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The determination of the relative sign of strangeness-changing hadronic axial-vector and vector currents
is considered within the framework of V, A theory and the experimental information on hyperon beta
decays, in particular the spin correlation parameters for A p e v. If the sign of the A polarization is
accepted as obtained from nonleptonic decay experiments, the V + A form of the current is excluded.
If the polarization sign is assumed to be the opposite, a necessary condition for the consistency of the
correlation parameters for A p e v with V, A theory is the presence of very large tensor and/or
axial-tensor form factors, Explicit fits to the data allowing for such form factors have very small
probabilities. It is concluded that the consistency of the experimental results with V, A theory strongly
supports the polarization sign as inferred from A p e, and hence, the V —A form of the ICOSI = 1

current.

I. INTRODUCTION

cos8[6'iy„(1+y,)X] for dS=0,

sine[6'iy„(l —y, )x] for I d.SI =1,
(1)

(2)

where (6', X, A) is the usual ciuark triplet. This
current differs from the conventional universal
one' only by the reversed sign of the strangeness-
changing axial-vector part,

In this paper we consider the determination of
the relative sign of

I dSI = 1 hadronic axial-vector
and vector currents within the framework of V, A
theory and the available information on leptonic de-
cays of hyperons.

II. POLARIZED HYPERON DECAY

The relative sign of the axial-vector and vector
currents is only indirectly reflected in the prop-

Recently there have been many attempts to ex-
tend gauge field-theory models of weak and electro-
magnetic interactions of leptons by the inclusion
of hadrons. Yang-Mills-type theories with a
charged current generally also involve the neutral
current obtained from the commutator of the
charged one with its Hermitian conjugate. At this
point, there arises the problem of how to avoid the
appearance of strangeness-changing neutral had-
ronic currents because the corresponding transi-
tions are strongly suppressed. '

Gne simple and economical way of preventing the
appearance of neutral

I
dS

I
= 1 currents in lowest

order is to postulate that the
I
&S

I
=1 part of the

charged hadron current is of the form V+A, in
contrast to the established V-A form of the AS=0
current. ' This interesting possibility has recently
been considered by several people. '

In terms of quark currents, we would then have
a hadronic current of the form

(&I V~ IA) = &3(iyafi+i&nsegfz/~g)zing ~

&&IAnI»=me(iy yogi+i&. eqeyegz/IifA)~A&

(4)

and q =p„—ps =p, +p„. Contributions proportional
to the electron mass have been omitted, and we
neglect the q' dependence of the form factors.
Also radiative corrections are not considered.

It will turn out to be useful for our discussion to
introduce the operation of "A/V sign reversal" as
the change of sign of the ICOSI=1 axial-vector cur-
rent. It implies, of course, a corresponding sign
change of all form factors g,. appearing in the ma-
trix elements of this axial-vector current. From
the general expressions' for the hyperon beta-de-
cay rate and the electron-neutrino correlation A„,
we see that they are invariant under A/V sign re-
versal. Gn the other hand, the proton spin corre-
lation' A~ changes sign, as does the sum of the
electron and neutrino spin correlations' A, +A, .
[For definiteness, we think here in terms of the
decay A- pev. ] We find that any sensitive attempt
to distinguish between V+A and V- A interactions
must involve baryon polarization information.
At present, the process A- pev is the only hyper-
on beta decay for which precise polarized data
exist.

Table I contains a summary of the data on the
decay A-pev in terms of the quantities which are
directly measured in the experiments. ' There is
good agreement on the values for the branching

erties of the observable quantities in leptonic hy-
peron decays, which may be expressed in terms
of the invariant form factors f, and g, . . In order to
define our notation, we write the matrix element
for A- B+8+ v in the form

M =(BIV„+A„IA)eiy„(1+ y, ) v,
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ratio and the e- v correlation, and the two recent
experiments with polarized A hyperons yield quite
definite results for the spin correlation parame-
ters, Therefore, w'e can use the weighted means
and their errors with confidence.

In these experiments, the polarization is cali-
brated by the nonleptonic decay mode A- pm .
Thus the polarization, and in particular its sign,
is set by the classic measurements of the proton
asymmetry parameter' o.~ by Cronin, Overseth,
and Roth' which were performed by scattering the
decay protons off carbon. It is interesting to note
that the sign of the analyzing power of carbon is
obtained by comparison with scattering in helium'
at proton energies sufficiently low (a few MeV)
that a phase-shift analysis of the p-He system is
considered reliable. In this connection, an ingeni-
ous double-scattering experiment resolved the
ambiguity between a dominant P,~, and a dominant

P3 /2 interaction in favor of the latter .' The two
choices would, of course, give opposite signs for
the low-energy analyzing power.

In Table I and in the following section, we adopt
the sign of the A polarization as inferred by the
method described above. Later, in Sec. IV, we

ask to what extent this sign can be obtained as a
self-consistency condition on the beta-decay data
alone.

III. V+A CURRENT
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Vfe now ask to what extent a t/"+ A current of the
form (2) can be compatible with the experimental
data for hyperon beta decays. In this section, we
assume SU(3} symmetry and take matrix elements
of the currents using hadron states which are octet
eigenstates. The axial-vector form factor g, for
the various decays is then given in terms of two
reduced matrix elements E and D. The relevant
expressions are listed in Table II. From correla-
tion experiments for n pea we obtain Il+D
=1.25. In extracting the ratio g,/f, from the cor-
responding experimental results for A pev, we
must specify the assumptions made about tensor,
and, in particular, pseudotensor form factors.
Because the energy release for A-pev and other
hyperon decays is considerably larger than for
neutron decay, the contribution of these terms can
be relevant. Since we assume SU(3) symmetry,
we expect g~ =0 provided the interaction contains
only first-class currents which are normal under
time reversal (T normal). "" The available data
from all A beta-decay experiments" ' then give
roughly g, /f, = O.V, with f2/f, being of order
unity. Hence we have for the V+A interaction I'

1+ 3D=-O.V.

%Kith V+A. values for E and D obtained in this
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TABLE II. Comparison of D andE values for V —A and V+A currents.

Decay

n pe v

A pe v

Z ne v
Z~ Ae v

g(/f g formula

+ lD

E —D
(2)1/2D

g(/f ( value

{i.25) b

{0.25 to 0.75)b
—1.75 to —0.25
1.22 to 0.66

g~/f~ formula

(E 1D)
—(E —D)
(2) i/2D

gg/f( value

{1.25) b

{0.25 to 0 75)b
3.25 to 4.75
1.84 to 2.45

D =1.50 to 0.75
E = —0.25 to 0.50

D = 2.25 to 3.00
E = —1.00 to -1.75

~ For Z' Ae'v, the listed expression is g&/coso, since the Clebsch-Gordan coefficient for
the f~ amplitude vanishes.

b These values are input data. See Refs. 2 and 15 and the averages in Table I.

way from n- pev and A- pe v, we can calculate the
branching ratios for the reactions Z -ne v and
Z -Ae v. They turn out to be too large by about
tu o orders of magnitude for the first decay, and
one order of magnitude for the second.

Although in gauge theories we do not expect to
have contributions to the basic currents which are
divergences of tensor or pseudotensor densities,
we want to be more general and thus more con-
servative when interpreting the data, and hence we

impose no such restrictions. Then we can also
have nonvanishing pseudotensor form factors. A
second-class, T-normal axial-vector current can
give rise to a finite g, form factor even in the
SU(3) limit. "

Without second-class currents, there can still
be induced pseudotensor form factors if SU(3) is
broken and if the transition is between states
which do not belong to the same isospin multiplet. "
We can allow for such effects, provided the SU(3)-
symmetry breaking is sufficiently small that it
does not seriously affect the computation of the
axial-vector form factors using SU(3) Clebsch-
Gordan coefficients.

In Table II, we have given the maximum range
for g,/f, admitted by the correlation data for A

-pev (world averages). The uncertainty in g, /f,
then arises from the possible variation of g, /f,
and f,/f, as discussed above. With this informa-
tion as input, we find for the V+A current

a~2.25 and Es-1.00.

In the allowed approximation, where the rates are
proportional to lf, l'+3lg, l', these values predict
branching ratios which are at least 23 times too
large for Z - ne v and 9 times too large for Z-Ae v. However, in both cases we may consider
the possibility of cancellations due to unusually
large pseudotensor and, to a lesser extent, tensor
form factors.

We recall the expression for the rate of A- J3ev
in terms of the form factors. Up to second order

in P
-=M„—M~/M„, it is proportional to'

& =(& -!P)l(&+!P') lf, I'+-', o'If. I'

+-', &'l~efif2*+ 3(l+-;~') Ig. I

+', O'Ig. I' 40R-egig2]

With the form factors f, and g, fixed, this expres-
sion has a minimum value of

&..=(l —lP)l(l+~lP') lf. I'+4(&+ —".P') Igtl']

for

g2=6P gt and f = —haft.

With 8 - we still obtain a rate for Z -ne v

(Z -Ae v) which is approximately 4 (2) times too
large. We note that the rate for Z -ne vis
known" to better than 6%, and that for Z -Ae v

to better than 12%.
We conclude that, using the sign of the A polar-

ization obtained from A- pn decay, we cannot ac-
commodate a V+A current within the framework
of a universal SU(3) scheme.

IV. REVERSED A POLARIZATION

While we do not doubt that the sign of the A po-
larization in the beta-decay experiments is prop-
erly inferred, "the discussion in Sec. II has shown
it to be a delicate matter. Therefore it is of in-
terest to see whether this polarization sign, and
hence the sign of A/V, can be obtained from a
self-consistency condition on the beta-decay data
alone.

In order to see the difficulties which arise if one
tries to fit the correlation parameters in A beta
decay under the -assumption of the "wrong" polar-
ization sign, we find it convenient to study a spe-
cific combination of the spin correlation coeffi-
cients A, and A, and the electron-neutrino corre-
lation A.„.The combination "Z" has been intro-
duced in Ref. 25. It is essentially given by
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Z = [(~„-~.) —(1-~.„)](I+a,„)-'.
The function Z vanishes in the allowed approxima-
tion. Hence one expects a priori Z «1. We see
that the quantity Z is useful for our purposes be-
cause under A/V sign reversal the difference A„
—A, and the electron-neutrino correlation A.,„do
not change sign. On the other hand, under polar-
ization reversal, all spin correlations change
sign, while A„does not.

Experimentally, we find

g = -0.09 +0.06,

using the average values from Table I and the con-
ventional sign of the polarization. For the other
choice of the polarization sign, we obtain

Z =-1.11+ 0.06.
Let us now express the function Z in terms of

the form factors:

~(~,2„,ff."+sr." g!If I*+

If, I'+ lg, I' Ifil'+lg I'

(8)
where

—,'P = 0.05,

and where we have retained only those terms of
order p' which are relevant for our pur pose

To obtain g = -1, we see from Eq. (8) that, in
the dominant first term of order P, the combina-
tion

Re fifa +gi g2

Ifi I'+ lgi I'

must be large and negative: roughly -10. For ex-
ample, withg, =0 and lg, lslf, l, this would imply

We see that the "wrong" choice of the polariza-
tion sign would require tensor and/or pseudotensor
form factors which are larger in magnitude than
the direct vector or axial-vector couplings. In
gauge theories of weak and electromagnetic inter-
actions, we generally have only vector and axial-
vector currents. In particular, there are no sec-
ond-class terms present. "As is well known, cur-
rents which are divergences of tensor densities
would ruin the renormalizability of the theory at
the quark level, destroying one of its assets.
Hence, in this framework, we must view the ten-
sor form factors in the hadronic matrix element
as induced ones.

In the hadronic matrix elements of the electro-
magnetic current, we have induced tensor form
factors which are roughly of the same order of
magnitude as the vector terms. [Here we use a

normalization analogous that employed in Eq. (4).]
With the conserved-vector-current hypothesis, we
can say the same for the matrix elements of the
strangeness-conserving weak hadronic current.
With the assumption of a V+A coupling for
strangeness-changing weak interactions, we find
from the measured spin correlations for A beta
decay that corresponding induced terms are re-
quired as a necessary condition for consistency
which are several times larger in magnitude than
the direct vector and pseudovector form factors.
It would appear then that the current structure at
the constituent level is far removed from the
structure of the physical matrix elements, and it
would be an important task of the theory to explain
the large induced form factors.

Besides these relatively general and qualitative
considerations, we can, of course, ask for a "fit"
of the data with the unconventional polarization
sign in terms of the ratios g,/f„g, /f „and f,/f,
as free parameters. Using the weighted means of
the four correlation parameters as listed in Table
I, but with the signs reversed for A„A„and A~,
we find that the "best fit" (i.e., y' minimum) oc-
curs at a y' of 39 for one degree of freedom. " At
the minimum, the form-factor ratios are

—' = -0.25 ~ = -8.0 ~ = 0.4

and the correlations are

A, =-0.46, A, =-0.21,

Ap = 0.57, A,„=0.06.
We see that, in addition to having a problematically
large value for the amount of f„we cannot obtain
a reasonable fit to the A beta-decay data within
the framework of a V, A theory if we require the
unconventional sign for the A polarization. "

V. CONCLUSIONS

(1) U the sign of the A polarization is accepted
as determined by the analysis of A- pw decay and
the measurements of proton-helium scattering,
we find that the V+A form of the hadronic current
is not compatible with the experimental informa-
tion on hyperon beta decays. Here we have as-
sumed the usual umversal SU(3) scheme except
that the sign of the axial-vector current for I Ml
=1 has been reversed. In contrast, within the
same framework, the V-A current is relatively
consistent with the data.

(2) If the A polarization is assumed to be opposite
to the usually accepted one, we see from an anal-
ysis of the correlation parameters in A beta decay
that tensor and/or axial-tensor form factors are
required as a necessary condition for a solution.
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These form factors are larger in absolute value
than the vector form factors by an order of mag-
nitude. They are implausible from the point of
view of gauge theories. Furthermore, with the
unconventional polarization sign, fits to the mea-
sured A beta-decay correlations in the framework
of a V, A theory have very small probabilities.

We conclude that the consistency of the mea-
sured correlation parameters for A- pev with the

V, A theory strongly supports the polarization sign
as inferred from A -pz decays, and hence the
V-A form of the hadronic

~
hS~= 1 current.
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A simple parton model is used to estimate the radiative corrections to neutrino-induced inclusive

processes. An application of the resulting expressions to v„+p p, + X at E„" = 100 GeV shows

that the muon spectrum is distorted by as much as 10% in some regions.

I. INTRODUCTION

The results from deep-inelastic, inclusive neu-
trino-nucleon scattering experiments which are
in progress or planned for the near future will be
an important input for current theoretical work.
The effects of radiative corrections must be con-
sidered in interpreting these experimental results. '

Unfortunately, it is impossible to calculate the
radiative corrections to an inclusive process which

is controlled by unspecified dynamics. There are
two reasons for this. First, the long-wavelength
photons are sensitive to changes in the large-scale
distribution of electric charges and currents.
This information is not available unless the gener-
al features of the hadronic final state are specified.
Second, the short-wavelength photons are sensi-
tive to details of the current distribution in the
interaction region. Again, this information is not
available in the absence of a theory for the basic
interaction. Thus, in order to estimate radiative
corrections, we need a model which specifies the
electromagnetic currents in some detail. %e will
use the parton model. '

In this model, the nucleon target is to be viewed
as a collection of weakly bound, relatively light

point particles. The neutrino is assumed to have
a weak interaction with one of these target partons.
In the deep-inelastic region, this parton gets a
large acceleration, and the leptonic system suffers
a large reaction. The other partons are assumed
to receive accelerations much smaller than that
of the leptonic system or the struck parton.

Classical intuition suggests that the charges
which are accelerated the most will make the
major contribution to the radiative correction.
Thus, we will consider only contributions where
the photon is attached to the struck parton or the
outgoing muon, and we will sum over the partons
incoherently as usual.

This is analogous to the usual practice of calcu-
lating radiative corrections by considering only
the proton in the target which is struck and then
summing incoherently over the protons in the tar-
get. This restriction of the number of Feynman
graphs is gauge-invariant so long as we ignore the
interactions between the partons.

For the purposes of this calculation, we will
assume further that the final-state interactions
which "dress" the outgoing parton give a jet of
outgoing physical particles which have the same
charge and essentially the same momentum as the


