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Abstract: The masses of some orbitally and radially excited heavy-light mesons are calculated in Regge phenomenol-
ogy. The results are in reasonable agreement with the experimental data and those given in many other theoretical
approaches. Based on the calculation, we suggest that the recently observed D(2550), D(2600) and D(2760) can be

assigned as the charmed members of the 215y, 23S; and 12D; multiplets, respectively.

*(2700)* may be assigned

as the charm-strange member of the 225; state. The results may be helpful in understanding the nature of current

and future experimentally observed heavy-light mesons.
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1 Introduction

Recently, some heavy-light mesons (Qq) with one
heavy quark (Q=c, b) and one light quark (q=u, d,
s) have been discovered. In the charmed meson sec-
tor, the discovery of new charmed mesons D(2550),
D(2600), D(2610), D(2760) [1] and charmed-strange
mesons Dg;(2700) [2, 3], Dx;(2860) [2, 4], D.(3040) [4]
has aroused great interest. However, the assignments of
quantum numbers for some of these resonances are still
being disputed.

Although some B and B, mesons have been observed
by experiments [5-8], the detailed spectroscopy of the or-
bitally and radially excited states of B and B, mesons has
not been fully established experimentally. Heavy mesons
with open and hidden heavy quarks are very important
in understanding the quark model, the unperturbative
properties of QCD and C'P-violating phenomena. There-
fore, the study of the spectrum of heavy mesons contin-
ues to be an active area in both theory and experiment.

To reproduce the available mass spectrum and pre-
dict the unobserved states of heavy-light mesons, a num-
ber of theoretical approaches have been proposed so far.
These approaches include the Regge phenomenology [9—
18], the lattice QCD [19, 20], the quark model [21-23],
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the potential model [24-30] and the relativistic quark
potential model based on QCD [31-36].

The Regge theory is one of the most simple phe-
nomenological models in studying the meson spectrum.
By analyzing the slope ratios of Regge trajectories
and the corresponding meson masses, the authors of
Refs. [37, 38] proposed an approach to calculate the spec-
trum of mesons based on Regge theory. In this way, the
authors of Refs. [38] have succeeded in predicting some
B. and hidden flavor heavy meson spectra.

Following the method demonstrated in Ref. [38], we
will study the heavy-light meson spectrum in the present
work. In order to study the D, and B, spectra, we will
first calculate the masses of the s§ mesons of the 1.5, 1P,
1D, 2S and 2P multiplets using the slope ratios of the
nn and s§ states. Then the corresponding D, Dy, B and
B, mass spectra will be extracted using the same model.
We will compare the present results with those given in
other approaches.

This paper is organized as follows. In Section 2 we
briefly introduce the Regge trajectory model. In Sec-
tion 3, using the available experimental data and some
data from Ref. [34], we calculate the 1S5, 1P, 1D, 25 and
2P heavy-light meson spectra. Finally, we give a short
discussion and summary in Section 4.
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2 The Regge trajectory

In this section we will give a brief introduction to the
Regge trajectory model.

Assuming the existence of the linear Regge trajecto-
ries for both light and heavy mesons, one can have

where i and j denote the quark constituents, a;;(0) and
«j; are, respectively, the intercept and slope of the tra-
jectory on which the ij meson lies.

For a meson multiplet with spin-parity J¥, the pa-
rameters a;5(0) and of; with different quark constituents
can be related by the following relations: the additivity

of intercepts [10, 11]:
a;i(0)+ay3(0)
the additivity of inverse slopes [12]:
1 1 2

= 20[13(0) 5

ii i ij
where i and j represent the quark flavors.

Using Eq. (1) and Eq. (2), one obtains

!’ 2 ’ 2 2
aiTMiT_'—O[jJTM 2a1 MIJ’ (4)

where the meson states ii, jj and ij belong to the same
n?*t1 L ; multiplet.

When quark masses m; <m;, combining the relations

(3) and (4), one can get the following relation between
the slope ratio and meson masses:
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Eq. (5) is a relation about three mesons involving two flavors in a spin-parity multiplet.

When i=n (n=u or d), j=s, one can have
Oé 5 _ (4Mi \/ 4M2 nn M2) _4Mr?ﬁM52§ (6)
Oé{nn 2Ms2§ '
When i=n, j=c, b, the slope ratios are, respectively,
O/CE _ (4M2 +\/ 4MI?C _MCQ) 4MI?HM(,‘2 (7)
Uy 2M2, '
oy (AME-MZ— )/ (AM2— M2 — M2 )2 —AM2 M2, (8)
ol 2M2; '
When i=s, j=c, b, the slope ratios are, respectively,
o, (4ME— )+/(AME—MZ—MZ)*—AMZMZ, o)
s 2M36 '
ap  (AME—ME— M)+ (AM3 — M2 — M )* —AME M (10)
oy 2M2; '

Using the experimental data of the ground meson
states, the slope ratios can then be obtained. By in-
vestigating the properties of the Regge slope, a number
of important results are discovered. Regge slopes are
independent of charge conjugation in accordance with
the C-invariance of QCD [13]. The Regge slope of the
radial excited state is the same as that of the correspond-
ing ground state [14] and the slopes of the parity part-
ners’ trajectories coincide [15]. Therefore, the authors of
Ref. [16] divided all the meson multiplets into the 1*.S,-
like multiplets and the 13S;-like multiplets. The 1'S,-
like and the 135;-like multiplets have unnatural parity
P=(—1)""! and natural parity P=(—1)7, respectively.

| Mesons with the same flavors which belong to the 1!S;-

like (135;-like) multiplets have the same slopes. Thus
the slope ratio of the excited states is the same as that of
the ground states. According to the relation mentioned
above, the spectrum of excited states can be obtained
using the slope ratios of ground states and the observed
meson masses.

3 Numerical results

In order to invest the masses of the ¢s and bs states,
we first need to get the ss masses. Since we have obtained
the masses of the ground sS states based on the mass re-
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lation of mesons among six mesons in certain multiplets
[39], we use Eq. (6) to calculate the excited s§ masses.

To obtain the spectrum of excited heavy-light mesons
based on Eqs. (6)—(10), we use the corresponding meson
masses from PDG [40]. For the unobserved c¢ states of
the 23P, and 23 P, multiplets, we use the theoretical re-
sults from Ref. [38], which are also obtained based on the
Regge phenomenology. For some unobserved states, we
use the theoretical values in Ref. [34].

Using the masses of the corresponding states given by
PDG and in the theoretical values [34], the slope ratios
can be obtained from Egs. (6)—(10). The slope ratios

for the ground 1'S, meson multiplets are a.;/a, ;|11 5,=
0.9428, a. /a |11s,= 0.5641, a,;/al|iig,= 0.2631,
oL /o = |115,0.5990, a,;/a; = |115,0.2811. The slope
ratios for the ground 13S; meson multiplets are
O‘;g/a;ﬁ|135120'8670> a::é/a:lﬁ|1351 =0.4927, a;B/O‘;ﬁ|13S1:
0.2628, .. /al|iss,= 0.5682, a,;/aL|iss,= 0.2548, re-
spectively.

The numerical results of the excited heavy-light me-
son spectrum can then be calculated using the slope ra-
tios and Egs. (6)—(10). The comparison of the masses
of the excited states obtained in the present work and
those given by experiments and in other works is shown

Table 1. The masses of the s§ mesons (in MeV).
state 1150 1351 11P1 13P0 13P1 13P2 13D1 2130 2331 23P0 23P1 23P2
sS 697 1009 1445 1543 1445 1540 1841 1611 1861 1903 2039 2060
Table 2. The masses of the ci(n=u,d) mesons (in MeV).
n25+1; Theo. Ref. [22] Ref. [30] Ref. [31] Ref. [32] Ref. [35] Ref. [36] PDG [40]
1Py 2431 2417 2421 2425 2501 2469 2490 2423
13 Py 2449 2252 2279 2283 2438 2406 2403
13 Py 2422 2402 2407 2421 2414 2426 2417 2427
13 Py 2457 2466 2465 2468 2459 2460 2460 2460
13Dy 2749 2740 2762 2788 2795
218 2519 2555 2548 2579 2581 2589
235, 2588 2636 2647 2629 2632
23 P, 2780 2752 2919
23 P 2782 2886 2932 2995
22 P, 2823 2971 3012 3035
Table 3. The masses of the ¢§ mesons (in MeV).
n2S+1y; Theo. Ref. [22] Ref. [30] Ref. [31] Ref. [32] Ref. [35] Ref. [36] PDG [40]
1Py 2522 2510 2537 2525 2569 2574 2605 2535
13 Py 2493 2344 2388 2325 2508 2509 2318
18Py 2514 2488 2521 2467 2515 2536 2535 2460
13p, 2570 2559 2573 2568 2560 2571 2581 2573
13Dy 2814 2804 2817 2913 2913 2709
215, 2650 2640 2657 2670 2688 2700
235, 2697 2714 2758 2716 2731
23 Py 2853 2830 3054
23p) 2961 2958 3067 3114
23 P, 2985 3040 3142 3157
Table 4. The masses of the bii(n=u,d) mesons (in MeV).
n25+1y; Theo. Ref. [30] Ref. [31] Ref. [32] Ref. [35] Ref. [36] PDG [40]
2 5724 5744 5720 5757 5774 5742 5721
13P 5729 5690 5592 5738 5749
13 Py 5720 5731 5649 5719 5723 5700
13 Py 5706 5759 5737 5733 5741 5714 5743
13D, 5914 6999 6119 6025
215, 5800 5892 5883 5890 5886
235 5820 5924 5898 5906
23 Py 5999 6221
23 Py 6071 6209 6175
23 Py 6038 6260 6188
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Table 5. The masses of the bS mesons (in MeV).
n2S+1y; Theo. Ref. [30] Ref. [31] Ref. [32] Ref. [35] Ref. [36] PDG [40]
1Py 5811 5860 5831 5859 5831 5842 5829
13 P 5775 5810 5617 5833
13P; 5807 5855 5682 5831 5865 5805
13 Py 5809 5875 5847 5844 5842 5820 5840
13Dy 5983 6048 6209 6127
215 5917 6001 5971 5976 5985
235, 5982 6036 5984 5992
23P 6108 6318 6019
23 Py 6199 6281 6278
23 P, 6189 6359 6292

in Table 1 to Table 5. From Tables 2—-5, one can see that
the masses of the heavy-light mesons given in the present
work are very close to the experimental data. The masses
of the mesons given in the present work are in reasonable
agreement with those given in many other approaches.
A detailed discussion will be given in Section 4.

4 Discussion and summary

In the Regge phenomenology, the slope ratios of the
1S, and 1S, multiplets are obtained by using the exper-
imental values of the corresponding meson masses. Then,
the masses of the excited states are calculated based on
the relation between the meson masses and the related
slope ratios.

As shown in Table 2, the predicted mass of the 215,
cii state (2519 MeV) agrees with the newly discovered
D(2550) resonance by BaBar [1] (2539 MeV), which
also agrees with the results given in the theoretical ap-
proaches [41-43].

The calculated mass of the 235, cii state (2588 MeV)
is very close to the newly discovered D(2600) resonance
by BaBar [1] (2609 MeV).

The masses of D(2760) given by BaBar [1] and
Ref. [35] are 2763 MeV and 2788 MeV, respectively. The
mass of the 13D, (17) state predicted in the present work
is 2749 MeV, which is in agreement with the result of
Ref. [35]. So we suggest that D(2760) may be a 13D, (17)
state.

From Table 3, the predicted cs masses are in good
agreement with the experimental data and other theo-
retical approaches. D7 (2700)% is assigned as a 13D, (17)
state in PDG. However, our predicted mass of 13D, (17)
is 2814 MeV. The theoretical mass of Ref. [35] for the

13D, (17) state is 2913 MeV. So, D7 (2700)* may not
be a 13D, (17) state based on the mass spectrum. The
calculated mass of the 235, state from Table 2 is 2697
MeV, which agrees with D7, (2700)*. Therefore, we sug-
gest D7 (2700)% is more like a candidate of a 225, state,
which agrees with the results given in other approaches
[35, 44-46]. The recent investigation of the decay prop-
erties supports this assignment too. Using an effective
Lagrangian approach, the authors of Ref. [47] calculated
the ratio of I'(D4;(2700) — D*K)/I'(D,,;(2700) — DK),
which is very close to the experimental value [4]. Such
an analysis indicates that it is reasonable for Dy, (2700) to
be assigned as a 235, (17) ¢S state. The assignment is also
supported by the calculation based on the Bethe-Salpeter
method [48] and the semiclassical flux tube mode [49].

From Table 4 and Table 5, our predicted masses of
1'P;, 13P, B and B, mesons agree well with the exper-
imental results. The predictions of those unobserved B
and Bs states are in agreement with other theoretical ap-
proaches. Such predictions are important for the future
study of unobserved heavy-light mesons.

In summary, we succeed in reproducing the observed
light-heavy meson spectrum by using the Regge trajec-
tory model. The predicted masses of some unobserved
higher excited states are in good agreement with those
given in other theoretical approaches.

Based on the results, we suggest that D(2550),
D(2600) and D(2760) are candidates for the charmed
members of the excited 2!S,, 235, and 13D, states, re-
spectively. We support D? (2700)* being assigned as
the charm-strange member of the 23S, state. The pre-
dictions will be helpful for understanding the nature of
current and future experimentally observed heavy-light
mesons.
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