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Pseudoscalar transitions between high-spin resonances, which involve two or more independent coupling
constants, are considered. The overall ratios among decay amplitudes are derived from the correlations
between different types of decay amplitudes by assuming SU(2), symmetry or ignoring the higher partial
waves. The corresponding expressions for decay widths are then derived and used to test SU(3) symmetry for
transitions between high-spin resonances. We find that SU(3) symmetry is severely broken for the decays of
spin-7/2 baryons. When SU(3) symmetry is combined with time-reversal invariance, some interesting
restrictions on the ratios between decay widths are obtained. The centrifugal-barrier factors are also

discussed.

I. INTRODUCTION

This paper is concerned with the pseudoscalar
transitions between high-spin resonances which
involve two or more partial waves. One of the
purposes is to derive the overall ratios among de-
cay amplitudes from the correlations between dif-
ferent types of decay amplitudes by either neglect-
ing the higher partial waves or assuming SU(2),,
symmetry. The corresponding expressions for de-
cay widths are then derived. The other purpose
is to examine, by using the above derived expres-
sions, the validity of SU(3) symmetry in the pseu-

doscalar transitions between high-spin resonances.

The coupling constants are used to extract the
SU(3) invariants rather than the partial-wéve am-
plitudes as many authors do.! The usual wrong
identification® of coupling constants with partial-
wave amplitudes is also discarded.

The pseudoscalar transition between high-spin
resonances involves two or more independent de-
cay amplitudes. In the case of strong decays, the
number of independent decay amplitudes is equal
to the number of partial waves allowed. There-
fore, when the resonances are baryons, the num-
ber of independent decay amplitudes is equal to

J+%, where J is the lesser spin of the two baryons.

When the resonances arebosons, itisequaltoJ+1or
J, depending upon whether the normality of the
boson resonances changes or not. The normality
of a resonance is defined to be positive if it be-
longs to the normal spin-parity series, and nega-
tive if it belongs to the abnormal series. In other
words, the normality is defined as P(-)’ for bo-
sons and P(-)*/2 for baryons, where P is the in-
trinsic parity of the resonance.

In the present work, we consider the following
decay processes:

(1) A spin-J baryon decays into a pseudoscalar
meson and a spin-$ baryon.

(2) A spin-J meson decays into a pseudoscalar

16

meson and a spin-1 meson with normality opposite
to that of the decaying meson.

(3) A spin-J meson decays into a pseudoscalar
meson and a spin-2 meson with normality equal to
that of the decaying meson.

(4) A spin-J meson decays into a pseudoscalar
meson and a spin-2 meson with normality opposite
to that of the decaying meson.

The former three decay processes involve two
independent decay amplitudes, while the last one
involves three. By means of the Carruthers?® and
Lee’s*% decompositions, we may express®=® the
helicity and the partial-wave amplitudes in terms
of the coupling constants or vice versa. The above
correlations then enable us to express the decay
widths in terms of any type of decay amplitudes
as we wish.

Since the high partial waves have higher centri-
fugal barriers which lessen the decay probability,
it is reasonable to neglect the high-partial-wave
contributions and keep only the lowest-partial-
wave contribution. Under the above approxima-
tion, the number of independent coupling constants
reduces to one which can then be determined by
one known decay width. The calculated coupling
constant can then be used to predict other decay
widths through SU(3) symmetry. The overall ra-
tios among decay amplitudes under the above ap-
proximation can also be derived.

In the naive SU(2), model, any collinear process
possesses SU(2),, symmetry. We investigate the
restrictions of SU(2), on the coupling constants
and derive the decay width expression under SU(2),,.
We obtain simple relations between coupling con-
stants, and simple expressions for decay widths.
These expressions are then used to calculate the
SU(3)-invariant coupling constants and test SU(3).
The overall ratios among decay amplitudes under
SU(2), are also presented.

Under time-reversal invariance, it can be shown
that the coupling constants are real. Combining
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the reality condition for coupling constants with
SU(3), we obtain some interesting restrictions on
the ratios between decay widths which can also be
used to examine the SU(3) symmetry. We find that
for the decays of spin-Z baryons, SU(3) is not a
good symmetry. We note that in the present anal-
ysis, the physical masses of resonances are used
in the calculation. In this way, the symmetry
breaking due to mass difference has already been
taken care of. The centrifugal-barrier factors are
also discussed at the end of this paper.

II. PSEUDOSCALAR TRANSITION BETWEEN
SPIN-J AND SPIN- 3 BARYONS

The real and dimensionless coupling constants
for the process in which a spin-J baryon decays
into a pseudoscalar meson and a spin-$ baryon are
defined by the expression

1/2
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where n=J-%, M,=1 MeV, X’s are helicities,
M and m are the masses of the spin-J and spin-3
baryons, respectively, and I'’s arel or iy, accord-
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which can also be expressed in terms of helicity
amplitudes or partial-wave amplitudes as we wish.
We note that the above expressions are exact with-
out involving any kinematical and dynamical as-
sumptions except Lorentz invariance.

Since the high partial wave has the higher centri-
fugal barrier which lessens the decay probability,
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The decay-width expression (4) also takes a very
simple form under the above approximation. The
expression is
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ing to whether the normality of the baryon is+1 or
—-1. By means of the Carruthers decomposition
for the high-spin spinor, expression (1) can be ex-
pressed”*? in terms of the coupling constants and
explicit kinematical factors. We can then define
the helicity amplitudes F,, and the partial-wave
amplitudes* F‘? as linear combinations of coupling
constants. The expressions for helicity amplitudes
are

3\1/2
F¢3/2=(i1)°"1< chs ) F,

2J -1
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where 7 is the product of the normalities of spin-J
and spin-$ baryons, and ¢ is the c.m. momentum.
For partial-wave amplitudes, the expressions are

2
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where l=J-3 if =1, and I=J - if n=-1. We
note that the expression for the high-partial-wave
amplitude F*? is independent of the relative nor-
mality n. The derived expression for the decay
width takes the form

2q, 2Mq?
(n-— m>F+ v G

2], (@)

r

it is reasonable to assume that the decays are
dominated by the low-partial-wave contribution.
Therefore we set the high-partial-wave amplitude
F{*2) equal to zero. Under this approximation, all
decay amplitudes become related to each other.
The overall ratios can be easily derived:

:(ﬂ)émz‘":u)ﬂn( Chd )' ®)

7 27-1

In the naive SU(2),, model, any collinear process
possesses SU(2),, symmetry. Under this symmetry
all decay amplitudes are again related to each
other. The overall ratio among decay amplitudes
can be shown to be

F® . F#2) . F:G:F,/5:F.qs
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for the decay processes (8 +1,2P, 3-) - (10, s, 3*
+(8,%5,0") and (8,2D, 5*) - (10,4s, 3*) +(8,1S,0"),
where 2**'L is the quark configuration. In the above
ratio (7), F=F,,,,=0 means that F and F,,,, are
forbidden by SU(2), symmetry. The corresponding
expressions for decay widths are then

T((8+1,%P,$)~(10,%,3")+(8,S,07)

_ q°(go+mM
- 18mm® |G|2 (8)

and
I((8, °D, 3*)~ (10, s, 3*) + (8, 'S,07)

q(qy+m)M

= 4 o7 M 2
451rm6M02 IGI ’ (9)
respectively. Similarly, for the decay processes
(8, *P,37)~(10,%,%")+(8, 'S,07) and (10, *D,%*
~(10,4s, 3*) +(8,'S,07), we have the following over-
all ratios under SU(2):
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The corresponding expressions for decay widths
are then
r'((8,*P,37) -~ (10,4, 3") +(8,'S,0%))

Tq5%(q,+ m)M
= “180mmiL 7 lel* a1
and
r'((10,%D,%*)~(10,1S,3*)+(8,'S,07))

q (g, +m)M
= WIGIZ, (12)

respectively. As for the process (8,*P,3"

~(8+1,%P, %) +(8,'s,07), the overall ratio among
decay amplitudes under SU(2), is

FW:FM):F:G:Fy5:Fuy

m?
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and the corresponding decay width is then
T((8,*P,37)~(8+1,%2P,37)+(8,'S,07)

q3(q,+m)*M v
- 1(2?m4M0 lelr. 1y

In the above expressions, F‘!’ denotes the low-

partial-wave amplitudes, and F¢*? denotes the
high-partial-wave amplitudes.

III. PSEUDOSCALAR TRANSITION BETWEEN
SPIN-J AND SPIN-1 MESONS

There are two independent coupling constants
for the decay process in which a spin-J meson
decays into a pseudoscalar meson and a spin-1
meson with normality opposite to that of the de-
caying boson. The two independent coupling con-
stants are defined by

(4Dog0) 2(L(g, M) |5,(0) | J(p, 2)
= gu. (q’ N) <6uvx F+ _&jn%u- G>qua e q"J

X €y . ou (D, M, (15)

where M,=1 MeV. The above coupling constants
are dimensionless and can be shown to be real
owing to time-reversal invariance. By using Lee’s
decomposition® for the polarization tensor, we can
express the invariant decay matrix element (15)

in terms of coupling constants and an explicit kine-
matical factor, which then enable us to define the
helicity amplitudes and the partial-wave ampli-
tudes” in terms of coupling constants. The expres-
sions for the helicity amplitudes are

1/2
Fyu =<“J;“1> F,

2
F0=ﬁ(@1«"_ 2 Tc)
m m

(16)

For partial-wave amplitudes, we have the following
expressions:

. q, 1 q*M
F”“=<1+7n9+ 3)F- = G»
an
pomo_ 2 _p, M
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The decay width formula can then be expressed
in terms of any type of decay amplitudes. When
expressed in terms of coupling constants, we
have*

qu-l (J-— 1)1

TW~1+m= 3537 GraD1

X[(J+ 1)|F|2+d

2 2
dop - —-—qmﬁ” G’ ]MO“'Z".

(18)

Under the approximation of neglecting the high-
partial-wave contribution, we obtain the following
overall ratio among decay amplitudes:
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FYUV:F:G:Fy:F, For the decay process (8,3P,1*)~(8+1,35,1°)
1 m? T J+1 +(8,5,07). The overall ratio among decay ampli-
(2 + ) 1: m J : (T) (19) tudes, under SU(2),, symmetry, is
The decay wi@th f9rmula (18) becomes, under the FO.F® .F.G:F,:F,,=2: _2_ .1 g .0:1.
above approximation, q°M
g7 (g +mPM? (23)
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87 m The corresponding decay width becomes
-1)! s
X = |G|%. 20
27- 1)1 I l (20) 'T'((8,%P,1*)-(8+1,3%5,17)+(8,15,07))
When SU(2),, symmetry is assumed, the overall
ratio among decay amplitudes becomes __4 SMZQZ clclz. (24
12mg,°m :
FO . F® .F.:G:F,:F, o
q*M M q*M
== 15, 101 - =105 (21) IV. PSEUDOSCALAR TRANSITION BETWEEN
SPIN-J AND SPIN-2 MESONS
for the decay process (8,'P,1*)~(8+1,35,17)
+(8,S,07). The corresponding decay width is then The process in which a spin-J boson decays into
su1.2 a pseudoscalar meson and a spin-2 boson with the
r((8,'pP,1*)~(8+1,35,17) +(8,'5,07)) = q—% |Gl2. same normality as that of the decaying boson has
24mm . X :
two independent coupling constants which are de-
(22) fined by the expression
J
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where €4 vve is the antisymmetric tensor. The coupling constants defined in the above expression are di-
mensmnless and can be shown to be real owing to time-reversal invariance. After using Lee’s decompos-
ition for the polarization tensor, the invariant decay matrix element (25) can be expressed in terms of
coupling constants and explicit kinematical factors. We can thus define® the helicity and partial-wave am-
plitudes. The helicity-amplitude expressions are

F,=+(J+20/?F,

—a(7_ 11/2(40 _sz )
L= 1) <mF ), (26)
F,=0.

For partial-wave amplitudes, we have

2
FU-D= <1+——+ 3 >F—q—3MG,
m

J-1 m @17)
Fom=_ " _p, Mg
qot+m m
The decay-width formula, when expressed in terms of coupling constants, is
- _ g M (J—Z)!(J+1)[ . Qo 9°M }
T(J—-2+m) T G J+2)|F|?+(7-1) UF - x| . (28)

Under the approximation of neglecting the high-partial-wave contribution, we obtain the following over-
all ratio among decay amplitudes:
3 m?

(T B F - . - 1. .0- _1)/2. 1/2
FUD R G iy Fyy i Fp =24 3oy il o 10547 = 11 /747 4 2) /2, (29)

The corresponding decay width becomes

g M2 M (qo+m)? (J-2)1(J+1)

T—~2+m="—a pop @T-1)11

|G|2. (30)
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If SU(2),, symmetry is assumed, then the overall ratio among decay amplitudes becomes

2 2 _
F‘z’:F“”:F:G:FO:Fﬁ:Fﬂ=(5+\/—3_):(Z-mglg- :Z:ﬂ(z—;lﬂwﬂ”—)m:i\/@:iz\/s_; (31)
for the decay process (8, *D,3")-~(8,3P,2*)+(8,'S,07). The corresponding decay width becomes
I((8,D,37)~(8,°P,2*)+(8,'S,0" i Bl
(( ) Ds3 )"( ) P, )+( ) S: ))" 210"m4(2q0 )2M4lGI (32)

We also consider the decay process in which a spin-J boson decays into a pseudoscalar meson and a
spin-2 boson with normality opposite to that of the decaying boson. There are three independent coupling
constants in the above process, which are defined by the expression

(4p4a0) ' %(2(q, 1) |7,(0) | F( p, 1)

_ puzqvg Dy Pu,4,,9, -
=€u1“2( ,X')< By “2"2F+ 6 m? G+— rri“ = H> q”a. T q"-’eul'"v"(p’ MM (33)

The above-defined coupling constants are dimensionless and are real because of time-reversal invariance.
After some calculations®* by means of Lee’s decomposition for the polarization tensor, we can define® the
helicity and partial-wave amplitudes in terms of coupling constants. The expressions for helicity ampli-
tudes are

F,,=[(J+2)J+1)]}/33F

= 12 4 ‘IM )
F,=(%-1) 2( SF -5 , (34)
_[eJ(-1)7*21/1 W4 qu qM2
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2 2
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2
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3 gy+m 3 m 3 mt
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for the partial-wave amplitudes. The decay width formula when expressed in terms of coupling constants
is

- T ME (J-2)) [(J+2)(J+1) 2 9 M
T =2+m =g RI+DII 2 [FR+2@-1)| 2F =525 G
2 4172 2
L2 - 1)‘(1 4 )F_qoiqumﬂg HH (36)

Under the approximation of neglecting the higher partial waves, we obtain the overall ratio among decay
amplitudes as follows:

2m? m* 3J(J - 1)]‘/2 L
(J-2), 2 _ . c(ry2_1)/2 .1 1/2
FUD; FiGiHiFyiFy iFy =t~ Ll g W(qo+m)z'[ A 2o 1P L[+ 2)+ )]
(37
The decay width (36) becomes, under the above approximation,
2J=3 6=2J 2
T ~2+m) =L M (@otmP -2 5 (38)

327 m?  (2J-3)!1

If SU(2), symmetry is assumed, the overall ratio among decay amplitudes becomes
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F© . Fp® .. F:G:H:F,:F, :F,,
__(3+\/—)qM.2+w/_M 2 - \/—Mm: 1. MR-

3 mi 2 F 7y e
for the decay (8, 'D, 27)— (8, P, 2*)+(8, 1S,0") and the decay width (36) becomes
I'((8,'D,27)~(8, °P,2")+(8,1S,0%))=(¢°M,2/48™m°) |G . (40)
For the decay process (8,°D,27) - (8,%P,2*)+(8,S,07), the overall ratio among decay amplitudes

v3m) @M V3
2

(39)
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under SU(2), symmetry is
F© . F® .F9 . F:G:H:F,:F, :F,

V1,2 V3 )t I3 4 [3
9+3V3: @- q23 Jm : (@ q43 m 1 1: (2q° m)m 2 om? - mqo+qo) 1V3:3:V3. (41)
The corresponding decay width is
9¢°M 2 IGP
3 “Y e 3 + 1 )y = 9
1"((8, D:Z ) (8’ P’2 )+(87 S,O )) 80177’}’14 (Zqo_\/’é‘myz (42)

We note that the decay-width expressions under
SU(2), symmetry given in Secs. II, II, and IV,
depend only on the quark spin, the quark orbital
angular momentum, and the J% of resonances, and
are independent of the SU(3) assignments of mul-
tiplets.

V. SU(3) SYMMETRY AND TIME-REVERSAL INVARIANCE

The decay-width formulas derived in Secs. II,
I, and IV can then be used to test SU(3) symme-

try. The SU(3)-invariant coupling constants are
obtained by dividing the coupling constants with a
proper SU(3) isoscalar factor. We choose one or
two inputs to determine the SU(3)-invariant cou-
pling constants, then use these values to predict
the values of decay widths of other decay processes
and compare them with available data.

In the above calculation, we use the physical
masses of particles. In this way, most of the sym-
metry breaking is expected to be automatically

TABLE 1. Decay widths for pseudoscalar transitions between high-spin baryons. Tgyq)y
and T'¢.,q are the decay widths obtained by assuming SU(2)y symmetry and ignoring the higher
partial waves, respectively. The mixing angle for A(1690) and A(1520) is (23 £4)°.

a,s*, JP Decay modes Texp Tsy), pred T'geao Pred
MeV) (MeV) (MeV)
8®1,%p, 3" N(1520)— A(1232)1 48.4 + 4.8 48.4 (input) 48.4 (input)
-7 A(1690)— =*(1385)r 23 28.13 32.83
A(1520)— £*(1385)r 0.6 + 0.1 ~0 0.45
£(1670)— £*(1385)r 8.6 + 1.1 4.95 7.85
=(1820)— E*(1530)r 10.5 + 6.0 5.13 11.68
8,’p, 3" N(1688)— A(1232)r 21 12 21 (input) 21 (input)
A(1815)— =*(1385)r 16.0 + 4.03 7.14 13.18
£(1915)— =*(1385)r 8.05 6.22
— A(1232)K 23.16 18.86
=(2030)— E*(1530) 5.04 7.31
— T*(1385)K 2.29 4.61
8, 4P,23' N(1670)— A(1232)r 90 +22 90 (input) 90 (input)
A(1830)— Z*(1385)r 27 26 56.36 56.36
=(1765)— £*(1385)r 11.6 + 4.7 5.56 5.56
—A(1232)K 1.38 1.38
=(1940) — E*(1530) 10.5 10.5
— =*(1385)K 1.51 1.51
10,p, 1" A(1950)— A(1232)7 26 £ 6.5 26 (input) 26 (input)
— A(1232)n 3.4 + 1.4 0.18 0.18
— £*(1385)K 3.08+ 1.46 4.12x10% 4.12x107®
2(2030)— =*(1385)r 6.92 6.92

— A(1232)K LR 6.36 6.36
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TABLE II. Decay widths for pesudoscalar transitions between high-spin bosons. The ¢-w
mixing angle is 39+1°, and T'x(1760) =T (K(1760)—~ K*(1420)+ 1) and T, =T (g(1680)— 4,(1310)

+m).
2t pe Exp Tsu@y pred Tgrao Pred
o, g Decay modes T (MeV) (MeV) (MeV)
8,'p, 1*" B(1235)—=¢(1019)7 4.8 + 0.8 4.8 (input) 4.8 (input)
— w(783)m 120 +20 120 (input) 120 (input)
QL (1240) —~ K*(892)7 47  +19.52 143 14.23
Qy (1350)—~ K*(892)T 60.25+25.24 769 20.70
— p(T70)K 180.75+32.97 299 18.82
— w(783)K 241+ 1.24 158 38.9
8,%p,1* Ay (1100)— p(770)7 ~300 300 (input) 300 (input)
E(1420)— K*(892)K 6 * 2 5.25 89
Q(1240)—~ K*(892) 47 +19.52 85 94
Q (1350) — K*(892)T 60.25 +25.24 424 137
- p(T70)K 180.75+32.97 174 124
— w(783)K 241+ 1.24 2.41 (input) 2.41 (input)
8,%p,3™ 2(1680)—~ A,(1310)7 seen I‘K(1760)_0 s I (1760)_0 18
K(1760)— K*(1420)7 seen T (1680) T,(1680)
8,'p, 2™ A,(1640)— f (1270) ~300 300 (input) 300 (input)
L(1770)—~K*(1420)7 seen 165 509

taken into account. The predicted decay widths
are given in Tables I and II for baryon and boson
decays, respectively. In the above Tables, Iy, @y
denotes the values of decay widths calculated
based upon the decay width expressions which as-
sume SU(2), symmetry, and T';,, denotes those
values of decay widths calculated by ignoring the
higher partial waves. The data used are taken
from the Particle Data Group'® and Samios ef al .}!
The width of A(1950) - Z*K is estimated from
Chinowsky et al }? and Samios et al !

It can be shown’ that all the decay amplitudes
defined in the preceding sections are real because
of time-reversal invariance. The reality of cou-
pling constants, when combined with SU(3) sym-
metry, may give significant restrictions on the
ratios between decay widths, which will be dis-
cussed in the next section.

VI. DISCUSSIONS AND CONCLUSIONS

The formalism presented in this paper gives ex-
plicit kinematical factors to the decay widths.
When the decay widths are expressed in terms of
the partial-wave amplitudes (which can be done
easily), these kinematical factors represent the
product of the phase space and the centrifugal-
barrier factor. In this way, the centrifugal-bar-
rier factor can be extracted. We find that the
centrifugal-barrier factor is proportional to
q*'(g,+m)™ for the decay in which a spin-J baryon
decays into a pseudoscalar meson and a spin-$
baryon, where ! is the relative orbital angular mo-
mentum of the final particles. For the process in

which a spin-J boson decays into a pion and a spin-
1 or spin-2 boson, the centrifugal-barrier factor
has the well-known form ¢?’. Under the approxi-
mation of ignoring higher partial waves, the bar-
rier factor is simply that for the lowest partial
wave. If SU(2),, symmetry is assumed, then the

q® dependence of centrifugal-barrier factors is the
same for all partial waves allowed in a given de-
cay process. If we require that all coupling con-
stants remain finite when analytically continued to
the threshold, i.e., ¢*~0, then, under SU(2), sym-
metry, all centrifugal-barrier factors assume the
same ¢ dependence as that for the highest partial
wave as long as the highest partial wave is allowed
under SU(2),, i.e., ¢*'max(g,+m)™ for baryon de-
cays and ¢?'max for boson decays. The above con-
clusions are drawn directly from the partial-wave
expressions for decay widths and from the overall
ratios among decay amplitudes. We note that the
above rules are valid even if the final particles
have nonvanishing quark orbital angular momen-

tum

From Table I, we see that SU(3) symmetry is
consistent with the baryon-decay data up to spin %,
and the approximation in which the higher partial
waves are ignored gives better results than SU(2),,
symmetry does in general. For spin , the pre-
dicted result for Z*K is three orders of magnitude
smaller than the experimental value. This defin-
itely implies a severe breaking of SU(3) symmetry
for spin . Owing to very limited data for bosons,
we present only some SU(3) predictions in Table
II. The Q-meson classification is still an open
question. We put both @, and @, in 1*~ and 1*
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octets, and try to see which one fits better. From
the calculated widths, it seems that @, tends to
belong to 1**, since both Igy(,,, and T, are
close to the experimental data. But this is not
conclusive. Some mixing effect may be needed to
clarify this problem. )

Owing to time-reversal invariance, all decay
amplitudes defined in this paper can be shown to
be real. When the reality condition for coupling
constants is combined with SU(3) symmetry, some
restrictions on the ratios between decay widths
can be obtained; some interesting results are

T(3(1765) = Z*7) _

0.05< T(A(1830)~=*1)

0.11

and

T(A(1830) - Z*T)

042 < FN{EeT0)<a7)

<0.68 .

In the above calculations, we use the exact decay-
width expression (4) without neglecting high partial
waves or assuming SU(Z)W symmetry. Experimen-

tally, the above two ratios are 0.43+0.45 and 0.3
+0.3, respectively. Therefore if SU(3) symmetry
is good, then the experimental values should be
improved. Otherwise, this implies a deviation
from SU(3) symmetry for spin 3. When the branch-
ing ratios for decays of spin-Z baryons are cal-
culated, we obtain

I'(A(1950) - AT)

2
1.25x 10 S—————__I‘(A(IQSO)-An)

<9.91x10%

and

r'(a(1950) ~AT)

3
3.92 X10° < 51X 950y T 7K)

<17.60x10° .

The above restrictions on branching ratios imply
very narrow widths for the decays of A(1950) - A7
and A(1950) - Z*K of order of magnitude in the keV
region, which are clearly in contradiction with the
experimental values. This implies that SU(3) is
not a good symmetry for the decays of spin-%
baryons into a pseudoscalar meson and a spin-3
baryon.

{For example N. P. Samios, M. Goldberg, and B. T.
Meadows, Rev. Mod. Phys. 46, 49 (1974).

’For example, M. Uehara, Report No. Kyushu-76-HE-3,
1976 (unpublished).

3P, Carruthers, Phys. Rev. 152, 1345 (1966); 169, 1398
(E) (1968).

4Chien-er Lee, Phys. Rev. D 3, 2296 (1971).

5Chien-er Lee, Chinese J. Phys. 12, 48 (1974).

Chien-er Lee, Phys. Rev. D4, 1565 (1971).

"Chien-er Lee, and Gan-shu Lee, Phys. Rev. D 12,
1459 (1975).

Chien-er Lee, Chinese J. Phys. 14, 41 (1976).

9p. Carruthers and J. Shapiro, Phys. Rev. 159, 1456
(1967).

0particle Data Group, Phys. Lett. 50B, 1 (1974).

1N, P. Samios, M. Goldberg, and B. T. Meadows, Rev.
Mod. Phys. 46, 49 (1974).

2w, Chinowsky et al. Phys. Rev. 171, 1421 (1968).



