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In the present paper we study the semileptonic decays of B, mesons in the context of nonrelativistic
Constituent Quark Models. We estimate the uncertainties of our calculation using different interquark
potentials to obtain the meson wave functions. We check the results from our model against the predictions
of heavy quark symmetry, in the limit of infinite heavy quark mass. We also study the nonleptonic decays of

B, mesons within the factorization approximation.
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I. INTRODUCTION

Since the first claims on the existence of B, and B,, both
their lifetimes, decay modes [1-12] and oscillations [13—19]
have been objectives of the uttermost interest of experimen-
tal collaborations. Being below the B-K threshold, it can
only decay by means of mechanisms governed by electro-
weak currents, making it an ideal system to study the physics
of the weak interaction in the presence of heavy quarks.

A considerable amount of the work devoted to the
b-meson sector involves the ideas of Heavy Quark
Symmetry [20,21] (HQS). HQS is an approximate symmetry
of QCD that becomes exact in the limit in which the mass of
the heavy quark becomes infinity. This symmetry establishes
that in such a limit, the quantum numbers of the light degrees
of freedom are all well defined, and independent of the heavy
quark flavor and spin. This is similar, for instance, to what
happens in atomic physics, where electron properties are
approximately independent of the mass and spin of the
nucleus for a fixed nuclear charge. Heavy quark symmetry
can be cast into the language of an effective theory, leading
to heavy quark effective theory (HQET) [22]. HQET enables
a systematic, order by order evaluation of the corrections to
the infinity mass limit in the inverse powers of the heavy
quark masses. Besides, HQET allows theoretical control
of the nonperturbative aspects of the calculation in the
proximities of the infinite quark mass limit. At leading
order in an expansion on the heavy quark mass only one
form factor, the Isgur-Wise function remains, largely sim-
plifying the description of the decay. However, HQS does
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in the HQS limit. At this point, one important question is to
what extent do the deviations from the HQS limit, evaluated
from nonrelativistic quark models, agree with the constraints
predicted by HQET. Furthermore, it is possible to make use of
the HQET constrains to improve the predictions of the quark
models. In the previous work of Ref. [23], we studied the
leptonic and semileptonic decays of B mesons, and considered
the implications of HQS. The nonleptonic and semileptonic
decay of B, mesons (where presence of two heavy quarks
leads to infrared divergences that break the flavor symmetry,
and subsequently only heavy quark spin symmetry remains),
has been considered in Ref. [24]. In Refs. [25-27] we
calculated the semileptonic decay widths of baryons contain-
ing one or two heavy quarks, and worked out the symmetry
implications on the observables.

Some of the decay modes of B or B, mesons have been
studied within the framework of the relativistic constituent
quark model [28,29], perturbative QCD [30,31], Bethe-
Salpeter techniques [32], light front quark model [33],
sum rules [34-36] or nonrelativistic constituent quark model
[37] for instance. In this paper we study the semileptonic and
nonleptonic decay of B, in the context of the nonrelativistic
constituent quark model. The rest of the paper is organized
as follows. In Sec. II we describe the meson states for the
different values of J” and the quark models used in this
work. In Sec. III we give the form factor decomposition of
the weak decay matrix elements and calculate the decay
width, both for the light (e, x) and the heavy (r) charged

. . . . TABLE I. Masses of the states involved in this calculation.
not determine the Isgur-Wise function: one still needs to
implement some other nonperturbative method. Mass (MeV)
HQS leads to many more model independent prjcdictions. B.(07) 5366.77 [39]
The most remarkable of those for the meson sector is the fact Dy (07) 1968.49 [39]
that the masses of pseudoscalar and vector mesons are D} (2317)(0%) 2317.8 [39]
degenerate in the heavy quark limit. Nonrelativistic quark Dit(17) 2112.3 [39]
models fulfill this constrain: the reduced mass of the two D (2460) 2459.6 [39]
quarks is just the mass of the light one, and the spin-spinterms, ~ Dy;(2536) 2535.12 [39]
which can distinguish vector from pseudoscalar, are sup-  ¢5(27) 2806.9
pressed by the mass of the heavy quark, becoming exactly zero D (2573)7(2%) 2571.9 [39]
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lepton. We also work in the helicity formalism [38]. Besides,
we study the implications of HQS in these decays. In Sec. V
the problem of nonleptonic two-meson decays of By is
studied. The meson decay constants required in Sec. V and
the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements
used both in Secs. IIl and V can be found in Table II,
respectively, while the different D, states considered in the
semileptonic and some nonleptonic decays studied in this
paper and their quantum numbers are summarized in Table 1.
For the D! (2460) and D! (2536) states, we assume that they
are mixing of >P; and ! P, 5 states, with a mixing angle of
34.5°, as in Ref. [28]. In Sec. VII we present a summary and
our conclusions. The paper also includes an Appendix to
clarify some technical details of our work.

II. MESON STATES AND INTERQUARK
INTERACTIONS

In the context of nonrelativistic constituent quark
models, the state of a meson M is written as [40]
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where p is the meson three momentum, while A labels the
spin projection in the meson center of mass. The index «;
represents the quantum numbers of spin, flavor and color of
the quark and the antiquark, with four momentum and mass
given by (E; (p;).p;) and my, respectively. The factor
(=1)1/2=s ensures that the antiquark spin states have the
correct phase
The normalization of quark and antiquark states is
<a/ﬁ/‘aﬁ> = ZEf5(1’1163 (ﬁ - ﬁ/)(2”)3 (2)
As for the momentum wave function accounting for the

relative motion of the quark-antiquark system, the nor-
malization is given by

/ dp (Pl (

o

45241(212 (p) = 6. 3)

and finally, the normalization of the meson states in our

|M; AP) g model is
—1)(1/2)=s 2 2 23
/d3p2¢ma2 D : g (MAP'|MAP)\g = 8,2 (27)*8(F' — P). “
o (22)2\/ (2Ey, (51)) 2Ey, (5
o ) (25, (P)2Ep (P2)) In this calculation we will need the ground state wave
. mp, - function for scalar (0"), pseudoscalar (07), vector (17),
X|-apr = oy, -P axial-vector (17), tensor (2*) and pseudotensor (27).
e i Assuming always a value for the orbital angular momentum
X|g,arpy = _"h p + 1_5>, (1) as low as possible, we have for a meson M with scalar,
myg, +my, pseudoscalar and vector quantum numbers
|
A (M(0* 1 5 - J A (M(0Y)) /)= .
Pt ) (p) = e DO (B) = ﬁéclc;ﬁ}b}z PPN (172,172, 155y, 53 —m) (1, 1,0: m, —m, 0)Y 1, ().
A (M(07)) /= 1 5 (M(0- oy T A (M(07)) /(= .
WL 5) = 5005 o ) = 5 (12172, 0550500 Von( ),
A (M(17).4) /= 1 A (M(17).4 - 1 5 (M(17)) /)= .
Ph'es " P) = 2001 gy (P) = 50 (PD/2:1/2: 151,52, 0) Yoo (). 5)

where (jy, j», j3, my, my, m3) are Clebsch-Gordan coefficients, Y;,, are spherical harmonics and g?ﬁfl, ¥

transform of the radial, coordinate space, wave function.

,(|p|) is the Fourier

Axial vector mesons require orbital angular momentum L = 1, and in this case the two possible values of the total quark-

antiquark spin S,

),S47=0.4)

A5 (M(1 )S(,,,fO/l)(
P)Z 32f°)

a1,

¢51f1

_g‘ﬂ
(98]

(p) = \_/g c1c2¢fl f,

=0, 1 are allowed. Thus, there are two possible states:

).8,2=0) /= ) )
T(Ip1)(1/2,1/2,05 51, 55,0)Y 1,(P).

A( ( )Sqq*ll) q S 71};)
¢061 ;) (p> \/— clc2¢ 51 f1 32 f,) (p)
—1 - ).Sgz=1) A
_\/gﬁclczgi’j‘] JSo (l |)Z<1/2’ 1/271;S17S27/1_m><1’Ll;m’ﬁ_m’A)Ylm(p)' (6)

'Under charge conjugation C, quark and antiquark states are related via CelCh = (=) 2“"d:§(ﬁ), so the antiquark states with the

correct spin relative phase are (—1)"/275d}(p)[0) = (—

1)!/2 g, ap).
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TABLE II.  Values for the meson decay constants in MeV and Cabibbo-Kobayashi-Maskawa matrix elements used through this work.
The decay constants marked with a ¥ have been calculated using our model.

Sz Sy fx S fp fort fo, fort fot  fiput Ve IVl \n [Vl |V el
13041 210 159.8 217 2067 222 260 318 3126 4885 0.0413 09743 0.2240 0.9734 0.2252

For tensor and pseudotensor mesons, the wave functions can be written as

A (M(D3)A) =y A (M(DR)A) =
¢al~az (p) - —5CIC2¢(51-,f1)~(52-,f2)(p)

m

G(MQ27)A) =y 5(M(27).4) >
¢alva2 (p) - _561C2¢(‘Y|,f1).,(Sz,fz)(p)

|
—_

=G0 VUBDY (1/2.1/2, Lisy o A= m) (2.1, 20m. A — m )Y 5,0 (). (7

V3 T

In the previous expressions, all phases have been intro-
duced for later convenience.

We consider five different interquark potentials to calcu-
late the coordinate space wave functions, one proposed by
Bhadury [41] and another four proposed by Silvestre-Brac
in [42]. All of them have the same structure: a term
accounting for confinement, plus Coulomb and hyperfine
terms both of them coming from one-gluon exchange. They
differ from one another in the form factors present in the
hyperfine term, the power of the confinement term, or the
presence of a form factor in the Coulomb one-gluon
exchange term. All free parameters have been adjusted to
reproduce light and heavy-light meson spectra. We have
successfully used these potentials before to describe the
spectra and decays of charmed and bottom baryons.

The different results obtained with the different
potentials provide us with an estimation of the theo-
retical error. It has to be mentioned that another source
of theoretical uncertainty that we cannot account for
is the use of nonrelativistic kinematics in the evaluat-
ion of the wave function. While this approximation is
not, a priori, a good choice in the presence of light

|

(DY, Pp,|75¢(0)|By, P3 ) = P,F.(q%) + q,F_(4*)

—1

D*Jr,li) *cho B’i)_ =
(D3 2By 1 OB P =

= i{ ma, = o), (Do) -

*+ D
<D52 ’ /IPD:z (2)

quarks, one has to notice that all nonrelativistic poten-
tials have free parameters fitted to experimental data.
Hence, one can argue that the ignored relativistic effects
are partially included in the fitted values of the
parameters.

III. SEMILEPTONIC DECAYS

In this section we will consider the semileptonic decay of
B, mesons into different D, meson states with 0%, 0~, 1%,
17, 2% and 2 spin-parity quantum numbers. These decays
correspond to b — ¢ transition at the quark level governed
by the current

Ji2(0) = J7,(0) = J5.(0) = W (0)7, (I —75)¥,(0). (8)
with W, a quark field with flavor f.

A. Form factor decomposition of hadronic
matrix elements

The hadronic matrix elements involved in these proc-
esses can be parametrized in terms of form factors as

guuaﬁgl(/;) (D;)Paqﬂv(qz)

P- Ea)(PD*;)

PA.(q? A_(g2
—— (P,AL(q°) +q,A_(q ))},

JﬁC(O)|E“PBS> = ﬂyaﬂgbé*(PDIZ)PEPaqﬁTél(qz)

— i{€(3,5(Pp,)P°T1 (¢%) + P”P%&)Ms(i’n;z)(PﬂTz(qz) +q,T3(4°))}, ©
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where Pg and P; (with ¢5 = Dy, D5, DY,) are the meson
four-momenta, mp and m thelr masses respectively,
P=Py +P;. q :>PBJ - ch. #af is the fully antisym-
metric tensor, for which we have taken the convention
1% = 1. ¢* ranges from g, =m] t0 qru = (Pp — Pes)*
2 2

It is common to use @ = (m 5 M4

?)/2mp m,; instead
of ¢*, corresponding @y, =1 10 Gax- £ (P) and & ,Ww(ﬁ)
are the polarization vector and tensor of vector and tensor
mesons, respectively. The latter can be evaluated as

& (P) = (1,1,25m,4—m, A)el, (P)er,_, (P). (10)

m

The different polarization vectors used in this work can be
found in the Appendix of Ref. [40].
Meson states in Eq. (9) are normalized as

(M, P |MAP) = 8,,2E,(P)(27)35(P — P'),  (11)

where EM(I3) is the energy of the meson M with three

momentum P. The factor 2FE,, should be noticed, in
contrast with Eq. (4).

For 0", 1™ and 2~ final states the form factor decom-
position is the same as for the 0~, 1~ and 2" cases above,
where just —J5?(0) is contributing instead of J{’(0) and
vice versa.

V(|ql) = (DY . —|qlklJ7 #(0)

A*(|g]) = (D35 —qlkl7§" (0

)|B,,0) =

)|B,,0) =

\/4mB ED
\/4mp Ep: (=) D}‘J,—ICI|k|JCb”( )| By O (14)
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B. Decays into scalar and pseudoscalar states

In this section we will consider the decay of B, mesons
into pseudoscalar and scalar ¢5 mesons. For B, — D],
i. e. (07) transitions, the form factors are given by

Pola) = (VU7 410 (B, (=) -, ).
3 -
P) = (VD) + 0 (=) ) ).

(12)
whereas for a transition onto a D¥; (0") state we have

A3(lg))
]
A3(|q])
9]

Pute?) = o (w000 + 2 i (=5) = ) ).

P =t (AO(@) A4 g, (g +mD;0>),

(13)

where V#(|q|) and A#(|q|) (u = 0, 3) are calculated in our
model as

Dy —|q|k|J7 #(0)|By. O) g

where the expressions for the nonrelativistic matrix elements are given in the Appendix. Figure 1 represents the form factors
calculated with the wave functions corresponding to the AL1 potential [42].

C. Decays into vector and axial vector states

In the case of decays of B, mesons into vector Di* the form factors are given by

i mpg. + mp:

V(g*) =—= =—V__1(14])
V2 mplgl
A (qz) = imB“ + Mp; _Mp; {—AO (|ZI|) +WA3 (|é|) _ \/EmgyED*< q) Al (| |)}
N 2mp, |gqlmg, | 0 |4 =0 qlmp: =l ’
.mp + mp: Mmp: - mp + Ep(=q) 5 mp, Ep:(—q) + mp, -
A(q?) = —i— Taim, {AO (lg) + —=——=—"43 (I3} - vV2——= ()
2mp |gqlmp |0 |q] =0 |g|mp: A=t
: 1 -
Ay(g?) = —iV2 Ai_,(14)), (15)

mgl\ — mDi

with V% (|g|) and A%(|g|) calculated in our model as

VE((G]) = (Dt A — |g[klJ5P*(0) = \[4mp Ep; (=4) (D 2= [4lk3" (0) By, O}
A([4]) = (Di+. A —1GlKklT " (0)|By, 0) = \/4mp Ep: (=) (Di*. 4 — [4lkl7"" (0)]By, 0) (16)
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B, — D, B, — D(2317)
1.2 R R R 1 R
0.8+ 1 / F,

1§+ 0.6F B e
0.6f e -
ol 0.4 / 1
0.2 T ) ! ! 0.2 PR R S S S S S
0o 2 4 6 8 10 12 012345678910
[GeV?] ¢ [GeV?Y
FIG. 1. Form factors for the semileptonic decay of B; mesons

into 0~ (left panel) or 0T (right panel) c5 states.

for which the remaining expressions can be found in the
Appendix. The expressions for the axial vectors can be
found from those in Eq. (15), by just replacing

Villah < — A5 (lg)- (17)
Figures 2 and 3 show the different form factors
corresponding to semileptonic decays into vector and
pseudovector states. These form factors have been
calculated with the wave functions derived from the

PHYSICAL REVIEW D 89, 065042 (2014)

B, — D:
25 B Di
ol ]
15 - A
1 I .|
05} e
’ Ro
05} A A
P
P

0 2 4 6 8 10 12

FIG. 2. Form factors for the decay of B; mesons into vector D}
states.

AL1 potential. In Fig. 3, the left (right) panel represents
the form factors calculated for semileptonic decays into
P, (GP)) states.

D. Decays into tensor and pseudotensor states

For B, mesons decaying into tensor states, the form
factors can be evaluated as

2 2mD.&2 1 et
Tl(q ) = lmBS|ZI|AT/I=+1(|q|),
2 . 1 3m2D*z 0 - 3m%*2 i 3
7o) = i { V5 Al =[5 () = 42
2mp: Ep.,(—q) -
S <1— Z—(Ep- (—9q) mz&)},
4| 4|
o 3mp o 3mp., )
) = g {3 T Ao = 3 % (i () o)
2mp: ( p,(—4)
D 2 Ep- (—q) + mp )}
|q q|2 ( Dsz( BS>
D -
Tula’) = i A (14) (18)
with V%, (|¢|) and A%,(|q|) calculated in our model as
- * b —' * b q
Vi(dl) = (D37 A= [alkIy " ( = \f4ms Ep (=3) (D3 A= [dlk1J7"(0)|B,. O) .
Ar(lal) = (D3, 4= 1q |k|J‘b” 0)IB,.0) = \ /4mg Ep: (=q) (D35 A~ [dlkl 3" (0)|B. O) (19)
|
for which the remaining expressions can be found in the Vi (lg) < — A%, (1)) (20)

Appendix. Again, the form factor corresponding to a
decay into a pseudotensor state can be obtained from
those above, just replacing

In Fig. 4 we have represented the form factors
corresponding to decays into tensor and pseudotensor
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04 ———————— 1.2

02 ) 1 / 7

) 0.8 [ .Vi 7
i 0.6 N

-0.2 /{{\\g 777777777 7 osf ﬁf 77777777777
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FIG. 3. Formfactors forthe decay of By mesonsinto c3, /" = 17,
S = 0 (left panel) and c5, J” = 17, S = 1 (right panel) states.
AL1

states, with the functions of the

potential.

wave

E. Decay width

Let us consider the double differential decay width with
respect to ¢ and the cosine, x;, of the angle between the
final meson momentum and the momentum of the final
charged lepton, the latter measured in the lepton-neutrino
center of mass frame (CMF). For a B, at rest, the differ-
ential decay width results to be

EE G WaP AR )
dxqu2_64m%S 87’ 2mp q2

K

X Haﬁ(PBy’ Pci)‘caﬂ(plﬂ pu)!

where Gy = 1.16637(1) x 107> GeV~2 [39] is the Fermi
constant, A(a, b, ¢) = (a + b — ¢)* —4ab, m; is the mass
of the charged lepton, H and £ are the hadron and lepton
tensors, and P, P.5, p; and p, are the meson and lepton
four momenta.

The lepton tensor is

21

LP(p,p,) = 8(pipl + plpe — g pi- p,Fie® pi,p,,).

(22)
By — ¢5(27) By — D%(2573)
0.05 ‘ 1l ——
1 /A
op T 0o ]
0.05 el Lo ]
-0.05F Ty — 1 06F T, [GeV 2] e .
To [Gev il —— 05 Th|Gev— ]
0.1k TZ ov-2 | O.fl» Ty [GeV |
0.3F 1
-0.15}F E 8:?: i
0 e |
-0.2 ! T— 0.1 . . .
01 2 3 4 5 6 7 0123456 78
¢* [GeV? ¢ [GeV?

FIG. 4. Form factors for the decay of B, mesons into tensor (left
panel) and pseudotensor (right panel) c5 states.

PHYSICAL REVIEW D 89, 065042 (2014)

where, in the last term, the minus (plus) sign corresponds to
a decay into [~7; (ITv;). The hadron tensor is given by

Hap = 3 el Pp,. Pes)hiy)y (P Pes).  (23)
A

where

hiya(Pp,. Ps) = (¢3. AP\ B,Py)  (24)
is just the corresponding matrix element of the b — ¢ V-A
weak current given in Eq. (8).

To evaluate the scalar

Haﬂ(PBl"Pcﬁ)ﬁaﬁ(plv pu)’ (25)

we choose i’cg to be along the negative z axis, which involves
that the lepton CMF moves along the positive z axis.

To proceed with the calculation we shall follow [38] and
introduce the helicity components for the hadron and lepton
tensor and rewrite the scalar of the expression of Eq. (25) as

H(l/}’(PBS’ Pcf&‘)ﬁaﬂ<pl’ pl/)

- HUP(PBA,’ PCE)gaagﬂpLaﬂ(ph Pp>7 (26)
where [43]
g/w = Z grrg(r)ﬂ(q)grrggi;l/(q),
r=t,+1,0
9 =1, 910 =—1, (27)

and where e’(‘t)(q) = ¢"/q* and £,)(q), r = %1, 0 are the
polarization vectors for an on-shell particle with four
momentum ¢ and polarization r.

We shall define the helicity components of the hadron
and lepton tensors as

HVS(PBX’ Pc?) = 8?r)g(Q)H6/)(PBS7 Pci‘)g(s‘)p(q)’

Ers<plv pl/) = e(r)or(Q)ﬁap(pl’ pv)e?s)p(Q)' (28)

The contraction of lepton and hadron tensors is, using the
expressions above,
Haﬁ(Pl:Rx’ Pc:v)‘caﬂ(pl’ pu)
= Z grrgsers(PBl‘! PCE)ErS(pl’ pv) (29)

rs=t,+1,0

We take advantage of the fact that the Wigner rotation
relating the original frame and the CMF of the final leptons
is the identity. In the latter, we have

Ers<plv pv) = E(r)a(Q)Caﬂ(plv pv)

55(@) = €@ LY (D1 DL)ew)p(7),  (30)

065042-6
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where the tilde stands for the momentum measured in the
leptons CMF. For evaluation, we take’

pi = <E1(|I31

P = ( pil- 1P
where | p;| is the modulus of the lepton three momentum in

the leptons CMF. Now let us evaluate the lepton tensor
helicity components that we need:

)s1paly/ (1 —x,) 0, |P1|x1)

(1=33).0.[plx). (D)

m2(q? — m?
Ly(p1.p,) = 4%,

mz(qz _ mz)
Lo(prpy) = —4XIIT’

Loi(pipy) = (g% —m?) <4(1 +x)
o o xz (l]2 - mZ)
2(1-3p) 210,
L_i_1(p.py) = (¢* —m?) <4(13Fxl)

—2(1—x12)(qq_;")),

PHYSICAL REVIEW D 89, 065042 (2014)

As for the hadron tensor, we introduce the helicity
amplitudes defined as

hiyr(Pp, Pes) = €(yahy) (Ph, Pos), (33)

in terms of which the hadron tensor can be written as

HVS'PB’

Zh (P, Pes)hp,(Pg, Ps).  (34)

The expressions for the helicity amplitudes in the
original frame are given as [38,40]
(i) Transitions to scalar states:

me — m2.
CS - B - F+ 2 2F— g ’
Py ) == (@) +\/PF_()

2P )

hO(PBs’PcS) = \/—2 F+(q2)a
Canlpre ) = 4l =) =) ) .
WP Pl ¢ hi1(Pa,. Pes) = hoy (P, Pos) = 0. (35)
(i) Transitions to vector states:
A2 (g, m% M) 7
hu-)t(PBx’PCS‘) = i) e qu ((mB mci)(A()(qz) —A+(q2)) - mp, + me; A—(qz)),
(g
hiyr(Pp.. Pes) = —id;_y | —————L2V(g? 5, — Mes)Ao(q°) .
or(Pa ) = =0 (S LBV + (g, = el )
22 (g2 md)
hy-1(Pg,, Ps) = —id)1, <m (q%) + (mp, — m5)Ao( ))»
my —q* — mg& /1(612’ mg mgs) A (g?
hiyo(Pg,, Pes) = i%((mg — s ———=—Ao(q*) — = +(e) ) (36)
: 2m ;5 2man/q>  Mp, M

*As we have taken the momentum of the final meson in the negative z direction, this is in accordance with the definition

of X;.

065042-7
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(ii1)) Transitions to tensor states:

PHYSICAL REVIEW D 89, 065042 (2014)

. 24q ,m% mes) 2 2 2 2 2 2
h(ﬁ)t<PBS’Pc§) = —idy g—S(Tl(CI )+ (m[;x —mz)T2(q°) + q°Ts(q7)),

4m2_ q2
1 A2(gP my,  ml)

h )+1(PB, Pg) =id)_ l\/§ e (Ti(q*) - /1]/2(4 m m IT4(q%)),
1A, m m%S) 2 12(,2 .2 2 2
hiy-1(Pg,s Pes) = i6;41—= NG P (T1(q*) +2"2(q g mes)Ta(q°)),

o AP my  m)
hyo(Pp,. Pes) = —1510\/% < ((m3

4m%§ q2

where we shall remark that the helicity amplitudes, and
thus the components of the hadron tensor depend only on
g*>. We define the following combinations for further
convenience:

Hy =My +H o, Hp=H 1y —Hoy,

Hyp = Hoo: Hg=3H,; Hg = Hy,

~ m2

H, = 2% —LH; J=U,L,S,SL, (38)

with U, L, P, § and SL representing, respectively,
unpolarized-transverse, longitudinal, parity-odd, scalar
and scalar-longitudinal interference.

The double differential decay width can be written in
terms of the combination above as

d’r G2| |2(q —ml) AP my  mls)
dfdy, 82 am m2 q

Zme

3 3 3
X {g(l—f—xlz)HU +Z<1—X12)HL :l:ZHP

3 3 1
Z(l_xl)HU+2x[2Hl+2HS+3lesl}

39)

—me)T1(q°) + Aq* mG . mE)Ta(q?)), (37)

s

|
The term H p changes sign for antiparticle decay, in contrast
to the rest of the helicity components. This extra sign
compensates the F sign in the lepton tensor, leading to an
expression for the double differential decay which is the
same for particle or antiparticle decay.

Finally, we obtain the differential decay width integrat-
ing over x;:

dar G |
dq? T8 ke

X{HU+HL+HU+HL ‘HEIS}v

(¢* _m1)2/11/2(q my mé)
ZmBS

2
12m q

(40)

from where we obtain the total decay width integrating over
g?, that can be written as

F=0y+T, +Ty+I, +Ts, (41)
with " and I'; partial helicity widths defined as

G> (q* — m?)? A (g, my m%@)
FJ_/dq28_7£|vbC|2 .

2mp,

J
IZmBSq

(42)

and similarly for r 7 in terms of H 7

TABLE IIl. Decay widths in units of 10~1% GeV for semileptonic B, — c5 decays. The central value has been
obtained with the AL1 potential.

Bs - Ml 1015 GeV]

M’ l=c¢e l=u =1

D} 10.3710:43 10.327918 2.99100)
Dy L7505 L7405 0.209503
D:* 28.02102¢ 27.9010%8 6.860 03
D, (2460) 2.07_000 2.05_008 0.17_0.008
Djl (2536) 1-40—()‘()7 1.39—0,07 0 12—()‘006
c5(27) 4.11_gs5 x 1072 4.06_ ¢ x 1072 9.02 549 x 107*
Dy 1.97 915 1.95 014 012400
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TABLE 1IV. Branching fractions for the indicated decay
channels, in percentage.

M’ l=e,u =71
D} 2.32 0.67
Dy 0.39 0.04
D+ 6.26 1.53
D}, (2460) 0.47 0.04
D/, (2536) 0.32 0.03
c5(27) 9.2x 1073 2.0x 1074
Dy 0.44 0.03

The forward-backward asymmetry of the charged lep-
tons, measured in the leptons CMF, which in terms of
partial helicity widths can be written as

Fx,>0 - Fxl<0 _ E :l:rp + 4fSL
Fx,>0"|'rx,<0 4FU+FL +FU+FL +FS
(43)

AFB =

As I'p changes sign for antiparticle decay, Agp is the same
for a negative charged lepton as for a positive.

F. Results

Table III summarizes the values for the total decay
widths calculated with our model. We give the semileptonic
decay widths for the different leptons in the final state, in
units of 107!> GeV. The central values have been calcu-
lated using the AL1 potential of [42], while the theoretical
uncertainties have been estimated by considering other
potential models (see Ref. [42]). Table IV shows the
corresponding values for branching fractions.

In Table V we compare with previous results. In
Ref. [28] the authors adopt the relativistic quark model.
Chen et al. solve the instantaneous Bethe-Salpeter equation
in [32] to estimate the weak transition form factors. In [33]
the authors work out the form factors within the covar-

PHYSICAL REVIEW D 89, 065042 (2014)

et al. in [36] apply the sum rules technique to obtain the form
factors and branching fractions. In Ref. [37], the authors work
within the Constituent Quark Model (CQM), as we do here.
In Ref. [44] we studied some of the decays into orbitally
excited final D, states, using the potential model of [45].

The results of this work are in a systematic good
agreement with those from the relativistic quark model
of [28]. The agreement is also good with the quark model
calculation of [37]. It is worth mentioning that our results
for decays into orbitally excited final D, mesons are in
rather good agreement with our previous results from [44],
though in that work the potential model that has been used
is much more sophisticated, even enabling the possibility to
consider non-gg components for these orbitally excited
states. Our results also compare well to the sum-rules
calculation of [34,35], while the result of [36] is lower by
about one half. The same happens if we compare with the
results of [32] or [33].

In Tables VI and VII we give our results for partial
helicity widths corresponding to BY, and the values we
obtain for the forward-backward asymmetry, respectively.
In Table VI the “P” column changes sign for B? decay. As
before, the central values have been evaluated with the AL1
potential.

In the different panels of Figs. 5-8 we plot the
differential decay widths that we obtain for the different
JP ¢5 final states, with e or 7", accounting for the leptons.

G. Heavy quark symmetry

In systems with a quark with mass much larger than the
QCD scale (Agep), the dynamics of the light degrees of
freedom becomes independent of the heavy quark flavor
and spin.

The six form factors involved in the B, decays into
pseudoscalar and vector mesons are related by HQS, which
reduces their evaluation to that of a single function, &£. In
particular, HQS predicts [20,21]

iant light front quark model. Azizi ef al. in [34,35] and Blasi (44)
TABLE V. Branching fractions for the indicated decay channels, in percentage.

This work [28] [32] [33] [36] [37] [34], [35] [44]
B, -» Dfe7 1, 2.32 2.1+£0.2 1.4-1.7 1.07904 1.354+0.21  2.73-3.00 2.8-3.8
B, —» Ditep, 6.26 53+£05 5.1-5.8 25£0.1 7.49-7.66  1.89-6.61
B, —» Dt i, 0.67 0.62+£0.05 047-0.55 0.3379!
B, - DTt i, 1.53 1.3+£0.1 1.2-1.3
B, - Dijup, 0.39 0.44
B, — D (2460)u7 1, 0.47 0.17-0.5
B, — D} (2536)u" 1, 0.32 0.4
B, —» Dy m, 0.44 0.37
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TABLE VI. Partial helicity widths in units of 10~'> GeV. These results have been calculated using the AL1 potential.

Ty Ty r, T, Tp T Ts
B, - Dfe D, 0 0 10.37 2.29 x 107° 0 743 x10°° 236 x107°
By — Dife 1, 0 0 1.75 4.82 x 1077 0 144 x10°°  4.81 x 1077
B, » Dte D, 13.87 4.15 x 1077 14.16 2.13x 107 -7.32 590 x 107 2.03 x 107°
B, — D},(2460)e7 D, 0.32 1.6 x 1078 1.75 6.41 x 1077 -0.22 198 x 107  6.51 x 1077
B, - D},(2536)e7D, 0.56 2.97 x 1078 0.84 3.04 x 1077 —0.44 9.40 x 1077 3.08 x 1077
B, = ¢5(27)e 1, 3.95%x 1072 337x107% 158x103 355x10719 —324x10>2 876x107'0 3.15x 10710
B, — Dife 1, 0.67 3.76 x 1078 1.30 4.35x 1077 -0.35 1.25x107° 424 x 1077
B, —» Dfup, 0 0 10.11 472 x 1072 0 0.16 5.05 x 1072
B, — Difu o, 0 0 1.70 9.47 x 1073 0 2.80x 1072 9.40x 1073
B, - Dy, 13.80 1.74 x 1072 13.91 4.68 x 1072 —-7.28 0.12 428 x 1072
B, — D, (2460)u~v 0.32 6.6 x 107 1.68 1.7 x 1072 -0.21 379x 1072 1.22x 1072
B, - D},(2536)u™ 0 0.55 1.23 x 1073 0.81 5.58 x 1073 —0.44 1.79 x 107 5.76 x 1073
By > ¢5(27 ) o, 389x 1072 137x107* 155x1073  749x10° —320x10> 146x107°  582x107°
B, - DSy, 0.66 1.55 x 1073 1.26 8.15 x 1073 -0.35 220x 1072 7.69 x 1073
B, - Dt 1, 0 0 0.94 0.22 0 1.82 0.36
B, — Dif o, 0 0 928 x 1072 2.51 x 1072 0 826x 1072  2.61 x 1072
B, » Dt D, 3.18 0.68 2.06 0.46 —-1.39 0.49 0.26
B, — D, (2460)z" 7, 0.03 822x 1073 519x 1072 150x1072 =171 x 10? 0.07 1.88 x 1072
B, - D}(2536)r7 0, 448 x1072 125x1072 260x 1072 749x 1073 -339x10> 353x1072 896 x 1073
B, = ¢5(27)r D, 626x 107 2.14x10™% 442x1075 144x107° —534x10* 3.05x10%  3.68x 107°
B, - D5, 426x 1072 1.25x1072 3.85x1072 1.15x1072 -1.75x10> 122x1072  6.73x 1073

The h form factors are just a redefinition of the those above,
given by

he(w) = —=—=—=f1 () (45)
mp M3
for decays into pseudoscalar states, and
My, V3 ((d)
' Mg 4|
V2 1
h = Ali -
4 (@) W—l—lﬁ i—1(l4l).
M AO P En(lo A3_ -
hy (@) = D: <_ ,1=0(|‘1|> DS( qll 2ﬁ_o(|q|)
_ Mp, 4] ]
Al a
—V2M) %&W))
]
(@) — i <_Aio<|?1|>+ VIAL (D)
ST M TGP My P
(46)

for decays into vector states [23].

Conservation of vector current in the equal mass case
provides another constrain, in the form of a normalization
condition:

fw=1)=1. (47)

The purpose of this section is test the form factors we
have obtained previously against the HQS predictions. In
the left panel of Fig. 9 we plot our values for the 4 form
factors. These values have been obtained with the wave
functions of the AL1 potential. In the right panel of Fig. 9,
we also evaluate the ratios:

TABLE VII. Forward-backward asymmetry parameters for the
semileptonic B decays, obtained for the AL1 potential.
Arp

l=e l=u =1
B, - Dl 6.86 x 1077 1.47 x 1072 0.36
B, - DijI D 822x 1077 1.62x 1072 0.39
B, » D"l 1, —-0.20 —0.19 =371 x 1072
By — DY, (2460)17 1, —0.19 —0.18 0.10
B, — D},(2536) 1, —0.41 —0.40 —0.20
B, — ¢5(27)I"p, —0.59 —0.59 —0.43
B, - DIy, —0.14 —0.12 6.03 x 1072
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B, — D,ly, By — D(2371)ly,
12 ‘ ‘ — 25 —————
| |
>® 10+ % 21
2 g
Tc 8 l=e Tg 1.5F
— 6L e i — —
=gl S
T 5l . T 05}
~—~ b ~
= , . = N
= 0 L an L L L y = 0 PR T St S SR
0 2 4 6 8 10 12 012345678910
¢ [GeV? 7 [GeV?
FIG. 5. Differential decay width for the B into 0~ (left panel)

and 0T (right panel) states.

AT /dg? [|Vip|? 10-13GeV—1]

¢ [GeV?]

FIG. 6. Differential decay width for the semileptonic B, — D*
process.

R =3

where r = m./mp . These ratios are expected to vary
smoothly with @.

In the case of the semileptonic decays of B; mesons,
one expects discrepancies of the order of 10%-15%
from the predictions of HQET. As in the heavy quark
limit the physics becomes independent of the light quark
flavor; we should expect the same kinds of inaccuracies
in the B, case. Figure 9 shows that this is indeed
the case.

At most, h_ or h, differ from O at the level of the 17%.
On the other hand, the ratio R, gives an estimate of the
discrepancies with the Isgur-Wise function, being this is no
larger than expected.

IV. SEMILEPTONIC B, TO B~ AND B*~ DECAYS

In principle, one could also consider those weak
processes of B, driven by the § — it decays at the quark
level. In this case, due to the similar value of the masses
of the B;, B and B* mesons (mp —mp = 87 MeV,

PHYSICAL REVIEW D 89, 065042 (2014)
B, — c3(3Py)ly,

B, — c3(*Py)ly,

— 5 ' =

1 N | |
‘>44o ‘>
S| 1 3 ]
=5 35} 4 = E
s 3r 1 & ,
~ 251 1 o R
= 2 = *
=15t 1 = R
t I ]
~ ~
—~ 05¢F 1 o R
= 0 S =

0 R ST
0123456789
7 [GeV?

0123456789
¢ [GeV?]

FIG. 7. Differential decay widths for the semileptonic decays
of B, into JP =17, § =0 (left panel) and J° =1F, §=1
(right panel) states.

mp — mp— =41 MeV), the only decay modes allowed
are the semileptonic B, - B etv, and B, —» B e'y,,
as the muon, for instance, lay beyond the scope of
the available phase space, so that other semileptonic or
nonleptonic processes are forbidden.

Let us consider first the B, — B~ transition. This

process involves a pseudoscalar to pseudoscalar
transition, so we take the following form factor
decomposition:

(B~Py-|J3(0)|B,. Pg.) = P,F . (¢*) + q,F_(q%). (49)

The expressions of the form factors are exactly the same
of those of Eq. (12).
The total decay width of this process results to be

Tppery, = 1.7x 10720 GeV (50)

for the B, — B*~e*v, process. Again, the form factor
decomposition is the same as that of the B, — Dj decay,

By — ¢5(27)ly, By — D%,(2573)ly,
_ — 25 —
| |
S L 15p
o o l=ec
< R
= T 05
= —~ oememmee,
S| S

7 01 23456 7 8
@ [GeV?|

FIG. 8. Differential decay widths for the semileptonic decays of
B, into J¥ = 2~ (left panel) and J© = 27 (right panel) states.
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FIG. 9. h form factors for the decay of B, mesons into
pseudoscalar and vector c¢§ states (left panel) and ratios R,
and R, (right panel).

(B*2P 5J3(0)|B,, Py.)
—1

— vk (D \papf 2
- mBS +mC§ 8ﬂuaﬁ€(g)(Pcs>P q V(q )

- i{ 0, = mt (B

B P 8?1)(Pc3>

S AL )+ A 6D

and the expression of the form factor is that of Eq. (16).
Now we obtain

Tppes, =7.6x 1072 GeV. (52)

The decay widths of these transitions are several
orders of magnitude smaller than others corresponding

PHYSICAL REVIEW D 89, 065042 (2014)

S R

FIG. 10. Diagrammatic representation of B two-meson decay
in the factorization approximation.

to reactions involving a b — ¢ transition. One could
expect this fact due to the reduced phase space available
for reactions driven by a s — u transition at the
quark level.

V. NONLEPTONIC B; - ¢sM TWO-MESON
DECAYS

In this section we evaluate decay widths for non-
leptonic B; — ¢3My two-meson decays where My is a
pseudoscalar or vector meson. These decays correspond
to a b — ¢ transition at the quark level. These transitions
are governed, neglecting penguin operators, by the
effective Hamiltonian [46,47]

G
7; (Vepler () Q5" + c2 () 087] + Heel),  (53)

where ¢, are scale-dependent Wilson coefficients, and
Q) are local four-quark operators given by

Hq =

TABLE VIII. Total nonleptonic decay widths of B; mesons for generic values of the Wilson parameter a;. The central values have
been calculated using the AL1 potential.
I [1071° GeV] [ [1075 GeV] I [10-5 GeV]

B, — Dfn~ 1.84700%a? B, — Di*n~ 1.5610 0,0 B, — (27)*n” 246709 x 1074a?
B, — Dfp~ 453700002 B, — Di*p~ 4.67°03 a3 B, — (27)tp~ 1.62_g 06 x 107243
B, » Df K~ 0.14+00142 B, » D*tK~ 0.127°901a? B, - (27)"K~ 1.827°09 x 1074}
B, » D K*~ 0.25%9%, a3 B, » D*tK* 0.27°0%a? B, - (27)TK* 111 g1 x 10733
B, — Difn~ 0.39001a2 B, — D}, (2460)7~ 0.53_g0a} B, — Difn~ 0.35_gp3a?
B, - Dijp~ 0.94°50at B, — D} (2460)p" 126 g 60} B, — Diip~ 0.95_ppat
B, - Dif K~ 2987011 x 10243 B, — D/, (2460)K~ 4.09_, x 1072a2 B, - DK~ 2.61_,7 x 107242
B, —» DifK— 5197028 x1072a} B, — D}, (2460)K*~ 6.93_3 x 1072a? B, - DK~ 5.41_g37 x 1072a3

B, — D},(2536)n~ 0.25_g a3

Bs - Dji (2536)p_ 0.66,0}03&%

B, — D}, (2536)K~ 1.94_g 05 x 1072a3

B, — D,(2536)K*~ 3.75_ 0, x 107242
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TABLE IX. Branching ratios for the decays above.

PHYSICAL REVIEW D 89, 065042 (2014)

This work  [28] [36] [32] [33] [49] [50] Experiment [39]
B, - Dfn~ 0.53 0.35 0.5 0275007 0177900 0.142+£0.57 019670033 032+£04
B, — Dip~ 1.26 0.94 1.3 0.64°01 04277 04739 0.74 +£0.17
B, » DiK~ 0.04  0.028 0.04  0.0217059 0.01370%% 0.0103 £0.0051 0.01779008
B, — DK™~ 0.08 0.047 0.06  0.038%0005 0.028%00:  0.005 £ 0.0022
B, —» Difn~ 0.10 0.09 0.05210%,
B, — Difp~ 0.27 0.22  0.01370%¢
B, — Di{K~ 0.009  0.007 0.004*5%%
B, — Dif K*~ 0.16 0.012  0.00870:004
B, > Ditn~ 0.45 0.27 0.2 0.317003 021140073  0.189%0120  0.21 +0.06
B, —» Ditp~ 1.35 0.87 1.3 0.9]3 0.5237033¢ 1.03+2.6
B, — DitK~ 0.04 0.021 0.02  0.024705%
B, — D:tK*~ 0.08 0.048 0.06  0.05679005
B, — D}, (2460)7~ 0.15 0.19
B, — D},(2460)p~ 0.36 0.49
B, —» D/, (2460)k~  0.012  0.014
B, - D/, (2460)K*~  0.020  0.026
B, — D,(2536)7~ 0.07 0.029
B, — D},(2536)p~ 0.19 0.083
B, - D/(2536)K~  0.0054  0.0021
B, —» D,(2536)K*~  0.01  0.0044
By — (27) 7 7.1 x 107
B, - (27)Tp~ 0.0047
B, - (27)*K~ 52x107°
By — (27)TK* 22x1078
B, - D n 0.1 0.16
B, — Dfp~ 0.27 0.42
B, » DK~ 0.008  0.012
B, — D K™~ 0.016  0.022

05" =W (0)y,(I —75) W, (0)[ViWa(0)7* (I — 75)¥,(0)

+ Vi U (0)7(1 = 75)P,(0)
+ViaPa(0)7* (I = 75)¥.(0)
VT 0)7#(1 = 15) 2 (0)].

= \T/d(O)}/”(I - yS)\Pb(O)[ \Tl (O)}/’l(l - 75)\Ilu<0)

+ ViU (0)y (I —75)P.(0)]
+ U (0)y,(I —75)Up(0) [V, U
+ ViU (0)7#(I — y5) ¥ (0)],

W (0)r(I —75)¥,(0)

(54)

where V;; are CKM matrix elements. We shall work in

the factorization approximation, i.e.,

the hadron matrix

elements of the effective Hamiltonian are evaluated as a

065042-

product of quark-current matrix elements. One of these is
the matrix element of the B, transition to one of the final
mesons, while the other corresponds to the transition to
the vacuum to the other final mesons, which is given by
the corresponding meson decay constant. This is depicted
in Fig. 10.

When writing the factorization amplitude, one has to
take into account the Fierz reordered contribution so that
the relevant coefficients are not ¢; and c,, but the
combinations

ay (1) = 1) +Nicc2<u>,

1

ar(u) = ¢, ()+N7CC1(/") (55)

13
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TABLE X. Nonleptonic decay widths for the indicated
processes indicated, using the factorization approximation. We
give our results for generic values of the parameter a;.

[ [107" GeV]
B, » DID; 735709 a?
B, - D{D;~ 6.89013a7
Bs - D}(+Ds_ 4.23,0‘3851%
B, —» D*tD!~ 18.79_, sa?
Bx - D?rD* 0.25_()‘01&%
Bs - D;FD*_ 0.19,0‘010%
B, — D:*D~ 0.157001a3
B, > D D*~ 0.467 00 a?

with N¢ = 3 the number of colors. The appropriate energy
scale (u) in our case is u =~ my, providing the following
values for a;, [48]:

a; =114,  a, = —0.20. (56)

A. My ==, p, K, K*

For final states containing one of these mesons, the decay
width is given by

_ Gk ppyp e e, )
16am3 bel ITF 2mp,
x a¥H,5(Pp,, Pos) L (Pr), (57)

where m; is the mass of the My meson, Vp is V,, for
Mg =m,pand V, for Mp = K, K*. H,3(Pg . P) is the
hadron tensor accounting for the B, — 5 transition, while
the other, H*¥(Py) corresponds to a vacuum — M
transition. This is equal to

PHYSICAL REVIEW D 89, 065042 (2014)
HYP(Pr) = pepift (58)

for a pseudoscalar M, and

P (Pr) = (piph — mpg™) f3 (59)

for a vector M. All the necessary meson decay constants
can be found in Table II.

As we did in the case of semileptonic decays, the
contraction of the two hadron tensors can be written in
terms of helicity amplitudes. For a pseudoscalar Mp,
this is

HogH? = Hey(mip)mpf3. (60)
and for a vector M,

Haﬁﬂaﬁ = mpfE(Hir(mg) + Hoy_y (mg) + Hoo(mi)).
(61)

In Table VIII we show the values for the decay widths
we obtain for the nonleptonic decay widths of the
different channels considered in units of 107!° GeV.
In Table IX we express our results as branching
fractions and compare with other calculations. As shown
there, our results agree with those from Refs. [28] and
[36] in which relativistic CQM and QCD sum rules
techniques were used, respectively. Our results for
decays with a vector D; in the final state also agree
finely with those from [32], although our values for
final states with a pseudoscalar D; meson in the final
state are about a factor 2 larger than those from [32],
which also works in the context of nonrelativistic
constituent quark models. The values calculated in this
work are larger by a factor 2 or more than the results
from Refs. [33], [49], and [50], in which a light cone
sum rules, QCD sum rules and covariant light front

TABLE XI. Branching ratios in percent for the decays indicated above. We also compare with other calculations.

This work 28] [36] [32] [33] [51] Experiment [39]
B, - D{D; 2.1 1.1 1.0 0.83701 1.65 0.217 £0.082 0.53 £0.09
B, - DD 2.0 1.0 0.8 0.841012 0.262 + 0.93
B, —» DDy 1.24 0.61 0.4 0.7755 0.254 4+ 0.57
B, - D{D;~ + D;*Dy 3.24 1.61 1.2 154792 24 516 +0.11 1.24+£0.21
B, » DD~ 5.45 2.5 1.6 24704 3.18 2.7740.76 1.88 4+ 0.34
B, » DI D" 10.8 521 3.8 4774046 7.23 35+0.78 45+ 14
B, - Dy D~ 0.08
B, - DI D*" 0.05
B, —» D:*D~ 0.04
B, = D**D*~ 0.13
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TABLE XII.
values of a,.

PHYSICAL REVIEW D 89, 065042 (2014)

Branching ratios (BR) in percent for the reactions indicated above. We give our results for generic

I [1075 GeV] BR in % Experiment [39]
B, — ¢pJ/ U 11.80%9a3 0.11 (0.109792%)
B, - K°J/W 8.1793 x 107243 7.25x 1074 (3.6 +£0.8)1073
B, - K*J/U 0.51_g3a3 4.6x1073 (9+4)x 1073

quark model approaches have been used. Finally we

compare our results with the experimental measurements
enclosed in Ref. [39].

B. M = D, D,, D*, D;

In the same way, we can calculate the nonleptonic
decay width of the processes B, — D,D, B, — D,D*,
B, - D:D,, B, —» D:D:, B, —» D,D}, and B, - D:D:
decays. As in the previous case, there is only one
contribution proportional to the coefficient a;, with
momentum transfer ranges between m3, and m3,..
These momentum transfers are neither too high (so there
is no need to involve a B} resonance) nor too low (with a
high trimomentum transfer). For M = D, D*, Dg, Dy,
the relevant contractions for the hadron tensors can be
obtained from Eqgs. (60) and (61), performing straightfor-
ward substitutions. As in the previous case, the decay
constants relevant for these calculations can be found in
Table II.

Results are enclosed in Table X. In Table XI, we
present our values as branching fractions, and compare
with other results, in the case of decays with two Dy’
mesons in the final state. We have found a fair agreement
with the branching fractions calculated in [28] and [36],
and larger differences with the values given in [32], [33],
and [51]. Most of the values calculated here and those
found in the literature differ from the experimental results
by a factor around 2. Apart from the inaccuracies of the
factorization approximation, the results are sensitive, not
only to the Wilson parameter a;, also on the values that
have been used for the mesons decay constant and on the
overlap among the wave functions used to calculate the
matrix elements.

VI. OTHER NONLEPTONIC DECAYS
The calculation of decay channels

B — ¢J/V,
B, - K°J/ U,
B, - K*J /¥ (62)

in the factorization approximation can be easily performed.
Their decay widths are summarized in Table XII.

In Table XII we also give the branching fractions of
these channels in percent, for generic values of the
Wilson parameter a,, and compare with the experimental
measurements. Our result for the branching ratio corre-
sponding to the decay into K°J/W states reproduces
roughly the order of magnitude of the corresponding
experimental value (z10*3). In contrast, our results for
the branching fractions for the B; — ¢J/¥ and B, —
K*0J/U decays agree with the experimental data
of Ref. [39].

VII. SUMMARY AND CONCLUSIONS

In this paper we have studied the semileptonic decays
of the B, meson into c5 states with J© = 0=, 0%, 1=, 17,
2~ and 2%. We have worked in the context of non-
relativistic constituent quark models. We compare with
the experimental results enclosed in Ref. [39] when
possible. We have also computed several nonleptonic
decay modes of B, mesons. We work in the factorization
approximation, as the momenta involved does not include
resonances or high trimomentum transfer. We give results
for general values of the Wilson coefficients. We give an
estimate of our theoretical uncertainties by considering
different sets of wave functions derived from the quark-
antiquark potentials of Ref. [42]. The results that we
obtain for the semileptonic decay width are in general in
good agreement with previous calculations and with the
available experimental measurements. In the case of the
nonleptonic decay channels that we have studied, we
have found reasonable agreement with previous calcu-
lations. The nonleptonic decays of B, mesons into ¢J /W,
K°J/¥ and K*°(892)J/¥ have been considered in this
work, finding a good agreement with the experimental
results.
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APPENDIX: EXPRESSIONS FOR THE MATRIX ELEMENTS
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