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Study of semileptonic decays Bs — Dg(2536)lv and
B, — Dy(2573)1v in the CQM model”
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Abstract Based on the assumption that Ds1(2536) and Ds2(2573) belong to T doublet (17,21), we calculate
the semileptonic decays of Bs to Ds1(2536) and Dg2(2573) in terms of the Constituent Quark Meson (CQM)
model. For Bs — Ds1(2536) +1v and Bs — Ds2(2573) +1v, the order of magnitude of the obtained branching
ratios is 1072, Our numerical results of the semileptonic decays of Bs to Ds1(2536) and Ds2(2573) are large,
which implies that two semileptonic decays should be seen in future experiments.
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1 Introduction

In recent years, both theorists and experimenta-
lists of high energy physics show great interest in the
discoveries of exotic mesons D, (2536) and Dy, (2573)
which are made up of ¢ and s . Using heavy quark
spin-flavor symmetry, one classifies heavy Qg mesons
into doublets which can be labeled by the value of the
angular momentum s; of the light degrees of freedom:
81 = 85+(, with s being the light antiquark spin and !
the orbital angular momentum of the light degrees of

freedom relative to the heavy quark!® ?. sf can be
+ +

either 3 5 when the value of [ is 1. Assuming

that Dg;(2536) and D4, (2573) can be embedded into
the JT = (1%,2%);/, doublet, Colangelo P et al. stud-
ied the transitions D, — D®+K° DK+ and D, —
D**K° D*°KT in the Heavy Quark Effective Theory
(HQET)®. For the width of D,;(2536) the present
bound I'(Dg;(2536)) < 2.3 MeV is given in the data
book!®. Recently, new measurements of the proper-
ties of the spin two Dy, (2573) meson were reported
by the BaBar Collaboration!”, particularly the decay
width I'(D.,(2573) — DK) = 27.1:£0.6:£5.6 MeV. The
full width of the meson D,(2573) announced by the
Particle Data Group is 1575 MeV. So the structures
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and the properties of exotic mesons Dy, (2536) and
D.»(2573) are interesting topics, and one needs to use
various theoretical approaches to study the produc-
tions and decays of D;(2536) and D, (2573).

By the QCD sum rules, Aliev A M et al. studied
the semileptonic decays B, — D,;(2317,2460)lv and
obtained large branching ratios’® ®. However, with
other reasonable models, studies on the semileptonic
decays B, to Dy family may be useful. In the CQM
model, we compute B, — D{(1968,2112)lv and
B, — D,;(2317,2460)lv and get reasonable results!'?.
Thus the studies on the production of the higher ex-
otic states Ds;(2536) and Dy, (2573) are also impor-
tant, which can not only deepen our understanding
about the properties of these states, but also test
the reliability of models which are used to calculate
the semileptonic decays. The Large Hadron Collider
(LHC) is running, from which large amount of data
of B, can be produced. Thus it would be realistic
to obtain the information of B, — D (2536)lv and
B, — D (2573)1v.

In this work, we calculate the semileptonic de-
cays B, — D;(2536)Iv and B, — D4 (2573)lv in
terms of the CQM model. By the assumption that
(D41(2536),D,2(2573)) with spin-parity (17,2%) can
be supposed as T(17,27) doublet in HQET, we com-
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plete the studies on the semileptonic decays of By to
D.:1(2536) and D4, (2573).

The CQM model was proposed by Polosa et al.!*"]
and has been well developed later based on the work
of Ebert et all'?. The effective Lagrangian which in-
corporates the flavor-spin symmetry for heavy quarks
with the chiral symmetry for light quarks is the base
of the CQM model. Using the CQM model, the
authors™ ' have got reasonable results of heavy me-
son physics, so we can believe that the model is ap-
propriate to our processes and expect to get relatively
reasonable results.

The paper is organized as follows. After the intro-
duction, in Section 2, we present our formulation and
in Section 3, all the input parameters and the corre-
sponding numerical results of the semileptonic decays
B, — D.1(2536)1v and B, — D, (2573)1v are explicitly
given. The last section is devoted to a simple discus-
sion and conclusion. Some detailed expressions are
collected in the appendix.

2 Formulation

For the convenience of readers, we give a brief
introduction of the CQM model™". The model is rel-
ativistic and based on an effective Lagrangian which
combines the HQET and the chiral symmetry for light
quarks

Logu = X[y-([(0+V)x+xX7-Avsx —

2
maX X+ %Tr[a“ X9, X+ hy(iv-9)h, —

I
[X(H+S+iT"25)h, +hee] +
X

2—G3Tr[(H+S)(H—S)] + 2—G4Tf[1w1r I,
(1)

where the fifth term is the kinetic term of heavy
quarks with #h, = h,; H and S denote the super-
fields corresponding to doublets (07,17) and (0*,17)
respectively. The explicit matrix representations of
H and S read as

= ¥ prypry) (2)
s = X[y, - B, 3)

where P, P** P, and P, are the annihilation oper-
ators of pseudoscalar, vector, scalar and axial vector
mesons which are normalized as

<0|P|M(0’)> =V My, (0|P*|M(17)) =
(O|Py|M(0%)) = v/Mgrys, (O|P;*|M(17))

vV MHEH

=/ Mgys€e”.

T is the super-field corresponding to the doublet
(1%,2%)

1
T = —_; ?/[P;aﬁ"y

Vari(s - -m)|. @

X= §Q(q = U,d78) is the hght quark field and E: e%v
and M is the octet pseudoscalar matrix. We also have

VH

S e e, (5)

A= (g1 e—gd e, (6)
Here we also present the Lagrangian of the decays
H—HM, S—H'M, T — H'M at leading order of the
heavy quark expansmn[?’]

Ly = gTr[H. Hyy,v545),

Ls = hTr[H,Syy,7v5AlL] +h.c.,
h/
Ly = T

X

Dypa = —6a0p+= (5*8"§+£8"§*) (7)

Tr[H, T} (iD,/A+i/DA,)p7s] +h.c..

Categorizing Dg;(2536) and Dy, (2573) as the T-
type doublet (17,2%), we compute the semileptonic
decays of B, — D, (2536)+1v and B, — Dy, (2573)+1v.
To calculate the semileptonic decays of B, to D,
mesons, the four-fermion operator of b — ¢+ 1v is
necessary and reads as!*®

GF cb _
Vol
At hadron level, the transition amplitudes of B, —

D,;(2536)1v and B, — Dy, (2573)1v can be written in
the following form

0=

(1 =75)bVy. (1 —=5)1. (8)

M = (DPW|OB,) =
GF cb
VZ

(Vv (1 =)1]0), 9)

—=— (D& (1 —75)b|Bs) x

where the hadronic matrix element is related to non-
perturbative QCD effects. In the HQET symmetries,
the hadronic matrix elements can be expressed as
Mg Mp;
——2 X

2

T3/2(W){(W2 - l)e; +(e"-v)[3v, — (w— 2)0;] —

(D (v, )|e7. (1 =3)b| B(v)) =

i(w—l—l)ewﬁye*avlﬁv”}, (10)
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(D3 (0", €) e, (11—

)BIB(v)) = 1 /3Mp Mo x

Tg/z(w){iswﬁﬂ, ey vy —[(w+1)e v —

AN (11)

. In HQET, the dimensionless proba-
bility function 73,,(w) is the famous Isgur-Wise func-
tion. Then, the central task in the CQM model is
how to extract the Isgur-Wise function from the loop
integrals.

In the CQM model, the hadronic matrix element
(D |ey#(1—5)b|B,) can be described by the follow-
ing Feynman diagram (Fig. 1).

where w = v-v’

Fig. 1. The Feynman diagram depicts the de-
cays of By — Dg*)h’/. The thick-line denotes
the heavy quark propagator.

According to the CQM model™, the couplings of
B, and D, (2536) and D,,(2573) with light and heavy
quarks are expressed as

H;/ Zuy Mg, s, (12)
1—H/\/ZT Dg1 \/>6ﬁ’75( 7 (7 —v ))ijaa
(13)

SV e, (14

where € denotes the polarization vector of Dg; (2536),
and ¢’ is the tensor of Dy, (2573). Z; and Zr are the
renormalization constants corresponding to S and T
doublets respectively, whose concrete expressions are
presented as!'"

Zy' = (AH+m)%+Ia(AH), (15)

Zii— Aii [(A?F —m?) ((m+AT)%AATT) +13(AT)>+
(m-l—AT)(aIaO(AA )+I1 +2ATI3(AT)>
%+&a} (16)

where A, =1 GeV, N. =3 and m is the mass of the
light quark s. To save space the explicit expressions of
the functions Iy, I; and I5 are collected in appendix.

Ay is a free CQM parameter, which can be fixed by
reasonable numerical values, and Ar is the function
of Ag.

Now the hadronic transition matrix element can

be written as
:5 reg d4k
M* = %\/MBSMDS \/ZHZTNCJ'

(2m)*

Te[(F+m) I (14 ¢)y" (14 ¢)y°]
(k2—m2) (v k+ Ap)(v-k+ Ag)’

1 i0
where I'” should be \/§6ﬁ75 g8 — B (y* —v%) 1%
2 3 A,

d
and e'aﬁyﬁlA—a correspond to D, (2536) and Dy, (2573)
X

(17)

respectively.

In order to retrench space in the text, one omits
the technical details. After tedious calculation, one
finally obtains the Isgur-Wise function 73, (w) from
Eq. (17) by matching the Egs. (10) and (11).

_ ZuZr m 1 _
Taj2(w) = 7 [ (2(1_w)(~’3(41{)
Ii(Ar) — (Ay — Ap)(Ap, Ar,w)) —

1
M(IS(AH)+I3(AT)+

(AH+AT)IS(AH,AT,w))> -

1
2(-1-w+w?+w?

(1-2w)S(Ar, Ap,w)+(1

] (—3S(AH,AT,w) —
— )T (Ap, Ar,w) —
2(1—2w)U(AH,AT,w))], (18)

where S,T,U being linear combinations of I;, are
listed in appendix.

With Egs. (9)—(11), we deduce the decay widths
of the semileptonic decays B, — D.;(2536)lv and
B, — D.,(2573)1v.

dI" (B, — D, (2536)1v) =

G|V |?
2473 Ds1

(ME_+ M5 )(2w® —w® —2w+1)—

(@ =11 +w)75)s(w) X

2Mp Mp,, (' —w®+w—1))dw,

AT (B, — Dy (2573)) =

G2|V'Cb|2
e M (WD

Tasa(w) (M3 + M7 ) (dw+1)—

(1+w)?x

2Mg Mp,, (3w’ +w+1))dw .
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Table 1. The values of Ay are taken from

] and those of Ar are calculated fromB’ 11]. The values of Zs and

Zg are obtained from the Egs. (15) and (16). BR; and BR» respectively denote the the branching ratios of

B. — D41 (2536)1v and B, — D2 (2573)1v.

Ap/GeV Ar/GeV Zg/GeVT Z7/GeV~1 BR; BR>
0.5 0.9 3.99 2.23 2.4x1073 3.4x1073
0.6 1.0 2.69 1.29 3.1x1073 4.4x1073
0.7 1.1 1.74 0.68 3.7x 1073 5.7x 1073

3 Numerical results

In this section, we present our numerical results.
With the formulation we derived in the last sec-
tion, we numerically evaluate the corresponding de-
cay rates. The input parameters are taken as fol-
lows: Gp =1.1664 x 107° GeV 2, V,;, =0.043, Mg, =
5.3696 GeV, Mp_, =2.536 GeV, Mp_, =2.573 GeV'®,
m = 0.5 GeV, the UV cutoff A = 1.25 GeV, the IR
cutoff £ =0.5 GeV and Ar — Ay ~0.4 GeV.

We present the numerical results of the semilep-
tonic decays By — D¢;(2536)1v and B, — D, (2573)1v
in the table.

4 Discussion and conclusion

In this work, the semileptonic decays B, —
D.1(2536)Iv and B, — D4 (2573)1v are studied in
the CQM Model. In order to complete the calcu-
lation of the semileptonic decays B, to Dg;(2536) and
D.»(2573), we make an assumption that Dy, (2536)
and D, (2573) belong to T doublet (17,27).

For B, — D,;(2536)1v and B, — D, (2573)lv, the
order of magnitude of the obtained branching ratios
is 1073. Comparing our results with those obtained
by other groups, for the semileptonic decays B, to Dy
family, it can be found that the order of our results
is reasonable. For B, — D,(1968)+1V, the experimen-

tal data are (7.942.4)%. Meanwhile one predicts the
branching ratio of B, — D7(2112) +1v which should
be at the same order as that of B, — D.(1968) +1¥v.
In QCD sum rules, the authors™ ? calculate B, —
Dz (2317)Iv and B, — Dg;(2460)lv, and the order of
the corresponding results is about 1075.

D7;(2317), D.;(2460), D.;(2536) and D, (2573)
are all exotic mesons with the orbital angular mo-
mentum [ = 1, and can be categorized as S doublet
(07,1%) and T doublet (17,2%) respectively. So the
branching ratios for the semileptonic decays B, to
Dz;(2317) and D,;(2460) should be close to those
of By — D4;(2536)lv and B, — D4, (2573)lv. It is
obvious that the order of our numerical results of
B, — D,;(2536)1v and B, — D,(2573)1v can match
that of By — Dz;(2317)Iv and B, — D,;(2460)lv ob-
tained by the QCD sum rules. Both our numerical
results and the analyses from the QCD sum rules
imply that the semileptonic decays By — S+1v and
B. — T +1v have large branching ratios. In the fu-
ture, these semileptonic decays will be measured in
the CDF experiment and LHCb experiment by our
experimental colleagues, which can make one under-
stand the nature of those exotic Dy mesons deeply.
Moreover, our understanding of the CQM model can
also be improved by further experiments.

We would like to thank professor X.Q. Li and Dr.

X. Liu for useful discussion.
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Appendix A

The explicit expressions of I;, S(A1,A2w),
T(A1,A2,w) and U(A1,Az,w) which are related to our
calculations are listed
iNe ("% d'k
167 J vek+A+ie

In(4) =

(% tm? o AQ) [ terf(AvE) —

N.m? m2 m?
T (‘LF’F)’ (A1)

iNe ™% d%%k
I = - =
1674 k2 —m?2

N.m? m? m?2
Irf-1,—,— A2
e ( ,AQ,M), (A2)

L(a) = — - 4 =
BT Tl | (R —m?)(vk+ A+ie)

N, J'l/#2 ﬁ —s(m2742)x
167372 |, 4o 5772
(14erf(AV), (A3)
. reg
Is(A1, Ag,w) = ;$4J X
d'k

(k2 —m?2)(v-k+ A1 +ie) (v -k + Az +ie)

1d ! X
x
o 1+22%2(1-w)+2z(w-1)

1 2
|: 6 J/u d8675(7rl27202)871+
1/A2

167‘[—3/2 dsoe

1/p?
6 J 7s(m270'2)871/2><
1/A2

(1—&-e]rf(o\/§))}7 (A4)

16 Deandrea A, Nardulli G, Polosa A D. Phys. Rev. D, 2003,
68: 097501

.Nc reg
Ig(Al,Az,w) = 116ﬂ4J X

d*k _
(vek+ Ar+ie) (v k+ Ax+ie)

1
g
| dz —
lL 1+222(1—w)+2x(w—1)

Ne 1dac & X
16m3/2 | 7 142221 —w) + 2w (w—1)

1 2
/n ds 75(m2702)
=3¢ X
1/42 5

{0[1+erf(a\/§)] J1+2s(m* —o?)] +
2\/%3*“’”2 {2—3’8+(m2—02)} } (A5)

S(Al,Az,w) = A1[3(A2) +w([1 —|—A2]3(A2)) +

ALl (A1, As,w), (A6)
T(A1, As,w) =m>I5(Ar, Az,w) + I6(A1, Az,w),  (AT)

U(A1,Az,w) = I1 + Asl3(A2) + ArIs(Ar) +

A1 Asls(Ar, Az, w). (A8)

In these equations, I', erf(z) and o are defined by:

1 _ _ 2 Z 2
F(a,xo,:cl):Jm e !, erf(z):—J dze™™ |
xQ \/F[ 0

oz b W) = A1(1—$)+A2$
(41, 42,0) \/1+2(w—1)1:+2(1—w):r2. (A9)




