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Abstract In this article, we take the D:f3 (2860) and
D;‘l (2860) as the 13D3 and 13D ¢5 states, respectively, and
we study their strong decays with the heavy meson effective
theory by including the chiral symmetry-breaking correc-
tions. We can reproduce the experimental data Br (D:‘ 7(2860)
— D*K) /Br (D;‘J(286O) — DK) =1.10£0.15 £ 0.19
with suitable hadronic coupling constants; the assignment
of the D;(2860) as the D};(2860) is favored, the chiral
symmetry-breaking corrections are large. Furthermore, we
obtain the analytical expressions of the decay widths, which
can be confronted with the experimental data in the future
to fit the unknown coupling constants. The predictions of
the ratios among the decay widths can be used to study the
decay properties of the D}5(2860) and D}, (2860) so as to
identify them unambiguously. On the other hand, if the chi-
ral symmetry-breaking corrections are small, the large ratio
R = 1.10 £ 0.15 £ 0.19 requires that the D7 ;(2860) con-
sists of at least the four resonances, D}, (2860), D}, (2860),
D7;(2860), D}5(2860).

1 Introduction

In 2006, the BaBar collaboration observed the D;" 7(2860)
meson with the mass (2856.6 + 1.5 + 5.0) MeV and the
width (48 £ 7 £ 10) MeV in decays to the final states
DK+ and D+Kg [1]. There have been several possible
assignments. Beveren and Rupp [2] assigned the D}, (2860)
to the first radial excitation of the D},(2317) based on a
coupled-channel model. Colangelo et al. [3] assigned the
D7 ;(2860) to the 13D3 c5 state using the heavy meson
effective theory. Close et al. [4] assigned the D;‘ 7(2860)
to the 2°Py state in a constituent quark model with novel
spin-dependent interactions. Zhang et al. [5] assigned the
D?,(2860) to the 2°Py or 1°Ds state based on the Py
model; Li et al. [6] share this interpretation based on the
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Regge phenomenology. However, Ebert et al. [7] observed
that the D7, (2860) does not fit well to the Regge trajectory
D} (2112), D}, (2573), D} ,(2860), .. .. Later, Li and Ma [8]
assigned the D}, (2700) to the 1°3D;-23S; mixing state and
the D7, (2860) to its orthogonal partner, or the D}, (2860)
to the 13Dj5 state based on the 3Py model. Zhong and Zhao
[9,10] assigned the D} 7(2860) to the 13Dj5 state with some
13D,—1'D; mixing component using the chiral quark model,
i.e. they assume that the D;‘ 7(2860) arises from two overlap-
ping resonances. Vijande et al. [11] assigned the D;‘ 7(2860)
to the cs—cnsn mixing state. Chen et al. [12] assigned the
D:f 7(2860) to the 1°Dj state based on a semi-classic flux tube
model. Badalian and Bakker [13] assigned the D;‘ 7(2860) to
the 13D3 state based on the QCD string model. Guo and
Meissner [14] take the D}, (2860) as the dynamically gener-
ated D1(2420)K bound state.

In 2009, the BaBar collaboration confirmed the D;“ J (2860)
in the D*K channel, and they measured the ratio R among
the branching fractions [15],

_ Br(Dj,;(2860) — D*K)
~ Br(D},(2860) — DK)

=1.10£0.15+0.19. (1)

The observation of the decays D;" 7(2860) — D*K rules
out the J¥ = 0F assignment [2,4—-6]. On the other hand,
if we take the D;‘ 7(2860) as the 1°D; state, Colangelo et
al. [3] obtained the value R = 0.39 based on the heavy
meson effective theory, while in the 3Po model, Zhang et al.
[5] obtained the value 0.59, Li and Ma [8] obtained the value
0.75, Song et al. [16] obtained the value 0.55-0.80. Recently,
Godfrey and Jardine [17] obtained the value 0.43 based on
the relativized quark model combined with the pseudoscalar
emission decay model. The theoretical values differ from the
experimental value greatly.

Recently, the LHCb collaboration observed a structure at
2.86 GeV with a significance of more than 10 standard devi-
ations in the D' K~ mass spectrum in the Dalitz plot anal-

. —0 .
ysis of the decays BS — D K~ m™; the structure contains
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both spin-1 and spin-3 components [i.e. the D} (2860) and
the D5 (2860), respectively], which supports an interpre-
tation of these states as the J¥ = 1~ and 3~ members of
the 1D family [18,19]. The measured masses and widths
are Mp: = = (2860.5 £ 2.6 + 2.5 + 6.0) MeV, Mpy, =
(2859j: 12i6j:23)MeV FD* = (53:i:7:i:4:i:6)MeV
and'px = (159:|:23:I:27:i:72) MeV respectively. Further-
more, the LHCDb collaboration obtained the conclusion that
the D7, (2860) observed by the BaBar collaboration in the

inclusive ete~ — D K~ X production and by the LHCb

collaboration in the pp — BOK ~ X processes consists of at
least these two resonances [15,20].

According to the predictions of the potential models
[7,21,22], see Table 1, the masses of the 1D c¢§ states is
about 2.9GeV. It is reasonable to assign the D;‘l(2860)
and D;‘3 (2860) to the 13D; and 1°Djs 5 states, respectively
[18,19]. However, the theoretical values R differ from the
experimental value greatly in the case of the D5 (2860) or the
13D3 assignment of the D;‘ 7(2860). In Ref. [3] Colangelo et
al. take the leading-order heavy meson effective Lagrangian.
The two-body strong decays D};(2860) — D*K, DK take
place through the relative F-wave; the final K mesons have
the three momenta px = 584 and 705 MeV, respectively.
The decay widths

I'(D%(2860) — D*K, DK)  pk, 2)

where p;( =2.3 x 10" and 8.6 x 10" MeV” in the decays
to the final states D*K and DK, respectively. A small differ-
ence in pg can lead to a large difference in p}(, so we have
to take into account the heavy quark symmetry-breaking cor-
rections and chiral symmetry-breaking corrections so as to
make robust predictions.

In this article, we take into account the chiral symmetry-
breaking corrections and study the two-body strong decays of
the D7, (2860) and D};(2860) with the heavy meson effective
Lagrangian, and we try to reproduce the experimental value
R = 1.10 £ 0.15 £ 0.19 by assigning the D}, (2860) to the

¥,(2860) and the D};(2860), respectlvely Recently, Wu
and Huang studied the strong decays of the D},(2317) and
D;,(2460) by including the chiral symmetry- brea.kmg cor-
rections [23]. Heavy meson effective theory has been applied
to identify the charmed mesons and bottom mesons [3,24—

Table 1 The masses of the 1D ¢s mesons from the potential models
compared to the experimental data

Expt [18,19] (7] [21] [22]
1°D, 2859 2913 2899 2913
1'D, - 2931 2900 2900
1°D, - 2961 2926 2953
1°Ds 2860 2871 2917 2925
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30], and to calculate the radiative, vector-meson, two-pion
decays of the heavy quarkonium states [31-37].

The article is arranged as follows: we derive the strong
decay widths of the charmed mesons D}, (2860) and D,
(2860) with the heavy meson effective theory in Sect. 2; in
Sect. 3, we present the numerical results and discussions; and
Sect. 4 is reserved for our conclusions.

2 The strong decays with the heavy meson effective
theory

In the heavy quark limit, the heavy-light mesons Qg can be
classified in doublets according to the total angular momen-
tum of the light antiquark s;, s, = sz + L, where the s;
and L are the spin and orbital angular momentum of the
light antiquark, respectively [38,39]. In this article, the rele-
vant doublets are the L = 0 (S-wave) doublet (P, P*) with

= (0, 1’)%,and the L = 2 (D-wave) doublets (P, P»)
and (P, P3*) with Jsf = (1", 2_)% and (27, 3_)%, respec-
tively. In heavy meson effective theory, those doublets can
be described by the effective super-fields H,, X,, and Y,
respectively [40,41],

1+)é
Hy = ——{P;,v" — Pavs},

S S
> {PZIZVVSVV Plau\/; [guv_f ,
1+ 5
Yit=—- { L ﬂ\/;ys

v 8ﬁVa(J/M—U) ggy,g(y“—v”)
x| 8u8p~ 5 5 ’

3)

xi =1

where the heavy meson fields P ™) contain a factor /M P
and have dimension of mass % The super-fields H, con-
tain the S-wave mesons (P, P*); X,, Y, contain the D-wave
mesons (P, P2), (P2, P5), respectively.

The light pseudoscalar mesons are described by the fields

iM
& =e /=, where

\/gﬂ0+\/gi7 Tt Kt
T
K~ KO —\/gn

and the decay constant f; = 130 MeV.

At the leading-order approximation, the heavy meson chi-
ral Lagrangians Lx and Ly for the strong decays to the light
pseudoscalar mesons can be written as
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Ly = gXXTr A, XDy A+ i DA pays) + hoc.,

Ly = %Tr {H.Y)" [8v{iDy, iDy} Ay + gy (iDpiDy A,
+iDyiDyAL)],, V'vs) + hec. )
where
D, = BM + Vi,
G T)
Ay =5 (g0 —50,87),
Dy, Dv} =DyD, + DDy, Q)

the hadronic coupling constants gy, gy, and gy are param-
eters and can be fitted to the experimental data [42-46];
A 1is the chiral symmetry-breaking scale and is chosen as
A = 1GeV [28-30].

We construct the chiral symmetry-breaking Lagrangians
L))(( and E;S according to Refs. [47-50],

ki -
X _ _X n,. . 3
g = Mg ume A DA (o), ]
Ko [ £
+5Tr {Haxg (m’i)cb (iDuA+i p-Au)baVS}
k?{ 7 vl : §
+ FTr {HaXb (iDu A+iPAba (mq)cc J/s}
k4
+—XTr{H X" (iD, A+129Au)bc( ) ys}
1 _ ~
+ FTr{blax;; [ki{mﬂ, iv-D)A; + kx
x {iv-D,iDy} Ay + ky {iDy, iDi} v - A]ba y*ys}
+h.c., (6)

1 _ ~
Ly = 5T {Ha Ylf“’[k},{iDu, iDYA, + & (iD,i Dy A,

s) s
(), 7]

1 - . .
+ FTr{HaY,;” (mg)bc [k%{m,“ iD,} A

+ iDviDAAM)]
be

+&2 (iDuiDL A, + iDUiDAAM):| y*ys}
ca

1

+— Tr{ H,Y[" [k?/{lDﬂ,lD JAL
i i~ £ A

+ky (ZDHZD)LAV + lelDAAM)]ba (mq)cc Y )’5]

1 _
+ FTr{Ha v (KD, D) Ay

+ R (iDiDL A, + iDUiDAAM)]bC (mf])ch ylys}

1
Tr{ Y’”[ks{zDH,zDU,zv D} A,
+ i3 ({iDy, iv - D}iDy Ay +{i Dy, iv - D}iD;y Ay

+{iDM,iDV}iDAv-A)i| y’\ys} +h.c., 7

ba

where

{D.,D,,D,} =D,D,D, +D,D,D, +D,D,,D,

+DyD,Dy + DyDyDy + D,D, Dy,
®)

my = diagm,, ma, my), mg = Emgé + £ myE", Wi =
(1, 0,0, 0); the hadronic coupling constants kX ne k{,, k;,

k; with j = 1, 5 can be fitted to the experimental data. The
flavor and spin violation corrections of the order O(1/m )
are neglected, as there are too many unknown couplings to
be determined, we expect that the corrections are not as large
as the chiral symmetry-breaking corrections. At the hadronic
level, the 1/m g corrections can be crudely estimated to be of
the order px /Mps, ~ 0.20-0.25 or (Mp, —M p,)/Mp+, ~
0.27 with MDS = (3MD;« + MDA,) /4. We can also consis-
tently take into account the 1/m ¢ corrections by resorting
to the covariant heavy meson chiral theory [51,52], however,
we have no experimental data or lattice QCD data to fit the
unknown hadronic constants, and it is beyond the present
work.

From the heavy meson chiral Lagrangians Ly, Ly, LX,
and E;, we can obtain the decay widths I'" of the strong
decays to the light pseudoscalar mesons,

« (17,273 > (07, 1)y + P,
My (P2 +m ) P}
1
My (P2 +m, ) )
(- 1~ ) = / F2, 10
1= = 1"+P)) - : (10)
My (p} +m’2P )pf
ra-— o —{—'PJ) = A sz’ (11)
1
where
2¢x 4k} 2
Fj f A)Léa—i_ f Az)”ljw(mq)w fn z(mq)bc ca
4k, 4
+an2 ba(mq)cc fﬂAzaba cd(mq)dc
2(k3 + K + %i)m ]
a 2 )Lba’
fa A
J O = (5 mp ) (M~ (M~ mp))?)
Pr= 2M; ’
(12)
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thei (or b) and f (or a) denote the initial and final state heavy
mesons, respectively.
e (27, 3_)% — (0—, l_)% +P;,

4pr7
ré@=—=1 +P) = rﬂﬂj-FJZ’ (13)
l
M p7
r3™—0 +7P) = 35;—]‘;F}2 (14)
1
pr7
FrQ-—1"+P)= ISJT—A;FJZ (15)
1
where
2gy +8y) . | Akp+kp)
Fj= —zxia Y—3Y)\;J,C(mq)ca
VEZA VT
4k + k%) AR 4K
#(mq)bc)\ga + #kljm (mg)ce
. 5,75 2 2
AR 6Ky +ky) Py +mp,
—fj'[A3 Sbakcd(mq)dc_ f;TA3 )‘ba‘
(16)

In those decays, the energy release Ep;, = |/ p% + m%
J
is rather large, the chiral expansion does not converge very

quickly, the next-to-leading order chiral corrections may be
manifest themselves.

3 Numerical results and discussions

The input parameters are taken as Mg+ = 493.677 MeV,
Mygo = 497.614MeV, M, = 547.862MeV, Mp+ =
1869.5MeV, Mpo = 1864.91MeV, M|+ = 1969 MeV,
Mp++ = 2010.29MeV, Mp« = 2006.99MeV, M =
2112.3 MeV from the Particle Data Group [53].

We redefine the hadronic coupling constants gy = gy +

gy, lg‘,i, = (k{, + 12{,) /8y, j = 1-5, and we write down the
decay widths of the D;(2860) explicitly from Eqs. (13) and
(14). We have

1633 Mp+ pj
+ 0 + Y K
l"(D;‘3 — DY+ KT = lOSnf%A“MD*
53
2
_ - - 2 275
s 2my k), N 2mk3 N 2my +ma +mky 3Pk +micky
A A A A ’
4z Mp pj,
POF = D'+ KD = o e b
kg $3
- - - 2 275 2
2kl 2mgkE 20my +mg+moky 3y Pkt miky
x| 1+ + + - ,
A A A A

A7)
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4 o+ 0y _ 16§)2/MD*P;<
Ly — D** + K% = 057 /2 A M,
2
o[ 2maRy 2B 2emtma Ry 3Pk +myky
A A A A ’
N5 Dt 4 KOy = B Mopk
53 ©35mf2A My,
2
[ 2maRy 2 2t g+ mR 3\ Pk +miky
A A A A ’
(18)
32z Mp:p]
T(DY —» DIt 4+ = o
3157 f2A*Mpy,
w1 ZmSl%, 2m31212/ 2(my, +mg + ms)@
A A A
— LS
(mu +ma = 2mk} 3y PrHmaky
A A ’
883 Mpp)
LD — Df +1) = —— o —
: 1057 f2 A% My,
o 2msl€;, 2msl€)2, 2(my, +mg + ms)l€)3,
A A A
= 2 275
(my +ma —2mOky 3Py tmky "
- A - X (19

In this article, we neglect the one-loop chiral corrections,
2

may .

which are estimated to be of the order # < 10%. In
the case of the hadronic coupling constants § and % in the
heavy meson chiral theory, the one-loop chiral corrections
are less than 10 % [50], which are consistent with the crude
estimation.

We define the ratios Rot+, R4o, Ry among the decay
widths,
rY — b+ k)
F(DY — DY+ K+)’
N — D + K9
(DY — DT+ K%’
LD — DIt +n)
(DY — D +n)°

Roy =

Ryo

(20)

s =

The ratios Ro+, R1o, R are independent on the hadronic
coupling constants gy, kll,, k%, k?,, k‘}, we can absorb the
coupling constants kL, k%, k%, k‘} into the effective coupling

gy orsetk) =k} =ky =ky = 0.
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Firstly, let us assign the D7, (2860) to the D}5(2860); then
we can obtain the value

ky = 0.33223 +0.01248, 1)

by setting the w to be the experimental data, _R0+J2FR+0

= R = 1.10 £ 0.15 £ 0.19 [15]. On the other hand, if
we retain only the leading-order coupling constant gy, then
RosF R0 — 0.3866, which is consistent with the value 0.39
obtained by Colangelo et al. [3]. The value of the hadronic
coupling constant k?, + 1215/ in the chiral symmetry-breaking
Lagrangian is about % of that of the hadronic coupling con-
stant gy + gy in the leading-order Lagrangian according to
the relation lgf, = (kf, +l€§) /(gy + &y). However, taking into
account such a chiral symmetry-breaking term can enlarge
the ratio R about 2.8 times.
Next we write down the prediction of the ratio Ry,

Ry = 0.42 £ 0.06(0.18), 22)

the value 0.18 in the brackets comes from the leading-
order heavy meson effective Lagrangian Ly, i.e. only the
gy 1is retained. The chiral symmetry-breaking corrections
are rather large, the present predictions can be confronted
with the experimental data in the future to study the chiral
symmetry-breaking corrections.

We can also define the ratios RS)r and ﬁ?r,

r(pY — DO+ k)
(DY — D*+ + K9’
~ T - D'+k™)

R) = —— : 23
T Ly - DT+ K9 29

0
R) =

which are sensitive to the chiral symmetry-breaking correc-
tions associated with 12)1,. We can estimate the 15)1, by con-
fronting the ratios Rg and ﬁg with the experimental data in
the future.

Now we assign the D}, (2860) to the D7, (2860) and study
the strong decays of the D}, (2860) as the 13Dy c5 state.

Firstly, let us redefine the hadronic coupling constants K =
K /gx, j =14,k = (k3 + &5 +k3)/gx, and we write
down the decay widths explicitly from Egs. (10) and (11),

2 2 2,3
F(D;‘f’ S DO Kkt = 2gx Mp- (PK +’”K)PK

97rf7$A2MDj]
- - - 2 275 2
s 2m, kY N 2mk% L 20+ ma +moky Pk micky
A A A A ’
4 2 M 2 2 3
P — D0+ k) = M0 Pk ) v
s 97‘[f7$A2MDf1
- - - 2 275 2
2mukl  2mgk: 20my +ma+moOky Pkt mgkx
x| 1+ + + - :
A A A A

(24)

285 Mp+ (px +m%) pi
F(D;T_)DH_,_KO): 8xMp- (g %) Pk

gﬁ‘fj.%AzMDjl
- - = 2 275 2
dmakly  2mk}  20my 4+ ma +moky PxHmiky
x| 1+ + + - :
A A A A

4gxMp (pk +mi) Pk

rp:t — bt + k%=

ImfEAIMpy,
2
( gkl 2mgky 20my +ma+mOks Pk +m3<’<§)
x| 1+ + + - ,
A A A A
(25)
4gkMp; (P} +m2) b}
N(D — DIt +n) = s
27w f2A My
- 2m312§( 2m312§ 2(my, +mg + ms)lg(
X
A A A
- k)
(ma +ma =2m)y  PrHmk
A A ’
8¢ Mp, (pi + m%) P,
D — Df +n) = 5
27w f2A My,
1+ ZmSIE;( 2mSIE§ 2(my +mg + ms)12§(
X
A A A
- 2 275
matmg = 2mOky  y PiFmikx
A A
(26)

Then we define the ratio R,

2| rpif - D'+ Kk*) TI'(DY — Dt+K9)

@7

= {r(D;*l+ — D4+ KT) T(DS — D +K0) }

which is independent on the hadronic coupling constants gy,
k;(, k%(, k%, k;‘(. We can also absorb the coupling constants

IE}(, l%(_, IE;, Z;‘}‘( into the effectiv_e coupling gy or set IE}( =
k% = k3 = k% = 0.Bysetting R = R = 1.10+0.15£0.19
[15], we can obtain the value

K} = 1.0555 +0.01953, (28)

The value of the hadronic coupling constant k; + /2§( +12§
in the chiral symmetry-breaking Lagrangian is as large as
that of the hadronic coupling constant gy in the leading-
order Lagrangian according to the relation k3, = (k; + 12; +

l;;) /gx. The dimensionless coupling constants IE; and 12;

@ Springer
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are normalized in the same way, and lE; > k>; the con-
vergent behavior is much better in the chiral expansion in
the case of assigning the D, (2860) to the D}5(2860). The
assignment of the D7, (2860) as the D7, (2860) is not favored
nor excluded, because a larger coupling constant sz( does not
mean that the chiral expansion breaks down.

Those strong decays of the D}, (2860) take place through
the relative P-wave, the decay widths are proportional to p},
while the strong decays of the D};(2860) take place through
the relative F-wave, and the decay widths are proportional to
p}. The decay widths of the D}, (2860) are very insensitive
to the py compared to that of the D}5(2860). At present,
there is no experimental data to fit the hadronic coupling
constants. In the leading-order approximation, i.e. we neglect
the chiral symmetry-breaking corrections, the ratios R, ﬁ,
and R, among the decay widths are

R =0.24 (0.46 ~ 0.70), (29)
r(DY — Df +1n)

(DY — DO+ K+) + (D — D + K9)
=0.177 (0.10 ~ 0.14), (30)

R =

= r(DY — DI +n)
Ty - D+

=0.17, &1V

where in the bracket we present the values from the recent
studies based on the 3Py model [16]. Also in the *Py model,
Zhang et al. obtained the value R = 0.16 [5]. The present
value R differs greatly from that obtained in Ref. [16], while
it is compatible with that obtained in Ref. [5]. In Ref. [17],
Godfrey and Jardine obtained the value 0.34 based on the rel-
ativized quark model combined with the pseudoscalar emis-
sion decay model, which is larger than the present calcu-
lation. The present predictions can be confronted with the
experimental data in the future to study the strong decays of
the D7, (2860).

In the leading-order approximation, we obtain the val-
ues R = 0.39 and R = 0.24 in the cases of assigning the
D7 ,(2860) to the D}3(2860) and D}, (2860) respectively,
which differ from the experimental value 1.10£0.15£0.19
greatly [15]. If the D}, (2860) observed by the BaBar col-
laboration in the inclusive eTe™ — DK-X production
and by the LHCD collaboration in the pp — D’Kk-x pro-
cesses consists of two resonances D;‘l (2860) and Dj‘3 (2860)
[15,20], we expect to obtain an even smaller ratio R in
the case of the chiral symmetry-breaking corrections are
small. On the other hand, if the D}, (2860) consists of at
least the four resonances D7, (2860), D}, (2860), D} (2860),
D};(2860), the large ratio R = 1.10 £ 0.15 £ 0.19 is easy
to account for, as the J¥ = 2~ mesons D},(2860) and
D7} (2860) only decay to the final states D*K; see Eqgs. (9)
and (15).

@ Springer

In the decays (17, 2_)% — (07, 1_)% +P;, theratio Ry

rQe= — 1-+P))
Ry = =3, 32
2TTrA S 1+ P) (32)

while in the decays (27, 3*)% — (0, 1’)% + P;, the ratio
Ry3 is
rQ~—1"+P) 7

Ry = =, 33
BTG S1+P) 4 (33)

According to the ratios Ry; and R»3, the 27 state in a
special doublet, irrespective of the (17, 2_)% doublet and

the (27,37)s doublet, has a much larger decay width to
2

the final state 1~ + P; compared to its partner (the 1~
state or the 3~ state). The 27 states in the D;‘ 7(2860) can
enhance the ratio R significantly and account for the large
ratio R = 1.10 = 0.15 4 0.19 naturally. The ratios R and
R»3 are independent on the hadronic coupling constants and
determined by the heavy quark symmetry and chiral symme-
try. We can confront the present predictions to the experimen-
tal data in the future to examine the nature of the D;" 7(2860)
or identify the D},(2860) and D}}(2860) states. Further-
more, the chiral symmetry-breaking Lagrangians £§( and E)}S
have other phenomenological applications in the heavy-light
meson systems; for example, we can study the strong decays
of the D-wave Qg mesons and calculate the scattering ampli-
tudes of the S-wave and D-wave Qg mesons.

4 Conclusion

In this article, we take the D};(2860) and D}, (2860)
as the 13D3 and 13D1 cs states, respectively, and we
study their strong decays with heavy meson effective the-
ory by including the chiral symmetry-breaking corrections.
We can reproduce the experimental value of the ratio R,
R = Br (D}, (2860) — D*K) /Br (D¥,(2860) — DK) =
1.10 £ 0.15 £ 0.19, with suitable hadronic coupling con-
stants, the assignment of the D7, (2860) as the D};(2860)
is favored. The chiral symmetry-breaking corrections are
large, we should take them into account. Furthermore, we
obtain the analytical expressions of the decay widths, which
can be confronted with the experimental data in the future
from the LHCb, CDF, DO, and KEK-B collaborations to fit
the unknown coupling constants. The present predictions of
the ratios among the decay widths can be used to study the
decay properties of the D}5(2860) and D}, (2860) so as to
identify them unambiguously. On the other hand, if the chi-
ral symmetry-breaking corrections are small, the large ratio
R = 1.10 £ 0.15 £ 0.19 requires that the D7 ;(2860) con-
sists of at least the four resonances D7}, (2860), D}, (2860),
D7;(2860), D}5(2860).
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