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Following recent measurements of the = ~Ay and:- ~X y decays we carry out a reanalysis of the
combined symmetry and vector-dominance approach to weak radiative hyperon decays. The parity-
conserving amplitudes are obtained from those of nonleptonic hyperon decays in two ways: (1) in the
pole model and (2) by assuming that the parity-conserving part of the weak Hamiltonian H transforms
as A,7. Both are considered since, although the two frameworks are theoretically close, their numerical
predictions are fairly di6'erent. Nonleptonic hyperon decays also fix two of three parameters needed to
describe parity-violating amplitudes. The third parameter is then determined from fits to all the branch-
ing ratios and asymmetries of weak radiative hyperon decays measured so far. The fits strongly favor a
substantial positive asymmetry a for the " ~X y decay (a- +0.2 to +0.6). The largest value (+0.6)
is predicted by the best (and perfect: y /iV»=7. 9/7) fit obtained with H -A,7 and photon-baryon
coupling determined by experimental values of baryon magnetic moments.

I. INTRODUCTION

Weak radiative hyperon decays have attracted consid-
erable attention from theorists in the past twenty years.
Despite all the efforts a successful theoretical description
of the slowly growing body of experimental data has been
missing so far. On the purely theoretical side the prob-
lem was further complicated by the existence of two
"symmetry predictions:" one following from the Hara
theorem and the other given by the quark model. The
origin of the violation of the Hara theorem in the quark
model has been clarified in a recent paper [1] where a
combined SU(6)ti and vector-dominance approach was
employed to give a parameter-free prediction for both
branching ratios and asymmetries. (We refer the reader
to Ref. [1] for a condensed list of references to various
earlier papers on the subject. )

Recently, decay parameters for the = —+ Ay and
:- —+X y processes have been measured [2,3]. Although
some of the predictions of Ref. [1] such as the branching
ratio for = ~X y or the sign of asymmetry for = ~Ay
decays have been confirmed, the overall description of all
the available data (in particular the branching ratios for
the = —+Ay and A +ny decays)—is still not satisfactory.
The present paper intends to remedy this situation. We
find it necessary to depart from the idealized calculation
of Ref. [1] in two ways.

The first and major departure consists in not relying
upon theoretical calculation of the only symmetry-
undetermined parameter of Ref. [1] any longer. This pa-
rameter enters the description of parity-violating (PV)
amplitudes. In the present paper it is considered free.
Apart from this change the present treatment of PV am-
plitudes follows precisely that of Ref. [1].

The second and less important departure is based on
the observation that the additive model of photon-baryon
coupling used in Ref. [1] successfully predicts the overall

pattern of baryon magnetic moments, but fails when ap-
plied to such details as their differences which exhibit
peculiar nonadditive SU(3)-breaking properties. Since it
is the differences of baryon magnetic moments that enter
into the description of parity-conserving (PC) amplitudes
in pole models, a fully successful description of weak ra-
diative hyperon decays should take such nonadditivity
into account.

In fact, in the baryon pole model (e.g. , Ref. [4]) the
relevant photon-baryon couplings are expressed in terms
of experimental values of baryon magnetic moments (or
rather their anomalous parts) so that the nonadditives in
question are automatically included. However, the model
of Ref. [1] differs from the standard pole model not only
with respect to photon-baryon coupling but also in
another way: in the former the weak Hamiltonian trans-
forms like A,7; in the latter this symmetry assumption is
not satisfied. As a result, the two models lead to PC
vector-meson emission amplitudes that may differ numer-
ically by 30%—50%. Therefore, determination of weak
radiative PC amplitudes from those of nonleptonic hype-
ron decays is not as reliable as one might naively expect.
Consequently, in the present paper we consider both the
pole model and the A, 7 framework. To study the effect of
nonadditivities inherent in baryon magnetic moments we
perform fits of the symmetry-undetermined parameter in
two versions of the A7 approach: with additive (as in [1])
and nonadditive vector-meson couplings to baryons.

All three versions of the fit choose the same value of
the symmetry-undetermined parameter and predict a pos-
itive sign of the = —+X y asymmetry. Its size depends
on which version of the description of PC amplitudes is
chosen. The best (and perfect y /NDF =7.9/7) fit to all
branching ratios and asymmetries is obtained in the third
version (H —A, 7 and nonadditive photon couplings)
which predicts significant size for the = —+X y asym-
metry [a(:- ~X y) —+0.6].
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The paper is organized as follows. In the next section
we recall vector-dominance model (VDM) formulas for
PV amplitudes and discuss various theoretical estimates
of the only symmetry-undetermined parameter. In Sec.
III we discuss the three symmetry-based evaluations of
the PC amplitudes. Sec. IV presents results of the fits,
drscussron, and conclusions.

II. PARITY-VIOLATING AMPLITUDES

Parity-violating amplitudes for weak radiative hyperon
decays are connected through SU(6)~ symmetry with
those of nonleptonic hyperon decays if the vector-
dominance assumption is made. Under the standard
VDM assumption that the photon couples as the linear
combination of vector mesons

y= —p + —co ——eP
1 o 1 o 1

v'2 3v'2 3
(2.1)

A(A~ny)= —b — d,
6 3

(2.2)

9 3

A(:- ~X y)= b ——d-,-o o

3 2

A(:- ~X y)= —d,5

2

with d = [(1+e)c—Sa]/27.
In Eqs. (2.2) a, b, c are three real parameters of which

two (b, c) have been determined by symmetry from non-
leptonic hyperon decays in [1]:

b = —5.0,

[where e =—', is the additive SU(3)-breaking parameter]
the resulting PV weak radiative amplitudes have been
calculated in Ref. [1]. They are given up to an overall
VDM factor e lg(e /4~=1/137, g =5.0) by

A(X ~py) = — —b+ —d,5+e 1

9 2 2

A(X ~ny)= — (1 e)b ———d,1 1

18 2

accommodated when additional efFects, such as for in-
stance the sea contribution [7], are taken into account.
Thus, the prediction of the simple quark model may be
considered unreliable. Other di6'erent theoretical as-
sumptions lead to widely scattered values of a. McKellar
and Pick [g], under the general assumption of no 27-piet
contribution to H, give several predictions correspond-
ing to various supplementary assumptions. If one takes
"strong octet dominance" (i.e., no singlet contribution to
H„) as such an additional assumption one obtains

a =c = 12, i.e. , d = —2. 8 . (2.4b)

If one accepts the Goldberger-Treiman-like result [6] one
gets

a = —c/4= —3, i.e. , d=1.6 . (2.4c)

a = —0.8, i.e. , d=1.0, (2.4d)

is advocated as the "best" guess.
Since the range of theoretical predictions for a (d)

given in (2.4) is very wide we shall simply consider a the
free parameter of the model. One should point out here,
however, that the measured value of the = ~X y
branching ratio alone su%ces to improve the restriction
~d ~

(0.5 to 0.6 [for d=0. 55 the = ~X y branching
ratio is 0.56X 10 which is already three standard devi-
ations from the experimental number of (0.23+0. 1)
X10 ]. Out of the various theoretical estimates (2.4)
only (2.4a) of Ref. [1] satisfies this restriction.

III. PARITY-CONSERVING AMPLITUDES

The weak PC photon emission amplitudes are often de-
scribed in the baryon pole model (e.g. , [4]). In this model
vector dominance gives the formulas (up to e/g VDM
factor)

B(X ~py)=+2 ——1 (p + —p )

Other assumptions discussed in [8] give yet dift'erent
values for a (d).

Let us also note that, in a more recent paper of
Donoghue, Desplanques, and Holstein [5,9], the value

c =12.0
(2.3)

B(Romany)= — ——1 (p 0
—p„)

(in units of 10 ), which translates into f /d = —1

+2c/3b = —2.6.
The value of a (which corresponds to factorization con-

tribution [5]) is not accessible in this way. In Ref. [1] we
employed a plausible theoretical estimate of McKellar
and Pick [6], which, when taken together with the con-
straints of the colored quark model (see [5]), enabled us to
fix

B(A~ny ) = — 3—+ 1 (pz —p„)
1 M
3

M
d X—X '

a =c/12=1, i.e. , d=0.44. (2.4a) (3.1)

One may wonder whether this theoretical determina-
tion of a is reliable. In this connection let us recall that
the simple quark model framework [which is used in the
derivation of relation (2.4a)] predicts c =0 in total
disagreement with the data. The value c =12 can only be

o 1 f M
v'3 d

M—+1 Prw—
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B(:- ~X y)= —+1 (p 0
—p 0)

-o o f
d =- ~ =- —X

1 M+ — 3 1 pyp

B(:- ~X y)= —&2 —+1 (p —p )
M

d X

In obtaining Eqs. (3.1) we have replaced the vector-
meson couplings from Table III of Ref. [1] by the mag-
netic moments they ultimately represent according to the
relations of the standard model:

2AB
+B

(3.3)

with S =F —D.
In terms of parameters used in [1] we have

M =C(:- N—) I(2pD ) = —2. 83 X 10 MeV, where
(:-—N)/2= 190 MeV is the average spacing in the octet,
p=2. 7 (=p ) is the scale of baryon magnetic moments
and we used CID = —40. 2 or C= —33 (in units of 10 )

which describes nonleptonic hyperon decays slightly
better than C= —30 of Ref. [1].

Asymmetry parameters ( Y; —+ Yfy) are then calculated
from [1]

(p~+ p~ )Ip—=(1—&)S/3,

(pro —p„)/p =D + ( 1 —e)S/3,

px~/p=D/&3,

(pz p„)Ip—= —(4e 7)D /9—+ ( 1 —e)S/3,
(p, 0 p~)lp=— D/3+—(1—e)(3F D)/9, —

(p 0 p~o)lp—= —D+(1 ~)(F+D)l3,

(p ——pz- )/p = (1 —&)(F+D)/3,

(3.2)

where

m, —mfB= B,
m,-+mf

with A from (2.2) and 8 from (3.1).
The branching ratios are given by

R(Y~Y y)= e
i f kr (Ef+mf )( 3 +B ) Q I"( Y;~ Yf vr ) . (3.4)

&3Xo =A +2:-: . (3.5)

Experimental data satisfy this relation fairly well, i.e.,

46.2=52. 3 (in units of 10 ) (3.6a)

The idealized VDM calculation of Ref. [1]corresponds
to making the following two assumptions in (3.1): (1)
equal splitting for the octet baryons ( = 190 MeV) and (2)
standard relations (3.2) for baryon magnetic moments.

On the other hand, in the baryon pole model [4] both
these assumptions do not hold: instead of the "ideal, "
the experimental values for both baryon mass differences
and magnetic moments are used. Because of a difference
in normalization, formulas (3.1)—(3.4) reproduce exactly
the pole-model contribution to asymmetries and branch-
ing ratios of weak radiative hyperon decays (e.g. , [4]) if
each VDM expression in (3.1) is multiplied by a
(m;+ mf )/(2m~) factor. The appearance of such SU(3)-
symmetry-breaking factors reAects our lack of under-
standing of how SU(3) breaking in vertices should be in-
troduced. Clearly, for charged hyperon decays (X+~py
and:- ~X y) only the anomalous parts of baryon mag-
netic moments are to be used in the pole model.

Although constructed by analogy with the pole model
for PC amplitudes of nonleptonic hyperon decays, the
pole model of [4] violates the SU(2) ~ symmetry between
PC amplitudes for ~ and transverse p emission ampli-
tudes. This may be seen on the example of the Lee-
Sugawara relation

and so does the pole model for nonleptonic hyperon de-
cays [10]:

55.9=59.9 . (3.6b)

However, the corresponding relation for transverse
vector mesons,

Q3 X+= A +2:-: (3.7)

41.7=69.4 (in units of 10 ), (3.8a)

which is even worse when the (m;+mf )/(2m&) factor is
included:

47. 1 = 86.3 (3.8b)

to be compared with direct SU(2) ~ prediction from
(3.6b):

65.3=74.0 . (3.8c)

In fact, in the baryon pole model of nonleptonic hype-
ron decays [10] the Lee-Sugawara relation does not fol-
low from an underlying symmetry of the model. This
may be seen by considering the limit of large average oc-

(the subscript "p" stands for emission of p instead of
pion), is badly violated in the baryon pole model if one
puts f Id= —1. 18 and F/D=0. 56 as determined for
nonleptonic hyperon decays [10,11]. Table III of Ref. [1]
gives then, for the model of Ref. [4],
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tet mass in PC amplitudes of Ref. [10] while, at the same
time, keeping SU(3)-symmetry-breaking mass splittings
constant. In this limit all (m3+m~)/(m, +m2) factors
become identical and the disagreement (3.8) is repro-
duced.

The above considerations of SU(2) ii symmetry indicate
therefore that the (standard) baryon pole model for PC
amplitudes of weak radiative hyperon decays might not
be that reliable after all. In particular, the case should be
studied in which vector-meson emission amplitudes do
satisfy the Lee-Sugawara relation. For PC amplitudes
this relation is satisfied if 0 transforms like k7 Th.is,
in turn, corresponds to taking equal mass splitting in Eq.
(3.1) as has been done in Ref. [1].

Although considerations of symmetry do support the
assumption H —A, 7 made in [1], they also question
another assumption of that paper, namely that the addi-
tive quark model provides a satisfactory approximation
for the description of baryon magnetic moments. In fact,
it is well known that baryon magnetic moments exhibit
peculiar nonadditive properties [12,13]. These nonaddi-
tives are even more pronounced for differences of mag-
netic moments and especially for p + —p difference.
Since it is the differences of magnetic moments that enter
into the description of PC amplitudes (3.1) one may ex-
pect strong nonadditive effects in PC amplitudes of weak
radiative hyperon decays. En Table I we give present ex-
perimental data on relevant differences of baryon magnet-
ic moments and we compare them with the predictions of
the standard model. For simplicity we have accepted
p, +=2.43, i.e. , the average value of two (confiicting)

measurements of X+ magnetic moment.
From Table I and Eqs. (3.1) it follows that the

X+~py PC amplitude calculated in [1] might be un-
derestimated by a factor of 3. Also, Ref. [1] might have
miscalculated the = ~Ay PC amplitude.

Having all the above uncertainties in mind we define
three models of PC amplitudes as follows.

Model A. The baryon pole model of Ref. [4] (with

f /d= —1.18, which uses experimental values of baryon
magnetic moments but does not satisfy the n-p symmetry
expected in SU(2) ii, .

Model B. The model of Ref. [1] with H —A, 7
(f/d= —1.9, I'/D =0.66), in which m-p symmetry is
satisfied but an oversimplified additive model of baryon

magnetic moments is used.
Model C. The model of Ref. [1] with

(f/d= —1.9, modified by the replacement of the addi-
tive photon-baryon coupling by the experimental magnet-
ic moments, which therefore both respects m-p symmetry
and takes care of nonadditives in baryon magnetic mo-
ments.

Note that in models B,C the deviation off /d from —1

is much larger than that in model A. As a result, the size
of the asymmetry parameter in the = ~X y decay (to
be obtained from fits in the next section) depends
significantly on the model used.

IV. RESULTS OF FITS AND DISCUSSION

The fits were performed with the experimental data on
asymmetries and branching ratios as gathered in Table II.
In the case of measurements for which both the systemat-
ic and statistical errors were given we added them in
quadrature. In order not to exaggerate the inhuence of
some data upon the results of fits (we have in mind espe-
cially the sensitivity of the PC X+—+py amplitude to the
precise value of p + used) we decided to keep experimen-

tal errors to be at least 15%. In this way the experimen-
tal error assigned to X+~py branching ratio is 0.19 and
that for = ~X y is 0.52 as indicated in parentheses in
Table II. In addition to the fitted values of asymmetries
and branching ratios we give in Table II their individual
contributions to y (in parentheses). Dependence of y
upon the value of d is shown in Fig. 1.
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TABLE I. The differences of baryon magnetic moments:
comparison of experiment with additive-quark-model predic-
tions.

30

Magnetic moments

(p + —pp)/p
(p 0

—p„)/p
pr, alp
(pA —p„)/p
(p 0

—pA)/p

(p, —p, ,)/p
(p-- —p, —)/p

Experiments

—0.133+0.02

0.94+0.015
0.60+0.03

0.48
—0.21+0.01
—0.70+0.02

0.17+0.02

Additive
quark model

—0.037
0.96
0.58
0.44

—0.30
—0.82

0.185

20

10

I I i l I I l I

—0.6 -0.4 W.2 0 0.2 0.4

FIG. 1. Dependence of y on d: dashed line, model A; dot-
dashed line, model B; solid line, model C.
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Process

pr

A —+ny
- —+Ay

0 go~

Model A

(pole model)

0.54 (13)

0.40 (3.5)
1.63 (13)
3.22 (0.4)

0.26

Branching ratios in units of 10 (contribution to y )

Model B Model C
( 17 Ref. [1]) ( A,„expt. magn. mom. ) Experiment

0.53 (14)

0.74 (0.7)
1.47 (6.5)
1.77 (12)

0.27 (0.2)

1.33 (0.2)

0.86 (0.2)
0.86 (1.6)
3.17 (0.6)

0.27 (0.2)

1.24+0.08
( +0.19)'

1.02+0.33
1.06+0. 16
3.56+0.43
(+0.52)'
0.23+0. 1

TABLE II. Decay parameters of weak radiative hyperon decays.

Two-parameter fit

(p +=2.48, C«= —36)

1.26

1.00
1.03
3.83 (0.2)

0.29 (0.3)

—0.63 (2.5)
—0.17

1.00
0.53 (0. 1)

—0.40 (3.6)
0.19

—0.55 (4.5)
—0.12

0.87
0.57 (0.1)

—0.54 (5)
0.52

Asymmetries

—0.96 (1)
—0.11

0.83
0.71 (0.4)

—0.41 (3.6)
0.59

—0.83+0.13

0.43+0.44
0.20+0.32

—0.97 (1)
—0.09

0.76
0.65 (0.3)

—0.36 (3.1)
0.63

X /&DF
drt

36/7
—0.39

43/7
—0.38

7.9/7
—0.37

5.3/6
—0.39

' Error used in fits.

From Fig. 1 and Table II it is seen that models A and
B describe the data more or less equally well, while model
C is very successful. In all three fits the minimum value
of y is achieved for d = —0.38 (a =3.8). The increase in

for d growing from its fitted value comes first from the
discrepancy in the " —+X y asymmetry. For d & 0.2 it is
the discrepancy in A~n y branching ratio that becomes
dominant.

We have carried out also a two-parameter fit within the
framework of model C. In this fit the normalization of
the PC vector emission amplitude was let free and the
value p +=2.48 was used. This fit gives C= —36 in-

stead of C= —33 and achieves an even better y /ND„.
Clearly, model C seems to have just the right ingredients
needed to describe weak radiative hyperon decays prop-
erly. In model C the biggest contribution to y (at its
minimum) comes from the asymmetry of the = ~X y
decay. Not only models considered in this paper, but vir-
tually all models, predict a negative sign for this asym-
metry [14]. Our theoretical value is two standard devia-

tions from the recently measured experimental number
[2]. The quality of our description of the remaining ex-
perimental numbers is so good that we think the mea-
surement of:- ~X y decay parameters should be
redone.

Our best fit predicts significant positive asymmetry for
the " —+X y decay, which should be in the region of
+0.5 to +0.7. Should this prediction be borne out by
the data we will be able to conclude that weak radiative
hyperon decays do not present insurmountable difficulties
and can be well explained in a combined symmetry and
vector-dominance approach. A confirmation of our pre-
diction for the = ~X y asymmetry would explicitly
demonstrate the power of symmetry-based considera-
tions.

ACKNOWLEDGMENTS

I would like to thank Professor R. Ollerhead for finan-
cial support during my stay at the University of Guelph.

'On leave of absence from the Department of Theoretical
Physics, Institute of Nuclear Physics, 31-342 Krakow, Po-
land.

[1]P. Zenczykowski, Phys. Rev. D 40, 2290 (1989).
[2] S. Teige et al. , Phys. Rev. Lett. 63, 2717 (1989).
[3] C. James et a/. , Phys. Rev. Lett. 64, 843 (1990).
[4] M. B. Csavela et a/. , Phys. Lett. 101B,417 (1981).
[5] B. Desplanques, J. F. Donoghue, and B. Holstein, Ann.

Phys. (N.Y.) 124, 449 (1980).
[6] B. H. J. McKellar and P. Pick, Phys. Rev. D 6, 2184

(1972).

[7] J. F. Donoghue and E. Golowich, Phys. Lett. 69B, 437
(1977).

[8] B. H. J. McKellar and P. Pick, Phys. Rev. D 7, 260 (1973).
[9] J. F. Donoghue, E. Cxolowich, and B. Holstein, Phys. Rep.

131,319 (1986).
[10]A. Le Yaouanc et al. , Nucl. Phys. B149, 321 (1979).
[11]M. Cxronau, Phys. Rev. D 5, 118 (1972).
[12]H. J. Lipkin, Phys. Rev. D 24, 1437 (1981); Nucl. Phys.

B214, 136 (1983).
[13]J. Franklin, Phys. Rev. D 30, 1542 (1984); in High Energy

Spin Physics, Proceedings of the VIII International Sym-



1490 P. ZENCZYKOWSKI

posium, Minneapolis, Minnesota, 1988, edited by K. Hell-
er, AIP Conf. Proc. No. 187 (AIP, New York, 1989).

[14] The positive sign of:- ~X y asymmetry reported in
Table IV of R. C. Verma and A. Sharma, Phys. Rev. D

38, 1443 (1988), is in disagreement with the negative sign
that can be deduced from theoretical formulas of Table I
of the same paper.


