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Abstract. Based on the assumption that D*;(2317) and Dy 7(2460) are the (0", 17) chiral partners of Dy
and Dy, we evaluate the strong pionic and radiative decays of D} ;(2317) and D;7(2460) in the constituent
quark meson (CQM) model. Our numerical results of the relative ratios of the decay widths are reasonably

consistent with the data.
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1 Introduction

The new discoveries of exotic particles D¥;(2317) and
D;7(2460), which possess spin-parity structures of 07,
1T respectively [1-3], attract great interest of both the-
orists and experimentalists of high energy physics. Some
authors [4] suppose that D?*;(2317) and D;;(2460) are
(0T, 1%) chiral partners of D and D¥ i.e. p-wave excited
states of Dy and D} [5]. Narison used the QCD spec-
tral sum rules to calculate the masses of D?;(2317) and
D;;(2460) by assuming that they are quark—antiquark
states and obtained results which are consistent with the
data within a wide error range [6]. Beveren and Rupp also
studied the mass spectra [7] and claimed that their results
support the ¢35 structures for D?;(2317) and D;;(2460).
Meanwhile, some other authors suggest that D¥;(2317)
and D;;(2460) can possibly be four-quark states [8—11].
Very recently Close and Swanson highlighted several key
issues concerning the determination of the properties of
D?;(2317) and D, ;(2460) [12]. Thus, one needs to try var-
ious ways to understand the structures of D¥;(2317) and
D, ;7(2460). In general, one can take a reasonable theoret-
ical approach to evaluate related physical quantities and
then compare the results with the data to extract useful in-
formation. One can determine the structures of D ;(2317)
and D, 5(2460) by studying the production rates of the ex-
otic particles, and our recent work [13] is just about the
production of D¥;(2317) in the decays of 1(4415).
Recently, several groups have calculated the strong and
radiative decay rates of D% ;(2317) and D; ;(2460) in differ-
ent theoretical approaches: the light cone QCD sum rules,
constituent quark model, vector meson dominant (VMD)
ansatz, etc. [14—20]. For a clear comparison, the results by
different groups are listed in Tables 2 and 3. The authors
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of [9, 21] also calculated the rates based on the assumption
that D*;(2317) and D,;(2460) are in non-cs structures.
Their predictions on the D¥;(2317) and D, ;(2460) decay
rates are obviously larger than that obtained by assum-
ing the two-quark structure by orders. Thus studies on the
strong and radiative decays with other plausible models
would be helpful. It cannot only deepen our understand-
ing about the characters of these particles but also test the
reliability of models which are applied to calculate the de-
cays. Because D, ;(2632) was only observed by the SELEX
collaboration [22], but not by Babar [23], Belle [24] and
FOCUS [25], its existence is still in dispute, so here we do
not refer to decays of D, 7(2632).

In this work, we study the strong and radiative de-
cays of D*;(2317) and D;;(2460) in the framework of con-
stituent quark meson (CQM) model. CQM model was pro-
posed by Polosa et al. [26] and has been well developed
later based on the works of Ebert et al. [27] (see [26]
for a review). The model is based on an effective La-
grangian which incorporates the flavor—spin symmetry for
heavy quarks with the chiral symmetry for light quarks.
Employing the CQM model to study the phenomenol-
ogy of heavy meson physics, reasonable results have been
achieved [28,29]. Therefore, we believe that the model is
applicable to our processes and expect to get relatively re-
liable conclusions.

The constraint from the phase space of the final
states forbids the processes D?;(2317) — Dn(n') and
D, ;(2460) — D*n(n'), so that the only allowed strong
decay modes are D?;(2317) — Dsm® and Dy ;(2460) —
D:x°. In principle, D,;(2460) — D7 ;(2317)+ n°, which
isa 1T — 07 +0~ process, is allowed by the phase space.
However, it is a p-wave reaction, and the total rate is pro-
portional to |p|?, where p is the three-momentum of the
emitted pion in the center-of-mass frame of D ;(2460). In
this case |p| is very small (about ~ 28 MeV), so that this
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process can only contribute to the total width a negligible
fraction, in practice.

The aforementioned strong decay modes obviously vi-
olate isospin conservation. Therefore the decay widths of
D7 ;(2317) = Dy and D, ;(2460) — D*x° must be highly
suppressed. Moreover, direct emission of a pion is OZI sup-
pressed [30].

Cho et al. suggested a mixing mechanism of 7-7° where
the isospin violation originates from the mass splitting
of w and d quarks [31]. In that scenario, D*;(2317) and
D, ;(2460) firstly transit into Dgn and DZ¥n, and then n
transits into 70 by the mixing. In the intermediate process,
7 obviously is off-shell. The mixing depends on the mass
difference of n and 7, and the effects due to the mixing be-
tween 1" and 7 can be ignored.

Another sizable mode is the radiative decay. Even
though, by general considerations, the electromagnetic
reaction should be much less important than the strong de-
cay, it does not suffer the suppression of isospin violation;
therefore one may expect that it has a size comparable to
the strong processes described above. The relevant decay
modes are D7 ;(2317) — D}+7y, Ds;(2460) — D, +~ and
D, ;(2460) — D7+~ and D, ;(2460) — D¥;(2317) + .

Currently the Babar and the Belle collaborations
have completed precise measurements on the ratio of
I'(Ds;(2460) — Dg7) to I'(Ds;(2460) — D7) [3,32,33].
Now the Babar and Belle collaborations begin to further
measure other decays of D*;(2317) and D, ;(2460). We are
expecting new results of Babar and Belle which can be ap-
plied to decisively determine the structures of D} ;(2317)
and D, ;(2460).

This paper is organized as follows: after the introduc-
tion, in Sect. 2, we formulate the strong and radiative de-
cays of D*;(2317) and D,;(2460). In Sect. 3, we present
our numerical results along with all the input parame-
ters. Finally, Sect. 4 is devoted to a discussion and to con-
clusions. Some detailed expressions are collected in the
appendix.

2 Formulation

First, for the reader’s convenience, we present a brief intro-
duction of the constituent quark meson (CQM) model [26].
The model is relativistic and based on an effective La-
grangian which combines the heavy-quark effective theory
(HQET) and the chiral symmetry for light quarks,

Leaqm = X[Y(10+V)]x + Xy Avs x —mgXx
2
+ 120 [0450,54] + hu(wo)h,
— [;z (H+ S+iT“%“) Ry +h.c.]

1 7, o 1 TH
+ﬁTr[(H+S)(H_S)]+ETr [T'T,] ,
(1)

where the fifth term is the kinetic term of heavy quarks
with ¢h, = h,; H is the super-field corresponding to the
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doublet (07, 17) of negative parity and has the explicit ma-
trix representation

1+9, .,
1= (B pr)

where P and P** are the annihilation operators of pseu-
doscalar and vector mesons which are normalized by

(O|P|M(07)) = /My , and (0P| M(17)) = /Dret.
S is for the super-fields related to (07, 17),

_ 1+

=7

|:Pfu/7#’y5 - P0:| .

iM
x =£q (¢ =u,d, s) is the light-quark field and £ = e = , and
M is the octet pseudoscalar matrix. We also have

VH = (51‘3#5 +£3H§T)

N | =

and
— _1 T _ T
A (5 oHE—E0HE ) .

Because the spin—parity of D?;(2317) and D,;(2460) are
0" and 17, thus D¥;(2317) and D,;(2460) can be embed-
ded into the S-type doublet (01, 17) [29], whereas D and
D7 belong to the H-type doublet (07,17). Then we can
calculate the strong and radiative decay rates of D¥;(2317)
and D, ;(2460) in the CQM model.

2.1 The transition amplitude of
D:,(2317) - D, + «° and
D,;(2460) — D* + w° strong decays
in the CQM model

As discussed above indirect D?;(2317) — Ds+7° and
D;;(2460) — D* +7° reactions occur via two steps. In
Fig. 1, we show the Feynman diagrams which depict
the strong processes D*;(2317) — Ds+n — Ds+7° and
D;;(2460) — D* +n — D* + 7. According to chiral sym-
metry, n only couples with alight quark; thus it can only be
emitted from the light-quark leg in Fig. 1.

l+p

Fig. 1. The Feynman diagrams which depict the decays of
*1(2317) — Ds+7° or D,;(2460) — D} +7°. The double
line denotes the heavy quark (c-quark) propagator
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The matrix elements of D?;(2317) — Ds+7° and

D ;(2460) — D? + 7° are written as
i

M [D:J(2317) — Dy —|—7T0] = <W0|£mixing|77> 2

— 2
n M

x (nDs|Loqum| D5 ;(2317))
(2)

i

M [D.s(2460)) = D +7°) = (7| Lonningl) —

22
n M

X (nD%|Loqu|Ds.r (2460)) .
(3)

The mixing mechanism is described by the Lagrangian!

m2 1y, —
2v/3 My + Mg

Mg
Emixing = 71—077 )

which originates from the mass term of the low energy La-
grangian for the pseudoscalar octet [31]

m2f2

WTT [fmqf + mequ]

(4)

Lmass =

where m, is the light-quark mass matrix. The matrix
elements of (nDs|Hcqum|D%;(2317)) and (nD*|Hcqu|
D, ;(2460)) will be calculated in the CQM model.

m; (i = u,d, s) are the current quark masses. It is noted
that in the CQM model calculations the quark masses
(mg, mc) which we denote as m, are constituent quark
masses [26], whereas, for the mixing, the concerned masses
which we denote as 74 are the current quark masses [31].

According to the CQM model [26], couplings of
D2 ;(2317) and D, ;(2460) with light and heavy quarks are
expressed as

1
%ﬁ / ZsM,
and
1+
Tﬁv ZsMsf1ys

and the couplings of D, and D} to light and heavy quarks
are

1+
1y ZsMp,vs
2
and
1+
2 ¢ ZSMD £2 )

I Here we ignore the mixing of 7 and 7/, because the mixing
angle 0 ~ —11° is small and does not much affect our results.
Therefore we simply assume that n is ng and the contribution
of 1/, as discussed in the text, is neglected in our calculations.
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where ¢; and e; denote the polarization vectors of
D, ;(2460) and D7 respectively. My and M, are respec-
tively the masses of D?;(2317) and D;;(2460). The con-
crete expressions of Zy and Zg are given in [26] as

O3 (A
- :(AH+ms)§(T:)+I3(AH), (5)
_ AL (A

= (Ag +ms)§(TSS) +I3(Ag), (6)
iN, [V qy

Ls(@) = Tz a2 P exp [~y (mg )]

x (1+erf(ay/7)),

where erf is the error function.
Now, we can write out the transition matrix elements as
follows:

(7)

(nDs|Hcqm| D3,

i°/ZsM,ZyMp, 2f

/ "N T (4 ma) g yuys (ot g+ ma)ys (14 )]
G —m2) [(1+9)° —m2] @i+ As)
®)

(2317))

and
(nD3[Hoqm|Dss(2460))

reg d4
)i0y/Zs My Zy Mpys 2f/

Tr [(0+ms) g vuys (44 +ms)f2(1 + %)75%1]
(12 =m2) [(1 4 q)? —=m2] (vl + As) ’

where N, = 3.
Omitting technical details in the text for saving space,
we finally obtain

2\ A
(nDs|Hoqm| D5 (2317)) = \/ZsM1 Zg Mp, (—\/%) ? ,

(10)
(1D [Hoqu | Dss(2460)) = |/ Zs Mo Zur Mp; (— §>
x (6126;73“4 , (11)
with
A =4 (mimyw —myms) O —m(O1 +wOy)
+myw(205 — Oy — 05 — 203) , (12)

Ag—A
wherew = vv’ = % and the concrete expressions of O

and O; are listed in the appendix.
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The decay widths of D?;(2317) — Dy +7° and B 2e
D,7(2460) — D* +7° read =/ ZsMiZaMpy 5 | | (&re2)
* 0 ! sR+R1+2R
r| SJ(2317)—>D/S+7r] o 2 " {ng_Rg_m%_ ®'q)(m M+* 1+ 5)}
 ZsZuMp,|p'| ( My — My > A2 D}
B 2 s — (17 7 ’ R+Ri1+2R
10247TM1fﬂ. mg (mu + md)/2 ) + (f,ypl)(GQq) msRK+Ri1+ 5 ) (15)
(13) Mp:

I' [D,5(2460) — D} + ]

~ ~ 2
_ ZsZuMp,|p'| My — M (b) D,;(2460) — Dy +
30727 Maf2  \ s — (M + 11a) /2

The transition matrix element of Dy ;(2460) — Dy +y is

<M22 + M?2 )
y {2 N W} A=, (14)  M[D.s(2460) — Dy +1]
2Dk reg 4
o 1v6 —e d=l
where the relations m2 = 2mBy and m2 = 2 (m + 2in,) Bo = (=i ZSMQZHMDSNC{ ( 3 ) / (2m)4
with m = (1, +mg)/2 are employed to derive the isospin ) (14+9)
suppression factor (1, —mq)/[ms — (M +m4q)/2] [36]. Tr [(/l + M)y (L + g+ ms +ie)ys = '75#1}
These relations are valid at the leading order of the chiral X Z_m2)(1 2 _ 2l - A
theory, but the principle does not really apply for estimat- ( mi)lI+a) mSKz}l _;;) S() L)
ing the mass of ’ (or 1) due to an extra contribution from 2¢ [reg g4 Tr {(,l +ms)vs 5y e ’)’5#1]
the axial anomaly [34]. + E} 2m)t (12—m2)(vi+ Ag)(vl+ Ag)
2.2 The transition amplitude of D} ;(2317) — ST M T (%)
and D, ;(2460) radiative decays sMiZuMp, ()4 (&)
in the CQM model o (»'q)(msR + Ry +2R5)
The Feynman diagrams of DZ*;(2317) — DI +~, 5 3 6 Mp,
D, ;(2460)— Dy +7, D, ;(2460) — D*+~ and D, (2460)
— D?*;(2317) 4~y are presented in Fig. 2. + (e4p") (1) {mﬂ%—;}h h 2R5] } : (16)
Ds

(a) D%;(2317) — D%+~
2.2.1 (c) Dss(2460) — D* +
In contrast with the case in Fig. 1, the heavy quark also (c) Das( ) s T

couples to 7. Thus the transition matrix element of The transition matrix element of Dy 7(2460) — D* + v is
Dz ,(2317) — D+ is written as *

M[D;(2317) = DS +1] M(D,7(2460) — D? +4]
:(—1)16\/MN5{(;) :(—1)16\/mm{<%€>
s iy T (o maf (om0 " aty T [ ma)fs g+ mt 05k
/ (2m)* (12 —m2) [(I+q)% —m2] (vl + Ag) r(e?”)44 (12 —m3) [(l+(q1)+2¢)—m(’é’l]+(z)l+As)
Rl i i S e s A
3 (2m)% (12 = m2) (vl + Ap) (vl + As) } ;

— AT
= ZsMQZHMD;k (E)gaﬁpaqaegef65

2Ro(p’ Rm?2—R3—2R
x [Rms—Rl—I— Af[(pq)Jr s M3 ¢
D D
1 S S
l+p l+p—q + (2R5+2§,1)(p'q)} . (17)

(d) Dy4(2460) — D? ,(2317) +

Fig. 2. The Feynman diagrams which depict the radiative de- The transition matrix element of D;;(2460) —
cays of D} ;(2317) and D; ;(2460) D ;(2317) +is
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M|Dy;(2460) — D7,
=(-1)i \/ZSMlZSMQNC{

X/reg ay Tr [(,l+ms),é (+g¢+me)< 1]
@2m)* (12 =m}) [(I+q)* —m3] (vl + As)
9% /reg qy Tr {(,l—kms)@)éy@%h}}

(2317) +

6 (27r)4 (12— m2) (vl + Ag) (vl + Ag)
msR
= ZSMIZSM2 3 M, Eaﬁpaq p

The concrete expressions of R and R; are listed in the
appendix.

ep"

(18)

3 Numerical results

With the formulation we derived in last section, we can
numerically evaluate the corresponding decay rates. Be-
sides, we need several input parameters for the numerical
computations. They include: f, =132 MeV, ms = 0.5 GeV,
A =1.25GeV, the infrared cutoff u =0.51 GeV and Ag —
Ap =335+£35MeV [29]. Also, we have m,, = 547.45 MeV,
My, =2317MeV, My =2460MeV, Mp, = 1968 MeV and
Mpy = 2112 MeV [35]. The suppression parameter was es-
timated in [36] as

My — My 1
ms — (Mg, +ma)/2  43.7°

We present the decay widths of D7,
and D;;(2460) — D + 7% in Table 1.

From (5)—(7), one can notice that Zy g not only depend
on Ag, g but also on the choice of the two energy scales A
and p. The authors of [29], discussed how to determine the
energy scale. In this work we take the values given in [29],
ie. p=0.51 GeV and A = 1.25 GeV; then we let p vary to
0.4 GeV, (20%), and we find that the change of Zy and Zg
is less than 10%. It indicates that Zy and Zg are not very
sensitive to the change of the energy scale . The param-
eter A is the chiral symmetry energy scale and usually is
taken around 1 GeV.

For a comparison, we also list the values of the decay
widths of D ;(2317) — Ds+7° and D, ;(2460) — D} + 70,
which are calculated by other groups, in Table 2

Our values depend on the model parameters, but qual-
itatively, the order of magnitude is unchanged when the

(2317) — D, +7°
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parameters vary within a reasonable region. All the values
in Table 2 are somehow consistent with each other as re-
gards order of magnitude, even though there is an obvious
difference in numbers.

With the same parameters, we obtain the radiative de-
cay rates of D?¥;(2317) and D,;(2460). The results are
listed in Table 3.

For convenience, we define the relevant ratios as

Ry =I'(D%;(2317) = Dy +7) : I' (D%;(2317) = Dy + 7°) |
Ry =1I'(D,;;(2460) — D, +7) : I" (D,;(2460) — D} +=°) ,
R3 =I'(D,7(2460) — D} +7) : I' (D4(2460) — D} +°) ,
Ry (2317)+~):

Thus we calculate the R;’s and tabulate the results below
in Table 4.

4 Conclusion and discussion

In this work, based on the assumption that D7 ;(2317) and
D, ;7(2460) are chiral parters of D; and D7, we calculate
the rates of D?;(2317) — Dyn® and D, ;(2460) — Di7¥ in
the constituent quark meson (CQM) model and take into
account the 7—7m° mixing mechanism [31]. We also esti-
mate the rates of D*;(2317) — D ++y, D,;(2460) — D; +
7, D57 (2460) — D%+~ and D, ;(2460) — D*;(2317) +~in
the same model.

Comparing our results for the strong decay rates with
those obtained by other groups, we find that our results are
reasonably consistent with the values listed in Table 2.

For the radiative decay, our results generally coincide
with that obtained by other groups and especially these re-
sults of the QCD sum rules.

The ratio Ry has been measured with relatively high
precision [3,32,33]; however for Ry, R3 and Ry, there
only are upper limits given by the Babar, Belle, and
CLEO collaborations [2,32,33]. It seems that our results
on the ratios well coincide with the experimental values.
This consistency somehow implies that the assumption
of D*;(2317), D,5(2460 being p-wave chiral partners of
Dy, D} does not contradict the data with the present ex-
perimental accuracy.

The experimental upper bounds on the total
widths are I'(DZ;(2317)) < 4.6 MeV and I'(D;;(2460))
< 5.5 MeV [35]. Obviously, the overwhelming decay modes

Table 1. The values of Ag and Ap are taken from [29]. According to (5) and (6), one gets the

values of Zg and Z H I'; and I'; denote respectively the decay widths of D}

Dy 7(2460) — D} +°

7(2317) = Ds +7° and

Ap (GeV) Ag (GeV) Zg (GeV)~1 s (Gev)~t I (kéV) Iy (keV)
0.5 0.86 3.99 2.02 3.68 1.86
0.6 0.91 2.69 1.47 5.36 2.72
0.7 0.97 1.74 0.98 8.71 4.42
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Table 2. In this table, we list our calculation of D7 ;(2317) —
D+ and Dy ;(2460) — D? +7° and that obtained by other
groups, where Iy and I respectively denote the decay widths
of D?;(2317) — Ds +7° and D, ;(2460) — D} + 7

CQM model [14] [15] [16] [17] [18] [19]
In (keV) 3.68 ~8.71 642 34~44 7+1 215 ~10 16
I'; (keV) 1.86 ~4.42 - 35~51 71 215 ~10 32

of D%;(2317) and D,;(2460) are their strong and radia-
tive decays, therefore we can roughly take the sums of these
widths as the total widths of D*;(2317) and D;;(2460).
However, our numerical results as well as those given by
other groups are in order of tens of keV, much smaller than
the upper bounds set by recent experiments. The reason is
obvious that the aforementioned reactions violate isospin
conservation; there is a large suppression factor of about
(1/43.7)2, which reduces the widths by 3 orders. The calcu-
lations which are based on the assumption that the newly
discovered D?;(2317) and D,;(2460) are p-wave excited
states of Dy and D} predict their widths to be at order of
a few to tens of keV. By contrast, if they are four-quark
states, or molecular states, there may be more decay chan-
nels available, i.e. some modes are not constrained by the
OZIrule, thus much larger total widths might be expected in
that scenario. The authors of [9, 21], for example, suggested
that D?*;(2317) and D,;(2460) are in a non-cs structure
(four-quark states etc.), and obtained much larger rates,
even though still obviously smaller than the experimental
upper bounds. So far, it is hard to conclude if they are p-wave
chiral partners of Dg and D7 or four-quark states yet.

We hope that the further more precise measurements
of Babar, Belle and CLEO may offer more information by
which we may determine the structure of the newly discov-
ered mesons.
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Appendix
We have
O:I5(As,mn/2,w)—f5(AH,—mn/2,w) 7 (A1)
2my,
0. = B3(=ma/2) = Ii(my/2) + w[ls(As) — I3(An))
1=
2my(1—w?)
_ O[As —wmy/2]
1 (A.2)
0, = ~13(As) + I;(An) — w[ls(—=my/2) — I5(my/2)]
y =
2m, (1 —w?)
(’)[mn/Q—ASw]
R (4.3)
o Bl 2LUB4 — BQ — 83
O3 = PRt (A4)
. B, 3By — 6wB, + 63(2w2 + 1)
Or= 2(1—w?) 2(1—w?)? o (AS)
. —Bs 3Bs — 6wBs+ 82(20)2 + l)
Os = 2(1—w?) 2(1—w?)? o (A)
. Biw 284(2w2+1)—3w(82+83)
Os = 2(1—w?) 2(1 —w?)? (AT
By =m?0 —I3(Ax), (A.8)
82 _ A%«O— I3(m"7/2) _13(_m77/2)
4my,
X (wmy, +2Ag), (A.9)

_ MO | I(As) ~31:(An)

Bs=— 4

Table 3. The rates of D};(2317) — Ds++, Dsj(2460) — D5+, D;;5(2460) — Di +~ and Dg;(2460) —
D} ;(2317) 4+ . We also list the results obtained by other groups

CQM model [20] [16] [17] 18]
I' (D% ;(2317) = Ds +7) (keV) ~1.1 4~6 085 174 1.9
I' (D4 (2460) = Ds+7) (keV) 0.6 ~2.9 19 ~ 29 3.3 5.08 6.2
I' (D;7(2460) — D3 +7) (keV) 0.54 ~ 1.4 0.6 ~1.1 1.5 466 5.5
I (D, 7(2460) — DX ;(2317) +7) (keV) 0.13 ~ 0.22 0.5 ~ 0.8 - 274  0.012

Table 4. The ratios of radiative decay widths to strong decay widths for D7 ;(2317) and D, 7(2460).
The first three columns are the experimental data and the fourth column is our result calculated in

the CQM model

Belle Babar CLEO [2] CQM model
Ry < 0.18 [32] - < 0.059 0.12 ~ 0.30
Ry 0.55+0.13+0.08 [32] 0.375+£0.054+0.057 [33] <0.49 0.32 ~ 0.66
Rs <0.31 [32] - <016 0.29~0.32
Ry - < 0.23 [33] < 0.58 0.05 ~ 0.07
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+%[A5I3(As)—AHIS(AH)] ’ (A]‘O)
Bi= mnﬁso + AS[IS(A;%_ B
L Is(ma/2) —4I3(—m,7/2) , (A.11)

! 1
Is(az, as, = dx
5((12 as a4) /0 1+2x2(l—a4)—|—2x(a4—l)

Ao [ B oy [y k)
16772 )y 02 i Yims

x [1+erf(€/y)] + %

/A2 Y
(A.12)
§ = a2(1 — :B) + a3x 5 (A13)
V142(as—1)z+2(1—as)z?
R o [ as 2]
16’/T3/2 1//12 81/2
1
X / dz exp[sA?(z)][1 + erf(A(z)V/5)]
0
(A.14)
n2
Ri=—, (A.15)
lal
Ry= -1 (A.16)
la
Uz
Ry = — | A7
TE (A.17)
Rs+neg ns
Reg=—7———, A.18
6 5 il (A.18)
ns Rs+Rse
Ry= o BTT6 A.19
e lal (4.19)
ns —Rg—RG 2R5
Ry= - , A.20
! |ql? lql (4.20)
3 m2 m?
A(ZE) - AS —CL'|q|, I2 = W[‘ (07 F, ﬁ)
(A.21)
ny = —IQ — AsR, (A22)
1
e = 5[~ Is(As) + Is(An)), (A.23)
ns = ALR + (% + AS) I, (A.24)
Ng = g[ﬂsfy,(As) — Ang(AH)] 5 (A25)
A
ng = 75[13@5) —I1(Ay)], (A.26)
n6:m§R—I3(AH) 5 (A27)

where q is the three-momentum of the emitted photon.

451

References

1.

oo

11.
12.
13.

14.
15.

16.
17.

18.
19.

20.

21.
22.

23.
24.
25.

26.
27.

28.

29.

The Babar Collaboration, B. Aubert et al., Phys. Rev.
Lett. B 90, 242001 (2003); F. Porter, Eur. Phys. J. C 33,
219 (2004)

. The CLEO Collaboration, D. Besson et al., Phys. Rev. D

68, 032002 (2003)

. Belle Collaboration, P. Krokovny et al., Phys. Rev. Lett

91, 262002 (2003)

. W.A. Bardeen, E.J. Eichten, C.T. Hill, Phys. Rev. D 68,

054024 (2003); M.A. Nowak, M. Rho, I. Zahed, Acta Phys.
Polon. B 35, 2377 (2004); E. Kolomeitsev, M. Lutz, Phys.
Lett. B 582, 39 (2004)

K.D. Chao, Phys. Lett. B 599, 43 (2004)

S. Narison, Phys. Lett. B 605, 319 (2005)

E.V. Beveren, G.Rupp, Phys. Rev. Lett. 91, 012003
(2003); E.V. Beveren, G. Rupp, Eur. Phys. J. C 32, 493
(2004)

. Y.Q. Chen, X.Q. Li, Phys. Rev. Lett. 93, 232001 (2004);

A.P. Szczepaniak, Phys. Lett. B 567, 23 (2003);
E. Beveren, G.Rupp, hep-ph/0305035; T.E. Browder,
S. Pakvasa, A.A. Petrov, Phys. Lett. B 578, 365 (2004)
H.Y. Cheng, W.S. Hou, Phys. Lett. B 566, 193 (2003)

. T. Barnes, F. Close, H. Lipkin, Phys. Rev. D 68, 054006

(2003)

A.P. Szczepaniak, Phys. Lett. B 567, 23 (2003)

F.E. Close, E.S. Swanson, Phys. Rev. D 72, 094004 (2005)
X.H. Guo, HW. Ke, X.Q.Li, X.Liu, S.M. Zhao, arXiv:
hep-ph /0510146

M. Nielsen, arXiv: hep-ph/0510277

W. Wei, P.Z. Huang, S.L. Zhu, Phys. Rev. D 73, 034004
(2006)

P. Colangelo, F. De Fazio, Phys. Lett. B 570, 180 (2003)
W.A. Bardeen, E.J. Eichten, C.T. Hill, Phys. Rev. D 68,
054024 (2003)

S. Godfrey, Phys. Lett. B 568, 254 (2003)

Fayyazuddin and Riazuddin, Phys. Rev. D 69, 114008
(2004)

P. Colangelo, F. De Fazio, A. Ozpineci, Phys. Rev. D 72,
074004 (2005)

S. Ishida et al., arXiv: hep-ph/0310061

The SELEX Collaboration, Phys. Rev. Lett. 93 242001
(2004)

Babar Collaboration, arXiv: hep-ex/0408087

Belle Collaboration, B. Yabsley, arXiv: hep-ex/0507028
FOCUS Collaboration, R. Kutschke, E831-doc-701-v2,
available at www-focus.fnal.gov

A.D. Polosa, Riv. Nuovo Cim. 23N11, 1, 2000

D. Ebert, T. Feldmann, H. Reinhardt, Phys. Lett. B 388,
154 (1996); T.Feldmann, arXiv: hep-ph/9606451;
D. Ebert, T. Feldmann, R. Friedrich, H. Reinhardt, Nucl.
Phys. B 434, 619 (1995)

A. Deandrea, N.Di Bartolomeo, R.Gatto, G.Nardulli,
A.D.Polosa, Phys. Rev. D 58, 034004 (1998);
A. Deandrea, R.Gatto, G. Nardulli, A.D. Polosa, Phys.
Rev. D 59, 074012 (1999); A.Deandrea, R. Gatto,
G. Nardulli, A.D. Polosa, J. High Energy Phys. 02, 021
(1999); A. Deandrea, R. Gatto, G. Nardulli, A.D. Polosa,
Phys. Rev. D 61, 017502 (2000); A.D. Polosa, arXiv: hep-
ex/9909371

A. Deandrea, G. Nardulli, A.D. Polosa, Phys. Rev. D 68,
097501 (2003)



452 X. Liu et al.: Study on decays of D} ;(2317) and D;;(2460) in terms of the CQM model

30. S. Okubo, Phys. Lett. 5, 165 (1963), G. Zweig, CERN Rep.  33. Babar Collaboration, B. Aubert et al., arXiv: hep- ex/

8419/TH-412; CERN Preprints TH-401, TH-412; J. Tizuka, 0408067
Prog. Theor. Phys. Suppl. 37/38, 21 (1966) 34. F. Giacosa, Th. Gutsche, V.E.Lyubovitski, A. Faessler,
31. P. Cho, M.B. Wise, Phys. Rev. D 49, 6228 (1994) Phys. Rev. D 72, 094006 (2005)

32. Belle Collaboration, Y. Mikami et al., Phys. Rev. Lett 92, 35. S. Eidelman et al., Phys. Lett. B 592, 1 (2004)
012002 (2004) 36. J. Gasser, H. Leutwyler, Nucl. Phys. B 250, 465 (1985)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


