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We present a new class of constraints to the lepton-family-number-Rapdrity-violating couplings
from muonium conversion ™ +33Ti—e ™ +39Ti, a class ofr decaysr— |+ (light meson with = or e,
and J/¢ and #° decays into a lepton pair. We find th,af+‘2‘§Ti—>e’+‘2‘gTi provides one of the strongest
constraints along withmy ,Amg, uw—evy, and the neutrinoless doubfedecay. The search for these lepton-
family-number-violating decays forbidden in the standard model is clearly warranted in various low-energy
experiments such ascharm factories and PSI, efS0556-282(97)01613-5
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I. INTRODUCTION their superpartners ar®-parity odd. Therefore R-parity
conservation implies that the superpartners of ordinary par-
Lepton-family numbers are accidental global symmetriegicles be always produced in pairs, and that the lightest su-
of the standard modé6M), and thus the electron, muon, and persymmetric particléLSP) be stable. This property of LSP
7 lepton numbergdenoted byt ., L., andL ;, respectively  puts a strong constraint on the possible phenomenology at
are separately conserved as well as the total lepton numbepiliders. Also the LSP plays a potentially important role in
Lit=LetL,+L.. On the contrary, this is no longer true in cosmology as dcold) dark matter candidates]. This inter-
the minimal supersymmetric standard mod®ISSM) [1].  esting symmetryR parity, can be introduced without any
Supersymmetry, gauge invariance, and renormalizability d@ner symmetry except gauge symmetry and supersymmetry
not forbid the following lepton-number- and/or baryon- i o itable Higgs representations are choféh
number-violating terms in the renormalizable superpotential However, the existence d®-parity symmetry itself has

(2] not been confirmed. It is clearly worth looking for
1 R-parity-violating processes and deriving the constraints on
Nk LiljER+ N LiQ]-DﬁJrE M UD{Dg R-parity-violating couplings. The proton decay originated
from R-parity-violating terms can be evaded by assuming a
+ uiLiH,, ) weaker condition thaR-parity conservation, either’ =0 or
"=0. The latter corresponds to the baryon-number conser-
where the meaning df, E®, Q, D¢ U, andH, should be vation. The last term in Eq2) can generate neutrino masses
self-evident, and the indicésj, andk refer to families. The [7], and have interesting phenomenological consequences.
SU(3). color and the S(2), group indices are suppressed However, it is irrelevant to the four-fermion processes con-
for simplicity, and we have\jc=—\jix and Ajj,;=—N\j;.  sidered in this paper, and thus will be ignored from now on.
The first two terms and the fourth term in Eg) are lepton-  In the case of lepton-number conservatians\’'=0), con-
number violating, whereas the third term is baryon-numbestraints on the baryon-number-violating couplingé, can
violating. It has been well known that there is a very tightbe obtained from various hadronic proces$g$ In this
constraint on\’\" from nonobservation of proton decay work, we relax theR-parity conservation assuming the
[3.4]. baryon-number conservatiod’ =0, and derive new bounds

_The most popular solution to such a stringent bound is tQy \ (")) (), There are many earlier papers where constraints
introduce a discrete symmetry call&parity defined as GNG o, . .
on \Y/AYY (assuming\”=0) were derived from various

R,=(—1)38*Luwrt2S ) low-energy processd9], including the neutrinoless double
P ' B decay[10]. Recently, Choudhury and RdyL1] assumed

where B, Ly, andS are the baryon number, total lepton that A"=0, and/ ot;tamed constraints on lepton-number
number, and intrinsic spin of a particle, respectively. Thenviolating-terms\()\(), considering the neutral meson mix-
the ordinary particles appearing in the SM as well as thdng, the flavor changing decays &f,B mesons, and rare
extra Higgs boson in the MSSM aRe-parity even, whereas three-body leptonic decays g¢f and 7 such asu— 3e and
7—3e,3u,e2u, or u2e. They got quite stringent limits on
some combinations of these couplings and the masses of

W, =3
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consideration of Ref[11]. So far the most stringent limits . . 1 L
have come fromAmy ,Amg ,K—u* u",u—ey [9,11] and Leg(di+dj—ecte)= -> —— [N ackeirdjrdic
m~

the neutrinoless doubl@ decay experiment$10], all of nmg
which yield \()\(V<1076-1078. o
In this work, we consider various low-energy processes +)\n|k)\éﬁ exreiLdj dig]
with lepton-family-number violation$LFNV) which can be +
induced or affected by the and\’ couplings in Eq(1). In n E Vip Vom
Sec. Il, we consider the muoniumM()— antimuonium mmp Zm%
(M) conversion andu~ +35Ti—e 35Ti, and find that the o
latter process gives one of the most stringent limits on XNpjhmi€kL Y eLdiry, dir-  (5)
M) In Sec. I, we consider a class of decays with

The first term comes from the sneutrino exchanges, whereas
meson” represents a pseudoscaR) guch asr®, 7,K°, or a me ?:gconc: CO"]JES fr?msquarlzlexihangfséh we havz l:sed
vector mesonY) such asp®,K*°, ¢, o. In Sec. IV, we de- e Fierz transformation in order to get the second term.

rive constraints from)/y(or %) —u*e* and ®°—e*e~.  There is another effective Lagrangian fgr+q;—ect+ e,
Then, we briefly summarize our results in Sec. V. with the g’s being up-type quarks, which can be obtained

Before closing this section, let us write the from Eq.(3) by integrating out thel-squark fields:
R-parity-violating interaction Lagrangian in terms of compo-

LFNV, 7—I+ (light meson. Here,l =e or u, and the “light

nent fields: Len(Uj+uj— e+ e)
_ _ - viv.
~ ~ ~ miYn -
Link = Nijk[ viLexrei + €jL xrviL + er(viL) €L ] =—mznp )\|’mp)\,2§mej (&) uiLuj (&) (6)
- " Irp
+ N[ (viLdirdje + dj digpi + dig(vi) °d;)
:
IR — ViV _
= Vjp(ejLdkrUpL+ Up dyreiL H—man Mimp knp#gm ey e ULy,
~ —— o dr
+dir(&iL) up) ]+ H.c. (€) P @)

We have taken into account the flavor-mixing effects in theafter the Fierz transformation.

up-quark sector in terms of the Cabibbo-Kobayashi-

Maskawa(CKM) matrix elementsV;,. The misalignment

between fermion and sfermion fields will be ignored, since it A. Muonium — antimuonium conversion

is strongly constrained from the suppression of the flavor- Let us first consider the muonium conversion

changing neutral currentFCNC) processes. The sparticle R o ]

fields in Eq.(3) are assumed to be the mass eigenstates. M(=u € )—M(=u"e"). The four-lepton effective La-
Integrating out the superparticles such as sneutrinos d¥fangian  relevant to the  muonium  conversion

u-squarks, we get the effective Lagrangian involving four(AL,=—ALe=—2) can be obtained from E¢3) by inte-

fermions in the SM(In this work, we will not be concerned 9rating out the sneutrino fields:

about the four-fermion interactions with neutrinos such as

II. CONSTRAINTS FROM MUON CONVERSION

*
7—|v.) For example, by integrating out the sneutrino fields, r + o —aty— _ Nsoihz1p — — 8
we get the|]AS|=2 effective Lagrangian el € —~p e’ m2 HRELMLER.  (8)
K]
N In Eqg. (8), we have used the antisymmetry of the couplings
asez_ S Mn2iN 15 s T 4 Nijk=—\jix in order to simplify the sneutrino contributions.
eff T &2 RSL OLSR» 4 The muonium conversion probability is usually translated
n into the upper limit on the hypothetical couplir,,,, de-
fined as
and similarly for thgf AB|=2 effective Lagrangian. One can G
also get the effective Lagrangian fqr+q;— e+ €, by in- LIM—M)= MM o) (e +H.c. 9
tegrating out the sneutrino and the squark fields. The result- (M=M) J2 (He)v-a(K€)via ©

ing effective Lagrangian contributes to the processes ) ) ]

w+28Tie+28Ti and 7—I1+P(or V), wherel=e or p,  Our effective Lagrangian, E¢g), is the same as E¢Q) after
P=m0 7, orK, andV=p° w,K*°, or ¢. Forq=d, we have the Fierz transformation, with the identification

1

Gum  Ns2i\3pp
= . (10
\/E 8m;
We do not agree with D. Choudhury and P. Rdy], in the L3

detailed form of the effective Lagrangian fa; +d_j—>ek+e_,. Therefore, the conventional limit ofs),y can be readily
Compare our Eq(5) with Eq. (7) of Ref.[11]. translated into th&-violating couplings.
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The muonium conversion probability depends on the ex- 2

ternal magnetic fieldB,, in a nontrivial way. This subject Si’%i: — > —— Ma\i, (16)

was recently addressed in detail by a few grojuf§ and we nomo

use their results in the following. From the present upper '

limit on the transition probability for the external magnetic 5 2 .

field Boy= 1.6 kG, Sifi=— 2 2 M (17)
YL,n

Pexd M—M)<2.1x10"° (90% C.L), (11

In many supersymmetric theories with lepton-family-number
violation, the ™ —e~ conversion on th&3Ti nucleus oc-
curs through the electroweak penguin diagraun —e™
+v* (or Z*) or through the box diagramsu™ +

one gets the following contraint 06,y<9.6X 10 3G .2
This in turn implies that

m- 2 g—e” +q (with g=u,d), where various superparticles run
Nggh¥s) <6.3x 1072 (#J ) (120  around the loop. In our case with expliéd, violations, on
100 Ge the contrary, the effective Lagrangian Hd23) arises at the

tree-level via superparticle exchanges in different channels.
This constraint orR-parity-violating A couplings is in the Therefore, the usual loop-induced™ —e~ conversion on
same order with other constraints derived from lepton-flavorthe Ti nucleus would be suppressed ®Ya/16w?) com-
violating 7 decays such as—3l or |l e (with 1,1'=p pared with the tree level contribution from the above effec-
ore) [11]. tive Lagrangian, and thus will be neglected in this work.

In order to evaluate the matrix element of the effective
Lagrangian Eq(13) between the nucleus as well as the ini-
tial and final leptons, we assume that the nuclear recoil is

In this subsection, let us consider the negligible, and the nucleus and the initial muon can be
w+58Tise +55Ti induced by the R-parity violating treated as nonrelativistic. Under these assumptions, the vec-
A x () terms. The relevant effective Lagrangian at the par{0r current and the scalar density of the nucleus contribute to
ton level can be written as the coherent conversion process, basically counting the num-

ber of protons and neutrons inside the target nucleus. Then,
1 — P — the conversion rate for the ™+ 9Ti—e™ + 35T is given by
Eeffzz €Yokl [Auti drYedrt ALt ULYaUl] o 7
T(p +Tise +Ti)= il

B. U™ +55Ti—e™ +55Ti conversion

2
+1[sdv1- e ur drd, +S%2 egu, d dg] e 2
2 Foum PLERTREL TR REL TLERS X|F(g?=—m})[*m, Q5%

13 (18
whereAlf; andS{y; can be obtained from Eqgb) and(6) as where
| QT2 =[(Z+2N) (AY 7+ S5+ Sif) + Aumi(2Z+N) 2
(VARY, d dl_ od2 2
A=t Vom0 s +[(Z+2N) (A% + Sifi— Si2) + Alri(2Z+N) 2.
me Mg (19)
. For 35Ti, one has Z=22, N=26, Z,+~=17.6, and
A2niNint F(92=—m?)=0.54[15]
+D, 5 = - o
En: m2 for Vap=dnp, (14 The e/;penmental limit for the search for
fun w +3Ti—e +55Ti is commonly given in terms of the
above conversion rate divided by the muon capture rate in
"3 VIV N 38Ti, T'(u capture in35Ti) = (2.590+ 0.012)x 10°/sec[16]:
Ti— 2 2 '
wi mnp Mg mPanp IN'p+Ti—e+Ti) 1o
P - <43x10°12 (20)
D I'(w capture in3yTi)
D A2 1in _ _ )
T T 2 for Vap=6np, (19 This puts a strong contraint d@,,7il?,
dRrn eff —9 2
QM |<1.2x10°° GeV 2, (21)

) ) _ S ] o which can be translated into
2This type of interaction also arises in theories with dilepton-

gauge bosons Y(,Y=F) [13], such as the S@),
XSU(2) X U(1)x (3-3-1) model considered by Frampton and Ng
[14]. This limit on the couplingGyy is translated into a lower
bound on the mass of the dilepton-gauge bosonfOr My =mg =my =100 GeV. This is a new strong con-
Miii>(690 GeVy. straint which was not considered before to our knowledge.

70
(AS i+ Sif=Sh%) + 7 Un[<1.6x1077, (22
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This is as good as those obtained fram, , Amg [11], or TABLE |. Constraints fromr—I|+V with |=e or u, and

the neutrinoless doubl@ decay experiment§10]. It also  V=p% K* or ¢. In the table we use the notation

constrains different combinations Bf-violating couplings. ~ Up=(100 GeVim )? andd,=(100 GeVhrg, )?. Data are taken
from the recent results reported by the CLEO Collaborations, Ref.

IIl. CONSTRAINTS FROM 7 DECAYS [17]. Sum overm,n,p=1,2,3 is to be understood.

Now, we consider lepton-family-number-violating Final state Bexpt Combinations constrained Constraint
(LFNV) 7 decays into a meson and a lepton” s T . S
7—I|+P (or V), wherel=e or u, P=70 7, or K% and ep <4.2¢10 VipVpmanihimtp  <3.5x10

T ’ ’ —3
V=p%w,K*, or ¢. The relevant effective Lagrangian has <0 6 V'T‘lvlm)‘§"v)‘1mpdp <38.5¢ 1073
been already constructed in the previous subsection,(Bgs. eKO =68 10—5 V;\pvpm)‘énlh}TZ“P R 10_3
and (7). The matrix element fofl,P(or V)|Let7) can be 4P <5.7x10 VipVorA aniAamp <4210
evaluated using PCA@artial conservation of axial-vector Vn1V1m)\3np’\2mpdp <4.2x<10
curren} conditions: pK*© <9.4x10°° VI Vpmhinhphol,  <3.8x10°°
(7(p) Uy, y5u(0)[0)=if .p,, = —(7°(p)| d 7,750(0)|0),
)\3|p)\k1p
" ——> — for Knp=6np. (28)
5 omi
(1(p)|uy,ysu(0)|0)= N (n(p)|u,ysu(0)|0), IR
(23) "%
Av=(dd)= np = N3N, (29)
oif i mn,p kmi
— if . “Lp
(n(p)|sv,7s8(0)|0)=——= p,,
NG
)\3p|)\kpj
_ _ -2 for Knp= 8np- (30
(K(p)[dy,7s8(0)|0)=i2fp,, o
and, using CVQconserved vector curréntonditions, The decay rate for the—e+V is given by
0 1A — *
(P @)U, u(0)|0)=m,fye, F(r—ectV)= e |A [2k-pK'-p
=—(p°(p,e)|d,d(0)|0),
_ |
(0°(p,&)[U7,u(0)|0)=m, f &,* Fmukek] . @D

=(w%(p,€)[dy,d(0)[0), (24  The limit on theA, is given in Table I. Note that these limits

o in  Table | are comparable to those from
(d(p,e)l| S'yﬂS(0)|0>=m¢f¢eM*, r—3e,eut u”,3u, and so on. However, these two classes
of tau decays constrain different combinationsho&nd A’
(K*(p,6)|d_7MS(0)|0>=mK*fK* €. from 7—3e,en™ u”, or 3u. Therefore, it is worthwhile to

consider 7—e+V, in addition to 7—et+y and
The pseudoscalar meson decay const&pts93 MeV and  7—|l'*|' as an independent probe of lepton-family-
fx=113 MeV are extracted from the leptonic decay of eachhumber violation beyond SM. These decays are also easier to
pseudoscalar meson, whereas the vector meson decay c@fiudy experimentally compared with another decays
stantsf,=153 MeV, f,=138 MeV, fg’ 237 MeV, and 7—e+P to be considered below, since one can tag the
(o

fxx =224 MeV can be obtained frop°(or w,¢)—e*e”  dilepton emerging from the decay of a vector mesbtex-
andr—K*+wv_. cept fork*© which decays mainly intd< ).

Let us consider(k,s) —ey(k’,s") +V(p,e). From the ef- Next, considerr(k,s)—e,(k’,s’)+P(p). There are two
fective Lagrangians Eq$5)—(7), one gets the corresponding contributions: one from the axial vector current of quarks,
amplitude as and the other from the pseudoscalar density of quarks. Using

the equations of motion for the lepton spinors and

1 Y :
M(T%ekJrV)_ Afymye? ey (1—ys)7, (25 p=k—k', one can transform the former to the latter:

pAT(K',S") ¥, (1= v5) 7(K,8)— | (—my(1— )

where
+ m7(1+ 75))7-
Av=Av— o)+ Av=(dd) (26) T
M =m. I (1+ys)7, (32
VARV Tk ignoring the final lepton mass. Therefore, the corresponding
Avmwi)=— 2 —5— Nimph 27) i - i i
V=(ujup T T & 0 m2 3mpMnp amplitude derived from the effective Lagrangiafs) and
o, 5

Rp (6), can be written as
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TABLE Il. Constraints fromr—I|+P with |=e or w, andP being a light pseudoscalar meson. In the
table we use the notations,=(100 GeVh; )? up=(100 GeV/m;Lp)z, and d,=(100 GeV/maRp)z.
Data are taken from Ref{15]]. Sum overmm,n,p is to be understood.

Final state Bexpt Combinations constrained Constraint
em® <1.4x10°* Anathh¥in, ,kﬁlakénnn <6.4x10°2
V me)\Snl)\lmlup'levnl)\émp}\izpdp <6.6X 1072
u® <4.4x10°° Anao nnnn,knzskénﬂn <3.6x10°2
V me)\3n1)\2mlup'levnl)\émp)\é:pdp <3.7X 1072
eK® <1.3x10°3 )\ngl)\nlznn,)\nm)\r’,nn <8.5x10 2
V] oVpmh 1N Talp <4.0x1071
uK® <1.0x10°3 xnszxnlznn,xn23xn21n <7.6x10°2
oVom\ 301\ omaUp <3.6x1071
en <6.3x10°° xnslxmnn,xmxnnn <4.5x10°3
Mn3M 22 s A figh 2o <4.5x107?
pm(}\s‘nl)\lml 2N\ 302N 1m2) Up <7.8x107?
ViaViak I ihodp <7.8X1072
wy <7.3x10°° Mng2M i A o\ f1aNn <4.8x1073
Mnz2\ 22 s A p2ghn2an <4.8x107?
pm()\TSnl)\Zml 2N 302N om2) Up <8.2x107?
VEaVinh ok smodp <8.2x10°2
~ AP P
M(r—et P)=eALPL+ARPR)T, (33 A=t S MaMms  F.m2 o Mzt 2f,m?
RS 2m Bxamy F o2m? 3x2m,
. YLn YLn
which leads to the decay rate
m
np pm T
m, +m§n:p (NaniMkmy— 2N gn2h ke _\/5
[(r—ectP)=g - |AP+AR| +|AT-AER?], (34 Lp
(VARVYA f,m
+ E . 2 - Smp)‘knp 7\7/—71 (38)
where P(=°,7,K) denotes the final pseudoscalar meson. m.n.p 4maRp 3
We have ignored the final lepton mass compared torthe
mass. The relevar; g's for P= 0, 7,K° are given by the ,
. ’
expressions A= Nnahits V2femg (39)
- n ng' (md+ ms) ,
£3 2 "L
0 MpTihnak fom7
AT=2 5 S (39)
2m= My * ’ 2
YLn AKO—E MkaMn21 \/EmeK
R n ng‘ (md+ ms)
’ * 2 oL
AT'— S Anathnes Famz
R~ 2 np pm
n ZmZLn 2Mg + 2 Ninihie (V2fxmy).  (40)
m,n,p uLp
\VARY,
pVYpm
- 57— MMM ]
m.n 4maLp In numerical analyses, we use the current quark masses
VTmlvln
+ 5— M.f o Nagmphknp: (36) =5 MeV, my=10 MeV, =200 MeV.
m,n 4mE (41
Rp
- Comparing with the experimental upper limits on these SM-
5 5 : X )
\ N1 Mn3k f,m? NdAnak  2f,m] forbidden decays, we get the constraints shown in Table I.
Al=— > > 5 , For the superparticle masses of 100 GeV, the constraints are
noamg V3xamg 2mz V3x2m; all order of 102—10"3, which are in the similar range as

(37

the constraints obtained from the-e +V. (See Table I).
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IV. CONSTRAINTS FROM J/¢ AND =° DECAYS fm? NFEN
' ar nll™*nji
Finally, let us consided/¢—e;e; with i # ], and similar 8my & m2
decays forY and=°. Since thel/¢ andY mainly decay via Lo
strong and electromagnetic interactions, these particleshe resulting decay rate i@fter summing over the charge

would give weaker constraints on LFNV couplings com- conjugate stafe

pared to the weak transitions or decays we have considered
before. However, in these decays, the relevant LFNV cou-
plings from the effective Lagrangiai@) differ from those in

the others, and are simpler than those in thel +P. Nor-

(47)

Apr=-—

F(m0 i e )= 1ot [[ApL+Ap %+ Ap.— Ap g2
(m"—u-er) 1677[ PLTAPR pL—AprI“]

— 2\ 2
malizing the decay rate for thi¥y/—e; e; (with i #j) to the wl1- ﬂ) (48)
SM processl/ y—e* e~ , we get(summing over two charged mf, '
modes _
For the LFNV decaysr®—e“u*, there is a tight upper
r(\]/lp_,eie_ﬁgiej) 9 m4¢ bound on the branching ratio 1.%20~ 8. This implies that

TQly—e'e ) 64 (4ma)? |A(Ji/j</1|2: (42)  (for m,-,=100 GeV}

with ‘}n‘, (NN E 1= M ap) | <0.14. (49
AY))= > m22 2n NimpNfnp - (43)  For the lepton number conserving decay—e*e™, the

m.n,p maRp branching ratio is known to be
We have neglected the final lepton masses. For the upsilon B(m’—e*e”)=(7.5x2.00x10°%, (50

decays intoe;e;, one can replacen, by my, and multiply \yhich is dominated by the so-called unitarity bound coming

1 3
the above ratio by a factor of4. o from 7%— yy—eTe™. This unitarity bound is calculable,
Unfortunately, there is no published upper limit on ;.4 known to bd18]

Jlylor Y(1S)]—eu,ur, or er. For example, the upper
limit on the ratio [ m—ete” 2 m2 1+ 8.\ ]2
Lodm =€ &) _ o Mo |24 5e) "y 75010,
T yp—e u™) (7" —yy) 2B m; 1-Be
<104 (44) (51)

] (12) ~ . with B.= \/1—4m§/mio. Extracting this unitary bound from
would imply [Aj;y|<7.2 for mg_ =100 GeV. As one might e eyperimental branching ratio and assuming no large con-
expect, this limit is not that stringent, sindéy (andY) tributions from the dispersive part of the two-photon contri-
decays mainly through strong and electromagnetic annihilapytions (Ré.,,) or large cancellation between Rg, and
tions, and not through weak annihilation. However, one mayhe Ry-violating contributions, we can put th®0 % C.L)
still try to search for the LFN\J/y decays atr-charm fac-  imit on the contribution from theR,-violating interactions
tories. Note thah 5, 15, has never been constrained before.in Eq. (5):

Similarly, the effective Lagrangiang5) and (7) contrib-
ute to the decaysr®—e*e™ and »—I1"1~ as well as the
LFNV decaym’—e*u*. In these decays, th@seudasca-
lar X (pseudgscalar couplings in Eq(5) give the largest
contributions because they are enhanced by a factor dpr m; =100 GeV.
me/md compared withm_ or m,,, if the couplings and the
masses of the superpatrticles are in the same order of magni- V. CONCLUSIONS
tude. So we ignore the contributions froM{ A) quark cur-
rents in Eqgs.(5)—(7). In this approximation, the amplitude

for m°—e e; becomes

TJly—ee)

; (MM ® AT | <0.15 (52

In conclusion, we considered several different LFNV
processes: (i) the muonium conversionii) ,u*+‘2‘2i
—>e*+‘2‘2i, (i) 7 decays into a lepton and a meson,
7—I+P(or V), and (iv) J/y(Y,7°)—eje,. From these
(45) processes, we got constraints on Rwparity-violating cou-

plings and the superparticle masses. Some of these con-

R _ _
M(m"—eie)=Ap. €6 r T Apr €REL,

with straints are new and/or stronger than constraints from other
popular processes such as>u(€e) + vy, 7—ll 1" etc. We
f,.m2 N1\ ij got one of the strongest constraints, E{®2), from
Ap,L= 8my ; me (46) w~—e~ conversion on thesoTi nucleus. This originates

YLn from the fact that théR-parity-violating terms can give tree-
level contributions to the processes considered in this work.
In many supersymmetric models wiRparity conservation,
Note thatQ,= —|€|/3= — Q./2. on the other hand, LFNV processes usually arise from one-
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loop Feynman diagrams, so that the most important one is ACKNOWLEDGMENTS

often the electromagnetic penguip{—e™ v) contribution

to u~ +5Ti—e +359Ti. Therefore, dedicated searches for P.K. is grateful to Dr. E. J. Chun for discussions on
these decays at PSt:charm factories, and other facilities R-parity violations. This work was supported in part by KO-
are clearly warranted, and are very important, because theyEF through CTP at Seoul National University, by the Basic
will provide us with hints of new physics beyond the SM via Science Research Program, Ministry of Education Project
lepton-flavor violations from any origin, including those No. BSRI-96—-2418, Korea-Nagoya Exchange Program, and
from supersymmetric models with or withoRtparity con- by the Distinguished Scholar Exchange Program of Korea

servations. Research Foundation.
[1] H. P. Nilles, Phys. Refl10, 1 (1984; H. E. Haber and G. L. Conference, College Park, Maryland, edited by R. Mohapatra
Kane,ibid. 117, 75 (1985. and A. RasinNucl. Phys. B(Proc. Supp). 52A, 83 (1997],
[2] S. Weinberg, Phys. Rev. 26, 287 (1982; N. Sakai and T. hep-ph/9608415, and references therein; Ji-Ho Jang, J. K.
Yanagida, Nucl. PhysB197, 533(1982. Kim, and J. S. Lee, Phys. Rev. B5, 7296(1997).
[3] I. Hinchliffe and T. Kaeding, Phys. Rev. B7, 279 (1993.  [10] K. S. Babu and R. N. Mohapatra, Phys. Rev. L&f, 2276
They obtained\ '\”|<10~2* for squark masses about 1 TeV; (1995.

A. Y. Smirnov and F. Vissani, Phys. Lett. 880, 317(1996.  [11] D. Choudhury and P. Roy, Phys. Lett. 38 153(1996.
[4] Most works assume that the LSP mass is arowrid0 GeV.  [12] W. S. Hou, inMu™MU~ Colliders Proceedings of the 3rd

For other scenarios with a very light gravitin®) or axino Symposium, San Francisco, California, 1995, edited by D.
(a), see K. Choi, E. J. Chun, and J. S. Lee, Phys. Re85D Cline [Nucl. Phys. B (Proc. Supp). 51A, 40 (1996],
392(1997. These authors obtaixf{,,~107 15, independent of hep-ph/9605204, and references therein.

\' from p—K'G (or K*a). [13] H. Fujii, S. Nakamura, and K. Sasaki, Phys. Lett289, 342
[5] For a recent review and references, see G. Jungman, M. Ka- (1993; P. Ko, Nuovo Cimento ALO7, 809 (1994).

minokowski, and K. Griest, Phys. Rep67, 195(1996. [14] P. H. Frampton, Phys. Rev. Let69, 2889 (1992; P. H.

[6] D.-G. Lee and R. N. Mohapatra, Phys. Rev. ), 1353 Frampton and D. Ng, Phys. Rev. 45, 4240(1992.

(1995. ) [15] H. C. Chiang, E. Oset, T. S. Kosmas, A. Faessler, and J. D.
[7] L. Hall and M. Suzuki, Nucl. PhysB231, 419 (1984. Vergados, Nucl. PhysA559, 526 (1993, and references
[8] See, for example, J. L. Goity and M. Sher, Phys. LetB48, therein

69 (1995. [16] Particle Data Group, R. M. Barnetdt al, Phys. Rev. D64, 1

[9] V. Barger, G. F. Giudice, and T. Han, Phys. Rev4@ 2987
(1989; F. Vissani, Report No. hep-ph/9602395, 1986pub-
lished; G. Bhattacharyya, irSBupersymmetry '96 Theoretical
Perspectives and Experimental OutlpdRroceedings of the

(1996.
[17] CLEO Collaborations, Phys. Rev. Le#3, 1890(1994).
[18] P. Ko, Phys. Rev. D5, 174(1992, and references therein.



