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We study the rare decays ofBc
1→Dq

(* )1l l̄ (q5d,s and l 5n l ,e,m,t) in the standard model. The form
factors are evaluated in the light front and constituent quark models, respectively. We find that the decay

branching ratios calculated in the two models forBc
1→Dq

1l l̄ agree well with each other, whereas those for

Bc
1→Dq*

1l l̄ are different.
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I. INTRODUCTION

Recently, the Collider Detector at Fermilab~CDF! Col-
laboration has observed the bottom-charmBc meson at the
Tevatron in Fermilab@1,2#. Its mass and lifetime are given a
MBc

56.4060.39 GeV andtBc
5(0.4620.16

10.18)310212s, re-

spectively. The study of theBc meson is quite interesting du
to the following four main reasons:~i! Bc is the lowest bound
state of two heavy quarks (b and c) with open ~explicit!
flavor. It can be compared with the hidden~implicit! flavor

( c̄c) charmonium and (b̄b) bottomonium. The hidden-flavo
states decay strongly and electromagnetically whereas thBc

meson does so weakly because it is below theBD̄ threshold.
~ii ! One may expect that the weak decays of theBc meson
are similar to those ofBu,d,s mesons. However, the majo
difference between the weak decay properties ofBc and
Bu,d,s is that those of the latter ones are described very w
in the framework of the heavy quark limit. In this limit th
weak decay form factors are blind to the flavor and s
orientation of the heavy quark. All of them can be expres
through a single Isgur-Wise function@3#. In the case ofBc ,
the heavy flavor and spin symmetries must be reconsid
because bothb andc quarks are heavy. Thus the study wi
the finite quark mass is a more appropriate way.~iii ! There
have been many investigations of rare radiative, leptonic
semileptonic decays ofBu,d,s mesons induced by the flavo
changing neutral current transitions ofb→s,d @4# since the
CLEO observation@5# of b→sg. More recently, the proces
of B→Km1m2 has been also seen@6# at the Belle detector
in the KEKBe1e2 storage ring. In the standard model~SM!,
these transitions are forbidden at the tree level and oc
only through loop diagrams. The studies are even more c
plete if similar decays forBc are also included, which can b
achieved by introducing the spectator quark ofc in the dia-
grams. In fact, some of the works have been done and
can be found in Refs.@7–10#. ~iv! It is believed that there are
0556-2821/2002/65~9!/094037~10!/$20.00 65 0940
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about 1082109Bc mesons to be produced in future expe
ments at hadronic colliders@11#, such as the BTeV and
CERN LHC-B experiments@12#. In these experiments, mos
rareBc decays should be accessible.

In this paper, we will concentrate on the rare decays
Bc

1→Dq
(* )l l̄ (q5d,s) due to theb→q transitions as shown

in Fig. 1 in the SM, which have not yet been explored in t
literature. To study their decay rates and branching ratios,
need to calculate the transition form factors of the vec
axial-vector, and tensor currents, which must be treated w
the nonperturbative method. There are many different ca
dates for this purpose, e.g., lattice QCD@13#, QCD sum rule

FIG. 1. One-loop diagrams for the short-distance contributio

to the decays ofBc
1→Dq

(* )1l l̄ (q5d,s) in the SM.
©2002 The American Physical Society37-1
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@14,15#, and phenomenological models. In this work, we u
the frameworks of two phenomenological models: the lig
front quark model~LFQM! @16,17# and the constituent quar
model ~CQM! @18,19#, to evaluate the form factors.

This paper is organized as follows. In Sec. II, we calcul
the form factors forBc

1→Dd,s
(* )1 transitions in the LFQM

and CQM. In Sec. III, we study the differential rates a
branching ratios ofBc

1→Pl l̄ and Bc
1→Vl l̄ decays withl

5n,e,m,t andP(V)5 pseudoscalar~vector! meson, respec
tively. We also compare the results in the two models. O
conclusions are given in Sec. V.

II. FORMALISM AND MODELS

A. Matrix elements

To get the transition matrix elements ofBc
1→P(V) with

various quark models, we parametrize them in terms of
relevant form factors as follows:

^P~p2!uVmuBc~p1!&5F1~q2!Pm1F2~q2!qm ,

^P~p2!uTmnqnuBc~p1!&5
1

mBc
1mP

3@q2Pm2~P•q!qm#FT~q2!,

^V~p2 ,e!uVm7AmuBc~p1!&

5
1

mBc
1mV

@2 iV~q2!«mnabe* nPaqb

6A0~q2!~P•q!em* 6A1~q2!~e* •P!Pm

6A2~q2!~e* •P!qm#,

^V~p2 ,e!u~Tmn6Tmn
5 !qnuBc~p1!&

52 ig~q2!«mnabe* nPaqb6a0~q2!~P•q!

3F em* 2
1

q2
~e* •q!qmG6a1~q2!~e* •P!

3F Pm2
1

q2
~P•q!qmG , ~1!

wheremi ( i 5Bc ,P,V) are the meson masses,p1(p2) is the
momentum of the initial~final! meson,e is the vector meson
polarization vector,P5p11p2 , q5p12p2 , Vm5q̄2gmq1 ,
Am5q̄2gmg5q1 , Tmn5q̄2ismnq1 , Tmn

5 5q̄2ismng5q1, and
F6,T , V, A0,6 , g, anda0,6 are the form factors.

Since the calculations of the transition form factors in E
~1! belong to the nonperturbative regime, the phenome
logical quark models may be needed. One thing worth m
tioning here is that all of the form factors will be studied
the timelike physical meson decay region of 0<q2<(mBc

2mP(V))
2. As q2 decreases~corresponding to the increasin

recoil momentum!, we have to start considering relativist
effects seriously. In particular, at the maximum recoil po
09403
e
t

e

r

e

.
o-
n-

t

of q250 where the final meson could be highly relativisti
there is no reason to expect that the nonrelativistic qu
model is still applicable. A consistent treatment of the re
tivistic effects of the quark motion and spin in a bound st
is a main issue of the relativistic quark model.

B. LFQM

The LFQM @20,21# is the relativistic quark model in
which a consistent and fully relativistic treatment of qua
spins and the center-of-mass motion can be carried out.
model has many advantages. For example, the light-fr
wave function is manifestly Lorentz invariant as it is e
pressed in terms of the momentum fraction variables~in
‘‘ 1’’ components! in analog to the parton distributions in th
infinite momentum frame. Moreover, hadron spin can also
correctly constructed by using the so-called Melosh rotati
The kinematic subgroup of the light-front formalism has t
maximum number of interaction-free generators includ
the boost operator which describes the center-of-mass
tion of the bound state~for a review of the light-front dy-
namics and light-front QCD, see Ref.@22#!.

The LFQM has been applied to study the heavy-to-he
and heavy-to-light weak decay form factors in the timeli
region@16,23#. These calculations are based on the obser
tion @24# that in the frame where the momentum transfer
purely longitudinal, i.e.,q'50, q25q1q2 covers the entire
range of momentum transfers. The price one has to pa
that, besides the conventional valence-quark contribut
one must also consider the nonvalence configuration~or the
so-calledZ graph! arising from the quark-pair creation in th
vacuum. Unfortunately, a reliable way of estimating theZ
graph is still lacking. However, the nonvalence contributi
vanishes ifq150, and it is supposed to be unimportant f
heavy-to-heavy transitions@16#. In this paper, all of the val-
ues obtained from the LFQM are based on the formulas
Refs.@16,17#. We note that the form factors in Eq.~1! depend
on the meson (H5q1q̄2) wave functionsFH . To fix the
parameters in the wave functions, one may use the me
decay constantsf H , given by

f H5A24E dxd2k'

2~2p!3 FH~x,k'!
A

AA 21k'
2

, ~2!

where A5mq1
x1mq2

(12x) with mqi
being the quark

masses andkW' is the component of the internal momentu
kW5(kW' ,kz).

C. CQM

As mentioned in Sec. I, there are also other theoret
approaches for calculating the form factors. However,
theoretical uncertainties are large and each of these met
has only a limited range of applicability. For example, t
model with QCD sum rules gives good results for the fo
factors at the lowq2 region; whereas the lattice QCD i
appropriate only at the highq2 one. In spite of the fact tha
7-2
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FIG. 2. Form factors of~a! F6,T for Bc
1→D1, and~b! V andA0, ~c! A6 , and~d! g anda0,1 for Bc

1→D* 1. The solid and dashed curve
stand for the results from the LFQM and CQM, respectively.
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the quark models can be used to evaluate the form facto
the full q2 range, they are not closely related to the QC
Lagrangian and have many input parameters which are
measurable directly. Therefore, a relativistic constitu
quark model is suggested in Ref.@25# which combines sev-
eral theoretical methods such as the constituent quark m
els, QCD sum rules, lattice QCD calculations, and analyt
constraints. This model used the light-cone technique w
the relativistic double spectral representations in the ini
and final meson wave functions. Explicitly, they calculat
the form factors atq2,0, i.e. the spacelike region, by choo
ing P'50, q150, and q'

2 52q2. In order to obtain the
form factors in theq2.0 region, in Ref.@25#, some modifi-
cations from the spacelike formulas were used to get t
values in 0,q2,(mb2md,s)

2. It is known that in the time-
like regionq2.0, there are the normal and anomalous pa
respectively. The result for the former is the same as that
q2,0, but for the latter it can be ignored for smallq2.0
and rises sharply asq2→(mb2md,s)

2.
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In this paper, we will evaluate the form factors ofBc
1

→Dd,s
(* )1 in the CQM by using the results in Refs.@18,19#. In

the calculations, we first compute the values for the norm
parts in 0,q2,(mb2md,s)

2 and then fit the data in terms o
the double pole form, given by

Fi~q2!5
Fi~0!

11s1s1s2s2
~3!

wheres5q2/mBc

2 , Fi(0) are the form factors atq250, and

s1,2 are the fitted parameters. The form factors in the rema
ing regions of (mb2md,s)

2<q2<(mBc
2mP,V)2 can be ex-

trapolated from Eq.~3!.

D. Form factors

As in Refs. @16–19#, in this paper we choose th
Gaussian-type meson wave function for both LFQM a
CQM to calculate the form factors, i.e.,
7-3
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FIG. 3. Same as Fig. 2 but replacingD (* ) by Ds
(* ) .
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FH} expS 2
kW2

2vH
2 D , ~4!

wherekW and vH are the internal momentum and the sca
parameter ofH meson, respectively.

To find the numerical values of the form factors in the tw
models, we need to specify the parameters appearing in
wave functions. In the LFQM, we use the decay constant
constrain the quark masses andvH in Eq. ~4! @16#. However,
since the decay constants of heavy mesons are unknown
perimentally, we have to rely on results in other QCD mod
such as the lattice QCD. Explicitly, we take@2,8#

f Bc
5360 MeV, f Dd

5200 MeV, f D
d*
5250 MeV,

f Ds
5230 MeV, f D

s*
5330 MeV, md50.25 GeV,

ms50.40 GeV, mc51.60 GeV, mb54.80 GeV,
~5!
09403
he
to
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which fix the scale parameters to be

vBc
50.81 GeV, vDd

50.46 GeV, vD
d*
50.47 GeV,

vDs
50.50 GeV, vD

s*
50.56 GeV, ~6!

respectively. In our calculations, we also takemBc

56.4 GeV andtBc
50.46310212 s. In order to compare

the numerical values in the LFQM and CQM, we shall u
the same decay constants, quark masses and scale param
in both models. We note that in the LFQM, the light qua
masses in Eq.~5! are fixed by using the kaon decay consta
f K5159.8 MeV and charge radiuŝr K

2 &50.34 fm2, while
in both models a different set of the heavy quark masses
little effect on the form factors.

Based on the parameters in Eqs.~5! and~6!, we show the
q2 dependences of the form factors forBc

1→D (* )1 and
Bc

1→Ds
(* )1 in Figs. 2 and 3, respectively. The numeric
7-4
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TABLE I. Form factors forBc
1→Dd,s

(* )1 transitions atq250 in LFQM and CQM models, whereF6,T are
for Bc

1→P1(P5D,Ds) andV,A0,6 ,g anda0,1 for Bc
1→V1(V5D* ,Ds* ), respectively.

Bc
1→D (* )1 Bc

1→Ds
(* )1

LFQM CQM LFQM CQM

Fi(0) Fi(0) s1 s2 Fi(0) Fi(0) s1 s2

F1 0.126 0.123 23.35 3.03 0.165 0.167 23.40 3.21
F2 20.141 20.130 23.63 3.55 20.186 20.166 23.51 3.38
FT 20.199 20.186 23.52 3.38 20.258 20.247 23.41 3.30
V 20.208 20.198 23.63 3.65 20.336 20.262 23.49 3.51
A0 20.198 20.198 22.81 2.53 20.330 20.280 22.66 2.24
A1 0.079 0.108 23.12 2.94 0.118 0.144 22.99 2.95
A2 20.098 20.185 23.45 3.54 20.130 20.246 23.34 3.46
g 0.130 0.124 23.63 3.65 0.214 0.167 23.45 3.29
a0 0.130 0.124 22.82 2.53 0.214 0.167 22.63 2.23
a1 20.130 20.124 23.31 3.14 20.214 20.167 23.16 3.13
f
FIG. 4. Differential decay branching ratios as a function os

5q2/mBc

2 for ~a! Bc
1→D1nn̄ and ~b! Bc

1→D* nn̄. Legend is the
same as Fig. 2.
09403
FIG. 5. Same as Fig. 4 but for~a! Bc
1→Ds

1nn̄ and ~b! Bc
1

→Ds
1* nn̄.
7-5
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results for the form factors atq250 are listed in Table I.
From the table, we see that the values of the form factor
q250 in the LFQM and CQM agree well with each oth
exceptA6(0). However, as shown in Figs. 2 and 3, the r
sults at largeq2 in the two models are quite different.

III. DECAY RATES AND BRANCHING RATIOS

In the SM, the contributions to the rare decays ofBc
1

→Dd,s
(* )1l l̄ arise from theW-box and Z(g)-penguin dia-

grams as seen in Fig. 1. The effective Hamiltonians ob

→qnn̄ (q5s,d) are given by@26#

H5
GF

A2

aem

2psin2uW

l tD~xt!b̄gm~12g5!qn̄gm

3~12g5!n ~7!

FIG. 6. Same as Fig. 4 but for~a! Bc
1→D1m1m2 and ~b! Bc

1

→D1t1t2. The curves with and without resonant shapes repre
including and nonincluding LD contributions, respectively.
09403
at

-

whereGF is the Fermi constant,xt[mt
2/mW

2 , l t5VtbVtq* is
the product of the CKM elements, and themt dependent
function of D(xt) can be found in Refs.@27,28#.

The effective Hamiltonians ofb→ql1l 2(q5s,d) are
given by @26#

H5
GFaeml t

A2p
FC8~m!s̄LgmbL l̄ gml 1C9s̄LgmbL l̄ gmg5l

2
2mbC7~m!

q2
s̄LismnqnbRl̄ gml G ~8!

whereC8(m), C9 andC7(m) are Wilson coefficients~WCs!
and their expressions can be found in Ref.@28# for the SM.
We note thatC9 is free of them scale. Besides the shor
distance~SD! contributions, the main effect on the decays
from cc̄ resonant states such asC and C8, i.e., the long-

nt

FIG. 7. Same as Fig. 6 but for~a! Bc
1→Ds

1m1m2 and ~b! Bc
1

→Ds
1t1t2.
7-6
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distance~LD! contributions. To include the LD effect, in Eq
~8! we replaceC8(m) by C8

e f f(m) @28,29#, given by

C8
e f f~m!5C8~m!1„3C1~m!1C2~m!…

3S h~x,s!1
3

a2 (
j 5C,C8

kj

pG~ j→ l 1l 2!M j

q22M j
21 iM jG j

D ,

~9!

where we have neglected the small WCs, andh(x,s) de-
scribes the one-loop matrix elements of operatorsO1

5 s̄agmPLbbc̄bgmPLca and O25 s̄gmPLbc̄gmPLc @28#, M j
(G j ) are the masses~widths! of intermediate states, andkj
521/„3C1(m)1C2(m)… @29#.

From Eqs.~7! and ~8!, the differential decay rates fo
Bc

1→Hl l̄ (H5P,V) are found to be@30,31#

FIG. 8. Same as Fig. 6 but for~a! Bc
1→D* 1m1m2 and ~b!

Bc
1→D* 1t1t2.
09403
dG~Bc
1→Pnn̄!

ds
5

GF
2mBc

5 ul tu2aem
2 uD~xt!u2

28p5sin4uW

3uF1u2fH
3/2, ~10!

dG~Bc
1→Vnn̄!

ds
5

3GF
2mBc

5 ul tu2aem
2 uD~xt!u2

28p5sin4uW

3fH
1/2Fsa11

fH

3
b1G , ~11!

dG~Bc
1→Pl1l 2!

ds
5

GF
2 ul tu2mBc

5 aem
2

3329p5
vfH

1/2

3F S 11
2t

s DfHa2112tb2G , ~12!

FIG. 9. Same as Fig. 6 but for~a! Bc
1→Ds*

1m1m2 and ~b!
Bc

1→Ds*
1t1t2.
7-7
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and

dG~Bc
1→Vl1l 2!

ds
5

GF
2mBc

5 ul tu2aem
2

29p5
vfH

1/2

3F S 11
2t

s D S sa31
fH

3
b3D14tdG ,

~13!

respectively, wheres5q2/mBc

2 , t5ml
2/mBc

2 , r H5mH
2 /mBc

2 ,

v5A124t/s, and the expressions offH , a i , b i @30# andd
@31# are given in the Appendix.

By using the form factors of the LFQM and CQM in Fig
2 and 3, Eqs.~10!–~13!, and ul tu5uVtbVtqu50.041(0.008)
for q5s(d) @32#, we now estimate the numerical values
the decay rates forBc

1→Dd,s
(* )1nn̄ and Bc

1→Dd,s
(* )1l 1l 2.

Our results for the differential decay branching ratios a
function of s are shown in Figs. 4–9, respectively. Here, f
the charged lepton modes, we have presented our stu
both with and without long-distance contributions. We no
that the results for the electron modes are the same as
corresponding muon ones. We also note that at the largq2

region, all the rates in the figures decrease becausefH go to
zero asq2→(mb2md,s)

2. We emphasize that all our numer
cal predictions should be viewed as central values and t
errors depend on the uncertainties from the correspon
meson decay constants and constituent quark masses as
as the Cabibbo-Kobayashi-Maskawa~CKM! parameters.

The decay branching ratios ofBc
1→Dd,s

(* )1nn̄ and Bc
1

→Dd,s
(* )1l 1l 2( l 5m,t) are summarized in Tables II and II

respectively, where LD effects for the charged lepton mo
are not included. With the LD effects, we introduce som
cuts close toq250 and around the resonances ofJ/c andc8
and study the three regions as follows:

I:Aqmin
2 ,Aq2,MJ/c20.20;

II: MJ/c10.04,Aq2,Mc820.10;

III: Mc810.02,Aq2,mBc
2mP,V , ~14!

TABLE II. Decay branching ratios ofBc
1→Dd,s

(* )1nn̄.

LFQM CQM

108Br(Bc
1→D1nn̄) 2.77 2.74

108Br(Bc
1→D* 1nn̄) 7.64 5.99

106Br(Bc
1→Ds

1nn̄) 0.92 0.92

106Br(Bc
1→Ds*

1nn̄) 3.12 2.12
09403
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where Aqmin
2 52ml and 0.5 GeV forBc

1→Dd,s
1 l 1l 2 and

Bc
1→Dd,s* 1l 1l 2, respectively. In Table IV, we present th

decay branching ratios in terms of the regions shown in
~14!.

As seen from Figs. 4–9 and Tables II–IV, the branchi

ratios of Bc
1→Dd,s

1 l l̄ in the LFQM and CQM agree very

well, while the results ofBc
1→Dd,s* 1l l̄ in the LFQM are

larger than those in the CQM but the differences are at
20% level.

Finally, we remark that in our calculations onBc
1

→Dq*
1l 1l 2(q5d,s), we have not included the contribu

tions from the weak annihilation accompanied by a pho
emission which are dominant in the decays ofBc

1→Dq*
1g

@9#. However, they are only important at lows and the cut at
Aqmin

2 in Eq. ~14! should reduce the contributions from th
virtual photon diagrams.

IV. CONCLUSIONS

We have studied the rareBc decays ofBc
1→Dd,s

(* )1nn̄ and
Bc

1→Dd,s
(* )1l 1l 2 ( l 5e,m,t). In our analysis, we have

used the form factors ofBc
1→Dd,s

(* )1 transitions calculated
in the LFQM and CQM. We have found
that Br(Bc

1→D1l l̄ )( l 5n,e,m,t)5(2.77,0.41,0.41,0.13)

and (2.74,0.40,0.40,0.12)31028, Br(Bc
1→Ds

1l l̄ )
5(9.2,1.36,1.36,0.34) and (9.2,1.33,1.33,0.37)31027,
Br(Bc

1→D* 1l l̄ )5 (7.64,1.01,1.01,0.18) and

(5.99,0.79,0.79,0.14)31028, and Br(Bc
1→Ds*

1l l̄ )
5(31.2,4.09,4.09,0.51) and (21.2,2.81,2.81,0.41)31027, in
the two models, respectively. Clearly, some of the above r
Bc decays can be measured at the BTeV and LHC-B exp
ments.
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TABLE III. Decay branching ratios ofBc
1→Dd,s

(* )1l 1l 2 without
including LD effects.

Without LD
Decay mode LFQM CQM

108Br(Bc
1→D1m1m2) 0.41 0.40

108Br(Bc
1→D* 1m1m2) 1.01 0.79

108Br(Bc
1→D1t1t2) 0.13 0.12

108Br(Bc
1→D* 1t1t2) 0.18 0.14

107Br(Bc
1→Ds

1m1m2) 1.36 1.33
107Br(Bc

1→Ds*
1m1m2) 4.09 2.81

107Br(Bc
1→Ds

1t1t2) 0.34 0.37
107Br(Bc

1→Ds*
1t1t2) 0.51 0.41
7-8
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APPENDIX

The parameters offH , a i , b i( i 51,2,3) andd in Eqs.~10!–~13! are defined by

fH5~12r H!222s~11r H!1s2, ~A1!

a15~12Ar H!2uA0u21
fH

~11Ar H!2
uVu2,

b15
~12Ar H!2

4r H
uA0u22

s

~11Ar H!2
uVu21

fHuA1u2

4r H~11Ar H!2
1

1

2 S 12s

r H
21D12Ar H

11Ar H

Re~A0A1* !, ~A2!

a25UC8
e f fF12

2m̂bC7FT

11Ar H
U2

1uC9F1u2,

b25uC9u2F S 11r H2
s

2D uF1u21~12r H!Re~F1F2* !1
1

2
suF2u2G , ~A3!

a35~12Ar H!2FUC8
e f fA02

2m̂bC7~11Ar H!a0

s
U2

1uC9A0u2G1
fH

~11Ar H!2 FUC8
e f fV2

2m̂bC7~11Ar H!g

s
U2

1uC9Vu2G ,

b35
~12Ar H!2

4r H
FUC8

e f fA02
2m̂bC7~11Ar H!a0

s
U2

1uC9A0u2G2
s

~11Ar H!2 FUC8
e f fV2

2m̂bC7~11Ar H!g

s
U2

1uC9Vu2G
1

fH

4r H~11Ar H!2 FUC8
e f fA12

2m̂bC7~11Ar H!a1

s
U2

1uC9A1u2G1
1

2 S 12s

r H
21D12Ar H

11Ar H

3ReH FC8
e f fA02

2m̂bC7~11Ar H!a0

s
G FC8

e f fA12
2m̂bC7~11Ar H!a1

s
G1uC9u2Re~A0A1* !J , ~A4!

and

d5
uC9u2

2~11Ar H!2 H 22fHuVu223~12r H!2uA0u21
fH

4r H
@2~11r H!2s#uA1u21

fHs

4r H
uA2u21

fH~12r H!

2r H

3Re~A0A1* 1A0A2* 1A1A2* !J , ~A5!

respectively, wherem̂b5mb /mBc
.

TABLE IV. Decay branching ratios ofBc
1→Dd,s

(* )1l 1l 2 with LD effects and the cuts.

With LD
Regions I II III I1II1III
Decay mode LFQM CQM LFQM CQM LFQM CQM LFQM CQM

109Br(Bc
1→D1m1m2) 1.48 1.40 0.75 0.73 1.09 1.07 3.31 3.20

109Br(Bc
1→D* 1m1m2) 2.17 1.55 1.81 1.49 3.78 2.95 7.75 5.98

109Br(Bc
1→D1t1t2) 0.02 0.01 1.03 0.94 1.05 0.95

109Br(Bc
1→D* 1t1t2) 0.02 0.02 1.30 1.02 1.33 1.03

108Br(Bc
1→Ds

1m1m2) 5.89 5.83 2.57 2.47 2.69 2.66 11.15 10.96
108Br(Bc

1→Ds*
1m1m2) 11.90 6.80 8.30 5.78 11.18 8.58 31.38 21.16

108Br(Bc
1→Ds

1t1t2) 0.05 0.05 2.67 2.95 2.72 3.00
108Br(Bc

1→Ds*
1t1t2) 0.10 0.08 3.31 2.73 3.41 2.80
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