted that the dominant Fermi
and Gamow-Teller coefficients, g~ and g~, in
nucleon P decay arise solely from first-class cur-
rents. Let us focus on the corresponding coeffi-
cients for the other baryon-octet P-decay process-
es (A-P+e +v„etc.). If we do not tamper with
the usual Cabibbo assumption for the strangeness-
changing currents, "then all of the standard re-
sults of Cabibbo theory are left unchanged by the

introduction of second-class currents, except for
those concerning the processes Z+ -A+e+ + v„
Z -A +e + v, . These latter processes are poten-
tially decisive for the issue of second-class cur-
rents, since here both the second- and first-class
currents can contribute.

To see what is involved, it is only necessary to
recall the several predictions that follow from the
absence of second-class currents and from the
other assumptions of standard weak-interaction
theory. (i) From CVC alone it follows that the
Fermi matrix element must vanish in the limit of
zero momentum transfer q2, and must therefore
be, at most, very tiny for the small values of q'
involved in these decays. (ii) In the limit of exact
SU (3) symmetry, the added assumptions of the
Cabibbo theory imply the standard relation of the
Gamow-Teller coefficient for the Z' decays to the
corresponding coefficients for the other P-decay
reactions. (iii) Even apart from Cabibbo theory,
and from CVC, if the vector and axial-vector
currents are purely first class, then the Fermi
and Gamow- Teller coefficients must be the same
for the Z' and Z processes, hence the two re-
actions should have essentially the same ft values
(i.e., the same decay rates after phase-space dif-
ferences are allowed for)

This prediction of ft equality between two mirror
processes also holds for nuclear P decay in the
absence of second-class currents. In the nuclear
case, however, electromagnetic corrections are
expected to be more significant even after phase-
space and final-state Coulomb interactions are

25
allowed for, as they are by the use of ft values.
Small ft discrepancies are in fact observed in the
nuclear case, but they are not in themselves de-
cisive. " Rather, the nuclear evidence that we
have cited for second-class axial-vector currents
relies on more detailed spectral measurements.
For the Z' decays, electromagnetic corrections
should be much less important; the ft compari-
sons, correspondingly, should be more definitive.
Unfortunately, the present errors on the Z' A+e'
+v, and Z A+e +v, rates are still rather large, '

(ft)'/(f t) =0.96 a 0.24,

so that the limits on second-class currents are not
yet very stringent. Concerning the CVC prediction
of vanishing Fermi coefficient g~, the present er-
rors are similarly large: For Z -Ae v

gv/g~ =0.37 + 0.20

(see Ref. 28), while no value is available at pre-
sent for the corresponding E' transition.
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E. Neutrino reactions

The standard picture of the weak currents (ex-
clusively first-class, CVC, PCAC, standard cur-
rent algebra, etc.) leads to a number of familiar
predictions for neutrino reactions, and some of
these would be altered by the introduction of sec-
ond-class currents. In Sec. II we shall take up a
detailed discussion of one particular class of ef-
fects. Here let us briefly review several of the
others. We concentrate on AS =AC =0 charged-
current reactions.

It was observed by Adler that the amplitude for
forward, inelastic lepton scattering (outgoing-
muon momentum parallel to incoming-neutrino
momentum) is proportional to the matrix element
of the divergence of the weak current in the approx-
imation where the outgoing-lepton mass is ig.-
nored. " If there is no second-class vector current,
and if the first-class current obeys CVC, it follows
that only the axial-vector current contributes in
the forward limit; consequently, it follows that
there can be no parity-violating effects in this
limit. It is clear that a second-class vector cur-
rent, if it exists, cannot be conserved. Thus the
discovery of parity-violating correlations for for-
ward-inelastic lepton scattering would either rule
out CVC for the first-class current, or imply the
existence of a second-class vector current. There
are two other effects to be noted. If the vector and
axial-vector currents are purely first class, and
if CVC holds, then the forward cross sections for
neutrinos and antineutrinos on an isoscalar target
should be identical. Moreover, the cross section
on any target can be related, through PCAC, to
the cross section for pion inelastic scattering on
the same target. " Clearly, second-class vector
or axial-vector currents would upset these pre-
dictions. Unfortunately the experimental evidence
on these various issues is still too limited for any
conclusions to be drawn.

It is similarly clear that the equal-time com-
mutation relations among the weak currents would
be changed by the introduction of second-class
currents and that this would alter the Adler' and
Gross-Llewellyn Smith" sum rules for the inelas-
tic-neutrino structure functions, but these are not
yet well tested experimentally. We still have to
reckon, however, with certain other successes of
the standard picture for deep-inelastic scattering.
Solely from the assumption that the currents are
first class it follows that the familiar structure
functions F„F„E3must be identical for neutrinos
and antineutrinos on an isoscalar target (recall
that we are ignoring any ASW 0 or ~C+0 contribu-
tions). This is so quite apart from the more de-
tailed issues of Bjorken scaling, the quark-parton

model, etc. However, scaling does seem to hold
up very well experimentally, and the fits to the
structure functions made on the assumption of
scaling seem to roughly confirm the equalities.
It should be noted, however, that the equalities
would hold also if the currents were purely second
class; it is only the interference between first-
and second-class currents that would upset the
predictions.

This brings us to the most vexing question for
second-class currents. Namely, how can one
introduce them in the framework of present theo-
retical ideas about the weak interactions? In the
usual quark picture, apart from color, there is
only one pair of nonstrange and noncharmed
quarks, (P and X. The currents formed from these
are necessarily first class. To provide for sec-
ond-class currents it would be necessary, at a
minimum, to introduce two pairs (O'„X,), (O'„X,)
and to suppose that each is a doublet under strong
SU (2) symmetry. " This is not at all attractive.
Nevertheless, just to illustrate a possibility, let
us pursue this idea briefly. For the charge-rais-
ing first- and second-class currents, J'„and J&,
we take

Z „" = Z gg 6,. y„(1+y,)al, e,„
S

and then for the charge-lowering currents

Jp~ = X; yp 1+y,
j

J~~ = —A. . X; yp 1+y5

The parameter A, measures the strength of the
second-class relative to the first-class currents.
In order to understand the sizeable second-class
effects suggested in the nuclear P-decay experi-
ments we must suppose that A. is of order unity,
but of course it is not possible to make any pre-
c ise quantitative statement.

With J =J ' +Jn the total current we see im
mediately that the equal-time commutators obey

[Z„'(x),Z (y)]„„=(1+~')[Z„"(x),Z,'(y)]„, „.
Thus, neglecting ASTRO and ACRO effects, Adler's
sum rule is modified by the factor 1+A.'. With
scaling assumed, we have

J
1

dx[E",~(x) &',~(x)] =2(1+A-').
0

The Gross-Llewelyn Smith sum rule is similarly
modified by the factor 1+A.'. Of course the Callan-
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Gross relation, "which merely reflects the spin-
—,
' nature of the quarks, is unmodified.

The most important feature of the model under
discussion is that in a parton picture of deep-in-
elastic scattering there is no interference between
the first- and second-class currents, so that one
of the major potential difficulties, noted previous-
ly, does not materialize, and the modifications to
the sum rule are not yet tested for experimentally.
However, there is one other parton-model result
to be noted. This concerns the relation between
neutrino and electroproduction structure functions.
If we make the usual assumption that the strange
and antiparton distributions in the nucleon are
negligible, we have"

E +F""=~(1+X')(F"+Z'")

Comparison of SLAC electroproduction data with
CERN Gargamelle neutrino data at large x appears
to require that A.'&0.5. This is the only serious
quantitative restriction on the strength of second-
class interactions which we can presently extract
from the deep-inelastic data, and even this can be
relaxed somewhat if we are willing to allow for
some strange quark components in the nucleon;
at least this would go in the right direction to per-
mit an increase in the second-class parameter A. .

The model discussed above is not meant to be
taken as a serious proposal. It is meant only to
illustrate some of the issues involved for second-
class currents and deep-inelastic scattering:
notably, on a parton picture, the question of wheth-
er one can avoid interference effects between
first- and second-class currents. Clearly, the
introduction of an extra quark doublet makes trou-
ble for m 2y decay; similarly, the model prob-
ably runs into difficulty with the ratio 8 for e', e
annihilation into hadrons. However, the important
matter, detailed theories and aesthetic issues
aside, is a phenomenological one: Are there sec-
ond-class currents P The nuclear P-decay experi-
ments provide a hint of substantial second-class
axial-vector current effects. Elsewhere, so far,
the tests are not yet decisive. In the following
section we discuss in detail some additional tests
that might be useful.

III. SECOND-CLASS EFFECTS IN 6 PRODUCTION
BY NEUTRINOS

or second-class character of the weak currents is
contained in the relations

&Pl~„'I-& =&~I~„'I &,

&P I&,'I ~& =

If the weak currents were purely of first class (or
purely of second class) the differential cross sec-
tions for the two mirror reactions would differ
only because of leptonic V, A. interference. Be-
yond this, any differences must reflect interfer-
ence between first- and second-class hadronic
currents; such differences therefore serve as
tests for the existence of second-class currents.

Suppose that the final state contains more than
one hadron. Then for the neutrino process, say,
we select a particular final hadron P„writing
P =/~+X, where X may itself be a single-particle
or multiparticle state. Let q, and q2 be the momen
ta of incoming and outgoing leptons and let q =q,
—q2, Q =q~+q2. We now choose as independent
variables the neutrino laboratory energy c, the
invariant mass W of the hadron system P, the in-
variant mass and other "internal" variables of
the system X, and finally the polar angle 6j and
azimuthal angle P of the particle P, in the over-
all hadron rest frame. In this frame we choose
g to be along the z axis and Q to be in the x-z plane.
Notice that p is simply the angle between the lep-
ton plane and the hadron plane defined by P, and X.
For the antineutrino reaction we choose similar
variables with the obvious changes of P,—P„
X-X, etc.

We now recall an observation due to Pais con-
cerning the dependence of the differential cross
section on Q. The general structure is

do' =(o'0+o'icos Q +o'acos 2Q +gssln Q +o'4sin2$)

xd)dWdq " (8)

where the o,. depend on the variables other than p.
The functions go, g„o„ in general, are different
for the p and p reactions. On the other hand, g,
does not involve leptonic V, A interference, while

p~ is strictly a leptonic V, A interference term.
Therefore, as Pais shows, in the absence of in-
terference between first- and second-class currents
one has"

VOL V OL

2 2

Consider the pair of mirror reactions

Vp+(2 P, +P ) (6)
Vp+Q~ P +P q

where a =e' ~2n, P =e' ~aP, and where o. and P
may be single-particle or multiparticle states.
The fundamental property which reflects the first-

V VCR

The detection of any difference in these two angular-
correlation terms for a pair of mirror processes
would signal the existence of second-class cur-
rents. In principle, any pair of processes will
do, provided there is more than one hadron in the
final state. Still, one would like to have some
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estimate for particular processes of the size of
the effects to be expected. For practical experi-
mental purposes one requires that u, and jor c,
be sizeable (with respect to oo) and sensitive to
second-class contributions. We discuss here the
reactions

Pp+P «P, +P +'F

and specialize to the region of the (3, 3) resonance
at W =1236 MeV.

These reactions have been studied theoretically
by a number of authors without allowance, however,
for second-class currents. " Here we shall closely
follow the analysis discussed by Adler. " It is
based essentially on the Born approximation, cor-
rected by final-state effects for the resonant multi-
poles. The nuclear form factors of Eg. (4) enter
in the yarameterization of the Born diagrams.
What is new here is that we allow for the second-
class axial-vector form factor ga, (we neglect the
muon mass, . so that the second-class vector form
factor gz plays no role). Integrating over all final-
state variables other than p and W, we have

~

gras&~&sin gss(W) ~~
~ (AD+A, cosp+A, cos3$+Aasinp+A~sm3$) p

(11)

where A; depends on e and W, 5» is the (3,3) phase
shift for w-N scattering at barycentric energy 8',
and & =W-m.

our present aims are somewhat qualitative; they
are to indicate roughly the magnitude of A., and A 4
(relative to A, ) and to study their sensitivity to
second-class currents. For these purposes we
adoyt a number of approximations: We ignore
terms of order q' jm' and &u jm (the so-called
"static" limit), and in integrating over q we sup-
pose that all the form factors of Eg. (4) have the
same dipole falloff —in particular, therefore, the
second-class contribution is at the end parame-
terized by gz(0), the zero-momentum-transfer

l

value involved in nuclear P decay. Moreover,
since we are focusing on the resonance region we
retain only the resonant multiyoles. In this latter
approximation A, and A.~ vanish; these terms in-
volve interference of resonant and nonresonant
multiyoles. Even when we allow for the nonres-
onant multiyoles, however, we find that A~ is very
small relative to A.o. Thus for the tests under
discussion here it is A., that is relevant, and we
compute both A. 2 and A. o for several values of the
energy & and several values of gz(0). In all cases
we set 8' at the resonance value.

What is at issue is the comparison of A., for the
two processes of Eg. (10). Models aside, any

e =1.0 GeV
+ A2 e=3GeV A2

p~nm - .8-- yp

4--

e =5.0 GeV

-8 g~ (0)
I

g (0) g (0)

,04--

v p~p. pa+
3-

.2-

e =).0 GeV & =3GeV
Ap

5-
4-

Ap
e =5.0 GeV

I I I I I I I I
I I I I I

nn —~+n~- vn p+n~-2--

-8 -6 -4 -2 0 2 4 6 8
g (0)

-8 -6 -4. -2 0 2 4 6 8
g (0) -8 -6 -4 -2 0 2 4 6 8 Ia)g~ (0

FIG. 1. Shown are graphs of correlation parameters A 2, Ao vs g„(0) at three different neutrino energies. So as not
to emphasize the particular numerical predictions, the vertical scales are in terms of arbitrary units, but the six
curves are properly normalized among themselves.
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difference would signal the presence of second-
class currents. Experimentally, the absolute
determination of A., for the v and v processes is
sure to be difficult, depending as it does on know-
ledge of fluxes. It would be better to compare the
ratios A~ jA2 since this ratio itself should be the
same for the two processes in the absence of sec-
ond-class currents. As has been said, however,
A4 is likely to be too small to determine.

Our results on A. 2 and A. o are displayed in Fig. 1
for several energies & and for a range of values
of the second-class parameter gu(0). We note
that A. O, which is the cross section integrated over
p, itself has a non-negligible dependence ongz (0).
A substantial deviation of the measured cross sec-
tion from the Adler prediction might then in itself
be suggestive of a second-class axial-vector cur-
rent. However, this requires not only an absolute
determination of the cross sections, but also faith
in the accuracy of the model, so cross-section
results need not be definitive unless the second-
class effects are very big. More. interesting and
striking is the behavior of the cos 2p term, As.
Any change in this correlation in going from
vp p, pm+ to vz p, +an' would unambiguously
signal the presence of a second-class interaction.
We see from Fig. 1 that the second-class effects
can be rather large. Indeed, we see that for
values of gz(0) as large as indicated by the nuclear
P-decay experiments, A, changes sign between
the vp and vn reactions. If such a sign change
were observed careful neutrino-flux measurements
would become unnecessary. Also we note that the
parameter A2 is typically of order 10% relative

to the leading term A. o, so that detection of a
cos2$ correlation should not prove impossibly dif-
ficult. The specific numerical values given depend,
of course, on the model we are utilizing and should
not be taken too seriously. However, the detection
of any difference of A~ between the two reactions,
in particular the detection of a sign change, would
be significant beyond any particular model. What
our model-dependent calculations show is that A. 2
is a particularly sensitive test for the presence
of second-class interactions.

Of the two reactions to be compared,

the second one is obviously much more demanding
experimentally. For first rough indications one
might instead consider the process

In the resonance region one may expect the I = —,
'

amplitude to dominate. With neglect of I = —,
' con-

tributions one has

Amp (p+p-p++p+@ ) = —,
' Amp(v+n-p++n+s ) ~

Thus, a comparison of 9A.2~with A',~ might serve
at least roughly for tests of second-class effects,
especially if these effects are as large as indicated
by the present estimates. Because of I =-,' final-
state contamination the results would not, of course,
be decisive.
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