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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 term
a single coupling constant and the constituent quark massesmud.0.34 GeV,ms.0.43 GeV, andmc.1.5 GeV
by using spin-flavor relativistic supermultiplet theory. We show that this produces results which are gene
accurate to within 10%. We thereby predict widths and couplings of recently and soon-to-be discovered h
hadrons.@S0556-2821~96!05111-3#

PACS number~s!: 13.30.2a, 11.30.Hv, 13.40.Hq, 14.20.2c
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I. INTRODUCTION

It has been almost 30 years since SU~6! theory@1# and its
relativistic generalization@2# were conceived, before even
the birth of quantum chromodynamics~QCD!. Nowadays it
is largely forgotten that, apart from weak interactions, it w
spectacularly successful at predicting the strong and elec
magnetic decays of hadrons. Further, it was realized in 19
that the predictions could only be regarded as ‘‘tree-leve
or effective interactions between the hadronic states rat
than a fully fledged description, since unitarity provided de
nite corrections which broke the spin-flavor symmetry. How
ever, thanks to the work of Isgur and Wise@3#, today the
symmetry is envisaged as applying to hadrons at equal
locity containing one heavy quark, since the QCD Lagran
ian possesses such a symmetry in the heavy mass limit@4#.
The current description popularly treats the light mes
through chiral perturbation theory even though previous h
tory indicates that they are equally well described by sp
flavor symmetry, weak interactions notwithstanding, pr
vided that the quarks are accorded their constituent mas
rather than the current quark values. In this paper we sh
take these constituent or effective masses to bemud.0.34
GeV, ms.0.43 GeV, andmc.1.5 GeV, values which ac-
cord quite well with mass formulas and spin splittings.

Because a great deal of experimental data has beco
available since 1966 with which to test relativistic supermu
tiplet schemes, we shall reexamine some of these early p
dictions to test how well they pan out and, upon satisyi
ourselves that they generally lie within about 10% of th
data, we will extrapolate to the heavy hadrons where th
should be even more secure according to heavy quark lo
We intend to concentrate on processes and features tha
amenable to experimental testing soon and will avoid we
decays: an area where understandably most of the recen
search on heavy quarks is focused, because that is where
bulk of the data is to be found. The imminent arrival ofb
quark and charm factories promises an explosion of res
every bit as impressive as the late 1960s and early 19
proved to be for the strange hadronic states, and not purel
the cc̄ andbb̄ sector.
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Instead of relying on tables of Clebsch-Gordan coeffi
cients for the higher groups, we will base our analysis on
simple multispinor construction which produces the require
symmetry relations from first principles. These states are
Tables I–III, listed in terms of the multispinors. It is very
simple to read off the answers as needed or program the
into algebraic computer packages such asMAPLE, to check or
actually determine the requisite matrix elements. This proc
dure now goes under the name of the ‘‘trace formula’’@5#.

In the next section we shall set out the formalism. Ou
treatment of the quarks is deliberately naive as we wish
see how much one can learn simply by boosting up from re
the composite wave functions describing the hadrons, wit
out taking account of any additional, finer effects. Our com
parisons with the experimental data are given in the follow
ing three sections and the results indicate that subtler QC
corrections are rather minor, which is puzzling given ou
present knowledge of QCD.

II. MULTISPINOR STATES

We make the assumption, common to all quark model
that the hadrons are bound colorlessS-wave states, of quark
and antiquark for mesons, of three quarks for baryons. W
take it that these hadrons consist of the various quarks mo
ing in tandem,with the same velocityand, in keeping with
our naive perspective, we shall neglect virtual gluons by su
posing that their main function, apart from keeping th
pieces together, is to give the quarks their composite~dy-
namical! masses. Neglecting the relative motion betwee
quarks, which must of course average to zero, the states c
be expressed as products of multispinors. We therefore re
resent the rest frame baryonic states byC (ABC) , with
2N(N11)(2N11)/3 components, whereN is the number
of flavors andA[aa. a stands for the flavor index anda is
the spinor index;a has only two effective components be-
cause of the on-shell spinor equation, which read
(g•v21)u(v)50.

We can decompose the multispinor into SU(N)3SU~2!
components in the traditional way:

C~ABC!5c~abc!~abg!1
A2
3

~c@ab#c@ab#g1c@bc#a@bg#a

1c@ca#b@ga#b!. ~1!
6576 © 1996 The American Physical Society



53 6577STRONG AND ELECTROMAGNETIC INTERACTIONS OF HEAVY . . .
TABLE I. Mixed symmetry (L-type! statesu@ab#c associated with the spin-1/21 baryons. Multispinors
are antisymmetric in@ab# from which fact other states are immediately deduced.

ab↓ c→ 1 2 3 4

12 p/A2 n/A2 L/A3 Lc
1/A3

13 S1/A2 S0/21L0/2A3 2J0/A2 2Jc
1/A3

14 Sc
11/A2 Sc

1/21Lc
1/2A3 Jc

18/22Jc
1/2A3 2Jcc

11/A2
23 S0/22L/2A3 S2/A2 2J2/A2 2Jc

0/A3
24 Sc

1/22Lc
1/2A3 Sc

0/A2 Jc8
0/22Jc

0/2A3 2Jcc
1 /A2

34 Jc8
1/21Jc

1/2A3 Jc8
0/21Jc

0/2A3 Vc8
0/A2 Vcc

11/A2
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Our normalization is fixed by

C̄~ABC!C~ABC!5c̄~abc!~abg!c~abc!~abg!

1c̄@ab#c@ab#gc@ab#c@ab#g ,

and one may verify that the total number of componen
match up: there are the spin-3/2 SU~2! spinors, symmetric in
flavor indices (abc), having N(N11)(N12)/6 compo-
nents, as well as the spin-1/2 SU~2! spinors of mixed sym-
metry @ab#c, with N(N221)/3 components. See Table
I–III for extra details, listing the multispinors relations to th
particle states themselves. A similar treatment, when appl
to the mesons, yields the vector-pseudoscalar supermultip

FA
B5da

bf5a
b 1sW a

b
•fW a

b .

Then, upon boosting up the quarks from rest, the wa
functions assume their relativistic form (v denotes the in-
coming hadron four-velocity!:

C~ABC!~v !5@P1vgmC#abug~abc!
m ~v !

1
A2
3

$@P1vg5C#abu@ab#cg~v !

1@P1vg5C#bgu@bc#aa~v !

1@P1vg5C#gau@ca#bb~v !%, ~2!

FA
B~q!5@mP1v„g5f5a

b ~q!2gnfna
b ~q!…#, q5mv, ~3!

whereP1v[(11v” )/2 is the positive energy projector. O
course the vector fieldsum and fm obey the constraints,
gmum5vmum5vmfm50.
ts
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This much is a direct generalization from SU~6! to
SU~2N) of the old treatment. Now historically the quarks
were given the same mass—this was one of the criticisms
the early work—but that assumption is quite unnecessary
we have learned from heavy quark theory. All one needs
appreciate is that the quarks have to be traveling with t
same velocity, so that the formulas~2! and ~3! apply per-
fectly well to unequal mass quarks@6#. Therefore one can
readily substitutep/m for v, where p is the total four-
momentum of the hadron andm is its total mass, without
going wrong.

The processes which we shall examine, including th
charmed and bottom hadrons, have their origin in the stro
three-point vertices

L5FF~q1!F~q2!F~q3!1GC~p8!F~q!C~p!, ~4!

whereF andG are ‘‘universal’’ coupling constants. With
our convention,F has mass dimensions@M #2 andC has
dimension@M #3/2, because the component fields possess t
conventional dimensions of Fermi and Bose fields. Therefo
G;@M #21 andF;@M #22 are dimensionful couplings and
we will be faced with interpreting them before comparin
our results withphysical amplitudes and decay rates. Th
point is that the naive view which we are adopting takes t
hadron mass as the sum of the constituent masses~spin split-
ting being neglected in the first instance!; this is sometimes a
far cry from the physical mass and we cannot gloss over t
problem.

The electromagnetic interactions in Sec. V will b
handled through the vector dominance model—albeit wi
some finesse—and thus follow from the strong vertice
above. Whether we are dealing with pseudoscalar or vec
mesons, the subsidiary conditions ensure that there is
overall factor of the sum of the participating hadron mass
ith

TABLE II. Alternative mixed symmetry (S-type! statesU (ab)c associated with the spin-1/21 baryons.

Multispinors are now symmetric in (ab) whereupon other states are immediately deduced. Multispinors w
equicomponent indicesU (aa)c52u@ca#a can be read off from Table I.

ab↓ c→ 1 2 3 4

12 p/A2 2n/A2 2S0 2Sc

13 S1/A2 S0/22A3L0/2 J0/A2 Jc8
1

14 Sc
11/A2 Sc

1/21A3Lc
1/2 Jc

18/21A3Jc
1/2 Jcc

11/A2
23 S0/21A3L/2 S2/A2 2J2/A2 2Jc8

0

24 Sc
1/21A3Lc

1/2 Sc
0/A2 Jc8

0/21A3Jc
0/2 Jcc

1 /A2
34 Jc8

1/22A3Jc
1/2 Jc8

0/22A3Jc
0/2 Vc8

0/A2 2Vcc
11/A2
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multiplying the couplingsF andG. Consequently we shall
regard dimensionlessg53GS/4, whereS is the sum of the
masses as the proper universal meson-baryon coupling
f5FmS as the proper universal meson-meson couplin
from the point of view of the rest frame SU~2N)3SU~2N)
symmetry. The consequences of this are explained short

III. RELATING THE STRONG INTERACTIONS

To uncover the relations between the strong interactio
of the spin components, one only needs to insert the exp
sions~2! and ~3! into ~4! and take traces as required by th

TABLE III. Symmetric states u(abc) associated with the
spin-3/21 baryons. Asterisked states in the table are obviously o
tainable from the other entries via the complete symmetry in flav
indices.

ab↓ c→ 1 2 3 4

11 D11 D1/A3 S*1/A3 Sc*
11/A3

12 * D0/A3 S* 0/A6 Sc*
1/A6

13 * * J* 0/A3 2Jc*
1/A6

14 * * * Jcc*
11/A3

22 * D2 S*2/A3 Sc*
0/A3

23 * * J*2/A3 Jc*
0/A6

24 * * * Jcc*
1/A3

33 * * V2 Vc*
0/A3

34 * * * Vcc*
1/A3

44 * * * Vccc
11

TABLE IV. Magnetic moments of spin-1/2 baryons, compare
with experimentally found values. The quantities are theoretica
determined by the constituent quark mass ratio
mn /ms.0.79, mn /mc.0.23. We have included a few charme
states although the magnetic moment data for them are not
available—denoted by ?. When no errors are quoted they are v
small.

Baryon Theory Experiment

p 2.75 2.79
n 21.84 21.91
L 20.72 20.6160.01
S1 2.69 2.4660.01
S02L 21.59 21.6160.08
S2 20.98 21.1660.02
J0 21.58 21.2560.01
J2 20.66 20.65
Lc

1 0.20 ?
Sc

11 2.38 ?
Sc

12Lc
1 21.59 ?

Jc
1 0.20 ?
and
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spinor algebra. This mechanical process leads to the effect
interactions

12→02102

L3115 1
2 f $~q22q3!

l@fl~q1!f5~q2!f5~q3!#2

12 cyclic perms inq%, ~5!

where@XYZ#2[Xa
b@Yb

cZc
a2Zb

cYc
a# is the antisymmetric fla-

vor combination, consistent with Bose statistics.

02→12112

L1335 f $emnrsq2
rq3

s@f5~q1!f
m~q2!f

n~q3!#1 /m

12 cyclic perms inq%, ~6!

where @XYZ#1[Xa
b@Yb

cZc
a1Zb

cYc
a# is the symmetric flavor

combination; this also is in keeping with Bose symmetry.

12→12112

L3335 1
2 f $@~q22q3!lhmn1~q32q1!mhnl1~q12q2!nhlm

1~q22q3!l~q32q1!m~q12q2!n/6m2#

3@fl~q1!f
m~q2!f

n~q3!#11q perms%, ~7!

where we have taken the vectors to possess common m
m. Notice the similarity of the first part of this expression to
the Yang-Mills vertex.

1/21→1/21102

L2215 1
2 g~11v•v8!@ ū~p8!g5f5~q!u~p!#D2S12F/3 ,

~8!

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

F13S[@3ū@bc#afa
du@bc#d1Ū ~bc!afa

dU ~bc!d#/4, ~9!

D23S[@ ū@bc#afa
du@bc#d2Ū ~bc!afa

dU ~bc!d#/4, ~10!

and

U ~bc!a[u@ab#c1u@ac#b , ~11!

hailing from SU~3! days. The multispinorU possesses mixed
symmetry too; instead of being antisymmetric in its first two
indices likeu, it is symmetric in them. Just likeu, U obeys
the cyclicity relation

U ~ab!c1U ~bc!a1U ~ca!b50.

1/21→1/21112

Here we express the interactions in terms of the electr
and magnetic form factor combinations, which multiply the
vectorsEl[(v1v8)l/2 and Ml[elkmngkg5v

mv8n/2, re-
spectively,

L2235gS m

2m
@ ū~p8!Elflu~p!#F13S

1@ ū~p8!Mlflu~p!#D2S12F/3D . ~12!
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53 6579STRONG AND ELECTROMAGNETIC INTERACTIONS OF HEAVY . . .
The significant point is that the two form factors~electric and
magnetic, directly associated with helicity amplitudes! are
related and the overall coupling is connected to the pseu
scalar interaction.

3/21→1/21102

There is but one possible internal index contraction a
one gets the interaction

L4215gū@ab#c~p8!v8nf5a
d u~bcd!n~p!/A2, ~13!

where the incoming spin-3/2 particle is a Rarita-Schwing
spinor carrying momentump, symmetricin its internal indi-
ces.

3/21→1/21112

In general there would be three independent transit
amplitudes here but the spin-flavor symmetry relates them
via the effective coupling

L4235geklmnv
mv8nū@ab#c~p8!fa

kdu~bcd!
l /A2. ~14!

The significance of this will become apparent when we stu
the radiative decays of the excited baryons.

3/21→3/21102

In this case we would normally expect two independe
couplings but they become united in

L4415 3
4 g„hmn~11v•v8!2vmvn8…

3ū~p8!~abc!mg5f5a
d u~bcd!

n ~p!. ~15!

It is much harder to obtain data that tests this relation b
tween the couplings. However, the internal index contract
is at least unique.

3/21→3/21112

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

L4435 3
2 g„hmn2vmvn8/~11v•v8!…ū~abc!~p8!@~m/2m!El

1Ml#u~bcd!~p!fa
dl . ~16!

Fortunately there is some experimental data with which
check this interaction.

IV. TESTING THE STRONG INTERACTIONS

Because our interactions~5!–~16! apply purely to strong
interactions, the data for checking them out is somewhat l
ited. We need to look at processes where the couplings
readily extracted either directly from strong decays or e
from residues of dominant poles in scattering processes
we concentrate first on the strong decays, there is consi
able data on the widths of the vector mesons and on
strange baryonic excitations. However there is little inform
tion about the charmed mesons and baryons and what e
is rather sensitive to the masses of the charmed and bot
excited states@7#. In some instances the masses are not
well determined so we shall provide a range of predictio
depending on what we assume for the masses, with a l
nous from mass formulas.

The results concerning purely mesonic processes h
do-

nd

er

ion
all

dy

nt

e-
ion

c-

to

im-
are
lse
. If
der-
the
a-
xists
tom
yet
ns,
ittle

ave

been published elsewhere@8# so we shall only summarize the
findings here. We make the simplifying approximation tha

f.ss̄, v.~uū1dd̄!/A2, c.cc̄

for 12 mesons, but pay proper heed to the mixing angles f
02 states. Vector meson decays into two pseudoscalars in
cate that the corresponding coupling constantgVPP5 f varies
slowly with the mass. This is not altogether surprising from
the point of view of heavy quark symmetry, sincef multi-
plies a momentum factor, according to~5!. Rewriting in
terms of velocities, we anticipate some mass dependence,
a quark loop for instance; since this is typically governed b
the sum of the masses as we have seen, it suggests we sh
divide out the mass factor and look for the constancy of th
ratio gVPP/(m in those processes. The data seems to be
out this guess fairly well: forrpp, K*Kp, fKK̄ decays,
gVPP equals 4.25, 4.57, and 4.90, respectively. Correspon
ingly, the mass sum ratios 3mud ,2mud1ms ,mud12ms pro-
vide the ratios 1.02, 1.11, and 1.20~using the constituent
quark masses mentioned in the Introduction! and seem to
account for the SU~3! variation ofgVPP. Extrapolating to the
charmed decaysD*Dp, we would expectgVPPhere to equal
something like 4.253(mc12mud)/3mud.8.9, which lies
below the experimental bound of 10.2 but will surely b
tested before very long.

Electromagnetic decays offer more clues if one is pr
pared to apply vector dominance concepts; we shall discu
those processes presently. Meanwhile, turning to stro
baryon decays, there is a wealth of information from th
spin-3/2 sector. Aside from Clebsch-Gordan coefficient
which can be read off from Tables I–III, an interaction suc
as ~13! leads to a decay width:

G5D3g2~11v•v8!/96pm4m8, ~17!

whereD(m8,m,m)[A@m22(m81m)2#@m22(m82m)2# is
the standard triangle function, proportional to the magnitud
of the decay product three-momentum in the rest frame
the decaying particle~massm). After extracting the physical
phase space factors from~17! we may determine the cou-
pling g for a variety of decays. The results are amazing
constant: all of the decaysD→Np, S*→Lp, S*→Sp,
andJ*→Jp, yielding g.21, to within 1%. This encour-
ages us to predict the widths for the charmed counterpar
Sc* andJc*

0 , provided the participating masses are precise
known, which they are not. Asm(Sc* ) varies from 2.50 GeV
to 2.54 GeV the widthG(Sc*→Lcp);4.5 to 8.5 MeV, is
what we would predict; the favored mass and width are 2.5
GeV and 7.1 MeV. Similarly, asm(Jc*

0) runs from 2.62 to
2.65 GeV, we predict thatG(Jc*

0→Jcp) will vary between
0.10 MeV and 0.85 MeV, the most likely value being abou
0.68 MeV, corresponding tom(Jc*

0)52.645 GeV.
One other strong charmed decay is that of the spin-1

particle,Sc→Lcp, but before we consider that, let us ex
amine some better known couplings that follow from pol
dominance or dispersion relations in strong scattering pr
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6580 53R. DELBOURGO AND DONGSHENG LIU
cesses. First and foremost there is the on-shell pion nucle
coupling (gp0pp) which is predicted to equal

gpNN5g~12mp
2 /4mN

2 !5/6A2.12.4,

which can be compared with the known value 13.4: a 10
error seems quite reasonable considering the extrapola
involved here. Similarly the kaon couplings are predicted
be

gKNS5g
~mN1mS!22mK

2

4mNmS

1

6A2
.2.4,

gKNL5g
~mN1mL!22mK

2

4mNmL

A6
4

.12.2.

The information fromKN scattering~which is very sensitive
to how the dispersion integrals are evaluated! concentrates
on the quantity (gKNL

2 10.85gKNS
2 )/4p and gives the range

9–17 for its value. Our prediction of 12.3 lies comfortabl
within that range.

Moving up to theSc , the model predicts

gpLcSc
5g

~mLc
1mSc

!22mp
2

4mLc
mSc

A6
.8.6

and in turn leads to a strong decay width prediction,

G~Sc→pLc!.28 keV.

Unfortunately the present data tables do not quote a relia
value for that. The situation is much worse for the botto
mesons and it will probably be a good while before an
sensible numbers are forthcoming for those states.

Before leaving strong interactions, it is worth makin
some brief remarks about the vector meson couplings to
baryons. These are obtained from~12! and include ther
meson charge coupling. At zero momentum transfer,gr is
related to the pion coupling through

gpNN

grNN
5
5

3 S 2m2m D S 12
mp
2

4mN
2 D .5,

upon substitutingm53mud and m52mud . This gives ap-
proximately grNN.gpNN/5.2.7, agreeing fairly well with
isospin universality ofr couplings, which requires that
grpp5grpp/2.3. Although we have little direct evidence
for other strong vector couplings to other baryonic states,
do have a large pool of data on electromagnetic interactio
So we turn to this next.

V. RELATING AND TESTING THE ELECTROMAGNETIC
INTERACTIONS

As mentioned in the Introducton, we shall use the vect
dominance model when coupling the photon to the hadro
In principle we must couple the photon to all possible 122

vector mesons, and this could include thel 52 excitations of
the ground state mesons, not to mention radial excitatio
However, as these have considerably higher mass than
ground state particles, it is sufficient for our purpose to m
on
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diate the electromagnetic interaction by thel 50 states,
namely the meson supermultiplet itself. We believe that
will not greatly damage the accuracy of our evaluation
which are relatively crude anyhow. Now, the normal proce
dure is to take the matrix element of the electromagne
currentJ to be

^V~k!uJl
emu0&5eel* ~k!mV

2/gV ,

wheregV is the strong coupling of the vector mesonV to the
hadrons. Of course, because we are assuming flavor sym
try, we have 3gr5gv52gf52gc for any hadron.

The strong current is a matrix in flavor spaceJa
d and we

need only select the charge projection (2J1
12J2

22J3
3

12J4
4)/3 to ascertain the relevant part of the strong intera

tion. However, there is one subtle point about our applicatio
of the vector meson dominance~VMD ! model which is
worth pointing out. It has to do with the question of which
form factors are dominated by the vector meson pole, b
cause that choice can make a substantial difference to
results.

Suppose for instance that we write the strong vector cu
rent element in the traditional manner:

Xl5gū~p8!@gmF11 islkq
kF2#u~p!.

Then if we were to apply VMD blindly, the electromagnetic
current would beeXl /(12q2/m2), whereF1 ,F2 are evalu-
ated on the meson mass shell (q25m2). However, if one
expresses the strong vector current element in the alterna
way,

Yl5gū~p8!@ElFE1MlFM#u~p!,

then one may contemplate another VMD version for th
electromagnetic current at nonvanishing momentum transf
viz. Yl /(12q2/m2), whereFE ,FM are worked out on the
meson shell. To appreciate the difference, consider the ide
tity

i ū8slkq
ku5ū8@q2El14m2Ml#u

2m

4m22q2
.

There is substantial difference between applying VMD to th
left-hand side@i.e., multiplying bym2/(m22q2)# and doing
the sameat the meson poleon the right-hand side. Therefore
we must declare how we propose to handle this. Because
Sachs form factorsFE ,FM are directly related to helicity
amplitudes and are physically proportional to one anothe
we will apply VMD to the electric-magnetic decomposition
This choice then dictates that the isovector electromagne
interaction between equal mass fermions, say, is

^v8uJluv&5
1

2
eū8@El1~2m/mV!Ml#u

1

12q2/mV
2 .

~18!

Similarly for the isoscalar contribution. The method predict
that the magnetic moment is 2m/m in magnetons corre-
sponding to that particle, times a characteristic Clebsc
Gordan coefficient. Since it is measured in quark magneto
e/m, we can say that the magnetic moment is given ase/m
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53 6581STRONG AND ELECTROMAGNETIC INTERACTIONS OF HEAVY . . .
magnetons, wherem will vary with the mediating meson
mass~namely the sum of its quark constituents!. One of the
immediate consequences is that the proton magnetic
ment, in nucleon magnetons, equalsm proton/mud.2.75.
More generally we may calculate the magnetic moment
the spin-1/2 baryons through the linear combinati
D2S12F/3 arising in the sum of the component
@2J1

12J2
22(mud /ms)J3

312(mud /mc)J4
4#/3, multiplied by

the proton magnetic moment. We have collected these res
in Table IV and also listed the experimental values for co
parison. All in all, the fit is reasonable, bearing in mind th
calculating magnetic moments is a delicate business and
we have no parameters apart from constituent quark mas
which are already fixed. The worst prediction is forJ0

which is out by 20%. The future will produce determination
of moments for charmed and maybe even bottom baryo
but for the present we must remain ignorant about the va
ity of our predictions for them.

Of course we also have predictions for the spin-3/2 ba
ons and for electromagnetic transition elements~3/2 to 1/2!,
but the data are limited. Of the excited baryons the on
estimated magnetic moment is for theD resonance. The Par
ticle Data Group@9# state that theD11 moment lies between
about 4 and 7, while we@really SU~4!# predict that it equals
5.5; not a very stringent test. However, a lot more is know
about the electromagneticD1-p transition: here one finds the
decay rates expressed in terms of 3/2 and 1/2 helicity am
tudes. The absolute magnitude of the widthGD1pg50.78
MeV, implies gDpg.0.69 while the supermultiplet predic
tion isA6e.0.7360.04, which is satisfactory. Furthermore
from ~16! one may work out the ratio between the two h
licity amplitudes to beS3/2/S1/25A3:1. The experimental ra-
tio being 1.8260.10, this is another good prediction. Unfo
tunately there is a dearth of data for transition eleme
between the strange baryons, except for the transition m
mentS2L which is quoted in Table IV. But the situation i
sure to change with time.
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VI. CONCLUSIONS

We have seen that all the main features of strong a
electromagnetic interactions can be understood by relativ
tically boosting up from rest spin-flavor symmetric vertices
Apart from the very odd case, all the results can be describ
by justonecoupling constantg and three effective constitu-
ent masses for the quarks. They are generally correct
within 10%, and often they are better than that. This puts t
lie to the claim that the light meson sector should be handl
differently from the heavy quark sector, although we woul
be the first to admit that it is not easy to understand wh
After all, the nonstrange and quark dynamical mass
;300 to 450 MeV are comparable to the QCD mass sca
L.

We have stayed away from weak interactions, because
is necessary to comprehend how the weak bosonsZ andW
link with the strong supermultiplets. While one can see ho
the vector components of the weak current can be domina
by the l 50 mesons, the axial component should couple
the excitedl 51 meson supermultiplet; this brings in a new
independent coupling constant.~A proper quark model will
relate this to the ground state coupling of course.! ThusgV
and gA are distinct couplings according to our perspective
and their ratio is not given by 5/3 via the axial-pseudoscal
D/F ratio, as is commonly stated. The bulk of the recen
research activity has naturally been focused on weak deca
because these channels predominate, not strong nor elec
magnetic channels. We therefore intend to generalize t
work presented in this paper to those processes, as the n
logical step and see how far we can go with only one ext
strong vertex associated with the first orbital excitation of th
meson supermultiplet.
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