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Extended isoscalar-flavor-spin symmetries for baryons with a single spectator isoscalar quark

Lai-Him Chan
Department of Physics and Astronomy, Louisiana State University, Baton Rouge, Louisiana 70803-4001

~Received 28 May 1996!

The flavor-spin symmetries of heavy quark effective theory imply that in the infinite heavy quark mass limit
the magnetic moments, radiative decay rates, single pion emission decay rates, and theS DI52 isospin mass
splittings for the heavyS baryon systems approach finite but undetermined values, independent of the spin of
theS baryon and the flavor of the heavy quark. We propose, with supporting evidence, that the flavor-spin
symmetries for those processes, with the isoscalar quark as a spectator, can be extended to all isoscalar quarks
and thus overlap with the low-energy SU~6! symmetry through the strange quark. By interpolating between the
flavor-spin symmetries at the heavy quark masses and the strange quark mass we determine these interesting
properties of the heavyS baryons from the available low-energy data. We also discuss the interesting pattern
of theoretical calculations and the experimental conflict on theSc DI52 isospin mass splitting.
@S0556-2821~96!04223-3#

PACS number~s!: 11.30.Hv, 13.30.2a, 13.40.Dk
I. INTRODUCTION

In recent years much progress has been made in un
standing the physics of hadrons with a single isoscalar he
quark. The success is due to the effective heavy quark the
and the application of flavor-spin symmetries in the limit
infinitely heavy isoscalar quark masses@1#. The applicability
to a wider class of phenomenology is limited largely by th
difficulty of estimating theLQCD/mh corrections and QCD
corrections for finite heavy quark massmh .

In this paper we attempt to control these corrections
limiting our attention to a special class of physical process
the system ofS-L types of baryons with a truly spectato
isoscalar quark. For the purpose of this paper, we refer
only the isospin doublet quarks as light quarksql , and des-
ignate the isoscalar quarks excluding the strange qu
(c, b, and t) as heavy quarksqh . We use the Greek index
z to denote isoscalar quarks in general. Being a spectator
isoscalar quark does not participate directly in the intera
tions, and there will not be relative isoscalar-flavo
dependent QCD correction factors for different isoscalar fl
vors. As a spectator the contribution of the isoscalar quark
the matrix element is indirect through its influence to th
baryon wave function. When a physical quantity is evalua
using that matrix element, the effect due to the mass of
isoscalar quark is suppressed. Effectively, the result wo
be approximately the same regardless of the single isosc
quark mass. At the heavy quark mass limitLQCD/mz→0,
the total spin of the two light quarkssW l and the spin of the
heavy quark commute with the Hamiltonian. This leads
flavor-spin symmetries. Thesl remains a good quantum
number for finitemz→ms@md2mu due to isospin symme-
try and Fermi statistics, in spite of the fact thatLQCD/ms is
no longer small. The flavor-spin symmetries of theS-L
baryon atmz5ms is the low-energy SU~6!. The hyperfine
splitting of theS baryons is comparable to that of theD
mesons even thoughLQCD/ms@LQCD/mc . It is then not
unreasonable to conjecture that theLQCD/mz corrections are
suppressed in theS-L baryon systems. The heavy quar
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flavor-spin symmetry can then be extended to all isoscalar
quarks, including the strange quark. Via the strange quark,
we can interpolate the flavor-spin symmetries between the
heavy quark effective theory and the low-energy SU~6! sym-
metry. Such overlap due to the dual roles of the strange
quark extends the two sets of the symmetry relations to a
new covering set, which we shall refer to as the isoscalar-
flavor-spin symmetries. When these conditions are satisfied,
the matrix elements are independent of the single isoscalar
quark flavor and they are related by the corresponding subset
of SU~6! symmetry relations.

In order to prevent the isoscalar quark from participating
in the interaction, we use the isospin conservation law to
discriminate the isoscalar quark from the light quarks. We
defineDI for a given interaction Hamiltonian term if the
quark part or the baryon part of this interaction Hamiltonian
term ~i.e., treating all other fields as classical external fields!
transforms as theI irreducible representation of the isospin
group. For each interaction which conserves the quark num-
ber and is bilinear in quark and antiquark fields, the isospin
of a light quark can be changed by as much as one unit,
DI<1, whereas the isospin of the isoscalar quark can be
changed at most by a half unit,DI< 1

2. If we select processes
such thatDI51 for every interaction of quark, we can be
sure that the isoscalar quark cannot participate. The neces-
sary and sufficient condition for the isoscalar quark to be a
spectator is thatDI51 for first order interaction,DI52 for
the second order interaction and, in general,DI5n for the
nth order interaction. For the purpose of isospin consider-
ation, baryon interaction can be viewed as a superposition of
the corresponding quark interaction. First order baryon inter-
action is equivalent to first order quark interaction. This se-
lection rule can be carried over directly to baryon processes
with the same value ofDI .

The physical baryonDI51 processes are the decays of
the Sz* and theSz through single pion emission, magnetic
dipole transition, and semileptonic weak decays. The
DI52 second order process can be extracted from the iso-
spin mass splittings. As the consequence of the heavy quark
effective theory flavor-spin symmetries, each of these decay
rates or mass splittings approaches a finite limit independent
6890 © 1996 The American Physical Society
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of the spin of theS baryon for infinitely heavy isoscala
quark mass. But their absolute values cannot be determi
Based on the validity of the isoscalar-flavor-spin symmetr
hypothesis we can then extrapolate the isoscalar quark
trix elements continuously down to the strange quark dom
to use the existing data to calibrate their asymptotic valu
Thereby, we can derive more reliable predictions for the
perfine splittings, magnetic moments, radiative decay ra
and single pion emission decay rates of theSh andSh* heavy
baryons than the estimates presently available.

However, the decay rates contain kinematic factors se
tively dependent on masses, some of which have not b
measured experimentally. In particular, the phase spac
the Sh→Lh1p decay may be small. Even isospin ma
splittings may contribute non-negligible corrections. For th
reason we shall begin exploring the applications of t
isoscalar-flavor-spin symmetries hypothesis to the bar
masses and then use the estimated baryon masses fo
decay rate calculations.

II. INTEGRAL ISOSPIN BARYON
HYPERFINE SPLITTINGS

We assume that the low-lying baryons are three-qu
s-wave ground states. Given that quark masses satisfy
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inequalitiesmd2mu!ms2md!mc2ms!mb2mc , we can
always number the three quarks in any baryon so that

um12m2u!2m32m12m2 . ~1!

For all practical purposes, baryons are eigenstates o
s12
2 5(s1W1s2W )2 andsW25(s1W1s2W1s3W )2. Consider the baryon
with two light quarks and an isoscalarz quark. In the ab-
sence of the isospin symmetry breaking the two light quarks
with massm can have isospinI50 or I51. The I50 state
can only haves1250 and that state is theLz . The I51,
s1251, ands5 1

2 state is theSz and theI51, s1251, and
s5 3

2 state is theSz* .
The strong hyperfine splittings of baryons can be calcu

lated perturbatively from the spin-spin interaction Hamil-
tonian

(
i, j

2
2

3
asS 23D¹2V~rW i j !

siW

mi
•

sjW

mj
5(

i, j

4

9
asf ~rW i j !

siW

mi
•

sjW

mj
,

~2!

whereV(rW i j ) is the interquark potential assumed to be flavor
independent andr i jW5r iW2r jW is the relative position of the two
quarks. The baryon masses are given by@2#
B~m1 ,m2 ,m3 ;s12,s!5MI~m1 ,m2 ,m3!1
1

9
asFD~m1 ,m2 ;m3!

m1m2
@2s12~s1211!23#

1S D~m1 ,m3 ;m2!

m1m3
1

D~m2 ,m3 ;m1!

m2 ,m3
D S s~s11!2s12~s1211!2

3

4D G , ~3!
-
s

where MI(mi ,mj ,mk), the spin-independent part of the
baryon mass, is a symmetric function of the three-qua
masses only, and

D~mi ,mj ;mk!5D~mj ,mi ;mk!

5^mi ,mj ,mku f ~rW i j !umi ,mj ,mk&5^ f ~rW i j !&k ,

~4!

where^ f (rW i j )&k denotes the expectation value off (rW i j ) with
respect to thes-wave ground state (i jk ) baryon wave func-
tion which depends on the quark masses and is independ
of the spin and isospin. It follows that@3,4#

2

3
~Sz*2Sz!1~Sz2Lz!5

4pas

9m2 ^ f ~rW l l 8!&z , ~5!

Sz*2Sz5
2pas

3mmz
^ f ~rW l z!& l 8, ~6!

which can be combined to give
rk

ent

m

mh

^ f ~rW lh!& l 8
^ f ~rW l l 8!&s

1F12
^ f ~rW l l 8!&h

^ f ~rW l l 8!&s
G

5

2
3 ~S*2S!1~S2L!2~Sh2Lh!

2
3 ~S*2S!1~S2L!

. ~7!

The numerical value of the right-hand side for the charm
flavor is 0.182 which is small and very close tom/mc . The
test of our hypothesis comes from the ratio

^ f ~rW l l 8!&c

^ f ~rW l l 8!&s
511

m

mc

^ f ~rW lc!& l 8
^ f ~rW l l 8!&s

20.182, ~8!

which is indeed close to unity for a wide range of

^ f (rW lc)& l 8 /^ f (r
W
l l 8)&s . It is clear that while the ratio

^ f (rW lc)& l 8 /^ f (r
W
l l 8)&s may differ from 1 by as much as

20%, the ratio^ f (rW l l 8)&c/^ f (r
W
l l 8)&s can only be within at

most a few percent deviation from 1. Therefore, it is consis
tent with our hypothesis that, as long as the two light quark
are light, the expectation value of^ f (rW l l 8)&z is independent of
the z quark. The effect of the spectator isoscalarz quark is
averaged out in the expectation value, even if thez quark is
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TABLE I. Calculated and experimental values of the isospin mass differences of theSc in MeV.

Ref. Sc
112Sc

0 Sc
12Sc

0 Sc
1122Sc

11Sc
0

Theory Lichtenberg@7# 3.5 0.8 1.8a

Itoh et al. @8# 6.5 2.4 1.8
Ono @9# 6.1 2.2 1.6

Lane and Weinberg@10# 26 24 2.0
MIT bag @11# 23.3 22.5 1.7
Wright @12# 21.4 22.0 2.6

Hwang and Lichtenberg@14# 3.0 20.5 2.0
Sinha@13# 1.5 20.3 2.1

Capstick@15# 1.4 20.2 1.8
Cutkosky and Greger@16# 0.8 20.4 1.6

Chan@17,18# 0.3 20.7 1.8
Experiment CLEOI.5@19# 20.160.660.1

ARGUS @21# 1.260.760.3
CLEOII @20# 1.160.460.1 1.460.460.1 21.761
—————–

PDG average@6# 0.760.6 1.460.460.1 22.161
Fermilab E791@22# 0.3860.4060.15 22.461

aCalculated values are in italics.
not exactly heavy. An interesting consequence is
isoscalar-flavor symmetries for Eq.~5!:

2

3
~Sz*2Sz!1~Sz2Lz!5205 MeV

^ f ~rW l l 8!&z

^ f ~rW l l 8!&s

'205610 MeV. ~9!

The value of 205.2 MeV is obtained from evaluating Eq.~5!

with the strange flavor. The ratiôf (rW l z)& l 8/^ f (r
W
l l 8)&s should

be close 1 formz'ms because SU~3! is a good symmetry.
That ratio should approach a finite value as expected
heavy quark effective theory.

We now can apply the isoscalar-flavor symmetries to
timate some unknownI51 heavy baryon masses. Usin
Sc52452.5 MeV andLc52285.1 MeV@6# for the last equa-
tion, we obtain

Sc*52509615 MeV. ~10!

Similarly, we can apply Eqs.~6! and ~9! for the bottom
flavor to obtain

Sb2Lb5205 MeVF ^ f ~rW l l 8!&b

^ f ~rW l l 8!&s
2

m

mb

^ f ~rW lb!& l 8
^ f ~rW l l 8!&s

G , ~11!

Sb*2Lb5205 MeVF ^ f ~rW l l 8!&b

^ f ~rW l l 8!&s
1
1

2

m

mb

^ f ~rW lb!& l 8
^ f ~rW l l 8!&s

G
~12!

isoscalar-flavor symmetries implŷf (rW l l 8)&b /^ f (r
W
l l 8)&s'1.

The large uncertainty of the ratiôf (rW lb)& l 8 /^ f (r
W
l l 8)&s is sup-

pressed by the small factorm/mc'1/15. GivenLb55641
MeV, we can estimate

Sb55833615 MeV and Sb*55853615 MeV,
~13!
the

by

es-
g

which is consistent with the recent predictions by Roncaglia
et al.., @5#

Sb55830640 MeV and Sb*55860640 MeV.
~14!

Experimental verification of these predicted masses would
give support to our hypothesis.

III. DI52 BARYON MASS SPLITTINGS

In the standard model there are two contributions to the
isospin violation: the electromagnetic interaction in the
SU~2!3U~1! sector and the flavor-symmetry breakingmu
Þmd in the QCD sector. These two sources have no apparent
connection, yet their contributions to the hadron isospin mass
splittings are comparable in magnitude. Nonetheless, the in-
trinsic light quark mass differencemu2md is the dominant
source of the isospin splittings. Unless the isospin splittings
can be measured very accurately it would be difficult to dis-
tinguish among various phenomenological models. Lichten-
berg pointed out that in the case of the isospin splitting
Sc

112Sc
0 , there exists a large cancellation between the

mu2md and the Coulomb contribution to the isospin split-
ting and a measurement of this splitting would be the best
hope for distinguishing among different models@7#. The pre-
dictions of various theoretical models and the experimental
values are shown in Table I. The theoretical values spread
over a very large range. The observed mass splitting can
definitely rule out a large number of models. However, if one
further takes into account the only measurement of
Sc

12Sc
0 by CLEOII @20# seriously, one finds that none of

the theoretical models is consistent with the experimental
mass splittings.

In the presence of isospin symmetry breaking, the Hamil-
tonian can be decomposed into irreducible isospin represen-
tations:
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H5HI501HI511HI52 . ~15!

We truncate terms withI>3 because they do not apply in
this case. Charge conservation impliesI 350 for each term.
The expectation values of the Hamiltonian between bary
states at rest define the corresponding mass matrix:

M5M01M1Q1M2Q
2, ~16!

whereQ is the charge matrix. The masses of theS are given
in term of their charge eigenvaluesQ8:

SQ8115M01~Q811!M11~Q811!2M2 ,

SQ85M01Q8M11Q82M2 , ~17!

SQ8215M01~Q821!M11~Q821!2M2 .

The equal spacing of mass splittings is clearly seen for t
DI51 contribution. TheDI52 contribution can be isolated
by the linear combination of the mass splittings,

2M25SQ81122SQ81SQ821

5~SQ8112SQ8!2~SQ82SQ821!, ~18!

which measures the deviation from the equal-spacing m
splittings.

The inconsistency between the measurement and the
dictions of theoretical models can be observed more direc
by comparing theDI52 linear combination of theSc iso-
spin mass splittings,dDI52Sc5Sc

1122Sc
11Sc

0 , in Table I.
While there are very large differences between predictions
various theoretical models forSc

112Sc
0 , the DI52 part

seems to be almost model independent and has the va
'2 MeV, which is clearly inconsistent with the experimen
tal value'2261 MeV.

The fact that all different theoretical models give the sam
result is unlikely to be an accident. In this paper we attem
to derive this result basing on a set of general assumptio
from our basic understanding of the isospin-breaking mech
nism common to all these models. In that case we are fac
a very serious situation that either the experimental determ
nation of isospin splittings is highly questionable, or our b
sic understanding of the isospin-splitting source would ha
to undergo some fundamental modification.

We may treat theDI51 isospin symmetry-breaking term
of the quark mass differencemu2md as a perturbation term
in QCD. TheDI52 contribution to mass splitting must be a
least second order perturbation and of the order
(mu2md)

2/LQCD;0.05 MeV. Therefore, we can virtually
ignore the strong contribution to anyDI52 isospin splitting.
All DI52 isospin splittings must come from electromag
netic processes.

The electromagnetic interaction consists ofDI50 and
DI51 contributions. For isoscalar particles, onlyDI50 is
possible. Therefore, theDI52 isospin splitting must come
from electromagnetic interaction between two of the lig
quarks. The Coulomb interaction energy between two qua
qi andqj is given bya(QiQj /r i j ). The magnetic interaction
energy is given by
n
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(
i, j

aS 2p

3 D d~rW i j !QiQj

siW

mi
•

sjW

mj
. ~19!

We assume that quarks have magnetic moments and th
quark masses are the constituent quark masses. In the pre
ence of isospin symmetry breaking, there will be mixing be-
tween the two states,Lz and theI 350 member of theSz

with I51 ands1251. The mixing must come from the spin-
spin interaction. The mixing, however, has a negligibly small
effect on the mass eigenvalues and will be neglected in this
paper. Then theDI52 part of theSz isospin splittings is
given by

dDI52Sz*5dDI52Sz5a^1/r ll 8&z2
2p

3m2a^d~rW l l 8!&z ,

~20!

wherem5 1
2 (mu1md). The first term is the electric contri-

bution and the second term is the magnetic contribution.
These matrix elements are the prime candidates for ou

isoscalar-flavor-spin symmetries hypothesis, which implies
the DI52 isospin mass splittings are isoscalar-flavor inde-
pendent:

Sc
1122Sc

11Sc
05Sc*

1122Sc*
11Sc*

0

5Sb
122Sb

01Sb
25Sb*

122Sb*
01Sb*

2

'S122S01S25S*122S* 01S*2

1.860.15 MeV52.662 MeV. ~21!

This result is consistent with all known theoretical calcu-
lations but disagrees with the experimental value
22.161.0 MeV deduced from the CLEOII measurement of
Sc

12Sc
051.460.4 MeV @20#. Even if one allows the matrix

elements in Eq.~20! to vary in a reasonably smooth way
from the strange quark to the bottom quark, it would take
some very abnormal behavior of the quark mass dependenc
to switch the sign of theI52 isospin splittings. In order to
be consistent with the theoretical value@23#, Sc

12Sc
0 would

have to be20.5560.4 MeV, instead of the CLEOII value
1.460.460.1 MeV. It is, therefore, crucial to independently
verify this experimental value.

For physical baryons, the observed and the calculated
~italic! masses are listed in Table II for the calculation of the
decay rates. We list the predicted value ofSc

1 instead of the
experimental value 2453.560.9 MeV because we prefer to
use the theoretical value for a complete consistent calcula
tion based on the extended symmetries.

IV. Sz AND Sz* BARYON DECAYS

The isoscalar-flavor-spin symmetries hypothesis can be
applied to other matrix elements of the baryons provided tha
the isoscalar quark is truly a spectator. This condition can be
realized for the matrix elements of theI51 vector current
and theI51 axial-vector current which can be used to relate
various magnetic dipole electromagnetic transition rates and
single pion emission transition rate ofSz andSz* .
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A. Magnetic dipole electromagnetic transition

The magnetic dipole electromagnetic transition amp
tudes are given by

A~Sz→Lzg!5mSzLz
kmenūLz

smnuSz
, ~22!

A~Sz*→Lzg!5 imS
z*Lz

emnlkk
nemūLz

gku
S

z*
l

5mS
z*Lz

ūLz
~kme”2emk” !g5uS

z*
m

, ~23!

A~Sz*→Szg!5 imS
z* Sz

emnlkk
nemūSz

gku
S

z*
l
, ~24!

where u and um are the Dirac spinor and the Rarita
Schwinger vector spinor. Here,k5p2q is the four-
momentum of the photon,p is the momentum of theSz* and
q is the momentum of theLz . TheDI51 part of the mag-
netic dipole moments and the transition magnetic dipole m
ments are related by the isoscalar-flavor-spin symmetries

1

A3
mS

z*Lz
5

1

2A3~mS
z*

12mS
z*

2!

5A3

4
~mS

z
12mS

z
2!523mSzLz

1.5660.03mN51.6160.8mN , ~25!

which are also isoscalar-flavor independent. The numer
values in Eq.~25! are the corresponding experimental valu
for z5s. The decay rates are given by

G~Sz→Lzg!5
1

p
mSzLz

2 k35
1

p
mSL
2 k3, ~26!

G~Sz*→Lzg!5
1

p

m
S

z*Lz

2

3 S 12
1

2

k

mS
z*
D k3

5
1

p
mSL
2 S 12

1

2

k

mS
z*
D k3, ~27!

wherek is the magnitude of the photon three-momentum
the rest frame of the decay particle.

TABLE II. Baryon masses in MeV.

I 3 s c b

mz 512.5 1681.9 5037.8
1 1189.4 2453.1 5829.7

Sz 0 1192.6 2451.9 5832.0
21 1197.4 2452.4 5835.9
1 1382.6 2509.4 5850.4

Sz* 0 1384.1 2508.6 5852.4
21 1387.4 2509.5 5856.2

Lz 0 1115.7 2285.1 5641.0

aCalculated values are in italics.
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For very heavy quark mass,Sz ,Sz* ,Lz→`,
Sz2Sz*→0 but according to Eq. ~9!,
k→Sz2Lz→205610 MeV5k` . Then, theDI51 radia-
tive decay widths

GS
z*→Lzg'GSz→Lzg→

a

mN
2 mSL

2 k`
35186630 keV

~28!

are obviously spin symmetric.

B. Single pion emission transition

The single pion emission amplitudes are related to the
amplitudes of the axial-vector current matrix elements:

A@B8~p!→B~q!p~k!#5
1

A2 f p

km^B~q!uJA
muB8~p!&uk→0

~29!

and

A~Sz→Lzp!5
1

A2 f p

kmgSzLz
ūLz

gmg5uSz
, ~30!

A~Sz*→Lzp!5
1

A2 f p

kmgS
z*Lz

ūLz
u

S
z*

m
, ~31!

A~Sz*
a→Sz

bpc!5
1

A2 f p

kmeabcgS
z* Sz

ūSz
~q!uS

z*
m

~p!,

~32!

wheref p592.4 MeV is the pion decay constant andk is the
magnitude of the pion three-momentum. The isoscalar-
flavor-spin symmetries imply

2gSzLz
5

1

A3
gS

z*Lz
52gS

z* Sz
5const~ independent ofz!.

~33!

The pion emission decay widths are given by

G~Sz→Lzp!5
gSL
2

4p f p
2 k

3S 12
p2

~Sz1Lz!
2D 21

, ~34!

G~Sz*→Lzp!5
gS*L
2

12p f p
2k

3S ~Sz*1Lz!
22p2

4Sz*
2 D , ~35!

G~Sz*
~ i !→Sz

~ j !p~k!!5
gS*L
2

12p f p
2k

3S ~Sz*
~ i !1Sz

~ j !!22p~k!2

4Sz*
2 D .

~36!

Using the total decay widthGS*53762 MeV and the
branching ratio to theLp modeBS→Lp* 58862%, one de-
termines ugS*Lu51.1960.05. SinceS cannot decay into
Lp, gSL cannot be determined in a similar manner. How-
ever, it can be determined via the contribution of the axial
current matrix element to theb decayS2→Le2n̄e , assum-
ing conserved vector current. Using theS2 lifetime
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TABLE III. Sz andSz* baryon decay widths.

I 3 s c b Unit

mz 512.5 1681.9 5037.8 ` MeV
Sz→Lzg 0 8.9 90.2 143 186630 keV
Sz*→Lzg 0 281 201 190 186630 keV

1 3.18 8.45
Sz→Lzp 0 3.65 10.1 1562 MeV

21 3.06 10.3
1 30.8 18.8 15.2

Sz*→Lzp 0 32.6 19.6 17.2 1562 MeV
21 32.7 18.8 17.5
fi

l

a

s

r

1.47310210 sec, the branching ratio toLe2n̄e ,
5.7360.2731025, andVud50.9747 and neglecting the in
duced pseudoscalar and axial tensor contributions, one
ugSLu50.60760.016. One can use these results to check
validity of the isoscalar-flavor-spin symmetries, Eq.~33!, for
z5s. The ratioA3ugSLu/ugS*Lu50.8960.07 shows that the
spin symmetry is a good approximation in a 5–10% ran
which is consistent with our original expectation. We sh
adopt the constant in Eq.~33! to be 1.19 in the following
calculation since we expect thatgS*L is closer to the sym-
metry limit.

In the heavy mass limitk→A(Sz2Lz)
22p25152610

MeV5k` , Eqs.~34! and~35! approach to the spin symme
ric limit:

GS
z*→Lzp'GSz→Lzp→5

gS*L
2

12p f p
2 k`

351562 MeV.

~37!

The radiative and the pion emission decay widths ca
lated according to Eqs.~26!, ~27!, ~34!, and~35! are given in
Table III. The isoscalar-flavor-spin symmetry breakings
entirely due to the phase space kinematics. It should
pointed out that the physical masses also include iso
symmetry breaking which spoils the exact isoscalar-flav
spin symmetries to the order of isospin violation even at
heavy mass limit. OurSc decay widths are not very muc
different from those of Chenget al. @24# and Yanet al. @25#.
In the event that the measured value ofSc* , Sb , or Sb*
becomes available and is different from our calculated va
the width should be recalculated according to the co
sponding Eqs.~26!, ~27!, ~34!, and~35!.

It can be seen thatSz* converges to the heavy mass sp
symmetric limit much faster thanSz . TheSz* decay widths
-
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approach the flavor-spin symmetric limit rapidly from above
and reach rather close to the limit even at the charm quark
mass. TheSz decay widths approach the flavor-spin sym-
metric limit much slowly from below.

The decaySz*→Szp is kinematically allowed only for
the strangeness flavor. The decay widths forS*→Sp can
be calculated usinggS* S determined by the isoscalar-flavor-
spin symmetries relation, Eq.~33!. These relations are part of
the SU~6! relations. The results are summarized in Table IV.
The agreement with the experimental observation is excel-
lent.

V. SUMMARY

We have proposed isoscalar-flavor-spin symmetries
which unify the flavor-spin symmetries for heavy quarks and
the SU~6! symmetry for the light quarks applicable only for
processes involving baryons with one spectator isoscalar
quark. The (S-L) baryon system provides a unique and ideal
environment for applications of these symmetries. In this pa-
per we have carried out a complete and consistent analysis.
We summarize the main contributions.

~1! The extended isoscalar-flavor-spin symmetries make
possible consistent and reliable estimates on the masses and
widths of the yet to be observed heavy baryon statesSc* ,
Sb , andSb* . These relatively broad baryon resonances are
hard to observe because of the weak signals in the presence
of very large background. The reliable knowledge of their
masses and widths may facilitate their detections.

~2! Tables II and III not only summarize useful new in-
formation about the masses and widths but also display some
very interesting theoretical aspects of the~extended!
isoscalar-flavor-spin symmetries. The extended isoscalar-
flavor symmetry actually also implies that the masses and
widths of theS-L baryon system are functions only of a
TABLE IV. S* decay widths in MeV.

S*1 S* 0 S*2 Average

G(S*→Lp) 30.75 32.56 32.74 32.0
G(S*→Sp) 4.84 4.41 4.92 4.72
GS* 35.6 37.0 37.7 36.7
GS* ~Expt.! 35.860.8 3665 39.462.1 36.763
B(S*→Sp) 0.14 0.12 0.13 0.13
B(S*→Sp)~Expt.! 0.1260.02
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continuous mass parameter of the isoscalar quark irres
tive of the discrete isoscalar-flavor quantum number. In ot
words, we can very well remove the flavor headingss, c, and
b, and replace the subscriptz by the continuous paramete
m. The heavy quark flavor-spin symmetries are reached
m becomes very large and the widths approach finite lim
independent of the spin. Extending the isoscalar symmetr
the strange quark mass scale permits the extrapolation
these functions to the energy region where data are avail
to determine their normalizations.

~3! We have also shown that theSz DI52 mass isospin
splittings are flavor-spin symmetric, which explains why a
pec-
her

r
as
its
y to
of

able

ll

theoretical models give approximately the same prediction
Sc

1122Sc
11Sc

0'2 MeV even though they differ substan-
tially on other isospin mass splittings. The disagreement be
tween this value and the CLEOII experimental measuremen
on Sc

12Sc
0 is presently an outstanding puzzle in particle

physics.
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