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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 antisymetriwe states are sup-
pressed with respect to those of the symmetric multiplet. We also investigate the constituent quark masses
dependence d® wave toSwave strong coupling constants and decay r4®8556-282(199)06511-X]

PACS numbgs): 12.39.Ki, 13.30-a, 14.20.Lq

I. INTRODUCTION achievement obtained so far is that, ground state heavy bary-
ons one-pion decays are described by a single coupling con-
In the last decade, the heavy quark effective thgdiy sStant. However, two couplings are required to determine
has been used extensively to analyze decay processes involansitions from each of the twe wave multiplets to the
ing heavy baryon$2,3]. However, because of a lack of ex- ground state. The strength of these couplings are usually de-
perimental data, most of these studies have been primariI'S?rmi”ed from the experimental data which are not available
concentrated on ground-state charm and bottom hadrong! Present for most of the charmed baryon resonances. There-
The main observation is that, in the heavy quark limit, thefore, a model calculation of these couplings should give at

SU(2) flavor and spin symmetries relate the form factors ofl€ast some indication of the qualitative nature of single pion

coupling constants of different transitions among heavy hagtransitions. . .

ron states. Using this heavy quark symmetiQS), for in- The swave couplingf, and d-wave couplingfy corre-
stance, semileptonic decays A&f,— A, are described by a spond tOfAclzc” and fAﬁl_Ec”’ respec.uvel}/, for charmed
single form factor an&ﬁ,*)—d(c*) required two independent baryons were calculated in RdfL3] using light-front(LF)

form factors[2,4]. Therefore, semileptonic transitions among wave functions. These couplings are sufficient to describe

ground state $ wave) heavy baryons are described in terms Singl€ pion transitions from the symmetitwave multiplet
of only three form factors. to the Swave ground state. The purpose of this paper is to

To go beyond these predictions, however, one needs t se the samé_F) wave functions to calculate the couplings
andfz*lzcﬁ which describe the transitions from the

incorporate other symmetries manifested by the light degrees 1.
of freedom. The three form factors describe semileptonic deantisymmetric P wave multiplet to the ground state of
cays of S wave heavy baryons are instead determined by &harmed baryons. Also, we shall investigate the dependence
single universal function. This result is a consequence of thef the single pion charmed baryons decay rates on the con-
spin-flavorSU(4) symmetry which arises in the baryon sec- stituent quark masses.

tor in the largeN, limit [5]. Similar conclusions can be  In Sec. Il we use th&&U(2N¢) X O(3) spin wave func-
achieved using a constituent quark model with the underlytions to derive the constituent quark model relations for the
ing SU(2N;) X O(3) light diquark symmetry6]. Moreover,  single pion transitions of heavy baryon states. We shall de-
these symmetries can, also, be used to significantly reducete Sec. Il to the LF calculation of the single pion transi-
the number of the current induced transition form factors fortion coupling constant$y s . andfsx s -, as well as to

P wave toSwave heavy baryon statés,7]. investigate the sensitivity of the decay rates on the constitu-

The mechanism of strong and electromagnetic decays ®&nt quark masses. Finally, we summarize our analysis in a
heavy baryons are quite different from those in weak currentgoncluding Sec. IV.

induced transitions. In the former, the heavy quark is not
active and the transitions are solely that of the light diquark
system. This is contrary to semileptonic decays where the
transitions are induced by_the heaVy quark. Instead of treat- In the heavy quark limit both the hea\/y quark quantum
ing the pion as a genuingq state, it is assumed that there numbers and the spin and parity of the diquark system are
exist an effective operator which couples the pion to each ofonserved. Therefore, it is possible and even more conve-
the light quarks in the heavy baryon. This assumption wasient to use the diquark qguantum numbers to classify heavy
also employed in most of the noncharn®tl(6)< O(3) or  baryons which will simplify analyzing transitions among
SU(6)wx0O(3) quark modelg$8]. their states. The light diquark system in heavy baryons may
Applications of the constituent quark model symmetriesbe usefully classified in terms of the well knov8U(2Nys)
to analyze strong transitions among heavy baryon states, iK O(3) symmetry, wherd; represents the number of light
the heavy quark limit, were presented in R¢%9] using the  flavor ando denotes the spin.
heavy hadron chiral perturbation theatdHCPT) and in a The light diquark system in a heavy baryon state is rep-
covariant SU(2N¢) X O(3) approach[10-12. The main resented by th&U(6) tensor ®)ag, with A=(«a,a) and

II. THE SU(2N;) X O(3) DIQUARK SYMMETRY
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TABLE |. Heavy quark symmetry predictions f@&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
33— Aq fgi) Agri—3) f%} Sou—3§) f;‘d;)
el fo’ EQKO_}A(% f%ai AQKO_)A<Q) f%s;
!
EQKl_’EQ* fs[,‘d Ale—’EQ* fs,a
2k~ Aq fi Agre—Aq fl
EQKz_)ES') fgs) AkaﬁEg) fé(s)

B=(B,b) representing the light quarks spin and flavor quands simply a product of Dirac spinou(v) or the superfield

tum numbers. TheX-type) and & -type) diquark spin wave 1" "*i(v) and their antispinors. The superfield

functions (#),s are antisymmetric and symmetric, respec-¢*“1" " "#i(v), with j being an integer representing the spin of

tively, when interchanging the Dirac indicasand 3. As far  the diquark system, stands for the doublet spin wave func-

as flavor symmetry is concerned, th&-(ype) baryons trans- tions corresponding to the two heavy quark symmetry nearly

form as an antitriplet while theX-type) baryons transform degenerate states with spirjs{1/2). On the other hand, the

as a sextet representations33f(3). Thewave functions are  diquark transition matrix elementst '* "'z are, in general,

antisymmetric and symmetric, respectively, under the per- Tt

mutation of the flavor indicea andb. To represent the or- tensors of rankj;+j, and are constructed from the pion

bital excitations we use the relative momenka=(1/ momemumh,fzq#—quﬂ_, 91 uv=0ur— U0, aNde s

J6)(p1+po—2ps) andk=(1/\/2)(p;—p,) which are sym- 1O ensure parity conservation. _

metric and antisymmetric, respectively, under interchange of TO reduce the number of the various HQS strong cou-

the constituent light quark momenpa and p.. plings of Table | we need to write the decay matrix elements
For the ground state, the tensdr)xg is symmetric under /M in terms of theSU(2N;) x O(3) light diquark covariant

the A and B permutation and transforms &4 irreducible  SPin wave functions and appropriate transition operators. The

representation o8 U(6). However, forP wave states, @), ~ transition amplitudes for a diquark transitiof),j—{j.}

can be written in terms of two irreducibBU(6) represen- +7 are given by

tations of definite symmetries. The firK (multiplet), with S _ .

angular excitatiod =1, is symmetric and transforms 24 M = (e i) B0 f (g Jarpr -

while the second K multiplet), with angular excitatior ki, h @

=1, is antisymmetric and transforms &5 irreducible rep-
resentation ofSU(6). Thediquark system total wave func- Here, O is an effective operator and we have, explicitly,
written the Dirac indices:!) and (") as well as the Lorentz

tion (¥)g with parity P=(—1)(«"'W  however, is con-

structed to be symmetric with respect to the overall flavor." -

X spinx orbital symmetry. These symmetry properties are ofmd[ces Ki a}nd Vi Hov_vever,_ the fIavpr indices has been

crucial importance and will be used later on when evaluatin _mltted, Wr_"Ch can eaS|Iy_ be included in the decay rates. The

transition matrix elements. For detailed analysis about th&iquark spin wave functionsdf),; are generally given in

normalization and other properties of these functions thd®™MS Of[x"lag and[x,].s the spin-0 and spin-1 projection

reader is refered to Ref14]. qperators, r.espectlvely.'They are e_mtlsymmetrlc and symmet-
HQS predicts thas wave toS wave single pion transi- "iC; respectively, when interchanging and 8 and have the

tions involve twop-wave coupling constants. Furthermore, form

transitions from each of th& andk multiplets down to the o 1

ground state are determined in terms of seven other cou-{X tap={(¥+1)¥sClap, [X *lap=[(+1)¥Clap.

plings which consist of thres-wave and fourd-wave cou- )

plings for each. The parity conserved single pion transitions ) ) )

and their couplings are listed in Table I. The matrix elementdi€re, the charge conjugation operatoriyoy, and vy, ,

M™ of these transitions are explicitly given ja0]. =7Yu—?v, . The diquark spin wave functions{,.; are ex-
The general form oM™ can be written as plicitly given in Table Il. For h_eavy baryon resonances, they
are also functions of the relative mometaandk.
M7= M Fapg e (1) It is more convenient, especially when analyzing transi-
S PR o S PY tions among higher resonance states, to rewrite the diquark

. system spin wave functionsp) .z such that the angular mo-
where?{ and M represents the heavy quark and the diquarkpentum excitationk andk are factorized which are then

transition matrix elements, respectively, gncandj, are the  ncluded in the transition effective operator, i.e.,
diquark spin degrees of freedom in the initial and final heavy
baryons. In pion transitions, the heavy quark is not active

= (M2 M
and is moving with the heavy baryon velocitytherefore;H (Pryny-- ‘Mj)“ﬂ (6 :U“j)aﬁp}\lp}\z P @

Mg
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TABLE II. Covariant diquark spin wave functions &wave  two-body operators are smallThe most general one-body
andP wave heavy baryons. A traceless symmetric tensor is repretransition operator can be written in the form
sented by{A,B,1°=2A B, +3A,B,— 5ABg,, .

£

. |
i° bus O a0 = [ y9e= ()
Swave states
o 7172 7L
QQ (1)1 (()(103;,8 ®(y 75)]R(,W2_,,Ai1(q$), (6)
Q X" ap
_ wheref, andf| arel-wave constituent quark model coupling
SymmetricP wave states constant, they, respectively, correspond to the operator with
Agk1 1- (X°K%) g the + and— signs in Eq.(6). The tensoR is constructed to
g q

B 1 project out the appropriate partial wave amplitude.

Zqko 0 E(Xl#Klp)aB To be more specific, the partial amplitude involvedSn
wave toSwave transitionsl(;=L,=0) isp wave so that we

- i can write
2ok 1 E(ewpaxl'”Kﬁv‘?)aﬁ
Soke 2- L({x K 70 R,(a,)=f}"d,,. )

For P wave toS wave transitionsl(;=1 andL,=0) there

Antisymmetric P wave states . . -
4 are swave andd-wave amplitudes with coupllngﬁs’) and

— O m
a4 ! (KD e f{). Therefore, we have
Aquo 0 i()(l"‘k ) ")

\/§ Lulap R(r)\(qL): fs go’)\ ’ (8)

_ i ,
Ale 1 E(E,u,upﬁxl’vkﬁv&)aﬁ R(r)\(qi) = fgi )T(r)\ ’ (9)
Aqie 2- F({xXMKEZ0) here, the traceless symmetric ten3gy, is given by

1 2

where each of the, , corresponding to eithd¢ or k, repre- Toa(A0)=0160x 3019001 - (10

sents one unit of the light diquark angular momentum exci-
tationsL; . Therefore, the matrix elements in E§) take the  Having constructed the transition operatd?swe can now

general form proceed to calculate the single pion matrix elements in Eq.
(5). As mentioned before, &) 5g is symmetric when inter-
vive v, :(ng' o yaB( o T2 "”LZ(qL))a'ﬁ' chan.gingA andB for both Swave.and K-multipletP wave
Mk By M, LELEIANR *p and is antisymmetric for thkmultiplet P wave. Therefore,
Ahoe o, c one can easily showl that the diql_Jark .mat.rix elements of the
x(¢u1u2-~-uh)“'ﬁ' ; (5 transition operator with the negative sign in E6) vanishes

for both Swave toSwave andP waveK-multiplet to Swave

] ) ) o single pion decays. On the other hand kemultiplet P wave
where,L, andL, being, respectively, the diquark initial and 5 S\ave transitions, it is the operator with the positive sign
final states angular excitations. To evaluate the matrix eley, Eq. (6) which vanishes. One thus concludes ti&wyave
ments of Eq.(5), one needs to drop out theandk factors 5 s\ave transitions are determined by a single coupling and
from the diquark spin functiongs of Table Il which are  yansitions from each multiplet of tHewave toSwave pion
absorbed in the effective operator”*’* " "2(q,). The ex- decays are determined kywave andd-wave constituent

N s coupling constants.

plicit form of the operato©, ~ , "*(4,) will also depend Now, with the help of Table Il and Eq$7)—(9), the non-

! vanishing matrix elements of E¢5) amongSU(6) < O(3)
ediquark states can easily be calculated. One finds that,
gvave to S wave HQS couplings are related to the single
constituent quark coupling constaiyf by

on the partial wave involved in the decay process.
In the constituent quark model the pion is emitted by on
of the light quarks so that the leading contributions to th

guark-pion effective operato@fi;’j:":tz(ql) are those
1

from one-body operators. It was shown that in thid 1éx-

pansion, two-body emission operators are nonleading for iThe authors of Ref16], however, show that two-body operators
pion couplings toS wave heavy baryons and can be ne-for Swave pion couplings t® wave states are not suppressed with
glected in the constituent quark model appro#tb,16.  respect to one-body operators in lafggexpansion. A study of the
Moreover, an explicit numerical analysis of tRewave toS  contribution of these operators to pion transitions among heavy
wave strong decayfsl5] showed that the coefficients of the baryon states will be postponed to a future work.
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2
*
Acl

M=) =
fH=f@=f,. (1D) 33 M

fA* Som
- . . . 2 2 2
Similar analysis shows that i® wave (K-multiplet) to S e (MA;*l_ME) (MAgl_MEC)
wave transitions one gets the following relations:

N 1
X{ 2P, D1 (0)[AT (P,—)>, 17

(O-t,, (0= G, (O-— 3, 12 SURNRCICILE
and for those of theés wave to the antisymmetri® wave

1 multiplets one has
fM=1t,, fg3>=—2fd, fM=ty, P=—1,. (13

%

For P wave (k-multiplet) to S wave transitions we have an zpg
identical relations of Eq(12) with the replacement

fs s.n= (2P, DI #(0)[Zca(P, 1)) (18)

2
32 Msz,

= > >
(Msx —My)? (M3« =M35)

fOf O g0 £/ f £ and fq—f). (19 fyx

X 3w
Therefore, in theSU(6)X O(3) symmetry only five inde- 1
pendent couplings are requwgd to des_qfﬂzwave toSwaye X < EC(P,!T)Hﬂ'(O)lE:l( P, 5
andP wave toSwave single pion transitions. The constituent

guark model relations in Eq$11)—(14) are in agreement, ) ) .
after taking into account the different normalizations, with S|m|_lar expressions for the cou(el;ngs ol(rl?avy aryons in-
corresponding results obtained using HHCP7]. This  Vvolving strange quarks such &’ and=¢}’ can also be

analysis can be generalized easily to include transitions frof#ritten. In the LF formalism the total baryon spin-
higher resonances. momentum distribution function can be written in the fol-

lowing general form:

> . (19

1. SINGLE PION COUPLING STRENGTHS WX P AN =X (X Pris NN (X)) (20)

To predict transition decay rates between heavy baryor|1_|e

states one needs first to calculate the constituent quark COlsomentum distribution functions respectively. Assuming

i (1) () e - .
plings f,, f"”, andfy’. In a recent papefl3], we have  factorization of longitudinal and transverse momentum dis-
used LF quark model wave functions to calculdte fs,  tribution functions, one can write

and fy for charmed baryons. To complete the analysi$of

wave toSwave transitions we shall calculaté andf using s _ 2 2

the same constituent quark model. These two couplings de- P X ,pﬂ)=H 5(xi—xi)exp{ — —”2— —A] (21
termine one-pion transitions of antisymmetric multiplet to =1 2a,,

the ground state heavy baryon, and for charmed baryons the\k//'th

correspond tds s _» andfgélgcﬂ. Following Ref.[13], the '

one pion coupling constants can be written in terms of LF

. 1
matrix elements of the strong transition currgn{q) be- kﬁﬁ(pu—rhz), K)\:%(pj_l_*' PL2—2P.3)-
tween LF heavy baryon helicity states. Working in the Drell- 22)
Yan frame and using the LF spinors as well as some of their

matrix elements between Dirac matrices, presented in Refrpe |ongitudinal momentum distribution functions are ap-
[13], one gets for the-wave coupling proximated by Dirac-delta functions which are peaked at the
constituent quark longitudinal momenta mean valugs

re,x(Xi,p.i,\i;A\) and (X ,p,;) represent the spin and

2\3M My . =m; /M. This assumption is justified since in the weak bind-
Os A=~ W<AC( P DI (0)|Zc(P,1)). ing [17] and the valencfl8] approximations, the constituent
( b Ac) guarks actually move with the same velocity inside the

(15 baryon. In the heavy quark limit, the longitudinal momentum
fractionsxqo—1 andxg; »—0 which cause the conventional
For theswave andd-wave couplings of the&s wave to the LF momentum distribution functions to be ill defined at the

symmetricP wave multiplets we have end points. This is part of the motivation in choosing har-
monic oscillator functions rather than the conventional LF
/ 2 ones to describe the momentum dependence.
frs = (2c(P . DT A(0)|Act(P,1)) (16) P

The heavy baryon spin wave functions, which are the LF
generalization of the conventional constituent quark model
and spin-isospin functions, are given by
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=u(p; AM[(P+Ms)y* Ao)u(Pa A procedure to fix the values of the quark masses and the os-
o (Pl 2)YE]v(P2 A2)U(Ps.ha) cillator couplings, instead different approaches gives differ-
Xy, ,¥sU(P,\). (23 ent sets of values. In general, the fitting of hadron spectro-

scopic properties help to determine most of the quark model
The 3~ and3~ lowest layingP wave states, which are de- free parameters. Most of the nonrelativistic and relativistic
generate in the heavy quark limit, have covariant spin wavejuark models assume that both the masses and the oscillator

functions of the form confining parameters are of the order/ofcp. However, the
_ exact numerical values in a model may differ by up to 120
Xe(1/2-)=U(P1.A)[(P+Mg) ys] MeV depending whether they are obtained from fitting the
_ hadron spectrum or their decay propertigs,24.
Xv(p2,A2)u(P3,N3)Qysu(P,N) (24 To make our analysis systematic we adopt a simple non-

relativistic dependence, usually used in thels basis
[19,2Q, of the harmonic oscillator size parameters on the
constituent quark masses

and

X* 32y =U(P1, A )[(P+Mgs) ¥s]
X p(P2 A2)U(P3 Aa)QUAPN).  (25) a,=(3m,) = (3my )t (28)

HereQ=K for the symmetric® wave states\ox; (Eqky) ~ With
andAgy, (Egky) and one haQ=k for the antisymmetric
P wave states.q,; andXg,,. These are functions of the
longitudinal momentum fractiom;=p;"/P*, the transverse
momentump, ; and the helicityn; of the constituent quarks
in a baryon with momentur® and helicity\.

The numerical values for the constituent quark masse

ﬁ]nd_ mth_eo 3382?\1}0:“ _cglil%lmgzv ?nre_ltglfegevtz beosciIIator constani is fixed to bexk=0.029 GeV where
urd A, . 'r the light quark mass isn=0.33 GeV, commonly used in
=0.40 GeV, anda,=0.52 GeV. The charmed baryon L ' D
- - - nonrelativistic quark models, and which is larger than those
massesMs, =2.45 (iev, Mz ,=2.668, andMsx =2.701.  coimed by some relativistic models.
Here, theX.; and g, masses are taken to be 0.075 GeV  The P wave to S wave single pion coupling constants
above theA ;; andAf; masses, respectively, as predicted bYgs A »» fa S and fA’élE - defined in Egs(15),(16),
the quark modef19,20. Using the LF momentum distribu- 4. '¢ o o -
. ) , : s s - andfsxs _ defined in Eqs(18) and (19), will
tion functions Eq(21) and the spin functions Eq&3)—(25), c1c c1e k
acz) P 92329 be calculated for different values of the light quark masses.

the two charmed baryons strong couplin and
y g P g§°12°” The massem,=my=m are taken to ben=0.22, 0.28, and

fZ?@cW are calculated to be 0.34 GeV, we also taken=m+0.15 GeV. This range
_ _ 2 covers the values usually used in nonrelativigfit,22 and
F3.137=0.09, T2 5 =091 GeV™. (29 relativistic quark model§23,24. The A, &), and=®)
) . . masses are those quoted by the Particle Data Gi2kipWe
The single pion decay rates of the two lowest laying states Of tice that for values less than=0.22 GeV and more than
th*e antisymmetric  multiplet %.,(2.668)~%c and 11— 34 GeV the integrals are numerically unstable and
21(2.701)—X can now be predicted: thus will be excluded. Table Il shows the sensitivity to light
uark masses of the pion coupling strengths amBmegave
Is-3,+7=020 MeV, I'sx 5 ,7=0.005 MeV. garyons and those ofahe grou’;d—gtate togl?hﬁ/ave gggital
(27)  excited states calculated using E(E5)—(19). TheSwave to

the symmetrid® wave couplings have also been calculated in

The_se resul'gs show that t_he single pion decay rates of thIsef. [26] using a relativistic three quark model. They found
antisymmetricP wave multiplet to the ground state are sup- that

pressed with respect to the corresponding rates of the sym-

metric P wave multiplet calculated in Ref13] which are _ 1 _

typically of the order of 1 MeV. One thus concludes that, G5 n =888 GeV, Ty 3»=0.52,

measurement of these decay rates from the antisymmetric

multiplet (k multiplet) to the ground state will be difficult. faxs »=22 Gev ? (30
As the case in all model calculations the numerical results

depend on the values of the parameters used in the model. #nd

our LF model the free parameters are the oscillator couplings

a, and a, which, in general, depend on the constituent Oz*z ,=8.34 GeV'!, fzx z+,=0.32,

quark masses. The investigation of this dependence will ee e

complete the analysis of charmed baryéhwave toSwave

single pion transitions. Unfortunately, there is no standard

m,=m and m,=3mm./(2m+m,). (29
The constituent quark massesandm, and the scale param-
etersa, ande, may be obtained from fitting the static prop-

rties of baryons. If one takes,= a,=0.41 GeV, used to
it baryon masses and some decay rg#ds, the value of the

fzx =1,=20 GeV?, (31
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TABLE Ill. P wave toS wave strength couplings dependence Mg
on the constituent light quark masses. The value of the oscillator r §2 |2|q| (33)
constant is taken to be=0.029 GeV. (swave)™ 's! 7 M B,
m=0.22 m=0.28 m=0.34
p-wave couplings F(d wavey= f |2|Q| (34)
s, (GeV'Y 6.16 6.43 6.86 187 m B,
9=r=r (Gev' Y 6.02 6.21 6.48

with | is an appropriat& U(3) flavor factor andg| being the

swave couplings pion momentum in the rest frame of the decaying baryon

AgZem 0.53 0.64 0.80 Bq. For comparison, Table IV also includes results obtained
fox ox 0.32 0.44 0.58 - e .

EREN : : : using a relativistic three quark modgl6] and the available

fs s 0.06 0.07 0.09 experimental datf25).

d-wave couplings IV. SUMMARY AND CONCLUSIONS

fax s r (GeV ?) 36.6 50.2 65.1 :

f”;’l:év (Gev?) 24.2 32.0 40.5 We have used th8 U(2N;) X O(3) symmetry of the light
fyes n (Gev™?) 0.60 0.75 0.91 diquark system to reduce the number of HQS coupling fac-

tors of heavy baryon single-pion decays. Assuming one-body
teractions, it is shown that five couplings are required to
scribe single pion transition amoB@ndP wave states in
the heavy quark limit. These result are obtained using cova-
riant spin wave functions for the light diquark system and
they agree with the HHCPT predictiofig].

(32 We also calculate the two independent couplifigss

andfs+ v - using a LF quark model wave functions. These
353,

which are close to our results obtained using a quark ma§§'
m=0.22 GeV. In Table IV, we present predictions for the
decay rates calculated using the following relations:

|gI* M
r f212—
(p-wave) ™ 61 MB'

TABLE IV. Single pion decay rates of charmed baryon states for different values of the light quark mass
m. The values of"* are taken from Ref.26] which are in MeV as well as the calculated decay ratemnd
the light quark mass.

BQ_’B,QW | I-280 [ =340 r* Fexpt.
p-wave transitions
SroA® 1.39 151 1.72 3.680.27
SO AT 1.28 1.40 1.59 2.650.19
STt oAt 1.34 1.46 1.67 2.850.19
SHO LA 10.15 11.06 12.58 21.240.81 13.0°3]
SEEF L Aemt 10.50 11.44 13.03 21.990.87 17.9"38
::uagwo 0.44 0.46 0.51 1.0t0.15 <55
B0 Era 1.08 1.15 1.25 2.140.29
Ext g0t 0.91 0.97 1.05 1.780.33 <3.1
Ert—Ela 0.56 0.60 0.65 1.260.17
s-wave transitions
Ae1(2593) 327" 1.08 1.59 2.47 0.880.09 <0. 86+8gg
Ac1(2593)-3 70 0.72 1.05 1.64 0.980.12 r,,=3633
A1 (2593)-3F F 0.90 1.30 2.04 0.790.09 <. 8@822
2% (2815)-Ex 07" 0.74 1.39 2.41 0.910.03 Izx <2.4
E*(2815)—E¥ "7 0.36 0.68 1.19 0.480.02
3.1(2670)=3 . 0.085 0.11 0.19
d-wave transitions
A% (2625) 307" 0.22 0.42 0.71 0.0860.009
A% (2625) -3 70 0.20 0.38 0.64 0.0950.012 [yx <19
A% (2625) -3 " 0.21 0.40 0.67 0.0760.009
X (281522 7" 0.45 0.79 1.27 0.460.39
Hcl(2815)—>~*' 0.23 0.40 0.64 0.250.21
X (2701) =3 7 0.001 0.003 0.004
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couplings determine the one pion transitions of charmedum, are important when analyzing hadron decay form
baryons from the antisymmetric excited statenfultiplet) to  factors.
the ground state. The LF calculations show that the strong We conclude noting that decay rates among ground state
decay rates among these states are suppressed with respeathiarmed baryons and most of those fremvave toS wave
the corresponding transitions from the symmetric multiplet.are within the experimental data. Furthermore, decay rates
This suppression might be due to the fact that ths 1™) for swave transitions, predicted for values of light quark
multiplet lies higher in energy than th@1,17). In fact, the massm=0.22 GeV, are in agreement with those calculated
k multiplet is at least 75 MeV above th€ multiplet as pre- in Ref. [26]. We also notice that, thd-wave couplings are
dicted by the quark mod¢lL9,20. Here, (,LP) denotes the very sensitive to the value of the masses of baryons involved
diguark SU(6) supermultiplet representatiam and its or-  in the decay process. One thus should take the predicted rates
bital excitationL with parity P. However, there might be still with more caution since there are still large uncertainties in
some contributions to the width of charmed baryon statethe measurements of these masses. Table Il shows that,
forming this multiplet due to transitions involving other me- single pion couplings oEg*) baryons are in general smaller
sons or from electromagnetic decay channels. Since theshan those involving\ or 2 . within the same multiplet. We
channels are usually small, one thus concludes that the widtlould like to mention that the inclusion of two-body and
measurement of the antisymmetric multipl®® wave  higher operators, which will break the spin-flavor symmetry,
charmed baryon resonances might be more difficult and wilmay increase the number of coupling factors required to de-
require much more effort. scribeP wave toS wave strong transitions. It would be in-
Finally, as can be seen from Table IR,wave toSwave teresting to go beyond heavy quark limit by includingnd/
single pion coupling strengths are sensitive to changes in theorrections as well as the mixing of states to form the physi-
light quark masses and the oscillator parameters. There is atl baryon wave functions which might also modify the de-
least a 25% reduction in the value of the coupling strengthgay rate predictions by up to 15%.
calculated using values for the light quark masses commonly
used in relat_lv_ls'glc models qompared to those obtained using ACKNOWLEDGMENTS
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