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Abstract. We evaluate semileptonic and two-meson nonleptonic decays of the B, meson in the framework
of a nonrelativistic quark model. The former are done in spectator approximation using one-body current
operators at the quark level. Our model reproduces the constraints of heavy-quark spin symmetry obtained
in the limit of infinite heavy-quark mass. For the two-meson nonleptonic decays we work in factorization
approximation. We compare our results to the ones obtained in different relativistic approaches.

PACS. 12.39.Hg Heavy quark effective theory — 12.39.Jh Nonrelativistic quark model — 13.20.Fc Decays
of charmed mesons — 13.20.He Decays of bottom mesons

1 Introduction Table 1. Branching ratios in % for semileptonic B, — c¢ and

B. — B decays. In the first part of the table ! stands for

In this work we have studied, in the framework of a non- [ =¢e, p.
relativistic quark‘ model, exclusive sgmlleptomc.and two- This work ] 7]
meson nonleptonic decays of the B meson driven by a
b — c or ¢ — d, 5 transitions at the quark level. We have  B: = nc.l” iy 0.4870:9 0.81 0.42
not considered semileptonic processes driven by the quark B, — n. 7~ v, 0.17+0:01 0.22
b — wu transition to avoid known problems both at too  p- — .01 7 0.11+0:01 0.17
high-¢2 transfers, where one might need to include the ex- B = xeo " 7y 0.013+0.001 0.013
change of B}-resonances, and at too low ¢?> where recoil Bc_ S I 1 54+0-06 9.07 1.93
effects could be important [1]. i M ’ ’ ’
e B - J/Ur i 0.41+0-02 0.49
In order to check the sensitivity of our results to the ° oo +0.003
interquark interaction we have used five different quark- ~ Be = Xe1l” 7 0.0667 /902 0.092
quark potentials taken from refs. [2,3]. All the potentials ~ BZ — xe1 77 77 0.00725:0003 0.0089
used have a confinement term plus Coulomb and hyperfine B — h. 1™ 1, 0.17%0:02 0.27
terms coming from one-gluon exchange, and differ from - . p. .+ 7, 0.01510-001 0.017
one another in the power of the confining term or in the — p- _, Yoz ™ 7 0.13+0-01 0.17
use of different form factors in the Coulomb and hyper- BC, N 5 0.0093+0-0002 0.0082
fine terms. Their free parameters had been adjusted to e T Xez T ‘ —0-0005 ‘
reproduce the light- and heavy-light meson spectra. Our BC_ — ¥(3836) 1 _”_l 0.00430.0005 0.0066
central results have been obtained with the AL1 potential ~ Be — ¥(3836) 7~ - 0.000083-0.000010  0.000099
of ref. [3], while our errors show the spread of the results This work [6] [8]
when using the other four potentials. o F0.004
A detailed account of the full contents of this work is ~ Be = EO €le 00465 007 0.071 0.042
now available in ref. [4]. B: — BO Wy 0.04476:005
B; - B er. 1.061005 1.10 0.84
—0
BI = B, p, 1.02%5:07
2 Semileptonic decays B: B en. 0.11100! 0.063  0.12
—x0
S . Bi - B uv 0.1115:03
We have made our calculations in the spectator approxi- o T2 BT ot
B, - B, en. 2.3570:14 2.37 1.75

mation using one-body current operators. In table 1 we
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Table 2. Forward-backward asymmetry Arpp of the final
charged lepton (e, p or 7) measured in the leptons center-of-
mass frame.

Arg(e) Arp(p) App(T)
B, — Te
This work  0.607%°" 10=¢ 0.13%%%1 10=' 0.35
[5] 0.953 107° 0.36
Bc — Xc0
This work  0.721%92 10=¢ 0.15 107" 0.40
[5] 1.31107° 0.39
B. — J/W¥
This work  —0.19 —0.18_¢.01 —0.35%0-02 191
[5] —-0.21 —-0.48 107"
Bc — Xel
This work —0.60-0.01 —0.60_0.01 —0.46
[5] 0.19 0.34
Be = he
This work ~ —0.83_0.05 1072 0.97F951 1072 0.35
[5] —3.6 1072 0.31
Bc — Xc2
This work  —0.14 —0.13 0.5510:02 101
[5] —0.16 0.44 107!
B. — W(3836)
This work —0.59 —0.59 —0.42
5] 0.21 0.41
Arp(e) Arp(p)
B » B’
This work  0.677992 1075 (0.827901 107!
B - B,
This work  0.891%9 1075 (.9610-01 10!
B - B
This work 0.17_0.01 0.19_¢.01
B » B’
This work  0.14_¢.01 0.1670-01

show our branching ratios for semileptonic B, decays
and compare them to the results obtained by Ivanov et
al. [5,6], within a relativistic quark model calculation, and
Ebert et al. [7,8], within the quasipotential approach to
the relativistic quark model. The three calculations give
similar results.

In table 2 we show the forward-backward asymmetry,
with the forward direction being defined by the three-
momentum of the final meson, of the charged lepton mea-
sured in the leptons center-of-mass frame. Our results are
in reasonable agreement with the ones of ref. [5] with two
exceptions corresponding to final x.; and ¥(3836), where
not even the sign of the asymmetry is the same.

For the decay B, — J/¥lp, with the J/¥ decaying
into a u™ u~ pair one can evaluate another angular asym-
metry. Calling z,, the cosine of the polar angle of the p™ p~
pair, measured in the u™ ™ rest frame relative to the mo-

715

Table 3. o angular asymmetry for the g p~ pair in the decay
BI = ptu~(J/®) 1.

a”(e) a’(p)  a’(r)
B.— J/@
This work  —0.29_9.01 —0.29 —0.19
[5] —0.34 —-0.24
M,

. O . O §

Fig. 1. Diagrammatic representation of the B. two-meson
nonleptonic decay in the factorization approximation.

mentum of the decaying .J/¥, we have that the differential
decay width dFB:au‘*’u—(J/'Il)lDl/dxH =1+4+a*z,. Our re-
sults for the asymmetry parameter a* are given in table 3.
They are in reasonable agreement with the ones obtained
by Ivanov et al. [5].

2.1 Heavy quark spin symmetry

While one cannot apply ordinary heavy-quark symmetry
to hadrons with two heavy quarks, there is a symmetry
that survives for those systems, which is the heavy-quark
spin symmetry (HQSS). This symmetry reflects the fact
that for infinite heavy-quark masses the spins of the two
heavy quarks decouple.

We have checked that our model reproduces the con-
straints imposed by HQSS in the infinite heavy-quark
mass limit. Those constraints relate the form factors for
B, semileptonic decays into final 0~ and 1~ mesons near
the zero recoil point [9].

For the actual heavy-quark masses we find small devi-
ations from the infinite heavy-quark mass limit relations

for the B, — 7., J/¥ case, while corrections are large
for some of the form factors in the B, — FO,P*O

B. — By, B." cases. See ref. [4] for details.

and

3 Two-meson nonleptonic decays

Neglecting penguin contributions, the effective Hamilto-
nians used for these calculations are given by local four-
quark operators of the current-current type [7,10]. We
work, as it is usually done, in factorization approximation
in which the amplitude only contains contributions as the
ones depicted in fig. 1. To evaluate the amplitude we need
different meson decay constants that we take from experi-
ment or lattice data. For the 7. we use our own theoretical
result obtained with the model described in ref. [11].
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Table 4. Branching ratios in % for exclusive two-meson non-
leptonic decays of the B, meson that include a ¢¢ meson in
the final state.

Table 5. Branching ratios in % for exclusive two-meson non-
leptonic decays of the B, meson that include a B, B meson
in the final state.

This work [10] [7]

B e 0.09410-006 0.19 0.083
B = nep” 0.2410:01 0.45 0.20
By - n. K~ 0.007570-0008 0.015 0.006
B - n. K™~ 0.013+0-001 0.025 0.011
B - J/¥n~ 0.076710-008 0.17 0.060
B = J/¥p 0.24+0:02 0.49 0.16
B - JJWK~ 0.00600-0006 0.013 0.005
BI = J/$ K"~ 0.014710:002 0.028 0.010
B. = Xeom 0.02610-:003 0.055
B = Xcop~ 0.06715:9%¢ 0.13
Be = Xeco K~ 0.00207+0-0002 0.0042
B: = xe0 K™~ 0.0037+0-0005 0.0070
B = xaw” 0.0001410-00001 0 068
Bl = Xe1p~ 0.01015-901 0.029
B = xa K~ 1.1+011075 5.110"*
BZ = xe1 K7 0.00073%3 00008 0.0018
B = hem 0.05370-007 0.11
B = hep™ 0.1310:0 0.25
B > h K~ 0.0041+0-0006 0.0083
B = ho K*~ 0.0071+0-0008 0.013
BI — Xe2m™ 0.022+0-002 0.046
Bl = Xe2p” 0.06510 000 0.12
B = xe2 K~ 0.00177+0-0001 0.0034
B = xe2 K*7 0.00385-990% 0.0065
By —» w(3836) 7~ 4.17)9%107F 0.0017
BT — w(3836) p~ 0.0020_0.0003 0.0055
B - w(3836) K~  3.1%52107¢ 0.00012
B, — w(3836) K*~  0.00014_0.00002 0.00032

This work [10] [12] [13]
B, —n.D~ 0.014+0-001 0.019 0.014 0.015
B — n.D*~ 0.01270-001 0.019 0.013 0.010
B — J/¥ D~ 0.0083T%%% 0015 0.009 0.009
B — J/¥D*~ 0.0311%-00 0.045 0.028 0.028
B; — n. Dy 0.4410:02 0.44 0.26  0.28
B = n.D:™ 0.2410-02 0.37 024 027
BI - J/¥D; 0247002 0.34 0.15  0.17
B = J/¥D:~ 0.68700 0.97 0.55  0.67

In table 4 we show results for decays that in-
clude a ¢¢ meson in the final state. For decays with a
n~, p~, K, K*~ meson in the final state we find good
agreement with the data by Ebert et al. [7] while our
results are roughly a factor of two smaller than the
ones obtained by Ivanov et al. [10]. For decays with a
D=, D*7, D, D}~ meson in the final state we are in

This work [10] 8]
B > B’ 0.11+90! 020  0.10
B, »B’p~ 0.1419%2 020 013
B »B K~ 0.010%3% 0015  0.009
By » B K™~ 0.0039%3999% 00048 0.004
By 5B a 00728392 0057  0.026
By B p~ 0588005 030  0.67
B, 5B K~ 0.0048%3997 00036 0.004
By > B K 0.0301992 0013  0.032
B - Bon™ 3.511019 3.9 2.46
B, »B.p 2.3410:05 2.3 1.38
B »B.K~  020%00 029 021
B - BiK*™  0.013_0001  0.011  0.0030
By 5B a~ 2341019 2.1 1.58
B »B. p~ 134193 11 10.8
By »B.)K~ 013100 013  0.11
This work [10] 8]

B - B~ «° 0.003819:0008  0.007  0.004
B = B~ p° 0.005019:9902  0.0071  0.005
B; - B K 025700 0.38 0.24
B - B K*°  0.09379:29 0.11 0.09
B, — B~ x° 0.002579-000¢  0.0020  0.001
B. — B p° 0.02070:003 0.011  0.024
B.— B*~K°  0.12%0%; 0.088  0.11
B. — B~ K*°  0.73%3:% 0.32 0.84

good agreement with the results by El-Hady et al. [12],
obtained using the Bethe-Salpeter equation, and the ones
by Kiselev [13], obtained within the three point sum rules
of QCD and nonrelativistic QCD.

In table 5 we show results for decays that include a
meson with a b quark. Our branching ratios for decays
with a B, B™ meson in the final state are in very good
agreement, being B, — Br the exception, with the
results by Ebert et al. [8], while for the case with a B, B
meson in the final state we are in very good agreement
with the results by Ivanov et al. [10]. Finally, for the case
with a B~, B*~ meson in the final state we find, with just
one exception (B, — B*~ %), very good agreement with
the results by Ebert et al. [8].
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