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B— 7+ 77 (X) decays: First constraints and phenomenological implications
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The study ofB— 77 (X) decays can provide us with a better understanding of the third generation, and
can be a useful probe of physics beyond the standard model. We present a model-independent analysis of these
decays. We classify new physics that can largely enhance the decay rates and we discuss the constraints
implied by other processes. Experimentally, flavor-changing neutral curelgicays into final state’s are
still unconstrained. Searches Brdecays with large missing energy at CERN LEP provide the first limits. We
estimate that existing data already imply bounds orBes 777, Bs—7" 7, andB—X7" 7~ decay rates
at the few percent level. Although these bounds are over four orders of magnitude above the standard model
predictions, they provide the first constraints on some leptoquarks, and onRspamity-violating couplings.
[S0556-282(97)00505-5

PACS numbgs): 13.20.He, 12.15.Ji, 12.15.Mm

I. INTRODUCTION This is in good agreement with the SM prediction
B(B— X.7v)=2.30+0.25% [5] and constrains certain new
The standard moddlSM) of the strong and electroweak physics contributiong6]. The ALEPH Collaboration also
interactions provides an accurate description of the low ensearched for events with very large missing energy
ergy properties of the known elementary particles. HoweverE s> 35 GeV[2]. The absence of excess events over the
experimental results involving fermions of the third genera-background yielded the 90% confidence level upper limit on
tion are far less precise than for the first two generations. Fathe exclusive leptonic dece§— v [2]:
example, little is known about decays involving more than o
one third generation fermion. From the theoretical point of B(B— 71)<1.8x10 . (1.2
view, better knowledge of the physics of the third generation
could help us understand the hierarchy of the fermion masses In a recent papef7] we showed that the same data also
and mixing angles. As is the case in some models of nevimply a bound on the flavor-changirgj— Xvv decay rate,
physics[1], the third generation might even be essentiallyand we discussed the resulting constraints on several pos-
different from the first two. sible sources of new physics. Based on the full LEP | data
The experiments at the CER&"e~ collider LEP have sample, the ALEPH Collaboration has recently announced a
provided us with several new results on third generation ferpreliminary 90% confidence level limit on this decay mode
mions and, in particular, on the quark. One type of mea- [8]:
surement for which the LEP environment has advantages o
over symmetricB factories(such as CLEQor hadron col- B(B—Xvy)<7.7x10° 4. (1.3
liders [such as the Collider Detector at Fermild®DF)] is
the study ofB decay modes that produce a large amount ofThis limit is only one order of magnitude above the SM
missing energy due to neutrinos in the final state. The maimprediction and provides important constraints on several new
background to such analyses is the tail of the semileptoniphysics scenariofr].
decay distribution, and so decay modes yielding a harder Besides these decay modes, the excluSiver 7~ and
missing energy spectrum can be effectively measured or coriaclusiveB— X7" 7~ decays are also associated with sizable
strained. The excess of events with large missing energgissing energy due to the neutrinos from thdecays. Since
measured at LEP was interpreted as the signature of the déhese processes are presently unconstrained, it is interesting

cay B— X v, followed by 7— vX [2-4], yielding to see whether any useful limit can be established by analyz-
o ing the LEP data on large missing energy events. In the SM,
B(B— X, 7v)=(2.68-0.349% . (1.9 B decays into a pair of charged leptons are highly sup-

pressed. However, certain kinds of new physics can enhance
these decay rates up to several orders of magnitude above the

*Electronic address: ftyuval@weizmann.weizmann.ac.il SM predictions.
"Electronic address: zoltan@theory.caltech.edu In Sec. Il we study thd4 — 7" 7~ decays from a theo-
*Electronic address: ftnardi@wicc.weizmann.ac.il retical point of view. Since we are mainly interested in pos-
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sible new physics contributions, we present a model{2.2) appear in the SM. Thus, the general result for the total
independent analysis. In Sec. lll we estimate the limits ordecay rate can be read off from R3]
the B— 7" 7~ (X) branching ratios that could be established

from the LEP data. In Sec. IV we discuss the constraints that G2 2 md 4 om 2
.. . . N F'B B _ T q T ~q
the limits on these decays imply on some new physics modI (Bq— 7" 77 )= v 1 > | |Cp+ Ci
els. Section V contains a summary and our conclusions. m M Mg
2
Il. THEORETICAL ANALYSIS 4m
+ 1~ mz’) Jerd IZ} 2.5
B

The most general effective four-fermion interaction in-
volving ab quark, ag=d or s quark, and a pair of* 7~ o |
leptons can be written in the form In the SM,C%' and C% get contributions from penguin

diagrams with physical and unphysical neutral scalar ex-
change and are suppressed-&sn,/my,)2. Then, the domi-

ab_ 9(q ] T
Eeﬁ_GF; Ca@Tab) (715 7) nant contribution to the decay rate comes from

+GeY, C¥ (qT,b) (rTLm), (20

e M) m?
(CHSM=|VE, Vil erf Mw Y( >

— Y| — 2.
V8 msirtoy, m\2N>1 (29

where Ta={l,ys5,v*,¥"vs,0*"}, T.=T,vs, and

a={S,P,V,AT}. In Eq. (2.1) we have factored out the Where, at leading order,Y(x)=(x/8) [(4—x)/(1-X)
Fermi constanG so that the coefficient€d and CY’ are  +3xInX/(1—x)?][10]. Including the small next-to-leading or-
dimensionless. While thB—X,7* 7~ decay depends on all der correction, the SM result for the branching ratig1ig]

ten coefficientsC and CJ’, fewer operators contribute to
only depend on the four-momentum of tBemesonpg, and
— 3.12 2
% me(my) Vil B
even operatorsl{s=| andI'y=vy*) also vanish due to the 170 Ge 0.04 1.6 pg’
(0] g y*vs b |B)xph=p* +p“ also vanishes when con- Compared to this result, thBq— 7" 7~ decay rate has an

the leptonicB,— 7" 7~ decay* B, |
therefore it must vanish fdr+= o, which is antisymmetric

pseudoscalar nature of tH& meson. Finally, for on-shell 2.7
tracted with the leptonic vector curremty” . Hence, lep-  additional suppression of abolM,q/V,¢/?>~102-10"*.

. A —_ SM + o) = —7

Let us consider the matrix elemef@®| g I'y b [B). ltcan B (Bs— 77 7)=8.9x10 [—230 MeV.
in the Lorentz indices. The matrix elements of the parity-

leptons, the contribution of the axial-vector operator

tonic B decays are induced only by the three operators In general, new physics that can induce large contribu-
L L tions to the coefficients in Eq2.5) is also likely to enhance
Ci(gyshb) (rys7, the rates for other rare processes. The existing experimental
o o limits already imply that in several models, tBg— ™t
Cy (qyshb) (r17), decays can only occur at rates far below the sensitivity
achievable at LEP. Therefore, it is useful to classify the con-
Cq(q y*ys b) (T_’)/M’y5 7). (2.2 tributions which are already tightly constrained by other

measurements and the ones which are still unconstrdored
Using the PCAQ(partial conservation of axial vector cur- only weakly constrained In doing so, we will avoid refer-
renp relations ring to any specific model, but we will use &) gauge
_ invariance to relate operators contributing to the
(0] g y*vs b |B)=—ifg p§, B,— 7" 7 decays to operators which induce other transi-
tions. In the presence of new physics, operators which are
_ ] B i not manifestly SW2) invariant can also appedf2], sup-
(O q ys b |B)=ifg WZHB Mg, (2.3 pressed by inverse powers of some large mass scale. They
d will not be considered here, since it is unlikely that through
the most general amplitude for tiBy— "7~ decay reads  such contributions th&,— rt 7~ decay rates could get the
few orders of magnitude enhancement required in order to be
AL @ — observable at LEP.
Cpt e CaA|(Tys +Cp (77)|, SU(2) invariants can be built out of four SM fermions by
(2.4  combining four singlets, four doublets, or two singlets and
two doublets. While forl* and 12x 22 there is only one
where, for simplicity, we omitted the subscripgis=d,s for SU(2) invariant, two different S(2) invariants arise from
the B mass and decay constant. All three operators in Eq2*. Taking into account all inequivalent permutations of the
b, q, and 7 fields, and recalling that matrix elements of
tensor operators vanish, the following operators can contrib-
'We thank David London for bringing this point to our attention. ute to theB,— "7~ decay:

2
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TABLE I. Effective couplings of the operators that contribute to (gg"R)q (M=L,R) and to @?/'é)q are presently uncon-

_Bq—m* 7, which are constrained by the limits on the decays listedstrained, as they are not related to any existing experimental
in the second column. limit.

Constrained operators Decay mode

Ill. EXPERIMENTAL STATUS

Mqu LLy\q B X — ) ]
(97 (017 el To date, no dedicated experimental search for

@R, (g, (gthe By B.—> ™ (X) decgyg 'has been car'ried out. In this sectiqn we
discuss the possibilities of searching for these decays in cur-
rent experiments.
The CLEO Collaboration has established limits@yde-
cays into any pair of charged leptofis3], including differ-
MNyq_ MN\G (o — ent final state flavors, except for tBg— 7" 7~ decay mode.
(00 ")1=4Gr (997" (Am 7" bu) (7 7 ) The reason is that in all but this case the final state contains
a muon or electron with a well-defined energy that can be
easily searched for. The CDF Collaboration has recently es-
_ _ tablished strong limits of8(By s— u ™ ~) [14]. These lim-
(OY)9=4Ge (91)3)% (aum by) (7w 7v) (M #N), its follow from the absence of muon pairs with invariant
mass matchinthd or mg.. Because of these selection crite-

LLyg_— LL\q (v o
(O1)%=4Ge (91)" (AL »* b)) (L v, 7) - (28 45 the CDF analysis does not constr&nr- "7 (X) fol-
. . lowed b .
In these equations the subscripts 0, 1/2, and 1 denote theV\.II.he )étTr;gﬂént UAL boundB(B—Xu* " )<5x 105
1SOSpIn of the field b'“,ﬂﬁags’ aqu’N:L.’R. Iabell the fields [15] has been used to constrain the product of branching
chirality. In terms of §," )4, theCZ coefficients in Eq(2.5), ratios B(B— X" 7~) X [B(7— uwv) ]2, and thus to infer an
which are directly constrained by the experimental data, reapr?direct limit on B(B— X7+ 77) [16 m’ However the UA1L

Collaboration searched for muons pairs with large invariant
mass, 3.9 Ge¥m,,<4.4 GeV. Muons fromr decays

(@R, (g"He, (gihH B—>XqTV—

(O ")9=4Ge (9o ™M) (7 v* bL) (AL v, )

Cil=—(91p) " (95p",
1
would not have passed this cut, and so the limits inferred in

Cl' =(g1p) %~ (95", [16,17] do not hold.
L R R AL L L We conclude that the existing data still allow for
CA=(96")%+ (g5 V9= (g6 )= (g )+ (9o )+ (gt . B— "+ (X) branching ratios up t®(10%). Therefore, in

(2.9 searching forB decays with ar* 7~ pair in the final state,
. measurements at LEP can be competitive with other searches

operators in Eqs2.8) appear in nontrivial S(2) multiplets. tories will start operating. Unlike a8 factories running on

Assuming that the mass splittings between different mem- .
bers of the same multiplet are not too large,(3Uotations the Y(4S), both By andB; meson decays can be studied at

leave the overall coefficients in Eq&.8) invariant to a good LEP. Since the LER hadron Sa”.‘p'.e contains about 40%
approximation. This allows us to obtain model-independenfPa @nd 12%Bs mesons[18], the limits onB; decays are
relations between contributions to different transitions ofWeaker than the limits on the correspondiBlg decays by
some of the operators in E(2.8). The operators whose con- about a factor of 3.3. _ _ _
tributions toB— 7" 7~ can be constrained in this way are ~ The absence d decays associated with very large miss-
listed in Table I. Operators corresponding to the effectiveing energy, which yielded the limit o(B— 7 v), Eq.(1.2),
couplings in the first column are related through(3uota-  also constraing(B— 7" 7). However, compared to the de-
tions to operators which induce the decayscayB— 7v, theB— 77~ mode yields a much softer miss-
B—>qu_, B— v, and B—>qu_, as given in the second ing energy spectrum, since in this case both neutrinos come
column. These decay modes provide the strongest constraifi®m secondary decays. In addition, to reject background
on various new physics contributions ®—7"7". The from semileptonid andc decays, events with charged lep-
bounds onB(B— X4vv), Eq. (1.3, and onB(B—17v), Eq.  tons in the final state are rejected. This weakens the limit by
(1.2), imply that the contributions t8— 7" 7~ proportional an additional factor of about 65%, corresponding to the had-
to the coefficients in the first two lines of Table | are muchronic 7 branching fraction. Still, for sufficiently large
below the present experimental sensitivity. The coefficient8— 7" 7~ branching ratios some events would have been
(g5R)° and @y ") in the third line are only weakly con- seen in the largeéE, s region studied by ALEPH2]. To
strained by the data oB(B— X.7v), Eq. (1.1). This is be-  obtain the bound implied by the absence of such events, we
cause the SM contribution to this decay is large, and its1eed to evaluate the probability Bf— 7" 7~ decay events to
possible interference with the new physics cannot be nepass theEsc>35 GeV cut, relative to that oB— 7v de-
glected. Since the sign of the interference is not known, Eqcays. We estimated this probability with a Monte Carlo
(1.1) does not yield definite limits on the model-independentsimulation similar to that i 7], except that now we used the
parameters. Finally, the contributions proportional tohadronic invariant mass spectrum indecays as measured
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by CLEO? We also made some simplifying approximations looking for two charged leptons fromdecays, coming from
which are not always conservative and could be avoided in a secondary vertex in the hemisphere opposite to a tagged
dedicated experimental analysis. For example, we neglectdal It seems to us that also the inclusive lepton spectrum in
the effects of the correlation between the direction of theB, decays measured by CLE®@1] cannot yield more severe
missing momenta from the” and 7~ decays. Nevertheless, constraints than those found above. Finally, the decay mode
we think that our results give a reasonable estimate of th8— yvv could be effectively searched for by looking for the
limits that can be established by a dedicated experimentalecay photon in the hemisphere opposite to a tadg&lich

analysis of the LEP data. We obtain the bounds a search may vyield significantly better limits than our esti-
. mates(3.3). To what extent some of these analyses could
B(Bg— 1" 7)<1.5%, improve the constraints derived above can only be decided

on the basis of more detailed experimental studies.
B(B—7"77)<5.0% . (3.1
IV. NEW PHYSICS
It is interesting to mention that the first of these limits is
probably close to the bound that CLEO may be able to obtain In this section we study the constraints on new physics
using the fully reconstructe® decay sampld19]. As we  implied by the limits orB— 7" 7~ (X) decays. By comparing
shall discuss in the next section, in spite of being over foufEd. (2.5 with the limits on3(B— 7" 7~) given in Eqs(3.1)
orders of magnitude above the SM predictions, the limitsve obtain the following constraint on the coefficients
(3.1) yield the first constraints on some new physics paramCp’, C}, andCj:

eters. ) , _

Neutrinos from theB— X 7" 7~ decay yield a missing en- C3+5 ClI*+5|CR[?<2.0¢10°
ergy spectrum which is too soft to produce any signal in the 2
Eiss>35 GeV region. However, for large enough branching 190 Mev| (1.5 ps
ratios, events fronB— X7* 7~ would enhance the signal in fg T8

the missing energy region used to measure Bhe X.7v
decay. Taking into account that also BrX7" 7~ select-
ing hadronicr decays weakens the limit by a factor of about
65%, we estimate that a bound

B(By— )
1.0x10 2

B(B—X1*77)=5% (3.2 3.0x10°*  for g=d,
=)1.0x103 for gq=s.

is within the reach of LEP sensitivity.

Before concluding this section, we mention that the radia- (4.1)
tive decayB— yvv is also associated with large missing
energy. The corresponding branching ratios in the SM hav
been recently estimated to be of order i0for By and
108 for B, [20]. We can obtain limits on these decays by
assuming a missing energy spectrum for Bre yvv decay,
similar to that inB— Xvv in the limit of zero invariant mass
for the final state hadron system. Taking into account th
only neutralB mesons can decay intgvv, while all b had-
rons can decay via the—svv transition, we estimate the
bounds

In the next two subsections, we give two examples of models
fh which these bounds yield the first constraints on some
parameters: models with light leptoquarks, and SUSY with-
out R parity. First we express in terms of the model param-
eters the effective couplings of the operatay%’”(‘)q in Egs.
2.8), which arise from integrating out the new heavy states.
hen, by inserting the expressio(9) for the relevantC3
coefficients into Eq(4.1), we derive constraints on various
couplings.
B(By— Y <1x10°3 A. Leptoquarks
LeptoquarkgLQ’s) carry both baryon and lepton number
B(Bg— yrv)<3x10 2. (3.3  and, hence, couple directly leptons to quarks. A comprehen-
sive analysis of the experimental constraints on the LQ cou-
Our estimates indicate that the ratesBor> 7" 7~ (X) de-  plings has been given {i17] and is summarized in Table 15
cays can be constrained by the missing energy method onlyf this reference. As discussed above, the limit on
at the few percent level. By refining the details of the analy-B(B—Xu*x~) [15] does not constrai3(B— X7t 7).
sis (for example, by optimizing thée,ss cuty, dedicated Therefore, some of the limits on LQ Yukawa couplings in
experimental searches could probably establish better limit$17] involving the third generation do not apply.
However, regardless of such possible improvements, it is un- Several different types of LQ’s are possible, and most of
likely that the missing energy method could yield muchthem can induce thd— 7" 7 (X) decays. However, in
stronger bounds. Therefore, it is appropriate to discusgnany cases LQ’s also mediate the dec®sXvy and
whether similar(or bettey limits can be obtained by different B— 7v, which are tightly constrained. Therefore, we will
analyses. A back-of-an-envelope estimate shows that a limgoncentrate only on those cases where transitions involving
competitive with our results could be established at LEP bynheutrinos are not induced. This can happen either because of
the particular electric charge of the LQWor example,
|Q|=4/3) or when the LQ couplings to the left-handed lep-
2We thank Alan Weinstein for providing us with this spectrum. ton doublets vanish. We adopt here the notation 1.



2772 YUVAL GROSSMAN, ZOLTAN LIGETI, AND ENRICO NARDI 55

Scalar and vector LQ’s are denotedSandV, while SU2) B— 7v decays, while fog=s they are weakly constrained
singlets, doublets, and triplets are, respectively, labeled withy the upper bound oB— X 7v. For all the other combi-
a lower index 0, 1/2, and 1. The types of LQ’s relevant fornations, the bounds obtained froBi— 7" (X) are the
B— "7 (X) decays and for which no strong constraints strongest.

exist from other processes are

"S'O' Sys VE, VE,. 4.2) B. SUSY without R parity

. . . In supersymmetrySUSY) models, it is usually assumed
The relevant scalar and vector terms in the interaction La; persy Y Y y

; ¥ : that R parity is a good symmetry. However, this is not nec-
grangian can be found ifL7]. Schematically, they read essarily the case, and phenomenologically viable models

ﬁLszth 7 dj dLg. (4.3  have been constructed wheReparity is not imposed as an

, , exact symmetry24]. In the absence dR parity, additional
where /; and g; denote, respectively, a lepton and quarkparyon.” and Iepton-number-violating terms are allowed in
fields, ¢ o represents one of the LQ's in E@.2), andi and  the"syperpotential. Some of these terms can induce a large
j are generation |{1§I|ces. I'n deriving our constraints, We aSanhancement for certain rage decay modes. Denoting by
sume t.hat all the\j; co_uplmgs are real, Fh_a.t.only one type Li, Qi, /4, anddl, respectively, the chiral superfields of

of LQ is present at a timéfor other possibilities sef22]),  yhe jth generation containing the left-handed lepton and
and we neglect the rotation from the interaction to the Mas§ark doublets, the right-handed lepton, and the down-type

basis[23]. Intggrating out the LQ fields and Fierz t.ransform-.quark singlet, th&-parity-violating terms relevant fa8 de-
ing, we obtain the expressions for the unconstrained coeffi

. ) . -~ "cays read

cients of the relevant effective four-fermion operators given . o

in Egs. (2.8): We=Niji L LL 7§+ L Q] di. (4.9
B S v v

RR\q_ AD3q ANRDss  (AR)3q (AR)33 The terms in Eq(4.6) give rise to two types of diagrams that
(90 )%= 2 ' 4G- m2 ' can mediateB— 7" 7 (X). Exchanging a left- or right-
8G|: m F VO . . . .
So handed squark gives rise to effective operators proportional

to A'M\’. Since squark exchange induces also the decay

S112 S112 Vi Vi -
(Ag™3q Ag™as (Ag™)sq (Ag™)ss B— Xvv, these operators are already tightly constrained and,

(95™)9=

8Gr m%ﬂz ; 4G m\z,l/2 ; hence, irrelevant for the present discussion. The exchange of
left-handed sleptons generates operators proportional to
L ()\\L/O)gq ()\I\_/O)gg \'\. These operators do not induBe—Xvv, but they can
(90 )qzw , still contribute toB— v and toB— X.7v. The correspond-
0

ing effective couplings are

v v
(N %3q (AR%)33

LRyq___ - "7 =~ 777 Mkga Mkas Mkaq Mkas
OR"=""% m (gERI=—L2 (gfha=—02 (47
0 4G my 4G my
(Ne0)3q (\)®)33 k k
(g%)q:i;_ _ (4.4  wherek=1,2 due to the antisymmetry in the first two indices
2Gg my, of the A couplings. Neglecting possible cancellations be-

tween the contributions frorh; andL, exchange, and as-
suming that one of the two couplinggsg and\ g is domi-
nant, from Eqs(2.9) and(4.1) we obtain

For the different products of LQ couplings
(M) 3K 33 involving the second and third generation
fermions, from Eqs(2.9 and(4.1) we obtain the limits

~ 2
So \ S Si2y S 2 LQ , , _ k

AN, NFY2NZY2<4.4X10 (—100 Ge\) : Moz Masr Mg Mas<1.2x 10 Z(Wee) . (4.9

NN, Ao, The bounds on the analogous combinations involving the
couplings of thed quark are about a factor of 1.8 stronger.
Voo v 5 Mg 2 From Table | we see that more stringent bounds already exist
N2 N S12<2.2X 1072 ———— AT . ; ) I
R R : 100 GeV ' on the combination involving,, while for \,,; additional

) weak constraints can be derived frdda-X.7v. However,
m : . ) .
)\\L/O k\éo , )\\R/O )\I\_/O<5‘9X 103( LQ \) @5 for the pro.du.cts involving they,;, couplings, these are the
100 Ge strongest limits.

where the indice$32) and(33), respectively, for the first and
second coupling in the products are understood. The bounds
on the analogous producta (%), (AK®) 33 involving a first To date no experiment has searchedBes 7 7~ (X) de-
generation =d) quark are about a factor of 1.8 stronger. cays, and thus no experimental bounds exist on the corre-
From Table | we see that fay=d the products of the LQ sponding branching ratio& decays into final states involv-
couplings in Egs.(4.4) corresponding to qO’LL)q and ing 7 leptons can be searched for by looking for the missing
(g53)9 are already tightly constrained by the limit on energy associated with the neutrinos framdecay. Such

V. SUMMARY AND CONCLUSIONS
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searches have been carried out at LEP to measure thmental sensitivity. This restricts the types of new physics
B—X.7v decay rate[2—4] and to set bounds on the models that can be constrained through these decays. We
B— 7v andB— Xvv decayq2,8]. In this paper we pointed gave two examples of such models: light leptoquarks and
out that similar analyses can also set bounds orSUSY withoutR parity. In both cases, the rather weak limits
B— 7" 7~ (X) decays. We estimated that limits at the few that we have estimated already yield the strongest constraints
percent leve[see Eqs(3.1) and(3.2)] are within the reach of on some of the model parameters.

the LEP sensitivity. In the future,B factories will provide significantly larger

The SM predictions for thé— 77 (X) branching ra- samples ofB decays. Hopefully, thd— 77~ (X) decays
tios are of order 10° or below. Therefore, the current ex- will be observed, even if their rates are as small as predicted
perimental sensitivity only allows us to derive constraints onby the SM. Measurements of varioBsdecay rates into final
physics beyond the SM. To identify what kind of new phys-states involvingr's (or v,’'s) as well as of other observables
ics could yield large enhancements, we performed a modellike the 7 polarization[25]) would provide very valuable
independent analysis of these decays. While the decapformation. Even if the experimental difficulty of these
B—Xr*7 can depend on all the ten possible Dirac struc-measurements will only allow establishing tighter limits on
tures (2.1), Bgs— 7" 7~ can be induced only by the three the decay rates, this will still yield strong constraints on pos-
operators in Eq92.2). Thus, for studying new physics, these sible physics beyond the SM and might provide us with a
decay modes are complementary to one another. Much coulgktter understanding of the third generation.
be learned from the individual rates and, also, from their
ratio.

Operators which can induce tiBe— 7+ 7~ (X) decays can
be related to operators contributing to other processes Several discussions on theoretical issues with David Lon-
through SW2) rotations. In particular, when the dominant don are warmly acknowledged. We thank Louis Lyons,
operators involve left-handed lepton doublets, Yossi Nir, Alan Weinstein, and Mark Wise for conversa-
B— "7 (X) can be related t8— Xvv and toB— 7v. In tions. Z.L. is grateful to the Particle Physics Department of
these cases the limits on these procef8¢3 provide strong the Weizmann Institute of Science for their hospitality. Z.L.
constraints. Therefore, only operators involving right-handedvas supported in part by the U.S. Department of Energy
7's can induceB— 7t 7~ (X) at the level of current experi- under Grant No. DE-FG03-92-ER 40701.
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