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Parity-violating effects due to the strangeness-conserving nonleptonic weak interaction are
studied in the process 7(X% —7*n1"y. The circular polarization and the parity-violating linear
polarization are calculated in the framework of the Cabibbo theory by using a pole model for
the strong and electromagnetic interactions. The isoscalar (~cos?6) and isovector (~ sin?6)
components of the weak Hamiltonian are found to give comparable contributions. The magni-
tude of the circular polarization is obtained to be (1—5) X10~? and the linear polarization, be-
ing dependent on final-state interactions, is smaller by nearly two orders of magnitude. In
theories with a large isovector component in the weak nonleptonic Hamiltonian (theories in-
volving neutral currents or second-class currents) the circular polarization can be larger,

an estimate giving (1-3) X1078,

I. INTRODUCTION

During the past several years, parity-noncon-
serving effects were observed in numerous non-
leptonic nuclear transitions. Although the agree-
ment between theory and experiment is not at all
satisfactory at the present time, the identification
of the source of parity violation with a first-order
strangeness-conserving nonleptonic weak interac-
tion appears now to be well established.

The study of the AS =0 nonleptonic weak interac-
tions can provide important information on the
structure of weak interactions. In particular, it en-
ables one, in principle, to discriminate among vari-
ous models of weak interactions which give identi-
cal testable predictions for the strangeness-
changing nonleptonic weak processes.? To date,
the only experimental data concerning the non-
leptonic strangeness-conserving weak Hamilto-
nian H{$=° come from observations of parity mix-
ing in nuclei. Analysis of these effects can supply
knowledge on the matrix elements (NX|H&S=°|N),
where |N) is a single nucleon state and X =, 27,
p, w, and ¢.2 With the exception of the n+p
- D +vy reaction,? the experiments performed up to
now have been, however, in complex nuclei,
where the interpretation of the results is clouded
by complications arising from nuclear structure.
Theoretical estimates have been carried out also
for several simpler systems, like 7N scattering,*
photopion reactions,® électron-proton,s and proton-
proton scattering.” In these processes one also
probes weak nucleonic matrix elements.

Recently we have considered the possibility of
studying the effects of the strangeness-conserving
nonleptonic weak interactions in strangeness-
conserving nonleptonic decays of mesons.® From
the great variety of possible decays only a few,
such as for example n—-7n*r"y, p*-71*y, and
w, p = 3w turn out to be sensitive to the parity-

violating part of H{S=°, because of constraints im-

posed by angular momentum conservation and CP
invariance.®®

In the present paper we consider in detail the
implications of H{S=9, for the decay n(X°)—~n*7"y.
From dimensional considerations alone, the size
of the parity-violating effects is expected to be of
the order of Gm?, where G is the Fermi constant
and m is an effective mass relevant to the process,
possibly of the order of a vector or axial-vector
meson mass, so that Gm?2~10"5-10"%, Actually,
as will be described in Sec. II, the weak amplitude
in this process is reduced by centrifugal-barrier
effects. This disadvantage is to be weighted
against the relative ease of selecting a narrow-
width particle, in comparison with other decays,
like p* -7y and w, p -~ 37, where on the other
hand the parity-violating effects are enhanced due
to the suppression of the parity-conserving tran-
sition.®

In Sec. II we present a general discussion of the
1(X°%) - n*7~y transition without assuming C, P, or
CP invariance, with particular attention to parity-
violating effects.

Parity violation is found to manifest itself in a
nonvanishing photon circular polarization and a
nonvanishing photon linear pclarization at 45° with
respect to the decay plane. The latter effect is
possible only on the account of final-state interac-
tions.

In Sec. III we describe a model which enables us to
express the parity-violating n— 77"y amplitude in
terms of a few matrix elements of H§{f~° between
pseudoscalar-meson and vector-meson single-
particle states. The parity-violating N—-NV
(V =vector meson) amplitudes can be expressed in
terms of the same matrix elements, provided that
pseudoscalar-pole dominance holds for the weak
NNV vertices.!® In this framework, parity-violat-
ing effects in -7 7"y and in nuclear transitions
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will thus be related. In the last section we esti-
mate the magnitude of the parity-violating polariza-
tion effects in the Cabibbo model and also com-
ment on their possible size in other theories of
weak interactions. The estimated circular po-
larization is of the order of 10~° in the Cabibbo
theory and can be one order of magnitude larger
in theories with an enhanced isovector weak cou-
pling. The linear polarization being proportional
to the 7 -7 phase shifts, is smaller by one to two
orders of magnitude. The experimental study of
such small effects appears to be remote at the
present time. However, in view of the large
(~factor of 20) discrepancies between theory and
experiment noted in nuclear physics,! and the un-
certainties inherent to the present calculation,
even an experimental upper limit would be of value
in limiting the magnitude of the weak matrix ele-
ments involved.

II. SYMMETRY -VIOLATING EFFECTS

Let us consider the decay n—n*7"y without as-
suming C, P, or CP invariance. As the n*7~™y
state has charge conjugation (~1)'*! (I=angular
momentum of the dipion) and C(n)=+1, the C-
conserving transitions correspond to photons of
odd multipolarity with the pions being in an odd
angular momentum state, while transitions in
which the photon and the dipion are in even angu-
lar momentum states violate charge-conjugation
invariance. The parity of the final state is (-1)'**
[(<1)***1] for Ex (M) transitions, so that mag-
netic and electric transitions are parity-conserving
and parity-violating, respectively.

We shall write the decay amplitude as a sum of
amplitudes MAP+4¢ describing transitions charac-
terized by definite change in charge conjugation
and parity:

M=M"*"+M"~+M*+M", 2.1)

where M*~, for example, is P-conserving and C-
violating, etc. The most general Lorentz- and
gauge-invariant amplitudes M*/ (,j =+, ) have
the following form!!;

M =

T S, e 0o R pEDT, (2.2)

1
M+— = m 5 Fi-(s_! (k * q)z)(k. q)epypaeukypgpg ’
2.3)
M~*=

1 . . e
m+3ZF (s, &*q)°)

X[€p)tep )= p )t p.)], 2.4)

L Fo(s, (e 9Dk )

X[Ep)kp)=€-p)E-p,)]. @.5)

M~ =
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In Egs. 2.2)-(2.5) €, &, p,, and p_ are the photon
polarization vector, the y, n*, and 7~ four-mo-
menta, respectively, and €, is the completely
antisymmetric unit tensor of fourth rank. F**,
F*=, F~*, and F~~ are, in general, complex func-
tions of

s=(pytp.F

and
k-ql=[k: (p.-p)I.

M;; are effective masses used to make F*/ dimen-
sionless. In the absence of final-state interac-
tions, CPT invariance requires all the functions
F% to be real.

The amplitude M** describes the main decay
mode and is responsible for the observed decay
rate. M*~ has been considered'? in connection
with the conjecture that charge-conjugation in-
variance may be violated in the electromagnetic
interactions.'®* The CP-violating effect is an
asymmetry in the momentum spectra of the 7* and
7~ due to interference between M** and M*~. The
experimental results obtained so far are consis-
tent with zero asymmetry.'* However, the size of
the asymmetry depends not only on the magnitude
of F*~ but also on the 7-m phase shifts and is more-
over further suppressed by centrifugal-barrier ef-
fects, the lowest contributing angular momentum
state of the dipion being a D wave. As a conse-
quence, the existing experimental limits on the
asymmetry ' still allow the order of magnitude of
F*" to be as large as that of F**.

The amplitudes M~* and M~ are parity-non-
conserving. As mentioned in the introduction,
experiments studying parity violation in nuclear
interactions give good evidence for parity con-
servation in the strong and in the electromagnetic
interactions and indicate parity violation at the
level of first-order weak interaction. Accordingly,
the magnitude of F~~ is expected to be of the or-
der of VaGM__?, where M__ is the characteristic
mass for this decay. If CP is violated in the elec-
tromagnetic or in the AS=0 nonleptonic weak in-
teractions, F~* could be of the same order of mag-
nitude. In both cases, study of parity-violating ef-
fects would provide information on the AS=0 non-
leptonic weak interaction.

The observables in the decay n—~n"7"y are the
photon and the pion momenta and the polarization
of the photon. Parity-violating effects arise from
interference between M*=M**+M* and M~ =M"*
+M~~. Summing in [M*+M~|? over photon polariza-
tion one finds that the interference term vanishes,
so that there are no parity-violating effects in
n-n"n"y decay if the photon polarization is un-
observed.
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Next we consider the photon polarization density
matrix p;, (¢4 =1, 2). We choose the two indepen-
dent polarization vectors €, and &, to coincide with
the vectors

(B, xk)xk
|5, xT)xi|

respectively, in the dipion center-of-mass sys-
tem. The contribution of the various terms in
[M|? to the Stokes parameters P, =p,; — s,
P,=p,, +py, and P,=i(p,, —p,,) are summarized
in Table I. One sees that the parity-conserving
amplitudes alone give no contribution to P, or P;.
This statement is true irrespective of final-state
interactions and remains valid also in the presence
of parity-conserving CP-violating interactions.
In particular, interference between M** and M*-
has no effect on P, and P;. Observation of circu-
lar polarization, or a nonvanishing photon linear
polarization at 45° with respect to the decay plane
in n—n*7"y is therefore evidence for parity viola-
tion. We note that if CP is conserved, the latter
effect appears only in the presence of final-state
interactions.

In the rest of this paper we shall disregard the
effects due to possible CP violation.'® Then, the
expressions for P, and P, read as follows:

W0, 5) =Wg(6,s)
W, 0,s)+Wg(, s)

1]

Py

m. .3 Re(I;~++F--*)
m++5 [F (mnz_s)

2 \1/2
X(i;:%ﬂh;) cost, @.6)

W;i0,s)-W,06,s)

P26, )+ W6, 5)

1]

- m++3 Im(F++F_-*)
m 5 lF++I2

(mp-s)

_ 2\ 1/2
x(s___;lzn_,_,_) cosf, 2.7

where W, (0, s) and Wy (6, s) are the distributions of
left and right circularly polarized photons, while
Wi(0,s) and W, (0, s) refer to photons polarized in
the directions

=Lz .2,

v

angle between the momenta of the posi-

TABLE I, Contribution of various terms in |M|? to the Stokes parameters. Terms of order G? are not included. 6 is the

(p.+p.)2
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and

z =712_~ (<2, +8,),
respectively. We note that there are no net po-
larizations; upon integrating over 6 both P, and P,
vanish.

The size of the polarizations depends on the func-
tions F** and F~~. Information on the former is
obtainable from the n—- 77"y decay spectrum and
rate. We shall estimate the latter in a model cal-
culation.

III. MODEL FOR THE PARITY-VIOLATING
AMPLITUDE

The parity-violating part of the matrix element
under consideration is given by

M=~ =(m*(p)m= (p )y R)HSE S0 (), 3.1)

where Hﬁf:‘v’ is the parity-violating component of
the strangeness-conserving nonleptonic weak
Hamiltonian. We shall assume H{$39, to be CP-
invariant.

As the n—-n*n"y is a direct transition,® a de-
tailed treatment of M-~ requires a model for the
structure-dependent vertex F~~(s, (g*k)?), which
would take into account the effects of the strong
interactions. To this end, we shall employ an ef-
fective Lagrangian containing vector (V), axial
vector with normal and abnormal charge conjuga-
tion (A and B),'” and pseudoscalar (P) particles,
with all the allowed trilinear couplings among
them® and treat it in the tree approximation.!®
The electromagnetic interactions are included us-
ing the vector-meson-dominance formalism of
Kroll, Lee, and Zumino.?® The weak vertices are

/77'+ (m-)
Y L ! o
\%
—_@_{E' h@)y\«‘z
i T+ + ) N
: (7 +)
(b)
S (m=)
ﬂy
+ 1’ \\

()

(c) (d)

FIG. 1. The four classes of diagrams considered for
the weak 71— 7" 7~y amplitude. X stands for any of the
allowed single-particle contributions from the P, V, A,
and B multiplets. The blobs represent the weak trans-
ition.

approximated by pseudoscalar, vector, and axial-
vector pole diagrams, so that finally the weak in-
teraction appears in each of the diagrams as a
transition operator between single-particle states.*
states.” We shall take zero widths for all parti-
cles involved obtaining thus only Re F~~ with our
model.

The diagrams contributing to the weak n—n*r"y
amplitude can be classified into four general
groups shown in Fig. 1. The blobs W represent the
weak transition. Independently of the detailed
structure of W, one can easily see that the groups
of diagrams (a), (c), and (d) do not contribute to
M=-. Inthe case of group (a) and (c) this is due to
the fact that they cannot give D-wave pions in the
final state, while for group (d) the requirement of
C, P, and isospin invariance make the strong cou-
pling vanish for X being any of P, V, A, or B.

Proceeding now to consider the Feynman dia-
grams belonging to group (b), we find that the
only ones that survive are those depicted in Fig. 2.
It is interesting to observe that the PVV and PPV
couplings which are the main underlying interac-
tions in parity-conserving radiative meson de-

_cays, 2! do not contribute at all to the parity-

violating - "7~y transition. This is due to the
fact that in the weak P-V transitions only the
fourth component of the vector field contributes.

The weak vertices entering into our calculation
are defined as

PN OV €)= rys g Govel B

(3.2)

where Gp,, the effective coupling for the corre-
sponding pseudoscalar (P) to vector (V) tran-
sition, is generally a function of k2.

For the strong couplings BVP we use the sym-
metry structure of the effective Lagrangian of
Gatto and Maiani ®® (built from nonets of A, B,

r+(-)

1
/
!
I

i

far+ (=)

Y B"‘(") = ¥
n w -

Sor=(+)

\\.,r—(+)
(a) (b)
fr+(o)
K p° \\\.,r—(+)

(c)

FIG. 2. Diagrams contributing to the weak n— r*7~y
amplitude.
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and V, and the pseudoscalar octet P), which leads
to a vanishing B — ¢ transition.?#*?* Then we are
left only with the contribution of w in diagram (b)
of Fig. 2, as indicated on the graph. For the BVP
couplings we use the following expression:

(B(p)P(p _q)lv(q» =g€(B) . €(V) _h(e(B) . q)(€(V) ‘P) ,
(3.3)

where €®’(p) and €’ (g) are the polarization vec-
tors of the B and V mesons. The BVP coupling can
also be written in a form more suitable for use at
the electromagnetic vertex as follows:

B@P@P -9V )

=gT[(€(B) .€(V))(p . q) -
+gL<pu pq.qqu> <qx -
(3.4)

On the mass shell for all three particles, the rela-

|

(6(8) R q)(e(!’) 'P)]

(B wrm)
M= Con (s p)(p, €)= (poe B)(p. €)]

(B) (V)
p)\>€,\ ey .

tion between the various coupling constants is
given by

2g

BT T w2 3-5)
—— 28
gL ‘maz + 1y —m ~-h. 3.6)

Identical expressions are used for the AVP cou-
plings, with an A meson replacing the B meson.
In view of the lack of knowledge of the actual be-
havior of the vertices involved, we have used ex-
pressions (3.3) and (3.4) assuming constant cou-
plings, thus neglecting any possible off-mass-
shell effects. These, however, are not likely to
alter significantly our results.?%:27

Using for the vector-meson-photon vertices an
effective Lagrangian?°

L ‘e[—P—G(P)
fo fw

and with the aid of (3.3) and (3.4), we find that the
parity-violating n—n*7~y amplitude is given by

e(“” +ﬂ?——c(¢’]A 3.7
So H

My fu
geem g KOV (p tpyp k) KPPV (p_tpytp k)
m—mg?+2p,.ck  mF-mp?+2p_+k  mP-myg’+2p,k -mgZ+2p _k
EEZO [(p o) (p, €)= (preR)(p. )]
y g(Bwn) g(wa) h(B“””p (p, +k) h(mepn (b +k)l
mZ-mg>+2p,k mE-mZ+2p_+k mP-mg>-2p,°k m P-mg®+2p_+ k)

e URDIRDEURBIRE

h(Al p1r)

h(Alp"’p

n* (path) “(p_+k) |

y g( Appm) g( Ay pm)
m

ﬂz—mA12+2p+°k-mﬂz-mA12+2p_-k_m —mA T2,k m —my®+2p_kf’

In view of the fact that 2p,*k/my" —m,*, 2p_*k/mg’ -m;?, 2p,*k/m,?-m?

(3.8)

and 2p_*k/m,* -m; are of

m™ >

the order of 10~! or less in this process, we can expand to first order in these variables to obtain the

simplified expression

h(B w1r)G w

2
M--:f (:i 2)2 [(P k)(P+ €)—(p+ )(p_-e)][k.(p— _p+)]
,{g‘BP")Gp,r £5"Gun  HEG,y
X mpz + mwz Zmp ( S —=myg

2eg(A1p1r)G ap
fp p2(mA12 -m )

x{g(A,.mr) - %h(Alpw) (mA12 +2mn2 _mnz _s)} .

2m

2em?) =~ (mg® +2m,} —m, —s)}
(l)

55 [(p_ k) (p.r€) = (pooR)(p )[R+ (p_ =p,)]

(3.9)

We can now identify F~~(s, (g°%)?) of Eq. (2.5) to be given in our model by
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F~=(s, (k*q))=

zeg(zg wm) [g(Bnp)Gmr +g(Bw1r)G wn
2

Folmg® —mB2PL m? m,,
h(BPﬂ)G nBemG
_ PT (o _ 2 2 wn 2 2 2
————Zmpz s —mg® —m,?) - o, (mg®+2m;} —m? —s)

(A1pm
n 292g1 Zan
Fomy (my,” =my

2)2 [g(Alpfr) _%h(Alp“" (mAlz + 2m712 _mﬂz _ S)] . (3.1 0)

As is evident from (3.10), F~~ depends in this approximation only on the s variable. Thus only the lowest
allowed multipole transition (E2) contributes to the parity-violating amplitude.

IV. ESTIMATE OF THE PARITY -VIOLATING
POLARIZATIONS

To obtain an estimate for P, and P, we need the
values of the various strong couplings appearing
in F~~ as well as in the parity-conserving form
factor F**.

For the parity-conserving amplitude M** we
use the p-dominance model 2® for the 7-m 1=1
channel, which has been found experimentally 2°
to give an accurate description of this decay.
Thus, we can write

B, e+ qF)y=L0mmr, (.1)
s —m,

where f,”rm is an effective (mmy|n) coupling which
is determined to be f, ., =2.8¢/m,. In obtaining
this value, we use the decay width calculated
from (2.2) and (4.1) as well as the experimental
values ?° for the absolute rate of - yy and the
relative ratio T'(n—~n7y)/T'(n—~yy). We note, as
seen from Eq. (4.1) that only the lowest allowed
multipole transition, i.e., (M1), contributes to
the decay.

The magnitude of F~~ depends, aside from the
weak matrix elements to be discussed later, on
the strong couplings g'87 | B0 Bum & pBwm)
g“#41P™, and K“41P™ as well as on f, and f,. The
latter are determined up to a relative sign, from
the electromagnetic leptonic decays of p° and w°
to be® f,?/4r =2.26+0.25 and f,*/47=18.4+1.8.
For the coupling constants g®7” and A8 there
is no direct experimental information. We shall
rely here on the effective Lagrangian of Ref. 23,
from which we obtain

1 1
(Bnp) — (BT w) _
R
and
h(Bnp)= 1 h()s)mr)E 13 hB A

The couplings g, kg, g4(=g"1"™), and h (=h4P™)
can be determined in principle from the measure-
ment of the decay width and the D/S ratio in the
appropriate B—- wm and A - pm decays. Unfortu-
nately, the experimental situation regarding these
quantities is unsettled at the present time.

Concerning the B meson, experiments?5:3! seem
to confirm it as a bona fide resonance, with a
width of about 130 MeV. On the other hand, the
magnitude of the D/S ratio is as yet uncertain.
Henceforth, we shall use for the ratio k,/gp a set
of values

7B EmBth/ngo’ 1! 2‘5: 6

lying within the range of the available experi-
mental results,® as well as of theoretical predic-
tions.?? For g, we shall take the value corre-
sponding toT'; =130 MeV and to a given /gy
ratio (for ky/gp =0 one has gz%/4r =1.06 GeV?),

The present status of the A, is rather obscure,
even its resonance character being questioned.
Although a large group of experiments have indi-
cated a width of around 130 MeV, there are also
recent results 33 pointing to a larger width of
200-300 MeV. Concerning the D/S ratio, while
an early experiment3* indicated an appreciable
value for it, the more recent experiments 3 are
consistent with a fraction of the D -wave amplitude
not exceeding a few percent. This would be con-
sistent with the current algebra predictions,?’
provided the width turns out to be in the 100-MeV
range. For our purpose, we shall assume the
existence of an A, axial-vector meson with a width
of 130 MeV and take the range of values

T,=m, %h,/g,4=0, 2.3,2.5,5

(my®h o/g 4=1.3 is the current algebra value®” for
6=—3). With h,/g,=0, for example, one has
g 42/4m =0.61 GeV™.

Inserting numerical values into expressions
(4.1), (3.10), (2.6), and (2.7), one has
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(mif =s)(s —4m2) % (s —m,?)

Vs

P3=_

2
5 - :
X cosf [0.035 ym Gor (1 3

+0.3884 ¢

4.3)

In the above expressions, the sign of f, was cho-
sen arbitrarily to be positive and the + sign in the
last expression refers to the unknown sign of f,/f,.
For photon energies of interest here (i.e., E, =50
MeV), the D-wave pion phase shift 6, is practical-
ly zero and the P-wave phase shift §, is less than
a few degrees. Thus cos(5, —5,)=~1 and P, is

P,=-P,tan(5, - 5,).

smaller than P, by nearly two orders of magnitude.

J

2
Py=-x(0.15 +0.56Ey)[0.035gJ—Gp,r
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2 T h
1 Gon <1+ 3 Ej)}cos(él-éz),

(1 L12 +21.1Ey hy

2
>+o.osaiﬂ— Gun (1 -

4113

4.2)

T
When expressed in the n rest system in terms of
the commonly -used variables E, and

x=‘/__Q (Ew*'-Ew'):
with
Q=Mn_ 1r+_M1r':

E,; being the particle energies,

1.8 +1.1E, h)

47 g5 4n 2 £x
2
£0.3884 G <1-1'4—+1'—1E—l ks J 4.4)
4m A7 2 ga

In Eqs. (4.2) and (4.4), all dimensional quantities
are expressed in powers of GeV. We note that
Gyp) has dimension of mass. Inthe n—7*7"y de-
cay E7* =0.20 GeV and xmax =0.2. As one sees in
(4.4), the coefficient of the A, contribution is
larger by one order of magnitude than the contri-
bution from the B meson. This is due to the fac-
tors f,/fu™ %, my™t/myt~3, g /g’ ~%. Asa
result, the isovector term gives a contribution
comparable to the contribution of the isoscalar
component, even though the strength of the weak
transition is smaller by an order of magnitude be-
cause of the sin®6 factor [cf. Eq. (4.7c)].

We turn now to consider the weak matrix ele-
ments Gyp. The form of the nonleptonic weak
Hamiltonian is not as well established as that re-
sponsible for semileptonic processes. In general,
the Hamiltonian will contain both isotopic-spin (I)
even and odd terms. The process n—-7n*7"y is
sensitive to I <3 terms only. Furthermore, G,
receives contributions only from the isoscalar
part of HGS 9 and G,, depends only on its isovector
part. As a consequence of the assumption of CP
invariance, the I -even and I -odd components of
H ﬁf;ﬁ‘ are respectively of odd and even G parity.
Thus, only the I -even component of H{f ;9 contrib-
utes to G,, and the photons involved in the tran-
sitions induced by the I -even (odd) components of

HLS59. are of isoscalar (isovector) nature.

r
To be more specific, we shall assume the Cabib-

bo form for Hyy:

(J g+,

Hny = - 4.5)

f_ 2
where

J =€080g J 110y +SIN0c I (4 11)y

J (abery = J(usr)u .

The strangeness-conserving part of (4.5) is

H{f™ 0=~ \/——2 (cos OC{J(llo)p’J(llo)u}+

+Sinzec{J(§ 1p ,J.(r% %1)”}.,.) . (4.6)

The cos?0 part is a mixture of 7 =0 and 2 compo-
nents, while the sin®f part involves T =0 and T =1.
Consequently, the isovector component of H{5=°
is suppressed by the factor cot?§ =~ 20.

The determination of G,,, G, and G,, involves
calculating matrix elements of bilinear products
of currents between the corresponding single-
meson states. There is no method at present
which would allow a reliable calculation of this
sort. In order to get some feeling for the magni-
tude of these matrix elements, we shall consider
estimates presented in the literature.

In a recent paper,'® in connection with the cal-
culation of the parity-violating NNV vertex,
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McKellar and Pick estimated the magnitude of G,
using the Hamiltonian (4.5). Retaining only the
vacuum as the intermediate state between the

weak currents (the so-called factorization approxi-
mation), the value obtained is

Gpr = (fm,2/f,)G cos?6=1.56X10"" GeV.

Inclusion of the next intermediate state (the one-
pion contribution) increases this value by nearly
two orders of magnitude. Estimates restricting
the number of contributing intermediate states
are therefore, as emphasized by the authors, very
volatile. Another estimate for G, can be ob-
tained !° by combining the pseudoscalar-meson-
dominance model for the NNV vertex with an
SU(6),, model * for the NNP and NNV vertices,
and assuming that the {27} component of the Hy
has zero-matrix elements between single-baryon
states. This approach leads to a value of

G =8.9%X1077 GeV (4.7a)

which is about six times larger than that of the

factorization approximation. It also relates G,

to Gy, giving'®

™3
45

=2.4X10""7 GeV. (4.7)

Gup= Gor

Applying the same framework to calculate G
we obtain

11V3
GPTI =T tanzec G

=0.42X107"7 GeV. (4.7¢)

pn?

pm

We note that the factorization approximation [with
Eq. (4.5)] gives

Gup=Gpy=0.

We have evaluated P, [Eq. (4.4)] with the values
(4.7a)—(4.7c) for the weak matrix elements, for
various Ey and for all combinations of the selected
values of » , and ;. We find that the absolute
value of the circular polarization is increasing
slowly with energy for all pairs of » 4,75, the
variation in the energy interval 50 <E7 <170 MeV
not exceeding a factor of about 2. On the other
hand, the polarization is more sensitive to the
magnitude of the strong couplings and also to the
sign of the ratio (f,/f,). The results for (1/x)P,
at E, =150 MeV are presented in Table II, where
P (P3) correspond to f,/f, being positive (nega-
tive). (We remind that the allowed range for x is
limited by the boundary of the Dalitz plot in the
Ey , x variables. For example, for convenient y
energies of 100 and 150 MeV, the x variable can-
not exceed ~0.15 and ~0.20, respectively).

(B +—E -)/V3 Q.

/f. (f, chosen positive). P§+(') are the circular polarizations for the case when the isovector contribution

=150 MeV for various values of the strong coupling parameters. Pj (=) are the circular polarizations in the Cabibbo
P

20. x is the Dalitz variable x

TABLE II. Circular polarization at Ey
theory, corresponding to positive (negative) sign of f

is enhanced by a factor cot?6

Y,4=5 Y4=5

rp=2.5

r4=2.5 7,=5 7¥,=5

2.5

r5=2.5

r,=18 7,=2.5 7r,=2.5 7,
rp=6

r,4=1.3
rp=2.5

r,=1.3
rp=1

Y,4=0 7r,=0 7r,=0 7,=13
rp=0

7,=0

Yp=6

rp=0 vp=1

7g=6

rp=1

7g=0

rp=1 ¥p=2.5 ¥p=6

r5=0

-2.1 -3.4 ~1.1 -1.4 -1.9 -3.3 -0.93 -1.2 -1.7 -3.0 ~0.43 —0.69 -1.1 -2.5
-1.3

~1.6

1.3
-0.9

108P3/x
10%p

-3.4 ~1.8 -2.1 -2.5 ~3.9
12.8

-2.0

-1.5

-1.6 -3.0 -1.1 -1.3 -1.8 -3.2

-1.2
-5.9

/%
103P4*/x

3

12.0 10.6
-17.1

12.5
-15.3

0.50

1.9
-5.6 -

-17.8 -1.6 -1.9 -2.3 -3.7 2.6 2.3
-4.9 i -5.1

—6.4

5.6
3.4

-15.7

-15.0

-7.0

2.7 1.3 -0.65 -0.91 -1.4 =2.7

3.1

103P4"/x




As seen from Table II, except for those cases_
in which the particular combination of » , and 7
values leads to a near cancellation of the isovector
and isoscalar contributions, the circular polariza-
tion turns out to be generally negative and of the
order of (1-5)x10-° (with f,, chosen arbitrarily
positive).

It is of interest to consider the magnitude of the
circular polarization assuming that the effective
strength of the T =1 transition is increased by a
factor cot?6= 20, which could be the case in the-
ories with neutral currents 3¢ or with second-class
currents.’” Provided the same values are used
for cos™?0G,,, cos™0G,,, and sin?0G,, as be-
fore, we find now that the circular polarization
(given as P, P’ in Table II) is in some cases
larger by about one order of magnitude than in the
Cabibbo theory. Thus if » , = 5, there appears to
be an interesting possibility of discriminating be-
tween the Cabibbo theory and theories with a large
AT =1, AS=0 component in the Hamiltonian.

The values we have obtained for the polarizations
are apparently beyond the present experimental
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feasibility. We would like to note, however, that
the discrepancy between theory and experirients
on parity-violating transitions in nuclear physics
may hint to larger values for the G, transitions
than used here (the G, matrix elements are re-
lated in the pole model!® to the weak NNV ver-
tices). Thus, even an upper limit on the parity-
violating effects discussed here would be valuable.

In concluding, we remark that our formulas can
be used to calculate the parity-violating effects in
the X~ 7* 7~y decay, when information is available
on the various couplings involved. Due to the
larger phase space available, the X°decay is more
favorable for the parity-vioiating transition and
hence the effects could be larger.
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