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Quark-model, SU(6) ~, and vector-dominance-model (VDM) methods are simultaneously used to
investigate weak radiative decays of hyperons. The use of the VDM helps in the identification of
the origin of the quark-model violation of the Hara theorem: besides the u

&

o.„y,q u2 A term the

A„JP "contact" photon-quark interaction generates an additiona! contribution which is electively
equivalent to a nonvanishing u

& y&y„u 2
3" photon-hadron coupling. Our approach provides a

SU{6)~-based symmetry connection between radiative and nonleptonic hyperon decays. As a result,
a parameter-free symmetry prediction for asymmetries and branching ratios in weak radiative hype-
ron decays is obtained. The X+—+py decay asymmetry is found to be large and negative
(a = —0.6).

I. INTRODUCTION

Since the experimental discovery in 1969 of a large
asymmetry in the weak radiative decay X+~py (Ref. l;
later also Ref. 2), its explanation has constituted a con-
stant challenge for theorists. Indeed, according to the
well-known Hara theorem the parity-violating amplitude
of this decay and hence the corresponding asymmetry pa-
rameter were expected to vanish in the limit of exact
SU(3)F symmetry. The observed large violation of the
Hara theorem was thus in direct conAict with the else-
where well-established small size of the SU(3)~-
symmetry-breaking effects.

Various models and different physical mechanisms
were considered appropriate for the description of the
weak radiative decays of hyperons. ' Some of the pro-
posed solutions of the X+~py asymmetry problem were
fairly orthodox (e.g., Ref. 9) while others suggested the
introduction of exotic currents, gluonic corrections, '

etc. Developments took a turn in 1983 when Kamal and
Riazuddin' thoroughly reconsidered the problem within
the framework of the quark model. The astonishing re-
sult of their calculations was that in the quark model—
even in the limit of SU(3)F symmetry —the Hara
theorem is still violated. This means that at least one of
the assumptions used in the proof of the Hara theorem is
not satisfied in the quark model and one has to identify
which one it is. When discussing this question, Kamal
and Riazuddin (KR) blamed Hara's assumption of the A, &

form of the weak spurion. Below it is argued, however,
that the origin of the quark-model breakdown of the
Hara theorem is different.

Following the KR paper further attempts to predict
asymmetries and branching ratios in weak radiative hype-
ron decays were made within the framework of the quark
model. As a result, new sets of theoretical predictions
were added to those obtained earlier. All these various
alternatives are in strong disagreement among themselves

TABLE I. Theoretical asymmetries, and branching ratios in units of 10 (underlined entries were
used as input in calculations).

Transition Ref. 9

Calculated asymmetries
Ref. 13 Ref. 13 Ref. 20

solution A solution B QCD eff.
Ref. 20

long distance

rO~ny
A~ny
=0~Ay

0 yOy

y

0 80(+0.32)

—0.98
—0.49
—0.78—0.96

?

—0.5
+0.76
—0.87
—0.96
—0.3
—0.87

—0.5
—0.26
+0.25
—0.45
—0.99
+0.56

—0.56

—0.51
+ 1.0
+0.97
+ 1.00

—0.55

—0.52
+0.74
+0.81
—0.44

Transition Ref. 9

Calculated branching ratios
Ref. 13 Ref. 13 Ref. 20

solution A solution B QCD eff.
Ref. 20

long distance Ref. 7

A~ny
Ay

0 yOy

y

0.92(+,"„')
0.62
3.0
7.2

1.24
5.97
1.80
1.48
1.20

1.24
1.70
1.36
0.23
1.20

0.99
0.36
0.29
4.58
0.23

1.35
1.66
0.57
4.06
0.23

1.24
22.0
4.0
9.1

11.0
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(see Table I for a few examples). In fact, the results are
so strongly model dependent that one cannot even talk of
a "middle-ground" alternative. The reason for this state
of affairs is the lack of a real understanding as to what a
symmetry prediction should be (and the resulting absence
of such a prediction from Table I). Indeed, as it is now
clear from the calculations of Kamal and Riazuddin'
there seem to exist not one but two "symmetry predic-
tions": one following from the Hara theorem and the
other given by the quark model. This is clearly unaccept-
able.

In the past the interest in weak radiative decays of
hyperons was partially triggered by hope that the treat-
ment of photon emission should be considerably simpler
than that of pions. It is, therefore, somewhat surprising
that while the "more complicated" pionic weak decays of
hyperons possess a satisfactory symmetry description for-
mulated in the SU(3) language [which assumes the
hadron-pole model for parity-conserving (PC) amplitudes
and admits slightly different f ld ratios for parity-
violating (PV) and PC amplitudes, see, e.g., Ref. 21] their
"simpler" radiative weak decays are not understood in
this way. Such an understanding could be achieved if a
symmetry connection between the pion and photon cou-
plings to hadrons could be established. In fact such a
connection is provided by the idea of vector-meson domi-
nance (vector-dominance model, VDM). This well-
established idea from the physics of the 1960s states that
the coupling of a photon to hadrons can be calculated
from the knowledge of that of vector mesons. Since the
transverse p mesons and the pion belong to the same mul-
tiplet of the SU(2) ~ group (which governs the symmetry
of hadron vertices) the description of radiative weak de-
cays of hyperons should —by symmetry requirements-
be related closely to that of pionic weak hyperon decays.
The main objective of this paper is to provide the
relevant symmetry prediction and to clarify the quark-
model breakdown of the Hara theorem in light of the
VDM. One of the particular results of our combined
VDM+SU(6) ~ symmetry approach is the explanation of
the observed large and negative asymmetry of the
X+—+py radiative weak decay.

The symmetry approach of this paper describes all ra-
diative weak hyperon decays in terms of parameters
determined from weak nonleptonic hyperon decays and
thus without free parameters. It is, of course, a different
problem to explain in the framework of @CD why the
f Id, etc. , parameters in nonleptonic hyperon decays
have the experimentally observed values. Such questions
are of no interest to us in this paper, however, since our
main concern is to obtain a reliable symmetry-based pre-
diction. In the following we shall, therefore, refrain from
any discussion of possible QCD effects and complica-
tions.

The paper is organized as follows. In Sec. II the idea
of vector-meson dominance is recalled and shown to indi-
cate that the PV amplitude of radiative weak hyperon
decays can be calculated through the VDM-based
prescription characterized by a nonvanishing F, (q
=0)u y„y5u A ~ photon-hadron coupling. Then, the ques-
tion of the gauge invariance of the VDM prescription is

briefly discussed leading to the explanation of the origin
of the quark-model violation of the Hara theorem. The
symmetry approach connecting the weak pionic decays of
hyperons with the weak amplitudes for vector-meson
emission from baryons is discussed in Sec. III. In that
section the relevant symmetry formulas are given and the
relationship between the quark- and hadron-level ap-
proaches to PC amplitudes is brieAy indicated. In Sec.
IV the parameters of the model are extracted from the
weak nonleptonic hyperon decays. Section V contains
the sought symmetry predictions for the weak radiative
hyperon decays. Our main results are restated in Sec. VI.

II. VECTOR-MESON DOMINANCE, GAUGE
INVARIANCE, AND THE VIOLATION

OF THE HARA THEOREM

The idea of vector-meson dominance (vector-
dominance model, VDM) is nearly thirty years old but its
usefulness is still being corroborated anew in present
elementary-particle physics (see, e.g. , Ref. 22). The VDM
states that the coupling of photon to hadrons may be ob-
tained by first calculating the vector-meson coupling and
then performing the substitution (here for the p meson)

p„—+
gp

(2.1)

where e l(4n. )= »', and g =f ~+=5.0 with analogous
formulas for other vector mesons (see, e.g., Ref. 23).

The most general parity-violating coupling of vector
mesons to spin- —,

' baryons is given by

u, y~[F, (q )y„+io„q F2(q . )+q„F3(q )]u2e"v . (2.2)

For a general U-spin-singlet vector meson there is ab-
solutely no reason why the form factor F, (q ) should
vanish at q =0. The VDM effective prescription (2.1) in-
dicates then that the e+ectiue F, (q =0) does not vanish
for photons either. Since the u, y„y 5u 2 term has
C =P = + 1 (for identical incoming and outgoing
baryons) the relevant coupling of X+ and p must be
symmetrical under the X++-+p interchange, in accordance
with the A, 6 form of the spurion used in the derivation of
the Hara theorem. In short, the VDM prescription indi-
cates that it is the other assumption of Hara, that of the
effective presence of the Fz(0) term only, that in general
need not be satisfied.

There remains, however, a question of how the above
statement can be compatible with gauge invariance which
seems to require the vanishing of F

& (q ) for real photons
(see, e.g. , Ref. 15). In the VDM language that question is
replaced by the question of how the photon —vector-
meson coupling

e(mv'/gv) V A (2.3)

[that leads to prescription (2.1)] can be compatible with
gauge invariance. The latter question is answered at
length in Ref. 24 where it is shown how the presence of
two explicitly gauge-invariant terms F„V and A„JP in
the Lagrangian is equivalent to a gauge-invariant corn-
bination of coupling (2.3) and the gauge-noninvariant
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photon mass term

—
—,'(e/g ) m A„. (2.4)

To first order in e, the mass term (2.4) may be neglect-
ed and the eQectiue V-y coupling (2.3) results in the VDM
prescription (2.1). Consequently, the eQectiue vector-
meson-mediated u y „y5u 3"coupling need not vanish.

In the equivalent formulation using explicitly gauge-
invariant couplings F„V" and A„JP the vector-meson-
mediated photon-hadron u y„y5u 3" coupling duly van-
ishes at q =0. (Note that also the standard
ucr„,q y5uA" term vanishes if complete VDM holds. )

However, the contribution from the A„JP "contact"
term (with JP constructed from quarks) does not. The
latter coupling is what has been considered in the quark-
model calculations of Kamal and Riazuddin. Proper
description of photon-hadron interactions requires taking
both contributions into account. The Hara theorem is
thus violated because it does not consider the "contact"
A „JPphoton-quark interaction.

It should also be stressed that prescription (2.1) is not
only theoretically legitimate but practically very useful,
as various calculations confirm. Therefore, in the follow-
ing we shall deal with transverse vector mesons in place
of photons and only at the end of our considerations shall
we utilize Eq. (2.1).

III. THE SYMMETRY APPROACH

As is well known the transverse vector and pseudosca-
lar mesons (of a given liavor content) belong to the same
triplet of the SU(2) ii, group. The idea of using the
SU(2)ii, [in reality SU(6)ii,] group to the description of
both the weak pionic decays of hyperons and the related
couplings of vector mesons to baryons has already been
exploited by McKellar and Pick who followed the origi-
nal work of Ref. 26. The interrelation of the SU(6) ii, and
quark-model schemes has been discussed thoroughly by
Desplanques, Donoghue, and Holstein who have
demonstrated explicitly how the quark model underlies
and unites previous [i.e., SU(3), current algebra, and
SU(6) ii,] approaches to the description of parity-violating
nuclear forces. Their quark-model technique of calculat-
ing the relevant meson-baryon-baryon parity-violating
(baryon-baryon parity-conserving) amplitudes is utilized
in this work to determine all the necessary couplings.
Results of these calculations are given below in a com-
pact SU(3)-invariant form. For the parity-conserving am-
plitudes we use a hadron-level pole model which was
found fairly successful in describing PC amplitudes in
weak nonleptonic hyperon decays. Connection between
this hadron-level model and the quark-level calculations
shall be indicated briefly later on.

the A, 6 member of the SU(3) octet (b,I =
—,
' rule). In the

quark model this AI =
—,
' assumption is a consequence of

the (anti)symmetry of baryon wave functions. From the
above four octets one can form nine SU(3)-invariant com-
binations:

Ji = Tr(SB&M B, ), J2= Tr(SB;M B& ),
J3= Tr(SB&B;M ), J4= Tr(SB;B&M ),
Js = Tr(SM B&B;), J6= Tr(SM B;B&),
J7= Tr(SB&) Tr(B;M ), Js= Tr(SB;)Tr(B&M ),
J9 = Tr(SM ) Tr(B;B&),

(3.1)

where T denotes transposition, S =A.6, and M, B, , B& are
the standard meson and baryon matrices (see, e.g. , the
Appendix of Ref. 29).

Coefficients Az of the most general SU(3)-invariant
form

(3.2)

Bt Bg

a)

Bi Bg Bt

b)

are determined by the considered model (we use A, B for
PV and PC amplitudes, respectively). Since there exists
one linear relation among nine traces (3.1) (+6iJk =+97Jk )

one of the coefficients Ak (Bk) is left undetermined and
can be chosen at will.

The SU(6) ii, -symmetry approach to the parity-violating
amplitudes allows the determination of the values of
coefficients Ak for the different SU(6) ii diagrams present-
ed in Figs. 1(a)—1(c). The b,S = 1 weak nonleptonic

A. Parity-violating amplitudes

B, Bg B, Br

The SU(3)-symmetry structure of the weak amplitudes
describing octet-pseudoscalar-meson coupling to octet
baryons is conveniently described in the spurion
language. In the 1960s the PV spurion was assumed to be

c)

FIG. 1. SU(6) ~ quark-line diagrams.
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parity-violating Hamiltonian may in general be decom-
posed into two parts:

H (hS =1)=xiHL (hS = I )+xrHr (bS =1); (3.3)

the first one (HI ) describes the effect of currents along
the direction of decay momentum, while the other (Hz)
includes currents perpendicular to it. Scale parameters
xL, xz- depend on the type of diagram in question and we
have xL (xr )=ul. (ar ),bi (br), 0(cr) for Figs. 1(a), l(b),
1(c), respectively. In SU(6)~ the parameters xL and xz.
are unrelated. They are related by the quark model so
that we have only one parameter corresponding to Fig.
1(b):

A2 (b)= A4 (b)= A6 (b), A, (b) = As~(b),

A ( (b) —A2 (b)= A, (b)+ A9 (b)= — b,

A3 (b) —A, (b)= —b,

A i (b)+ A7 (b)= — b
3&2

A, (c)= A2 (c)= —A7 (c)= —A8 (c),
A (c)= A (c), A (c)= A (c),

(3.8a)

b =b~= —bL . (3.4)
A (c)—A, (c)= — —c,y 1 (3.8b)

For pseudoscalar mesons, Fig. 1(a) does not contribute
and relation (3.4) ensures the EI =

—,
' rule in nonleptonic

decays. In the vector-meson sector the colored-quark
model provides a relation between al and az. (Ref. 27)
which is different from (3.4):

A (c)—A (c)= — —c,5

9&x

A (c)+A (c)= —c .2
9&v

QL =—Qy= Q
—1 (3.5)

Ak(a)=0 (for all k);

A, (b)= A2(b)= A~(b)= A6(b)

= —A~(b) = —
A 8(b)= —A 9(b),

A, (b) —A, (b)= A ( (b) —
A 5(b)= —b/2;

A, (c)=A&(c)= —A7(c)= —A8(c)= —A9(c),

A4(c)=A~(c), A6(c)=A3(c),

(3.6a)

(3.6b)

(3.6c)

A, (c)—A3(c)=A~(c) —A, (c)= —c/6, (c—=cr) .

In (3.6) we may set A
&
(b) = A

&
(c)=0. For the b-type

diagrams the resulting SU(3) structure is then

—Tr([P,S][B;,B/ I
—[P,S][B,,BI ])— (3.7a)

i.e., we obtain f/d= —1. For the c-type diagrams one
obtains a pure f-type coupling:

The relative size of the three remaining parameters
Q, b, c=—c~ is left undetermined by symmetry considera-
tions. Consequently, the actual values of coefficients
Ak = Az (x) depend on the type of diagram considered
(i.e., x =a, b, or c) and on the type of meson in question
(i.e., whether it is pseudoscalar or a vector meson: M =P
or V).

Calculation along the lines presented in Ref. 27 gives,
for pseudoscalar mesons,

Setting A 9 (b) =0 and A
&

(c)=0 we get the following
SU(3) structure for the vector-meson couplings due to
Figs. 1(b) and 1(c):

( —4 Tr(SB& V B, ) —Tr( t S, .V I B&B, )

+2[ Tr(SB& ) Tr(B, V )

+ Tr(SB; ) Tr(BI V )])/(3&2)b (3.9a)

and

( —Tr( IS, V IBIB;)
—5Tr([S, V IB;B/)

+2Tr(SV ) Tr(B,BI ))/(9&2)c .

(3.9b)

The origin of the difference in the SU(3)-symmetry
structure of the pseudoscalar- and vector-meson parity-
violating amplitudes [as seen in (3.6)—(3.9)] can be traced
back to the fact that the parity-violating couplings u, u 2P
and u, y„y~u2 V" are not related by an SU(2)~ transfor-
mation ' but by the quark model only.

In Table II(a) we gathered the couplings of the neutral
members of meson octets [corresponding to (3.6)—(3.9)]
which are of interest to us. In Table II(b) we listed the
relevant couplings of the nonoctet co vector meson
which —in addition to those of p and co8—are needed in
the calculation of weak radiative hyperon decays when
the photon coupling to strange quark is suppressed by a
factor

—Tr([P,S][B,,BI ])— (3.7b)
e=m (nonstrange)/m (strange)= —', .

For vector mesons we shall first consider the b- and c-
type diagrams. It may be checked that the AI =

—,
' rule is

satisfied for these diagrams for the same reason as in the
case of pseudoscalar mesons and that the PV spurion is
still S =A,6. The resulting AI, coefficients are

From Eqs. (3.9) or Table II(a) it may be checked that
the coupling of the U-spin-singlet transverse vector
meson to B; =X+, B&=p does not vanish. Thus, the
Hara theorem is violated. Note that the breakdown of
the Hara theorem comes not only from two-quark in-
teractions which are described by reduced matrix ele-
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TABLE II. Weak PV amplitudes for (a) neutral-octet-meson emission from baryons and (b) co emis-
sion.

Process

r.+ ~p~0

(p )

X pqg

(~g)

A~n~0

SU(3)
formula

( A )
—A3)/+2

(A&+ A3 2A5)/+6

(2A4 —A )
—A3)/(2+3)

1

2V'2

3

2&6

1

4&3

(a)
M=P

1

6&v

1

2&6

1

2

1

2&3

5

1

18

1

18&3

2
9

2

2
v'6

(p )

nag (A&+ A3)/6+ A7

6)g) +(2A2+2A6 A4 As )/3

(A/+ A3)/2+ A7

1

4

1

4

1

4

1

12

1

2&2

1

6&v

1

6v'Z

1

18&a

2
3&2

2

9&v
(p )

X —+nag

(cog)
0 yO 0

(p )

=0~rOq

(a)g)

(p )

~0= ~Agg

0)

+X l7g

(cog)

p~p(E )

(~+0)

(2 A 5
—A I

—A 3 ) /{2+3)

(A, + A, )/2+ A,

(2A6 —A2 —
A 4)/(2&3)

(2A3 —A2 —A4)/(2+3)

{A2+ A4)/6+ Ag

+(2A
&
+2A5 A3 A6)/3

( A2 —A4)/&2

(A + A —2A )/&6

A3+ A9

3

4&3

1

2

1

2

1

12

1

4v'3

1

4

1

6&x

1

2~6

1

6

1

2v'6

2
3&2

1

3&2

1

3&2

1

18&6

5

18&3

5

18&6

1

18&2

5

18

5

18&3

1

9V'Z

2

9&6

10
9&v

10
9&6

2

2

10
9

10

8v'Z

9

Process

X ~pro

A~nco0 + 1

2~6

(b)

1

18

+ 1

2&6

2

9

1/2
2
3

rO~ n o)0

0 yO 0

:-O~ACOO

+ 1

6v'Z
+ 1

18&2

+ 5

18+'Z

v'2

9

5&2
9

' 1/2
1 2
3 3

5

18
10
9
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ments b (as originally calculated by Kamal and Riazud-
din) but also from the c-type single-quark SU(6) z dia-
grams.

For the a-type diagrams the EI =
—,
' rule does not hold

in the colored quark model. The LD =
—,
' rule would be

recovered if the relevant reduced matrix elements corre-
sponding to the contributions from longitudinal (aL ) and
transverse (aT) pieces of the weak Hamiltonian were
equal and opposite in sign as it happens in the quark
model for b-type diagrams. This is, however, not the case
[see Eq. (3.5)]. Consequently, we cannot use (3.1). Rath-
er than writing the general SU(3)-invariant coupling ap-
propriate in this case we chose to tabulate [Tables II(a)
and II(b)] those neutral-vector-meson couplings which
are relevant for our purposes (a—:—aL ).

B. Parity-conserving amplitudes

For the description of parity-conserving amplitudes we
shall use the pole model which was fairly successful in the
weak nonleptonic hyperon decays. In general, poles in
both baryon and meson channels are expected to contrib-
ute. It is well known, however, that the contribution of
meson poles in pionic decays of hyperons is small. ' ' We
shall, therefore, neglect the meson-pole contribution for
the time being and only at the end of our calculations
shall we try to see whether its inclusion can further im-
prove the agreement of our predictions with experiment.

There are two possible ways of treating quark indices
in the pole model. We may either keep the identity of
quarks in the intermediate state or we may not. The first
alternative corresponds more closely to performing the
calculations at the quark level (i.e., "inside" hadrons of
the bag model) or at the "planar" hadronic level of the
so-called unitarized quark model (UQM; discussed exten-
sively elsewhere ' ). At this level of the UQM the
equal-splitting rule holds for the members of ground-state
baryon octet and, consequently, the Lee-Sugawara rule
for PC amplitudes is exact. In the second alternative it is
the baryon state with properly (anti)symmetrized quarks
that propagates in the intermediate state. When the PC
B-B' amplitudes are estimated from the PV B-B'P ones
and the (nonrelativistic) quark model is used for the
description of the BB'M coupling the two alternatives
lead to the same SU(3)-symmetry structure of the
parity-conserving amplitudes. This indicates a connec-
tion between quark level and hadron level approaches to
PC amplitudes (see also Ref. 15). In practice, however, it
is the second alternative that is phenomenologically more
successful as it is able to provide us with a better descrip-
tion of weak nonleptonic hyperon decays. The reason is
that in the second alternative we may somewhat relax our
assumptions and allow the f /d and F/D coupling ratios
(the former describing PC weak process, the latter meson
emission) to be slightly different from our previous PV es-
timates (for f /d) and quark-model [SU(6)~] predictions
(for F/D). Such small changes in these ratios and in the
overall strength of the PC amplitudes are crucial in ob-
taining a satisfactory description of pionic decays of
hyperons. In fact, if just I'/D is kept at its quark-
model/SU(6)~ value of —', while the f/d ratio and the

&Bkjk . (3.10)

In Table III we included also the amplitudes involving
a nonoctet vector meson (co ) since they are needed for a
realistic estimate of the PC amplitudes of the weak radia-
tive decays of hyperons in the SU(3)-symmetry-breaking
case (see Sec. V). In these amplitudes the contribution
from the strong-interaction vertex contains a piece whose
SU(3) structure is Tr(M)Tr(B;8&). The S parameter de-
scribes the strength of this SU(3)-invariant coupling. The
Zweig rule requires S=I'" —D. This equality is main-
tained also when F and D are shifted from their SU(6) z,
values of —', and 1.

When (for simplicity) equal splitting is assumed for oc-
tet bar yons, the octet-meson emission amplitudes in
Table III are equivalent (up to a factor) to

B)=B2=—B9,
8, 83=8~ —Bi =( f +d)( F+—D), ——

8, 86=84 —8, =(f +d)—(F+D),
8 i+87 = —(Bi +88 ) =4dD/3

(3.11)

and we may set B9=0.
Formulas for the first alternative (i.e., quarks inside

hadrons or "planar" level of UQM) are obtained from
Table III and Eq. (3.11) by first setting F/D =—', and then
choosing f = —d for b-type diagrams and d =0 for c-
type diagrams.

overall scale parameter are considered as free parameters
the best ouerall description of PC amplitudes of nonlep-
tonic hyperon decays for some processes still difI'ers from
the experimental amplitudes by a factor of 2 or more.
Since in this paper we are concerned strictly with the
symmetry predictions we shall not attempt any explana-
tion of these ratios. However, it should be obvious from
the above that a reliable prediction for the weak radiative
decays of hyperons may come from the second alterna-
tive only.

The resulting formulas for vector-meson-emission PC
amplitudes are given in Table III (baryon symbols stand
for their masses). For pseudoscalar mesons the formulas
of Table III should be divided by —&2 with obvious
correspondences: m~p, etc. Unlike the case of PV am-
plitudes, for PC amplitudes the obtained SU(3) structures
of P and V emissions are identical. Since SU(3)-symmetry
breaking in vertices is not understood anyway ' —and
we are interested in the most general SU(3) structure of
the model only —all factors of (mz+m~ )/(m~+mz )

modifying somewhat the resulting expressions for the
pionic decays were put equal to their SU(3) value, i.e. to 1

[for a related question of a more rigorous description of
SU(3)-symmetry breaking in hyperon semileptonic decays
see Ref. 35].

As in the case of parity-violating amplitudes, the ob-
tained SU(3) structure of PC amplitudes may be written
with the help of nine invariant couplings Jk (3.1) though
this time with a different spurion (S =A,7):
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Process

—+pp

X ~p c08

X+—+p co

A~n p'

A~nco8

A~ncaa

r'~np'

X ~n c08

~neo

0 yO 0

~X c08

~X co

0 A 0

—+Aco

0

TABLE III. Weak PC amplitudes for vector-meson emission from baryons.

Hadron-pole model formula

—
( f—+d)( F+—D)

1

N —X
v'3( f +—d)( F+—D)

1

N —X

( f +d—)[3( F+—D) +2S]
1

N —X
—&2/3( f +d)—D — —(3f +d)(F+D)1 1 1

N —X v6 N —A
1 —(3f +d)(3F +D) 1

3&2
1—(3f +d) 3F — D —2—S5 1

v'6 3
1

( f+d—)(F +D) —— (3f +d)D1 2 1

v'2 N —X 3v'2 N —A
—&3/2( f+d )( —F+D—) 1

N —X
—=—

( f +d)[—3( F+D)—+2S]1 1

v'2 N —X
2—(3f d)D — — —(f +d)(F D)—1 1 1

3&2 v'2 X —=

&3/2( f+d )(F +D)
1—(f +d)(F+D) 1

2—(f +d)D + —(3f d)(F D—)—1 1 1

—(3f —d)(3F —D)
1 1

3&2 A —w

—(3f —d)(3F D)—1 1

A —"
(f +d)(F+D)

&3(f+d)(F—+D) 1

1—(f +d)(F +D)

IV. WEAK NONLEPTONIC HYPERON DECAYS
AND MODEL PARAMETERS

We may now proceed to the determination of model
parameters. For parity-violating amplitudes we have
three parameters: a, b, c. The latter two (b, c) may be ex-
tracted from the experimental data on weak nonleptonic
decays of hyperons. This procedure leads to [see Table
IV(a)]

b = —5.0, c =12.0 (4.1)

which corresponds to f /d = —1+2c/(3b)= —2.6.
The value of a is not accessible in this way. We utilize

tPe theoretical estimate given by McKellar and Pick for
aT,

f/d = —1.9, C= —3P.O. (4.4)

The symmetry description of nonleptonic hyperon de-
cays given in Table IV differs from experimental data by
up to 20%%uo. Provided that the theoretical understanding
of nonoctet contribution from the a-type diagrams is
correct, this is, therefore, the accuracy we expect from
our symmetry predictions for weak radiative decays.

ters: F/D, f/d, and the overall normalization factor C.
From the semileptonic decays we take I' =0.43,
D =0.82, and consequently I /D =0.52. A proper
description of the experimental data on PC amplitudes of
pionic hyperon decays requires then [see Table IV(b)]

CaT=

which together. with (3.5) gives

Ca—:—a
12

(4.2)

(4.3)

V. WEAK RADIATIVE DECAYS: PREDICTIONS

Expressing the photon couplings through those of vec-
tor mesons

1 o 1y= —p + —co —
—,'eP

The PC amplitudes are also described by three parame- (where e= —', ) and using co =v'3cos+&2P we determine
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TABLE IV. Hyperon nonleptonic decays. The amplitudes A, B in units of 10

(a)

Amplitude

A(Xo )

A(X~)

A (X:)

A (AO)

A(A )

A (:-0)

A (:-:)

Quark model
Eq. (3.6)

(or Table II)

1 c
2v'2

0
1 c

b ——
2 3
1

4~3" '
1 —(b —c)2v'6.

1 c
2v'3 2

1 c
b ——

2

Data
(from Ref.

21)

—3.27

0.13

4.27

—2.37

3.25

3.43

—4.51

Eq. (3.6)
b= —5
c =12

—3.18

0.0

4.50

—2.46

3.47

3.18

—4.49

Amplitude

B(X+)

(b)
Pole-model expression

[Table III or Eq. 13.111 with
scale parameter C]

1 f F——1 1 ——Cv'2 d D

Data
(from Ref.

21)

26.6

Pole model

f Id = —1.9
C= —30

29.5

B(&~) 4——C
3

42.4 40.0

B(X:) 1 3 + 1
f F f
d D d

3 C —1.44 —1.76

B (Ao) f f F—+3+ 3—+1 —C
2v'3 d d D

—15.8 —11.7

B(A )
1 f f F—+3+ 3—+1 —C

d D
22. 1 16.5

B (:-0) 1

2v'3 3——1 —+3——Cf F f
d D d

—12.3 —12.2

B(:-:) 3——1 —+3——C
1 f F f

v'6 d D
16.6 17.3

TABLE V. Weak radiative hyperon decays: comparison of symmetry predictions with experiment.

Transition

Branching
ratio
(10-')

Experimental data (Ref. 36)
Branching ratio

a (10 ')

sy
r0~ny
A —+ny
- ~Ay

0 y0y
—+g y

+2.54
—0.13
—2.92
+ 1.23
—2.78
+ 1.57

—0.78
—4.21
—1.32
+ 1.70
+2.18
—0.32

—0.56
+0.06
+0.75
+0.95
—0.97
—0.40

0.90

3.21
2.06
3.49
0.36

—0.83+0.13

+0.41+0.26

1.24+0.08

1.02+0.33
1.1+0.2

(70
0.23+0. 1
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from Tables II and III the structure of both the PV and
PC amplitudes for weak radiative decays of hyperons:

large asymmetry parameter a( X+~p y ).
Asymmetry parameters a( Y; —+ Yfy ) are calculated

from
5+@ 1+@ 4&2

A (X+~py)= — —b+ —c — a,
9 2 27 2

1+a
A (Xo~n y) = —

—,', (1 E)—b — c + —,', a,
3+@ 1+@ 42 (A~ny)= —b — —c+ a,
6 3 6 3 3 3

2+@ 1+a 4
A (:- —+A y)= — —b+ —c — a,

9 3 18 3 9 3

A (:- —+X y ) = —,
' b —

—,', ( 1+e )c + —,",a,
3 (:- —+X y) = —( I+a)c — —a;5 40

27&2 27 2

B( X+~p y)= ——1 (1—E) ——1 C,v'2 f F
3 d D

(5.2a)

2AB
A

A +B

where

mi mfB= B
Pl +If

and branching ratios are given by

2

R ( Y,.—+ Yfy ) = k (Ef+mf )
e

g 4am;

X(A +B )/g I (Y;~Yf~),
f

(5.3)

(5.4)

B(X ~ny)= —'C ————1 (1—e) ——1 C,o . 1 f
L

3 d D

B(A~ny)= —C
3 3

+ — 3—+1 (1 —e) —+—C,1 f F 1

3v'3 d D 3

B(:- ~A y)= — —C4
3&3

(5.2b)

1 f3——1 (1—e) 3——1 C,9v'3 d D

B(:" ~X y)= ——'C+ ——+1 (1—e') —+1 C,o o, 1 f F
3 d D

B(:- ~X y)=—v'2 f F—+1 (1—e) —+1 C .
3 d D

As can be seen from Eqs. (5.2), it is the parity-
conserving and not the parity-violating amplitude of the
X ~py transition that vanishes in the SU(3) limit e~ 1

(see also Ref. 9). Putting in (5.2) c =a =0, F/D = —', , and

f /d = —1 we reproduce the quark-model results of Ref.
20 for two-quark interactions (with I of Ref. 20 equal
zero ). The essential diff'erences between the quark-model
calculations of Ref. 20 and our approach are (1) a
diA'erent treatment of single-quark diagrams which in our
approach are determined by symmetry considerations, (2)
a diff'erent treatment of quark momenta, and (3) the in-

clusion of deviations from quark-model predictions for
F/D in PC amplitudes. The f/d ratios in PC and PV
amplitudes and their relative size are fixed by known non-
leptonic hyperon decays. In particular, due to the in-

clusion of the experimental scale factor in PC Y,.~ Yfm

amplitudes, the size of PC Y; —+ Yfy amplitudes estimat-

ed in this way is larger than might be naively expected.
Thus, the SU(3) suppression of the X+~py PC ampli-

tude is not really operative. This results in a relatively

TABLE VI. E *-pole contribution.

Transition

rO~ny

A~ny

~Py
0 yOy

Amplitude

8

27&2
4
27
4+ —K

3&3
4

20
+27

40
27&2

where the first factor comes from the VDM prescription
(2.1).

The resulting asymmetries and branching ratios are
presented in Table V where a reasonable agreement be-
tween the symmetry prediction and the experimental data
is seen. In particular, (1) the predicted asymmetry of the
X+~py decay is large and negative and (2) the obtained

—+X y branching ratio is of the right magnitude. In-
spection of Table V and Eq. (5.2a) shows that the
(correct) size of the = ~X y branching ratio is set by a
nonvanishing contribution from the c-type SU(6)~ dia-
gram. In the valence-quark model (which has been em-
ployed by Kamal and Riazuddin) c vanishes. The
nonzero value of c observed in nonleptonic hyperon de-
cays may be attributed to the contribution from sea
quarks. As already remarked the SU(3) suppression of
the X+—+py PC amplitude is compensated for by a
larger overall size of PC amplitudes, required by symme-
try connection with nonleptonic hyperon decays. In-
cidentally, the agreement of Table V in connection with
the VDM idea indicates also that the vector-
meson —nucleon PV amplitudes seem to be given correct-
ly by the symmetry prescription.
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The only way by which symmetry predictions of Table
V may still be modified is through the introduction of the
K*-pole contribution which may differ in size from an
analogous term in nonleptonic decays due to an addi-
tional contribution from type-a diagrams (with K*-pole
inserted). The pattern of this contribution is given in
Table VI. To see what its inhuence on the predictions of
Table V can be we shall consider its size as a free parame-
ter i~ (which turns out to be positive in the pole model).
The resulting dependence of the asymmetries and branch-
ing ratios on ~ is shown in Figs. 2(a) and 2(b). The al-
lowed range of ~ is restricted by the requirement that the

—+X y branching ratio should not deviate too far
from experimental data. In this region of parameter
space only the asymmetries of the A~n y and

—+X y decays depend significantly on a.. The
X+~p y decay asymmetry remains relatively stable
around —0.7+0. 1.

0.5

0.0

-0. 5

0 ~go

Z~ ny

/'

A ~ ny

VI. CeNCI. USIuNS

—1.0

In this paper weak radiative hyperon decays were in-
vestigated in a symmetry approach. The basic in-
gredients of the approach were the SU(6) ~ symmetry
supplied with some quark-model results, the experimental
knowledge of nonleptonic hyperon decays and the idea of
vector-meson dominance. The latter helped in the
identification of the origin of the quark-model breakdown
of the Hara theorem. Using VDM the "contact" A„J„
interaction of the quark model was shown to induce an
effective uy„y~uA" photon-hadron coupling. Thus, the
original Hara assumption of the pure u, o.„ysq u2A"
form of the photon-hadron coupling appears invalid in
the quark model: one has to take the "contact" interac-
tion into account as well.

The symmetry/VDM approach enabled us to deter-
mine a connection between the weak radiative and non-
leptonic decays of hyperons. Using the experimental
knowledge of the latter we were able to predict the asym-
metries and branching ratios of the former. In particular
we obtained a large negative asymmetry parameter for
the X+~py decay. Given the quality of our description
of nonleptonic hyperon decays our symmetry predictions
for the branching ratios of weak radiative hyperon decays
are expected to deviate by -30—40% from reality. In
fact, our predictions are within a factor of 2 from the ex-
perimental data. The least reliable ingredients of our ap-
proach are present theoretical understanding of the a-
type diagrams and a possibility of a non-negligible contri-
bution from the L* pole. In the quark-model language
both of them correspond to a single-quark transition.
Further theoretical studies on the relationship between
the symmetry considerations of this paper and the expli-
cit quark-model calculations as well as an improvement
in the accuracy of experiments are needed. Only then
shall we finally know whether some new physics really
manifests itself in the weak radiative decays of hyperons.

4.0

3.0

2.0

0.0

10 15 20
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