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For any new physics possibly emerging in the futdrexperiments, the problem is how to extract
the signals from the standard model (SM) background. We consider the deeaysd which is very
small in the SM. In the minimal supersymmetric SM this decay is possibly accessible in the future
experiments. In supersymmetric models wRkparity violating couplings, this channel is not strictly
constrained and thus is useful in obtaining bounds on the lepton-number violating couplings. A typical
candidate for the suggested search isBhe— K~ K~ 7* mode. [S0031-9007(98)07643-1]

PACS numbers: 13.25.Hw, 12.60.Jv

Rareb decays offer a good opportunity to discover newpletely in the supersymmetric model by including also
physics beyond the standard model (SM). Many investithe box diagrams, in addition to the penguin contribu-
gations have been done in the past years on the predictiotisn calculated before. Bounds frojm— sy, BB, and
of processes induced by flavor changing neutral currenk K mixings are considered and their conclusion is that
(FCNC) interactions, both within the SM and beyond [1].the box diagrams cannot be neglected in the nonleptonic
One of these FCNC induced procesdesy sy, has been transitions.
measured [2] and the branching ratio is comparable with Here we will consider a novel channel— ssd which
the SM prediction [3] which, however, still contains sig- turns out to be exceedingly small in the SM. In the SM,
nificant uncertainties. Thus it is hard to make any definitethis process can be induced by box diagrams with the up-
conclusion of signals of new physics. This is also true intype quarks and weak bosons inside the loop. Because
most of the channels liké — sqg [4] and b — slI [5], of the strong Glashow-lliopoulos-Maiani suppression and
due to the theoretical uncertainties. the small Cabibbo-Kobayashi-Maskawa (CKM) angles in-

In a recent study, Gabbiardt al.[6] considered the volved, theW-box contribution is found to be very small.
nonleptonic processes— dqg (¢ = u,d,s) more com- | We perform a simple estimate and find that within the SM,
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where | If this process were observed at future experiments, we
L= 1lx + 452 3 would be confident that there is new physics involved.
flx) = d 2x - Snx, In the minimal supersymmetric standard model
4x(1 — x) 2(1 — x)° @) (MSSM), this transition can be induced by the squark-
4x — 1 8x — 4x2 — 1 gauginq (or higgsino) b_ox diagrams. Sincc_e Botis
glx,y) = 21 =) + 21 = 2 Inx —Iny. constrained to be small in the MSSM, there is no large

contribution from the charged Higgs box diagrams and
In Eq. (1) themf/m%., term is numerically about one- we will not consider it further. An alternative mechanism
half of the highly CKM-suppressed contribution at the for this channel in the supersymmetric models is through
amplitude’s level. We have dropped in (1) the kinematicshe R-parity violating couplings. These two seem to be
dependent contribution which is smaller thedi?% of the  the only ones capable in mediating this decay within the
term proportional tOmg/mZW. Even though the relative supersymmetric models without strong suppression. The
phase between the two contributions in (1) is unknownnponsupersymmetric models like the two Higgs doublet
the branching ratio is always less thaii'!, far beyond models, including the so-called model Il [9], are worth a
the designed ability oB factories. By comparing with the separate investigation.
analogous processeB’B? and K°K° mixings [7], we To simplify our discussion, we consider only the squark-
suppose that including QCD correction will not change thegluino box which is generally the dominant contribution.
value greatly. Furthermore, the so-called “dipenguin” [8]Following the mass-insertion approximation [6,10], uni-
is only part of theO («y) corrections to the lowest order versal squark masses are assumed, and the squark mix-
W-box diagram and is thus less important. In order toings are described by the off-diagonal elements in the
consider new physics, this is a clean and useful channeiass squared matrices. We keep only the left-handed
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sector in the squark mixing, following the observation
made in [11] that the left-right and the right-right sectors

are more strongly constrained. The effective Hamiltonian 0?9
is then ~
5}
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wherex = mg/md, and the functiong’s(x) and f¢(x) can

be found in [6]. 6 parametrizes the mixing between
the down-type Ieft-handed squarks. The decay width is
calculated as

10
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I'= M |:£Xf6(x) + 1—1f6(x):| . (4 FIG.1. The branching ratio ob — ssd as a function of
48Qm)3my |9 18 x = m2/m3 in MSSM without R-parity violation, when the
squark gluino box diagram is included. Region above the line
At present, the strongest bounds on the squark mixing paas been excluded by the present daté ea sy and onAmy.

rameters;, come fromk K mixing, andss; fromb — sy _ o
[6]. These bounds are obtained usigix < 3.521 x  [12], the tree level effective Hamiltonian is
10”15 GeV andBR(b — sy) < 4 X 107*. They depend Z fQCD
onx. Using these bounds, we plot in Fig. 1 the maxi-
mum branching ratio ob — ssd depending orx. When Do
doing numerical calculations, our parameters are chosen + Ao AsSrdiSibe) . (6)
as my = 500 GeV, 73 = 1.59 ps, fx = 160 MeV, and The QCD corrections to the left-right operators in Eq. (6)
mp = 4.5 GeV. Note that QCD corrections are less im-have been found to be important [13]. The next-to-
portant in the MSSM [6]. leading order QCD corrections are also available [14]. For

The MSSM can be extended by includirgyparity ~ simplicity, here we include only the leading order QCD
violating interactions. The term in the-parity violating ~ corrections which are glve94 2)3/ a scaling fﬁczt?f
part of the superpotential, which is relevant here is ag(mp) / a(m,) /

facp = | =~ — (7)

a(m;) as(ms,)
for my, > m,, and by
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W = A}y LiQjdy (5)

wherei, j, k are indices for the families anfl, Q,d are,

under the SM gauge group, the superfields for the lepton facp = (a (my ) (8)
doublet, the quark doublet, and the down-type quark sin- ) S ,

glet, respectively. A’ is a dimensionless coupling. The for m;, <m,. Using m; =100 GeV, we estimate
transitionb — ssd can be induced also by the lepton num-JQcp =

ber violating interactions ifi. Following the notations |n| Thlen the decay rate induced by tReparity violating
couplings is
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Note that the couplings are not strongly constrained by the present experiments [15]:
[A]3, A5, ] < 0.34 X 0.035, [A]15AT55] < 0.02 X 0.20,
[A53,A5] < 0.36 X 0.18, [A515A55] < 0.09 X 0.18, (10)
[N Ahn | < 048 X 0.20,  |A5;A5;] < 0.10 X 0.20,

if using mz, = 100 GeV, and we have | the level of branching ratia0~* — 1073 is realistic, and
a negative result will improve the bound in (11) 104,

2 2
Z\/l)‘m’\"zll + Al < 0.1, (11) " Note that the stricter constraints a, m%/\;y)\,’j%

which is too weak to constrain the present mode. Thus §om AMjp and |3, z Mol from AMg [12]
search for this decay mode will improve our knowledge onare independent from the present combination of the
these couplings. At present, an analysis of this transition atouplings.
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Next we consider the experimental implications of the Finally, let us consider a similar process— dds due to
discussed channel. In the MSSM, the branching ratio othe same mechanisms. An interesting exclusive channel of
this decay is smaller thar0~7 — 1073, which is difficult  this process i8~ — K"~ a~. Inthe SM, this process
to reach at thé factories, but hopefully is possible at Hera- suffers even stronger suppression thar- ssd (by a
B or at LHC. In the MSSM withR-parity violation, there factor of |Vq/Vi| in the amplitude). In the MSSM, the
is no strict constraint on the mode, and the branching ratidecay rate is proportional to the more strongly constrained
might be quite large. A search for this mode will help |84 §¢;12. Thus its upper bound is much smaller (only
to improve the bounds on theaétype R-parity violating  10™* of b — ssd). However, the hope thdt — dds can
couplings. _ be induced by the\’-type R-parity violating couplings is

Typical final exclusive processes 6f— ssd include  still alive. By comparing the involved’ combination
B* — K*K°(K"), which are difficult to separate from the with that inb — ssd, again, there exists only a very loose
standard penguin process— ds5 throughkK°K° mixing.  bound
Although the interference of these two sources of the
final states is novel in the study of the phenomena such Z\/l/\ﬁm)tﬁ,*mP + A Anal?2 <005,  (12)
as CP violation, these channels are not suitable for the n
direct search for the new physics. However, the threeang the available data can be used to improve this bound
body mode of the chargekidecays likeB~ — K"K~ 7", {5 the order ofl0~*.
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