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Abstract

The purely leptonic decay®® — ¢*v and D — ¢*v, for which no experimental limits exist, are highly suppressed
in the Standard Model. Mere observation of these decays aB tfaetories Belle/BaBar or forthcoming CLEO-c would be
a clear signal of physics beyond the SM. We show tRaiarity violating slepton contributions can give rise to spectacular
enhancements of the decay rates, resulting in branching ratios as largels 8, which strongly motivates a search in these
channels.

0 2003 Elsevier Science B.V. Open access under CC_BY license.
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1. Introduction factories by two mechanisms: (i) continuura pro-
duction and (ii) decay oB mesons. While the ma-
jority of B decays involve some charmed particles, it
is difficult to extract charm data from these decays
due to the high multiplicity of particles in the final
states. With the high luminosity of th8 factories,
however, a lot ot:¢c pairs that subsequently hadronize
to D mesons are produced directly in the collision of
the primarye™e~ beams. Both Belle and BaBar will
each have about & 10% ¢¢ continuum events in the
anticipated data samples of 400 thus providing

a rich testing ground for charm decays. At CLEO-c,
prospects are also very promising with the thresh-
old production of D mesons offering distinct advan-
tages over thec continuum production at th8 fac-

T Email addresses: akeroyd@kias.re.kr (A.G. Akeroyd), tories, which compensates for the lower luminosity of
stefan@post.kek.jp (S. Recksiegel). CLEO-c [9].

The wealth of new data from th@ factories Belle
and BaBar has caused a great amount of phenomeno
logical interest inB decays in recent years. Already
the much anticipated measurement of g PL,2] has
been achieved, and many new results in the field of
rare B decays (e.gbh — sy [3] andb — dy [4]) are
eagerly awaited.

Less attention has been devoted to charmey (
meson decays, although tiBefactories and forthcom-
ing CLEO-c promise the largest sample of charmed
mesons to datel) mesons may be produced at tBe

0370-2693/03 O 2003 Elsevier Science B.V. Open access under CC BY license,
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These experiments will have substantially increased 2. Annihilation D* meson decays
sensitivity to the purely leptonic decays of the charged
D* mesons,DF — [*v and D* — [*v. In the To date the primary interest in measuring the purely
SM, such decays occur vi® annihilation in the  |eptonic decaysD*/D* — I*v; has been to obtain
s-channel and provide an opportunity to measure the information on the charge meson decay constants
decay constantsfp,, fp) for DX and D*. Of these  [6]. In the SM these decays proceed via annihilation
six leptonic decays, onlpF — r*v andDF — utv to a W in the s-channel (see Fig. 1). Due to helicity
have been observed, from whigh, is measured with  suppression, the rate is proportionalmf, and the
an error~ 14%. TheD* decays are Cabbibo sup- phase space suppression is particularly severeifor
pressed compared tBF, and none have been ob- The partial width is given by:
served except for 1 event f@* — p*v. The B fac-
tories and CLEO-c will offer improved measurements F(D; — £Twy)

+ + + + i H H
o_f Dy — v and D — u v, which in turn will G%memlzfg m2 \ 2
significantly reduce the error in the current measure- — 7q|ch|2 _ TI , (1)
ments of fp,. Observation oD* — p*v (or the less 8r mp,
ibleD* — t*v) will provide the first serious -
access whereg = d ors. The SM predictions for the BRs and
measurement ofp.

the current experimental status of the various searches

In this Letter we advocate searching for physics .
beyond the SM through these decays. Of special are shown in Table 1.0One can see that the decays

. :t . . - .
interest areD: — v and D — e for which mzolvmg i v have tlny BRs, while those wxolvmg
s 7O . : w*v andr*v have BRs in the range 18 — 104, Of
no experimental limits exist, but could readily be ) .
: the six possible decays, only two have been measured
searched for at the above experiments. In the SM _ . R
these are severely helicity suppressed rb§/ and with any sort of accuracy, yielding a world average of
: y bp = 9 fp, =264+ 35 MeV [6]. Additionally there is a very
have branching ratios of the order 10and 10, g T n 1
. imprecise measurement @* — u*v based on 1
respectively. Hence such decays have been largely

o _ 180480
overlooked since (in the context of the SM) they observed event, givingp, = 300 155130 MeV [7].

Of the three decays which have not been searched for
cannot offer a measurement of the decay constant _ i i i )
Dy — e*v and D™ — ¢™v have particularly clean

with present or upcoming data samples. However, _.* .
the smallness of their branching ratios enables these3|gnatures. With the expected large sample

) andD* mesons at Belle, BaBar and CLEO-c [5], these
decays to play a new role of probing models beyond s

. " 4
the SM. We show that slepton contributions in the experiments should be sensitive to BRO(10™).

_ . Th :t
Minimal Supersymmetric Standard Model (MSSM) CLEQ.C aims to accumulate 30 ”.“!"ODi events
. - . . (6 million fully tagged) and 1.5 millionD;= events
with explicit R-parity violation can enhance these (0.3 million fully tagged) by the end of 25004 Belle
BRs to 5x 103, a result which strongly motivates ' y tagg y '

a search in these channels. Although the effect of and BaBar expect & 10° ¢ continuum events by
new physics in purely leptonic decays is sometimes
tainted by the uncertainty in the decay constant,
the tiny SM branching ratios (BRs) fabf — e*v
and DT — e¢*v assure that mere observation of
these decays at the aforementioned machines would
be an unambiguous signal of physics beyond the
SM. Fig. 1. LeptonicD; decay in the Standard Model exchange.

Our work is organised as follows. In Section 2
we introduce theD* meson annihilation decays. In ———
Section 3 we show how these decays can be enhanced - Our numbers differ substantially—especially in_the
. . . . . channels—from the ones given, e.g., in the BaBar book. This is be-
In R-parity YIOIatmg SUsY mOdeISj Section 4 pr.esents cause the rate depends very strongly on the mass @ tfier which
our numerical results and Section 5 contains oUr e are using newer values. We also use a different value for the de-
conclusions. cay constant of théy, see Section 4 for details.
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Table 1
SM predictions and current experimental limits
Decay SM prediction Experiment
DY — etv, 8.24x 1079 x
D — utvy, 3.50x 104 (87113 x 1074 (7]
P 9.25x 1074 x
D —> et 1.23x 1077 x
Df — utu, 5.22x 1073 (5.3+£0.9+1.2) x 103 [6]
Df > thy; 5.09 x 10~2 (6.05+ 1.0441.3440.22) x 102 [6]

the end of 2005. Mere observation of these decays and so BRf(D*/DF — ev) would still be below
would be an patent signal of physics beyond the SM. the expected experimental sensitivity 6f(10~%).
In the next section we show that SUSY particle®in Hence we suggest that observation of B8R / D —
parity violating extensions of the MSSM can enhance e*v) > 10~* could only be attributed to physics
these decays to experimental observability. Thus in beyond the SM.
addition to offering measurements of the charded We note that inclusive measurements of the
meson decay constants, the purely leptonic decaysBR(D;t/Di — ¢ + X) have been performed, to
of D*¥/DF mesons assume a new role of probing which any enhanced:/D* — ¢*v would have con-
physics beyond the SM. In [5] CLEO-c is considering tributed. However, the error in the measurements of
increasing the selection efficiency of thechannel ~ DF — ¢* + X [10]andD* — e* + X [11] still allow
by waiving theu-tag requirement, stating that ree for contributions fromD¥ /D* — ¢*v of the order of
contamination is to be expected due to the small SM a percent or more.
rate of the respective channel. We strongly encourage
also performing an analysis with a muon identification
tag, because thechannel can substantially contribute 3. R-parity violating contributionsto
to the total leptonic annihilation decay rate as will be D%, D¥ — ¢y
shown later in this Letter.

The related decay®*/DE — e*vy, are known The main motivation forR-parity violating SUSY
to have larger BRs thaw*/DF — e*v in the SM [12,13] is to account for the observed neutrino oscil-
[8,9]. This is because the presence of a photon in lations without increasing the particle content of the
the final state removes the helicity suppression. The MSSM [14,15]. The superpotential is given by:
analysis of [9] finds BRD* — etvy) ~ O(107% — 1 ‘
107% and BRDF — e*vy) ~ 0102 — 107%) Wr = Ekt./kLtLjEli + Ak Li Q; Dy
The “effective” SM prediction for BRD*/DF — 1
¢*v) should include the contribution from BR*/ + 5k Uf DDy 3)
D¥ — e*vy) with a soft photon (i.e., one which

. . Bilinear termsu; L; H> are also possible, but have neg-
cannot pe detected e_xperlmentqlly), whose |_nfra-red ligible impact on the annihilation decays we consider.
singularity cancels with the radiative corrections to

H 4 ¢ NC NC i -
BR(D*/D¥ — e*v): SlnC(_a t.he)xiiji D} Dy term can mediate protqn de
cay, it is customary to assume that thé couplings

BReff(D:t/D;t _ e:l:l)) van_ish due tol some discrete symmet_ry (e_.g., .baryon
- n parity). The simplest approach t®-parity violating
=BR(D*/D{ — e*v) phenomenology is to assume that a singiparity vi-

+ BR(Di/Df - eiw) 2) olating coupling in theveak basis (A;jk) is dominant
with all others negligibly small. It was shown that such
However, the soft photon contribution is only a small an approach leads to several non-zRrparity violat-

fraction of the total rate for BRD®/DF — eFvy), ing couplings in themass basis (1/ ) due to quark

imn

Ey, <Eres’
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Fig. 2. LeptonicDg decay inR-parity violating models: sparticle
exchange.

mixing [16]:

Moun = Mji VKM Sien- (4)

Here we have assumed that all quark mixing lies in
the up-type sector, so that the mixing matrix is the
usual Kobayashi-Maskawa matrixKM. This sim-
plification avoids the appearance of the right-handed
quark mixing matrix and gives the most conserva-
tive limits on theR-parity violating couplings, which
would otherwise be constrained more severely from
the decayk* — 7*vi [16]. A realistic R-parity vio-
lating model would have many non-zero couplirgs
the weak basis and so in general would have a very
rich phenomenology provided the couplings are not
too small.

It has been emphasised before that the purely
leptonic decays are very sensitive at tree level to
R-parity violating trilinear interactions, and thus these

mn I

decays constitute excellent probes of the model, e.g.,

the decaysBf. — [*v may be enhanced up to
current experimental sensitivity [17—20]. The relevant
Feynman diagrams for the decas /DF — I*v are
depicted in Fig. 2 and consist af and ¢-channel

exchange of sparticles. These additional channels

modify the SM rate (1) by
(RZ + qun)MDq’ ®)

whereR; = m¢Mp, tar? /M2 . stems fromR-parity
conserving SUSY charged Higgs exchange [21] which
we will not consider further since it is also propor-
tional to the lepton mass and is relatively unimpor-
tant for the lighter leptons on which we focus. The
R-parity violating SUSY contributions are given by:

PRI
" AGEVeg S 2mE

mp— (1+ A?n)ml -

(6)

VZJ l’lql)\‘]jl’

41

(M

whereq =d, s for D+, D{, respectively. These for-
mulae were derived in [17] for leptonic decays Bf
mesons. The helicity suppressed contribution from the
Al term can be mediated by just onecoupling (if

n =1 andg = j), or by two different couplings (if

n #1 andlorg # j). The dominamqun term (which

is not helicity suppressed) requires one non-zero
and one non-zerd.. In the next section we will vary
the R-parity violating couplings inside their allowed
ranges to determine the obtainable BRs.

The contribution of ther-channel diagrams has
been considered in [22] fobE — t*v and Df —
wrv. Here only single coupling limits were con-
sidered and weak limits are derived fag,, and
A5, Analogoust-channel exchange diagrams also
occur for the neutraD® meson decay®° — /717
[23,24]. Strong upper limits< 10°) on BR(D® —
ete”,etu~, utu™) have been obtained from the
Tevatron. These decays have stw@hannel contribu-
tions of the typerl’ due to the absence of the cou-
pling Al]kv,ujﬁk in the Lagrangian. We wish to focus
on the decay®:, DT — e*v, in particular, the he-
licity unsuppressed-channel contributions mediated
by combinations of)’. Although these decays might
be problematic at the Tevatron due to the missing en-
ergy ofv, they can be readily searched for at the:~
machines Belle, BaBar and CLEO-c.

4, Numerical results

In our analysis we make use of the latest limits
on the R-parity violating couplings. and2’. Single
coupling bounds are listed in [13]. Further input
parameters areip+ = 1.8693 GeV,tp+ = 1.051 x
1012 s, fp+ = 0.2 GeV for the D* meson and

mp: = 1.9685 GeV,r)» =049 x 1025, f0 =
0.25 GeV for the Df. The parameters for rare
decays are taken from [26].

Many of the bounds orR-parity violating cou-
plings relevant for our analysis are of the same or-
der of magnitude; the products of these couplings
are O(107?) and can mediat®*/D* — ¢*v with
BRs up to®(10~1). However, most combinations of
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Fig. 3. Dependence of BR* — ¢*v;) and BRt* — ¢* k?) on the product oft , couplings|ipgi25, |-

21" which mediateD*/D¥ — e*v would strongly
contribute to the kaon decayX? — ete, e uTF,
wt ™, viad exchange in the-channel [25]. The lim-
its on such combinations @(10~7), which is 18 bet-
ter than the product of the single coupling limits, and
at first sight would seem to rule out the possibility of
a sizably enhance®* /D — e¢*v mediated byra’
combinations.

However, large BRs foD*/DF — e*v can occur
if the neutrino isv;. This is because the correspond-
ing decay in the kaon sector would involve depton
in the final state, which is kinematically impossible.
The only possibility for a lepton flavour violating kaon

(for sparticle mass 100 GeV) can induce BR —
eTv;) = 1.251x 10~2. Although as stated above, this
combination of couplings is safe from rare kaon decay
bounds, the same combination can induce the lepton
flavour violatingr decayr® — ¢* K0 [26].

The dependence of BR* — e¢*v,) and BRt* —
¢*K?9) on the product of th&, couplings|x23115,4|
is shown in Fig. 3. The- andy-axes give the respec-
tive branching ratios andh231A%54| is varied along
the diagonal line. The plot is logarithmic along both
axes. The experimental bound on BR — ¢~ Kp)
prior to summer 2002 [27] (rightmost vertical dashed
line) is less restrictive foi231155,], and therefore

decay mediated by these combinations of couplings for BR(D* — ¢*v,), than the product of the individ-

would beK? — ¢FtF* — ¢E¢Fv, vy, Here the addi-

ual coupling bounds. The BR* — e¢*v,) attainable

tional suppression factors (e.g., off-shell propagators, with the individual coupling bounds is indicated by
additional vertices) easily weaken the limits on the rel- the upper horizontal dashed line. However, a much im-

evanti’ couplings to®(10-2) where the single cou-

proved experimental bound on BRE — ¢*K9) has

pling bounds become more restrictive than the bounds recently been published [28], and this limit is indicated

from kaon decays. In addition the final state/ T v, v,
has not been searched for.

Therefore, the most promising combinations which

enhanceD® — e*v, and D — e*v; are Axzidhy,
andiz31r5,,, respectively. For these combinations the
use of the single coupling bounds is justifiedhe
single coupling boundsz3; = 0.07 andi},, = 0.18

by the left vertical dashed lin&This new limit re-
stricts the enhancement of BR — e*v;) from R,

masses [15]. These bounds are of the same order of magnitude as

the single coupling bounds, and so our results are largely unaffected.
3 [26] appeared shortly before the new bounds on(BR—

et K0) were released and therefore derives a rather weak bound

[A231257 5l 122314554 ] < 4.7 x 102, which is less restrictive than

the single coupling limit. This limit improves ta2x 10-3, an order

2 Recently some new constraints on these combinations have of magnitude better than the single coupling limit, with the new data

been derived from considering 2 loop contributions to neutrino

from [28].
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Fig. 4. Dependence of B®; — ev;) and BR7 — en) on the product oyé,, couplings|k231A/2’kzz|.

couplings quite substantially; only BRs ¢#(10~%)
remain attainable, while the older bound on lepton
flavour violating r-decays allowed BRs 0(1%).
CLEO-c expects 30 millionD* events (6 million
tagged), so even BRs @¢?(10~%) or smaller could be
observed. Alternatively, lack of observation would fur-
ther improve the limit onii2311%5].

The situation is much more favourable o —
e*v;, which is correlated with the less well measured
* — e*y. The single coupling boundss; = 0.07
and A,,, = 0.21 give BRDf — e*v;) = 1.391 x
10~2. The plot analogous to Fig. 3 for the dependence
of BR(DSi — e*y;) and BRt* — e*5) on the
product of R, couplings|A231155,| is shown in Fig. 4.
The current experimental bound on BR — e*p)
[29] (vertical dashed line) restrictsi231455,| (and
therefore BRDE — e*v,)) slightly more than the
product of the single coupling limits, indicated in the
top right-hand corner of the graph.

The lower horizontal dashed line indicates a hy-
pothetical limit on BRDF — e*v;) of 1074 which
seems realistic in light of an expected number of
1.5 million Dy events (0.3 million fully tagged) after
one year of running of CLEO-c. This limit would re-
strict the product of couplingg.231155,| about a factor

rent runs of theB factories. We therefore believe that
even if searches fob*/DE — ¢*v; do not detect
an enhancement in these channels, they would still be
useful for setting new limits on products @&f, cou-
plings.

The poorly measured decdy™ — p*v may also
be enhanced by the combinatibgs2r,,,. The current
error allows for a sizeable enhancement over the SM
prediction of the order 3—6, depending on the value of
the decay constant. The SM prediction currently lies at
the lower end of the experimentally allowed interval.
If subsequent measurements should tend towards the
upper end of the current interval, nhon-zeReparity
violating couplings would be a possible explanation
for this deviation. SM-conform measurements on the
other hand would allow for better limits otpazi5,;.
CLEO-c aims to measure the BR* — p*v) to a
precision of a few %. For the decays®/DE — t*v
we do not find sizably enhanced BRs.

The decaysD* — ¢*v and D¥ — ¢*v can also
be mediated by products of twd couplings (right di-
agram in Fig. 2), but because of the helicity suppres-
sion, only ther-channel can receive a sizeable contri-
bution. Even in these cases, tig contributions can
only become as large as the uncertainties of the SM

of 10 better than present experiments. To compete with predictions. Therefore, neither a large enhancement,

this accuracy, the experimental limit on BR —
eTn) would have to improve by about two orders of

nor improvements of the limits are possible, except
for single coupling limits or},, andi3,, as shown

magnitude which does not seem attainable in the cur- in [22].
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5. Conclusions

In the context of the MSSM we have studied the
effects of R-parity violating couplings X, »’) on the
purely leptonic decay®*/DF — I¥v. We showed
that slepton mediated contributions proportional to
combinations of the typel’ can strongly enhance
the previously unmeasured decdy$/DF — e*v to
the sensitivity of currenB factories and forthcoming
CLEO-c. Maximum values for BRD¥ — e*v) and
BR(D* — e¢*v) of 5x 1073 and 1x 104, respec-
tively, were found. Mere observation of these decays
would be an unequivocal signal of physics beyond the
SM. In simple R-parity violating models with a sin-
gle dominant.2’ combination, there would be a cor-
relation with the decays® — ¢*K? andt* — %,
which would be similarly enhanced to the sensitivity

of current and planned experiments. Such correlated [13]

signals would provide strong evidence #®1parity vi-
olating interactions.
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