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conservation, the recently observed 7-K reso-
nance® at 723 MeV might be expected to appear
at @ =85 MeV. The data are consistent with no
formation of this resonance. The value @,, cor-
responding to m =m,, is indicated by the arrow
on the (7%, p) @ distribution, Fig. 3(a). The
shift of the theoretical peak from this value rep-
resents the combined effects of phase space and
the factor (q’)? in expression (10). For fixed
barycentric energy, high isobar mass corre-
sponds to low center-of-mass momentum of the
K°.

Much of the work was carried out at the Uni-
versity of Wisconsin under the very stimulating
guidance of Professor Ugo Camerini and Pro-
fessor W. F. Fry. The author would like to
thank Professor Wilson Powell for making the
film available and Howard White for overseeing

most of the measurement and analysis. He
would also like to acknowledge many helpful dis-
cussions with Dr. James Gaidos, Professor J. J.
Sakurai, Professor George Snow, Professor Jo-
seph Sucher, and Professor Leo Stodolsky.

*Work supported by the U. S. Atomic Energy Com-
mission and the Wisconsin Alumni Research Founda-
tion.

tNational Science Foundation Cooperative Fellow,
1959-1961.

!Leo Stodolsky and J. J. Sakurai, preceding Letter
[ Phys. Rev. Letters 11, 90(1963)].

%3, Bergia, F. Bonsignori, and A. Stanghellini, Nuovo
Cimento 16, 1073 (1960).

3G. Alexander, G. R. Kalbfleisch, D. H. Miller, and
G. A. Smith, Phys. Rev. Letters 8, 447 (1962).

STRUCTURE OF THE WEAK INTERACTION A+N - N +N

M. M. Block*
Physics Department, Northwestern University, Evanston, Illinois

and

R. H. Dalitz’
The Enrico Fermi Institute for Nuclear Studies and Department of Physics,
The University of Chicago, Chicago, Illinois
(Received 12 June 1963)

In this Letter, the empirical evidence available
on the nonmesonic decay of A hypernuclei will be
analyzed in terms of the spin and isospin depend-
ence of the weak interactions

A+p—~n+p, (1)
A+n—n+n. (2)

Recently, measurements on the nonmesonic decay
processes of , H* and AHe“ hypernuclei produced
in K~-He* reactions have been reported by Block
et al.! For ,He*, they have obtained ¢(,He®)
=0.52+0.10 and C(yHe*)=2.2+ 0.8, where @ de-
notes the ratio of nonmesonic to 7~ decay modes
and C denotes the ratio of Reactions (1) to (2), de-
termined from the energy spectrum of the final-
state protons. For ,H* they have obtained Q(,H*)
=0.26+0.13. Using theoretical estimates?® for the
m~-mesonic decay rates, we may deduce the non-
mesonic decay rates for these hypernuclei,

4) —
an(AHe )=1(0.14+ 0. O3)FA, (3a)

4 _ .
rnm(AH )=(0.29+ 0. 14)FA, (3b)
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where I'j =75 7=(4.25+ 0.1)x10° sec™* denotes
the free A decay rate.®> We note first that these
rates are just compatible with the inequality

I“nm(AH'*) < 2an(AHe") (4)

required by the Al=3 rule.?

We shall base our detailed analysis on a simpli-
fied calculation® for the nonmesonic decay rates,
which treats the A de-excitation by different nu-
cleons as incoherent. This procedure neglects
final-state interactions for the two fast outgoing
nucleons, and neglects the interference effects
which usually arise from antisymmetrization of
the final state, corrections which are not expected
to be important here, because of the large energy
release. In this model, these rates are expressed
in terms of the elementary rates Ryg for nonmes-
onic de-excitation of a AN system with total spin
S, for unit density of nucleon N at the A position.
In light hypernuclei, the initial AN states are S-
wave, 'S, and %5,. The AN -~ NN transitions then
possible are listed in Table I, together with the
spin dependence of their corresponding matrix
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Table I. Summary of the properties of the transitions Ap —np from initial 150 and 381 states. The spin EY de~
notes that for the A particle or the final neutron, and § denotes the final neutron momentum [(g/M)*~0.20], The
rates Ryg are given by Ry, (= la|®+ |b|%gq/M)?, Ryp= lcl? + |d|*(g/M)* + |e|*(q/M)? + | £ |2(q/M)?, and by R, =la,|*+[b,,|*
x(g/M)?, R,1 = Ifnlz(q/M)z. The coefficients a,++°,f are given for (Ap) de-excitation through the (V,A) interaction of
(13) and (14), and through the Karplus-Ruderman processes of Figs. 1(c) and 1(d). The last entry is given for (s,
po) =-(s,p)/V2, corresponding to the AI=} rule; the value of (pq/qu) is about 1.45.

Allowed Transition
Transitions Matrix element rate (V, A) Interaction K-R terms (Eq. 15)
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element. Thus, for 'S, capture, the failure of
parity conservation for weak interactions allows
both the transitions !S,~ 1S, and 'S,~3P,. We

note that S, capture leads only to I=1 final states,

whereas both /=0 and /=1 final states are avail-
able for 3S, capture. From this, it follows that

the validity of the AI=3% rule for the nonmesonic
decay interactions would require®

R _=2R

n0- ““po’ (52)

R (5b)

1 < 2R p1’
With this model,? the nonmesonic decay rate for
hypernucleus ,ZA is given by paR(pZA), where
R denotes the spin and charge average of the RNsS
appropriate to this hypernucleus, and p A denotes
the mean nucleon density at the A position, given

by
py=(a-Dfp Fly, *Fhd,r,

PN being the nucleon density (normalized to unity)
and y 5 the wave function for the relative motion
between the A particle and the nuclear core. For
the J =0 hypernuclei ,H* and ,He®, we then have

the nonmesonic rates

4 :L
I He) 6p4(3Rp1 *R (2R ), (6a)

p0

4y - L
rnm(AH ) 6;)4(312”l +Rn0+2Rp0), (6b)

where p, has the value? 0. 019 fm™3, with

C( AHe“) =(3R o1 +R 5 0)/212n 0 (7a)

C(AH“) = 2Rp0/(33n *R, ). (Tb)

1 0

From (6a), (7a), and the data on AHe? alone, we
deduce directly Ry =(6.6+2.1)I'y fm®, and (3R,
+Rp0)=(1.3£1.8)T, fm®.

In order to carry this analysis further, we shall
assume from this point on that the A/=% rule is
valid for these interactions. With the equality
(5a), this allows the determination of all the Ryg
from these data. As remarked above, the non-
mesonic rates (3) are compatible with the inequal-
ity (4); however, with Eqs. (6) and (7) (which in-
troduce the additional information that J=0), the
relations (5) lead to the stronger inequality,®

3
4) < 4))1_
I (H)\ZIn (. He%){1

nm 4[1 +C(AHe4)] ’ (8)
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with which the data are compatible, within experi-

mental error. In order to obtain consistent equa-
tions, we now adopt the value

r AH“) =(0.2113:% )I"A, (9)

nm(
where the median value and upper limit are fixed
by the upper limit of (8) and the lower limit cor-
responds to one standard deviation below the
measured rate. From the AHe‘* data, the equal-
ity (5a) leads to

= 3
Rpl 8.6+ S'O)FA fm?, (10a)
=1 = s
RpO anO 3.3+ l.l)I'A fm®. (10b)
Finally, the ,H* rate (9) then leads to
- 3
Rnl (17.2+ 6.0)FA fm?®. (10c¢)

We note that the equality R, = 2Rp1 is required
(within experimental errors) by the data; this re-
flects the fact that the value (9) corresponds to
the equality in Eq. (8). Consequently, the AN

-~ NN transitions take place dominantly to /=1
final states; further, Rp1= 2.6 Rp0, so that the
triplet interaction rate is the stronger.” Indeed,
from Table I, we can say that the dominant tran-
sition is 35, - *P,, together with some S,~ 1S, and
3p, transitions, corresponding to a matrix ele-
ment of the form®

My ~np) L2645 )3+ a6, -5,

)] (11)

L1-35 5
x[z(1 0, 0N

A measurement of C(, H*) would provide a sensi-

tive test of the A= assumption. Since C(,H*)
=2Rp0/(3Ry1 +Ry(), this would determine Rpq

directly and test the significant equality (5a). The
value expected from the Ry ¢ given above is C(,H*)

=1/(8.8+3.2). No empirical estimate of this ra-
tio is available at present.

Finally, we discuss briefly the possibilities for
a simple interpretation of these values Ryg. With
the Al =3 rule, these four-fermion interactions
have form limited to

L, WEA JWNEN)
+g,NL7A )WL TN, (12)

where Ag denotes the spurion (I=3, I4=-3) wave
function for the A particle. Rewriting this inter-
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action, we have the general form

Ei{fA(ﬁKiA)(j_)Ki’p +r_zKi’n)
+gA[- (ﬁLiA)(BLi'p - ﬁLi’n)

+20L ML)} (13)

The primary four-fermion interaction must also
be of this general form; its contributions to the
process A +p—~n +p are illustrated in Figs. 1(a)
and 1(b). However, with four strongly interact-
ing particles, the primary form may be distorted
by mesonic corrections in quite a complicated
way. For example, Karplus and Ruderman® have
discussed a class of mesonic corrections directly
related with the A - N +7 interaction, illustrated
in Figs. 1(c) and 1(d), although there is no reason
at present to believe that these necessarily repre-
sent the dominant corrections.

As the simplest possibility, we consider a gen-
eral (v,A) four-fermion interaction (12), with

Kl,=Lz,=yu +)vy#)/5, Ki =Li =Yu+777u7’5; (14)

for which the individual transition amplitudes
have been listed in Table I. In order to suppress
both the I'=0 transitions and the S,~ S, transi-
tion, it is necessary to choose (A - 3B)= 0 and

(1 +3xn) = 0 quite closely. The parameters 2, n
can then be obtained to fit the ratio of the 35, - 3P,
and 'S, ~ %P, transition rates; only an upper limit
is known for the latter rate, since we know only
the sum Ry of the 'S, ~ 1S, and S, ~*P, rates.
The data allow four possible regions for (A, n):

(i) 0.6 <7< 0.75 with A from -0.6 to -0. 45,

(ii) -0.6 =5 =>-0.75 with A from 0.6 to 0. 45,

(iii) 0.6 == 0. 45 with A from -0.6 to -0.75, and
(iv) -0.6 <75 <-0.45 with A from 0.6 to 0.75; in
each case, the right-hand limit corresponds to
the zero rate for the !S,—~!S, transition, the left-
hand limit to zero rate for the !S,~ 3P, transition.
We note explicitly that these interactions are

A p A o]
(@) (b)

FIG. 1. Graphs (a) and (b) show the primary proc-
esses contributing to the A+p—n+p interaction.
Graphs (c) and (d) show the mesonic correction terms
discussed by Karplus and Ruderman.
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quite different in character from the (V-A) inter-
action, for which n=x =+1 holds and which allows
only the transitions !S,~ S, and %P, contrary to
observation. We have no interpretation to offer
for the (3 +7Ty-Ty) form required by the data;
all simple models of weak interactions consid-
ered at present lead naturally to a form 7y -7y,
since the strangeness-conserving weak current
necessarily has an isovector component and is
usually assumed to be pure isovector. With these
sets (A, 7), it is of interest to note that the value
required for g, to fit the total transition rate is
&)= (0.35+0.05)x1075/M2, which may be com-
pared!® with the beta-decay coupling parameter
8= 1.02x107%/M2,

The Karplus-Ruderman terms provide a second
possibility of particular interest. For the proc-
ess A +p -n +p, these have the form

D{(sO +p OEY ‘d/q A)(—EN -q/M)

g - - -
- VI (s - . .
Py V2(s-p5,3/q,)0, -a/M)},  (15)
where (s, p,) and (s, p) denote the A -n +7°and A
- p +m~ decay amplitudes, BY denotes the spin of
the A particle or the final neutron, P NO is the
spin-exchange operator, and the coefficient D = G/

2[M(M ) -M)+m,?], where G*/4m~14.7 is the pi-

on-nucleon coupling constant.!! The transition am-

plitudes corresponding to (15) are given in Ta-
ble I. With the AI=73 rule, sy/s= p,/p=-1/2,
and the dominant transitions are those from the
%S, state to final I=0 states, quite contrary to
the observations®?; further, the !S,- 3P, and %S,
-~ 3P, and 'P, transitions contribute comparably
to the rates Rpyg, in the ratio 3:2:9. We note that
a linear combination of a (V-A) interaction with
the Karplus-Ruderman terms cannot fit the data,
since this necessarily gives strong /=0 transi-
tions; in particular, any linear combination of

a (V,A) interaction (14) with the Karplus-Ruder-
man terms (15) necessarily leaves a strong 3S,

- 1P, amplitude. The only conclusion which can
be drawn at this stage is that, if the AI=3 rule
holds for the AN - NN weak interaction and our
present notions about the current-current nature
of weak interactions are valid, then it must be
that the higher order mesonic corrections to this
primary four-fermion interaction are sufficiently
large to mask the simplicity of their primary
form.
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Sy _y1
Q(,He )_{,p5(3Rp1+Rpo
=1.68%0.36,
Sy _
C(AHe)—(3Rp1+Rpo)/(3Rn1+R

+3R +Rn0)}/{0.25 rA}

n0)=0.5,

where the value ps=0.038 fm™ is given in reference 2.
The first prediction leads to good agreement with the
estimates available in the literature [see P. Schlein,
Phys. Rev. Letters 2, 220 (1959), and earlier refer-
ences cited there] for Q(4He) in emulsion, where the
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cay of heavy hyperfragments with the proton spectra
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1014 i amusing to note that the beta-decay interaction
@gA [Py, (1+ry5)Al [E*y“%(l +7v;) vl which corresponds
to the (X#’AS) current of (12) leads to a branching ratio
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for A beta decay given by 0.016(gA/gﬁ)2(1+ 3AY/[1
+3(1,14)%. With n=+0.75, the value appropriate to A
is -0.45, and this branching ratio becomes 0,016/27
=0.6 x107%, quite compatible with the value (0.82+0,13)
%1073 reported recently by R. Ely, G. Gidal, G. Kal-
mus, L. Oswald, W, Powell, W, Singleton, F. Bullock,
C. Henderson, D, Miller, and F. Stannard, Phys. Rev.
131, 868 (1963).

U1y general, the factor D will include form factors

corresponding to the two vertices shown in Figs. 1(c)
and 1(d). Since ¢=400 MeV/c, there could be quite ap~
preciable uncertainty in the magnitude of the matrix el-
ement given for the Karplus-Ruderman terms by ex-
pression (15),

12With the Karplus-Ruderman terms alone, (Ap) de-
excitation would be the dominant process. With x
= (IJtI/qu)2 ~ 2,2, the ratio C(AHes) would be (6 +14 x)/
B+x)~17.1,
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In the unitary symmetry scheme of Gell-Mann'
and Ne’eman,? particles in a given unitary multi-
plet are usually classified by means of isotopic
spin and hypercharge. It has, however, been
observed by Levinson, Lipkin, and Meshkov®-*
that other classifications can be obtained by con-
sidering U, subgroups of Uy that are different
from the isotopic-spin subgroup. Here we take
advantage of these alternative classifications to
derive general formulas for magnetic moments
and electromagnetic mass differences of elemen-
tary particles, and to make some speculations
about the weak interactions. As far as the meta-
stable baryons are concerned, our formulas yield
no relations other than those obtained by other
authors®~%; they are, however, valid for all rep-
resentations of SU;, and, as an illustration, they
are applied to the baryon-meson resonances of
the “tenfold way.”®

Following Okubo”’® we consider the generators
A M (u,v=1,2,3) of infinitesimal unitary trans-
formations in U;. Their commutation rules

a Wy K, a a, U
[AB ,AV ]—OB AV 61/ AB (1)
and the unitary restriction
at_, B
(4,7 =4, (2)

enable us to divide the generators into three sets,
each containing an angular momentum type oper-
ator and a corresponding hypercharge operator.
They are

Ty=3(A7-A1), Y, =A

T

T,=T,ziT, (3)
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L.=-A% L_=-Ag', Ls=3(A*-A}Y, YL=A22,
with

L,=Ly+iLy (4)
and
K,=-A,%, K_=-Ad K;=3(Al-4,%, Y, =A%,
with

K, =K, +iK,. (5)

From each of these sets we can construct a set
of mutually commuting operators

—T2=T12+T22+T32, Ty, YT; (6)

12=L2+L,2+Lg?, Ly, Y, (7
and

RZ=K12+K22+K,2, Kg, Y (8)

K’
Because of the commutation rules in (1), T?, L?,
and K2 do not commute with one another; hence,
only one of the three sets of operators (6), (7),
(8) can be diagonalized in an arbitrary matrix
representation of the A .

We identify T? T, with the usual isotopic-spin
operators, and ¥ with the usual hypercharge

YT=(B+S), 9)

where B denotes baryon number and S strange-
ness. If we restrict ourselves to representa-
tions U(fy,f,sfs) of Us, such that®

fitfatfs=0, (10)
then®

AlM+AZ+AS=0. (11)



