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Strong and electromagnetic interactions of heavy baryons
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It is possible to express all the strong and electromagnetic interactions of ground state hadrons in terms of
a single coupling constant and the constituent quark masggs0.34 GeV,m;=0.43 GeV, andn.=1.5 GeV
by using spin-flavor relativistic supermultiplet theory. We show that this produces results which are generally
accurate to within 10%. We thereby predict widths and couplings of recently and soon-to-be discovered heavy
hadrons[S0556-282(96)05111-3

PACS numbgs): 13.30—-a, 11.30.Hv, 13.40.Hq, 14.26¢c

[. INTRODUCTION Instead of relying on tables of Clebsch-Gordan coeffi-
cients for the higher groups, we will base our analysis on a
It has been almost 30 years since(8ltheory[1] and its  simple multispinor construction which produces the required
relativistic generalizatio2] were conceived, before even symmetry relations from first principles. These states are in
the birth of quantum chromodynami¢®CD). Nowadays it Tables I-lll, listed in terms of the multispinors. It is very
is largely forgotten that, apart from weak interactions, it wassimple to read off the answers as needed or program them
spectacularly successful at predicting the strong and electranto algebraic computer packages suchvasLE, to check or
magnetic decays of hadrons. Further, it was realized in 1968ctually determine the requisite matrix elements. This proce-
that the predictions could only be regarded as “tree-level”’dure now goes under the name of the “trace formufal.
or effective interactions between the hadronic states rather In the next section we shall set out the formalism. Our
than a fully fledged description, since unitarity provided defi-treatment of the quarks is deliberately naive as we wish to
nite corrections which broke the spin-flavor symmetry. How-see how much one can learn simply by boosting up from rest
ever, thanks to the work of Isgur and Wigg], today the the composite wave functions describing the hadrons, with-
symmetry is envisaged as applying to hadrons at equal vesut taking account of any additional, finer effects. Our com-
locity containing one heavy quark, since the QCD Lagrang{parisons with the experimental data are given in the follow-
ian possesses such a symmetry in the heavy mass[#it ing three sections and the results indicate that subtler QCD
The current description popularly treats the light mesoncorrections are rather minor, which is puzzling given our
through chiral perturbation theory even though previous hispresent knowledge of QCD.
tory indicates that they are equally well described by spin-
flgvor symmetry, weak interactions nthIthstqndlng, pro- II. MULTISPINOR STATES
vided that the quarks are accorded their constituent masses
rather than the current quark values. In this paper we shall We make the assumption, common to all quark models,
take these constituent or effective masses tarijg=0.34 that the hadrons are bound colorl&svave states, of quark
GeV, me=0.43 GeV, andn,=1.5 GeV, values which ac- and antiquark for mesons, of three quarks for baryons. We
cord quite well with mass formulas and spin splittings. take it that these hadrons consist of the various quarks mov-
Because a great deal of experimental data has beconieg in tandemwith the same velocitgnd, in keeping with
available since 1966 with which to test relativistic supermul-our naive perspective, we shall neglect virtual gluons by sup-
tiplet schemes, we shall reexamine some of these early prgosing that their main function, apart from keeping the
dictions to test how well they pan out and, upon satisyingpieces together, is to give the quarks their compogite
ourselves that they generally lie within about 10% of thenamica) masses. Neglecting the relative motion between
data, we will extrapolate to the heavy hadrons where theyuarks, which must of course average to zero, the states can
should be even more secure according to heavy quark lorde expressed as products of multispinors. We therefore rep-
We intend to concentrate on processes and features that axesent the rest frame baryonic states Wyagc), with
amenable to experimental testing soon and will avoid weakN(N+1)(2N+1)/3 components, wherl is the number
decays: an area where understandably most of the recent ref flavors andA=aa. a stands for the flavor index and is
search on heavy quarks is focused, because that is where tlie spinor index;a has only two effective components be-
bulk of the data is to be found. The imminent arrivallof cause of the on-shell spinor equation, which reads
qguark and charm factories promises an explosion of resultéy-v—1)u(v)=0.
every bit as impressive as the late 1960s and early 1970s We can decompose the multispinor into $U& SU(2)
proved to be for the strange hadronic states, and not purely ipomponents in the traditional way:
the cc andbb sector.

W (aBc)= Yiaverapy) T 3 (Yrabiciaply Yibclalpyla
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TABLE |. Mixed symmetry (A-type) statesu;,p)c associated with the spin-1/2baryons. Multispinors
are antisymmetric ifiab] from which fact other states are immediately deduced.

ab] c— 1 2 3 4
12 p/\2 n/~\2 A3 AJIV3
13 SN2 302+ A%23 -E%\2 =-NEE)
14 512 SIR+A 23 El-Er12)3 —EITIN2
23 392 A/2\3 312 2712 -E%3
24 SE-Af123 392 2.%2-E%23 —EdJ\2
34 2R+ EL23 2.2+ 2%2\3 Q02 Q12
Our normalization is fixed by This much is a direct generalization from @Y to
o o SU(2N) of the old treatment. Now historically the quarks
WABOW oy = @B Y h o apy) were given the same mass—this was one of the criticisms of
— the early work—but that assumption is quite unnecessary as
+ lﬂ[ab]c[aﬁ]ylﬂ[ab]c[aﬁ]y, we have learned from heavy quark theory. All one needs to

appreciate is that the quarks have to be traveling with the
and one may verify that the total number of componentsame velocity, so that the formul#8) and (3) apply per-
match up: there are the spin-3/2 @Jspinors, symmetric in  fectly well to unequal mass quarks]. Therefore one can
flavor indices @bc), having N(N+1)(N+2)/6 compo- readily substitutep/m for v, where p is the total four-
nents, as well as the spin-1/2 &) spinors of mixed sym-  momentum of the hadron an is its total mass, without
metry [ab]c, with N(N?—1)/3 components. See Tables going wrong.
|11l for extra details, listing the multispinors relations to the ~ The processes which we shall examine, including the

particle states themselves. A similar treatment, when appliegharmed and bottom hadrons, have their origin in the strong
to the mesons, yields the vector-pseudoscalar supermultiplefiree-point vertices

PB= 0L+l BP. L=FP(q)P(q2)P(q3) +G¥(p")P(Q)¥(p), (4)

Then, upon boosting up the quarks from rest, the wavavhere F anq G are “universal’_’ coupling constants. With
functions assume their relativistic form (denotes the in- Our convention® has mass dlmensmr{wl].z and ¥ has
coming hadron four-velocity dimension[M]%% because the component fields possess the
conventional dimensions of Fermi and Bose fields. Therefore
G~[M] ! andF~[M] 2 are dimensionful couplings and

R4 =[P Cl.u%
(480 (V) =LP+0 7, Claplyabo () we will be faced with interpreting them before comparing

V2 our results withphysicalamplitudes and decay rates. The
+ 5 ALP+u75CapUabey(v) point is that the naive view which we are adopting takes the
hadron mass as the sum of the constituent masgés split-
+[P1,¥5Cl g Ubcjanlv) ting being neglected in the first instancthis is sometimes a
far cry from the physical mass and we cannot gloss over this
[P+, ¥5Clyalicapp(v)}, 2 problem.

The electromagnetic interactions in Sec. V will be

PR(A) =[P (¥502(A)— ¥ #°.(a))], q=pv, (3)  handled through the vector dominance model—albeit with
some finesse—and thus follow from the strong vertices
where P, ,=(1+¥)/2 is the positive energy projector. Of above. Whether we are dealing with pseudoscalar or vector
course the vector fields,, and ¢, obey the constraints, mesons, the subsidiary conditions ensure that there is an
Y*u,=vtu,=v#¢,=0. overall factor of the sum of the participating hadron masses

TABLE II. Alternative mixed symmetry X-type) statesU ). associated with the spin-1/2baryons.
Multispinors are now symmetric ira®) whereupon other states are immediately deduced. Multispinors with
equicomponent indiceld (5= 2U[ca1a Can be read off from Table I.

ab] c— 1 2 3 4
12 p/\2 —n/\2 -30 -3
13 372 30/2—3A%/2 E%\2 =H
14 52 S+ 3A[ 12 Er+\BER2 ESTN2
23 3.0/2+\BA/2 SN2 - -0
24 S+ \BAL 2 392 292+ 3592 B2

34 2.t R2—\BE R 2.%2—3E%2 QL2 —Q 12
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TABLE Ill. Symmetric statesugp associated with the spinor algebra. This mechanical process leads to the effective
spin-3/2" baryons. Asterisked states in the table are obviously obinteractions
tainable from the other entries via the complete symmetry in flavor

indices. 1 -0+0"
ab| c— 1 2 3 4 L311=3 F{(92—92) [ #x(A1) #s(a2) Ps(A3) ] -
1 AtH A3 S* 4.3 S5\ 3 + 2 cyclic perms im}, (5)
12 : Aoi‘/g Eiz/‘/g E_’é:i‘/é where[ XY Z]_=X5[YEZ2—ZEY?] is the antisymmetric fla-
13 E*01\3 —E; 716 vor combination, consistent with Bose statistics.
14 * * * E:C++/\/§ B B -
22 * A s*/3 2:0/\/§ 0 —1 +1
23 * * =i =*0 o v
e EEING L135= 1{ €0 0550 b(02) (1) *(dlg) 1 /s
24 * * * =TI}
33 * * Q- 003 + 2 cyclic perms im}, (6)
34 i i i Q:‘j/\/g — ybryc—-a cyaj ; ;
44 * * * QL wherg[X'YZ]+=.X3[YbZC7LZbYC]. is thg symmetric flavor
combination; this also is in keeping with Bose symmetry.
1 -1 +1"

multiplying the couplingsc and G. Consequently we shall
imensi - i Lagg=3 H{[(A2— Ga)r 7,0 T (A3 = A1) 7+ (A1~ G2)
regard dimensionlesy=3G2/4, where2, is the sum of the 3337 2 27 U3y T U3 UL) o 17 H2)v Mp

masses as the proper universal meson-baryon coupling and +(0o—G3) 1 (Aa— 1) 4 (G1— 02) ,/62]
f=Fu3 as the proper universal meson-meson coupling, :
from the point of view of the rest frame $2N) X SU(2N) X[ ¢MNd1) ¢*(d2) ¢"(q3)]+ +q perms, ™

symmetry. The consequences of this are explained shortly.Where we have taken the vectors fo possess common mass

. Notice the similarity of the first part of this expression to
the Yang-Mills vertex.

1/27—1/2"+0~

Ill. RELATING THE STRONG INTERACTIONS

To uncover the relations between the strong interactions
of the spin components, one only needs to insert the expan-
sions(2) and (3) into (4) and take traces as required by the

where theF,D,S combinations correspond to the internal
symmetry combinations

L1=39(1+v-v")[U(p’) ys¢s(DU(P)Ip-s+ 2713, ®

F+ 355[3Grbc]a¢gu[bc]d+mbc)a(ﬁgu(bc)d]m'a 9

D —3S=[u2¢du peq— U922 o ql/4, (10
TABLE IV. Magnetic moments of spin-1/2 baryons, compared [ Paliberd $aloeyal (10

with experimentally found values. The quantities are theoreticallyy,q
determined by the constituent quark mass ratios,
m,/mg=0.79, m,/m.=0.23. We have included a few charmed
states although the magnetic moment data for them are not yet
available—denoted by ?. When no errors are quoted they are vetyailing from SU3) days. The multispinotd possesses mixed

U (be)a=Urabjct Uraclp » (11

small. symmetry too; instead of being antisymmetric in its first two
indices likeu, it is symmetric in them. Just lika, U obeys

Baryon Theory Experiment the cyclicity relation

A -0.72 —0.61+0.01 1/2T—1/2"7+1~

37 2.69 2.46-0.01 Here we express the interactions in terms of the electric

S0-A —1.59 —1.61+0.08 and magnetic form factor combinations, which multiply the

3" —-0.98 —1.16+0.02 vectors E\=(v+v'),/2 and M\=e¢, .,y ysv*v'"12, re-

E° —1.58 —1.25+0.01 spectively,

= —0.66 —0.65

A 0.20 ?

++ — [l eyraiy) N

e 2.38 ? L225=0| 5 [U(P)Ex S U(P)]F+3s

SI-A¢ —1.59 ?

=5 0.20 ?

+[u(p )M, A u(p)lo-s+2r13) - (12
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The significant point is that the two form factqelectric and  been published elsewhdr@] so we shall only summarize the
magnetic, directly associated with helicity amplitudese  findings here. We make the simplifying approximation that
related and the overall coupling is connected to the pseudo-

scalar interaction. L I L

=SS, wz(uu+dd)/\/§, P=cc

3/2°=1/27+0"
There is but one possible internal index contraction and
one gets the interaction for 1~ mesons, but pay proper heed to the mixing angles for
—rbley . rw pd 0~ states. Vector meson decays into two pseudoscalars indi-
L4p1=GUPY(p")v " pEaUinea)(P)/ V2, (13 cate that the corresponding coupling consgt=f varies

here the i . in-3/2 particle i Rarita-Schwi slowly with the mass. This is not altogether surprising from
where he incoming spin- particle 1S a Rarita-schwingey, point of view of heavy quark symmetry, sintanulti-
spinor carrying momenturp, symmetridn its internal indi-

plies a momentum factor, according t6). Rewriting in
ces. terms of velocities, we anticipate some mass dependence, via
3/2t 1/2T+1~ a quark loop for instance; since this is typically governed by
In general there would be three independent transitiothe sum of the masses as we have seen, it suggests we should
amplitudes here but the spin-flavor symmetry relates them affivide out the mass factor and look for the constancy of the
via the effective coupling ratio gypp/Zu in those processes. The data seems to bear
out this guess fairly well: fopm7, K*K7, $KK decays,
Laps=G€ 000" URPC(p ) ol o /V2. (14 gyep equals 4.25, 4.57, and 4.90, respectively. Correspond-
o o ingly, the mass sum ratiosng,q,2m,q+ mg,M,q+ 2mg pro-
The significance of this will become apparent when we studyjige the ratios 1.02, 1.11, and 1.20sing the constituent

the radiative decays of the excited baryons. quark masses mentioned in the Introductiamd seem to
3/27 3/27+0" account for the S(B) variation ofgypp. Extrapolating to the
In this case we would normally expect two independentcharmed decay®™ D, we would expectypp here to equal
couplings but they become united in something like 4.2%(m¢+2m,q)/3m,q=8.9, which lies
below the experimental bound of 10.2 but will surely be
L42:= 5 9(1,,(1+v-0v")=v,0)) tested before very long.
— \(abo) d v Electromagnetic decays offer more clues if one is pre-
XU(p") @P* y5 g aU{nea (P)- (15  pared to apply vector dominance concepts; we shall discuss

i ) i ) those processes presently. Meanwhile, turning to strong
It is much harder to obtain data that tests this relation bebaryon decays, there is a wealth of information from the
tween the couplings. However, the internal index contractionyyin 3/> sector. Aside from Clebsch-Gordan coefficients,
is at least unique. which can be read off from Tables I-IIl, an interaction such

3/2t 3/2t +1~ as(13) leads to a decay width:

In this case we should expect five independent form fac-
tors but they all collapse into

y P I'=A3g%(1+v-v')/96mm*m’, (17

L443: % g(nuv_ U 1’//(1+ v-v ,))U(_abC)(p,)[(Mlzm)E)\

+ M, JUpea(P) 65" - (16)  whereA(m’,m,u)=[m*—(m’+w)?][m°—(m’ — u)?] is
_ _ _ _ the standard triangle function, proportional to the magnitude
Fortunately there is some experimental data with which taof the decay product three-momentum in the rest frame of

check this interaction. the decaying particlémassm). After extracting the physical
phase space factors frofd7) we may determine the cou-
IV. TESTING THE STRONG INTERACTIONS pling g for a variety of decays. The results are amazingly

. . constant: all of the decay§—Nm, 2* —>Am, 3* >3,
Because our interaction®)—(16) apply purely to strong and=* — =, yielding g=21, to within 1%. This encour-

Interactions, the data for checking them outis somewhat I'mélges us to predict the widths for the charmed counterparts,
ited. We need to look at processes where the couplings al

* :*O . ' . .
readily extracted either directly from strong decays or els '§° and= *, provided the participating masses are precisely

. * .
from residues of dominant poles in scattering processes. Tfnown, which they are not. Asi(2.¢) varies from 2.50 GeV

we concentrate first on the strong decays, there is considel@ 2:54 GeV the width' (3¢ —Am)~4.5 to 8.5 MeV, is

able data on the widths of the vector mesons and on th@hat we would predict; the faVOfegfg)aSS and width are 2.53

strange baryonic excitations. However there is little informa-GeV and 7.1 MeV. Similarly, am(Z¢ ") runs from 2.62 to
tion about the charmed mesons and baryons and what exists65 GeV, we predict thdt (£} °— E ) will vary between

is rather sensitive to the masses of the charmed and bottofh10 MeV and 0.85 MeV, the most likely value being about
excited state$7]. In some instances the masses are not ye®.68 MeV, corresponding tn(2*°) =2.645 GeV.

well determined so we shall provide a range of predictions, One other strong charmed decay is that of the spin-1/2
depending on what we assume for the masses, with a littlparticle, > .— A 7, but before we consider that, let us ex-
nous from mass formulas. amine some better known couplings that follow from pole

The results concerning purely mesonic processes hawdominance or dispersion relations in strong scattering pro-
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cesses. First and foremost there is the on-shell pion nucleatiate the electromagnetic interaction by the=0 states,

coupling @,0pp) Which is predicted to equal namely the meson supermultiplet itself. We believe that it
R will not greatly damage the accuracy of our evaluations
9oun=0(1—m2/4mi)5/6y2~12.4, which are relatively crude anyhow. Now, the normal proce-

, . . Jaure is to take the matrix element of the electromagnetic
which can be compared with the known value 13.4: a 10_/‘23urrentJ to be

error seems quite reasonable considering the extrapolation

involved here. Similarly the kaon couplings are predicted to (V(K)|IEM0Y=eel (k) ud/gy,

be

wheregy is the strong coupling of the vector mes¥drto the

2_ 2 .
(my+mg)“—mg 1 hadrons. Of course, because we are assuming flavor symme-

Gkns =9 s 6\/522'4’ try, we have 8,=g,,= —9g,=2g, for any hadron.
The strong current is a matrix in flavor spaﬂ:}and we
(my+my)2—m?2 6 need only select the charge projection Jf2 J3—J3
OkNA=9 T I me 5 ~122 +2J7)/3 to ascertain the relevant part of the strong interac-

tion. However, there is one subtle point about our application
The information fronKN scatteringwhich is very sensitive of the vector meson dominand®MD) model which is
to how the dispersion integrals are evaluatedncentrates Wworth pointing out. It has to do with the question of which

on the quantity gﬁNA+o_gfg§Nz)/4qT and gives the range form factors are dominated by the vector meson pole, be-
9-17 for its value. Our prediction of 12.3 lies comfortably cause that choice can make a substantial difference to the

within that range. results. . .
Moving up to theS., the model predicts Suppose for instance that we write the strong vector cur-
rent element in the traditional manner:
(my_+my )2—m2 — .
Gop s =g— ~8.6 X, =gu(p )y, F1tioy,qFlu(p).
o 4m, ms \6 _ _ _

Then if we were to apply VMD blindly, the electromagnetic

and in turn leads to a strong decay width prediction, current would bee X, /(1—q* u?), whereF | ,F, are evalu-
ated on the meson mass shelf?€ u?). However, if one

[(2c—mA)=28 keV. expresses the strong vector current element in the alternative

Unfortunately the present data tables do not quote a reliabl\(lavay

value for that. The situation is much worse for the bottom Y,=gu(p")[E\Fe+M,Fy]u(p),

mesons and it will probably be a good while before any

sensible numbers are forthcoming for those states. then one may contemplate another VMD version for the

Before leaving strong interactions, it is worth making electromagnetic current at nonvanishing momentum transfer,
some brief remarks about the vector meson couplings to theiz. Y, /(1—q% u?), whereFg ,F,, are worked out on the
baryons. These are obtained frofh2) and include thep meson shell. To appreciate the difference, consider the iden-
meson charge coupling. At zero momentum transfgris tity

related to the pion coupling through 5
7 K T m
( quT) ] iu"oy ,qu=u [qux+4m2Mx]u4m2—_

2m 7
4mg,

2u

9NN O

JpNN -3

There is substantial difference between applying VMD to the
upon substitutingn=3m,4 and x=2m,q. This gives ap- left-hand siddi.e., multiplying by 1?/(?—q?)] and doing
proximately g,nn=9,nn/5=2.7, agreeing fairly well with the samaat the meson polen the right-hand side. Therefore
isospin universality ofp couplings, which requires that We must declare how we propose to handle this. Because the
9,pp=0,=+/2=3. Although we have little direct evidence Sach.s form factor§E,FM_ are directly.related to helicity
for other strong vector couplings to other baryonic states, w@mplitudes and are physically proportional to one another,

do have a large pool of data on electromagnetic interactiongve will apply VMD to the electric-magnetic decomposition.
So we turn to this next. This choice then dictates that the isovector electromagnetic

interaction between equal mass fermions, say, is
V. RELATING AND TESTING THE ELECTROMAGNETIC 1
INTERACTIONS ! = _aUul -
v'|\v)=zeU[E\+(2m/uy)M, Ju .
< | >\| > 2 [Ex+( )My ] 1_q2/M\2/

As mentioned in the Introducton, we shall use the vector (18)
dominance model when coupling the photon to the hadrons.
In principle we must couple the photon to all possibie™l  Similarly for the isoscalar contribution. The method predicts
vector mesons, and this could include the 2 excitations of  that the magnetic moment isnx in magnetons corre-
the ground state mesons, not to mention radial excitationsponding to that particle, times a characteristic Clebsch-
However, as these have considerably higher mass than tl@@ordan coefficient. Since it is measured in quark magnetons
ground state particles, it is sufficient for our purpose to me€/m, we can say that the magnetic moment is giver/as
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magnetons, where. will vary with the mediating meson VI. CONCLUSIONS

mass(namely the sum of its quark constituent®ne of the We have seen that all the main features of strong and
immediate consequences is that the proton magnetic MQsjectromagnetic interactions can be understood by relativis-
ment, in nucleon magnetons, equalSyon/Mya=2.75.  tically boosting up from rest spin-flavor symmetric vertices.
More generally we may calculate the magnetic moment ofapart from the very odd case, all the results can be described
the spin-1/2 baryons through the linear combinationby justonecoupling constang and three effective constitu-
D—-S+2F/3 arising in the sum of the components ent masses for the quarks. They are generally correct to
[23]— 35— (myq/mg)I3+2(m,q/m.)JI31/3, multiplied by  within 10%, and often they are better than that. This puts the
the proton magnetic moment. We have collected these resultie to the claim that the light meson sector should be handled
in Table IV and also listed the experimental values for com-differently from the heavy quark sector, although we would
parison. All in all, the fit is reasonable, bearing in mind thatbe the first to admit that it is not easy to understand why.
calculating magnetic moments is a delicate business and thafter all, the nonstrange and quark dynamical masses
we have no parameters apart from constituent quark masses, 300 to 450 MeV are comparable to the QCD mass scale
which are already fixed. The worst prediction is far°

which is out by 20%. The future will produce determinations, e have stayed away from weak interactions, because it

of moments for charmed and maybe even bottom baryon%? necessary to comprehend how the weak bogbasd W

but for the present we must remain ignorant about the valid-'nk with the strong supermultiplets. While one can see_how
ity of our predictions for them. the vector components of th_e weak current can be dominated
Of course we also have predictions for the spin-3/2 bary-by the #/=0 mesons, the axial component should couple to

ons and for electromagnetic transition elemei? to 1/2 the excited” =1 meson supermuiltiplet; this brings in a new,
- . T li \ k | will
but the data are limited. Of the excited baryons the onl independent coupling constarta proper quark model wi

i q : is for th The P Yrelate this to the ground state coupling of cour§éhus gy,
e_sltlmate magnetic momﬁnt 'i;L eresonanl_ce. b €Farl~ andg, are distinct couplings according to our perspective
ticle Data Groug9] state that t moment lies between  5nq their ratio is not given by 5/3 via the axial-pseudoscalar

about 4 and 7, while wereally SU4)] predict that it equals  p/F ratio, as is commonly stated. The bulk of the recent
5.5; not a very stringent test. However, a lot more is knowWryesearch activity has naturally been focused on weak decays,
about the electromagnetic” -p transition: here one finds the pecause these channels predominate, not strong nor electro-
decay rates expressed in terms of 3/2 and 1/2 helicity amplimagnetic channels. We therefore intend to generalize the
tudes. The absolute magnitude of the width+,,=0.78  work presented in this paper to those processes, as the next
MeV, implies g,p,=0.69 while the supermultiplet predic- logical step and see how far we can go with only one extra
tion is \/6e=0.73+0.04, which is satisfactory. Furthermore, Strong vertex associated with the first orbital excitation of the
from (16) one may work out the ratio between the two he-meson supermultiplet.

licity amplitudes to bes¥%/SY2= \/3:1. The experimental ra-
tio being 1.82-0.10, this is another good prediction. Unfor-
tunately there is a dearth of data for transition elements We would like to express our thanks to the Australian
between the strange baryons, except for the transition mdResearch Council who have supported this research through
ment3 — A which is quoted in Table IV. But the situation is a grant. We also are indebted to Dr. Thompson for helpful
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