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We put constraints on several productdRgparity violatingh\” and\’\’ type couplings from leptonic and
semileptonicr, By, andBg decays. Most of them are one to two orders of magnitude better than the existing
bounds, and almost free from theoretical uncertainties. A significant improvement of these bounds can be made
in high luminosity tau charm oB factories.
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[. INTRODUCTION posed by handto make the parameter space of the model
more restricted and tractabland one can write aR-parity
We live in a time when the standard mod&M) has been violating superpotential of the form
vindicated in a number of experiments and at the same time
has left us with a feeling that it is incomplete, which makes W= l)\__ L L.EC+ )/ L-Q-D°+1)\-”- uDDE, (1)
the search for physics beyond the SM a holy grail for most of 2 TIKEIEIE kTR T g Rk ke

the particle physics community. We have absolutely no idea

what the manifestation of the new physics will be; this forcesV/Nich does not violate any gauge symmetry. The factors of
1/2 take care of the fact thatand\” couplings are antisym-

us to consider all sorts of theoretically motivated new phys- otric i their first two indices. SucR-parity violatin

ics options. Since one does not have any experimental sign erms can be motivated from sorﬁe of thepgrar):d unifiedq[heo-
that definitely points to new physics, the best one can do is t%es [2]. In Eq. (1) L, Q. U, D, andE denote, respectively
constrain the parameter space of the new physics models. ' ) P L '
These constraints come mostly from experimental dia §U(2)L doublet lepton and quark superfields, &Bt(2),

. ) . ) singlet up, down, and charged lepton superfields, iand
cIudmg asj[rophysmal onghut sometimes from theoretical are generation indices. Of courdeandL are both violated,
considerations tod.

) .and to forbid proton decay, one has to keep eithgrolating
As long as one does not produce the new particles diy anq )’ terms orB-violating " terms, but not both. There
rectly, one has to look for their indirect effects in low-energy s aiso a bilineaR-parity violating term of the forneL;H,,
observables. All low-energy data are more or less consistej{hich has a lot of interesting phenomenold@y, including
with the SM, taklng into account the eXperimental and theO'possib|e |eptonic flavor Vi0|ati0|[\4], but we will not con-
retical errors and uncertainties. Thus one can look at thossider that term in the present paper.
observables which may be explained by the SM; the trick is  With 45 new couplinggand all of them can theoretically
to maximize the width of the window for new physics and be complex the phenomenology is immensely richer, but at
put constraints on the parameter space of such models. Athe same time less predictive. There is, however, one major
ternatively, one can look at those observables which are alpoint to be notedR-conserving SUSY can affect low-energy
solutely forbidden or highly suppressed in SM so that oneobservables through loop effects and hence can hardly com-
does not expect any signal; here even one event will signglete with SM effectgexcept in some of the cases where the
new physics and in the absence of any event, the paramet8M process itself is loop-induced or, even better, forbidden
space for new physics may be constrained from the experR-parity violating(RPV) SUSY, on the other hand, can show
mental upper bounds. up in tree-level slepton or squark mediated processes which
Among the new physics options that people consider, suean successfully compete with the SM. This also ensures that
persymmetrySUSY), with all its variants, is the most popu- for comparable coupling strength, RPV SUSY amplitudes
lar one[1]. In the minimal and some nonminimal versions of are generally orders of magnitude higher than the
SUSY, the action is so taken as to conserveRhguantum  R-conserving SUSY amplitudes.
number defined afR=(—1)%"-"25 whereB, L, and S The individual RPV couplings have been constrained
stand for baryon number, lepton number, and spin of thdérom various low-energy processgs|, and upper limits on
field, respectively. This ensuré= +1 for all particles and some of the product couplings, including their phases, have
R=—1 for all superparticles, and conservationRfmpies  also been found6-11]. Often one finds that the product
that superparticles must occur in pairs in all allowed Feyn-coupling is much more constrained than the direct product of
man vertices. HoweveR parity is a discrete symmetry im- the upper bounds of the individual couplings.
In this paper we find the upper limits on the products of
some of thelL-violating A\ and A’ type couplings coming
*Electronic address: jyotip@juphys.ernet.in
TElectronic address: akundu@juphys.ernet.in
'For example, from the consideration of the stability of the scalar 2Constraints coming from\my, Amg, u—3e, u—e conver-
potential. sion, etc. fall in this category.
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from rarer, By, andBg decays. The leptonic flavor violating observation of superparticles. Such signals occur from the
processes are forbidden in the SM, and the only contributindact that the same four-Fermi operators lead to different final
amplitude comes from RPV SUSY. The expected branchingtates. Among leptonic and semileptoBialecays, one may
ratios (BR) of leptonic flavor conservingB=1 processes Mention the correlated channeld) By—eu and By
within the SM are so much below the experimental numbers~ 7€x; (i) Bs—Ii'l; and B4—KI'l; . More correlated
(exceptB—K®*)|*17) that one can safely ignore the SM channels are to be found in nonleptoBidecays, which will
effects, as well as th&conserving SUSY effects, to put P€ discussed in a future paper4]. In the absence of any
bounds on the RPV couplings. Most of these decay modeSe'related decay channel, the next best thing is to observe the
are also theoretically clean and free from any hadronic un2€cay distribution of the final state particles, since RPV

o : . e ; SUSY has a different Lorentz structure from that of the SM.
certainties Whlch_plagut_a nonIeptomc&t)ach e exception One may, for example, study the angular distribution of final
is again the semileptonic proceBs-K™’[7]7.)

) . state leptons ilB—KI "1~ decays, the crucial fact is that
There are three major sources of uncertainty, howeveli‘ree-level RPV has a Lorentz structure of the fora—(A)

First, the decay constants of the neutral mesons, particular%(erA) We do not go into any detailed discussion of this
that of , By, and B, are yet to be cleanly determined. (iﬁsue in the present work.

Fortunately, the bounds where these decay constants are r We consider only nonzero-violating A and\’ type cou-

evant just scale with their values; this will be discussed in theplings Though it is true that leptoniedecays can be medi-
appropriate section. Second, tBe- K/ form factors allow ated by type couplings alone, the individual bounds on

a slight theoretical uncertainty. We use the BSW form factor§hese couplings are much tighter than one may hope to get

with oscillator param_etew=0.5 GeV[12]. Lastly, .the €U " from such decays. Thus— 3 lepton(there can be six differ-
rent masses of the light quarks cause the maximum unceg, . combinations processes give a fairly weak bound

tainty in A" type coup_ling.s.; again, the pounds scale with ~@(1)] on the relevani-type couplings. We do not con-
the qu_ark masses. The individual bounds in most of t_he CaS&ider such processes further; if they are observed in the near
are fawly weak anq the bounds on the product cogplmgs th ture, their explanation must lie somewhere else. It is obvi-
we find are sometimes one to two orders of magnitude bettef | . » type couplings cannot mediate leptonic and semi-
than the existing ones. Some of these product couplings ha\fSptonic decays

been .con5|dered earli¢,8]; these we update with better To construct.four-Fermi operators from and A’ type
experimental numbers. These updated numbers, too, are

vastly improved. We have not discussed leptonic and semf[—:Oupllngs that mediate such semileptonic and leptorand

leptonic D° decays since the bounds are much weaker thaB decays, one needs to integrate out the squark or the slepton
those which one gets from— e conversior[6]. This in turn Bropagator. Both the couplings coming in the product may be

S . P . complex; one is free to absorb the phase of one coupling in
implies that.SUCh d_ecay 5|_gnals , I observed In present the sfermion propagator but the other remains, making the
;r;dvuspjgr:;mg colliders, imply some new physics but r]Otoverall coupling responsible for the process a complex one in
) eneral. However, since all these processes are one-

When we say that these bounds are robust, we of cour plitude (there is no SM counterpartno scope of
not only mean to alleviate the theoretical uncertainties of theCP—vioIation exists: one only observes the nonzero branch-
SM. The faCF that I_eptonlc flayor-changlng processes are aahg ratios. By the s,ame argument, we can take all couplings
solutely forbidden in the SM imply that these b(_)unds stan o be real without any loss of generality. The only exception
no matter what the phases of these RPV couplings may bg, i< siatement, vizB—K(*)1*1-, will be dealt with in
The same is true for all purely leptoni& decays, but not if the proper place ' '

. ’ . - .

fchere are competing SM am_plltudéas inB—KI"17), even The paper is arranged as follows. In the next section we
if one takes the lowest possible SM number and saturates ”bqscuss the formalism for, and the bounds coming from
expenmen.tal data by RPV. contnbutuon, which is Fhe Stan'semileptonim- decays. Section Il discusses leptofig and
dard practice. The reason is simple: the two amplitudes ar;

decays, while Sec. IV is on semileptonic decays of these
coher_ent and_the bounds depend on _the_ phase Of. the R mesonsYWe summarize and concludgin Sec.V. g
couplings, while the standard prescription is true for incoher-
ent amplitudes only. This we show explicitly for th@ Il. + DECAYS
—KI™1~ decays. One should note here that the most conser-
vative bounds, not necessarily the true ones, come from such All the processes that we consider involve terms in the
incoherent amplitude summation. RPV Hamiltonian with two leptons and two quarks as exter-
There is another point that we like to emphasize. Thougtal fields. The Hamiltonian can be written as
it is true that observation of the SM-forbidden decays would — —
be a definite signal of new physics, to show convincingly &=~ Ajumllj(1+ vs)li[dm(1=vs)d]
that it is RPV SUSY one needs to find some correlated sig- 1 _ o
nals(e.g., enhancement of BR different decay channels. + EBjk,m[lj YM(1=ys) ][ dmy(1+ v5)di]
We briefly discuss how this can be done for explicit RPV
models (spontaneous RPV models have been discussed in 1 _ o
[13], including bounds coming from mesonic and leptonic —ECJHm[ijﬂ(l—ys)l|][ukyﬂ(1+ v5)Un]+H.c.,
flavor violating decays If one finds such correlated signals,
it will be an almost definite RPV signal, without the direct 2
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where where the anglé is estimated to be about22°. The cur-

rent quark masses are taken to fmg=10 MeV and mg

NN im NSk N im =200 MeV.

Ajk|m=§lmi Bjk|m=241 m? Following the standard practice, we assume only one
Yi UL product of RPV coupling to be nonzero at a time. This elimi-
nates the need to consider their phases and signs; without

3 ’fki)\{mi any loss of generality, we can assume all products to be real

Cjklm:Z 4— € and positive since only the square of the absolute magnitude

=1 Amg2 of the product enters in the expression for the decay width. If
) the final state quarks are of chargel/3, the mediating
terms to be nonzero so that there is no interference effeqjyarks are of charge 2/3, the mediating squark is a “right-
between different RPV couplings. We will also take only onepanded” down-type one. Note that if two or more products
sfermion generation indexto be nonzero at a time. are simultaneously nonzero, there can in principle be an in-
Note that if the final state consists of two down-typeterference effect foM =,p, and 7, and it becomes im-
quarks, bothA andB terms may contribute, whereas for two perative to consider the signs and the phases of the product
up-type quarks, only th€ term comes. For mesons like’, couplings. We neglect this complexity.

p®, or 7 in the final state, all three terms may be important.  The experimental 90% C.L. upper limits on the BRs of

One thing that we do not consider is the running of thearious - decay modes are taken fro7]

RPV couplings between the sfermion scale and the low-

3 3

energy scale. The corrections are electroweak in origin and Br(r—em)<3.7x10
can be safely neglected. The only QCD correction may occur
between the two quark fields; far decays, this pair had- Br(7— um)<4.0x10 6,
ronizes, absorbing all such uncertainties in the decay con-
stant. The same is true for leptorBoor D decays. For semi- Br(r—en)<8.2x10 8,
leptonic meson decays the form factors are supposed to take
care of these short-distance corrections. However, this effect Br(r—un)<9.6x10 6,
is important when we have four quarks as external fields and
may contribute a multiplicative factor of 2 to the effective Br(r—ek%)<1.3x10 3,
Hamiltonian[15].

The generic process—|+M is lepton-flavor violating Br(r— uK®%<1.0x10 3,
and does not occur in the SM. Strong experimental upper
limits exist on at least 14 modes that we consider hére: Br(r—ep)<2.0x10 6,

=e,u and M=m,p,n,K° K K% . Such modes are
fairly clean from a theoretical point of view. In RPV SUSY,
all such processes can occur with a squark or sneutrino
propagator mediating the decay. Since the squark is very
heavy, we do not consider any QCD effect that may take
place between the squark and the final state quarks.

The only uncertainty, albeit small, appears in the decay
constants of the neutral mesons. Our values for the decay
constants aréin GeV) [16]:

Br(r— up)<6.3x10°9,
Br(r—e$)<6.9x10 °,
Br(r— u¢)<7.0x10°,
Br(r—eK*%<5.1x10° 6,

Br(r— uK*%)<7.5x1078,
f,=0.132, f,=0.216, f(=0.161,

Br(r—ekK*%)<7.4x10°©

— *0)<7.5%x 1075,
The decay constants foj (and #') are obtained from the Br(r—pK™)=<7.5¢10 ®

decay constants of the o_ctet and singlet medgrsl.34f . The nonzera\\’ type couplings can mediate onty—|
andf,=1.10f . by a rotation: + P type decays wher® is a generic pseudoscalar meson.
U ed ) That the production of vector mesons is forbidden is evident
i =15 ="fecos6/6—f1sin /3, from the Lorentz structure of the corresponding four-fermi
Hamiltonian. The decay width can be written as
fS = —2fgc0s6/\6—f1sin6/4/3, -
I'(7—1;+P[=q;qx])
Y, =fgsin6/\6-+f,c086/ 3,
o~ fasin 0/ 8-+ 11005013 (m2+m? —mg)C(m,,m; ,mp)Fp ,
= ' — Mnishnidl? (7
f*,=—2fgsing/\6+f,cos0/\3, (5) 128rm°m? Paiaknid” (7
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TABLE I. Bounds on\\' type products fromr—|+M decays.
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Final Previous Final Previous
AN/ state Bound bound AN/ state Bound bound
(123(111) wn 5.3x10 4 2.5x10°° (123(121) me 4.1x10 2 1.0x10°3
(123(122 wn 1.0x10°? 2.1x10°3 (123(211) ey 4.9x10°4 2.9x10°3
(123(221) ek? 4.7x10°2 8.8x10°3 (123(222 en 9.3x10°3 1.0x10°?
(131)(112) en 4.9x104 3.2x10°° (131(112 ek? 4.7x10°2 1.3x10°3
(131)(122 en 9.3x10° 3 2.7x10°3 (132(111) W 5.3x10°* 3.2x10°°
(132(112 KO 4.1x10 2 1.3x1073 (132(122 1.0x10°2 2.7x10°3

M K7
(133(311) ey 4.9x10 4 6.6x10°* (133(321) ek?® 4.7x 1072 3.1x10°3
(133(322 ey 9.3x10° 3 1.3x10°3 (231)(211) ey 4.9x10°4 4.1x10°3
(231(212 ek® 4.7x1072 4.1x10°3 (231)(222 en 9.3x10°% 1.5x 102
(232(211) wn 5.3x10 4 4.1x10°3 (232(212 me 4.1x10 2 4.1x10°3
(232(222 wn 1.0x10°? 1.5x10°? (233(311) wn 5.3x10 4 7.7x10°3
(233(321) me 4.1x10 2 3.6x10°? (233(322 wn 1.0x10°? 3.6x10°%
where Though we have relied on published experimental num-

bers only to obtain the bounds, let us also quote the Belle

C(my,my,ms) numbers for the modes—eK® and 7— uK° [18]:

R wov: syer yper: 77 77 72 ~
= M} +mj3+m3—2mim5—2mims— 2m5m3, Br(r—eK%<1.8x10°,

8
® Br(r— uK®%<1.8x10°°. (10
m4f2
Fp= L — (99  If we use the Belle data, all the eight" type products in
(Mg, +mg,)? Table | where the final state is eithek® or ©K° have upper

bounds of 1.% 102, which is better or compatible to the

andm denotes the slepton mass. Note that due to our defPr€vious numbers. _

nition of the decay constants, the above expression is to be 1he generic couplingd andC [Eq. (1)] mediate the de-
multiplied by a factor of 1/2 only if there is @° in the final ~ ¢& 7—!+M whereM can be either pseudoscalar or vector.
state. The combinatio)nmg)\,’]jk can be replaced bblnsiMkj The expression for the decay widths in these two cases are as

which will generate the same decay and hence the sanIQIIOWS:

bound applies to both these combinations. —
The bounds are listed in Table I. Note that most of thel (7—!i+P[=a;akl)

numbers are at the same order of magnitude as the previous

bounds coming from the direct product of the individual cou-

plings, though some have been improvatle show only the

best numbers; for example, the decay-e+#° puts a

weaker bound o_rv\zgl)\éll than that coming from7—>e. T(T—>|i+V[Eq_jqk])

+ 7, and hence is not shown separately. Here, and in all

other cases, we take all squarks and sleptons to be degenerate f2C(m,,m; ,my)Vo(m,,m, ,my)

at 100 GeV, and the bounds scale in a simple way: = S 3 '

(m57/100 GeVy. For squarks of the first two generations 512rm*m?

this number is not allowed but used just as a benchmark (11)

value; for the lighter stop 100 GeV is still allowed, and light

sbottom is of current phenomenological interest. Thus, as fe\fvhereC(mf,m,_,mV) is defined in Eq(8) and

as squark-mediated processes are concerned, the more real- :

istic bounds for the first two generations of squarks should

be the number quoted in our tables multiplied by a factor of

~10.

feC(m,,my mp)Po(m, mme)
= 512mmAme |)\3nk)\inj| '

|)\énk)\i,nj|2!

Po(X,y,2)=(x2—y?) 2= Z2(x*+y?),
Vo(X,Y,2) =Z2(x>+y?—22)+ (x*>—y?)?2=7*. (12

o, .
SPrevious bounds indicate the numbers coming from the direcErhe combination\ 3, hin; appears if bothg; and g are

product of individual bounds, or, in certain cases, bounds on thélown-type quarks. In this case the mediating Sql_Jaﬁ_?’]'LS
product coming from a different process. The bounds which ardf the final-state quarks are up-type, the combination that
updated have not been considered as previous bounds. appears is\3,\{y,, with the rest of the formula remaining
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TABLE Il. Bounds on\’\’ products fromr—I|+M processes. Only the best bounds are shown.

Final Previous Final Previous
AN state Bound bound NN state Bound bound
(111)(311) ep 2.5x10°° 5.7x10°° (111(312 eKo* 3.5x10°3 5.7x10°°
(112(311) ek 2.9x10°°3 2.3x10°° (112(312 ep 2.5x10°3 2.3x10°3
(113(313 ep 2.5x10°°3 2.3x1073 (121)(322) ep 2.5x10°3 22.4x10°8
(121)(322 eKo* 3.5x10°3 22.4x10°2 (122(321) ek 2.9x1073 22.4x10°°
(122(322 ed 3.3x10°° 22.4x10°° (131)(331) ep 2.5x10°3 8.6x10°3
(131)(332 eK o 3.5x10°3 8.6x10°° (132(331) ek 2.9x10°3 0.126
(132(332 e¢ 3.3x10°3 0.126 (211)(311) wp 4.4x10°8 6.5x 1073
(211(312 wKo* 3.6x10°° 6.5x10°° (212(31D KO 3.6x10°3 6.5x10°3
(212(312 we 3.3x10°3 6.5x10°° (213(313 wp 4.4x10°3 6.5x10° 3
(221)(321) wp 4.4x10°3 93.6x10°° (221)(322 wKo* 3.6x1073 93.6x10°°
(222)(321) KO 3.6x10°3 0.109 (222(322 wo 3.3x10°3 0.109
(231)(331) wp 4.4x10°3 81.0x10°3 (231)(332 wKo* 3.6x10°3 81.0x10°3
(232)(331) KO 3.6x10°3 0.252 (232(332 we 3.3x1073 0.252

unchanged. Again, the expressions are to be multiplied by eonservesL (it violates leptonic flavor Thus one cannot
factor of 1/2 if one hast® or p° in the final state. explain processes like"—1*M; M, with RPV.

We list only the best bounds coming from these processes
in Table Il. Note that the best bounds always come from
those decays where a vector meson is involyede do not
consider the Belle data in E¢LO)] in the final state; this is The leptonic flavor-violating decayBy s— 171} (i#])
solely due to the better limits on the decay modes. Sincare forbidden in the SM, and flavor-conserving decalys (
some of thex’ type couplings have weak individual bounds, =j) are so suppresse@xcept forl =7 which we do not
most of our bounds on the product couplings are one to twgonsider anywaythat we can take them to be almost forbid-
orders of magnitude improvement over the previous boundglen to a very good extent. Thus, the entire amplitude, if

Consideration of Belle data in Eq10) shows that the nonzero, is solely due to new physics. In RPV models, both
couplings\};,\ 5, and\ 4 N4, both have upper bounds of Slepton-mediated\’ type and squark-mediated'\’ type
2.3x 103 coming from7—eK? and 7— uK°, respectively, interactions can cause such purely Iep_tonlc decays. As al-
all other bounds remain unchanged. Let us, at this IOOimr’eady stressed, the bounds are robust in the sense that they

highlight certain features of the analysis are free from any theoretical uncertaintiésxcept for the

. . : ecay constants dB4 and Bg), and do not depend on the
Mere observation of a single event in any of the decayghase of the RPV couplings.

modes will signal new physics. . N
However, in a dedicated tau-charm factory, one may hope The decay width 0By s—1, I is given by

to observe more events in different channels if the RPV cou-

Ill. LEPTONIC B4 AND B4 DECAYS

plings are close to their present bounds obtained in Tables | f%qv
and Il. F(qu—>|f|;): ~——C(Mg m,m )
With only one nonzera.’\’ product, one should observe 16mm*Mp o

signals in different modes corresponding to the same quark- '

level subprocess: e.gr—ew,en,ep all should show some XP1(Mg, M) N pisl® - (13)

anomalous behavior. This is another example of correlated '

channels and is important to establish the nature of the new

physics. If no such signals are observed in the u+M

channels, flavor-specific nature of the new physics will all

the more be established. fg
If signals are observed in the pseudoscalar channels but  T'(B, —1,"l;,)= . 3

not in the vector channels, that will probably indicate the ' 256rm*M By

presence of a\’ type coupling. If the opposite happens, '

RPV explanation of new physics will be more difficult to XPZ(MBq_ ,m||,m,m)|)\,’ni)\r’nn3|2.

sustain; probably one has to invoke cancellation between dif- '

ferent RPV contributions. (14)
Finally, note that although the individual or A’ type

couplings ard. violating, the overall four-Fermi Hamiltonian HereP; andP, are given by

C(MBq‘ My, )
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TABLE Ill. N\’ bounds from leptoniB4 and B decays.

Bound Previous Process Bound Previous

AN Process K10 bound AN Process K 10°) bound

(121)(113 By—upte” 2.3 1.0x10°3 (121)(123 B—pure" 4.7 2.1x10°3
(121)(132) By—up'e” 2.3 9.3x10°4 (121)(132 B—puTe" 4.7 1.4x10° 2
(121(213 By—e'e” 1.7 2.9<10°® (121)(223 B—e'e” 14 1.0<10°3
(121)(231) Bys—e'e” 1.7 8.8<10° 3 (121)(232 B—e'e” 14 7.3x10°3
(122(113 By—up” 1.5 5.4¢<10°° (122(123 Beou ™ 2.7 2.1x10°3
(122(132) By—utu~ 1.5 9.3x 1074 (122(132 Bs—putu” 2.7 1.4<10°2
(122(213 By—ure* 2.3 2.9<10°° (122(223 B—uter 4.7 1.0<10°2
(122(231) By—puTe’ 2.3 8.8<10°° (122(232 B—ue" 4.7 2.7x10°?
(123(113 By—pu 7t 62 1.0<10°3 (123(131) By—u 7t 62 9.3x10 4
(123(213 By—e 7" 49 2.9<10°3 (123(232) By—e 7" 49 8.8x10°°
(131)(113 By—e 7" 49 1.3x10°3 (131)(131) By—e 7" 49 1.1x10°3
(131)(313 By—e'e” 1.7 6.8<10°3 (131)(323 B.—e'e” 14 3.2x10°3
(131)(331) Bys—e'e” 1.7 2.8<10 2 (131)(332 B—e'e” 14 2.8<10 2
(132(113 By—u 71" 62 1.3x10°° (132(131) By—u 71" 62 1.2<10°3
(132(313 By—u'e” 2.3 6.8<10°° (132(323 B—uTe” 4.7 43103
(132(331) By—ure* 2.3 2.8<10°? (132(332 B—pute" 4.7 2.8<10°?
(133(313 By—e 71" 49 3.6x10°° (133/(331) By—e 71" 49 2.7x10°8
(231213 By—e 71" 49 411078 (231)(231) By—e 71" 49 1.3x10°3
(231(313 By—up'e” 2.3 4.2<10°% (231(323 B—u'e* 4.7 3.6<10°?
(231)(331) By—up'e" 2.3 2.2<10°? (231)(332 B—puTe" 4.7 3.2x10 2
(232(213 By—pu 7" 62 4.1x10°3 (232(231) By—pu 7" 62 1.3x10°?
(232(313 By—utu™ 1.5 1.3x10°? (232(323 Be—utu™ 2.7 3.6x10 2
(232)(331) By—up” 1.5 3.5¢10°° (232(332 Beou' ™ 2.7 3.2x10°?
(233(313 Bg—u 7" 62 7.7x10°3 (233(33)) By—u 1 62 3.2<10°2

P1(xy,2) =x*=x?y?=x*2%,

Br(Bs—u"u )<2.0x10°S;

PZ(X,y’Z)=X2(y2+22)—(y2—22)2 Br(BS—>ei,u,I)<6.l>< 1076. (16)

(19

Furthermore, we take the decay constants of BfandBg

and theC function is defined in Eq(8). The generic slepton to be 200 MeV; the bounds just scale dg (/200 MeVY.

or squark mass is denoted by. Note that the expression ~ We also have Belle numbers for some of these modes
Animhpiz can be replaced by ,mAls in Eq. (13) and  [20]:

NniMmng €an be replaced by|,s\ /i in EQ. (14). Since we
consider only one combination to be present at a time, the
same bound applies to all such combinations.

We present our numbers farA’ couplings in Table Il
andA’\’ couplings in Table IV. Our input parameters are
the experimental 90% C.L. upper bounds on the BRs of the

following modes[17,19:

Br(Bq—e'e )<8.3x107;

Br(By—pu n )<6.1x10 7;

Br(By—e u¥)<1.5x10°¢;
Br(Bg—e 77)<5.3x10 4
Br(Bg—u™77)<8.3x10 4

Br(B.—e'e )<5.4x10 %,

Br(By—e'e )<6.3x10 ;
Br(Bg—u"un)<2.8x1077;
Br(By—e u¥)<9.4x10 7, (17

If one takes these bounds, which are yet to be published, into
account, some of the numbers in Tables Il and IV get modi-
fied. In Table Ill, theA\’ combinations coming fronBy
—e'e” have upper bounds of 1&10°° instead of 1.7
X 10 °; those coming fromBy—u*u~ and By—u“e”
have upper bounds of 010 ° and 1.8<10 °, respec-
tively. In Table 1V, the bounds on th&’\’ combinations
coming fromBy—u*u~ and By—u™e™ are modified to
1.4x10°% and 3.7 10 3 respectively. Obviously, these
bounds scale as the square root of the upper bounds on re-
spective branching fractions.

The presente”e” B factories should improve these
bounds by one order of magnitude at the end of their run, if
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TABLE IV. \'\’ bounds from leptoni®,4 andBg decays.

Bound Previous Bound Previous

NN Process K 10%) bound AN Process K10%) bound
(111)(213 By—puTe* 4.7 3x10°° (111)(313 By—e 7 5.9 5.7x10°°
(112(213 B—u“e® 9.6 1.2x10°3 (113211 Bg—u'e” 4.7 1.2x10°3
(113(212 Bu e’ 9.6 1.2x10°3 (113(311) By—e 7" 5.9 2.3x10°3
(121(223 Bg—u'e” 4.7 9.0x10° 3 (121(323 By—e 7" 5.9 22.4¢10°3
(122(223 B—u'e’ 9.6 9.0x10°3 (123(221) Bg—u'e" 4.7 7.7x10°3
(123(222 B—u'e" 9.6 9.0<10° 3 (123(321) By—e 7" 5.9 22.4<10°°
(131)(233 By—ure* 4.7 2.9<10°° (131)(333 By—e* 7" 5.9 7.6<10°°
(132(233 B—pute" 9.6 42<10°3 (133(231) By—ure’ 4.7 0.3x10°°
(133(232 B—puTe* 9.6 0.8<10°3 (133(331) By—e 71" 5.9 0.6x10°°
(211(213 Be—utu”™ 2.1 3.5x10°° (211(313 By—pu m 7.3 6.5<10°3
(212(213 Be—puu” 3.9 3.5¢10°°3 (213(311) By—u 1" 7.3 6.5<10°3
(221)(223 Be—u u™ 2.1 1.4x10°3 (221)(323 By—pu 71" 7.3 93.6<10°3
(222(223 Beout ™ 3.9 2.7x 1073 (223(321) By—pu 7" 7.3 0.109
(231)(233 By—up” 2.1 27x 1078 (231)(333 Bg—u 1" 7.3 81x 103
(232(233 Be—putu™ 3.9 84x 103 (233)(331) By—u 1" 7.3 67.5¢10°°

such modes are not observed. The hadronic machines eomplicated since we should not neglect the SM amplitudes
high-luminositye*e~ machines like the projected SuperBa- (apart from the lepton flavor-violating cages

Bar[21] should see a large number of such leptonic decays if We take a compromising approach: in Table V we quote
the actual values of the couplings are anywhere near ththe bounds on the relevant RPV couplings assuninthat
present bounds. Since the same couplings cause Bgth the SM expectation is at its lowest possible value predicted
—lil; and B—l;l; (the same is true foBs—I;l; and B by [26]; (i) that the experimental number is at its highest

—KIil;) decays, a simultaneous signal is expected. possible valuefiii) that the difference is saturated by RPV
contribution; andiv) most important of all, that the total SM
IV. SEMILEPTONIC DECAYS: B—Kete ,B—Kp*p~, amplitude and the RPV amplitude adttoherently This is
B—oKe*p® Bome*p* certainly not true; for that, in Table VI, we show how the

bounds relevant for a particular decay modez., B
All th_re_e- collaborations CLEO, BaBar, and.BeIIe have. set K u* ™) change if(i) the RPV amplitude adds construc-
upper limits on the BRs of the above-mentioned semileptively to the SM oneii) the RPV amplitude adds destruc-
tonic modegand also modes with a vector meson in the f'”a|tively with the SM one(for this, we take the highest possible
statg [22-25. In fact, the modesB—Ku"n~ (and B SM prediction and the lowest possible experimental num-
—Ke'e™ at less than 8) have been observed by Belle pep: and (iii) if we use the theoretical numbers [i87] or
[24]. The present status is as follows: [28]. We draw the attention of the reader to the huge fluctua-
_ _ tion of the RPV bounds. It is, however, heartening to note
Br(B—KI*I7)<0.6<10"° (BaBay, that the most conservative bounds come from incoherent am-
plitude summation, so that the bounds quoted in Table V are
robust as far as the phases in the RPV couplings are con-
cerned. This analysis also shows that to get any meaningful

1.49x10°°% (CLEO) (I=elu),

Br(B—Ke"e )=(0.48"333"09)x10°¢ (Belle),
TABLE V. N\’ bounds from semileptoniBy decays.

Br(B—Ku"u )=(0.99547513x10°% (Belle),
Final Final
Br(B—he*u*)<1.6x10°® (CLEO) (h=K/m). NN state Bound N\’ state Bound

(18 (11D)(213 wuTe* 5.0x10°% (113(21) wmup“e® 5.0x10°4
These numbers are in the same ballpark as the SM expectéd21)(223 wu*e” 5.0x10 % (123(22) wu*e” 5.0x10°*
tions. Unfortunately, the SM expectations are not precise; atl31)(233 wu~e* 5.0x10°* (133(23) wu*e” 5.0x10°4
least three different groups quoted three different numberg112(213 Ku*e® 3.3x10°% (113(212 Ku“e® 3.3x10°4
which are all mutually compatible, but differ in their upper (122223 Ku*e™ 3.3x107* (123(222 Ku'e™ 3.3x1074
and lower limits[26—2§. For example, the predicted BR for (132233 Ku*e® 3.3x107% (133(232 Ku*e® 3.3x10°*
the modeB—Ku"u™ is (i) (0.57°019x10°° [26]; (i) (212213 Ku'u~ 9.7X10°5 (222(223 Ku*u~ 9.7X10°5
(0.33+:0.07)x 106 [27]; and(iii) (0.42+0.09)x 10 6[28]. (232(233 Kutp~ 9.7x10°° (112(113 Ke'e™ 9.6x10°°
As we know, the bounds on new physics depend sensitively122(123 Ke*e~ 9.6x10°5 (132(133 Ke'e  9.6x10°°
on the theoretical predictions. Moreover, the situation is
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TABLE VI. Bounds on|\j;,\ 55 from the decayB—Kpu ™ u™ with different schemes for evaluating the
SM branching ratio and two sets of experimental values from BaBar and Belle. CC and CD stand for
complete constructive and destructive interference between SM and RPV amplitudes respectively, and Inc
means incoherent amplitude sum. For two theoretical schemes, a complete destructive interference is ruled
out from the data.

Ali et al.[26] Greubet al.[27] Melikhov et al.[28]
CC: 2.4x10°° CC: 9.5x10°° CC: 6.4x10°°
BaBar CD: 1.X10°® CD: Not possible CD: Not possible
Inc: 9.7x10°° Inc: 2.1x10°* Inc: 1.7<10°*
CC: 1.3x10°* CC: 2.4<10°4 CC: 2.0x10™*
Belle CD:1.2x10°° CD: Not possible CD: Not possible
Inc: 2.6<10°4 Inc: 3.9<10° 4 Inc: 3.3x10°4

signal of new physics from these modes, which is certainlyiy) X/, \1,, and A\ 5,5, giving rise tob—ccs and b

feasible in the not-too-distant future, one must minimize the—>s§s (and henceB,— J/ K and By— ¢Kg). However,

theoretlcal as well as the prerlmental uncertal_ntles.Anoth_e[rnese processes are slepton mediated whereas the leptonic
signal of new physics, which we do not investigate here, is

the forward-backward asymmetry of the final state leptons and semileptoni® decays discussed here are squark medi-
. y a4 . P "ated, and hence the numbers quoted here should be scaled by
For our analysis, we take the most stringent experiment

numbers, viz,, the numbers quoted by BaBar fBr rmq/rm)z. The conclusion is that one should look for any
—KI*1~ (I=e.u) and the numbers quoted by CLEO for unusual change i@ P asymmetry and/or branching fractions

- : in the above-mentioned channels to get supporting evidence
B—Keu,meu. The SM prediction for the first two modes ¢, "ppy\/ sysy (though their absence does not rule out the
can be as low as 0.4710 ° [26] and zero for the last two;

with incoherent addition of SM and RPV amplitudes, onemOdeD'

gets the bounds or’\’ type products as shown in Table V.

We do not show then\’ bounds as they are at least one V. SUMMARY AND CONCLUSIONS

order of magnitude weaker than those obtained from leptonic _ , "

By and B, decays, apart from being much less robust. we M this paper we found the bounds an" and\'A " type

have also used the BSW form factd] for B—K andB product couplings coming from leptonic and semileptonic
—. 7 transitions and takeR,=F, with minimal loss of ac- andB decays. Most of our bounds are robust and one to two

curacy:FB~™(0)=0.39 GeV,FE~X(0)=0.42 GeV. orders of magnitude better than the existing bounds. Some of

0 0 H H
Though the bounds in Table V appear to be better thart1he updated bounds also have major improvement.

those in Table IV, we warn the reader that they depend sen- Th? bounds are on!y on the magnitude of the prO(_juct
i . couplings. The phase is irrelevant apart from the semilep-
sitively on the experimental number as well as the schem

for theoretical prediction. This is evident from Table VI. fonic penguin decays dq mesons. For the latter the most

Thus any future analysis with these product couplings shoul§_n Oar]tisfrzvsltjﬁebosnnfssgﬁéﬂﬁ/gorgn'nt%%hfﬁggie?irgg'turgzi;lijg:{
use the numbers quoted in Table IV. P y P

. : X ' for SM BRs.
Is it possible to find other channels where one finds such After this work was completed a paper came to the ar-

. s o
RPV signals? If only one pr(_)duct couplln_g 'S NONZ€ro, therechive where some of these bounds have been disci29¢d
are very few product couplings constrained here that may

contribute to nonleptoni® decays. Such couplings arg)
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