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Recent experimental data on the P decay of the A are analyzed. Integrated expressions for
the measured quantities zn terms of form factors are given up to second order in the param-
eter p = (~A- ~&)/~A. The sensitivity of these experimental quantities as functions of spe
cific form factors is studied in detail and exhibited in a form which is useful for the analysis
of present experiments and for the planning of future ones. Within the framework of V'-A
theory, the possibility is explored that the data require the presence of an induced pseudo-
tensor form factor. Qualitative discussions of the q2 dependence of some form factors and
of possible admixtures of scalar and tensor interactions are also given.

I. INTRODUCTION

New experimental evidence on the p decay of the
A hyperon" is cux'rently becoming available. In
comparison with neutron p decay, A p decay

differs by the change in strangeness (ASw0) and

the non-negligible magllltude of the Q VRlue. Be-
cause our knowledge of ~9gO hyperon semilepton-
ic decays is so limited, the analysis of this evi-
dence is particularly interesting. %'e want to ob-
tain information that might improve our picture
of LSgO decays.

In a previous paper, ' which we shall refer to as
I, a preliminary analysis was given. It was seen
there that new complications might arise; in par-
ticular, some sum rules were introduced which

allowed us to see that a violation of time-reversal
invariance in A p decay could not alone bring bet-
ter agreement with experiments, and that instead,
second-class currents might be required.

In the present paper we assume time-reversal
invariance and neglect radiative corrections. %e
study the possible restrictions that the A p-decay
data impose on second-class currents, on the g
variation of some form factors, and on possible
admixtures of scalar and tensor interactions to
the V-A picture. We compare the restrictions
imposed by the A p decay alone with the predic-
tions of Cabibbo's model, which relates the p de-
cays of all the hyperons, and whose experimental
support had previously come only from partial de-
cay rates and electron-neutrino correlations. In
See. II, we give expressions for the measured
quantltles» namely» the pal t1Rl decRy 1Rte» the
electron-neutrino correlation, and the electron,et, adpot -A p ay t
terms of form factors integrated over the range
of the invRriant momentum transfer squared, g ~

%e then study qualitatively the restrictions that

the experimental data impose on the integrated
form factors. In Sec. III, we assume that no sec-
ond-class currents' are px'esent and we make a
detailed comparison with the predictions of Ca-
bibbo's model. ' In Sec. IV, we consider the influ-
ence of the q' dependence of some form factors.
In Sec. V, we give a detailed study of the restric-
tions that the experimental data impose on second-
class currents. In Sec. VI, we show how sensitive
our results are to the actual value of the v asym-
metry, which 18 l,lkely to improve 1n pl eclslon ln
the near future. Finally„ in See. VII, we give R

qualitative discussion of possible admixtures of
scalar or tensox' interactions to the V -A theory.

II. EXPRESSIONS FOR THE PARTIAL DECAY
RATE, THE e-v CORRELATION, AND

THE ASYMMETNES

%e assume that the interaction responsible for
A P decay is of the current-current form, with
both vector Rnd axial-vector contributions,

The matxix element of the vectox part of the had-
ronie current can be written as

+fs(q*)~ s(A) (2)
Pl A

where q~=(pA —p~)2=(p, +p„)~ is the invariant
four-momentum transfer and has a maximum val-
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ue of (0.16 BeV)2. Our conventions for the y ma-
trices and the metric are those of Ref. 6.

The lepton current has the matrix element

(e I j~ I v) =u(e)y„(1+y,)u(v) . (4)

The form factors f, (q') and g, (q') correspond to
second-class currents. ' Since the mass of the
electron is very small compared to mA, we can
neglect it. This means that f, (q') and g, (q') can be
ignored because they appear multiplied by m, in
the transition amplitude. We are then left with
four form factors.

In the A rest frame, the transition rate can be
expressed in the form'

Q2 2 3

(5)

with ISRI' given by

I5gl'= )[1+ac.v+Ae {ol)+Bv (o~)

+A'(e ~ v)(e (oA))+B'(e v)(v ~ {oA))

+ D{o A)
~ e x v] . (6)

E —e
1 —(e/m, )(1 -e ~ v)

'

& and v are unit vectors along the directions of

(6)

e is the electron energy and E is its maximum val-
ue,

2 2
mg m~

2m A

v is the neutrino energy, which, by energy-mo-
mentum conservation, is a function of e and e ~ v,

the electron and neutrino, respectively. (o ~) is
the polarization of the A, G' is an over-all cou-
pling constant, which is chosen to be the p, -decay
coupling constant, and the proportionality factors
are absorbed into the f's and g's. The coefficients
in Eq. (6) are linear functions of e and v, and qua-
dratic functions of the form factors.

If the q' dependence of the form factors is either
neglected or parametrized, say, linearly, then the

decay rate, Eq. (5), can be integrated over angles
and energy. Our interest lies mainly in calculat-
ing expressions that can be compared readily to
the experimental numbers. What is usually mea-
sured in hyperon leptonic decays is the total de-
cay rate, or branching ratio, the electron-neu-
trino correlation, and the electron, neutrino, and

proton asymmetric s.
The e-v correlation is defined as

2
N(8„& —,w) N(8, „&—,

' w)-

where N(8, „&—,'w) is the number of e-v pairs that
make an angle 8,„smaller than 90', and the elec-
tron asymmetry is defined as

2
N(B, & —'m) N(8, & —'g-)

N{8,& —,'m)+N(8, & —,'m) '

where 0, is the angle between the e direction and
the polarization of the A. e, and n~ are defined
similarly.

We have calculated" expressions for the mea-
sured quantities, ignoring the q'- dependence of
the form factors and keeping terms proportional
up to p', with P defined as

P= (m~ -m, )/m~,

60~ I( —2p+';P') If, I'+(';0') If. I'+(2 '. J3+ 7'Y) I g,-I'+(V-P')
I g, I'+(';P')Ref f;+( 4p+6p')Reg -g,"],

R«..= G'6~~ [(1 2t3+VP') If&I'—+( '7 p')If. l'+( 1--4p+Vp') I-gal'+(-2p') Ig. I'

+ (-'-, P') Ref, f,*+(4P - 2P')Reg, gg], {10)

« ~.= G'60+ [(-la+,.P') If, I'+(-.-'8') If.'I+(-2+'. P ,'P') I g, I'+(---l 0') Ig, I'+( 'P+HP')Re-f -f.*

+(2 —,p+, p')Ref, g,*+(-—', p+pp')Ref g,*+(-—', p+p'p )Ref,g,*+(~2',p')Ref~,*+{~sp-~p')Reggae],

ft x«„=G'
60„3[(sP —~4P') lf, I'+ (;;p') lf, ' I+ (2 —.'JB+AP') I g, I'+ (:-0')

I g. I'+ (4P - ~i 0')Ref,f.*
+ (2 —,P+, P')Re f g,*+(--,'P+PP )Ref,g,*+(--', P+PP') Ref,g,*+(PP')Re f,g,*+(-~SP+ PP')Regg,*]

(12)

Bx n~= G 608,'[(-1+,P —P')Re f g,*+(—,'P —8~P')Re f g,*+(-', P --,'P')Re f g,*+(-—',P )Ref~~],
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R (sec ~)

TABLE I. Experimental data on A p decay.

O.ev

(3.35+0.14) x 10
Refs. 2, 12

—0.01+0.08
Refs. 1,2, 13-17

0.13 + 0.07
Refs. 1,2, 15, 18

0.74+ 0.16
Refs. 1, 15

—0.51+0.08
Refs. 1,2

where Am=mA -m .
Of these expressions, Eq. (9) for the rate was

given by Desai' without the second-class terms;
his and our common terms agree. In Eqs. (9)-(13)
the polarization of the decaying A is not shown ex-
plicitly; therefore, these expressions must be
compared with data that have been normalized to
unit polarization. Notice that Eqs. (11)and(12) sat-
isfy a theorem given by Weinberg. " In our case
in which m, is neglected, this theorem says that
when the g and v variables are interchanged, the

f and g interference terms are symmetric, while

the others are antisymmetric.
An important remark is that g, contributes to

some of these expressions through the terms
Reg,g,* with coefficients comparable to those of f,'.
A similar remark had already been made for the
electron energy spectrum and the partial decay
rate."

In order to develop some feeling for the restric-
tions that the experimental numbers, given in Ta-
ble I, impose pn the fprm factprs, we have

plotted in Figs. 1-8 the e-v correlation and the
three asymmetries as functions of g, /f, for differ-
ent values of f, /f, and g, /f, .

When g, /f, is zero, Figs. 1-4 show the following:

(a) o.„is symmetric in g, /f, and favors values
of g, /f, in a fairly narrow range around +0.70,
within 0.10. It has little sensitivity to f,/f, .

(b) u, favors positive g, /f, . The bounds from

n, „wnoindicate that for negative f,/f„g, /f, has
two allowed ranges, one around 0.8 and another
one around 0.1. Positive values of f,/f, are within

the error ba,rs if f, /f, is not too close to +2.

(c) n, favors g, /f, around 0.13, within 0.15, for
positive f, /f, .

(d) u for negative f,/f, favors g, /f, around 0.25
quite narrowly, within 0.10 or in a wide range to-
wards values past 1.0. For positive f,/f„values
around 0.6 are preferred.

Thus, when g2=0, we expect the following situa-
tion: o.,„selects g, /f, narrowly around 0.7. In n,
this range of g, /f, selects f, /f, negative. Then
this range of f,/f, in o. selects g„/f, narrowly
around 0.3. n, shows a marked preference for g, /
f, around 0.4. We can see that o.„and n„pop oes

each other and that n~ aided by e, also oppose n„.
Then two different values for g, /f, are implied by
the four correlations, one around 0.7 and another
around 0.30. If future experiments confirm the

experimental values we are using, and only the
error bars are reduced, then this effect would

turn into a real ambiguity.
When g, /f, is allowed to be different from zero,

then Figs. 5-8 together with Figs. 1-4 show the
following:

(a) Either n„ induces g, /f, to move from around
1.3 to smaller values, say 0.3, as g, /f, varies
from 2 to -2, or it induces g, /f, to move from
small negative to large negative values as g, /f,
varies from 2 to -2. It has little sensitivity to

(b) n, induces in g, /f, behavior similar to that
which n„ induces, except that the range of g,/f„
which was previously negative, is now a rather
narrow range from small positive to small nega-
tive values. This asymmetry is sensitive to f,/f„
favoring negative values of f, /f, as g, /f, goes to

(c) o.„clearly selects positive values of g, /f, in
a fairly narrow range, say between 0.15 and 0.5,
as g, goes from -2 to 2. It shows little sensitivity
to f,/f, .

(d) n~ also selects positive values of g, /f, only.
Here the value of f, /f, does not matter. For g, /f,
= 2 there are two ranges for g,/f„still not very
sensitive to f,/f„but as g, /f, tends toward -2,
f,/f, imposes rather strict bounds on g, /f, ; specifi-
cally, for f,/f, from -1 to 2, g, /f, is either very
small (around 0.10) or quite large.

Thus, the v asymmetry requires smaller values
of g, /f„around 0.2. With this re striction the e - v

correlation selects large negative values of g, /f„
around —2, and then the p asymmetry requires
f,/f, to be between -2 and -1. Lastly, the e asym-
metry confirms these choices. We can see that
in this case, when the restriction of null g, is
dropped, there does seem to be a common solu-
tion to the combined requirements of the three
asymmetries and the g-v correlation on the form
factors.

III. CABIBBO'S MODEL AND A P DECAY

This model consists of the following assumptions. '
(i) The interaction is V -A and the vector cur-

rent belongs to the same SU, octet as the electro-
magnetic current does.

(ii) The axial-vector current belongs to another
SU, octet.
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Fig. 1. Electron-neutrino correlation as a function
of g&/f& andf2/f& when g2

——0.
Fig. 3. Neutrino asymmetry as a function of gf,/f&

and f2/jg when gg
——0.

(iii) The universality of the leptonic weak cou-
pling constant is modified through the introduction
of an angle parameter 6 in the hadronic current
as follows:

j& = cos6j~& ='+ sin61j~~

Assumption (iii) is designed to parametrize the
observed depression in the transition rates of the
ASg0 relative to the ~S= 0 semileptonic decays.
Assumption (i) is the extension of CVC to AS to
processes, and in the limit of exact SU, asym-
metry, the vector AS~O current would be con-
served. Assumption (ii) provides a framework
for relating the properties of the axial-vector cur-
rent in different processes.

The spirit of the model is that the symmetry
limit gives a good approximation to nature, that
is, that the symmetry-breaking effects are small.
This is supported to some extent by the Ademollo-
Gatto theorem. " Still, it is interesting to see
how accurate the predictions of Cabibbo's model
are, since any small deviation could serve as a
guide to incorporate symmetry breaking into the
model.

There is no theoretical basis for evaluation of
the angle parameter; its value has been deter-
mined by fits to the experimental data of many
hyperon decays. One is faced with several possi-
ble interpretations" of this value. Either 6I is a
pure weak effect and its value will not be affected
by symmetry breaking due to strong interactions,
or g will have to be refitted once a breaking mech-
anism is introduced. To avoid this ambiguity we
prefer not to give our results using the angle pa-
rameter explicitly, but instead to give them using
the form factors directly.

In the pa, st, the experimental data, on hyperon de-
cay have consisted mainly of transition rates and
some correlations. Such data have been compared
with Cabibbo's model by .-.aking certain assump-
tions in order to reduce the number of parameters
used in the fits to the data. These assumptions
are that the q' dependence of the form factors can
be neglected or taken small and parametrized lin-
early, that, as mentioned above, the matrix ele-
ments do not differ much from their symmetry
value, and that no second-class-current contribu-
tion is substantial. In an SU, model the g, contribu-
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tion is zero in the symmetry limit. The hadronic
part of the transition amplitude for A p decay then
1S2x

(f li", IA)=(l)'" 8 (P) y, +2"'

+ (&+ e D)y„ye ee (A),

where p, p
is the proton magnetic moment, (—',)'"

is a Clebsch-Gordan coefficient, and E and D rep-
resent the mixture of symmetric and antisymmet-
ric octet in the reduced matrix element of the
axial-vector current. The relations to the form
factors of Eels. (9)-(13) are

f, = (—',)'" sin 8,

f, = (-,')"' sine-', W„

g, = (-,')'" is0n(E
'+D) .

(15)

(16)

(17)

Similar expressions obtain for the other hyperon
decays again in terms of 8, F, and D." These
parameters are then determined by fits to the rele-
vant data, and Eqs. (15)-(17) give us the values of
the form factors. The predictions of Cabibbo's
model for A J3 decay are given" in Table II, togeth-

er with the corresponding values for the asym-
metric s, the e-v correlation, and the partial de-
cay rate.

Using only the data on A P decay, we have per-
formed a X' fit with f„f„and g, a.s parameters,
assuming that their q dependence can be ignored,
that no g, is present, and that radiative correc-
tions can also be ignored.

The fitted values we obtained are given in Table
III, normalized to the p, -decay coupling constant.

The minimum of X' is 4.94, corresponding to a
probability of 9/p. The values of the asymmetries,
and the rate, for A P decay, calculated with the
fitted values of the form factors are also shown in
Table III. We see that the somewhat large X'

obtained, corresponds to the fact that the values
of the e, v, and p asymmetries are off their ex-
perimental counterparts by 1 standard deviation
each. In Fig. 9 the contours corresponding to 1

standard deviation, in the sense of X2 changing by
one from its minimum, are drawn.

Comparing Tables II and III we see that the Ca-
bibbo-model predictions and our fit agree. The
large value of y'~jn of our fit can be traced to the
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TABLE Il, Predictions of Cablbbo s model

for A p decay.
TABLE IV, Fitted values of the form factors and the

slope of g~ when g2=0.

fg =0.29
f2=0.29

gg
——0.21

gg/fg = 0.72
=00

8 =3 31&&10 sec
0,~~ =0.02

e~ = 0.03
0, p=0.98
ep =- 0.59

fg =0.35
f, =0.23
g& =0.12
gq/fq = 0.34
g2=0

X~=0

A$ =4.54

X mill
Prob. =10%
Degrees of freedom-1

opposing tendencies of z„and the ri„a, pair, as
discussed in Sec. II. And this, in turn, conforms
with the fact that the predictions of Cabibbo's mod-
el for the three asymmetries are each 1 standard
deviation off their experimental counterparts.

IV. q DEPENDENCE OF THE FORM FACTORS

The experimental data, do not allow us to make
a thorough check of the q' dependence of the A P-
decay form factors, so, once again, in the ex-
pectation that such a dependence is small, we ap-
proximate it by a linear form as follows:

f,(q') =y, (0)+

2

gi(q') = gi(0) + .&l ~

In this form the q dependence contribution is of
order P', so we can handle this contribution con-
sistently only if the slopes A~ and A,

~ are small;
otherwise our formulas (9)-(13) would have to be
corrected to higher order in p and the q' depen-
dence of f, and g, should be considered as well.
With these restrictions in mind, Eqs. (9)-(13)
gain the terms (9')-(13'), respectively:

(9')

where f,(0) =f, and g, (0) =—g, .
Since there are only five experimental numbers,

we made two fits, first taking A~ zero and second
taking A~ zero. The only result of interest, with

our restrictions, appears in Table Pf, normalized
to the p, -decay coupling constant. Since we dis-
cuss the q' contribution of the form factors qualita-
tively, we do not quote error bars.

For ~~ nonzero, no acceptable fit was found;
only very large slopes were obtained.

The y' found in Table IV is no appreciable im-
provement from the X~ found before, when no q'
dependence was considered, but now the constant
parts of the form factors differ from what we had
before and the predictions of Cabibbo's model,
especially the g,/A ratio.

For comparison one can estimate the slope of

g, (q') assuming that its q' dependence is dominated
by the nearest pole, which corresponds to m~„'
=1.54 BeV'.

g'(q')= ' =g(o)+ 'gi(0) gi(0) .
1 —q' jm~' ' m»„'

The slope X~ would then be given by

I I I I

=O.I97

ftxa„: C' +(",'p')(-g, ~»),

Amftxo, G + (,p')(g, z, +y,z, -4g, x, ),

(10')

O.MO-
Ca

0.&ie -'",'
C:

OSI&- t

0.508- .(99

Bx n „: 6 6 ~ ( ~ p ) (gj AP~ +f, x~~ +4g~k f ), &[ 0.300-

Rxa, : G'6 ~(-e~p')(y, x', +g,d, ), (13')
0.292—

TABLE III. Fitted vaiues of the form factors' when g2 ——0
and corresponding values of the measured quantities,
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Fig, 9. Contours of y = g m, „+1 %'hen g2 ——0.
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g2/f~ =2.

V. SECOND-CLASS CURRENTS

%e want to study the restrictions that the A p-
decay data impose on second-class currents. They
contribute, in the approximation we are using,
through g, . In this section we ignore the q' depen-
dence of the form factors. In Sec. II, the differ-
ent quantities measured experimentally were plot-
ted as functions of the form factors, and it was
qualitatively argued that a nonzero contribution of

g, is favored by the data. %e want to extend this
kind of analysis by looking at two particular sum
rules that were introduced in I.

The two sum rules are defined in terms of the
measured quantities as follows:

(()([I —-', p(l + a)](n, —u, ) —(1 —a))
($)(I + a)

„(O(II -'. p(1- )I( . ,)f
(])(I+ a)

where

3

which is rather small compared to the value in
Table IV.

The experimental data are not adequate to deter-
mine the combined effect of the q' dependence of
both form factors. But, by comparing Tables I
and II and using Eqs. (11')-(l2'), we can see that
for small slopes, such a combined effect can not
bring better agreement between the three asymme-
tries predicted by Cabibbo's model and the experi-
mental ones. Indeed, to match both the proton
and the neutrino asymmetries, respectively, nega-
tive Xf and X~ are favored by Eqs. (12') and (13'),
while to match the electron asymmetries negative
A y and positive Af, are favored.

%e can conclude then that a small q' variation of
the form factors does not improve the agreement
between Cabibbo's model and the A P-decay data.

(&&(I+a)~ = 3 p(If i I'+ lg, I'+»ef, f.*+»eg,g,*),

($)(1+a)II =4Ref,g,"+;PRe(2f g" —g f"-f g+),

where

(5&(l+ a) = 2(1+P)(lf, I'+
I g, I') .

The experimental values of Z and II are

g = -0.18+0.16,

0.75 + 0.12.
(20)

(21)

These definitions are valid to first order in P, so
we restrict the analysis of Z and II to this order.
In terms of the form factors, the sum rules are

I I I I I I
I I I I I I I I I I I
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0.0
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Fig. 11. Dependence of Z on g&/f &
and f2/f &

when Fig. 1$. Dependence o~ ~ n g1/ff andf2/f~ when

~2/f& =-~.
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TABLE V. Fitted values for the form factors and corre-
sponding values of the measured quantities when g2 &0.

I I I I I I

g/f =0

fg
= 0.36 + 0.012

f2/j; =-1.40, „+i.p2

g /f =0 19+o.i3

g2/fg = 2 51-P.84

R =3.35&&108 sec
n„=0.00

n~ = 0.10

n p= 0.69

np = -0.55

X min

Prob. =47%%uo

Degrees of freedom=1

0.2—
0.0

-0.2—

-06— 2.0
0.0
2.O

The usefulness of these sum rules lies in the
fact that they are very sensitive to the form fac-
tors and that Z is independent of any time-rever-
sal-violating phase between axial-vector and vec-
tor form factors. They permit one to appreciate
readily the second-class contribution favored by
the experimental data. In Figs. 10-15 we have
plotted Z and II for ranges of interest of the form
factors. . The experimental values for Z and II are
also displayed.

One can easily see from these plots how the ex-
perimental value of II forces g, /f, to be positive
and how for positive g,/f, the experimental value
of Z favors g, /f, and f,/f, towards -2. It is clear
that the main feature of Z and Il is that they are
so sensitive to changes in the different form fac-
tors that they reduce the masking effects of the ex-
perimental errors.

This discussion, together with the one of Sec. II,
enables one to interpret more clearly the numeri-
cal evaluation of the form factor. We now wish to
consider such an evaluation.

We have made a X' fit to the five experimental
numbers, using Eqs. (9)-(13), allowing g, to be
present. The results are shown in Table V. The
corresponding values of the rate and asymmetries
are also shown.

We obtained a reasonable fit as was expected
from the discussion of the various graphs. The
higher probability is, of course, also reflected

-1.0—
I I I I I I I I I I I I I I I I I I

-1.8 -1.4 -1.0 -0.6 -0.2 0.002 0.6 1.0 1.4 1.8

g /f

Fig. 14. Dependence of II on g&/f& andf2/f& when

g2/f, =0.

in the fact that the values of the asymmetries cal-
culated with the fitted form factors lie quite close
to the experimental ones, as can be seen by com-
paring Tables V and I.

Inasmuch as a scale transformation of the form
factors changes the rate but not the correlations,
the ratios f,/f„g, /f„and g, /f, cannot depend on
the rate and may be fitted to the correlations alone.
The errors in the above ratios of form factors can
be shown by drawing 1-standard-deviation con-
tours in the sense that X' increases by one from
its minimum value. This is done in Fig. 16.

Since the fit we have obtained is a fairly good
one, we see then that, restricting oneself to A P—
decay data, the assumption that second-class
currents are absent or present is crucial to the
agreement between Cabibbo's model predictions
and A P-decay data. The fitted values, given in
Table V, show that f, does not change much from
the value it has when g, = 0, but f, changes so much
that if the vector current is still in an SU, octet,
then its connection with the SU, properties of the
electromagnetic current is masked by too large a
symmetry breaking.
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FIG. 13. Dependence of II on g&/f& andf2/f& when Fig. 15. Dependence of II on g&/f& andf2/f& when
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I I I I I I I I I I I I I I I I

0.52—

0.28—

smallery the g2 +0 f1t gradually 1mposes 1tself
upon the g, = 0 fit. Thus, the p asymmetry pro-
vides interesting information concerning the possi-
ble existence of second-class currents.

0.20—

Gi= g(/f(

F =-

0. i2-
F2

0.08

0.04- ~F,=-2.2S ~

I i I I I I I I I I I I I I l I I I I

-5.40 -520 -5.00 -2.80 -2.60 -2 40 -2.20 -2,00 -l.80 -l.60

Fig. 16„Contours of g = g m, „+1wheng2&0.

The presence of g, can be made compatible with
assumption (ii) of Sec. III only as a symmetry-
break1ng effect, but the f1tted value of g, 1s so
large compared to the one of g, that if this fit is.
taken seriously, then it might not be easily recon-
ciled with assumption (ii), whose main usefulness
is to give certain group properties to the axial-
vector current. Since the g, term corresponds to
an SU~ symmetry-breaking term, we see then that
A P-decay data favor its being a very large symme-
try-breaking term.

VI. SENSITIVITY OF THE FIT TO
THE VALUE OF nv

VII. SCALAR AND TENSOR CONTRIBUTIONS

Another possibility we want to explore is the
presence of scalar and tensor admixtures to the
V -A. interaction. %e only give a qualitative dis-
cussion, because the presently available data do
not permit a definite settlement of the structure
of the interaction that governs A P decay. We
would nevertheless like to have some indications
of the effects of scalar and tensor contributions.
For our purpose then, it seems sufficient to con-
sider these contributions to zeroth order, but, of
course, better formulas" will be needed to make
quantitative determinations.

%e shall follow Ref. 24. We assume that the
emitted neutrino can be considered a two-compo-
nent object and that time-reversal invarianee re-
mains valid. The following terms must be added
to the interaction Lagrangian, Eq. (1):

The matrix elements of the hadronie scalar and
tensor parts of the interaction are

The p asymmetry will be known more precisely
in the near future. In order to appreciate how sen-
sitive the fitting procedure is to the experimental
value of the v asymmetry, we have repeated the
fitting assuming different values for z„ taking its
error as the one corresponding to approximately
700 events. Table VI contains the results.

The main conclusion is that for p asymmetry val-
ues very close to unity, the g, &0 and g, = 0 fits
are comparable, and as the p asymmetry grows

where all the induced terms are left out. The cor-
responding matrix elements of the leptonic parts
are

&e is'
i v& = u(e)(1+y, )u(v),

& e i
T',„ i v) = (1/v 2 )u(e)o,„(1+y, )u(v) .

The following terms must be added to Eqs. (9)-(13):

TABLE VI. Dependence of the fits on n~.

'0.30
0.34
0.30
0.35
0.30
0.35
0.30
0.36
0.30
0.36

0.20
—0.10

0.20
—0.20

0.20
-0.41

0.20
—0.65

0.19
—0.85

0.21
0.14
0.21
0.12
0.20
0.08
0.20
0.05
0.20
0.02

0.0
-0.50

0.0
—0.61

0.0
-0.80

0.0
—1.00

0.0
—1.15

0.70
0.40
0.70
0.35
0.69
0.24
0.67
0.14
0.65
0.06

2
& min

3.24
1.58
3.92
1.21
6.37
0.65

10.38
0.24

15.9
0.04

Degrees of
freedom Prob. (%)

20
21
15
26

4 8

40~
1

64
4 1
85

0.89+0.10
0.89+0.10
0.84+0.10
0.84+ 0.10
0.75 + 0.10
0.75 + 0.10
0.65 + 0.10
0.65 + 0.10
0.56+ 0.10
0.56 +0.10

This is the result of previous sections modified by a smaller error in o.~.
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TABLE VII. Fitted values of the form factors allowing scalar or tensor admixtures.

f2
2 .
mlQ

Degrees
of

freedom Prob.

0.31
0.21

0.15
1.10

0.17
0.13

0.18
0

0
0.16

0.02
0.16

88%
69%

5

fl: ~'~qp(lf, l'+3lf, l'), (9 lt) ble maximum contribution of about 30% of S and 7
interactions.

G'80, (- ff. I'+ if, l'), (10ri) VIII. FINAL REMARKS

5

Rx o.,: G', (2l frl'+2Ref~p~),

ft x n, : G 80~ (2 l fr l

—2Refs fr), (12")

(13")

The sum rule Z, which we introduced in Sec. V,
was designed so that it would vanish to zeroth or-
der in p. Scalar and tensor couplings do, however,
give zeroth-order contributions:

($)(1+a)Z=-4Ref~g~ —2lf~l' —2lfrl'+O(P), (18')

(t')(1+ a)rl = 41fr 12+ 4 Ref, g,*+0(p) . (19')

Comparing with Egs. (18) and (20), we see that
a negative va, lue of Z can easily occur as a result
of a scalar or tensor admixture.

We have performed a, y fit to the experimental
data using Egs. (9)-(13) and (9")-(13"),taking the
scalar and tensor contributions one at a time. The
results are shown in Table VII. No error bars
are quoted, because our discussion is qualitative.

The fit improves noticeably from that obtained
in Sec. III, as expected. The scalar admixture
shows the interesting feature that the V-A part
remains close to what was obtained in previous
fits and to the Cabibbo-model predictions. The
price paid is a rather large scalar contribution,
In contrast, the introduction of a tensor admixture
favors a, strong change in the f,/f, ratio, too large
to correspond to a small symmetry-breaking devi-
ation from Cabibbo's model. For the purpose of
comparison, the discussion of Ref. 25 about the
contribution of $ and T interactions to neutron p
decay can be consulted. There it was found that
the A and V interactions predominate with a proba-

We have studied the restrictions imposed by the
A P-decay data under different assumptions. Our
findings can 'be summarized as follows:

(a) There is a solution with g, =0, near Cabibbo's
predictions for g, /f, and f,/f„but with low proba-
bility because of deviations of the v and e asym-
metries from the Cabibbo values.

(b) Within the V-A framework, there is another
solution which has g2 gO, this time with high prob-
ability, but with values of g, and f, which deviate
considerably from Cabibbo's predictions.

(c) The A P-decay data favor g, g0 contributions
that cannot be reconciled with small symmetry
breaking, even when reasonable changes in the
experimental value of the neutrino asymmetry are
considered.

(d) Allowing some modifications to the pure V-A
picture, it is interesting that the deviations be-
tween the v and e asymmetries and the SU, scheme
are rather naturally accounted for by an added
scalar interaction.

It should be kept in mind that our conclusions
are valid inasmuch as r'adiative corrections can
be neglected.
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Remark on the Isospin Mass Differences

Joseph E. Johnson
Department of Physics, University of South Carolina, Columbia, South Carolina 29208

(Received 10 August 1970)

The isospin splittings of the & baryon octet are observed empirically to depend upon the
(average) sum of charge and hypercharge or equivalently, upon the (average) V3

——-2 (Q + g)
spin component. We construct a simple quark model compatible with this observation and
then use this model to predict the ~ decuplet isospin splittings. One obtains different decup-
let predictions from the standard approach, enabling one eventually to test whether or not
the baryon regularity is accidental. If nonaccidental, then support is given to recent conjec-
tures that isospin splittings may be partially nonelectromagnetic.

Since the advent of unitary symmetry, ' the mass
splittings between isospin multiplets within an SU,
multiplet have been understood as being due to a
tensor which transforms as the hypercharge Y.
Thus, ignoring electromagnetic and weak inter-
actions, one can write an effective-mass Hamil-
tonian as

II„,.„,= z,TrITB+ Z,TrBYB+Z,TrBBF+X,TrBYBY,

where B is the standard 3 x3 baryon matrix and
where the relatively small 2V-piet contribution is
usually set equal to zero. The splittings between
members of an isospin multiplet have been thought
to be purely electromagnetic in origin and thus
due to a tensor which transforms as the charge Q.
Thus one writes the isospin contribution as'

H;„, ,„=5,'TrBQB + 52TrBBQ + 63TrBQBQ,


