Chinese Physics C Vol. 44, No. 3 (2020) 033103

Analysis of the excited bottom and bottom-strange states B;(5721), B7(5747),
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Abstract: In order to make a further confirmation of the assignments of the excited bottom and bottom-strange
mesons B1(5721), B5(5747), Bs1(5830) and B},(5840) and identify possible assignments of B;(5840) and B,;(5970),
we study the strong decay of these states with the *Py decay model. Our analysis supports the assignments of
B1(5721) and B;(5747) as the 1P| and 13 P, states, and B,;(5830) and B,(5840) as the strange partners of B1(5721)
and B5(5747). Besides, we tentatively identify the recently observed B;(5840) and B,(5970) as the 2351 and 1°D;
states. It is noted that these conclusions need further confirmation by measurements of the decay channels

B;(5840) — Bm and B;(5970) — Br .
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1 Introduction

In recent decades, theoretical and experimental physi-
cists have made progress in studying the heavy-light
meson spectrum with the observation of a large number
of charmed and bottom mesons. In particular, the
charmed meson spectrum has been mapped with high
precision with the observation of many new charmed
states such as D7}(2680), D3(2460), D;(2580), D’(2650),
D3;(2760), D;(2740), D;(3000), D%(3000) [1-3]. In our pre-
vious work, we studied the strong decay of some charmed
states with the 3Py decay model and the heavy meson ef-
fective theory, and identified the quantum numbers of
these charmed states [4-6]. In the bottom sector, only the
ground states, B’(5279), B*(5279), B*(5324), B,(5366) and
B:(5415), and a few of the low lying excited states,
B1(5721) and B;(5747), have been identified in PDG [7].
Compared to the charmed mesons, there is little informa-
tion about the excited bottom states.

Fortunately, the LHCb collaboration has observed
some new bottom states in recent years, such as
B;(5840)°, B;(5840)*, B;(5970)° and B;(5970)* [8-11].
Besides, the CDF, DO and LHCb collaborations have also
observed two bottom-strange mesons, B;(5830) and

Received 4 January 2020, Published online 10 February 2020

B?,(5840) [12-14], and assigned their JP as 1* and 2+, re-
spectively. The masses and widths of these newly ob-
served bottom and bottom-strange mesons are listed in
Table 1. For these mesons, it is important to assign the
quantum numbers and identify their position in the bot-
tom meson spectrum. Several approaches have been used
for this work, such as the quark model [15-23], the heavy
quark effective theory (HQET) [5, 24], lattice QCD [25],
and the*Py model [26-28]. However, the predictions of
different theoretical approaches, even with the same the-
oretical method but different parameters, are not com-
pletely consistent with each other.

Since the discovery of bottom mesons B;(5721) and
B5(5747) by the DO collaboration in 2007 [8], their nature
was studies using different models, and they were identi-
fied as the [+ and 2+ bottom states in PDG [7]. However,
the assignment of B;(5721) meson still needs further con-
firmation because it is a mixture of the >P; and ' P, states.
B;(5970) bottom meson was explained as a 251~ or 1 D3~
state by different theoretical approaches [29-37], but its
spin-parity still remains undetermined in PDG, which
only lists its mass and decay width. Furthermore, we note
that B;(5840) meson is omitted from the summary tables
in PDG, which indicates that its assignment needs addi-
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Table 1. Experimental information about the newly observed excited bottom and bottom-strange states.

States Mass/(MeV/c") Width/MeV Jre Decay channels
B1(5721)*[7] 5725.9123 316 1" BOxt
B1(5721)°[7] 5726.1+1.3 27.5+34 1 B**n~
B;(5747)*[7] 5737.2+0.7 205 24(13Py) B, BOnt
33(5747)0[7] 5739.5+0.7 242+1.7 27(13Py) Btn~, B*n~
B,(5970)*[7] 5964 +5 62+20 B, [BOn*]
B;(5970)°[7] 5971 +5[7] 8112 BOr, [B*n7]
B,(5840)*[11] 5862.9+5.0 224 +80 B, [BOn*]
By(5840)°[11] 5862.9+5.0 127.4+16.7 BOx*, [B*n7]
B41(5830)[7] 5828.7+0.1 0.5+023 1+ B'K
B, (5840)[7] 5839.85+0.7 1.40+0.4 25(13Py) B*K, BK

tional theoretical and experimental verifications. As for
B?,(5840) and By(5830) bottom-strange mesons, they are
assigned as the strange partners of B}(5747) and B(5721)
with quantum numbers 2+ and 1+ [7, 38-41].

In Refs. [34-37], the assignments of some excited B
and B; mesons were analyzed with the quark model and
the 3Py model. As different parameters were used, their
conclusions are not consistent with each other. In addi-
tion, we studied the two-body strong decay of B;(5721),
B5(5747), B(5970), B,i(5830) and B*,(5840) with the
heavy meson effective theory at the leading order approx-
imation, and designated the states 2517, 1 D1~ and 1D3™ as
candidates for B,;(5970) [29]. As a continuation of our
previous work, we study the strong decay of other bot-
tom mesons with the 3Py decay model and give a simple
discussion of their quantum numbers. The calculated
strong decay widths in this work may be confronted to
the future experimental data, and will be helpful in de-
termining the nature of these heavy-light mesons. The pa-
per is arranged as follows. In Sec. 2, we give a brief re-
view of the 3Py decay model. In Sec. 3, we study the
strong decay of B1(5721), B5(5747), B,1(5830), B?,(5840),
B;(5840) and B,;(5970), and identify the assignments of
these states. In Sec. 4, we present our conclusions.

2 The strong decay model

In the analysis of strong decay of mesons, the 3Py de-

|
o

T
3\—>'C

(a)

Fig. 1.

cay model is an effective and simple method which can
give a good prediction of the decay behavior of many
hadrons [42-46]. This model was introduced by Micu in
1969 [26], and further developed by Le Yaouanc and oth-
er collaborations [27, 28]. In Ref. [47], Barnes et al. per-
formed a comprehensive study of the strong decay of
light mesons with the 3Py model. This model has been ex-
tensively used to describe the strong decay of heavy
mesons in the charmonium [48-51] and bottommonium
systems [52-54], of baryons [55] and even of the ter-
aquark states [56].

At first, an alternative phenomenological model was
considered for studying the strong decay in which quark-
antiquark pairs are produced with the *S; quantum num-
ber. However, this possibility was disfavored by measure-
ments of the ratio of partial wave amplitudes [57]. In the
3Py decay model, it is now generally accepted that a
quark-antiquark pair (g3g,) with the 0** quantum number
(in the 3Py state) is created from vacuum [26-28, 42]. For
a meson decay process A—BC, the quark-antiquark pair
(¢3q4) regroups into final state mesons (BC) with ¢1g,
from the initial meson 4. This process is illustrated in
Fig. 1, and its transition operator in the nonrelativistic
limit is written as,
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Two possible diagrams contributing to A — BC in the 3Py model.
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where q; and qZ are the creation operators in the mo-
mentum space of the quark-antiquark ¢3g, pair. y is a di-
mensionless parameter reflecting the creation strength of
the quark-antiquark pair. ¢3¢, w* and x}* denote its fla-

vor, color and spin wave functions, respectively.
In the c.m. frame, the amplitude of a decay process
A — BC can be written as,

MMM Mic(By =y \[BE4EgEc Z (LaMp,SsMs, | JaMy X LgM;, S gMs, | JpM,, )

MLA sMsA s
M., Mg,
M, Ms..m

X(LeMy S cMs, | JeM; )(1ml - m|00>WsBM;BXs M, Lxs” MsAXI A
X (B4 o | 920 (P, my,ma,ms3)

+(=D)!FSarSarSe R 14| pl23NI(—P,ma,my,m3)],

where Qvgt iy X5y IS, Xi)s (B5'08 | 6265 are the
spin and flavor matrix elements. The two terms in the last
factor correspond to the two diagrams in Fig. 1. The mo-
mentum space integral I (ﬁ,ml,mz,mg) is given by

Py+p|v;
my +my neLeMy,.

I(P,my,ma, ms3) =fd3ﬁW;BLBMLB(
Py+ ﬁ) Y.L, (P + DY (D)

[
my +ms3
3)

where P = Pp = —f’c,ﬁz D3, and mj is the mass of the cre-
ated quark ¢;. In Eq. (3), ¥ is the meson space wave
function which is used to describe the space part of the
meson. We commonly employ the simple harmonic oscil-
lator (SHO) as an approximation of the meson space
wave function. In the momentum space, it is defined as

2n!

_l-)LRL+% 3
Fn+L+3)

‘PnLML(m =(_1)n(

R2 2 Ll
xexp(—T”)Li "R n,(P @)

where R is the scale parameter of SHO. Using the Jacob-
Wick formula, we can convert the helicity amplitude into
the partial wave amplitude [58]

4dr(2L+1)
MIHB) = EZ DS (107 My, 4 M)
+1
M,,‘M,(
X (JpM_j, Jc My |TM; )MMn MM By (5)
where M; =M; +M;, J=Jp+Jc and

Ja=Jp+Jc+L. L is the relative angular momentum
between the final states B and C.

In terms of the partial wave amplitudes, the decay
width in the relativistic phase space is

_T |P| JL2
= IMIE, (©)
4ZWA JL
> M2—(My+Mc ) [M2—(My—Mc)?] .
where |P| = VUM (Mt ;M][ ¢ "I s the three-mo-

mentum of the daughter meson in the c.m. frame. My,

2

Mg, and M are the masses of mesons 4, B, and C. More
details of the decay model can be found in Refs. [26-28,
42].

3 Results and discussion

The parameters in the *Py model include the light
quark pair (gq) creation strength y, the SHO wave func-
tion scale parameter R, and the masses of the mesons and
constituent quarks. The quark masses are taken as
m, =mg =022 GeV, mg=0.42 GeV and m;, = 4.81 GeV
[7]. The value of the factor y, which describes the
strength of the quark-antiquark pair creation from vacu-
um, may be different when studying the decay of differ-
ent hadrons, for example, light mesons, heavy-light
mesons and heavy mesons. In fact, different studies em-
ployed different values, for example the value of 8.77
was used in reference [44], 13.4 in Refs. [59, 60] and 6.25
in Refs. [42, 61]. However, there is no definitive conclu-
sion about the value of y for different hadrons. Its value
is related not only to the hadron itself, but also to quarks
created in vacuum. In Ref. [42], H.G.Blundel et al. car-
ried out a series of least squares fits of model predictions
of decay widths of 28 best known meson decays. The fit-
ted y value of 6.25 was suggested as the optimal for u/d
quarks, and y; =/ V3 for s quark. In this work, we ad-
opt this value, which is higher than that used by Kokoski
and Isgur by a factor of V96r due to different field the-
ory conventions, constant factors in 7, etc. [62].

The input parameter R has a significant influence on
the shape of the radial wave function, which leads to the
sensitivity of the spatial integral in Eq. (3) on the value of
the parameter R. Thus, the decay width given by the 3P,
decay model is also sensitive to R. Taking the strong de-
cay of B;(5747) as an example, we plot the decay width
as a function of the parameter R in Fig. 2, and the partial
decay ratio in Fig. 3. From the two figures, we can see
that the partial decay ratio given by the 3Py model is in-
sensitive to the parameter R, but the decay widths
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strongly depend on this parameter. If Rp, Rp:, Rgo, Rp-
and R, are fixed to 2.5 GeV~!, the decay width of
B3(5747) changes by several times as the value of Rp:(5747)
changes from 2.0 GeV~! to 3.0 GeV~'. To proceed, there
are two possibilities, one is to take the common value,
and the other the effective value. The effective value is
determined such to reproduce the realistic rms radius by
solving the Schrodinger equation [22, 23]. In these refer-
ences, the linear potential was used, which can be written
as,

Vier (1) = VV(r) + Vi(), (7)
where
4 a,
Vi) = =35, ®)
r
Vi(r) = /l( 1= e_m). )
u

More details about the potential model can be found in
Refs. [18-23]. For the common value, H.G. Blunder et al.
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[42] suggested R=2.5 GeV' as the optimal value by fit-
ting the experimental data. In our previous work, we stud-
ied the strong decay of some charmed mesons using the
common value and obtained results consistent with the
experimental data. Thus, we continue to use the common
value for the parameter R in this work.

The meson mass also has a significant influence on its
strong decay. Taking B;(5747) as an example, if the
masses of the daughter mesons are the standard values in
PDG, the decay width of B5(5747) varies greatly with its
mass, as can be seen in Fig. 4. The masses of bottom
mesons, especially the newly observed bottom states, are
updated from time to time. In this work, we take the re-
cently updated values in PDG [7], as listed in Table 2.
For the newly observed bottom states which are not in-
cluded in PDG, we take the experimental data as input.

The 3Py model is a simplified model of a complicated
theory and it is not surprising that the predictions are not
very accurate. Once the optimal values of all input para-
meters are determined, the best predictions of the 3P de-
cay model are expected to be within a factor of 2. A de-
tailed analysis of the uncertainties of the results can be
found in Ref. [42].

It should be noted that mixing can occur between
states with / = L and § =1 or § = 0. The relation between
the heavy quark symmetric states and the non-relativistic
states 3L; and 'L; is written as [63],

m=Leg ) 0 (NIFT -V | PL
M[ VL «/m)( 'Ly )
(10)
Using this relation, we get the mixing angle 6 = 35.3°

for the states J =L =1, and thus this relation transforms
to

1
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Fig. 4. (color online) Strong decay width of B*(5747) as the
13 P, state as a function of its mass.
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Table 2. The masses of hadrons used in these calculations.
States 7t 0 n B* B
Mass/MeV 139.6 135.0 547.9 5279.3 5279.6
States B* BY B K* K0
Mass/MeV 5324.7 5366.9 5415.4 493.67 497.61
3
I, 1%) G 3
2 _ [ cosé sinf |° P an
1 .. |\ sinf cosf 'py |
| 5 5 1 >

For a decay process A — BC, if the initial states A(I”)
are a mixture, the partial wave amplitude can be written

as
JL JL
( M\l+%JF>—»BC ]_( cosf —sind )[ MI»*I/)HBC

JL sinf  cosf JL
M\l—§,1P>—>BC M|* 1)—BC

In our calculations, the states B(5721) and B,(5830) are
the 1* bottom and bottom-strange states, and each of them
is a mixture of *P; and 'P; states. In addition, we study
the strong decay of B;(5970) as the 2~ state, which is the
mixture of 3D, and 'D, states. Since for these states
J = L =2, their mixing angle can also be determined us-
ing Eq. (10). Considering the mixture of initial states, the
decay width can be expressed as,
T+ % I’y = BC) =g J‘% > leosoMiE e
AJL
—sin QMﬁﬁBCIZ,

]. (12)

1, _n|P o
M3~ BO=310 ; IsinOMUE, e

+ cos 9M|]*i,—>Bc|2- (13)

3.1 B;(5747), B,(5721), B

The bottom mesons B;*(5747) and 330(5747) are both
assigned as the 2+ states with total decay widths of 20+ 5
MeV and 24.2+1.7 MeV, respectively. As 1°P5(2%)
states, we calculate the strong decay widths of B;*(5747)
and B§°(5747) as 23.9 MeV and 24.7 MeV, which is con-
sistent with the experimental data. As a further confirma-
tion of this assignment, we take the ratio of the partial
widths for the decays into B'z* and B*'z*. The predicted
ratio

I'p;y (5747 Bon- _ 118
g 5747~ Bon
is in good agreement with the experimental ratio of 1.12,
as is the ratio for B;’(5747). As for B} (5721) and BY(5721)
mesons, each of them is a mixture of bottom states 3P;
and ' P,. In Table 3 and Table 4, the 1P, and 1P| states de-
note the j, =1 and j, = % states. We can see that the res-
ults for the j, = %(lP'l) bottom states with the total decay

Table 3. Strong decay widths of B (5747), B1(5721)and B with pos-
sible assignments. The symbol "-" means that the decay is forbid-
den by the selection rules, or that the decay cannot take place be-
cause it is below the threshold. All values are in units of MeV.

B3 (5747) B (5721) B (5721) By

State 1P, 1P 1P, 13 Py
Mass 5737.2[7] 5726.0[7] 5726.0[7] 5697.4[35]
B*n® 43 - - 76.3
B**n° 3.7 26.5 138.8 -
Bt 8.6 - - 155.1
B*Or* 73 13.3 69.4 -
total 239 39.8 208.2 231.4

Table 4.

possible assignments. The symbol "-

Strong decay widths of B}(5747), B1(5721) and Bj with
" means that the decay is for-
bidden by the selection rules, or that the decay cannot take place be-

cause it is below the threshold. All values are in units of MeV.

B30(5747) BY (5721) BY(5721) By
State 1P, 1P 1Py 1*Py
Mass  5739.5[7] 5726.1[7]  5726.1[7] 5697.4[35]
Bn~ 8.9 - - 78.3
B n” 76 253 1349 -
BOx® 44 - - 156.5
B0n0 3.8 12.6 67.6 -
total 24.7 379 202.5 234.8

widths of 39.8 MeV and 37.9 MeV, are roughly compat-
ible with the experimental data of 31+6 MeV and
27.5+3.4 MeV. These results favor B;(5721) as the j, = %
spin partner of the B;(5747) state,

(Bl(5721),B;(5747)):(1*,2+)§ n=1,L=1

After identifying the 1P| assignment, the remaining 1P;
and the 13Py state are the spin doublet with j, = 1. The
total width of 13Py is predicted as 231.4 MeV, which is
broader than the j, = 3 P wave doublet. This prediction is
consistent with the heavy quark limit (HQL).

3.2 B,(5840), B,(5970)

We note that PDG only reports B;(5970) bottom
meson and omits the B;(5840) state from the summary
tables, while the spin-parity of B,(5970) remains un-
known. Thus, we study the strong decay with the 2'Sg
and 23§, assignments for the B;(5840) state and 23S,
1°Dy, 13Ds, 1D}, and 1D, assignments for the B,;(5970)
state. The results are shown in Table 5 and Table 6. The
LHCb collaboration suggested that the B,(5840) and
B;(5970) signals should be identified as the 2'S( and 23S ;
bottom states. We note also that the strong decay into Br
is reported by LHCD as 'possibly seen' for B,(5840) and
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Table 5. Strong decay widths of B}(5840) and B} (5970) with possible assignments. The symbol "-" means that the decay is forbidden by the selection
rules, or that the decay cannot take place because it is below the threshold. All values are in units of MeV.
B7(5840) B7(5970)
States 218, 238, 238, 13D, 1°D; 1D} 1D
Mass 5862.9[11] 5964(7]
B*n® - 12.9 102 273 6.5 - -
B**n0 38.1 254 23.7 14.1 6.0 23 80.9
BOn* - 25.8 20.4 54.6 13.1 - -
Bnt 76.1 50.8 474 28.2 11.9 11.6 40.5
B*n - 2.7 144 25.8 0.5 - -
B**n - 1.6 20.0 8.5 0.5 1.2 23.4
BYK* - - 13.1 214 0.2 - -
Bg* K* - - 12.3 49 0.03 0.6 139
Bi(1P)m - - 0.51 60.2 0.12 0.82 0.38
Bi(1P)n - - 0.22 0.51 0.07 0.01 0.06
Bin - - 0.24 0.73 0.54 75.03 0.13
total 114.2 121.9 172.4 255.7 39.43 112.3 159.27

Table 6. Strong decay widths of 38(5840) and 33(5970) with possible assignments. The symbol "-" means that the decay is forbidden by the selection

rules, or that the decay cannot take place because it is below the threshold. All values are in units of MeV.

BY(5840)[11] B(5970)
States 215, 238, 238, 13D, 1°Ds 1D 1D,
Mass 5862.9[11] 5971.0[7]
Bt~ - 25.8 20.0 54.3 13.4 - -
B*a- 76.1 50.8 46.7 28.3 1222 229 80.9
Bn0 - 12.9 10.0 27.1 6.7 - -
B0 38.0 25.3 233 14.1 6.1 11.4 40.5
B - 2.7 14.7 26.3 0.5 - -
B*Op - - 20.9 8.9 0.2 1.3 23.9
BYK* - - 13.7 22.1 0.2 - -
ByK* - - 135 5.2 0.03 0.6 13.5
Bi(1P)m - - 0.55 61.4 0.15 0.91 0.42
Bi(1P)n - - 0.22 0.50 0.07 0.01 0.05
Bim - - 0.25 0.81 0.60 73.03 0.15
total 114.1 1175 163.8 249.01 40.12 110.15 159.42

B;(5970). However, our analysis indicates that the decay
into Br is forbidden for B;(5840) as a 2'S state. If the
decay into Br is confirmed in the future, the 2'S assign-
ment can be ruled out. As for the 23S, assignment of
B7(5840) and B‘}(5840), their total decay widths are 121.9
MeV and 117.5 MeV, which is compatible with the ex-
perimental data. Therefore, we tentatively take 23§, as
the assignment for B,(5840).

The situation is the same for B;(5840). The decay
channel Br of B;(5970) is 'possibly seen' in experiments,

and the assignments 1D/, and 1D, are tentatively ruled out
as the decay into Br is forbidden. The experiments sug-
gest that the total decay widths of B}(5970) and 39(5970)
are 62+20 MeV and 81+12 MeV. For the assignments
1°D;5 and 13D, we can see that the predicted total widths
of 39.43 MeV and 40.12 MeV in the case of the 13D; as-
signment are consistent with the experiments within the
predictive power of the model and the experimental un-
certainties. Thus, we slightly prefer the 1>D3 assignment
for B;(5970).
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33 B,(5830), B:,(5840), BY,

The bottom-strange mesons By1(5830) and B?,(5840)
are assigned as 1* and 2+ states in PDG, but it is noted
that J” needs confirmation [7]. In order to provide fur-
ther information, we study the strong decay of B,(5840)
as the 13P, assignment, and B,;(5830) as the 1P} and 1P,
assignments. The predicted total decay width of B?,(5840)
is 1.35 MeV, which is consistent with the experimental
value of 1.40+£ 0.4 MeV. In addition, the predicted partial
decay ratio is

Un,esi0-5K s, (14)
I'p: (5840)—B k-

This value is roughly compatible with the experimental
value of 0.093+0.018, which supports the 13P, assign-
ment for B},(5840). As a 1* state, B1(5830) meson is a
mixture of 1°P; and 1'P;. From Table 7, we can see that
the predicted total decay width of 1P| is 3.1 MeV. Al-
though this is higher than the experimental value of
0.5+0.4 MeV, it is still compatible with the experiment
within the predictive power of the model. Thus, 1P is the
optimal assignment for B,;(5830), and we conclude that
B,1(5830) and B?,(5840) are the j, = 3 doublet,

(B,1(5830), Bjp(5840) = (17.2);  n=1,L=1

The remaining states 1Py and 13 Py in Table 7 are the spin
doublet with j, = 1 and their total decay widths are much
larger than of the spin doublet with j, = 3.

Table 7.  Strong decay widths of B},(5840) , B}, and B;1(5830) with
possible assignments. The symbol "-" means that the decay is for-
bidden by the selection rules, or that the decay cannot take place be-
cause it is below the threshold. All values are in units of MeV.

B*,(5840) B, B,1(5830)
States 3P, 13P 1P, 1P,
Mass  5839.85[7]  5794.8[35]  5828.7[7]  5828.7[7]
BYK~ 0.6 217 - -
B*K" 0.09 - 1.59 319
BoKO 0.6 217 - -
BjKO 0.06 - 151 302
total 135 434 3.1 62.1

4 Conclusions

In Refs. [34-37], the properties of bottom and bottom-

strange mesons were analyzed with the relativized quark
model and the 3Py decay model. In Ref. [37], the harmon-
ic oscillator wave function parameter R was taken with
the same value as in our study (2.5 GeVil). As for the
pair-creation strength vy, it was replaced by an effective
value ygff = %7’0' In Refs. [35, 36], the effective oscillat-
or parameter R.g¢ was obtained by equating the rms radi-
us of the harmonic oscillator wave function for the given
(n, [) quantum numbers with the relativized quark model,
and the value of y = 0.4 was used in the calculations.

Some of our conclusions concerning the assignments
of the bottom mesons are consistent with those of the
above works, but there are some differences. For ex-
ample, B1(5721) and B3(5747) are unanimously identified
as the spin doublet (1*,2*)% with n=1, L =1, while
B,1(5830) and B:,(5840) are identified as the strange part-
ners of B1(5721) and B;(5747). However, our results for
the total width of these mesons are 39.8 MeV, 23.9 MeV,
3.1 MeV, 1.35 MeV, respectively, while the results in Ref.
[35] are 6.9 MeV, 11.4 MeV, 0.11 MeV, 0.78 MeV. In
comparison with the latest data in Ref. [7], our results for
B1(5721) and B;(5747) are closer to the experimental val-
ues, while the results for By;(5830) and B?,(5840) in Ref.
[35] are more accurate. For B;(5840) and B,;(5970), our
analysis indicates that the possible assignments for these
two mesons are 235, and 13 D3, which needs further con-
firmation by experiments. In particular, the decay modes
B;(5840) — Brr and B;(5970) — Br are crucial for identi-
fying the optimal assignment of these two states. In Refs.
[35, 36],B;(5840) was identified as the 235 or 21 state,
and B;(5970) as the 13D; or LD/, state. These conclusions
also depend on whether these mesons are confirmed to
decay into Brr. In Ref. [37], it is suggested that the most
likely assignment for B;(5970) is 235 ;.

In summary, we obtained assignments that are con-
sistent with the other collaborations for B;(5721)°,
Bi(5721)%, B3(5747)°, Bj(5747)*, B,(5840)°, B;(5840)",
B;(5970)°, B;(5970)*, B,1(5830) and B,(5840). Our ana-
lysis supports that B;(5721) and B3(5747) are the spin
doublet (1%,2%): with n=1, L = 1, and that B,;(5830) and
B,(5840) are the strange partners of B;(5721) and
B3(5747). The possible assignments of B;(5840) and
B;(5970) are 23S and 13D;. There are certainly differ-
ences in the final results because of the different choices
of parameters. The final assignments of the above
mesons, especially of B;(5840) and B,(5970), need fur-
ther confirmation by experiments.
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