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Loop-induced rare decays of B, mesons
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A case is made for study of loop-induced rare decays of 8, mesons as a test of the standard
model and its extensions. A large amount of theoretical work on rare decays of B„+ and Bd
mesons can be directly translated into predictions for rare decays of B, mesons. The particular
decay B, py is emphasized as a potentially clean example of a radiative penguin process.

There is, to date, not a great deal of theoretical litera-
ture concerning 8, mesons. Most has been with respect to
the prospects of observing mixing' in the 8, system,
though some also deals with decay modes, ' produc-
tion, "and lifetimes. '

In recent years, however, there has been considerable
interest in penguin decays of 8 mesons and the general
loop-induced b sX transition, where A'is, for example, a
Higgs boson, a photon, a gluon, or a lepton pair. Though
none have yet been observed, all these processes may take
place within the framework of the three-generation stan-
dard model. Many authors have calculated expected
branching ratios for 8„+ and 8$ mesons into K y,
K~ iI+/ in a variety of models. These processes are, in
general, sensitive to physics at energy scales not directly
accessible by current experimental techniques, and de-
pend on the top-quark mass, and on details of the Higgs
sector of the standard model and possible extensions
thereof ranging from supersymmetry to a fourth genera-
tion and others. (For a good summary see Ref. 15.)
Some experimental limits on these decays are already
available. ' ' There exists some controversy over the
theoretical predictions as the issue is complicated by QCD
corrections and uncertainty about how quark-level pro-
cesses will manifest in specific final states. We do not ad-
dress these issues here, but rather point out that many of
these calculations may immediately be applied to the 8,
system where, as we shall argue, the situation may be ex-
perimentally cleaner.

We confine attention in this paper to 8, mesons pro-
duced from the Y(5S) resonance produced at e+e
storage rings such as the Cornell Electron Storage Ring
(CESR). These are expected to be produced in an analo-
gous fashion to the production of BdBd and 8„+B„pairs
from the Y(4S), together with 8„*+and Bd and possibly
8, mesons. The relative production rates of these 8
mesons is unknown, and while they have been estimated, "
they are still subject to great uncertainty. We note here
that considerations to follow on the decays of 8, mesons
may also be applied to 8,* mesons which decay via
8,*'-8,'~.

The 8, meson diA'ers from the Bf meson only in the re-
placement of a down quark. by a strange quark. To the de-
gree that SU(3)f is a good symmetry we expect that
b sA' processes should proceed at similar rates for 8,
and 8$ mesons. [Because of the uncertainties in theoreti-
cal calculations both of penguin decays and of 8, produc-

tion from the Y(5S), there seems little point in consider-
ing details, and we will approximate freely. ] The point of
interest is, however, that the final hadronic states will
differ markedly. In analogy to Bd KA; one expects the
decays 8, tIA'and 8, ri'A'. (References in this paper
to a specific charged state are to be interpreted as also im-

plying the charge-conjugate state. ) Unfortunately, the
strange pseudoscalar mesons decay predominantly into
final states containing photons or tr 's (which then decay
into photons) and are thus rather difficult to study cleanly
in experimental situations. The situation with Bd K*X
is rather more optimistic. From 8$ K*(892)Xwe have
the analogous decay 8, ~ pA. It is this latter case which
is of primary interest in this paper, particularly in the de-
cay 8, ~ py. It is to this decay that we now turn our at-
tention.

Let us compare the experimental prospects for the ob-
servation of these decays. While for the decay 8 K*@
it has often been stated in the literature that there is a
clean signature in the form of a monoenergetic photon,
this is not actually the case. Bd and 8„+ mesons are not
produced at rest from the Y(4S) and the resultant
Doppler shift, combined with the generally poor energy
resolution possible for detecting such photons, results in a
rather broad distribution in the measured photon energies.
The current practice' ' of looking for K*@combinations
with g from the beam energy less than some specified
value is equally applicable to the decay chain

Y(SS)-8,'8,', 8,'- yy,

independent of the boost with which the 8, mesons are
produced, whether they are directly from the Y(5S), or
from 8,* decays. Consider now the branching ratios' of
K* (892) and p into the experimentally cleanest chan-
nels:

8(K* (892)~K+tt ) = 3

8(y-K+K )= —,
' .

Note also that the full width ' of P (I -4.41 MeV) is over
11 times smaller than that of the K*(892) (I 51.3
MeV). The absolute production rate of K mesons in the
neighborhood of the Y(4S) is about 5 times less than that
of pions. Thus we estimate the background for the decay
8, py to be about 55 times lower than that for
8$~ K y while the detection efficiency, due to choice of
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final state, is smaller by a factor of only about 0.75. In
practice, the relative background estimate will be some-
what less than 55 due to di%culties in identifying pions
and kaons at the relevant momenta. In spite of this, it is
clear that the decay 8, py is an experimentally promis-
ing one.

Similar arguments may be made with respect to decays

such as 8, ~ pH and 8, ~ pl+I . Depending on the
number of Y(5S) decays that can be obtained, the rate of
production of 8, mesons from the Y(5S), the correctness
of the assumption that the decay rates for the two
8, ~ pX and 8P K*X are approximately equal, and
the overall background present, it may well be that radia-
tive decays of 8, mesons will prove a useful field of study.

S. Ono, A. I. Sanda, and N. A. Tornqvist, Phys. Rev. D 3$,
1619 (1988).

2W. -S. Hou and A. Soni, Phys. Lett. B 196, 92 (1987).
J. L. Hewett and T. H. Rizzo, Mod. Phys. Lett. A 3, 975

(1988).
4M. Tanimoto, Ehime University Report No. EHU-02-88, 1988

(unpublished).
sA. D. Martin and C.-K. Ng, Z. Phys. C 40, 133 (1988).
6P. Krawczyk, D. London, and H. Steger, Nucl. Phys. B321, 1

(1989).
76. Eilam and A. Soni, Phys. Lett. B 216, 217 (1989).
SD. Du and Z. Wang, Phys. Rev. D 38, 3570 (1988).
sA. Q. Vignudelli et al. , Nuovo Cimento 100A, 397 (1988).
'oG. Eilam and A. Soni, Phys. Lett. B 215, 171 (1988).
"N. Byers and D. S. Hwang, Report No. UCLA/87/TEP/44,

1987 (unpublished).

A. Datta, E. A. Paschos, and U. Turke, Phys. Lett. B 196, 382
(1987).

i31. Dunietz, in Proceedings of the 8'orkshop on High Sensi
tivity beauty Physics at Fermilab, Batavia, Illinois, 1987,
edited by A. J. Slaughter, N. Lockyer, and M. Schmidt (Fer-
milab, Batavia, 1987).

'4A. Datta, E. A. Paschos, and Y. L. %'u, Nucl. Phys. B311,35
(1988).

' A. Masiero, Istituto Nazionale di Fisica Nucleare, Sezione di
Padova, Report No. DPTH 88/TH/16, 1988 (unpublished).

' CLEO Collaboration, P. Avery et al. , Phys. Lett. 8 183, 429
(1987).

ARGUS Collaboration, H. Albrecht et al. , Phys. Lett. B 210,
258 (1988);DESY Report No. 88-063, 1988 (unpublished).

' Particle Data Group, G. P. Yost et al. , Phys. Lett. 8 264, 1

(1988).


