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The amplitudes for one-pion mediated transitions between heavy meson excited states are obtained in the
framework of the relativistic chiral quark model. The effective coupling constants to pions and the decay
widths of excited heavy mesons witks2 for non-radially excited, and thHe=0 radially excited mesons are
presented for both charmed abeflavored mesons. We also discuss the allowed decays of strange excited
heavy mesons by emission ofkameson[S0556-282(199)05213-3

PACS numbe(s): 13.25-k, 12.39.Fe, 12.39.Hg, 12.39.Ki

[. INTRODUCTION pairs of definite parity and with spins differing by one unit.
In such a pair the light degrees of freeddlight quark plus
It is known that the excited states of heavy mesons are djlue, or in short, the brown muglare in a state of angular

relevance in understanding the various weak decagsasfd ~momentumj and parityP. Thus, all pairs have definitg’
D mesons. One example is the proc8ss Dev where the —guantum numbers. In theory, the implementation of the spin
excited heavy meson states influence the slope of the Isgugymmetry is conveniently and elegantly made by associating
Wise form factof{1] according to the Bjorken sum ruf¢]. ~ superfields[6] with each pair. These superfields are ex-
B,, decays are another example where virtual excited statdgdessed in terms of Dirac matrices, and the tensor figlds
give rise to very important contributions to the total rates adarization tensorsrequired to describe the states in the dou-
well as to the shape of the partial width in tBer invariant ~ blet. There are two types of superfields depending on
mass[3]. In most processes of interest these excited statedhether the parity i®=(—1)I"*?or P=(—1)/**2 Defin-
couple to the ground state heavy meson by emission of onl8d k=] — 3, the superfields are
or more pions. This is the main reason why a good under-

standing of these couplings is necessary and important. P=(-1*

The properties of excited heavy mesons are also interest- 1+ 4 1
ing in their own right, as new insight into strong interaction ~ H** #k= —[ 2k+1 rii/'z'ﬂkﬂyukﬂ
dynamics could be gained by studying such states. Again, in 2\2
this process the knowledge of the pion couplings to the ex- Skt 1
cited mesons is crucial. Thus far, only tbg andD, states -1\ /—YsQ-Vf'ljz' "Kght. . ghk
have been determined experimentdly. These states decay k+1 7> " K

by emitting a pion in & wave, and for this reason they are 1
relatively narrow and could be observed. Other excited states — (7, (y*1—v*1)gh2. . g"k+
: . . 2k+1 7Y V2 Yk
are likely to be substantially wider and thus harder to be
observed. It is important to provide estimates of these widths
in order to judge the feasibility of such observations. This is +ght "95:_17vk( yHk—pHK)) ]
one of our objectives here. ! -t
In this work we study the couplings of pions to heavy P (—1)k+L.
mesons and their excitations in the framework of the relativ =(=1)" ™

istic version of the chiral quark model of Georgi and Mano- 1+4

har [5]. We also obtain the decay rates of various lower Hﬁl"'“"=—[ e Y Y,
excitations of heavy mesons. Comparison with previous re- 22

sults obtained in non-relativistic models is made and, in par- k1

ticular, the important relativistic effects noticed in the -1\ /—Qf’i'll'z' YKght, L ghk
Swave decay widths are emphasized. The possible decays of k+1 ™ 1 Tk
excited heavy mesons with strangeness Kiaeson emis- 1

sion are also discussed, and the interesting situation of some

“ I
(yy, (Y1 H0vH)g, 2. .9,

states that cannot decay in that way due to phase space is 2k+1 k
addressed.

Because of the heavy quark spin symmetry in Mg +g’:11. . .g‘:::llyyk( yHR4- v HK)) ] (]
—oo limit, heavy meson states come in nearly degenerate
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These superfields are traceless, totally symmetric tensors thatq
are transverse with respect to the four-veloaity. They 5 TrolH"#1  MKNTH™ - PoysA, vy ™,
also satisfy the constraint of being transverse to the Djrac i

matrices. The spin-symmetry transformation law of the su- ©
perfields is which is valid in the limit of SW3). The factor of 1/(E ) is
. included here for dimensional reasons. This factor appears
HHLFe—exp(—ie- S))HH L Hk naturally if one would use a chiral Lagrangian to describe the
soft pion emissionAMl e is a tensor of natural parity
S=ieMg, él](lﬂé) @) which is the most general one that can be built from Dirac
v ' 2 matrices, the four velocity and the momentum of the pion.

Implicit in this interaction Lagrangian are the parity and an-
where thee are space like vectors orthogonal to the fourgular momentum selection rules in the heavy quark limit,
velocity. The conjugated superfields, which transform con-3P_, 3" | | 4 1=|P—P'|,0q2 |i—i'l<l.<i+]’.
travariantly under spin-symmetry, are simply given by ror the transitions of interest to us the tenségs ., , are
HHL - Bk= o H THL By We are using here a normaliza- Lotk
tion of the fieldsQ' that is different from we used in our (07, 17)—=(07, 17): P-wave transition,
previous work[3]. The current normalization corresponds to
the standard non-relativistic normalization.

The transition amplitudes of interest to us, namely the
decay amplitudes of an excited heavy hadron into a heavy g=-—
hadron and a light hadron, is proportional to

72§y
(_1)(1/2+j/+Jh+J) (2‘]/4—1)(2]-}-1) Jh 3 J ’

A=a@-1-)-0-1-) Yulu

&(0~, 17)=(0", 17)
(0%, 1Y)—(0~, 17): S-wave transition,

Aa(o+’ 1+)—(0-, 1—)’)/”&’:_,
(©) (17, 2¥)—(0", 17): D-wave transition,

which arises from spin counting argumen®&. The primed i

quantities above refer to the heavy daughter hadron, the AV:A—CV(N, 24) (0, 1) Y a0

unprimed ones refer to the paredtsj+1/2, J' =)' +1/2, X

{} is a 6—J symbol and),,=S,+1,,. S, is the total angular

momentum of the light hadromandl,, is the relative orbital

angular momentum betwednand the heavy daughter pro- AV— P

duced in the decay. For the pio,=0, soJ,=I,.. —4an 2900 1)
Consistent with this, one approach that has been used for

the description of the emission of a soft pion is heavy quark

effective theory (HQET) and chiral perturbation theory

(17, 27)—(07, 17): P-wave transition,

(17, 27)—=(1", 2%): S-wave transition,

. . . . MY (S mv
(ChPT) combined into an effective theofy]. In this com- As'=ag- o)+, 2994004,
bined effective theory, the couplings of pions to ground state .
mesons, for instance, is contained in the interaction term D-wave transition,

int - i
=g Tro(H_o*H_ , 4 v D
,CX g D(H o*H 7,41.75) ( ) A/S _A_aglz, 2)— (1, 2+)7Dﬂypa¢9§rf9§y
X

where (7)

[ - 1 where

w,==ud,u'—u'g u)y=—2a,I0+---. (5)
) “ Iz 2F, "

P/LV[)(TE(g/Lp_U/LUp)(gV(T_U ny (r)

In the aboveH is an SU3) triplet, IT= 72\ 2, the Gell-Mann — %(gMV—UMU oo V,00),
matrices are normalized to TWf\P)=26%", u
=exp(ll/2F ), F,=93 MeV is the pion decay constant, andd, indicates the partial derivative has to act on the pion
and Tr, denotes the trace over Dirac indices. Similarly, it isfield. The dimensionless effective couplingswill be ex-
straightforward to write down terms that involve transitionstracted from our calculation in the chiral quark model. The
among other spin-flavor multiplets. scaleA , will be taken to be 1 GeV. Both approaches neces-
In a more recent approa¢B], the constraints of ChPT are sarily reproduce the results of E¢3). Only the effective
dispensed with in favor of allowing for the emission of pions coupling constants are not known. In this article, we use the
which are not necessarily soft. In the case of single piorchiral quark model, along with relativistic wave functions for
emissions, for instance, this approach leads to an effectivthe heavy mesons, to arrive at estimates of these couplings.
Lagrangian of the form We will also provide general results for the different partial
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wave decay widths. In what follows we work in the rest considergd between the two mentioned values. We work in
frame of the parent hadron. All expressions refer to thathe limit where the heavy quark is regarded as infinitely
frame. heavy, andV(x) represents the interaction of the light va-
lence quark with the heavy quark. Here we use the vector
Il. THE CHIRAL QUARK MODEL Coulomb plus linear scalar potentials with standard strengths
for each piece.

In the calculation of the decay amplitudes we use the —\ye \yrite the wave function of the light valence quark as
chiral quark model as proposed by Georgi and Man¢&ar

In this model the constituent light quarks acquire their iF(r)Qjim
masses from the spontaneous chiral symmetry breaking plus Wi =
a contribution from the current quark masses that explicitly m G(NQjim

break chiral symmetry. The latter can be neglected in the

case of thau andd quarks, but in the case of tlequark it T=2j—1 9
ought to be included. This means that, while the axial vector '

couplinggy of the constituent quark can be taken to be thewhere the radial wave functions are real, and the spinor har-
same for all three flavors, the effect of the @Ubreaking by  monics are given by

the quark masses must be included in the Dirac equation of

our quark model. Thus, chiral symmetry dictates the cou- i+m

pling of the Goldstone mode§ions to the constituent Z_jYIm—1/2

qguarks. In terms of constituent quark fields, the lowest order ) _

Lagrangian in the pion momentum expansion can be ex- =1+ (1/2)lm™ —m '

pressed as 2_jYIm+1 i

Lchom= iq_y“VMq —aﬁqq —qVv(x)q+ 9253’”7560,&:

j+1-m
i —2(j+1)Y|m—1/2

V, =0t+il#, Th=—07[TI, o*II]+ -,
2 8F, Qj=1-(w2m=

1 /j+m+1Y
wt= ET ) (8) 2(j+1) Im+1/2

2F . (10

Here q represents the triplet of light quarksi,@,s), I'*  Our conventions here correspond to those of Bjorken and
=(i/8F ,)[II, o*I1]+---, andg] is the axial vector cou- Drell [11].

pling of the constituent quark. The value gf is not well The pion emission amplitudes require the calculation of
known. Arguments in the large Nimit show thatgi=1  the matrix elements of the time and spatial components of
+ O(1/N,) [10], while an estimate of the nucleon axial cou- the axial-vector current operator to which the pion couples
pling g=1.255 obtained with the chiral quark model in a according to Eq(8). If p,, is the momentum of the pion, the
non-relativistic approximation givegi=0.75 [5]. Since  matrix elements of the time component of the axial current
relativistic effects must increase the ratid/g,, we will we need to consider are

. . >, . 47T —’ ! . ~ . .y ’
<J’l/m/|70759xli_|pw’r)|J|m>:W(_1)l 1"+ lem (_l)lﬁYrﬁmﬁ(pw)“malwmle m>

><J drejy (pO{F (NGOG IAGIITY =G (OF G TIIAGIING, (1)

where

—1)i a2 |’ ’T
<J"|’||A'o”||j|>=%(o 0 O)J(ZI+1>(2|'+1>(2IW+1><21+1><21'+1> Lo, @

Similarly, the matrix elements of the spatial components of the axial current are
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(1M’ [y ysexp(—ip,Djimy=47(=1)' "X (<)Y () 2 (LD, L IFmE ) —m, jrm[1Fm*)
lm. T 1* m*

xf drr2jy (pan){F"(NFMGT[A T [[jly =G (NG T |[A'= "||iT)}, (13

where

. 3 _ _ (o,
<J"|'||A|’T’I||J|>:\/ﬂ\/(ﬂ+1)(2|’+1)(2|7T+1)(21+1)(21’+1)k0 0 0) e (14)

= N N

These expressions reflect the known fact that the time component of the axial current has matrix elements that are suppressec
in the non-relativistic limit(G(r),G’(r)—0), while the matrix elements of the spatial components are not.
The general expression for the amplitudes is

: - ; i Iy ~ ;
(333,071 7%,p1333,11) = 52— EGAp4(3 I3, i 1" [AL(P )3 35.11), (15

where&? is equal toy2 if #@==" and equal to 1 ifr®= °.
After performing the coupling of the angular momentyiwf the light quark to the heavy quark spin, one can express the

above amplitude in a pion partial wave decomposition

(335,01, 72,0, 333, 1) =

i H ~ ’ H iy
2Fﬂ—§agilzm (_I)IﬂYl*vmﬂ(pw)“7Tm771‘]‘]3|‘],‘]3>~’4|77(p7r;‘]!JI;‘] N I ) (16)

Here the amplitudesl,ﬂ(pﬂ ;J,jl1;37,j'1") are obtained from Eq¢11) and(13) by performing the mentioned coupling of the
heavy quark spin. These amplitudes are, explicitly,

Aln:Al()w+Al:l-aT’
Lz 0
APW(qu;\],jl;\]/,j,l,):47Ti(_1)|_|,+j_j,E,n,(—1)J,+j,+1/2\/m E 3
2

x [ drezj, (.0 (160G IAFIT -6 () F G T A,
Lo

Al (p73 3,130 1) =4m(= 1) p 20414 1
2

J o J

XE (_i)l*fl,n.(_l)lﬂﬁrj* 1243 —1*
|~k

I*

1 I o *
X1 +1)(21,+1) g)(—lw *'f dre?jp(pRn){F (NF(( Y |IAT 1)

0 O
—G' (NG TA™ =|[jT)}. 17

These expressions are valid for emission of a light pseudoscalar from any heavy parent, in the chiral quark model. Note that
both AP andA,l explicitly contain the factors expected from heavy quark spin symmetry and spin counting arguments. This
in turn serves as a check that our results satisfy the constraints implied by heavy quark spin symmetry. Also note that in this
equation the reduced matrix element is evaluated {¥itandl . interchanged with respect to the expression given in(E4).

With these expressions, the partial wave decay widths are obtained as
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2)'+1 £€29%9%p,. My,
2J+1 3272F2 My

IP Qi) = [A (P73 ,i1:30 1) (18)

Here the factoM ; /M ; arises from the normalization of the heavy meson states.

Along similar lines one could consider the emissidnaok meson in the decay of a strange excited heavy meson to a
non-strange heavy meson. The flavor fagdis in this case the same as for the emission of a charged pion, i.e., eq/&l to
Also one could look intay meson emission. In this case the facgdiis equal to 1{/3 for non-strange heavy mesons and equal
to — 2/,/3 for strange heavy mesons.

The results obtained above fgqﬁ can be checked by performing the calculation in a different way. Indeed, the term linear
in 4,11 in giqy*ysw,q in Eq. (8) can be rewritten, after integration by parts and use of the Dirac equation in the potential
V(x), as

CgA— -
i2F atys: Mg+ VOola. (19

When one uses the vector Coulomb plus scalar linear potential, the reSLAthmrecomes

I 0
AL (33,1331 =4qi(— 1)V V=D g+ 14 1
2

JJ

xfdrr21.7<pwr>z<r”nq+Kr){F'(r)G(r)<j'I'||Ag”||jT>+G'<r>F<r><j"I"||A'J||jl>}. (20)

Clearly, since the two expressions obtained .ﬁqg only coincide when the Dirac equation for the bound light quark is

satisfied, we can use them as a check that the numerical solutions for the wave functions are sufficiently precise.

The effective couplings in Eq7) are also readily obtained by matching the amplitudes in the superfield formalism with the
amplitudes obtained in the chiral quark model. For convenience the matching is done with the latter multiplieduby we
obtain:

(07, 17)—(07, 17): P-wave transition

1 4
@0-, 17)—(0", 1)Z—Qﬂ{fdrrz[jo(pwr)<F’(r)F(r)—§G'(r)G(r)>—§j2(p7r)G’(r)G(r)

E. .
+ p—f drr?j l(pwr)(F’(r)G(r)—G'(r)F(f))};

(0%, 1*)—(07, 17): S-wave transition
Qo+, 1%)-(0-, 1):_gi[fd”zjo(ow)(F'(f)G(f)—G'(Y)F(r))
pﬂ' 2 ’ ! .
_E_f drréja(pLr)(F (rF(r)+G (r)G(r))),
(1%, 2Y)—=(07, 17): D-wave transition
Er .
Q1+, 2+)- (0", 1):Ax\/§97§[—p—2J drr?j,(p,r)(F'(r)G(r)—G'(r)F(r))

1 2 H ’ 1 ’ 6 '
-2 [ v ise.n [ FroF() - £67 60 | +2iapan 6 (6(0)

(17, 27)—(0", 17): P-wave transition
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Eaf 2.
aa-, 2)-(0-, 1—>=ﬁg?\|p—f dre 2]y (p,1) (F' (NG() ~ G (N F(0)+ rzdr[gjo(pﬁr)e'(mcs(r)

1
_jz(pwr)<F’(r)F(r)+ 36/(NG(1)

(17, 27)—=(1*, 2%):

|

S-wave transition

Q- 2-)—(1+, 2+)|S=—g‘,1[fdrrzjo(pwr)(F’(r)G(r)—G’(r)F(r))

_%fdrrzj1(|wa)(F’(f)F(r)+G,(r)G(r))];

D-wave transition

Q- 27)-(1+, 2+)|D: _AX39X

- 5p,

SP

Note that in the non-relativistic limi€G(r),G’(r)—0), the
expression fora - 1-y_ (-, 1-) gives the coupling of a
pion to the ground state heavy mesagnsg} ; this is a factor
two larger than the one used[i8], and is due to the different
normalization of the heavy meson fields we used there.

3
+—J'3(p7rr)(F’(r)F(r)+G’(r)G(r))}

E. .
—p—zfd”zlz(pwr)(F'(r)G(r)_G'(r)F(r))

fzdf[]1(pwr)(F’(r)F(r)+G’(f)G(r))

. (21)

whereM; is the mass of the heavy daughter hadron, lshd

is the mass of the decaying parent. Except for the transitions
within the ground state multiplet for which isospin breaking
plays a crucial role, for all other cases the total decay width
into pions(i.e., including neutral and charge pion modis

In terms of the effective coupling constants, the decaythree times the width given in E¢22).

widths for emission of ar® are

leo- 1) -0~ 1)1 * My

Tiom 190 1y= M58,
@ e 2amFz M, P
leo+ 1+)—(0- 1> My _, -
r —(07,17)~ ’ ' _Eﬂ' s
(0+.1%)—(0",17) = M. Pl
r e 24y 0-a)|* My 5[5
+ oy L (0- 1)Y= — Pl
(72H=(0740) 24mF2A2 M,
Coe = a2 0-)? Mf|5 g
(1-,27)— (0~ 1) 36mF2 . [Pl
[Swave ag-2y—@ron? MfE2|5 |
.2 t2h) T Ml
(17,27)—(17,2%) 87TF31— Mi
[ D-wave _|CV(1‘|2‘)H(1+,2*')|2 Mf|* 5

202020 1440F2A2 M,
(22

IIl. RESULTS AND DISCUSSION

The wave functions that we use for this calculation are
obtained from previous workl2]. In [12], the heavy meson
spectrum is obtained by solving the one-body Dirac equation
that arises from the Gross reduction of the Bethe-Salpeter
equation. The potential used in that calculation consisted of a
scalar confining and vector Coulomb potential, and the spec-
tra obtained were in good agreement with experimental mea-
surements. In addition, the wave functions and the Bethe-
Salpeter formalism have been applied to a calculation of the
Isgur-Wise function[13], and preliminary results indicate
that the method compares well to others.

The wave functions in question have been obtained using
two different methods. In the first, the two components of the
Dirac equation are combined to produce a single second or-
der differential equation, which is solved using standard nu-
merical techniques. We refer to the wave functions obtained
in this way as the “exact” wave function. In the second
method, the wave functions are expanded in a finite-sized
basis of orthogonal functions, and a matrix diagonalization,
as well as minimization in the energy eigenvalues are per-
formed. The size of the basis is varied to examine the sensi-
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TABLE |. Masses of states obtained in the relativistic model. For observed states, the model masses are
shown in parentheses.

State MasgGeV)

D B D, B
0~ 1.864(1.8H 5.279(5.29 1.969(1.99 5.369(5.37
1~ 2.007(2.02 5.325(5.33 2.114(2.13 5.416(5.43
0* 2.27 5.65 2.38 5.75
1t 2.40 5.69 2.51 5.79
1+ 2.427(2.4)) 5.69 2.535(2.52 5.79
2+ 2.459(2.46) 5.71 2.573(2.59 5.82
1 2.71 5.97 2.82 6.07
2" 2.74 5.96 2.86 6.07
o’ 2.50 5.83 2.61 5.93
1~ 2.62 5.87 2.73 5.97

tivity of our model predictions to the size of the expansionexception here are the decays of the radially excited 10)
basis. We have included the predictions for the heavy mesostates. In addition, again with the exception of the radial
spectrum for the states relevant for this work, in Table I.  excitations of the ground state, 8) breaking effects are
Our results for the coupling constants obtained in thisquite small. The reader is reminded that there are three pos-
model are shown in Table Il. The integrals in E§1) de-  sible sources of S(3) breaking in our model. First, the
pend on the momentum of the light daughter pseudoscalastrange quark mass used in obtaining the wave functions is
and are therefore “form factors” rather than “coupling con- different from that of the up and down quarks. Second, the
stants.” The results in the table are obtained usifgm?  [SU(3) brokeri physical masses of the hadrons are used in
for all but the intra-multiplet transitions of the {017) mul-  calculating the coupling constants, and third, in the case of
tiplet, since most of these transitions are kinematically for-the decay widths, theSU(3) brokern] physical masses are
bidden. For these, we usg=10"% Ge\?. Note that we used in the calculation of phase space. In the case of the
show signs on the coupling constants in this table, but weoupling constants, only the first two sources come into play,
remind the reader that the signs we obtain depend on the sidnut we see from our results that the net effect is very small.
conventions used for the wave functions, and are thereforlt is nevertheless interesting to note that the heavy quark
not physically meaningful. What is meaningful is the relative symmetry appears to be a better symmetry.
sign between the S- and D-wave coupling constants in the Comparison of these numbers with those that we reported
fourth and fifth rows of the table. earlier clearly show the importance of relativistic effects.
We note that for most of the decays we consider, theThis is especially evident for the transitions within the
coupling constants show little sensitivity to the mass of the(0~,17) multiplet. In the non-relativistic limit, this coupling
heavy quark, with the largest effect being of the order ofconstant, denoteg, has the value of 1, in units @ff . In the
10% as we go fronc-flavored tob-flavored mesons. The present calculation, modulo a sign that arises from the defi-
nition, this coupling constant ranges from 0.74 to 0.79, in the
TABLE II. Coupling “constants” obtained in the chiral quark same units. Relativistic effects also become evident when we
model. In the columns labeleB and D, pions are emitted in the examine the decay widths obtained in the model.

decays, while in the columns label&} andBg, the emitted me- Our results for the decay widths of excited mesons, ob-
sons are kaons. tained using the chiral quark model, are shown in Table lIl.
In this table, all numbers are in Me\gi\z). The numbers in
Decay (in units of gg) the columns labele® andB arise from pion emission, while
D B D, B, those in the columns labeledg and B4 arise from kaon
emission. Blank entries in the table correspond to decays that
(0*,1")—(07,17) 0.48 0.48 0.46 0.46 are kinematically forbidden. For observed states, we use the
(1*,29)—(07,17) -0.86 —-0.88 —-0.84 -0.86 measured masses in calculating phase space. For states that
(17,27)—(0",17) 0.138 0.138 0.128 0.128 have not yet been observed, we use the model predictions for
[(17,2)—=(17,29)]s -050 -050 —-048 -—0.48 the masses. Our estimates for the theoretical errors that we
[(1",2)—(1*2"], —-1.08 -1.08 -1.04 -104 show are obtained by varying the masses of the parent had-
(07,17)'—(0",17) 0.112 0.142 0.100 0.128 rons by =20 MeV, and calculating the decay rates at the
(07,17)—(0",17) -0.74 -0.76 -0.78 -0.78 new masses.

The results that we report are obtained using the approxi-
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TABLE Ill. Decay widths of heavy mesons obtained in the chi- ground-state multiplet, we do not consider (8Ubreaking
ral quark model. In the columns labelBdandD, pions are emitted effects in our calculation.
in the decays, while in the columns labeled andBs, the emitted There are large uncertainties on the measured widths, and
mesons are kaons. All widths shown are in MeV, and require gne total widths of theD, suggest thatg¥|>1. It is known,
factor of g92. Blank entries in the table correspond to decays that, s\wever. that the decays of iy are not well described in
are kinematically forbidden. a heavy quark symmetryHQS) framework, unless i
corrections are taken into account. In particular, an S-wave
contribution to the decay of this state can be expefiéd
D B Dy B On the other hand, the decays of tbg have been well
described in the HQS framework, without the need fond/

Decay I, width (MeV/g4?)

0"—0" 0 125:10  133:13 - - corrections. For instance, we obtain

1t -1 0 121+10 129-14 - -

17 —1" 2 17.7+41 125-3.9 - - To. on

2+ 0" 2 28.6:3.7 11.4:2.7 1.9:1.0 - —2  —1.93, (23)

2" 1" 2 148530 9.9-28 - - I'p,p*x

1"—0" 1 14.0:0.7 13412 15.0:1.0 10.5-1.8 .

11— 1 45+04 53-0.6 3.9:06 3707 while the measured values are 2.3.6 for the neutraD,,

e 1 15.4+13 15118 14.9-17 10.9-22 and 1.9 1.1_i 0.3 for the chargeq. If we crudely average the

measure widths of th®, for mixed charged states to 24

1" —1* 0 52.8:6.8 57.5:7.8 - - MeV, our model would requirég| =0.74. This would then

1 —1* 2 0.57:0.21 0.66-0.36 - - lead tol'p»+=0.082 MeV andl'p+0=0.059 MeV.

1~ 2" 2 0.26-0.16 0.40G-0.26 - - As expected from previous work, our S-wave decay

2" 1% 2 0.63-0.27 0.31+0.19 - - widths (0t -0, 1" —17, 1" —=1* and 2 —2%) are rela-

272" 0 52367 45974 - - tively large, but much smaller than the values obtained in

2 2% 2 0.77£0.40 0.43:0.32 - - non-relativistic calculations, indicating that relativistic ef-
T 170 8 fects are significant for these decays. In fact, for all of our

0" —1 1 261+18 34322 0137533 1717  results, the decay widths that we obtain are significantly

1~ =0~ 1 10603 135-03 9504 5513 smaller than the numbers we obtained using a non-

1~ 1~ 1 22405 25311 9518 52t24 relativistic version of the chiral quark modg8]. For the
decay 0" — 0", the result we obtain in the present model is
D**—D*#% 1  0.045 - - - about one-eighth of the width reported[i8]. The reduction
D**—D%*" 1  0.01 - - - of S-wave amplitudes by relativistic effects has also been
D*°—D%° 1  0.065 - - - seen in other model calculatiofi$6]. For the radially ex-

cited pseudoscalar-vector doublet, the decay widths we ob-
tain are about fifteen percent of those presentd@jnthese
mate wave functions described above. For comparison, wetates may be much narrower than we originally predicted. It
have used 5, 10 and 15 basis functions in the wave functioWill be interesting to see what effects these differences in
expansion, and found that the results for the widths do nowidths will have on the spectrum expectedByy, decays.
vary significantly. In fact, we find a change of about For the strange mesons, we find that phase space sup-
2 MeV/(gﬂz)(:Z%) in the largest widths we report, those Presses or forbids many of the possible decays. This suggests
for 0*—0~. All variations we observe are of the order of or that many of theDs and B excited mesons will be quite
less than 3%. narrow, as their primary mode of decay will be radiative, as
For the intra-multiplet transition of the (Q17) multiplet ~ Well as through isospin-violating, OZI-rule-violating pion
our results are encouraging, but suggest tifatshould be ~ emission. This ‘double-suppression’ means that these decay
less than unity. This is in keeping with other articles thatidths should be quite small, comparable(¢o even smaller

suggest a value for this constant as small as 0.7. Using tH8@n the radiative decay widths of these states.
latest total width reported for theD** (I'ps= The results of this work derive from the strict use of the

<0.131 MeV), we find/gd|<0.95. Using this upper limit chiral quark model, and the experimental determinations of
. y A . . ’

and the published ratio of the strong to eIectromagnetiéhe _vwdths would provide a valuable test of th!s model. In

widths of theD*°, we estimate thaf pxo< 0.094 MeV. The partlcular, we .have seen that S-wave decay W'dths. are par-

current experiméntal limit i§ 0<2D1 MeV ticularly sensitive to the model chosen. In summary, it would
D* . .

The decays of the (1.2*) doublet would appear to re- appear that the decays of excited heavy mesons provide the

quire a value fotg?| near the lower limit of 0.7, in order for best testing ground for the chiral quark model.
our results to be consistent with the latest widths reported in
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