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HadronicB decays containing an even-parity charmed meson in the final state are studied. Specifically we
focus on the Cabibbo-allowed decas-D** m(p), D** D*), D¥* D*) andB,—D** m(p), whereD**
denotes generically prwave charmed meson. Tle—D** transition form factors are studied in the improved
version of the Isgur-Scora-Grinstein-Wise quark model. We apply heavy quark effective theory and chiral
symmetry to study the strong decayspefvave charmed mesons and determine the magnitude m}tﬁ@i"z
mixing angle(the superscript standing for the total angular momentum of the light guexkept for the decay
to D,(24270# " the predictions ofB(B~—D** °z~) agree with experiment. The sign of thz}>D3?
mixing angle is found to be positive in order to avoid a severe suppression of the produdiig(2d27 = .
The interference between color-allowed and color-suppressed tree amplitudes is expected to be destructive in
the decayB™—D (24277 . Hence, an observation of the rafip (242707 /D,(2427)" =~ can be used
to test the relative signs of various form factors as implied by heavy quark symmetry. Although the predicted
B~ —D,(2420fp~ at the level of 3107 % exceeds the present upper limit, it leads to the ratio
D,(2420) " /D,(2420)7~ ~2.6, as expected from the factorization approach and from the fatib,
~1.6. Therefore, it is crucial to have a measurement of this mode to test the factorization hypothe@s. For
—D** D decays, it is expected tht;,;D=D,D as the decay constants of the multiplBt{§,D;) become
the same in the heavy quark limit. The preliminary Belle observation of fairly less abundant production of
5§0D than leD is thus a surprise. What is the cause for the discrepancy between theory and experiment
remains unclear. Meanwhile, it is also important to measureBtldecay int0531(2536)D(*) to see if it is
suppressed relative B;(2463)D™*) to test the heavy quark symmetry relatit)_(os36<fo_ (2463 Under
the factorization hypothesis, the productiorﬁﬁzD is prohibited as the tensor meson cannot be produced from
the V—A current. Nevertheless, it can be induced via final-state interactions or nonfactorizable contributions
and hence an observation Bf~D%,D®*) could imply the importance of final-state rescattering effects.
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. INTRODUCTION D4(2317) is the 0 cs state and that there is a"ichiral

Interest in even-parity charmed mesons has been reviveRfiner with the same mass splitting with respect to the 1

by the recent discovery of a new narrow resonance by BaBaHate as that between the @nd 0" states(11,12. The ex-
[1]. This state, which can be identified with’=0", is istence of a new narrow resonance with a mass near 2.46

GeV which can be identified with the ™l state was first

k/?gsgg\t/r;?namroesr:et\?vee%r?gft%eprfslgllgzza? ' ?e? ds’ssgatlz[rz]ér hinted at by BaBar and has been observed and established by
' y 9e clEO[13] and Belle[14].

mass than what is observed. This unexpected and surprising N .
disparity between theory and experiment has sparked a flurry Although theD ,(2317) andDy;(2463) states were dis-

of many theory papers. For example, it has been advocategpvered in charm fragmentation ef'e”—cc, it will be
that this new state is a four-quark bound stte5] or aDK much more difficult to measure the counterparbdf(2317)
molecular[9] or even aD 7 atom[10]. On the contrary, it andDg;(2463) in the nonstrange charm sector—namfy,
has been put forward that, based on heavy quark effectivand D,—owing to their large widths. Indeed, the broBg
theory and chiral perturbation theory, the newly observedandD, resonances were explored by Bdllel] in chargedB

The low-lying noncharm scalar mesons in the conventiopgl states are predicted by the quark potential model to lie in between 1 and
2 GeV, corresponding to the nonet statgkl370),a,(1450),K (1430), and ((1500)/f,(1710). The light scalar nonet formed by600),
«(800), f,(980), anday(980) can be identified primarily as four-quark stafteb It has been arguel] that a strong attraction between

(q9)s, and (q_q)3 [6,8], where3* and3 here refer to color, and the absence of the orbital angular momentum barrierstwvehwe four-quark
state may explain why the scalar nonet formed by four-quark bound states is lighter than the conventiomaét. By the same token, it
is likely that a scalacnns four-quark state, where=u, d, will be lighter than the 0 p-wavecs state, where a typical potential model

prediction gives 2487 MeV2]. It has been suggested [id] to search for exotic four-quartquacharmed meson production Bidecays.
Particularly noteworthy are resonances in the doubly chabged* (D*K™) and wrong pairind * K~ channels. However, contrary to the

case of scalar resonances, the R4(2463) state is unlikely a four-quark state as it is heavier than the axial-vector meson formEdAby
nonobservation of a heavier and broatl ©s state will not support the four-quark interpretation§(2317).
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to D7 7w and D*"# 7~ decays(see Table ) The TABLE I. The masses and decay widths of even-parity charmed
study of even-parity charmed meson productioBidecays, mesons. We follow the naming scheme of the Particle Data Group
which is the main object of this paper, also provides an op15] to add a superscript “* to the states if the spin-parity is in the

portunity to test heavy quark effective theory. “normal” sense,J°=07,1",2%, ... . The fOIUYP-WaVG* charmed
This work is organized as follows. The masses and widthgheson states are thus denoted[by, Dy, D;, andD; . In the
of p-wave charmed mesons are summarized in Sec. II. If€avy quarklimitD, hasj =1/2 andD, hasj =3/2 with] being the

order to determine the mixing angle of the axial-vectortotal angular momentum of the light degrees of freedom.

charmed mesons, we apply heavy quark effective theory and
chiral symmetry to study their strong decays. The decay con-
stants ofp-wave charmed mesons aBd-D** form factors D¥ (2308 2308+ 17+ 15+ 28 276-21+18+60 [14]
are studied in Sec. Ill within the Isgur-Scora-Grinstein-Wisep 2427y 2427+26+20+15  384"X7+24+70  [14]

State MasgMeV) Width (MeV) Ref.

quark mod_el. The_pro_duction_(mf-wave charmed mesons in D!(2420) 2422 2+1.8 18,9748 [15]
B decays is studied in detail in Sec. IV. Conclusions are 2421 4-1.5+04+0.8 23.7-2.70.2+4.0 [14]
presented in Sec. V. D! (2420)° 2427+5 28+8 [15]
D3 (2460) 2458.9+2.0 23+5 [15]

Il. MASS SPECTRUM AND DECAY WIDTH 2461.6-2.1-0.5+3.3 45.6-:4.4+6.5+1.6 [14]

. D} (2460)" 2459+ 4 25'8 [15]

In the quark model, the even-parity mesons are conven-

tionally classified according to the quantum numbgts, S: D%,(2317) 2317.3:0.4 <7 [1,13,
the scalar and tensor mesons corresportdL ;=3P and 14]
3p,, respectively, and there exit two different axial-vector D;(2463) 2463.6:1.7+1.0 <7 [13,
meson states—namelyP; and *P;—which can undergo 14]
mixing if the two constituent quarks do not have the sameD(,(2536)  2535.35-0.34+0.5 <23 [15]
masses. For heavy mesons, the heavy quark Sgirde-  Dg,(2573) 2572.4:1.5 15°5 [15]

couples from the other degrees of freedom in the heavy
quark limit, so thatS, and the total angular momentum of
the light quarkj are separately good quantum numbers. Theow resonances, the Belle measurement ofmié’ width
total angular momenturd of the meson is given by=]  (see Table)l is substantially higher than the current world

+ S, with S=s+ S, being the total spin angular momentum. avérage of 235 MeV [15].
Cosr?sequently SI? isg more r?aturalg to  usell In the heavy quark limit, the states within the chiral dou-
1 \]

+ it i — -+ ot it i —
=pP32 p3¥2 pl2 and PY? to classify the first excited blets (0°,1") with j=1/2 and (17,2") with j=3/2 are
X . degenerate. After spontaneous chiral symmetry breakihg, 0
heavy meson states whelehere is the orbital angular mo- : L
. ; : ; states acquire masses while Btates become massless Gold-
mentum of the light quark. It is obvious that the first and last . o
3 . stone bosons. As shown fifi1], the fine splitting between0
of these states aréP, and 3P, while [16] : . )
and O is proportional to the constituent quark mass. The
hyperfine mass splittings of the foprwave charmed meson
3 \F 1 \F 3 states arise from spin-orbit and tensor-force interactisas
|Pl%_ §| P+ §| P1), Eqg. (2.21) below], while the spin-spin interaction is solely
responsible for the hyperfine splitting within the multiplet
(07,17).
|P1’2)—— \ﬁ“P V+ \EPP ) 2.1) From Table | and the given masses of pseudoscalar and
177 31 3 " : vector charmed mesons in the PDGH], it is found empiri-
cally that the hyperfine splittings within the chiral multiplets
(0*,1%), (1'*,2"), and (0,17) are independent of the fla-
vor of the light quark:

In the heavy quark limit, the physical eigenstates with
=1" areP¥? and P} rather than®P; and *P;.

The masses and decay widths of even-pafity p-wave)
charmed meson®3 andD}, are summarized in Table I. We
shall use I and " or D; andD] to distinguish between
two different physical axial-vector charmed meson states. As ~ M(Ds1) —mM(Dg)~m(D3) —m(Ds) =144 MeV,
we shall see below, the physical Istate is primarilyP}?,
while 1'* is predominatelyP32. A similar broadD; state m(D;)—m(D%)~m(D*)—m(D)=143 MeV. (2.2
not listed in Table | was reported by CLEQ7] with M
=2461J:[31§ MeV andl“=290f§g4 MeV. For the known nar- However, the fine splittings

m(D3)—m(Dj)~m(D%)—m(Dg;)~37 MeV,

m(D%) —m(Dg)~m(Dg;) —m(Dg)~350 MeV,
2If the even-parity mesons are the bound states of four quarks,

they are in an orbitas wave. In this case, one us@8=0" rather . N
3p, to denote scalar mesons, for example. m(Dg)—m(D)~m(D;) —m(D*)~430 MeV (2.3
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depend on the light quark flavdrSince the fine splitting It is suitable and convenient to study the strong decays of
between 0 and 0 or 1" and 1~ should be heavy flavor heavy mesons within the framework of heavy quark effective
independent in the heavy quark limit, the experimental resultheory in which heavy quark symmetry and chiral symmetry
(2.3 implies that the fine splitting is light quark mass depen-are combined20]. It is straightforward to generalize the
dent. Indeed, if the first line rather than the second line of Egformalism to heavy mesons ip-wave excited statef21].
(2.3 is employed as an input for the fine splittings of non- The decayD§ undergoes as-wave hadronic decay tb ,

strange charmed mesons, one will predict] while D2 can decay intd* by s-wave andd-wave pion
. 0 emissions but only the former is allowed in the heavy quark
M(DE*)=2217 MeV, M(D3%)=2212 MeV, limit mg—soo:
M(D;)=2358 MeV, M(D?)=2355 MeV, (2.6) Pe

2
F(Dg_’DW):ngDwg—z
which are evidently smaller than what are measured by Belle mMp,

[14].

It is interesting to note that the mass difference between F(D}’2—>D*w)=gle/zD*ﬁL, (2.9
strange and nonstrange charmed mesons is of order 100—-110 . 8w D1/2
MeV for 07, 17, 1'*, and 2" as expected from the quark
model. As a consequence, the experimental fact thawherep, is the c.m. momentum of the final-state particles in
m(D%)~m(D§) andm(Dg;)~m(D,) is very surprising. the B rest frame. The tensor mes®3 decays intd>* or D

In the heavy quark limit, the physical mass eigenstiBtgs via d-wave pion emission. In the heavy quark limit where the
and D can be identified W|tH:>1’2 and P2, respectively. total angular momenturji of the light quark is conserved,
However, beyond the heavy quark limit, there is a mixingD3*— D is prohibited by heavy quark spin symmetry. The
betweenPl’2 and P32, denoted byDY? and D32, respec- explicit expressions for the decay rates [2&]
tively,
1 mp« h'2 pi’

I(D¥?-D* )= 67Tm3/2A 33
D

D (2427 =D}?cos6+D¥%sine,

' 2 312,
D;(2420 = — D?sin 9+ D¥%coss. (2.7 1 mg. h'2 p°
. ' . F(D;—>D*7T)=___2_2,
Likewise for strange axial-vector charmed mesons, 10m mp, A2 f3
D¢ (2463 =D Y’cosf+ D IZsin 6, 1 mp h? pS
(D —Dm)= (2.10

157 mp, A2 2
D!,(2536 = — D¥%sin g+ D¥cosb,. (2.9 2 Ay

12 32 where A, is a chiral symmetry breaking scalef,
SinceD; ™ is much broader thab; “ as we shall see shortly, _ 137 Mmev, andh’ is a heavy-flavor-independent coupling
the decay width 0D1(2420) is sensitive to the mixing angle constant. Thep? dependence of the decay rate indicates the

0. Our task is to determine tey*D$” mixing angle from  d.wave nature of pion emission. From EG.10 we obtain
the measured widths. In contrast, the present upper limits on

the widths ofD¢;(2463) andD.,(2536) do not allow us to I(D3°-~D*"7w") 2 mp [ p(DE—Dm) \°
get any constraints on the mixing angle. Hence, we will %0 t_—\ 3 D* LD* =23
turn to the quark potential model to extragt as will be F(Dz" =D ") Mp | Pe(D2 = D7)

shown below. (211
in excellent agreement with the measured value of-2.%
[15].
SLikewise, considering the spin-averaged masses of the doublets Sijnce the d-wave decay is severely phase-space sup-
(07.1%) and (17,27, pressed, it is evident th&t} andD; are very broad, of order

250 MeV in their widths, whereaB; and D5 are narrow

_ 1 3 _ 3 5
D)=-m(Dg)+ —m(Dy), D)=-m(D})+ =m(D}), X )
Myy(D)=7M(Dg)+ ZmM(D1), MiAD)=gm(Dy)+gm(Dz) with widths of order 20 MeV.

, N 24 The strong couplings appearing in Bg.9) are given by
the hyperfine mass splittings
e - - mg,~Mp h
My(D)—mgy(D)~48 MeV, miy(Dg)—mgy(Dg)~132 MeV Un*pr=+/Mp. M 0 _
2.5 DEDw D,MD Mo, f
also depend on the light quark flavor. Based on a quark-meson 5 5
model, the spin-weighted massegy,(D)=216550 MeV [18] mDi’Z_ Mps
and mgy(Dg) = 2411+ 25 MeV [19] were predicted, while experi- 9p1%* 7= /Mp2Mp T (212
w

.. /
mentally they are very similaisee Table )l mDi 2
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with h being another heavy-flavor-independent coupling conD;(2463)—D{ o (600)f,(980), ...} followed by the

stant in the effective Lagrangiai2l]. It can be extracted strong decays o (600),f,(980), ...}—amw. Consider the

from the measured width dbg (2308) (see Table)lto be dominant contributions from the intermediate stat¢800),
fo(980) and their mixing,

h=0.65+0.12. (2.13
From the averaged width 29:4.2 MeV measured fob3° fo=sscosg+nnsing, o= —sssin¢+nn003q(b2, 18
we obtain .
h' N with nn=(uu+dd)/\2. The o-f, mixing angle can be in-
4 —067+0.05 Gev ™. (2.14  ferred from various processes; sk8] for a summary. In

X general, the mixing angle is small so tlg{980) has a large

Substituting the couplingsandh” into Egs.(2.9) and(2.10  sscomponent whiler is primarily nn. The f, production is
leads to favored by the weak decay &f, into Dy, but its contribu-
32 ko tion to ww is suppressed by the large off shellness of
[(Dy"*—D*m)=10.5-15 MeV, f5(980), recalling that the mass difference between
D41(2463) andDg is only 494 MeV. In contrastg(600) is
favored by phase-space considerations and yet its contribu-
(219 fion is suppressed by the smadtf, mixing angle. As a net
where wo have assumed 6B has o mass dose o S ANOU i o sy YT e o
, U 302 , - -
D3(2420) andm(D3%)-~m(D,(2427). Therefore,D;" is severe than the isospin one ¢ #°. This is confirmed by
a recent measurement of CLEQ®3]:

I'(D}?—D* 7)=248+92 MeV,

much narrower tha}? owing to the phase-space suppres-
sion ford waves. However, the physical stddg(2420) can
receive ars-wave contribution as there is a mixing between

D12 and D beyond the heavy quark limit. The observed B(D,(2463 ~Dgm " m) 0.08. (2.19

narrowness ofD;(2420) indicates that the mixing angle B(Dg (2463 —D? 7°)

should be small; that i€);(2420) should be dominated by

D32 while D,(2427) is primarily theD}” state. Using Asl;‘orfthe glectromagnetic decaysDf,;(2463), CLEO and
Belle foun

I'[D}(2420]=T(D}*~D* m)cog 0

B(Dy(2463—Dgy) [<0.49 CLEO[13],
B(Dg(2463 —D* 7% [0.21+0.07£0.03 Belle[14].
and the averaged width 26:2.1 MeV for D/ (2420), it is (2.20
found* that

+T'(D}?’~D*m)sirtd  (2.16

660 Hence, just as its 0 partnerD%,(2317), D;(2463) is also
0==(12.1°39°. (217 extremely narrow. A theoretical estimation yields 38.2 keV

We shall in Sec. IV that i . e | for its width [11].
€ shall see In Sec. at a positive mixing angie IS pre- Equation (2.14 leads toI'(D%,)=12.6 MeV, in agree-

ferred by a study oD,(2427 Y« production inB decays. . . . QY
The scalar resonand®,(2317) is below the threshold of ment with experiment (see Table ). Since F(?,gl.
DK and its only allowed strong decdy?,(2317)—D.a° is =280 keV followed from Egs(2.10 and(2.14) andDg;" is
isospin violating. Therefore, it is extremely narrow with a V€Y, NATOW as its mass is closely, (2463) which is below
P g ’ y D*K threshold, the decay width db’,(2536) is thus at

\kl)vglj(;Cv ?rf]eoéci?é tlh(:eléi\él[g ;dzﬂs '?j?acfg;/ I%Sé(é‘lg)gr)b’i dl(tj elz most of order 0.3 MeV and is consistent with the experimen-
fal limit 2.3 MeV [15]. In short, whileD; andD3 are rather

by parity and angular momentum conservation. Hence, th N :
allowed strong decays ar®*x°, Dym®, D.rm, and narrow, Dy andD; are quite broad as they are allowed to
S il S ] S ] .
Dyrma. The isospin-violating decay;(2463)—D? 7° haves-wave hadronic decays. In sharp contr&xf, andDg;
, )
has a rate similar t®%(2317)—D¢m®. At first sight, it is &€ €ven much narrower thddg, as their allowed strong

tempting to argue thad ¢ could dominate oveD? 7° as deca}ys arﬁ 'SO_Zpr']n \gqlatlng. h b q
the former can proceed without violating isospin symmetry. _Since the width oD, (2536) has not been measured, we
However, a detailed analysis shows this is not the case. Th¥ill appeal to the quark potential model to estimate the

decay Dy —D.mm arises from the weak transitions Dar-D3’ mixing angle[see Eq(2.8)]. It is known that spin-

orbital and tensor-force interactions are responsible for the
mass splitting of the foup-wave charmed mesons. In the
“The DY2D¥2 mixing angle was just reported to be=0.10  quark potential model the relevant mass operator has the
+0.03+0.02+0.02 rac= (5.7+2.4)° by Belle through a detailed form [24]
B—D* wr analysis[14]. This is consistent with the result of Eq.
(2.17. M=NC-s,+47(-S,+ 7S;5, (2.2)
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where s, and s, refer to the spin of the light and heavy isting potential model calculation such as the one by Di

quarks, respectively, and Pierro and Eichterj2] yields A<0 [24] or a very strong
, , confining potentialS. This will cause a reversed splitting:
1wV ( 2mq) S namely,j = 1/2 states lying abovi= 3/2 states. However, we
=—|—|1+ - —, i 7 .
2mgl T me r will not address this issue here. HB* mesons, the param-

eters\ and 7 fall into some large regions because of large
1 Vv uncertainties associated with the measured masdej ahd

~ dmgm; 1’ (222 D;. Hence, the magnitude and even the sign of@j&-D3/
mixing angle # at present cannot be fixed within this ap-
whereV(r) is the zero component of a vector potentt{t)  proach. Instead, we have used heavy quark effective theory
is a scalar potential responsible for confinement, &pdis  together with the measured widths to extraglt As will be
the tensor-force operator: seen below, the sign af can be inferred from a study of the
p-wave charmed meson productionBndecays.

S1,=30,-Toy T— 0y 0. (2.23
Note that the assumption of a Coulomb-like potential for IIl. DECAY CONSTANTS AND FORM FACTORS
V(r) has been made in deriving E.21) [24]. Under this A. Decay constants

hypothesis, the mass splitting is governed by the two param-
eters\ and .
Following Cahn and Jacksdr24], the masses of thé

The decay constants of scalar and pseudoscalar mesons
are defined by

2 andJ=0 states read (O|AIP(@)=ifpa,, (OV,IS(a)=fea,. (3.1
M 225 + § 7+c, My=—\—8r+c, (2.24) It is known that the decay constants of noncharm light scalar
25 mesons are smaller than that of pseudoscalar mesons as they

vanish in the SI@B) limit. For the neutral scalarg(600),

while the masses of the twb=1 states obtained by diago- 4(980), anda8(980), the decay constant must be zero ow-

nalizing the matrix in thdJ,j,m)=[1,3/2m) and|1,1/2m) . 0 ch Lation invari tion of
bases aréup to a common mass) ing to charge conjugation invariance or conservation of vec-
tor current:
L8 \F fo="Ff; =f0=0 3.2
5737 -2 37 o= T = Ta0=0. (3.2
(2.25
_Z\E N §T Applying the equation of motion, it is easily seen that the
3" 3 decay constant oK} " (ay) is proportional to the mass

difference between the constituentd) andu quarks. Con-
It is clear that the mixing vanishes in the heavy quark limitsequently, the decay constant of the charag(®80) is very
m.—c0. However, I, corrections will allow charm quark small, while the one foK{ (1430) is less suppressed. A cal-
spin to flip and mixD¥? andD32. The two eigenmasses for culation based on the finite-energy sum rJ2§] yields

J=1 are then
fa§=1.1 MeV, fK3=42 MeV. (3.3

A /)\2 1
+=——"+Cc=x — 4 = — 2' .,
Mie 4 ¢ 16 2()\ 47) (2.26 Contrary to the noncharm scalar resonances, the decay

_ constant of the scalar charmed meson is not expected to be
From Egs.(2.8) and(2.25 we arrive at suppressed because of charm and light quark mass imbal-
ance. Applying the equation of motion again leads to

N8
___T_M 2 i -
[ R . 2 3 7 Miex fiexs =i (ms—my)(Kg |sul0),
6=sin \/:2 with R+:— 0
1+R% 2 _
2\/;7 méngg=i(mc—mu)(D3|cu|0). (3.9

(2.27)

The parametera and = are obtained by a global fit to the
charm spectroscopy. F@%* mesons, it is found that

For a crude estimate, we assuri@}|cu|0)~(K%|su|0)
and obtain

~12 MeV, A~104 MeV, 0.~7°. (2.28 foy~160 MeVv. 39

As pointed out irf24], a positive spin-orbit energy implies  This is comparable tép~200 MeV, the decay constant of
a less important scalar potenti@l On the contrary, the ex- the pseudoscaldd meson.
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The decay constants of the axial-vector charmed mesons The polarization tensar,, of a tensor meson satisfies the

are defined by relations
(0]A,IDT(q,8)) = fprempiee , €uv=Eu, €,=0, p,er’=p,e"’=0. (3.9
<0|A,¢|Df/2(q.8)>:fofzmof/ZSM- (3.6)  Therefore,
It has been shown that, in the heavy quark lin2i6—28, (0[(V—A),|D3(e,p))=ag,,p"+be" p,=0.
3.1
fDiIZZfDS' fDi/ZZO' (3.7 (319

The above relation in general follows from Lorentz covari-
Since the decay constant @3 vanishes irrespective of ance and parity considerations. Hence the decay constant of
heavy quark symmetrysee below, the charmed mesons the tensor meson vanishes; that is, the tensor mBgooan-
within the multiplet (0",1") or (1’ *,2") thus have the same not be produced from the— A current.
decay constant. This is opposite to the case of Ightave Beyond the heavy quark limit, the relatiof®.7) receive
mesons where the decay constant'By meson vanishes in |arge 1, corrections which have been estimated[28]
the SU3) limit [29] based on the argument that for nonc- ysing the relativistic quark model. In the present paper we
harm axial vector mesons, th#?; and P, states transfer spall usef =216 MeV and(in units of MeV)
under charge conjunction as .

fp=200, fp =230, fpx=230,
Mg(3P1)4M3(3F’1), P Ds Ps

ME2(P)——MA(*Py), (a=1,2,3, (3.9 fp,=160, fpr2=120, fp32=40,

where the axial-vector mesons are represented byx@ 3
matrix. Since the weak axial-vector current transfers as
(AM)2—>(AM)§ under charge conjugation, it is clear that the
decay constant of th&P; meson vanishes in the $8) limit ~ Note that the measurements Bf~D{)D®) [15,30 indi-
[29]. cate that the decay constantsf andDg are similar.

fp,=140, fp12=170, fp32=70, (311

B. Form factors

Form factors forB— M transitions withM being a parity-odd meson are given [84]

2 2 2 2

- B~ Mp

m m m
(P(P)|V,.IB(pg))= (DB+D)M—%QM F?P<q2>+TqMFSP<q2>,

(V(p.2)IV,lB(Pe)) = - €pnape™ "PEPPV(AY),
(V(p,2)|AulB(pg))=1| (Mp+my)e} As(Q*) — ;*f:ﬁ (PetP)uA2(0?)
pT My
—Zm\/%qM[As(qz)—Ao(qz)] , 312
whereq=pg—p, F1(0)=Fy(0), A3(0)=Ay(0), and
A= T A g7 - T A ), (3.13

For B— P andB—V form factors, we will use the Melikhov-StedMS) model[32] based on the constituent quark picture.
Other form factor models give similar results.
The general expressions fB— D** transitions D** being ap-wave charmed mespare given by 33]
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(D5 (P)|ALIB(Pg))=i[u4(g?)(Ps+P),+U_(d*)(Pg—P),],

(DT(p,2)|V,u[B(pp)) =i[€ 1A 0P e} + A q?) (e* - pe) (Pe+ D)+ VA2 (e* - Pe) (Pe—P) ..
(DTAp,&)|ALIB(PR)) = — AuA ) €,0pes™ (PE+ D) (P& D),
(D¥(p.&)|V,uIB(pe)) =il €sa®) e + %) (e* - pa) (Pat P) .+ 2% (2% - Pe) (Pe—P) ],
(DYA(p,&)|ALIB(PR)) = — UaiA 0% €,1rpoe™ “(Pe+ D) (Pa—P) 7,
(D3 (p,&)|V,IB(Pe))=h(0?) €,,p0e* "*(PB) a(PE+ P)*(PE—P) 7,
(D3 (p,e)|ALIB(Ps))=—i[k(a®)e},Ps+b. (%)) sPEPE(Pa+ P+ b (07 et PEPE(PE—P) ). (3.14

In order to know the sign of various form factors appearing in @ql4), it is instructive to check the heavy quark limit
behavior ofB— D** transitions which have the forfii6]

<D3(U')|AM|B(U)>: \/mBmDOZTlIZ(w)i(U,_U),ua
(D10 ,0)|V,IB(v)) = \Jmemp 122715 )i[ (0= 1)e — (£* -v)v ],
(D10 ,0)|AIB(v)) = \JMeMp 12719 @) (=) €pape™ v 0P,

1
(DY(0",&)IV,IB(v)) =\ 5 MgMp32rg( )i{(1- w?)ef — (s* -v)[3v,— (w—2)v ]},

1
(DY(v",&)|AIB(v)) =\ 5 MeMp32rgi @) (0F 1) €paps™ 0" 07,

<D§(U,18)|VM|B(U)>: \/3mBmDZT3/2(w)E/.LVaﬂ8*Vyv'yv’avﬁi
(D3 (v",&)|ALIB(v))=\/3mgmp, T3 @) (—{(w+1)e} v"— e 0 vPu }, (3.19
2

where w=v-v’ and there are two independent functionsmodel by Isgur-Scora-Grinstein-Wige€SGW) [33] to com-
T @) and 75 w) first introduced i 16]. It is easily seen pute theB—D** transition form factors.In general, the
that the matrix elements of weak currents vanish at the zertprm factors evaluated in the original version of the ISGW
recoil pointw=1 owing to the orthogonality of the wave model are reliable only &= g3, the maximum momentum
functions ofB andD** . The universal functions,(w) and  transfer. The reason is that the form-factBrdependence in

T35(w) are conventionally parametrized as the ISGW model is proportional to e@ep(qfn—qz)] and
5 hence the form factor decreases exponentially as a function
Ti(w)=7(1)[1-pi(0—1)] (318 of (g2—g?). This has been improved in the ISGW2 model

in which the form factor has a more realistic behavior at
large (qrzn—qz) which is expressed in terms of a certain poly-
nomial term. In addition to the form-factor momentum de-

. 172 pendence, the ISGW2 model incorporates a number of im-
requires that the form factors, , €y, ugr € h,3/é<, and  hrovements, such as the constraints imposed by heavy quark

b_ be positive, whileu_, {3, g3, €1, €1, ¢Z%, and  symmetry, hyperfine distortions of wave functions, ¢8].
b, be negative. Heavy quark symmetry also demands the

relationsc?+cY2=0 andb, +b_=0. It is easily seen that

these heavy quark symmetry requirements are satisfied inNote that in the original version of the ISGW mod&3], the
realistic model calculations shown below. form factors forB to axial-vector charmed meson transition are

In the present paper, we shall use the improved versiorsvaluated foD,('P,) andD;(3P,). As a result, one has to apply
the so-called ISGW2 modgB4], of the nonrelativistic quark Eq. (2.1) to obtainB— D}? and B— D’ form factors.

for i=1/2 and 3/2. The slope paramej€rcan be related to
T1(1) andr5,(1) via the Bjorken sum rule. Comparing Eq.
(3.14 with Eq. (3.15 we see that heavy quark symmetry
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TABLE Il. The form factors at varioug)? for B—D} and By
— D}, transitions calculated in the ISGW2 model.

Transition u, (m2) u_(m2) u,(m?) u_(m?) u+(m§3) u,(m%s)

B—>D6
BSHD:O

0.175 —-0.462 0.178 —0.471 0.198
0.196 —0.515 0.200 —0.527 0.230

—0.524
—0.605

The results of the ISGW2 model predictions for various form

PHYSICAL REVIEW D 68, 094005 (2003

TABLE IV. The B—D% andB,— D%, form factors atg?=m?2
calculated in the ISGW2 model, whekeis dimensionless and,
b, b_ are in units of GeV?2.

Transition h k b, b_
B—D3} 0.011 0.60 —0.010 0.010
B;—D%, 0.013 0.70 —0.011 0.012

factors are shown in Tables II-IV. Evidently, the signs ofand V2D1(0)=VED1(O). The form factors relevant foB
various calculated form factors are consistent with what are., p* p decays arngDo andFEP . Note that only the form

expected from heavy quark symmetry.

In realistic calculations of decay amplitudes it is conve-
nient to employ the dimensionless form factors defined b

[31]

<D3(pDo)|A,u|B(pB)>

mé—méo
(pst pDO)M_T

q,;) FoPo(g?)

2 2
Mg—Mp
+ TOCIMF(E;DO(QZ)],

<D1(le,s)|VM|B(pB)>

=i[<m3+mol>s:v?01<q2>

_&( + ) VBDl( 2)
Mg+ Mg, PsTPp, ).V, (4
e*p
—2mp, oz (Pa=Po,)ul V3 (A" Vg (@) ]

<D1(le,8)|AM|B(pB)>

2
— * VAP AT ABD1~2
mB+mD16MVpU'8 poDlA (q )1 (31D
with
VEP1( 2 mB+leVBD1 2 mB_leVBDl 2
3 (q )_ 2le 1 (q )_ 2le 2 (q )

(3.18

factor VEP or F>°* will contribute to the factorizable ampli-
ude of B—D;P as one can check the matrix elements
q“(Dl(le,g)|VM|B(pB)> and £#(P|V,|B). The ISGW2
model predictions for the form factoFs, ;, Vo1, andA are
summarized in Tables V and VI. It is evident that the form
factor F(4(0)~0.18 for the B—Dj transition is much
smaller than the typical value of 0.65-0.70 for tBe-D
transition form factor ag?=0.

IV. ANALYSIS OF B—D**M, D¥* M DECAYS
A. Factorization

In the present work we focus on the Cabibbo-allowed
decays B—D** 7(p), D**D{*), D¥*D™) and B,
—DZ* w(p), where D** denotes generically a-wave
charmed meson. We will study these decays within the
framework of generalized factorization in which the hadronic
decay amplitude is expressed in terms of factorizable contri-
butions multiplied by the universal (i.e., process-
independenteffective parameters; that are renormalization
scale and scheme independent. Since the aforement®ned
decays either proceed through only via tree diagrams or are
tree dominated, we will thus neglect the small penguin con-
tributions and write the weak Hamiltonian in the form

G _ o
Heir=—={VeoVid a1(ch)(sc) +ay(sh)(cc)]

V2
+VepViEJay(cb)(du) +ay(db)(cu)]+H.c.,
(4.1)

with (9:192)=0,7v,(1—vs)d,. For hadronicB decays, we
shall usea;=1.15 anda,=0.26.

Under the factorization hypothesis, the decaBs
—D**°D_, B®~D** *D_, and B’~D** "7~ receive

S 1

TABLE lIl. The form factors atg?=m?2 for B—D1? andB— D?¥? transitions calculated in the ISGW2
model, wheref ;,, and €5, are in units of GeV and all others are in units of GéV

Transition Qi Ci cl? c Qa2 L3 32 32
B—D}? 0.057 054 —0.064  0.068

B—D3? -0.057 -1.15 —0.043 -0.018
B.— D2 0.063 066 —0.072 0.078

B,— D32 -0.063 —1.31 —0.048 —0.023
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TABLE V. The form factorsF, and F; at variousq? for B
—D§ andBg— DY, transitions calculated in the ISGW2 model.

.. PHYSICAL REVIEW D68, 094005 (2003

Note that excepB~—D%°7~ all other modes receive con-
tributions from color-suppressed intern@&l emission. The

Transition Fy(m2) Fo(m%) Fy(m?) Fo(m?) Fl(szs) Fo(mgs)

decay rates are given by

BHDS
BS—>D;‘O

0.175
0.196

0.175
0.196

0.178 0.166
0.200 0.187

0.198
0.230

0.108

Pc
0.130 :

[(B=Dom=gm
B

|A(B—Dgm)|?,

3

contributions only from the extern&l-emission diagram. As ['(B—Dym)= p°2 |A(B—D,m)/(e* - pg)|?,
stated before, the penguin contributions to the first two decay 877le
modes are negligible.
Apart from a common factor ofGgV.,V¥y/\2, the p> mg | 2
factorizable amplitudes fdB~—D** %7~ read [(B—D3m)=——> ( —) IM(B—D3m)|?,
1277'sz Mp,

A(B~—D}(2308°% ")

- —alfﬂ.(mé—m%o)FgDO(mi)
~ayfoy (Mg~ m2)FET(mE,),
A(B~—D,(2427°%77)
8032 .
=—2(e*- pB){alfw[Vo 1 (mﬂ)mDilzsm 0
1/2
—I—VgDl (mi)mD%/chSQ]
+ay[ F?W( més/z) mMp3/2f p3rzsin 6
1 1 1
+ F?”( mZDl/z) mp12f 5 12c0S 61},
1 1 1
A(B~—D1(2420°7")
BDY2
=—2(e*-pp)iaif [V, * (mw)mDi/ZCOSG
1/2
—Vg P1 (mi)mDyzsin 6]
+a,[ F?W( szs/z) mp3/2f 532c0s6
1 1 1

2 .
—FE™(Mg12) mpef p1zsin 0]},
1 1 1

A(B~—D3%(2460°7")

=iayf e, pEPELk(M2) +b. (m2)(mg—md )

+b_(m?)m?].

TABLE VI. The dimensionless form factors andV, ; , at g?
=m? for B—D}?andB— D¥?transitions calculated in the ISGW2

4.3

where A(B— D3 7)=¢}, ,pgpgM(B—D3 m) and p is the
c.m. momentum of the pion. The?-** dependence in the
decay rate indicates that ondy p, andd waves are allowed
in D§ 7, Dy, andD% 7 systems, respectively. The factor-
izable decay amplitudes f& —D%% ~ andB~—D%%"
are (up to a common factor 0BV, Vi J2)

A(B~—DZ(2308%")

=2(e* - pg)[a,f,m F>P0

2 B 2
p'Mp™q (mp)+a2fD0mDoAOp(mDo)]v

A(B~—D3%(2460%")
:alfpm;%S*aﬁsZ(pB_ Pp,)x
X[ih(m2) e#"27g,,,(p,) g(P,) o+ K(M2) 348,

+b (M) (P,)a(Py) sG] (4.4

The expression f0§—>D1p is more complicated. In the
absence of th®1?— D¥? mixing, one has

A(B~—D}(2420%")

. BDy, 2
=—ia;f,m, (s:'s’,gl)(mB+le)V1 l(mp)

X L2V m))
— (&, 'pB)(SDl'pB)mBJr—le

(42) ZABDl(m’Z))

Mg+ Mmp,

: * U Kk V~anB
+|6Mm38D18P P: Py

model. —iayfp,Mp | (2} -&h ) (Mg+m,)AT(m3 )
Transition A Vo V4 Vs, B 2
B—D?? —-0.43 -0.18 0.070 0.49 —(e*- x w
L : : : : (85 Py (D, Pe)
B—D? 0.44 -0.43 -0.15 0.33 P
B.—D2 —0.49 —-0.20 0.085 0.57 2VvBr(md )
BSHDgf 0.50 —0.47 —-0.17 0.38 +iEMVaB8:MSBngpg1W . (45)
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In the presence of the1'-D ¥ mixing, it is more convenient
to express the decay amplitude as

A[B”—D{(sp,,Pp,)p (&,.P,)]
0‘8’6;"8: V[Slgp,v—i_ SZ( pB)}L( pB) V+ is3sﬂvaﬁpglp§]v
(4.6
where €°¥23= +1 in our convention and the coefficieB
corresponds to thp-wave amplitude an®; and S, to the
mixture ofs- andd-wave amplitudes:
BD3? 5
S;=a;f,m,[(mg+ me’z)Vl (mj)cose
1/2
—(mg+ mDi/Z)VfDl (m2)sing]
+a,(mg+ mp)[mDilzf Dile?p( més/z)COSG
1

2 .
— mD%/zf D%/zA?P( mDi/g) siné],

3/2

S;=a,f,m, Vot (m%)cosf

mg+ melslz

1 12
= BB
2

(m2)sing
mB+ mDi/Z

2

+a [ mDilzf DilZAZBp( My312) COSH
1

2
Mg+ mp
_ Bo(m? 15)si
mp2f pr2AZ" (M 12)Sin 6],
1 1 1

3/2
ABPL(m?)cose

S;=a;f,m
per mB—l—mD?/z

1 112 .
- ABD; (mﬁ)sm 0
Mg+ mDi/z

2
+a, ———— [ mpaef HarVEP( My 312)COSH
m, 1 1 1

mg+

4.7

2 .
— mp vaf 2V 27 Mp2:2)SiN 6.

Then the helicity amplitudebly, H,, andH _ can be con-
structed as

Ho [(mg—m3 —m2)S;+2mgpZS,],

- 2mp m,

Ht:S]_i meCS3' (48)

For B~ —D,(2427fp ", the amplitudesS, , 3 are the same
as in Eq.(4.7) except for the replacement of cés-sin and
sin #——coséh. The decay rates reddp to the common fac-
tor of G2|V,Vi|%/2)

PHYSICAL REVIEW D 68, 094005 (2003

3
c

F(B—>D3p)=

2 |A(B—Dgp)/(e*-pe)l?,
Do

I'(B—Dyp)=

p
5z ((Hol* [HL 2+ [H_[?),
B

2

I'(B—D}p)=—"—(apl+bp3+cpd),

4
D>

(4.9
with

_ 4112 _ 2 21,2
a=8mgh%, c=5mp mk*,

b=2mg[6mZm3_h*+2(mg—mj3 —m2)kb, +k?].

(4.10

B. Results and discussion

Given the decay constants and form factors discussed in

Sec. lll, we are ready to study th& decays intop-wave

charmed mesons. The predicted branching ratios are shown

in Tables VII and VIII. The experimental results are taken
from PDG[15] and Belle[14]. ForB~—D3%°7~ we com-
bine the Belle measurements4]
B(B~—D3%7)B(D3°—D"7")
=(3.4+0.3+0.6+0.4) X 1074,

B(B~—D3°7r)B(DE°—D* " 7)
=(1.8+0.3+0.3+0.2) X 104,
(4.12)

to arrive at
B(B~—D3%r)B(D3°—D" 7 ,D* "7 ")

=(5.5+0.8)x 10" *. (4.12
Using B(D3°—D "7 ,D* "7 )=2/3 following from the
assumption that thB§° width is saturated b{p = andD* r,
we are led ta3(B~— D3 %7 ) =(7.8+1.4)x 10" * as shown
in Table VII.

From Table VII we see that except fax,;(2427P 7~ the
predictions ofB(B~—D** 7~) agree with experiment. It is
worth mentioning that the ratio

e B(B~—D% (24637 ")
 B(B~—D}(2420%% )

(4.13

is measured to be 0.770.15 by Belle[14] and 1.8-0.8 by
CLEO [17]. The early prediction by Neube[88] yields a
value of 0.35. Our prediction dR=0.61 is in accordance
with the data. However, the predicted rate Boy(2427 7~
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TABLE VII. The predicted branching ratios fd~—D** °(7~,p~,Ds) and B~ —D** D*) decays,
whereD** denotes a generig-wave charmed meson. Experimental results are taken from FAB{zand
Belle [14]. The axial-vector meson mixing angles are taken todbel7° for D, and D; systems and
=7° for Dg; andD/,; systems.

Decay This work KV[35] CM [36] KLO [37] Expt.

B~ —Dj (2308 7" 7.7x10°*  4.2x10°° (9.2£2.9)x 10 * [14]

B~ —D, (242707 3.6x10°%  2.4x10°4 (7.5£1.7)x 10" * [14]

B~ —D}(2420f 7~ 1.1x107%  2.1x10°° (1.0=0.2)x 1073 [14]
(1.5+0.6)x 10 2 [15]

B~ —D3 (2460 7~ 6.7x107% 7.2x10°° 4.1x10°% 3.5x10°* (7.8:1.4)x10 “[14]

B~ —D%(2308fp 1.3x10°3

B —D,(2427Pp 1.1x10°3

B~ —D}(2420fp" 2.8x10°3 <1.4x107° [15]

B~ —D3 (2460 p~ 1.8x1073 1.1x107% 9.8x107* <4.7x1073[15]

B~ —D%(2308fD, 8.0x10* 2.7x10°3

B~ —D,(2427/Dg 9.6x10°*  1.4x10°3

B~ —D}(2420/Dg 1.3x10°%  5.0x10°3

B~ — D} (2460fDg 42x10°*  1.0x10* 27x10°* 4.9x10°*

B-—D#(2308/D:~  3.5x10°°

B-—D,(2427fDf~  6.0x107°

B~ —Dj(2420fD:~  1.6X10°°

B-—D%(2460fDf~  11x10°° 10x10°* 11x10° 1.2x10°

B~ —D%,(2317) D° 5.1x10°° 0 see text

B~ —>5$1(2463)’ DO 4.3x10°3 3.5x10°8 see text

B~ —D/,(2536) D° 3.1x10* 3.4x10°°

B~ —D%,(2572) D° - 0

B~ —D%(2317) D*°  2.7x10°°
B~ D (2463) D**  1.6xX10°?
B~ —D(2536) D**  1.2x10°°
B~ —D%,(2572) D*° 0

is too small by a factor of 2. This is ascribed to a destructiveoch and Vermd35] obtained a small branching ratio for
interference between color-allowed and color-suppressed tre® — D} (23087~ as they assumed a vanishing decay con-
amplitudes because the form factngi/z and VED?Z have stantforD} . As stressed before, this decay constant is com-
signs opposite to that Oﬁ;?w as required by heavy quark parable tof , because o_f charm_ and light quark mass imbal-
symmetry[see Eq(4.2) and Table V]. In contrast, the pro- 2nce and a rough estimate yieliss ~160 MeV [cf. Eq.
duction of D,(2427)" 7~ is larger tharD (2427 7~ by a  (3.9]. Consequently, the contribution from internalemis-
factor of about 2 because the former does not receive a déion will account for the aforementioned discrepancy be-
structive contribution from internalV emission. Hence, a tween theory and experiment. Moreover, the ratio
measurement of the ratd, (242707 /D,(2427)" =#~ can D} /D% is predicted to be 0.34 instead of unity be-
be used to test the relative signs of various form factors asause of the absence of the color-suppressed tree contribu-
implied by heavy quark symmetry. Note that for the tion to the former.

D12D32 mixing angle we use@=17° [see Eq.2.7)]. If a At first glance, it appears that the predictidf(B"
negative value of —17° is employed, the decaB~  —D}(2420fp )=2.8x10"3 already exceeds the experi-
—D; (24277~ will be severely suppressed with a branch- mental limit 1.4< 10~ 2 [15]. However, it should be noticed
ing ratio of order 6<107°. This means that th®Y2D¥?  that theD;% ™ rate is about 3 times larger than that of
mixing angle is preferred to be positive. In their study Ka-D;%7~ as expected from the factorization approach and
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TABLE VIII. Same as Table VIl except for neutr@ and B; mesons.

Decay This work KV[35] CM [36] KLO [37] Expt.
B°—DZ(2308) 7~ 26x10*  4.1x10*

B°—D,(2427) 7~ 6.8x10°4  1.2x10°*

B°—D}(2420) 7~ 1.0x10°%  2.4x10°°

B0— D3 (2460) 7 6.1x10°%  7.4x10°5  41x10°%  33x10*  <2.2x10°%[15]
B%—D}(2308) p~ 6.4x107*

BY—D,(2427) p~ 1.6x10°°

B°—D}(2420) p~ 2.6x10°°

B0—D%(2460) p~ 1.7x10°3 11x10°°  92x104  <4.9x10 3 [15]
B%—D%(2308)' D, 7.3x107%  2.6x10°3

B%—D,(2427)' D, 8.8x10°4  1.3x10°3

B°—D}(2420)' D, 1.2x10°%  4.9x10°3

B%—D%(2460)' D, 3.8x10°* 1.0x10°4 2.7x10 4 4.6x10°4

B°—D}(2308)' D% - 3.2x10°4

B°—D,(2427)' D%~ 5.5x 1074

B%—D}(2420)' D%~ 1.5x10°3

BY— D} (2460)" D? 1.0x10°%  1.0x107*  11x10°®  1.1x10°°

BY—D%,(2317) D* 4.7x10°3 0 see text
B0 D, (2463) D* 3.9x10°3 3.4x10°3 see text
B%—D.,(2536) D* 2.8x104  3.3x10°3

B—D%,(2572) D* - 0

B°—D%(2317) D**  25x10°°

BY—-Dg(2463) D**  1.5x10°?

B°—D/,(2536) D**  1.1x10°°

B%—D%,(2572) D** -

BY—D%,(2317) 7~ 3.3x10°4

BY—D,(2463) 7~ 5.2x1074

BY—D/,(2536)" 7~ 1.5x10°3

BY—D%,(2572) - 7.1x10°*

B D%,(2317)" p~ 8.3x10° 4

BY— D, (2463)" p~ 1.3x10°3

BY—D.,(2536) p~ 3.8x10°3

BY—D%(2572)" p~ 1.9x1073

from the ratiof ,/f ~1.6 (see Table IX below Hence, it
appears that the present limit &~ is not consistent with
the observed rate dd;= . Of course, it is crucial to mea-

sureB—D1(2420) in order to clarify the issue.

Apart from the external W-emission diagram, the
D** 7(p) productions in neutraB decays also receive
W-exchange contributions which are neglected in the present
work. This will constitute a main theoretical uncertainty for

§O—>D** +7T—(p_).

For B—DD** decays, the Belle data are given [80]

094005-12

B(B—DD%,(2317)B(D%,(2317)—D¢7°)
=(8.5'23+2.6) X104,

B(B— DD¢,(2463)B(D, (2463 — D% 7°)
=(17.8"35+5.3 X104,

B(B— DD (2463)B(Dg; (2463 —Dgy)
=(6.7"13+2.00x10° . (4.19
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TABLE IX. The ratiosI'(B—D** V)/['(B—D** P) and['(B likely to be suppressed relative to the FSls. Hence, an obser-
—D¥* V)/T'(B—DZ** P). The last column is for the ratid'(B;  vation of B—D¥,D™) could imply the importance of final-

—D¥* p7)IT(Be—D** 7). state rescattering effects.
Since heavy quark symmetry impliesté1(2536)
D*™(Dg*) D*%  D**'p~ D*™Df¥ D¥*D* D¥p <fp_ (2463), it Is important to measure thB decay into
D%~ D*™*m  D*D; DD DIfn D/ (2536D*) to see if it is suppressed relative to

D4, (2463)D™) to test heavy quark symmetry. From Tables

* *
BO(SSO ;Z ;’j 822 03;584 ;: VIl and VIII we see that the latter mode has the largest
D}(Ds,l) 2.6 2.6 1 ) 4'0 2.6 branching ratio of order IG in two-body hadronid® decays

1( 5*1) : : ' ‘ : involving a p-wave charmed meson in the final state. It is
D> (Ds, 2.7 2.7 2.7 B 2.7 essential to test all these anticipations in the near future. A

recent CLEO measurement yielt#0]

Since D%,(2317) is dominated by its hadronic decay to B(B‘—>(55+5*)(D(l)+ D1°+D’2‘°))
D¢7°,° the branching ratio 0B—DD%,(2317) is of order °
1x10 3. This means that the production rate@®tD%, in B =(2.73+0.78+0.48+0.68%. (4.16

decays is smaller than that B°D by one order of magni-
tude. Since this decay proceeds only via exteivaémis-
sion, it can be used to determine the decay constabtipf

Our prediction of 6102 is slightly small.
It is interesting to consider the ratiosI'(B

It is found thatfp« ~60 MeV,” which appears too small, —DP** V)/I'(B—D**P) and F(B—>D§f V)/T'(B
, 0 , —DZ* P). The calculated results are shown in Table IX.
recalling thatfyx~160 MeV is needed to account for the . - .
0 Several remarks are in order:(i) The ratios

production ofD% 7. For the branching ratios @} 7° and  p** 0,=/D** %7~ and D** *p~/D** * 7~ for D** =D

Dsy in Ds1(2463) decay, we can apply the theoretical esti-agndD, are not the same as the former receives an additional
mates made irj11]: nameiy, (?-56 and 0.13, respectively. color-suppressed internaW-emission contribution. (ii)

[The predicted ratid>¢y/Dg m"=0.24 agrees with experi- Wwhether the ratid** V/D** P is greater than unity or not
ment; see EQ.(2.20.] Therefore, our prediction of 4.7 depends essentially on the ratio of the decay constants. For

b, oC . . sentially ¢
X10"° is consistent with the measuremenB(B example,D%D*/D%D.=0.43 if the decay constants &f*

—DDy;(2463)~4x 10 °. The Belle measurement &  and D, are similar, whileD§ “p~/D§ *m~=2.5 for f /T,

—DD4(2463) impliesfp ~172 MeV. This is consistent =1.6. It should be stressed that the proximity of the ratio
with the theoretical estimate D** *p~/D** * 7~ to 2.5 has less to do with the three de-
grees of freedom op; rather, it is mainly related to the
decay constant ratio off, /f_. (i) The ratio of
D¥*p /Df*m~ in Bs decay is the same as
D** *p~/D** "~ in B decay as they proceed via external

where use of Eqg2.8) and(3.11 has been made. Sinégs W emission.

. o T Because the scalar resonanBgs andD, have widths of
andei’f become identical in the heavy quark fimit, this re- order 300 MeV, we have checked the finite-width effects on

inforces the previous statement that a decay constant of ordgieijr production inB decays and found that the conventional
60 MeV for Dg, is probably too small. At any rate, it is narrow-width approximation is accurate enough to describe
crucial to check experimentally if thB,D production is the production of broad resonances owing to the large energy
less abundant thab ;D to test heavy quark symmetry. released in hadronic two-body decaysBmesons.

Since the tensor meson cannot be produced fromvthe
—A current, theB decay intoD*,D®*) is prohibited under C. Comparison with other works
the factorization hypothesis. However, it can be induced via The decaysB—D** (7,D¢) and B—DZ** D have been
final-state interaction$FSlg and/or nonfactorizable contri- stydied previously by Katoch and VerngV) [35]. Lopez
butions. For example, it can be generated via the colorcastro and Moz (CM) [36] and Kim, Lee, and OKKLO)
allowed decayB‘—>D5D’2‘O followed by the rescattering [37] also have a similar study with focus on the tensor
processBSD’z‘OHS;‘zDo. Since the nonfactorizable term is charmed meson production. We shall comment their works

of orderc, /N, with Wilson coefficientc,(m,)~ —0.20, itis ~ Separately.
In the paper of KLO, thé8— D3 form factors are evalu-
ated using the ISGW2 model. However, the predicted rates

5The upper limit on the ratiol'(D¥—D*)/T(D%—D.x®  for D3 andD3p by KLO are smaller than ours by a factor

stlz ngllzcosaer ngizsin 0,~177 MeV, (4.1

<0.059 was set recently by CLEQ3]. of 2 (see Tables VII and VIt that is, theirB—D3 form
"Interestingly, this happens to be the original estimatef.g{] factor differs from ours roughly by a factor aﬁ . In con-
made in[4] for D%, in the four-quark state. trast, the results fop% D{*) are similar owing to the fact that

094005-13
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KLO employ f, =280 MeV andfy+ =270 MeV which are (i) Various form factors forB—D** transitions and
s s . 2 . . . .
their g° dependence are studied using the improved version
larger than our$see Eq.(3.1D)]. . i -
gI]'he work of KV anc?CM is based on the original version of the Isgur-Scora-Grinstein-Wise quark model. Heavy quark
of the ISGW model. However, as stressed by KIZJ], the symmetry constraints are respected in this model calculation.

. ; . = o
exponentially decreasing behavior of the form factors in the (i) The predicted branching ratios f@" —D™ 7

: : — 1/2. ~3/2
ISGW model is not realistic and justified. This has been im-29ree with expenment excem1(242_7)°7r S The D, ™Dy .
mixing angle is preferred to be positive in order to avoid a

proved in the ISGW2 model which provides a more realistic X X -
description of the form-factor behavior at Iargq,zn(— g?). severe suppression on the productiorDg(2427f 7. The
decay B~ —D}(2420fp " is predicted at the level of 3

The values of form factors at smajf in the ISGW2 model 73 _ ,

can be a few times larger than that obtained in the ISGW<10 * Although it exceeds the present experimental
model as the maximum momentum transiéyin B decays |rr,1|t of _ 1',4X 10 ' it leads to the ratio

is large. However, the expected form-factor suppression do 1(24_20)” /D4(2420)m ~2.6 as expected from the fac-
not appear in the calculations of KV as they calculated thdfization approach and from the ratig/f,~1.6. There-
form factors atgZ, and then employed them even at loy. fore, it is gruqlal to have a measurement of this mode to test
In contrast, CM did compute the form factors at propér the factorization hypothesis.

The fact that CM and KLO have similar results f@& (iv) The predicted rate foB™—Dy(2427P7 s too

N dB_D:D™) (see Tables VIl and VIl is small by a factor of 2 owing to a destructive interference
—Dz7(p) and B—D5 D™ (see T : _ between color-allowed and color-suppressed tree amplitudes
surprising as th&— D3 transition is evaluated in two dif- .5 the relevant form factors f@&—DY2 andB— D2 tran-

ferent versions of the ISGW model. To check this, we findg;iions are negative. It is crucial to measure the production of
that 7(a?)=k(q?) +b.(q®)(mg—m3 ) +b_(a?)a’=0.286  p (2427) = to see if it is larger tha(2427Px~ by a
and 0.386 forg?=m? in the ISGW and ISGW2 models, factor of about 2 because the former does not receive the
respectively, which in turn imply the respective branchinginternal W-emission contribution.
ratios 6.7<10°% and 3.8<10™* for B*—>D’2‘°7T*. There- (v) Under the factorization hypothesis, the production of
fore, our result obtained in the ISGW model is consistenD*,D®*) in B decays is prohibited as the tensor meson can-
with that of CM and the estimate of(g%) within the ISGW2  not be produced from th¥ —A current. Nevertheless, the
model by KLO is likely too small, as noted in passing.  gecaysB—D%D*) can be induced via final-state interac-
The _aX|aI-vect(l)r charmed meson production ggn&dereqons and/or nonfactorizable contributions. Since the latter
by3/2KV is for D1("P1) and Dy(°Py) rather thanDi" and  are suppressed by the order@f/N,, an observation oB
DT Therefore, the expressions of the_dpcay amphtudes |n-_>5§2D(*) could imply the importance of final-state rescat-
volving D; or Dg; by KV should be modified by taking into tering effects.

account a proper wave function combination, E2j1). For ; — = L —
Prop E20 (vi) For B—DZ* D decays, it is expected th&@3,D

the decay constants, KV assumed thgt =0 andfp (1p ) -
0 ro =DD as the decay constants of the multipl€Z,D;)

— - *0__—
0. As a consequencl, —Dq 7 is too small compared become identical in the heavy quark limit. The preliminary

= not consstent i the heaw”auark Symmety relationPI MeasUreMeNts of tese two modes IMPD/D..D
vy q y Y ~1/4 andesl~ 170 MeV, fD§0~60 MeV. The fairly less

forz=fpx . Finally, the predicted rate B —D3% by o s .

KV is too small by one order of magnitude compared to@Pundant production dd,D thanDg,D and the large dis-

experiment. This is ascribed to a missing factormf(m;)2  Parity betweerfp  andfpx are surprising. The reason for

in their calculation of decay rates. the discrepancy between theory and experiment remains un-
clear. In the meantime, it is also important to measure the

decay toD’,(2536)D*) to see if it is suppressed relative to
V. CONCLUSIONS D(2463D™*) to test the heavy quark symmetry relation

The hadronic decays d@ mesons to g-wave charmed stl(2536)<stl(2463)' . .
meson in the final state are studied. Specifically we focus on Note addedAfter this work was completed, we noticed
the Cabibbo-allowed decay8—D** w(p), D**D{*)  the appearance of the related worksBx»DDZ* decays by

5;* D), and§S—>D§* 7(p). The main conclusions are as E:hen and Li[41], Datta and O’Donnell42], and Suzuki

follows.

(i) We apply heavy quark effective theory in which
heavy quark symmetry and chiral symmetry are unified to
study the strong decays pfwave charmed mesons and de-
termine the magnitude of tH21>-D¥? mixing angle. In con-
trast, the present upper limits on the widths[@f;(2463) We are grateful to Chuang-Hung Chen and Taekoon Lee
and D¢,(2536) do not provide any constraints on the for valuable discussions. This work was supported in part by
DIAD3? mixing angled,. Therefore, we appeal to the quark the National Science Council of R.O.C. under Grant No.
potential model to extrac. NSC91-2112-M-001-038.
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