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Analysis of strong decays of the charmed mesons D ;(2580), D’(2650),
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In this article, we tentatively identify the charmed mesons D;(2580), D3(2650), D;(2740), D;(2760),
D,(3000), and Dj(3000) observed by the LHCb Collaboration according to their spin, parity, and masses.
Then we study their strong decays to the ground state charmed mesons plus light pseudoscalar mesons
with the heavy meson effective theory in the leading order approximation, and we obtain explicit
expressions of the decay widths. The ratios among the decay widths can be used to confirm or reject
the assignments of the newly observed charmed mesons. The strong coupling constants in the decay
widths can be fitted to the experimental data in the future at the LHCb, BESIII, KEK-B, and PANDA.
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I. INTRODUCTION

Recently, the LHCb Collaboration studied the DYa,
D7, and D*" 77~ final states is pp collisions at a center-
of-mass energy of 7 TeV; observed the D;(2420)° in the
D** 7~ final state, the D5(2460) in the D™ 7~, D7, and
D** 7~ final states; and measured their parameters and
confirmed their spin-parity assignments [1]. The LHCb
Collaboration also observed two natural parity resonances,
D’(2650)° and D%(2760)°, and two unnatural parity reso-
nances, D;(2580)° and D,(2740)°, in the D** 7~ mass
spectrum, and tentatively identified the D,;(2580) as the
2S 0" state, the D}(2650) asthe 2S 1~ state, the D,(2740)
as the 1 D27 state, and the D’(2760) as the 1D 1™ state.
The D%(2760)° observed in the D** 7~ and D* 7~ decay
modes have consistent parameters; their charged partner
D’(2760)* was observed in the D’z final state [1].
Furthermore, the LHCb Collaboration observed one
unnatural parity resonance D;(3000)° in the D** 77~ final
state, and two structures D}(3000)° and D%(3000)* in the
D*7~ and D°7* mass spectra, respectively [1]. The
revelent parameters are presented in Table 1.

In 2010, the BABAR Collaboration observed four excited
charmed mesons D(2550), D(2600), D(2750), and D(2760)
in the decays D°(2550) — D**7r~; D°(2600) — D** 7™,
DY7~; D°2750)— D*"7#~; D°2760)— D7 ;
D' (2600) — D°7*; and D*(2760) — D°7*, respec-
tively, in the inclusive e*e™ — ¢ interactions [2]. The
BABAR Collaboration also analyzed the helicity distribu-
tions to determine the spin-parity, and tentatively identified
the (D(2550), D(2600)) as the 2 S doublet (0, 17), and the
D(2750) and D(2760) as the D-wave states. The revelent
parameters are presented in Table II, where we also present
the possible correspondences among the particles observed
by the LHCb and BABAR collaborations.

In Ref. [3], we study the strong decays of the charmed
mesons D(2550), D(2600), D(2750), and D(2760) with the
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heavy meson effective theory in the leading order approxi-
mation, and tentatively identify the (D(2550), D(2600)) as
the 2 S doublet (07, 17) and the (D(2750), D(2760)) as the
1 D doublet (27, 37), respectively. Other studies lead to
similar or slightly different assignments [4,5]. Now, we
extend our previous work to study the strong decays of the
charmed mesons observed by the LHCb Collaboration
with the heavy meson effective theory in the leading order
approximation.

Let us take a short digression to discuss how to classify
the heavy-light mesons. In the heavy quark limit, the
heavy-light mesons Qg can be classified in doublets ac-
cording to the total angular momentum of the light anti-
quark 5, §¢ = Eq + L, where the §q— and L are the spin and
orbital angular momentum of the light antiquark, respec-
tively [6]. In the case of the radial quantum number n = 1,
the doublet (P, P*) has the spin-parity Jﬁ = (07, 17), for
L = 0; the two doublets (P§, P) and (P, P5) have the
spin-parity J{, = (0", 17); and (17,27);, respectively,
for L = 1; the two doublets (P}, P,) and (P,, P3) have
the spin-parity J; = (17, 2*)% and (27, 37)s, respectively,
for L = 2; and the two doublets (P}, P3) and (P;, P};) have
the spin-parity J! = (27, 3"); and (37, 47)y, respectively,
for L = 3, where the superscript P denotes the parity. The
n=72,34,... states are clarified by analogous doublets;
for example, when n = 2, the doublet (P’, P*') has the
spin-parity J{, = (07, 17), for L = 0.

The helicity distributions from the BABAR Collaboration
favor identifying the D°(2550) as the 0~ state; the D°(2600)
asthe 17,2%, 3" state; and the D°(2750) asthe 17, 2™ state
[2], which are compatible with the tentative assignments of
the LHCb Collaboration [1]; see Table II. The D,;(2580)°,
D;(2740)°, and D,(3000)° have unnatural parity, and their
possible spin-parity assignments are J© =07,1%,2",
3%, .... The D%(2650)° and D’(2760)° have natural parity,
and their possible spin-parity assignments are J¥ =
0*,17,2%,37,.... From the strong decays
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TABLE I. The experimental results from the LHCb Collaboration, where the N and U denote the natural parity and unnatural parity,

respectively.
Mass (MeV) Width (MeV) Decay channel Significance

D’(2650)° (N) 2649.2 £ 3.5+ 3.5 140.2 = 17.1 £ 18.6 D** 7~ 2450
D’(2760)° (N) 2761.1 = 5.1 £ 6.5 74.4 = 3.4+ 37.0 D* ™ 10.20
D;(2580)° (U) 2579.5 £3.4£5.5 177.5 = 17.8 £ 46.0 D** 7~ 18.80
D,(2740)° (U) 2737.0 £3.5 £ 11.2 73.2 £ 13.4 £25.0 Dt~ 120
D;(3000)° (U) 2971.8 £ 8.7 188.1 = 44.8 D** 7~ 9.00
D3(2760)° (N) 2760.1 = 1.1 = 3.7 74.4 =3.4 = 19.1 D 7~ 17.30
D’(3000)° 3008.1 = 4.0 1105+ 11.5 DVt 2120
D3(2760)* 2771.7 = 1.7 £ 3.8 66.7 = 6.6 = 10.5 DOt 18.80
D3(3000)* 3008.1 (fixed) 110.5 (fixed) DOt 6.60

TABLE II. The experimental results from the BABAR Collaboration. The particles in the bracket are the possible corresponding ones

observed by the LHCb Collaboration.

Mass (MeV) Width (MeV) Decay channel
D°(2550) [D,;(2580)°] 25394 £45 £ 6.8 1301213 D*t @~
D°(2600) [D%(2650)°] 2608.7 £ 2.4 £ 2.5 93+6=*13 DYm~, D* 7~
D°(2750) [D;(2740)°] 27524 £ 1.7 £ 2.7 71x6=x11 D*t ™
D°(2760) [D}(2760)°] 27633 £2.3 £23 60.9 £5.1 £3.6 D7~
D™ (2600) 2621.3 £3.7+42 93 DOt
D (2760) [D;(2760)*] 2769.7 £ 3.8 = 1.5 60.9 DOt

D(3000)° — D 7™, D’(3000)" — Dz, (1)
we can conclude that the D;(3000) have the possible spin-
parity JP =0%,17,2%,37,4%,.... The six low-lying
states, D, D*, Dy(2400), D(2430), D;(2420), and
D,(2460) are established [7], while the 2S, 1 D, 1 F, 2 P,
and 3 S states are still absent. The newly observed charmed
mesons D;(2580), D7(2650), D;(2740), D3;(2760),
D,;(3000), D;(3000) can be tentatively identified as the
missing2 S, 1 D, 1 F, 2 P, and 3 S states.

The mass is a fundamental parameter in describing a
hadron; in Table III, we present the predictions from some
theoretical models, such as the relativized quark model
based on a universal one-gluon exchange plus linear con-
finement potential [8], the relativistic quark model that
includes the leading order 1/M,, corrections [9], and the
QCD-motivated relativistic quark model based on the qua-
sipotential approach [10]. We can identify the D;(2580),
D7(2650), D,(2740), D;(2760), D;(3000), and D7(3000)
tentatively according to the masses.

In the following, we list out the possible assignments:

(D,;(2580), D3(2650)) = (0, 1*)% with n=2,L =0,
2)

(Dj(2760), D,(2740)) = (17,27);  with n =1L =2,
3)

(D,(2740), D3(2760)) = (27,37); with n=1L =2,
(4)

(D3(3000), D,;(3000)) = (2*,3%); with n=1L =3,
J 2

&)
(D,(3000), D3(3000)) = (3+,4+)% with n=1L =3,
(6)
(D;(3000), D,;(3000)) = (07, 1+)% with n=2,L=1,
(7)
(D;(3000), D3(3000)) = (17, 2*)% with n=2,L=1,
®)
(D,(3000), D3(3000)) = (0, 1’)% with n=3,L=0.
€))

In this work, we study the strong decays of the charmed
mesons D;(2580), D;(2650), D,(2740), D3(2760),
D,;(3000), and D7}(3000) observed by the LHCb
Collaboration with the heavy meson effective theory in the
leading order approximation, and we make predictions
for the decay widths and the ratios among the decay widths.
The ratios can be confronted with the experimental data in
the future at the LHCb, BESIII, KEK-B, and PANDA to
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The masses of the charmed mesons from different quark models compared with experimental data, and the possible

assignments of the newly observed charmed mesons. The N and U denote the natural parity and unnatural parity, respectively.

n L s¢ JP Exp [1,7] GI [1,8] PE [9] EFG [10]
D 1 S : 0~ 1867 1864 1868 1871
D* 1 S : 1- 2008 2023 2005 2010
D} 1 P : 0* 2400 2380 2377 2406
D, 1 P ! 1" 2427 2419 2490 2469
D, 1 P 3 1" 2420 2469 2417 2426
D} 1 P 2 2t 2460 2479 2460 2460
D} 1 D 3 1~ ? 2760 (N) 2796 2795 2788
D, 1 D 2 2” ? 2740 (U) 2801 2833 2850
D, 1 D 3 2” ? 2740 (U) 2806 2775 2806
Dj 1 D 2 3” ? 2760 (N) 2806 2799 2863
D; 1 F 2 2* ? 3000 (N) 3074 3101 3090
D 1 F 3 3* ? 3000 (U) 3074 3123 3145
D 1 F 1 3* ? 3000 (U) 3079 3074 3129
D} 1 F 1 4+ ? 3000 (N) 3084 3091 3187
D 2 S 3 0~ ? 2580 (U) 2558 2589 2581
D* 2 S : 1- ? 2650 (N) 2618 2692 2632
D}, 2 P : 0" ? 3000 (N) 2949 2919
D, 2 P : 1" ? 3000 (U) 3045 3021
D, 2 P 3 1" ? 3000 (U) 2995 2932
D} 2 P 3 2t ? 3000 (N) 3035 3012
D 3 S : 0~ ? 3000 (U) 3141 3062
D* 3 S : 1~ ? 3000 (N) 3226 3096

distinguish the different assignments. Furthermore, the
analytical expressions of the decay widths can be used to
determine the strong coupling constants in the heavy me-
sons’ effective Lagrangian in the future. On the other hand,
we can also use the 3P0 model to study those strong decays
following Ref. [11]. There have been several works using the
heavy meson effective theory to identify the charmed me-
sons [3,5,12] and to study the radiative, vector-meson, two-
pion decays of the heavy quarkonium states [13].

The article is arranged as follows: we study the strong
decays of the charmed mesons D;(2580), D7}(2650),

1+
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1+%

Xi = - {Pé‘a”%s Yo

e’ M
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D,(2740), D}(2760), D,(3000), and D}(3000) observed
by the LHCb Collaboration with the heavy meson effective
theory in Sec. II; in Sec. III, we present the numerical results
and discussions; and Sec. IV is reserved for our conclusions.

II. THE STRONG DECAYS WITH THE HEAVY
MESON EFFECTIVE THEORY

In the heavy meson effective theory, the spin doublets
can be described by the effective superfields H,, S,, T,
X4 Yy, Z,, and R, respectively [14]:
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where the heavy meson fields P*) contain a factor (/M p« and have dimension of mass % The superfields H, contain the
S-wave mesons; S,, T, contain the P-wave mesons; X, Y, contain the D-wave mesons; Z, and R, contain the F-wave
mesons. The n = 1, 2,3, ... heavy mesons with the same heavy flavor have the same parity, time-reversal, and charge
conjunction properties except for the masses, and can be combined into the superfields: H,, H,, H!,...; S, S, 8", ...;
T, T, T/ ...;etc, where the superscripts /, //, and /// denote the n = 2, 3,4, ... states, respectively. We can replace the
heavy meson fields P*) with their corresponding radial excited states to obtain the corresponding superfields H., S, . ...

The light pseudoscalar mesons are described by the fields ¢ = e%, where

1.0 1

M= w
K-

and f, = 130 MeV.

—\/%770 + \/%1; K° )
70

t K"

K —%1]

At the leading order, the heavy meson chiral Lagrangians Ly, Ly, L, L7, Ly, Ly, L,, and L for the strong decays to

the D™ 7, D® 5, and Dg*)K states can be written as

£0 = iTr{I:Iav . Dabe} + iTr{gaU . @abSb} + lTr{Tg‘U ‘ fDabT,u,b} + iTr{Xffv . Dabxﬂb} + iTr{}_’flwv : DabY/.LVb}
+ iTr{Zé“/v . Dabzﬂyb} + l.TI'{Ré“/aU . @abzﬂmb} - (Sms Tr{SaSa} - 5mT TI'{TZLTMH} - 6mx TI'{XZLXM”}
— 8my THYL"Y 0} — Smy THZAE Z,,,} — Smg THREPZ,,,5.),

Ly = guT{H.Hyy,vs AL,
L= % Te{H, T (D, A + iDA,),.ys) + He,

Ly =gsTr{H,Syv,v5 AL} + Hc,
£y = SO TAXL D, A + DA, )y5 + He,

1 r 7 14
Ly = e Te{H, Y [K{D,, D} A, + (D, D, A, + D, D, A )]y vst + He.,

] r 7 14
L, = e TH{A, 2 [K¥4D,, DY A, + k5D, D, A, + D, D, A,)],.v*ys} + He,

L= % THA,REP D, D, D, A, + K(D,. D,}D, A, +{D,. D,}D, A,
+{D,.. D,}D, A )]y ys} + He, (1D)
where
D,=d,+V, V, =%(§T3M§+ £0,6H, A, =%(§’faﬂ§— £,¢"H, {D,.D,}=D,D,+D,D,,
{D,.D,. D,}=D,D,D,+D,D,D,+D,D,D,+D,D,D, +D,D,D,+D,D,D,. (12)

where dmg = mg — my, Smy = mp — my, Smy = my —
my, Omy =my —my, Omy=my— my, OmMr=
mg — myg. A is the chiral symmetry-breaking scale and
taken as A = 1 GeV [12]. The strong coupling constants
8u> 8s, 81s 8x> 8y = k| + k3, gz = k{ + k5, and gx =
kR + k& can be fitted to the experimental data. The heavy
meson chiral Lagrangians Ly, Lg, L7, Ly, and Ly are
taken from Ref. [15]; the £, and L are constructed
accordingly in this article. The subscript indexes H, S, T,
X, Y, Z, and R denote the interactions between the super-
field H and the super-fields H, S, 7, X, Y, Z, and R,
respectively. We smear the superscripts /,//,///,... for
simplicity. The notation gz denotes the strong coupling
constants in the vertexes HHA HHA ,HH A,
H'"HA, ...; the notations gg, g7, gx» &y, &z and gg
should be understood in the same way. We can also study

I
the decays to the light vector mesons V besides the
pseudoscalar mesons 2 with the replacement V p
A% » TV, and we introduce additional phenomenological
Lagrangians [16]; therefore, additional unknown coupling
constants, which have to be fitted to the precise experi-
mental data in the future, are beyond the present work.
From the heavy meson chiral Lagrangians Ly, L, Lr,
Ly, Ly, L,,and L, we can obtain the widths I for strong

decays to the final states D, D(*)n, and DE*)K ,

1 pf
r= T\,
2]+12877Mi2| |

V2 = (M + mpP)(M? — My — mp)?)
Pr= M, )

(13)
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where T denotes the scattering amplitudes; i and f denote
the initial and final state heavy mesons, respectively; J is
the total angular momentum of the initial heavy meson; Y
denotes the summation of all the polarization vectors of the
total angular momentum j = 1, 2, 3 or 4; and 2 denotes
the light pseudoscalar mesons.

Now we write down the explicit expressions of the decay
widths I' in different channels:

(@) (07,17),— (07, 17), + P,

ra-——1-)
_ o, SHMpIT L sh(M + M) p; "
=Cp 2y | €7 xvEv L
3mfoM; 127 f7M ;M
1~ —0°)
_c g%szn?[ 8%1<Mi+Mf)2p?] (15)
Pomfim; L " 24mfZMM, [
Lo —1°)
_c g%;prj}[ gH(M; +Mf)2p}:| a6)
Pomf2M LT 8wZmM, [
(i) (0, 1%),— (07, 17), + P,
2M ( 2+m2)
F(1+—>17)=C7)gs f sz pIPf
27Tf7TMi
[ g_%(Mi_Mf)2(p%'+m%7)pfj|
? 87 ZM;M, ’
(17)
2 2 2
_ gsM(ps +mp)p;
r(o*—07)=C -
( ) P 27Tf%-M1
[ c g5(M; — M)*(p7 + m%a)pf]
’ 87 fZM:M, ’
(18)
(it)) (17,2%);— (07, 1) + P,
ret—1-)
28 [ g%(M,~+Mf)2P,?] 19)
Psaf2NM LT 10a2A2M M, T

ret—0")
_ . AsiMp; [ g7 (M; +Mf)2p§~]
PUsmfZnM; LT 15w 2N MM, |
(20)
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ra+—1-)

_ . 28iMp; [ gH(M; +Mf)2p}:| o
P3mf2NM LT 6mfZAM M, |
@iv) (17, 27)% — (07, 17)% + P,
re —1)=cC 28xMy(p] + mp)p;
—L)=CLp 2 A2
3mfeAM,;
[ 8x(M; — M) (p; + m%)p}]
r 67 fZAZM;M, ’
(22)
M- —1-)=C 28%M(p} + m3)p}
- =L 2 A2
OmfA"M;
[ 8x(M; — M) (p + m%)p}]
’ 187 f2A2MM, ’
(23)
(- —0-)=C 4¢3 My (p} + m3)p}
- =L 2 A2
97Tf7TA Mi
[ o, 8x M — My (p + m%»)pj}]
r 97 fZAZM;M, ’
(24)

W) 27,37)— (07,17 + P,

1057 f2A%M,
[ 4g%/(Mi+Mf)2p]7€i|
P05 ZA MM, T

I3 —17)=Cp

(25)

reg——o)
AgyMsp} [ gy(M; + M f)zp}]
P35afZAM LT 352N MM, [

(26)

re-—1-)
_ . AsiMep) [ g (M, +Mf)2p}]
PUsmfZA M LT 15mf 2N MM, T

27)
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(Vi) (2*,37); = (07, 17), + P,

42M /(p% + m) p
[+ —17) = Cpot S Pr eIy
1572 A%M,
[ g%(M,»—Mf)Z(p%m%))p?]
r 157 fZA*M;M, ’
(28)
892 M (p2 + mb) p’
T2+ —17)=Cp 8zMy p{ . PPy
757Tf7TA M['
[ Zg%(Mi_Mf)z(szc"‘mzp)P;]
r 757 LA MM, ’
(29)
re+—0)=C 4s2My(pj + mp)py
P 05w A M,
[ g%(M,-—Mf)z(pmem%a)p}]
P 25mf AN MM, ’
(30)
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(vii) 3%,4%); = (07, 17 ), + P,

r@d+—1-)
_ . AgrMyph [ gr(M; +Mf)2p?:|
P ASM LT TmfiA MM, |
(31)
168%Mf199~
T(4* —07)=Cp—enLL
( ) P35mf2AM,
4g%(M; + Mf)zl’?f
P NG . (32)
35mfLAMM,
r@*—17)=Cp—n I/
( ) P57 2AM,
98x(M; + M)’ p}
» L . (33)
35TfLAMM,

where the coefficients C .+ =Cg= =Cgro=Cgro=1,
Co=%, and C, =3. We obtain the expressions in
the brackets by taking into account the different
four-velocities of the initial and final state heavy
mesons. The on-shell conditions require that

M, =M, +p, with v’ =v?=1, p?> = m3,

TABLE IV. The strong decay widths of the newly observed charmed mesons with possible assignments.

n L Se Jr Decay channels Widths (GeV) Decay channels Widths (GeV)
D;(2580) 2 s ! 0~ D"t~ 0.86744g2,
DiYK~ 0
D070 0.44284g%
Dy 0.01545g%
D%(2650) 2 s : 1- D" 0.78436g% D7~ 0.61923g%,
DK™ 0.03361g% DK~ 0.15626g2%,
D*070 0.39903g%, D070 0.31475g%
Dy 0.07934g% D% 0.15758g%
D’(2760) 1 D 2 1- D*t ™ 0.33541g% D7~ 1.28546g%
DiTK~ 0.06149g% DfK~ 0.45974g%
D070 0.17110g% D70 0.65652g%
D7 0.08867g% D% 0.50190g%
D,(2740) 1 D 3 27 D*" ™ 0.87560g%
DiYK~ 0.13301g%
D070 0.44709g%
Dy 0.20791g%
D,(2740) 1 D 2 2” D*t ™ 0.12739g2
DK~ 0.00193g2
D070 0.06597g3%
D0y 0.00524g%
D’(2760) 1 D 2 3” Dt 0.08910g2 D7~ 0.17382¢g2
DiTK~ 0.00207g% DYK~ 0.01760g?%
D070 0.04607g3% D70 0.08995g%
Dy 0.00477g% D% 0.02413g%
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and v, # v),. In some multiplets, the conditions
u = v, and v, # v/, lead to quite different decay
widths but similar ratios among the decay widths.
The ratios among the decay widths can be used to
identify the heavy mesons; we expect that the
expressions in the brackets cannot lead to different
conclusions. In calculations, we take the approxi-

v

. L9, M . .
mation A, ~ i~ and neglect the intermediate

loops of light pseudoscalar mesons. Furthermore,
we neglect the flavor and spin violation corrections
of order O(1/mg) to avoid introducing new
unknown coupling constants, and we expect that

PHYSICAL REVIEW D 88, 114003 (2013)

the corrections would not be larger than (or as
large as) the leading order contributions.

ITII. NUMERICAL RESULTS

The input parameters are taken as M .+ = 139.57 MeV,
Mo = 1349766 MeV, Mg+ =493.677 MeV, M,=
547.853MeV, Mp+=1869.60MeV, M0 =1864.83MeV,
Mp: = 1968.47 MeV, Mp+ = 2010.25 MeV, Mpo =
2006.96 MeV, Mp~+ = 21123 MeV  [7], Mpoag) =
2419.6 MeV, and Mp:(a460) = 2460.4 MeV [1].

The numerical values of the widths of the strong decays
of the charmed mesons D,(2580), D}(2650), D;(2740),

TABLE V. The strong decay widths of the newly observed charmed mesons with possible assignments.

n L S JP Decay channels Widths (GeV) Decay channels Widths (GeV)
D’(3000) 1 F 3 2+ Dt 0.35576g% DT~ 1.03474g2
DIYK~ 0.09260g% DK~ 0.38738g%
D070 0.18146g% D70 0.52903g%
D*q 0.11279¢% Dy 0.40754g%
D;(3000) 1 F 3 3+ Dt 0.71619g%
DK~ 0.16586g%
D* 079 0.36571g%
D7 0.21080g%
D;(3000) 1 F 1 3+ Dt 1.70315g%
DT K~ 0.13668g%
D070 0.87774g%
D7 0.21081g%
D*%(3000) 1 F 1 4 D"t~ 1.25746g% D 7~ 2.42276g%
DitK~ 0.12371g% DYK~ 0.43906g%
D070 0.64701g% DO#0 1.25012g%
Dy 0.17952¢% D% 0.52012g%
D*%(3000) 2 P ! 0t DT~ 4.59878g%
DK~ 3.76337g%
DO70 2.31591g2
D%y 2.99368g%
D,;(3000) 2 P ! 1" D**a~ 3.32572¢%
DK~ 2.41575g%
D070 1.67433g2
Dy 2.06738g%
D,(3000) 2 P 2 1" Dt 2.73390g%
DiYK~ 0.68819g%
D070 1.38912g%
D*0q 0.71469g%
D’(3000) 2 P 2 2% D* o 1.91077g2 Dt a 2.00996g%
DitK™ 0.53862¢% DYK~ 0.79622g7%
D*07 0.97002¢g% D70 1.02155g%
Dy 0.54072g% D% 0.71319g%
D;(3000) 3 N : 0~ Dt 3.22680g%
DiYK~ 1.43857g%
D070 1.62798g%
D0y 1.22589¢g%,
D’(3000) 3 N 1 1~ D* o 2.34605g%, Dt 1.49813g2,
DitK~ 1.11939¢% DYK~ 0.87742g%
D070 1.18299¢g2, D70 0.75568g%
Dy 0.93470g2, D% 0.68341g2,
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D(2760), D,;(3000), and D7(3000) observed by the LHCb
Collaboration are presented in Tables IV and V, where we
retain the strong coupling constants gg, gx, &y, &z, and gg.
The strong coupling constants can be fitted to the experi-
mental data in the future at the LHCb, BESIII, KEK-B, and
PANDA, and taken as basic input parameters in studying
the interactions among the heavy mesons. The strong
coupling constant gy for n =1 varies in a large range
gr = 0.1-0.6 from different theoretical approaches; it is
difficult to choose the optimal value [17]. We usually fit the
gy to the decay width I'(D** — D7) from the CLEO
Collaboration [18,19]. The strong coupling constants gy
(with n = 2, 3), gg (with n = 2), g (with n = 2), gy, gy,
gz, and g involve the radial excited S-wave and P-wave
heavy mesons and ground state D-wave and F-wave heavy
mesons; it is impossible to determine their values with the
heavy quark (or meson) effective theory itself without
enough experimental data. The existing theoretical works
focus on the strong coupling constants gy, g5, and g for
the ground state S-wave and P-wave heavy mesons
[16,17,20], while works on other strong coupling constants
are rare [21].

In Tables VI and VII, we present the ratios

of the strong decays of the charmed

=

=_ r
roY'—p+a)

TABLE VI. The ratios [ = Wl;)”ﬂ of the strong
decays of the newly observed charmed mesons with possible

assignments.

Decay
channels

Decay
channels I’

—

D,(2580) 2 S 1 07 D" m 1
DK™ 0
D7% 051
D*%n  0.02
D;(2650) 2 S 1 1= D" w1 D 7~ 079
DK~ 004 DK™ 020
D70 051 D°Z° 040
Dy 010 D% 020
D52760) 1 D 3 1° D*m 1 Dtm~ 383
DK~ 018 DK~ 137
D70 051 D°7° 1.96
D*%n 026 D% 150
D,2740) 1 D 3 27 D*m 1
DK~ 015
D70 051
Dn 024
D,2740) 1 D 3 27 D& 1
DYK~  0.02
D70 052
Dy 0.04
D52760) 1 D 3 3~ D"z 1 Dtm~ 195
D*K~ 002 DfK~ 020
DO7% 052 D'7° 1.01

Dy 005 D% 027
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mesons D;(2580), Dj(2650), D,;(2740), D3;(2760),
D,;(3000), and D}(3000) observed by the LHCb
Collaboration, which can be used to identify the charmed
mesons by confronting them with the experimental data in
the future. In a previous work [3], we tentatively identify
the (D(2550), D(2600)) as the doublet (07, 1’)% with n=2
and the (D(2750), D(2750)) as the doublet (27, 3*)% with

n = 1 via analyzing the ratios of the branching fractions:

TABLE VIL.  The ratios ' = —L
(DY =D 77)

of the newly observed charmed mesons with possible assign-

of the strong decays

ments. In the decays 0; — O; + P, 1= W
Decay A Decay .
n L s, JP channels 1 channels T
D3(3000) 1 % 2t D*t g 1 D 7w~ 291
DK~ 026 DK~ 1.09
D79 051 D070 1.49

Dy 032 Dy LIS

D,(3000) 1 F 3* D'VmT 1

Nl

Di*K~ 023
D70 051
D79 029
D,(30000 1 F I 3* D" a1
Di*K~ 008
D79 052
D*n 012
D;(30000 1 F I 4% D4~ 1  D'm 193
D*K~ 010 DJK~ 035
D7 051  D°7° 099
D¥n 014 D°n 041
Dj(3000) 2 P i 0F D*m 1
DfK~ 082
D’z 050
D’n 065
D;(3000)0 2 P 3 1Y D" m 1
Di*K~ 073
D7 050
D*n 062
D;(3000) 2 P 3 1T D*a 1
Di*K~ 025
D7 051
D% 026
D5(3000) 2 P 3 2 Dx~ 1  D'm 105
Di*K~ 028 DfK 042
D7 051 D'7° 053

D*n 028 D 037
D,;(3000) 3 S

B—=

DK™ 045
D70 050
D% 038

D;(3000) 3 S 1 17 DY m 1 D 7w~ 0.64
D*K~ 048 DK~ 037
D7 050 DY%° 032

D*n 040 D°p 029

114003-8
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TABLE VIII. The experimental values of the ratio
effective theory.

I'(D;(2460)°—=D* 7~)
I'(D;(2460)°—D"* 7

PHYSICAL REVIEW D 88, 114003 (2013)

5 compared to the prediction of the leading order heavy meson

BABAR CLEO CLEO

ARGUS ZEUS This work

1.47 = 0.03 £0.16 22+07x06 23*+0.8

30 L1115 2.8 0.8%07 2.29

Br(D5(2460)° — D™ ™) Br(D(2600)° — D" 77)

Br(D5(2460)° — D**77)’ Br(D(2600)° — D** 77)’
Br(D(2760)° — D" 77)
Br(D(2750)° — D*T7™)’

(34)

with the heavy meson effective theory in the leading
order approximation. The measurement of the LHCb
Collaboration also favors the assignment (D;(2580),
Dj(2650))=(0_,1_)% with n =2 [1]. The helicity
distribution from the BABAR Collaboration disfavors
identifying the D(2750) as the 3~ state [2], which is com-
patible with the measurement of the LHCb Collaboration
that the D;(2740) has unnatural parity [1]. The measure-
ment of the LHCb Collaboration favors two possible
assignments:

with n=1L =2,
(35

(D3(2760), D,(2740)) = (17, 2*)%

(D,(2740), D}(2760)) = (27,37); with n=1,L=2.

(36)

We tentatively identify the D;(2740) as the 1 D state with
JP =27 however, the assignments 1D 32~ and 1D 32~
lead to quite different ratios among the decay widths. The
Dj(2760) have natural parity, the assignments 1 D % 17 and
1D %3_ also lead to quite different ratios among the decay
widths. We can confront the present predictions with
the experimental data in the future to identify the newly
observed charmed mesons.

In Table VIII, we present the experimental data on the
[(D5(2460)—~D* 7°)

D3(2460) from the BABAR [2], CLEO [22,23], ARGUS
[24], and ZEUS [25] collaborations; the present prediction
2.29, based on the heavy meson effective theory in the
leading order approximation, is in excellent agreement
with the average experimental value 2.35. The heavy
meson effective theory in the leading order approximation
works well.

If we saturate the total widths of the doublet (D;(2580),
D7(2650)) or (D(2550), D(2600)) with the two-body
decays to the ground states (D, D*)% + P and the total
widths FDJ(2580) = 13g%_1 GeV, I‘Dj(2650) = 25g%_] GeV,
Tpesso = 1.7g% GeV, Tpagon) = 2.0g% GeV, then the

ratio —?D’ 2350

ratio for the well-established meson

-~ =~ ().52 is smaller than the experimental data
DJ 5

Tojeso 1.27 from the LHCb Collaboration [1], and the

"
D*(2650)

. T : .
ratio % =~ (.85 is also smaller than the experimental

data L2259 ~ 1 40 from the BABAR Collaboration [2]. The

D(2600)

2 S states (D,(2580), D7;(2650)) or (D(2550), D(2600))
can decay to the P-wave states (07, 1*)% + P and

(1, 2+)% + P, which also contribute to the total decay
widths. The decays to the P-wave states (0+,1+)% +V

are kinematically forbidden, where the V denotes the
light vector mesons p, K*, and w. If those contribu-
tions are taken into account properly, the discrepancy

T
may be smeared. The ratio 2>~ 0.31 from the
D’ (2460)
2

heavy meson effective theory in the leading order
approximation is also smaller than the experimental
data 0.81 [1]. For the charmed mesons, the flavor
and spin violation corrections of order O(1/my) may
be sizable, and we may have to introduce new un-
known coupling constants. The discrepancy may be
smeared with the optimal parameters [26]; furthermore,
more precise measurements are needed to make a
reliable comparison.

IV. CONCLUSION

In this article, we tentatively identify the charmed me-
sons D;(2580), D7;(2650), D,(2740), D}(2760), D;(3000),
and D7;(3000) observed by the LHCb Collaboration ac-
cording to their spin, parity, and masses. Then we study
their strong decays to the ground state charmed mesons
plus light pseudoscalar mesons with the heavy meson
effective theory in the leading order approximation, and
we obtain explicit expressions of the decay widths. The
strong coupling constants gy, gs, &7, x> &y» &z, and g in
the heavy meson chiral Lagrangians can be fitted to the
experimental data in the future at the LHCb, BESIII, KEK-B,
and PANDA, and can be taken as basic input parameters in
studying the interactions among the heavy mesons. Also,
the ratios among the decay widths can be used to confirm
or reject the assignments of the newly observed charmed
mesons.
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