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Lepton flavor violation in two-body decays of quarkonia
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In this paper we first study various model-independent bounds on lepton flavor violation in procelses of
¢', andY two-body decays, and then calculate their branching ratios in models of the leptoquak, the
violating minimally supersymmetric standard model, and top-color assisted technicolor models.
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I. INTRODUCTION Br(Y —ue)<2x10°, (3)
At present, the standard mod&M) not only has theoret- Br(Y—7l)<10 2. (4)

ical shortcomings but also must face experimental difficul-

ties. The recent measurement of the muon anomalous magrom the above constraints, we can see that perhaps the BES
netic moment by experiment E821] disagrees with the SM  experiment could observe some of these processes.
expectations. Moreover, there is convincing evidence that |n fact, in many models beyond the SM, there exist many
neutrinos are massive and oscillate in flaj®}). This seems bosongscalars or vectojssuch as leptoquarks in grand uni-
to indicate that the presence of new physics will be detectefled theories(GUTS), sleptons in supersymmetrSUSY),

first in the leptonic part. As probing new physics, leptonandZz’ in technicolor models, which can induce LFV decays
flavor violation (LFV) processes have as a natural conseat the tree level and contribute large branching ratios. In
quence an increased interest experimentally and theoretinany GUTs, the existence of leptoquarks is predicted, and
cally. Several experiments that may considerably improvehese have been actively searched for in many collider ex-
our knowledge of lepton flavor violating processes, such aperiments[10]. These new particles, which carry both the
the two-body LFV of bosons and and 7 LFV decays, are lepton and quark numbers, can couple to a current comprised
under consideration. For example, the DESY TeV-Energyf a lepton and a quarkl1,12. Thus, they can lead to the
Superconducting Linear Accelerat6fESLA) project will verticesJd/ yue, J/yur, and so on. Recently, Refgl3,14]
work at theZ resonance, reachingzaproduction rate of 10 investigated the muon anomalous magnetic moment with the
per year[3]. A number of theoretical studies are devoted toleptoquarks and got a restricted parameter space. Lepto-

these LFV decays to investigate the new physics effectguarks can induce quarkonium decayltd through thet
[4-7]. For theJ/ meson, the BES Collaboratid®8] has  channel.

accumulated about 161C° J/ ¢ events which are available There is a similar situation in SUSY models without lep-
to probe lepton flavor violation of/ ¢ [9]. In this article, we  ton number conservation arid parity, where the squarks
study the LFV processes of the heavy vector bosbhs play the same role as leptoquarks in GUT5-18. Al-
¢, andY using some models beyond the SM. though the present experiments constrain those couplings in
The LFV decays ofl/ ¢, ', andY, such asl/,¢',Y various ways, theR-parity violating coupling may give a
—uel (I=u,7), are absent in the SM at the tree level large contribution tal/ e, J/ur, and so on.
because of the strong Glaskow-lliopoulos-Maiai@IM) In top-color assisted technicolGFC2) models[19], when
suppression. They are strongly suppressed by powers dfie nonuniversal top-color interactions are written in the
small neutrino masses and have very small branching ratiosnass eigenstates, it may lead to flavor changing coupling
Experimentally, there are no clear bounds for these decaysertices of the new gauge bos@h, such asZ’ ue, Z' ur.
Such decays therefore give room for the existence of newhus, theZ’ has significant contributions to lepton flavor
physics. Referend®] discusses these flavor decays by usingchanging processes like—3e, and may give a severe
the simple “unitarity inspired” relations and get rather strong bound on the mas¥l, [7]. Z' can also, but differently from
model-independent constraints on these two-body LFV proteptoquarks and sleptons, induce the decay of quarkonium to

cesses: I1" through thes channel.
We investigate the bounds of/ ¢, ', Y —Il’ using a
Br(J/y— pue)<4x 1013 (1) model-independent analysis in Sec. Il. Then, in Sec. Ill, we

study these bounds using a model-dependent analysis in
three models, leptoquarks, SUSY, and technicolor, respec-
Br(J/¢— rl)<6x107, (2) tively. We give our conclusion in the last section.
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where Q is the charge of the quark in the quarkoniu@,
=2/3 for /¢ and ' and Q=—1/3 for Y. gy,,+ is the
vector meson decay constant and is not related to the effec-
B tive couplinggy,,; -
FIG. 1. Diagram of LFV decays—Il'l’ through vector me- Similarly, we can get the LFV decay width
sonsJ/y, Y. 5
g'¥n m My m?
Il. BOUNDS OF V—Il" USING MODEL INDEPENDENT TV=m)=Z ol 1H2 || 1-
ANALYSIS v m; My
Considering that a vector bosadf such asl/¢, ', on myASL|?
Tk - : x| [AL242 | =2 4 (LoR) ®
Y, couples tdl’, the effective coupling between the vector 1 "9 M .

bosonV andl1’ is

Using the above equations and comparing to the standard

L= g\’,”, r,|’'v*+H.c. (5) decaysr— v,y
and[4] Gﬁmﬁ
; P(r=vlm)= ©
_ Lo RN INE T
Fa_ ‘)/aAl—i_Ia-aﬁMAZ_'— MAB PL+(LHR)1 (6)
and
where the mass scal is introduced to make the form fac- 5
tors A5 dimensionless. For on-shell vector mesons, the . = A47a’Q? Oy
A'§'R form factors do not contribute. With this Lagrangian, (V=11 = 3 M3 ’ (10
we can calculate the decay-11"1" (see Fig. L In the limit
m.—0, we obtain we obtain
Br(r—11"1") C(r—I"1") 3 _
( — = ( — v — XBr(T—>VT|’V|r)
Br(V—r7l)-Br(V=1"l") T'(r—vl'v,) T'(V—=1l)-T'(V=I1"1")
1802 Br(r—v,1"v/)
T2 2.4 2,2 222 A (1D
GEMIMy(1+2My/m2)(1—m2/My)
wherel’y, is the total decay width of the vector bosovisand
L R 2 R L 2, 3 L2
|A7—m_AZ/2M|*+|AT—m_A3/2M| +2—O|m,A2/M| +(L<R)
A= (12

1
[|A'i|2+§|mVA§/M|2+(L<—>R)}

(1) When|A%| or |AR|>(m#M?)|A5R|, A~1. From Eq.
(7), we get

By using the experimental bounds on Br{ I ’7) and
the experimental values of Br(I1'l’) and Br(r
—wv.l'vy)) [20], we can obtain the bounds on—7l. To

discuss the bounds, as[i], we consider two limiting cases. Br(J/¢y—71)<1.0x10 7, (13
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I/

FIG. 2. Diagram of)/ y— w7 through leptoquarks or sleptons. FIG. 3. Diagram ofr— uy through leptoquarks.

Br(y'—71)<0.7x10"", (14 Confining ourselves to terms involving ther andc quarks,
s and @, the relevant part of the interaction Lagrangian can
Br(Y —7l)<8.0x10 °. (15

be parametrized as

Similarly, by using Bru—e~e*e™)<10 2 and the experi-

— leptoquark_ "~y A A VA A
mental values of BN—e~e") and Br(u— v, eve) [20], L e COMLPLFARPRIL® A+ CNPLFARPR) 70A

+H.c, 25
Br(J/y— ue)<2x10 3 (16) 9
, 13 where ® is one of the above two Ieptoquark)s,L R IS the
Br(y’—ne)<1.2<10" 17 structure of the chiral couplings, ai| g=(1Fy )/2
Br(Y —ue)<1.7x10 °. (18) The decay width is
L Rl < (m2/M2)| AL:R
2 V\/2hen2 A7l or  |AT|<(mIMA) AT, A (g pr) = |l fIMIZdQ
~(13/10m3/M3. We get 32m2My,,,
Br(J/¢—11)<3.6x1077, 19
R " Cghy m (M,
=—_= 1+2—
Br(y'—71)<2.5x107, (20 967 My m?2
Br(Y —71)<2.9x10 “. 21 ANET2 4 INENR 2
(Y — 7)) (21) X(l_Mz) | |M4| T g
Similarly, I @
Br(J/y— pe)<5.3x 10713 (22  Wheregy, is thel/ ¢ decay constant. Comparing to the elec-
tromagnetic decay/4—e*e” throughy,
Br(y' — ue)<3.6x10 3 (23
. . 16w 93/;0
Br(Y — ue)<1.5x10°8. (24) FQly—ete )= —za? M3, (27)
Iy

From the above equations, we see that some of tfeqs.
(13) and (19)] can reach the current experimental level of W€ gét

BES.
Br(J/— )—Lm M2 1+2MW
Ill. BOUNDS OF J/¢—I11" WITH MODEL-DEPENDENT Ypou)= 292 I m2
ANALYSIS !
A. Leptoquark model e mi )2. |)\Eu)\fr|2+)\%ﬂ)\gl2

Many models beyond the SM, like GUTSs, naturally con- Mg/w
tain leptoquarks which can couple to a lepton-quark pair.
This can induce the LFV two-body decays bfy, ', and XBr(J/y—e*e). (29
Y through thet channel(see Fig. 2

The leptoquarks contributing to these diagrams @ We take the experimental value Bfgy—e'e )=(6.02

Mg

and®3 [14]. Their couplings are $0.19)% [20]. To get the constraints on|N“A{7|?
= ) +INENE)D) /MG, we consider an_other lepton f_Iavor decay
1[N Quierit A URjLLII Py, 7— uy through leptoquarkgsee Fig. 3. Comparing to the
electroweak decay— ,uv;“, this gives a branching ratio
CI)3 [)\ QLJLLI+)\IJ uR]eRl](D3 of
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INCENST| 24 N SENE)2 whereMj is the mass of the squark.
Br(r—uy)= 553" Z From this Lagrangian, we can get the decay width with a
27w G Mg squark® is
XBr(T—uv,), O U N L
whereGg is the effective electroweak coupling. By using the 3X 16277M$ My mf
experimental values B#{—u7y)<1.1X10°® and Br(r )
—pv,v,)=(17.37:0.09)x 10 ¢, we can obtain m?
x| 1— vz | (40
)\c,u)\m- 2+ )\CM)\CT 2 N
MM IVA 1.5x10° %0, (30) . . .
M Comparing to the ordinary decayy—e*e™ [Eq. (8)], we
obtain
Thus, we obtain the bound of Biy— w7) with a scalar
leptoquark as 9 (AN )?
Br(J/¢— ut)= s i m:M3,,
Br(J/¢y— u7)<3.0x10 8. (31 8X 167« Mg
Similarly, we get M§/¢ mf 2
e X|1+2 1-——
Br(J/— pue)<3.5x 10715, (32) m? M3,
Br(¢' —ur)<9.3x10 %, (33 XBr(J/y—ete”). (41
Br(y' — pue)<1.1x10715, (34) As for trilinear coupling constants, we adopt the single
coupling hypothesis, where a single coupling constant is as-
Br(Y —u7)<1.3x1077, (35) sumed to dominate over all the others, so that each of the
coupling constants contributes one at a tihé]. The analy-
Br(Y —ue)<1.6x10 14 (36)  sis of the tree leveR | contributions to theD-meson three-
body decayD —K+I+v,D—K* 41+ v yields the bounds
B. SUSY model (18]
In the supersymmetry model withoB parity and lepton )‘;z;<<0'18' K=1,2,3.

number conservation, rare procesdég, ' ,Y —Il' are in-

duced by squarks through thehannel(see Fig. 2 If the supersymmetry is weak-scale theory witdg

The superpotential for the lepton number violating super— 199 Gev. we can obtain the bound of Bi(y— w7) with
symmetry can be written as sleptons aé

W= WMSSM+ Wﬂ' (37 Br(J/¢— u7)<5.0x 10" °. (42

W, <o FEPTEsents th&-parity conservation sector supersym- Similarly, we get

metry and can be found in the literatur&5]. The R-parity

violation sector superpotential is Br(J/¢— pe)<5.7x10 ', (43
~laJaK , ~ladakK ’ —9
W, =€\, LiLIR + e\ LiQD, (38 Br(¢' —pur)<1.8x10°7, (44)
PN i — 16
whereL represents theth generation lepton superfields and Br(¢'—une)<1.9x10° ™, (45
QI represents théth generationA(IquAalrk superfields, whigh are Br(Y — u7)<2.2X10°8, (46)
all doublets of theSU(2) group.R ,D are thelth generation
SU(2) singlet lepton and quark superfields. Here, we have Br(Y — ue)<2.5x 10 15, 47

ignored the bilinear lepton number violation terms in the
superpotential 16]. Although there are 36 trilinedR-parity

) . . . C. TC2 models
couplings in the superpotential E€38), our computation
involves only two trilinear couplinga’ and\’ . To solve the phenomenological difficulties of traditional
The calculation is similar to that for leptoquarks. The rela-technicolor theory, TC2 theory19] was proposed by com-
tive effective Lagrangian can be written as bmmg' technlcolo_r interactions with top-color interactions for
the third generation at an energy scale of about 1 TeV. TC2
N Y models predict the existence of a new gauge boZon
£ 3VSY= LZZZS(?PL,LL?PRC'FEPLT;PRC), (39)  which leads to LFV coupling verticez'll ' [7]. Thus, it can
aMyg, give a significant contribution to some LFV processes. In
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Using the results of Ref.7], we can obtain the bound on
Br(J/¢y— 1) with Z' as

Br(J/y— ur)<3.3x10° 8. (51)

FIG. 4. Diagram of)//— w7 in TC2 models. Similarly, we get

TC2 models, the contributions &’ to the LFV process
J/y— ur can be induced through tieechannel(see Fig. 4. Br(J/— ue)<3.8<10° ", (52)

The couplings of the new gauge bos@n to ordinary
fermions, which are related to the LFV procel¥s/— ur,

’ —8
can be written as Br(i)' —p7)<1.0<10°% (53
, tang’ — — / —15
£z 91 : Z[ey e+ 2opy et -] Br(y' — pe)<1.2x10715, (54)
O1_, — — Br(Y —ur)<1.3x1077, (55)
_?ZM[kTM(ML'}’MTL"—ZMR'Y'MTR)"_ -], (48
Br(Y — ue)<1.6x10 4 (56)

whereg; is the U(1), coupling constant at the scalerc,

k., is the flavor mixing factor, an@’ is the mixing angle.
With the above Lagrangian, we can obtain the decay width
contributed by the new gauge bos@h: V. CONCLUSIONS

We have investigated the bounds of lepton flavor violation

(s pr) = ko tarf o' | ? g2(k? + 4k3)m? processes al/ ¢, ', andY two-body decays in leptoquark,
K 12M2, 127My,,, SUSY, and TC2 models. We used the constraints on cou-
z plings obtained in other ways to obtain the indirect bounds
M2 m2 \ 2 on Br(J/4,¢',Y—Il") in a model-independent way. It is
% ( 142 J’*”) 1— 7" (49)  interesting that some results reach the experimental level. It
2 Mﬁ,d/ was also shown that these new particles perhaps can be seen

) ) L ) or ruled out by near future experiments.
Comparing to the ordinary decay—e" e, we obtain

2

’
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