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P wave to S wave pion transitions of charmed baryons
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The spin-flavor constituent quark model symmetry of the light diquark system is used to analyze single pion
transitions of heavy baryon states. A light-front constituent quark model calculation shows that the strength of
the single pion couplings of the charmed baryon ground state to the antisymmetricP wave states are sup-
pressed with respect to those of the symmetric multiplet. We also investigate the constituent quark masses
dependence ofP wave toS wave strong coupling constants and decay rates.@S0556-2821~99!06511-X#

PACS number~s!: 12.39.Ki, 13.30.2a, 14.20.Lq
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I. INTRODUCTION

In the last decade, the heavy quark effective theory@1#
has been used extensively to analyze decay processes in
ing heavy baryons@2,3#. However, because of a lack of ex
perimental data, most of these studies have been prim
concentrated on ground-state charm and bottom hadr
The main observation is that, in the heavy quark limit, t
SU(2) flavor and spin symmetries relate the form factors
coupling constants of different transitions among heavy h
ron states. Using this heavy quark symmetry~HQS!, for in-
stance, semileptonic decays ofLb→Lc are described by a
single form factor andSb

(* )→Sc
(* ) required two independen

form factors@2,4#. Therefore, semileptonic transitions amo
ground state (S wave! heavy baryons are described in term
of only three form factors.

To go beyond these predictions, however, one need
incorporate other symmetries manifested by the light deg
of freedom. The three form factors describe semileptonic
cays ofS wave heavy baryons are instead determined b
single universal function. This result is a consequence of
spin-flavorSU(4) symmetry which arises in the baryon se
tor in the large-Nc limit @5#. Similar conclusions can be
achieved using a constituent quark model with the unde
ing SU(2Nf)3O(3) light diquark symmetry@6#. Moreover,
these symmetries can, also, be used to significantly red
the number of the current induced transition form factors
P wave toS wave heavy baryon states@6,7#.

The mechanism of strong and electromagnetic decay
heavy baryons are quite different from those in weak curre
induced transitions. In the former, the heavy quark is
active and the transitions are solely that of the light diqu
system. This is contrary to semileptonic decays where
transitions are induced by the heavy quark. Instead of tr
ing the pion as a genuineqq̄ state, it is assumed that the
exist an effective operator which couples the pion to each
the light quarks in the heavy baryon. This assumption w
also employed in most of the noncharmedSU(6)3O(3) or
SU(6)W3O(3) quark models@8#.

Applications of the constituent quark model symmetr
to analyze strong transitions among heavy baryon state
the heavy quark limit, were presented in Refs.@7,9# using the
heavy hadron chiral perturbation theory~HHCPT! and in a
covariant SU(2Nf)3O(3) approach@10–12#. The main
0556-2821/99/60~1!/014013~8!/$15.00 60 0140
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achievement obtained so far is that, ground state heavy b
ons one-pion decays are described by a single coupling
stant. However, two couplings are required to determ
transitions from each of the twoP wave multiplets to the
ground state. The strength of these couplings are usually
termined from the experimental data which are not availa
at present for most of the charmed baryon resonances. Th
fore, a model calculation of these couplings should give
least some indication of the qualitative nature of single p
transitions.

The s-wave couplingf s and d-wave couplingf d corre-
spond to f Lc1Scp and f L

c1* Scp , respectively, for charmed

baryons were calculated in Ref.@13# using light-front ~LF!
wave functions. These couplings are sufficient to descr
single pion transitions from the symmetricP wave multiplet
to the S wave ground state. The purpose of this paper is
use the same~LF! wave functions to calculate the coupling
f Sc1Scp and f S

c1* Scp which describe the transitions from th

antisymmetric P wave multiplet to the ground state o
charmed baryons. Also, we shall investigate the depende
of the single pion charmed baryons decay rates on the c
stituent quark masses.

In Sec. II we use theSU(2Nf)3O(3) spin wave func-
tions to derive the constituent quark model relations for
single pion transitions of heavy baryon states. We shall
vote Sec. III to the LF calculation of the single pion trans
tion coupling constantsf Sc1Scp and f S

c1* Scp , as well as to

investigate the sensitivity of the decay rates on the cons
ent quark masses. Finally, we summarize our analysis
concluding Sec. IV.

II. THE SU„2Nf…3O„3… DIQUARK SYMMETRY

In the heavy quark limit both the heavy quark quantu
numbers and the spin and parity of the diquark system
conserved. Therefore, it is possible and even more con
nient to use the diquark quantum numbers to classify he
baryons which will simplify analyzing transitions amon
their states. The light diquark system in heavy baryons m
be usefully classified in terms of the well knownSU(2Nf)
3O(3) symmetry, whereNf represents the number of ligh
flavor ands denotes the spin.

The light diquark system in a heavy baryon state is r
resented by theSU(6) tensor (F)AB , with A[(a,a) and
©1999 The American Physical Society13-1
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TABLE I. Heavy quark symmetry predictions forS wave toS wave andP wave toS wave single pion
transitions.

S→S Coupling K→S Coupling k→S Coupling
transitions factors transitions factors transitions factors

SQ
(* )→LQ f p

(1) LQK1→SQ
(* ) f s,d

(1) SQk1→SQ
(* ) f s,d8(1)

SQ
(* )→SQ

(* ) f p
(2) SQK0→LQ f s

(2) LQk0→LQ f s8
(2)

SQK1→SQ
(* ) f s,d

(3) LQk1→SQ
(* ) f s,d8(3)

SQK2→LQ f d
(4) LQk2→LQ f d8

(4)

SQK2→SQ
(* ) f d

(5) LQk2→SQ
(* ) f d8

(5)
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B[(b,b) representing the light quarks spin and flavor qua
tum numbers. The (L-type! and (S-type! diquark spin wave
functions (f)ab are antisymmetric and symmetric, respe
tively, when interchanging the Dirac indicesa andb. As far
as flavor symmetry is concerned, the (L-type! baryons trans-
form as an antitriplet while the (S-type! baryons transform
as a sextet representations ofSU(3). Thewave functions are
antisymmetric and symmetric, respectively, under the p
mutation of the flavor indicesa andb. To represent the or
bital excitations we use the relative momentaK5(1/
A6)(p11p222p3) andk5(1/A2)(p12p2) which are sym-
metric and antisymmetric, respectively, under interchang
the constituent light quark momentap1 andp2.

For the ground state, the tensor (F)AB is symmetric under
the A and B permutation and transforms as21 irreducible
representation ofSU(6). However, forP wave states, (F)AB
can be written in terms of two irreducibleSU(6) represen-
tations of definite symmetries. The first (K multiplet!, with
angular excitationl K51, is symmetric and transforms as21
while the second (k multiplet!, with angular excitationl k
51, is antisymmetric and transforms as15 irreducible rep-
resentation ofSU(6). Thediquark system total wave func
tion (C)AB with parity P5(21)( l K1 l k), however, is con-
structed to be symmetric with respect to the overall fla
3spin3orbital symmetry. These symmetry properties are
crucial importance and will be used later on when evaluat
transition matrix elements. For detailed analysis about
normalization and other properties of these functions
reader is refered to Ref.@14#.

HQS predicts thatS wave toS wave single pion transi-
tions involve twop-wave coupling constants. Furthermor
transitions from each of theK andk multiplets down to the
ground state are determined in terms of seven other c
plings which consist of threes-wave and fourd-wave cou-
plings for each. The parity conserved single pion transitio
and their couplings are listed in Table I. The matrix eleme
Mp of these transitions are explicitly given in@10#.

The general form ofMp can be written as

Mp5H
n1•••n j 2

m1•••m j 1M
m1•••m j 1

n1•••n j 2 , ~1!

whereH andM represents the heavy quark and the diqu
transition matrix elements, respectively, andj 1 and j 2 are the
diquark spin degrees of freedom in the initial and final hea
baryons. In pion transitions, the heavy quark is not act
and is moving with the heavy baryon velocityv, therefore,H
01401
-

-

r-

of

r
f
g
e
e

u-

s
s

k

y
e

is simply a product of Dirac spinoru(v) or the superfield
cm1•••m j(v) and their antispinors. The superfie
cm1•••m j(v), with j being an integer representing the spin
the diquark system, stands for the doublet spin wave fu
tions corresponding to the two heavy quark symmetry nea
degenerate states with spins (j 61/2). On the other hand, th

diquark transition matrix elementsM
m1•••m j 1

n1•••n j 2 are, in general,

tensors of rankj 11 j 2 and are constructed from the pio
momentumq'm5qm2vqvm , g'mn5gmn2vmvn and«mnrd
to ensure parity conservation.

To reduce the number of the various HQS strong c
plings of Table I we need to write the decay matrix eleme
M in terms of theSU(2Nf)3O(3) light diquark covariant
spin wave functions and appropriate transition operators.
transition amplitudes for a diquark transition$ j 1%→$ j 2%
1p are given by

M
m1m2•••m j 1

n1n2•••n j 2 5~f̄n1n2•••n j 2!ab~O8!ab
a8b8~fm1m2•••m j 1

!a8b8 .

~2!

Here,O 8 is an effective operator and we have, explicitl
written the Dirac indicesa (8) andb (8) as well as the Lorentz
indices m i and n i . However, the flavor indices has bee
omitted, which can easily be included in the decay rates.
diquark spin wave functions (f)ab are generally given in
terms of@x0#ab and@xm

1 #ab the spin-0 and spin-1 projectio
operators, respectively. They are antisymmetric and symm
ric, respectively, when interchanginga andb and have the
form

$x0%ab5$~v”11!g5C%ab , @x1,m#ab5@~v”11!g'
mC#ab .

~3!

Here, the charge conjugation operatorC5 ig0g2 and g'm
5gm2v” vm . The diquark spin wave functions (f)ab are ex-
plicitly given in Table II. For heavy baryon resonances, th
are also functions of the relative momentaK andk.

It is more convenient, especially when analyzing tran
tions among higher resonance states, to rewrite the diqu
system spin wave functions (f)ab such that the angular mo
mentum excitationsK and k are factorized which are the
included in the transition effective operator, i.e.,

~fm1m2•••m j
!ab5~fm1m2•••m j

l1l2•••lL !abpl1
pl2

•••plL
, ~4!
3-2
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where each of thepl i
, corresponding to eitherK or k, repre-

sents one unit of the light diquark angular momentum ex
tationsLi . Therefore, the matrix elements in Eq.~2! take the
general form

M
m1m2•••m j 1

n1n2•••n j 2 5~f̄
h1h2•••hL2

n1n2•••n j 2 !ab~O
l1l2•••lL1

h1h2•••hL2~q'!!ab
a8b8

3~f
m1m2•••m j 1

l1l2•••lL1 !a8b8 , ~5!

where,L1 andL2 being, respectively, the diquark initial an
final states angular excitations. To evaluate the matrix
ments of Eq.~5!, one needs to drop out theK andk factors
from the diquark spin functionsf of Table II which are

absorbed in the effective operatorO
l1l2•••lL1

h1h2•••hL2(q'). The ex-

plicit form of the operatorO
l1l2•••lL1

h1h2•••hL2(q') will also depend

on the partial wave involved in the decay process.
In the constituent quark model the pion is emitted by o

of the light quarks so that the leading contributions to

quark-pion effective operatorO
l1l2•••lL1

h1h2•••hL2(q') are those

from one-body operators. It was shown that in the 1/Nc ex-
pansion, two-body emission operators are nonleading
pion couplings toS wave heavy baryons and can be n
glected in the constituent quark model approach@15,16#.
Moreover, an explicit numerical analysis of theP wave toS
wave strong decays@15# showed that the coefficients of th

TABLE II. Covariant diquark spin wave functions ofS wave
andP wave heavy baryons. A traceless symmetric tensor is re
sented by$AmBn%

05
1
2 AmBn1

1
2 AnBm2

1
3 ABgmn .

j P fab

S wave states
LQ 01 (x0)ab

SQ 11 (x1,m)ab

SymmetricP wave states
LQK1 12 (x0K'

m)ab

SQK0 02 1

A3
~x1,mK'm!ab

SQK1 12 i

A2
~«mnrdx1,nK'

r vd!ab

SQK2 22 1
2 ($x1,m1K

'

m2%0)ab

Antisymmetric P wave states
SQk1 12 (x0k'

m)ab

LQk0 02 1

A3
~x1,mk'm!ab

LQk1 12 i

A2
~«mnrdx1,nk'

r vd!ab

LQk2 22 1
2 ($x1,m1k

'

m2%0)ab
01401
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two-body operators are small.1 The most general one-bod
transition operator can be written in the form

O
l1l2•••lL1

h1h2•••hL2~q'!5
f l

(8)

2
@~gsg5! ^ ~1!6 ~1!

^ ~gsg5!#R
sl1l2•••lL1

h1h2•••hL2 ~q'!, ~6!

wheref l and f l8 arel-wave constituent quark model couplin
constant, they, respectively, correspond to the operator w
the1 and2 signs in Eq.~6!. The tensorR is constructed to
project out the appropriate partial wave amplitude.

To be more specific, the partial amplitude involved inS
wave toSwave transitions (L15L250) is p wave so that we
can write

Rs~q'!5 f p
(8)q's . ~7!

For P wave toS wave transitions (L151 andL250) there
are s-wave andd-wave amplitudes with couplingsf s

(8) and
f d

(8) . Therefore, we have

Rsl~q'!5 f s
(8)gsl , ~8!

Rsl~q'!5 f d
(8)Tsl , ~9!

here, the traceless symmetric tensorTsl is given by

Tsl~q'!5q'sq'l2
1

3
q'

2 g'sl . ~10!

Having constructed the transition operatorsO we can now
proceed to calculate the single pion matrix elements in
~5!. As mentioned before, (F)AB is symmetric when inter-
changingA andB for both S wave and K-multipletP wave
and is antisymmetric for thek-multiplet P wave. Therefore,
one can easily show that the diquark matrix elements of
transition operator with the negative sign in Eq.~6! vanishes
for bothSwave toSwave andP waveK-multiplet toSwave
single pion decays. On the other hand fork-multiplet P wave
to Swave transitions, it is the operator with the positive si
in Eq. ~6! which vanishes. One thus concludes that,S wave
to Swave transitions are determined by a single coupling a
transitions from each multiplet of theP wave toSwave pion
decays are determined bys-wave andd-wave constituent
coupling constants.

Now, with the help of Table II and Eqs.~7!–~9!, the non-
vanishing matrix elements of Eq.~5! amongSU(6)3O(3)
diquark states can easily be calculated. One finds thaS
wave to S wave HQS couplings are related to the sing
constituent quark coupling constantf p by

1The authors of Ref.@16#, however, show that two-body operato
for Swave pion couplings toP wave states are not suppressed w
respect to one-body operators in large-Nc expansion. A study of the
contribution of these operators to pion transitions among he
baryon states will be postponed to a future work.

e-
3-3
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f p
(1)5 f p

(2)5 f p . ~11!

Similar analysis shows that inP wave (K-multiplet! to S
wave transitions one gets the following relations:

f s
(1)5 f s , f s

(2)5A3 f s , f s
(3)52A2 f s , ~12!

f d
(1)5 f d , f d

(3)5
1

A2
f d , f d

(4)5 f d , f d
(5)52 f d . ~13!

For P wave (k-multiplet! to S wave transitions we have a
identical relations of Eq.~12! with the replacement

f s
( i )→ f s8

( i ) , f d
( i )→ f d8

( i ) , f s→ f s8 , and f d→ f d8. ~14!

Therefore, in theSU(6)3O(3) symmetry only five inde-
pendent couplings are required to describeSwave toSwave
andP wave toSwave single pion transitions. The constitue
quark model relations in Eqs.~11!–~14! are in agreement
after taking into account the different normalizations, w
corresponding results obtained using HHCPT@7#. This
analysis can be generalized easily to include transitions f
higher resonances.

III. SINGLE PION COUPLING STRENGTHS

To predict transition decay rates between heavy bar
states one needs first to calculate the constituent quark
plings f p , f s

(8) , and f d
(8) . In a recent paper@13#, we have

used LF quark model wave functions to calculatef p , f s ,
and f d for charmed baryons. To complete the analysis oP
wave toSwave transitions we shall calculatef s8 and f d8 using
the same constituent quark model. These two couplings
termine one-pion transitions of antisymmetric multiplet
the ground state heavy baryon, and for charmed baryons
correspond tof Sc1Scp and f S

c1* Scp . Following Ref.@13#, the

one pion coupling constants can be written in terms of
matrix elements of the strong transition currentĵ p(q) be-
tween LF heavy baryon helicity states. Working in the Dre
Yan frame and using the LF spinors as well as some of t
matrix elements between Dirac matrices, presented in
@13#, one gets for thep-wave coupling

gScLcp52
2A3MLc

MSc

~MSc

2 2MLc

2 !
^Lc~P8,↑ !u ĵ p~0!uSc~P,↑ !&.

~15!

For thes-wave andd-wave couplings of theS wave to the
symmetricP wave multiplets we have

f Lc1Scp5^Sc~P8,↑ !u ĵ p~0!uLc1~P,↑ !& ~16!

and
01401
t

m

n
u-

e-

ey

-
ir
f.

f L
c1* Scp5

3A2

~ML
c1*

2MS!2

M
L

c1*
2

~M
L

c1*
2

2MSc

2 !

3 K Sc~P8,↑ !u ĵ p~0!uLc1* S P,
1

2D L , ~17!

and for those of theS wave to the antisymmetricP wave
multiplets one has

f Sc1Scp5^Sc~P8,↑ !u ĵ p~0!uSc1~P,↑ !& ~18!

and

f S
c1* Scp5

3A2

~MS
c1*

2MS!2

M
S

c1*
2

~M
S

c1*
2

2MSc

2 !

3 K Sc~P8,↑ !u ĵ p~0!uSc1* S P,
1

2D L . ~19!

Similar expressions for the couplings of heavy baryons
volving strange quarks such asJc

(* ) and Jc1
(* ) can also be

written. In the LF formalism the total baryon spin
momentum distribution function can be written in the fo
lowing general form:

C~xi ,p' i ,l i ;l!5x~xi ,p' i ,l i ;l!c~xi ,p' i !. ~20!

Here,x(xi ,p' i ,l i ;l) andc(xi ,p' i) represent the spin an
momentum distribution functions, respectively. Assumi
factorization of longitudinal and transverse momentum d
tribution functions, one can write

c~xi ,p' i !5)
i 51

3

d~xi2 x̄i !expF2
kr

2

2ar
2

2
Kl

2

2al
2G , ~21!

with

kr5
1

A2
~p'12p'2!, Kl5

1

A6
~p'11p'222p'3!.

~22!

The longitudinal momentum distribution functions are a
proximated by Dirac-delta functions which are peaked at
constituent quark longitudinal momenta mean valuesx̄i
5mi /M . This assumption is justified since in the weak bin
ing @17# and the valence@18# approximations, the constituen
quarks actually move with the same velocity inside t
baryon. In the heavy quark limit, the longitudinal momentu
fractionsxQ→1 andx$1,2%→0 which cause the conventiona
LF momentum distribution functions to be ill defined at th
end points. This is part of the motivation in choosing ha
monic oscillator functions rather than the conventional
ones to describe the momentum dependence.

The heavy baryon spin wave functions, which are the
generalization of the conventional constituent quark mo
spin-isospin functions, are given by
3-4



-
av

e

se
be

n

V
by
-

s

t
p-
y

at
et

ul
l.

ng
n
w

ar

os-
er-
tro-
del
tic
llator

20
he

on-

he

-
-

se

ts

es.

nd
ht

in
d

P WAVE TO S WAVE PION TRANSITIONS OF . . . PHYSICAL REVIEW D 60 014013
xSQ
5ū~p1 ,l1!@~P” 1MS!g'

m#n~p2 ,l2!ū~p3 ,l3!

3g'mg5u~P,l!. ~23!

The 1
2

2 and 3
2

2 lowest layingP wave states, which are de
generate in the heavy quark limit, have covariant spin w
functions of the form

xB(1/22)5ū~p1 ,l1!@~P” 1MB!g5#

3n~p2 ,l2!ū~p3 ,l3!Q” g5u~P,l! ~24!

and

xB* (3/22)5ū~p1 ,l1!@~P” 1MB* !g5#

3n~p2 ,l2!ū~p3 ,l3!Qmum~P,l!. ~25!

HereQ5K for the symmetricP wave statesLQK1 (JQK1)
andLQK1* (JQK1* ) and one hasQ5k for the antisymmetric
P wave statesSQk1 and SQk1* . These are functions of th
longitudinal momentum fractionxi5pi

1/P1, the transverse
momentump' i and the helicityl i of the constituent quarks
in a baryon with momentumP and helicityl.

The numerical values for the constituent quark mas
and the oscillator couplings are taken to
mu5md50.33 GeV, ms50.48 GeV, mc51.51 GeV,ar

50.40 GeV, andal50.52 GeV. The charmed baryo
massesMSc

52.45 GeV, MSc1
52.668, andMS

c1*
52.701.

Here, theSc1 and Sc1* masses are taken to be 0.075 Ge
above theLc1 andLc1* masses, respectively, as predicted
the quark model@19,20#. Using the LF momentum distribu
tion functions Eq.~21! and the spin functions Eqs.~23!–~25!,
the two charmed baryons strong couplingsf Sc1Scp and

f S
c1* Scp are calculated to be

f Sc1Scp50.09, f S
c1* Scp50.91 GeV22. ~26!

The single pion decay rates of the two lowest laying state
the antisymmetric multiplet Sc1(2.668)→Sc and
Sc1* (2.701)→Sc can now be predicted:

GSc1→Sc1p50.20 MeV, GS
c1* →Sc1p50.005 MeV.

~27!

These results show that the single pion decay rates of
antisymmetricP wave multiplet to the ground state are su
pressed with respect to the corresponding rates of the s
metric P wave multiplet calculated in Ref.@13# which are
typically of the order of 1 MeV. One thus concludes th
measurement of these decay rates from the antisymm
multiplet (k multiplet! to the ground state will be difficult.

As the case in all model calculations the numerical res
depend on the values of the parameters used in the mode
our LF model the free parameters are the oscillator coupli
ar and al which, in general, depend on the constitue
quark masses. The investigation of this dependence
complete the analysis of charmed baryonsP wave toSwave
single pion transitions. Unfortunately, there is no stand
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procedure to fix the values of the quark masses and the
cillator couplings, instead different approaches gives diff
ent sets of values. In general, the fitting of hadron spec
scopic properties help to determine most of the quark mo
free parameters. Most of the nonrelativistic and relativis
quark models assume that both the masses and the osci
confining parameters are of the order ofLQCD. However, the
exact numerical values in a model may differ by up to 1
MeV depending whether they are obtained from fitting t
hadron spectrum or their decay properties@23,24#.

To make our analysis systematic we adopt a simple n
relativistic dependence, usually used in theuds basis
@19,20#, of the harmonic oscillator size parameters on t
constituent quark masses

ar5~3mrk!1/4, al5~3mlk!1/4, ~28!

with

mr5m and ml53mmc /~2m1mc!. ~29!

The constituent quark massesm andmc and the scale param
etersar andal may be obtained from fitting the static prop
erties of baryons. If one takesar5al50.41 GeV, used to
fit baryon masses and some decay rates@21#, the value of the
oscillator constantk is fixed to bek50.029 GeV3 where
the light quark mass ism50.33 GeV, commonly used in
nonrelativistic quark models, and which is larger than tho
assumed by some relativistic models.

The P wave to S wave single pion coupling constan
gScLcp , f Lc1Scp , and f L

c1* Scp , defined in Eqs.~15!,~16!,

and f Sc1Scp and f S
c1* Scp defined in Eqs.~18! and ~19!, will

be calculated for different values of the light quark mass
The massesmu5md5m are taken to bem50.22, 0.28, and
0.34 GeV, we also takems5m10.15 GeV. This range
covers the values usually used in nonrelativistic@21,22# and
relativistic quark models@23,24#. The Lc , Sc

(* ) , andJc
(* )

masses are those quoted by the Particle Data Group@25#. We
notice that for values less thanm50.22 GeV and more than
m50.34 GeV the integrals are numerically unstable a
thus will be excluded. Table III shows the sensitivity to lig
quark masses of the pion coupling strengths amongS wave
baryons and those of the ground-state to theP wave orbital
excited states calculated using Eqs.~15!–~19!. TheSwave to
the symmetricP wave couplings have also been calculated
Ref. @26# using a relativistic three quark model. They foun
that

gScLcp58.88 GeV21, f Lc1Scp50.52,

f L
c1* Scp522 GeV22 ~30!

and

gJ
c* Jcp58.34 GeV21, f J

c1* J
c* p50.32,

f J
c1* J

c8p520 GeV22, ~31!
3-5
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which are close to our results obtained using a quark m
m50.22 GeV. In Table IV, we present predictions for th
decay rates calculated using the following relations:

G (p-wave)5 f p
2I 2

uqW u3

6p

MBQ

MB
Q8

, ~32!

TABLE III. P wave toS wave strength couplings dependen
on the constituent light quark masses. The value of the oscill
constant is taken to bek50.029 GeV3.

m50.22 m50.28 m50.34

p-wave couplings
gScLcp (GeV21) 6.16 6.43 6.86
gJ

c* Jcp (GeV21) 6.02 6.21 6.48

s-wave couplings
f Lc1Scp 0.53 0.64 0.80
f J

c1* J
c* p 0.32 0.44 0.58

f Sc1Scp 0.06 0.07 0.09

d-wave couplings
f L

c1* Scp (GeV22) 36.6 50.2 65.1
f J

c1* J
c8p (GeV22) 24.2 32.0 40.5

f S
c1* Scp (GeV22) 0.60 0.75 0.91
01401
ss

G (s-wave)5 f s
2I 2

uqW u
2p

MBQ

MB
Q8

, ~33!

G (d-wave)5 f d
2I 2

uqW u5

18p

MBQ

MB
Q8

, ~34!

with I is an appropriateSU(3) flavor factor anduqW u being the
pion momentum in the rest frame of the decaying bary
BQ . For comparison, Table IV also includes results obtain
using a relativistic three quark model@26# and the available
experimental data@25#.

IV. SUMMARY AND CONCLUSIONS

We have used theSU(2Nf)3O(3) symmetry of the light
diquark system to reduce the number of HQS coupling fa
tors of heavy baryon single-pion decays. Assuming one-bo
interactions, it is shown that five couplings are required
describe single pion transition amongSandP wave states in
the heavy quark limit. These result are obtained using co
riant spin wave functions for the light diquark system an
they agree with the HHCPT predictions@7#.

We also calculate the two independent couplingsf Sc1Scp

and f S
c1* Scp using a LF quark model wave functions. Thes

or
mass
TABLE IV. Single pion decay rates of charmed baryon states for different values of the light quark
m. The values ofG* are taken from Ref.@26# which are in MeV as well as the calculated decay ratesG and
the light quark massm.

BQ→BQ8 p Gm5220 Gm5280 Gm5340 G* Gexpt.

p-wave transitions
Sc

1→Lcp
0 1.39 1.51 1.72 3.6360.27

Sc
0→Lcp

2 1.28 1.40 1.59 2.6560.19
Sc

11→Lcp
1 1.34 1.46 1.67 2.8560.19

Sc*
0→Lcp

2 10.15 11.06 12.58 21.2160.81 13.023.0
13.7

Sc*
11→Lcp

1 10.50 11.44 13.03 21.9960.87 17.923.2
13.8

Jc*
0→Jc

0p0 0.44 0.46 0.51 1.0160.15 ,5.5
Jc*

0→Jc
1p2 1.08 1.15 1.25 2.1160.29

Jc*
1→Jc

0p1 0.91 0.97 1.05 1.7860.33 ,3.1
Jc*

1→Jc
1p0 0.56 0.60 0.65 1.2660.17

s-wave transitions
Lc1(2593)→Sc

0p1 1.08 1.59 2.47 0.8360.09 ,0.8620.56
10.73

Lc1(2593)→Sc
1p0 0.72 1.05 1.64 0.9860.12 GLc1

53.621.3
12.0

Lc1(2593)→Sc
11p2 0.90 1.30 2.04 0.7960.09 ,0.8620.56

10.73

Jc1* (2815)→Jc*
0p1 0.74 1.39 2.41 0.9160.03 GJ

c1*
,2.4

Jc1* (2815)→Jc*
1p0 0.36 0.68 1.19 0.4860.02

Sc1(2670)→Scp 0.085 0.11 0.19
d-wave transitions
Lc1* (2625)→Sc

0p1 0.22 0.42 0.71 0.08060.009
Lc1* (2625)→Sc

1p0 0.20 0.38 0.64 0.09560.012 GL
c1*

,1.9
Lc1* (2625)→Sc

11p2 0.21 0.40 0.67 0.07660.009
Jc1* (2815)→Jc

08p1 0.45 0.79 1.27 0.4660.39
Jc1* (2815)→Jc

18p0 0.23 0.40 0.64 0.2560.21
Sc1* (2701)→Scp 0.001 0.003 0.004
3-6
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couplings determine the one pion transitions of charm
baryons from the antisymmetric excited state (k multiplet! to
the ground state. The LF calculations show that the str
decay rates among these states are suppressed with resp
the corresponding transitions from the symmetric multip
This suppression might be due to the fact that the (15,12)
multiplet lies higher in energy than the (21,12). In fact, the
k multiplet is at least 75 MeV above theK multiplet as pre-
dicted by the quark model@19,20#. Here, (a,LP) denotes the
diquark SU(6) supermultiplet representationa and its or-
bital excitationL with parity P. However, there might be stil
some contributions to the width of charmed baryon sta
forming this multiplet due to transitions involving other m
sons or from electromagnetic decay channels. Since th
channels are usually small, one thus concludes that the w
measurement of the antisymmetric multipletP wave
charmed baryon resonances might be more difficult and
require much more effort.

Finally, as can be seen from Table III,P wave toS wave
single pion coupling strengths are sensitive to changes in
light quark masses and the oscillator parameters. There
least a 25% reduction in the value of the coupling streng
calculated using values for the light quark masses commo
used in relativistic models compared to those obtained u
the nonrelativistic once. This feature has also been obse
studying the proton spin in Ref.@27#, analyzing strong de-
cays ofD* mesons in a light front quark model@28#, and in
Ref. @29# calculating the axial couplinggA using a relativistic
three quark model formulated on the light cone. These r
tivistic effects, which might be due to Melosh rotation ge
erated by the constituent quarks internal transverse mom
M
r

.

, i
co

01401
d

g
ct to
t.

s

se
th

ill

he
at
s
ly
g

ed

a-
-
n-

tum, are important when analyzing hadron decay fo
factors.

We conclude noting that decay rates among ground s
charmed baryons and most of those fromP wave toS wave
are within the experimental data. Furthermore, decay ra
for s-wave transitions, predicted for values of light qua
massm50.22 GeV, are in agreement with those calcula
in Ref. @26#. We also notice that, thed-wave couplings are
very sensitive to the value of the masses of baryons invol
in the decay process. One thus should take the predicted
with more caution since there are still large uncertainties
the measurements of these masses. Table III shows
single pion couplings ofJc

(* ) baryons are in general smalle
than those involvingLc or Sc within the same multiplet. We
would like to mention that the inclusion of two-body an
higher operators, which will break the spin-flavor symmet
may increase the number of coupling factors required to
scribeP wave toS wave strong transitions. It would be in
teresting to go beyond heavy quark limit by including 1/mc
corrections as well as the mixing of states to form the phy
cal baryon wave functions which might also modify the d
cay rate predictions by up to 15%.
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