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For any real positive A, we obtain

& Re E'+i0- 0, 1

where E& and A. are related by

EXI dE' = Ig(iA) I.
Jg E"

From the dispersion relation (2) one can always
get a lower bound for the right-hand side of
(8) which is independent of the value of the to-
tal cross section for E'&E~, Namely, one
can write

If(iX)-f(0) t 2X ~ Imf(E')
v p E'(E"+X')

Although (8) is obtained from a general inequal-
ity and (6) is obtained by truncating the equality
(5), it is not necessarily true that (6) is much
better than (8). For example, one may take
the simple form Imf(E') = cE' and compute the
values of the quantities appearing on the right-
hand sides of (6) and (8). For this simple An-
satz for Imf, it turns out that (6) is better than
(8) by only about 509o. For the actual case we
have the contribution from the 33 resonance
which (6) tends to de-emphasize, while (8) does

not.
A detailed numerical analysis of (6), (7),

and (8) is clearly called for. However, the sim-
ple results of this short note make it clear that
data on Ref should be obtained at all available
energies before any meaningful comparison
could be made.
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p-v amplitudes (S wave),

X(A-p+w )+2A("- -A+m-)

v SA(Z+ p+ vo).

p-c amplitudes (P wave),

B(A-P+w )+28(:- -A+m )

= v aa(Z+-P+ v'}.

The first relation can be proved without as-

(2)

It has been shown by a number of authors'
that octet transformation properties of nonlep-
tonic weak interactions with R or RP invariance
lead to sum rules among four independent ob-
servable amplitudes of the nonleptonic baryon
decays. In particular, the following sum rules
are in good agreement with experiment:

suming R or RP invariance if we assume that
the effective nonleptonic weak interactions are
of the current xcurrent form and of nonderiva-
tive type. '

In this note, we wish to report some conse-
quences arising from the assumptions that
(i) strong interactions are approximately SU(6)
invariant; (ii) nonleptonic weak interactions
transform like a member of an adjoint repre-
sentation under SU(6), i.e., parity-nonconserv-
ing (p-v) and parity-conserving (p-c) interac-
tions transform as (8, 1) and (8, 3) members
of the 35-dimensional representations, respec-
tively; and (iii) weak interactions are invariant
under the operation of CP.

It has been proposed by Gursey, Radicati,
and Paiss that octet and decuplet baryons are
grouped together forming the bases of a 56-



VOLUME 1 IL) NUMBER 3 PHYSICAL REVIEW LETTERS 18 JANUARY 1965

dimensional representation in SU(6), while
Sakita4 considered the 20-dimensional repre-
sentation as a possible representation of the
octet baryons (plus singlet q'+ baryon). The
states for these two representations are de-
scribed by tensors B~~y completely symme-
tric and antisymmetric with respect to the in-
dices n, 0, and y, respectively. These ten-
sors are reducible under SU(3) ISI SU(2), being
expressed, in the rest frame, in terms of spin
wave functions and SU(3) tensors': for 56,

(ij k jk i) BCD A) (3)

for 20,

nPy ijk ABC 1, ij k jk i ABD C8 X d +3'-[26 X +6 X 6

and for p-c interactions,

M =ib ~ (q/I q [)PP . m D
(6)

PC are the usual octet pseudoscalar mesons.D

Vfe remark that for p-v amplitudes there is
no recoupling of spin and orbital angular mo-
mentum by decomposing 56*(N 56 35 or 20*

20(8}35 into the irreducible representation
of SU(6) (see discussions below). Since only

two parameters for each p-v and p-c interac-
tion are involved, we may expect stronger re-
lations than those given in (1) and (2).

%e state the main results obtained from the
interactions (5) and (6).

(A) P-v amplitudes. —We get the following
relations:

ePy 1 ijk ABC 1, i jk ABD C8 =~/ +~[X E6 '5
ijk BCD A,

b (4)

A(A-p+w )+A(:- -A+m )

(s) —~ A(Z+ n+ —s+) = 0, (10)

A(Z -n+v )+(p)'"A(= -4+v ) =0, (9)

Here y~ and y'jk stand for spin-y and -~ wave
functions, respectively, bB is the baryon-
octet tensor, and dABC is the decuplet tensor.

According to the assumption (ii), the effec-
tive nonleptonic weak interaction transforms
as the T,' component of the octet under the
subgroup SU(3}. These effective interactions
in general involve four parameters because
56*(8}56(3) 35 or 20* 20(3) 35 contains 35 four
times. However, only two of these contribute
to physically observable decay processes. In
the nonrelativistic limit, they are expressed
as

8 f 8 8 —Mp-v p-v o,P(3, m) y

+g 8 8 ' M, +H.c., (5)
nP (2, m) P

p-v +P 3, m

H
o.py (2, m)

p-c p-c aP(3, m) y

+g 8 8 ' M, +H.c., (6)
o P'(2, m) P

p-c &P 3~ m

where, for p-v interactions, the relevant pseu-
doscalar meson components of My are writ-P

ten as

M =6 P, P=(D, m) and y=(C, l);P m D

y l

A( Z-+nv+)+=0. (13)

(8) P-c amplitudes. —We have different sum

which are consistent with the sum rule (1).
It is of interest to note that both cases, i.e.,

the one in which octet baryons belong to the
56-dimensional representation and the other
in which they belong to the 20-dimensional rep-
resentation (hereafter abbreviated as cases I
and II, respectively), give the same relations
(9) and (10}, although the F to Dratio-s o-f the
axial vector currents are quite different: F/D
=

& for case I and F/D = 0 for case II s~'

As we remarked before, there is no effect
of spin and orbital angular momentum recou-
pling because for these decay processes only
S waves are involved. Therefore, the rela-
tions (9) and (10) would be rather insensitive
to the perturbation due to symmetry-breaking
interaction of SU(6).

If we assume that the effective interactions
are of the current&current form, we have an
additional restriction by taking account of CP
invariance,

A(Z'-n+~') =0.

From (9), (10), and (11), we have the follow-
ing sum rules for p-v amplitudes:

A(it -p+~-) =-A(=---i~+~-)

+( s)x(sA (Z n+ n ),-(12)
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B(Z+-n+w+) =O. (18)

The sum rules (14) and (15) for case I do
not satisfy (2), while (16) and (17) with the con-
dition (18) are compatible with (2).' However,
the decay Z+ -n+ m+ is forbidden for this case.'

These relations, as they stand, do not seem
to be in agreement with the experimental data
and strongly suggest that spin-orbital angular
momentum recouplings are important for p-c
amplitudes, which must necessarily be taken
into account in order to reproduce observed
mass splittings among super supermultiplets. '

The other consequence which immediately
follows from the SU(6) symmetry model pre-
sented here is that for the case I, the p-c am-
plitudes of decuplet-baryon nonleptonic decays
are related to those of octet-baryon decays.
In particular, we find that the p-c amplitudes
of 0 -= ~ +~ ~ are proportional to that of
Z -n+ &, and the corresponding amplitude
of 0 -A+E is expressed in terms of Z -n
+ m+ p-c amplitudes,

rules for case I and case II: for 56,

(~)'"B(A—p+w )-~B(Z -n+w-)

-B(Z+-n+w+) =0, (14)

(-q)"*B(:--A+w )+~B(Z -n+w )

+B(Z'-n+w') =O; (15)

for 20,

(,*)"*B(A-@+w-)+,'B(Z--n+w-)

-B(Z+-n+w+} =0, (16}

-(q)'"B(:" A-+w )+qB(Z -n+w )

+B(Z+-n+w+) =0. (17)

The assumption that the nonleptonic weak
interactions are of the current xcurrent form
imposes another restriction for case II,

Experimentally, it is known that one of the
two decay processes, Z+-n+m+ and Z -n+m
is purely parity conserving, which according
to (19) and (20) implies that one of the p-c de-
cay amplitudes, B(Q -=+w) or B(Q -A+K },
should be small. Let us now assume that the
p-v amplitudes of the octet-baryon decays are
correctly described by the relations (12}and
(13}. Then B(Z n-+w ) must be small in

any case, in order to satisfy the Gell-Mann-
Rosenfeld triangle relation, and the decay
Z+ -e+ w+ is parity conserving. This implies,
according to (19), that p-c amplitudes of 0

& +roy are small. ' In other words, our
model predicts that the decay of 0 -= & +~ y

should be d-wave dominant.
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t12~ m m

ylr&(Z -n+w ),25]m m (k I' (19)

OPS 4jk ABC 1 tj'k ABD CB =X Qf + ~t6 X6 bD

pk iBCD A N iCAD B+ Xe b +a

r (n -A+K )

mm ~k~'
=18 -I ~r (Z+-n+w+),

m m k ) P (20)

for 20,

a'Py 1 ijk ABC 1 ij k CAD B BCD A

jk i ABD C CAD B+ y (a b& -r bD )
where 4-. , AA, kz are spatial momenta of the
resulting baryons. klj BCD A ABC C
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which are reduced to (3) and {4}by making use of
the following identities:

ABD C BCD A CAD B
'D " 'D" 'D ='

ijk ski kij
~ X+&X+~ X=0.

8%e assume that the Hamiltonians (5) and (6) are
of nonderivative type in relativistic form.

Since the vector and axial vector currents are RP
invariant for the case II, the resulting effective non-

leptonic Hamiltonian is necessarily RP invariant.
Therefore, it is natural that the amplitudes (16),
(17), and (18) satisfy the weaker form of the sum
rule {2).
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decay Z —n+7t . See Q. Taheda, Ann. Phys. (N.Y.}
18, 310 (1962).
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For decuplet-baryon weak decays, it might be
important to consider the final-state interactions
which can be neglected for octet strange baryon
decays. For example, in the decay of 0, if the
"&i2* intermediate state is dominant, the amplitudes
become complex and the branching ratio I'(0 —A

+K )/I (0 +7t} roughly equals 1/40-1/50.
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POLARIZED POSITRON ANNIHILATION IN
FERROMAGNETS. Stephan Berko and Joel
Zuckerman [Phys. Rev. Letters 13, 339a (1964)].

In the derivation of Eqs. (1) and (2), the time
dependence of the positron polarization has
been neglected. The corrected Eq. (2) should
read

(I + & )Z&(I+ &&)~i(8)

N, , (8) =
2+ (1+P )w

p l
(I -+ )Pi(I *&i)~i(8)

2P (I*a )w

"Ho "/Ho e)0.5" in paragraph 4 on page 753
should read "H M"/H F (0.5."

DISTORTED-%AVE CALCULATION OF ROTA-
TIONAL EXCITATION OF N2 BY SLOW ELEC-
TRONS. Raymond C. Mjolsness and Douglas H.
Sampson [Phys. Rev. Letters 13, 612 (1964)].

In the first column on page 813, line 3, "Q
= 1.10" should read "Q = -1.10"; and in lines
16 and 17, "1-eV electron energies" should
read "low electron energies. "

In the sample computation of Fig. 2 the new
theoretical value of p(8) is within 5% of the
old one. The corrected equations lead again
to fN~(8)d8 = fNi(8)d8 and do not change any
of the conclusions of the Letter.

LOCALIZED MOMENTS OF MANGANESE IM-
PURITIES IN FERROMAGNETIC IRON. V. Jac-
carino, L. R. %'alker, and G. K. Wertheim
[Phys. Rev. Letters 13, 752 (1964)].

The inequality which appeared in print as

TRUE PHOTOELECTROMAGNETIC EFFEC'T
IN BULK BISMUTH AT 4.2'K. R. N. Zitter
[Phys. Rev. Letters 14, 14 (1965)].

Paragraph 4, line 4: The dimensions of the
sample are 2.5x2.4&10 mm, not "2.5x10
mms. "

Equation (1): p, should be replaced by p„,.
This error was included in the calculation of
lifetime; the correct value for 7 is smaller
by a factor of 2.5 than that published in the
text.


