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First estimates of nonleptonic B, — AT weak decays
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We obtain the first estimates of branching ratios for the weak decays of B, meson decaying to 2
orbitally excited mesons namely, axial-vector meson (A) and tensor meson (7)) in the final state. We
calculate B, — T transition form factors using the Isgur-Scora-Grinstein-Wise II framework and,
consequently, predict branching ratios of B, — AT decays in Cabibbo-Kobayashi-Maskawa favored

and suppressed modes.
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I. INTRODUCTION

The B. meson was first discovered through the observa-
tion of semileptonic decay, B. — J/¢/I"vX by the CDF
Collaboration [1]. Later on, more precise measurements of
its lifetime and mass are confirmed to be (0.453 *
0.042) ps and (6277 = 6) MeV, respectively [2,3]. A few
of the B, decay channels have also been observed experi-
mentally. A new era of B. has started with an expected
production cross section of ~0.4 ub at center-of-mass
energy /s =7 TeV at the LHC [4]. Very recently, the
LHC-b reported an observation of decays like B —
yQS)wt, Bf—=J/ymn w7, and Bf —J/yat [34].
As a result, the investigation of B, meson has become one
of the most interesting current topic. Moreover, the LCH-b
is expected to produce O(10'°) events per year [3-7],
which would provide a rich amount of information regard-
ing B, meson.

B. meson is the standard model particle composed of 2
flavors of heavy quarks, charm (c) and beauty (). The
B.(b¢) meson being flavor asymmetric behaves differently
from the heavy quarkonia (bb, c€). It only decays via weak
interactions as compared to heavy quarkonium states
which can decay via strong interactions and/or electromag-
netic interactions. The decay processes of the B, meson
involve decay of any constituent quarks » and ¢ with the
other being a spectator. They can also annihilate weakly to
produce leptons or lighter mesons which, being relatively
suppressed, are ignored in the present analysis. The 2-body
weak decays of B, may provide a good scenario for under-
standing QCD dynamics both in the perturbative and non-
perturbative regime, to test QCD-motivated theories/
models, and to study physics beyond the standard model.

Hadronic 2-body decays of B, mesons have broadly been
studied in recent years. There exist comprehensive litera-
ture on phenomenological works based on different ap-
proaches to study semileptonic and nonleptonic decays of
B, meson emitting s-wave mesons in the final state
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[6-19]. Recently, the focus has shifted towards the
p-wave emitting decays of B, meson [20-29]. In our pre-
vious work [29], we have studied the B, meson decaying to
two p-wave in the final state, i.e., B, — AA decays, and
shown that branching ratios of these decays are comparable
to B. — VA modes. Also, the Particle Data Group [2] has
reported many single p-wave meson emitting decays hav-
ing branching ratios of @(10~%). This motivated us to carry
forward our analysis to nonleptonic 2-body B, decays con-
sidering that both mesons in final state are orbitally excited
mesons (or p-wave mesons). Particularly, we study B,
decaying to an axial vector (A) and tensor meson (7), which
could compete with B, — VT modes and their branching
fractions could be measured in near future at the LHC-b
experiment and at future B-factories. Moreover, B, — AT
decays can offer a scenario to study polarization of final
state particles [2]. In the present work, we obtain the first
estimates of branching ratios of exclusive B, — AT decays.
We calculate B, — T form factors using the improved
Isgur-Scora-Grinstein-Wise quark model framework
(called ISGW 1II Model) [30,31]. The ISGW II model is
one of the few successful models [30-33] which is used to
calculate B, — T transition form factors.

This paper is organized as follows: In Sec. II, we briefly
discuss the effective weak Hamiltonian and decay width
formula. We give input parameters like mixing scheme and
decay constants for axial-vector mesons, and B, — T tran-
sition form factors in Sec. III. Results and discussions are
given in Sec. IV. In the final section, we present a summary
and conclusions.

II. METHODOLOGY

A. Weak Hamiltonian

The QCD-modified weak Hamiltonian [34] generating
the B, decay involving b — ¢ and b — u transitions in
Cabibbo-Kobayashi-Maskawa (CKM) favored modes
Ab=1, AC=1, AS=0; Ab=1, AC=0, AS=
—1) and CKM suppressed (Ab =1, AC=1, AS = —1;
Ab=1, AC=1, AS=1;, Ab=1, AC=—1, AS =
—1; Ab =1, AC = —1, AS = 0) modes is expressed as
follows:
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Q(q) e q'=ds

+ az(M)qu (u)) + He, (1)

(a1 ()09 (w)

where Gp is the Fermi constant and V;; are the CKM
matrix elements. a; and a, are the standard perturbative
QCD coefficients, evaluated at renormalization scale u =
O(m,). Local tree-level operators O, involving b — ¢
transition are given below:

O?d = (baqa)v-a " (Gpdg)y—a

19 = (boqp)v-n * (@pda)y—a. @)
OF" = (baqa)v-a- (GgSg)v-a
07 = (b_aq,B)V—A “(Gpsalv-a

where gq' = gy,(1 — ys)g', a and B are SU(3) color
indices. In addition, B, meson can also decay via the
bottom conserving modes, where the charm quark decays
to an s or a d quark. However, such B, — AT decays are
kinematically forbidden.

By factorizing matrix elements of the four-quark opera-
tor contained in the effective weak Hamiltonian (1), one can
divide these decays into three classes: Contribution from
We-external emission diagram at tree level (color-favored
diagram) is classified as class I type decays. In this case the
decay amplitudes are proportional to a,, where a;(u) =

ci(p) + 5
type decays consist of contribution from another W-internal
emission diagrams (color-suppressed diagrams). The decay
amplitude in this class is proportional to a,(u) = c,(u) +

cz(,u) and N, is the number of colors. Class II

N% c;(w). Class III transitions are caused by the interference
of both color-favored and color-suppressed diagrams.
Interestingly, we find that B, — AT decays are independent
of a, and a, interference.

For numerical calculations, we follow the B physics
convention of taking N. = 3 to fix the QCD coefficients
a; and a,, i.e.,

a(w) =103  ay(u) =011,

where we use [34]

c(w) =112, c(p) = —0.26 at u = m3.

We want to point out that N, the number of color degrees
of freedom, is generally treated as a phenomenological
parameter in weak meson decays to account for nonfactor-
izable contributions [34]. In the absence of any experimen-
tal and theoretical study of B, — AT, we also compare our
results with those of large N, limit. The obtained results
would provide a reasonable estimate of range of branching

ratio between N, = 3 to N, — o0,
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B. Decay amplitudes

In the framework of generalized factorization the decay
amplitudes (AT|H,,|B,) are approximated as a product of
the matrix elements of weak currents (up to the weak scale
factor of & T X CKM elements X QCD factor) given by

(TAIH,,|B,) ~ (TIJ*|0XALJ, IB.) + (AlJ#|0XTIJ,,|B.),
3)

where J* = V# — A#* V* and A* denote a vector and an
axial-vector current, respectively.

In order to calculate the numerical values of decay
amplitudes of B. — AT decays, we have to obtain the
above mentioned hadronic matrix elements. Notice that
the polarization tensor €,, of the 3P, tensor meson sat-
isfies the following relations [35]:

f;w(PT’ /\) = el/,u,(pT’ A):
pp,eﬂy(pTr /\)=pV€MV(pT’ A)=0r fﬁ(PT’ )\)=0’ (4)

where A defines state of definite halicities. Consequently,
the matrix element between the vacuum and final state
tensor meson 7 is

OV = A),IT) = ae,,p"(pr, A) + be,p,(pr, A) = 0.

&)

This relation, in general, follows from Lorentz covariance
and parity consideration. Hence, the tensor meson cannot
be produced from the V — A current; i.e., the decay con-
stant of the tensor meson vanishes. This fact further
simplifies the decay amplitude (AT|H, |B,.) expressed by
relation (3), which yields

(AT|H,,|B.) ~ (AlJ#|OXT|J ,|B.). (6)

On the other hand, the matrix element between the vacuum
and final state axial-vector meson is defined as

(A(pa, €)|AL10) = e my fa, (7)

where &, denotes polarization of axial-vector meson and
fa is the corresponding decay constant.

Using Lorentz invariance, the hadronic transition matrix
elements [30,31] for the relevant weak current between
meson states can be parametrized as follows:

(TIV#|B.)=ih(q*)e* 7 €,ap% (P5, + P7) (D5,
(TIA*|B) = k(g*)€"™*" (pg ), + €5P% Ph.

X [b+(q2)(PBC + pr)* + b,(qz)(pBC —pr)*]

3)

where pp_and p; denote the momentum of the B. meson
and the tensor meson T, respectively such that g* = ph —
£ h(g), k(). by (¢7), and b_(q :
. h(g?), k(g*), b1 (g*), and b_(g?*) represent the relevant
form factors for the B, — T transition, F#~7(m3 ), which

- pT)ov
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have been calculated at g*> = g2, using the ISGW II
quark model [31].

Using definitions (7) and (8), the matrix element (6)
takes the form

G
A(B, — AT) = —£ X (CKM factors X QCD factors)

V2

B,—T
X famp€*PF 5 (m3), 9)
where

FS.CB_'T = éz(pB(- + pT)p[ihgluvpg—gozv(pA)ﬁ(pA)0’
+ k6a 8% + bi(pa)a(pa)pet’] (10)

C. Decay widths

The simplified decay width formula, after summing over
polarizations of the tensor meson 7, for the B, — AT
decays is given as

2

G
L, f3 X [an)pal” + BOn)lpal°
T

+y(m3)|pal’] (11)

where |p4|(= |prl) is the magnitude of 3 momentum of
the final state particle in the rest frame of B, meson. |p 4|
can be expressed as |p4| = A/ 2mp , where A=
Mmg, my, m3) = (mp + mi — m3)* — 4m3mz is the tri-
angle function. The coefficients «, 8, and y are quadratic
functions of form factors k, b, and h, evaluated at
g*> = m3. These coefficients are given as follows:

I'(B,— AT) =

a(m3) = 8b3m} (12)

1
B(m3) = é—‘[k2 + 6mm3ih® + 2(m3 — m3 — m3)kb . ],
(13)

2,22
Sk*msmy

(14)
Sm%L_

y(m?}) =

III. INPUT PARAMETERS

A. Mixing angles for axial-vector mesons

Mixing scheme of the axial-vector mesons have thor-
oughly been discussed in the literatures [32,33,36-42].
Thus, we briefly mention the important facts. There are
two types of axial-vector mesons, in spectroscopic notation
B, 3P,(JPC =17F) and 'P, (JPC =177), respec-
tively. These states can mix in 2 ways: first, states P, or
'P, can mix within themselves; secondly, mixing can
occur between 3P, or ! P, states. Experimentally observed
nonstrange and uncharmed 3P, meson sixteenplet consists
of isovector a;(1.230) and four isoscalars f;(1.285),

PHYSICAL REVIEW D 88, 034024 (2013)

f1(1.420)/£1(1.512) and x.(3.511). On the other hand,
'P, meson multiplet includes isovector b;(1.229) and 3
isoscalars h(1.170), h{(1.380), and h.(3.526), where
h.(3.526) and h|(1.380) are not well understood
experimentally.’

The following mixing scheme has been proposed for the
isoscalar (1**) and (1*¥7) mesons:

£1(1.285) = \/Li(uﬁ + dd) cos ¢, + (s5) sin ¢4

1

f£1(1.512) = \/z(uﬁ + dd)sin ¢, — (s5)cos ¢4 (15)
Xc1(3.511) = (c0),
and
1 N
h,(1.170) = \/—i(uﬁ + dd) cos ¢4 + (s55)sin ¢ 4,
B (1.380) = —= (uii + dd) sin e — (s5)cos br  (16)

V2
h.1(3.526) = (c?),

respectively, with
b awy = O(ideal) — 6,4 (physical).

The observation that f(1.285)—4/ypmm, f}(1.512)—
KK, h(1.170) = p7 and h} — KK*/KK* predomi-
nantly seems to favor the ideal mixing for these nonets,
ie., ¢4 = ¢, = 0°. The hidden-flavor neutral a,(1.230)
and b(1.229) states cannot mix due to opposite C-parity.
Also, the opposite G-parities under isospin symmetry pre-
vent mixing of charged a;(1.230) and b,(1.229) states. In
contrast, states involving strange partners namely, K, and
K4 of A(17") and A’(1*7 ) mesons, respectively, mix to
generate the physical states in the following convention:

K1(1270) = KIA SinﬁKl + KIA/ COS HKI’
K1(1400) = KlA COS@K] - KlA/ sinﬁK].

7)

Several phenomenological analyses indicate that the
mixing angle O, lies in the vicinity of ~35° and ~55°,
see for details [38]. Several studies based on the experi-
mental information obtained twofold ambiguous solutions
Ok, = *£37° and O, = *58° [36,37]. We wish to point
out that the study of D — K;(1.270)7/K(1.400)7 decays
and experimental measurement of the ratio of K,y produc-
tion in B decays favor negative mixing angle solutions
[32,33,37,41]. In a recent study [38], it has been argued
that choice of angle for f, — f] and h; — h| mixing
schemes is intimately related to choice of mixing angle
Ok, The mixing angle 6 ~ 35° is preferred over ~55°
for nearly ideal mixing for f; — f{ and h; — h}. However,

"Here the quantities in brackets indicate their respective
masses (in GeV).
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we also give results at 6 = —58° in our numerical
calculations.

Following the Heavy Quark Spin scheme, the heavy
axial-vector resonances (likely charmed and bottom
axial-vector meson states) are generally taken to be the
mixture of Pi/ ? and P*;/ ? states. In the heavy quark limit,
the heavy quark spin S, and the total angular momentum
of the light antiquark can be used as good quantum num-
bers, separately [37,40]. Therefore, in heavy axial vector
resonances, the physical mass eigenstates P?/ % and P}/ 2
with J® = 17 can be expressed as a mixture of >P, and ' P,
states, i.e.,

1 2
|P)/%)y = —‘/;IIPQ + ‘EPPlx
2 1
|P3/%)y = \gllm + \EPP»

In the heavy quark limit, the physical states D,(2.427) and
D,(2.422) can be identified as P}/ % and P?/ 2, respectively.
However, beyond the heavy quark limit, there can be

mixing between P}/ % and P?/ * given as

(18)

D,(2.427) = D}/z cosfp, + D?/z sinfp,

(19)
D,(2.422) = =D} sin 6, + D}/*cos 0.

Likewise, a mixing scheme for strange charmed axial-
vector mesons is expressed as

D,;(2.460) = D'/* cos Op, + D} sin Op,»

(20)
D,,(2.535) = —DY*sin 6, 5 + D|* cos b,,.

Following the analysis given by the Belle [39], we use the
mixing angle 6, = (—5.7 = 2.4)°, while the quark poten-
tial model analysis [40] yields 6, =~ 7°.

B. Decay constants

The decay constants for tensor mesons vanish corre-
sponding to the condition (5), while the decay constants
for axial-vector mesons are defined by the reduced matrix
elements expressed in relation (7) in the previous section. It
is a well-established fact that the axial-vector meson 3P, and
L P, states transform under the charge conjugation [36] as

ML (CP) — MyCP)), My('P)) — —Mi('P)),
(a=1223). (21)

Since the weak axial-vector current transfers as (A M)Z —
(A,,)} under charge conjugation, the decay constants of the
P, mesons state vanish in the flavor symmetry limit [36].
However, in the presence of symmetry breaking ! P, mesons
may acquire nonzero values of the decay constants. In
case of nonstrange axial-vector mesons, f,; = 0.203 =
0.018 GeV is quoted in the analysis given by Bloch et al.
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[42]. The value f,; = 0.238 = 0.010 GeV is obtained using
the QCD sum rule method [43]. Nardulli and Pham [41] used
SU(3) symmetry to determine f, = 0.223(—0.215) GeV
for 6, = —58°(—32°) mixing angle for strange axial-vector
mesons. Since, a; and f; lies in the same SU(3) nonet
we assume f; = f, . In isospin limit, owing to G-parity
conservation decay constant f;, = 0. Experimental data
on 7— K,(1270)v, decay yields the decay constant
fk,(1270) = 0.175 £ 0.019 GeV [22,37], while decay
constant for K;(1.400) may be calculated by using
relation f (1.400)/f, (1.270) =cotf, i.e., fg, (1.400) =
(—=0.109 = 0.012) GeV, for Oy, = —58°; f£1(1.400) =
(—0.232 = 0.025) GeV, for 6, = —37°; used in the present
work [37]. For decay constants of axial-vector charmed
and strange charmed meson states, we have used fp =
—0.127GeV,  fp =0.045GeV,  fp ,=—0.121GeV,
f D, = 0.038 GeV,and f, =~ —0.160 GeV for numerical

evaluation [29,32,33,37]. It may be noted that the decay
constants of 3P, states have opposite signs to that of 'P;
as appear from (21).

C. Form factors

In the Isgur-Scora-Grinstein-Wise model [31], weak
hadronic transition form factors are predicted using non-
relativistic quark model wave functions. The form factors
obtained are assumed to be reliable at near the zero recoil
point where ¢” reaches its maximum value (mg — my)>.
The problem being that the form-factor g*-dependence
in the original ISGW model [30] is proportional to
e~ 4n=a") ag a result form factor decreases exponentially.
Nevertheless, this has been improved in updated version of
ISGW model (ISGW 1II) [30,31] where the form factors
show a more realistic behavior at large (g2, — ¢°). The
exponential dependence of B, — T form factors has
been replaced by a polynomial term. In addition, ISGW
IT model incorporates heavy quark symmetry constraints,
heavy-quark-symmetry-breaking color magnetic interac-
tion, relativistic corrections, etc.

The simplified expressions for h, k, b, and b_ form
factors in the ISGW II model for B, — T transitions are
given as [30,31]:

my 1 mqBp (h)
h=—ot (—— LS )F5 . Q2
2\2mg Bp \my 2p_mnr By 1
_ M ~\ (k)
k= 1+ @)F.’, (23)
V283,
2 2
by +b_ = " idi

4\/§mqmmeHBB(. Ba.r

2
X (1 _ e —/iT )ng++b—>, (24)
2mBC ,33(,7
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2
. my (b+—b_)( mgmy, Bt
by —b_.=———"——F - —
* \/Embi’;lTBB( 5 2/u’+mB( B%K.T
2 2
b B (1= 2 LLY) o)
4mq BB[T 2mBL. BB[T
where
1 1\-!
fo = (- + —) . (26)
m myp
t(= ¢?) dependence is given by
t, —1t
o—1=2 27)
2mB[mA

2

where t,, = (mp_— mg)* is the maximum momentum

transfer, and

e \=3/2/m-\—1/2
o) )

mpg. mr

e \—1/2/m-\1/2
n) ()

mBE mr

Ma \—5/2(m+\1/2
e (0) ()"
y mr

(28)

m =3/2/m+\—1/2
5 =F5(~Bt) (NT) ,
mBC mr

where /7 represents sum of the meson constituent quarks
masses, m is the hyperfine averaged physical masses. The
parameter 8 have different values for s-wave and p-wave
mesons as shown in Table I [30,31].

The function F5 is given by

FS:(mT)1/2<’BB”'8T>5/2|:1+%X2(tm—t)i|_3, (29)

mp Ba.r

where
5 3 3m? 1 ( 16 )
X = p— +—

dmym, ZchmTB%CT g My \33 — 2ny

Xln[w], (30)

aS(mc)
and
1
Bh.r =5 (B%, + B 31

ny =5, the number of active flavors and w g, is the quark
model scale. The following quark mass values (in GeV)
have been used to evaluate B, — T form factors:

TABLE I. The values of 8 parameter for s-wave and p-wave
mesons in the ISGW II quark model.

Quark

content ud us s5 ci s ub sb c¢ b

B (GeV) 041 044 053 045 056 043 054 0.88 092
B, (GeV) 028 030 033 033 038 035 041 052 0.60
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TABLE Il. B, — T transition form factors at gZ,, in the
ISGW 1I quark model.

Modes Transition h k b, b_

Ab=1,AC=0, B.— D, 0.016 0.515 —0.008 0.010
AS = -1 B.— Dy, 0019 0684 —0.010 0013

Ab=1,AC=1, B.— xn»(ct) 0021 1306 -0.015 0.018
AS=0

m,=my;=0.31, m;=0.49, m.=1.7, and m,=>5.0.

Finally, the form factors thus obtained are given in
Table II.

IV. RESULTS AND DISCUSSIONS

In this section, we present branching ratios of nonlep-
tonic B, — AT decays using ISGW II model framework
for CKM favored and CKM suppressed modes. The
branching ratios for B, decaying to an axial-vector meson
and a tensor in the final state for CKM enhanced and CKM
suppressed modes are given in column 3 of Tables III, IV,
and V, respectively. We also present our results at N, — oo
(see column 4 of Tables III, IV, and V) for the sake of
comparison, as no theoretical or experimental information
is available now. We observe the following:

A. For CKM enhanced modes

(1) The most dominant decay channel in CKM-enhanced
bottom changing and charm conserving (AS = —1)
mode is B, meson decaying to p-wave charmonium
X in the final state, ie., Br(B, — a; x») =
4.69 X 10~*. The branching ratio increases by 15%
larger at large N, limit i.e., 5.54 X 107*. However,
our prediction is roughly half of the numerical value
obtained by Chang et al. [23], which is based on the
Bethe-Salpeter equation and QCD inspired potential
approach at N, — oo. The next order branching ratio
are of B, — DYD; and B, — DD; decays. It may
be noted that at large N, limit, branching ratios for
color favored modes increase roughly by 15%, while
that of color suppressed modes increase by ~80%
due to change in Wilson coefficients a; and a,,
respectively. However, our results remain unaffected
from the interference of a; and a, terms as class 11T
decays are not possible for B, — AT decays.

(2) In CKM-enhanced bottom and charm changing
(AS = 0) mode, the highest order branching ratios
is Br(B; — D xe.) = 3.34 X 1075(3.95 X 107%).
The next order values are Br(B, — D_; x,) =7.49 X
107%(8.85X 107%) and Br(B; — x. D) = 4.78 X
1077(2.67 X 10~°), where the numbers in the paren-
thesis are BRs at large N, limit. The remaining
decay modes are suppressed having branching ratios
of O(1078 ~ 10719).

034024-5
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TABLE III. Branching ratios of B, — AT decays for CKM-enhanced modes.
Branching ratios

Mode Decays N.=3 N,— >

B, —aj X 4.69 X 107* 5.54 X 107* (9.17 X 10™%) [23]

. B — b X 3.28 X 107° 3.88 X 107°
AS=-1 B DD, 423 %107 236 X 1076
¢ 12 g .

B; — DYD; 1.33 X 1077 7.43 X 1077

B — D xe 3.34 X 1073 3.95 X 1073

B = D X2 7.49 X 107° 8.85x 107

B. — xaDy, 4.78 X 1077 2.67 X 107°
AS=0 B — KDy 246X 107% (253 X 107%)* 2.90 X 1078 (2.81 X 107%)*

B — K;Dy  3.66 X 1078 (7.61 X 107%)* 4.33 X 1078 (8.85 X 107%)*

B, — diD;, 4.55 x 10710 2.54 X 107°

B; — f1D, 4.54 X 10710 2.54 x 107
For O = —58°.

TABLE IV. Branching ratios of B, — AT decays for CKM-suppressed modes.

Branching ratios

Mode Decays N, =3 N, —
B = Ki xo 166X 107% (1.63 X 1075)*  1.97 X 1075 (1.90 X 107%)?
AS = —1 B, = K| X 240 X 1073 (476 X 107%)*  2.84 X 1073 (5.58 X 107°)*
B, — DD, 4.45 X 1078 2.49 X 1077
B — DD, 1.40 X 1078 7.81 X 1078
B = Di X 232X 1076 2.74 X 1076
B — Di X2 7.42 X 1077 8.77 X 1077
B. — xaD5 2.42 %1078 1.35 X 1077
AS =0 B; — a; DY 6.82 X 1077 8.07 X 1077
B; — fiD5 3.96 X 107° 221 X 1078
B — d'Dy 3.96 X 107? 2.21 X 1078
B; — by DY 4.77 X 10712 5.65 X 10712
For O = —58°.
TABLE V. Branching ratios of B,— AT decays for (4) It may also be noted that change in mixing angle €,

CKM-doubly suppressed modes.

Branching ratios

Mode Decays N.=3 N, — »
B; =D Dy  253x1077 3.00 X 1077

As—_q Be— D;D}  843x107° 9.96 X 1078
B - DD,  676x107° 3.78 X 1078
B - DD,  212x107° 1.19 X 1078
B, —D;DS  151x10°% 1.79 X 1078

AS =0 B; —»D;Dy 475X 107° 5.61 X 107°
B; — DYD;5 L75x 10719 9.76 X 10710
B; — DID; 549 x 1071 3.07 x 10710

(3) We wish to point out that the branching ratios of

B, — ACP))T decays are larger than B, —
A('P,)T decays due to larger values of respective
decay constants. However, this trend is reversed in
decays involving strange axial vector mesons for
both angles, i.e., 0,(] = —37° or —58°.
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from —37° to —58° does not affect the branching
ratios of decays involving K (*P,), whereas branch-
ing ratios of decays involving K (' P,) are almost
doubled.

B. For CKM suppressed and doubly
suppressed modes

In CKM-suppressed bottom and charm changing
mode (AS = —1), branching ratios of dominant
decays are Br(B; — K[ x.)=2.40X1073(2.84 X
107%) and Br(B; —K; xe)=1.66X1075(1.97 X
1079) for 0,(1 = —37°; here also, numerical values
in brackets indicate BRs at N, = oo, It is seen that
branching ratio for B, — K| x, decay increases by
afactor of 2 for §x, = —58°. The branching ratios of
the remaining decay modes are of O(1077 ~ 1078).
As compared to (AC = 1, AS = —1), the dominant
decay channels in (AC = AS = 0) have branching
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ratios of O(107° ~1077), i.e., Br(Bf = D] x.2)=
2.32X1079(2.74 X 107%); Br(B; —Dj x2)=
7.42x1077(8.77x1077) and Br(B; — DYa;) =
6.82 X 1077(8.07 X 10~7). However, rest of the
decays have branching ratios of @(1078 ~ 10712).

(3) As expected, the branching ratios of CKM-
suppressed decays are an order smaller than CKM-
enhanced modes both for strangeness changing and
strangeness conserving channels.

(4) Decay channels in Cabibbo doubly suppressed
(AC= -1, AS=—1) and (AC= —1, AS=0)
modes remain highly suppressed except for
Br(B, — D, D9)=2.53x10"7(3.00X 1077). Other
decays in these channels have branching ratios
O(1078 ~ 10719),

(5) Here also, the branching ratios of decays involving
A(P,) in the final state are larger in comparison to
the decays involving A('P,) except for strange
axial-vector mesons.

In addition, some decay channels are also possible
through annihilation contributions but are ignored in our
analysis, as these are suppressed due to helicity and color
arguments.

As a test of factorization approximation, we propose
to study the ratio of branching fractions of B, — AT to
B. — VT decays for the same quark content, i.e.,

Br(B, — AT)
Br(B, — VT)
_ (j:_A)ZI:a(m,%)lPAP + B(m3)|pal® + 7(m/24)|PA|3:|
v/ La(m})py|” + Bm)|pyl® + y(m})|pyl* S
(32)

which is independent of QCD coefficients, kinematic con-
stants, and CKM factors. We find this ratio for dominant
modes in CKM-enhanced and CKM-suppressed modes as

Br(Bc - a;X{,‘Z) —

— 0.9;
Br(Bc - p XCZ)
BrB.—Kixa) | _ o
Br(Bc - K*_/\/CZ) 37° '
and
Br(Bc - Kl_Xc2) ~0.6
Br(B. — K™ x2) |37

It is clear from the expression (32) that this ratio may be
used as a test of the ISGW II model to determine
g*-dependence of the form factors provided that decay
constants are known. Also, if the form factors are well
known, relation (32) may be used to estimate the extent of
mixing between K, and K, states and consequently to
determine fg and f K, decay constants.
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With remarkable technological improvements in experi-
ments and availability of high precision instrumentation,
branching ratios of the order of (107%) could be measured
precisely [7] at the LHC, the LHC-b and Super-B factories
in the near future, which could provide the necessary
insight into the phenomenological studies related to B,
meson physics.

V. SUMMARY AND CONCLUSIONS

In the present work, we have investigated B, — AT
decays in the ISGW II model framework. We have ob-
tained their branching ratios of B, — T transition form
factors in this model. We have presented results both at
N, = 3 and large N, limit. We conclude the following:

(1) In CKM enhanced (Ab =1, AC =1, AS = 0) the
only dominant decay B, — a| x., has branching
ratio (2.32 X 10™*%). However, the dominant decays
B = D xe and B — D xe in (Ab =1,
AC =0, AS = —1) have branching ratios around
1073 and 1079, respectively. Branching ratios of all
the decay modes range from (10~% ~ 10712).

(2) In CKM suppressed modes, the branching ratios are
further suppressed by an order of magnitude as
compared to CKM enhanced modes. Branching ra-
tios for the dominant decays B, — K| x», B, —
K7 x> and B, — D7 x., are of O (1075 ~ 1079).

(3) In general, branching ratios of B, — ACCP|)T de-
cays are higher in comparison to the B, — A('P,)T
decays due to larger decay constant of AGP,;) me-
sons. However, this is reversed for decays involving
K -meson in the final state.

(4) Change in mixing angle 6k, from —37° to —58°
increases branching ratios of decays involving
K, (1P)) by a factor of 2, however, decays involving
K,(3P,) remain almost unaffected.

(5) Atlarge N, limit, branching ratios of all the decay
modes are enhanced due to increased values of a;
and a,. Also, our results are independent of sign of
a; and a, as Class III type decays are not possible in
B. — AT mode.

Recently, several p-wave meson emitting decays have
been reported in the Particle Data Group [2] whose branch-
ing ratios are (107°). Therefore, we hope that the
predicted BRs will be measured soon as experiments like
the LHC, the LHC-b, and the KEK-B are expected to
accumulate more than 10'° B, events per year.
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