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Abstract. LFV ispredicted by many models beyond the Standard Model (SM). Thoughthe SM has
been successful in acaunting for esentially all the data from the laboratory experimentsto date, physicists
arelooking for phenomena beyond the SM. One of these is|epton family violation in eledroweek
intercations. LEP experiments have establi shed an upper limit for neutrinoless ¢ and 7 decays and two
fermion production at Z° energy. Data obtained at LEP2 are analysed for establishing upper limits at higher
energies.

The forthcoming results are exciting because there ae models whih predict LFV at alevel attained by
LEP and LHC experiment sensitivities. A review of the results both theoreticd and experimental is
presented along with the cosmologicd impli cations.
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INTRODUCTION

In order to understand any theory of eledroweak symmetry bresking dynamics, it is critical to
explore and interpret the dtendant new TeV—scde physics beyond the Standard Model.

Supersymmetrica models extend Standard Model by postulating fermion —boson symmetry
acordingto which new fermion (boson) particles are crresponding to ead known basons (fermions). The
symmetry is broken by the fact that the masses of particles have the same wuplings, the masss of the
SUSY particles are expeded to be of the same order of magnitude & My, Mz, My,.

It isgenerally assumed that SUSY particles are produced in pairs with the conservation of a
spedal number R= (-1)®"**whichis +1 for all known particlesand -1 for al the superpartners. If R
should be mnserved (asin MSSM) then thereis ali ghtest superparticle( LPS) which cannot disintegrate
into ordinary particles and is stable. For R to be conserved superparticles can be produced only in pairs and
their dired seach neeals energies higher than LEP2 , attained only at LHC or NLC.

The aoss dions for producing SUSY particles (sleptons, squarks, charginos, neutralinos) at
energies above threshold are typical of weak cross gdions
(0.01-0. 1 pb). If such particles are produced at colli ders, they should be eay to find.

On the other hand in models whithout R-parity, supersymmetric particles could be observed at
lower energy compared to R-parity conserving case and , in the sametime, sizable dfedsin flavour
physics.

Several analyses of lepton flavour changing effeds such aslepton decays, 1 - 1¥+17, +*,
conversion proceses U — €, have led to baunds on different models.

We present in this paper the experimental upper limits on lepton flavour violation (LFV) readions up to
date and the model predictions as well asthe msmologicd implications of these models.

Weinvestigate LFV at LEP2 in L3 experiment inreadionse’e — € €,y , T'1° by looking
for events € € — ey, e, ur. Previous ach hasbeen done & Z pole & LEP1 by L3, Aleph, Delphi
and Opal collaboarations and no signal has been found at the limit of the sensibility of the experiments.
With increasing energy the aoss gdion of SUSY particle production isincreasing and there is ahopeto
find LFV events ac@rding to some models at the existing sensibilities.

Using Monte Carlo Standard Model generated events we evaluate the seledion efficiency and the
sensibility limit. Preliminary resultsin €"e — eu channel showed no LFV events at LEP2 energies.

EXPERIMENTAL LIMITSONLFV INLEPTON DECAYS
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Table 1 shows the experimental results up-to-date on lepton flavour violation in p and 1 decays
obtained by different coll aborations.

Let us examine some charaderistics of these experiments. The first one is a stopped muons
experiment. Thesignatureof " ~€'y eventsisa y and apositron at 18C° of 52.8 MeV energy. 1.2 10"
stops have been deteted out of which 397 1events have been completely recmnstructed. The limit is given
by

My ~ey) _51
Mr(u - evy) N,

=1.2.10™ for 90% CL

+

- e*yvv channels.

The same experiment givesfor 4~ — € €'€ alimit of 1. 10*2

Different theoreticd evaluations showed that these li mits can be dtained at the future Muon
Storage Ring at CERN [1] where such experiments are sensitive to rates as low as 10°°.

The neutrinolesst decays have been investigated in the reactions e'e -T1'T by Belle,

Babar and CLEO collaborations at 10.6 GeV. The signaturefor T — 3| was atau pair giving three
charged tradks, in one hemisphere and one tharged tradk in the oppasite hemisphere. The total charge

should be zegoand N, < 2 to acount for gammas radiated in initial or final state.

The badground isgivenby t* — e'vv and U

Forthe T — Uy channel, onesingle muon identified per event and one single photon at an
angle bigger than 20° with the energy of at least 300MeV and
0.4< cos 6,,y<0.8.
T - Uwv
T — 2yUvv.
The onfidencelimit of 90% is given by the relation [2]:

e @Y™ (s +p) /nl
2o(®*h) /n_

SN b/
e[; n

The badkground is given by 2v events or

where n, isthe number of observed events
b isthe expeded background
S  istheupper limit of the expeded number of events.
This givesan upper limit for the branching fradion

So
26N,

B(t - uy)<
where ¢ isthe seledtion efficiency and ather reconstruction in efficiencies added quadratically, and N,
the number of pairs.

It is ®en that the upper limit depends esentially on the number of T pairs deteded in the
experiment and the seledion and remnstruction efficiencies.
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EXPECTED LIMITSON LFV INLEP AND LEP2 EXPERIMENTS

LEP experiments are looking for LFV in Z°decay. Table 2 gives the upper limits found by OPAL,
L3 and DELPHI collaborations.

Asthe energy isincreasing above the Z° peék, the aoss ®ctions for Z° production and decay
dropslike 1/s and the expeded badkground isincreasing due to ather open channels (e'e - 4l, e'e - WW,

e'e-~qq)
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Fig. 1 - Standard Model cross £dions at LEP and LEP2 energies

Fig. 1 showsthe adoss £dion behaviour acording to the SM covered by LEP and LEP2. The
Bhabha aosssedion deaeases lessrapidly due to contributions from the t channel diagrams. An important
badkgroundis €'e — €'e¢ T'1T . Itisclea from thisfigure that with increasing energy it becomes more
difficult to colled a pure sample of tau events.

The OPAL collaboration has extended the search for LFV in the LEP2 region (189-209 GeV) [3].
Table 3 shows ome upper limitsfor cross £dions violating lepton flavour.

One posshle candidate eu with yinitial state radiation is ®en, while MC simulationsin SM
processes gives 0.019 events.

The small number of pairs (uu and 11) isprohibitive for the examination of the decay channels
U—ey; - uy(morethan 3 orders of magnitude higher upper limits) in LEP experiments.

In L3-LEP2 experiment the dhannelsee - e’e”, u'u~,7°1" have been separated in order to look for
LFV. Cross ®dions for different channels are computed using the formula:

O_m — Ndala /gmg - Nbg , AO' — Ndata /gmg
&L &L

Naata 1S the number of e’e” - 171 seleded events



67C

T. Angelescu et al.

Npg isthe expeded number of badkground events

¢ - the seledion efficiency, L theintegrated luminosity and €9 isthe trigger efficiency.

Table 1

Lepton flavour violation decays (experimental limits)

Channel

nLir

Readion

CM
energy

Luminosity

[fo]

References

H—ey

<1210

Stopped

muons

1.2 10" stops

Brooks, PRL
83,1521,1999
MEGA/LAMPF

U - eee

<1.10%

Bellgardt, NP
B299,1,1998
SINDRUM coll

T ey

<2.710°%

e'e o T'T

10.6GeV

87,1fb*
79.3 1 7 pairs

Edwards, PRD
55R3919,1997
CLEO coll

Topy

<1.110°

e'e L T'T

10.6GeV

12,6 1 1 pairs

BlissPRD57,
59031998
CLEO coall

T ee'e

<2.910°

12,6 1 1 pairs

Ahmed,PRD61,
071101R 2000
CLEO coall

T e uy

<1.810°

e'e o T'T

10.6GeVv

12,6 1 T pairs

Bliss
,CLEOcaoll

T -u'ee

<1.510-6

e'e o T'T

10.6GeV

12.6 1@ 1 pairs

Bliss
,CLEOcaoll

Ty 'y

<1.910°

Bliss,CLEO
coll

T ey

<1510°

Bliss, CLEO
coll

T ee'e

<(1.9+3.5)10"

e'e o T'T

10.6GeV

79.3 1C 1 pairs
87.1fb*

Y usa,
hep-ex/040303
Belle oll

T ee'e

<(1.1+3.3)10"

e'e o T'T

10.6GeVv

91.5fb?

Aubert, PRL92,
121801,2004
BaBar coll




Lepton family violation for LEP2 experiments 671
Table 2
LFV limitsin Z° decay at LEP
Channel rilr Readion Energy CL References
(GeV)
Zoe*yu? <1.710° + - u + 88-94 95% Akers, ZPHY,
ee - 4 C67, 55,1995
T Opal coll
<0.6 10° Adriani,
PLB316427,
1993L3 call
<2510° Abreu, ZPHY
C73,431997
Delphi coll
<2.610° Decamp,
PRPL 216,
2531992
Aleph coll
+  F -6
Z-oe u’ <9.810 + - U 88-94 95% Opd coll
ee -
T
<1.310° L3 coll
<2.210° Delphi coll
<1.210* Aleph coll
+ _F -5
Zou'T <1710 + - U 88-94 95% Opd coll
ee -
T
<1.910° L3 coall
<1.210° Delphi coll
<110* Aleph coll
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Table 3
LEP2 upper limits for LFV
Channel o (fb) Energy (GeV) CL % References
ee —eu <58 189 95 OPAL coll CERN
EP-2001 04,2001
<62 192-196 95
<22 200209 95
e'e -er <95 189 95
<144 192-196 95
<78 200209 95
e'e -ur <115 189 95
<116 192-196 95
<64 200209 95

Thetrigger efficiency isthe result of five triggers: the energy trigger, the (TEC) inner and outer
time expansion chamber trigger, muon trigger and scintill ator multi plicity trigger.

etrig =1- |—| (1_ gitrig)
where Simg = N(eventstriggered by all triggers)/N(events triggered by 4 of 5 triggers)

Thetrigger efficiency for al samplesis very closeto 100/[4].

Nbg isthe number of badground events, including non-I*1” processes, ISR contamination and
ISR-FSR contamination.

The seledion efficiency is computed from Monte Carlo samples:

g = Nea Ne = Je(l-€)INES

e'e”
N gen

MONTE CARLO GENERATION EVENTSAT LEP LEVEL

LEPL isthefirst phase running at the Z peak and dces not require supersymmetric models. The
Standard Model has been tested at LEP1 and all i st parameters measured. Events for channelse’e - e'¢e
u 1T are generated at the Born level with radiative crredions.

Improved Born level has been used in Monte Carlo generation which impliesH andt” exchange,
a(s) corredions and effedive couplings. All have been tested at LEP energies.
Radioadive corredions have been applied. They reducethe CMS energy in the doss gaions:
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(s)ds'

Born

o= }R(s, s)o

4mZ

where \/g isthe energy in CM S after initial radiation.
In thisway two Monte calo samples have been creaed:

- theinclusive&ample(\/g> 75 GeV)

- thenon radiative sample ( \/E >0.85 \/g)

The inclusive sample has been used for event seledion and systematic effeds, having the largest
statistics. The non radiative sample (2% at LEP2 energies) is more sensitive to changes resulting from new
physics processes compared to the aoss gdions at the Z resonance

In the inclusive sample soft and hard photons are included, and additional pairs of fermions:

e'e” - e'e ff . Thiscontribution is small and negligible.

Standard Model Monte Carlo events have been generated using KORALZ, BHAGENES, TEEGG,
BHWIDE. The programs DIAG36 and PHOJET have been used for the generation of fermion channels.
Samples of ten times data samples have been processed through full simulation of the L3 detector and
analysed using the same reconstruction and seledion programs as appli ed to the data.

The event preseledion efficiencies are given in table 4.

Table 4
The dficiencies of the preseledion as afunction of the energy

Energy \/g (GeV) Geometricd accetance | Preseledion efficiency Detedor performance
130 92% 90% 88%

140 92% 90% 87.5%

160 91% 8% 86%

170 90.5% 88.5% 84.5%

180 90.5% 88% 84.5%

190 90% 87% -

We have seen from fig.1 that the highest cross ®dion at LEP2 energiesis for the Bhabha readion

e'e” . e'e , whichdrops much slowly at high energies due to the cntribution of the t channel

diagrams. The aoss ®dion of thee’e” - u'u~, Tt isdeaeasing like % .
Therefore the most important source of badkground at LEP2 is the Bhabha readion.
The Born matrix elements are given in fig.2.

Fig.2 - Born diagrams for 1 pair production

1
| 1)
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Since Higgs-eledron coupling is proportional to the dedron mass, we can negled Higgs exchange
diagrams for thisreadion. -
The propagators x'(s) are:

xX'(s)=x"1t=1

Z S
S) =
X0 s—M; +iM,T,
t
t-M2

X2(t) =

The Monte Carlo program takes into acount radiative mrredions to the Bhabha aoss gction to
order o virtual eledromagnetic corredions, soft photon bremsstrahlung in the initial and final state, weak
corredions, hard photon corrections have been computed [5].

SUPERSYMMETRIC MODELSFOR LFV IN LEPTON AND Z°DECAYS

Neutrino oscill ations involve violations of the individual lepton numbers L, ; raising the prosped
that observable processes that violate charged lepton number conservation might exist. Ellig5] proposed a
model based on supersymmetric Standard Model to establish limitson LFV in lepton decayslike y - ey,
Ty, U-3e 17-3ule.

Fig.3 gives two generic Feynman diagrams for the - ey decay. | represents a dharged s-lepton

(a) or s-neutrino (b) and X ™ and )? © represent neutralinos (a) and charginos (b).

Fig. 3 - Generic Feynman diagrams for u —eydeca/s

m, and my,, are the masses of s-neutrinos and s-leptons and are the free parameters of the model.
Varying these parameters, Ellis found that the most promising channel is 7 - yu with a branching ratio

of 107 close to the experimental sensitivity limit.

Cosmologicd arguments limit the range for myto values up to 200 GeV. For this astrophysicd
region, both u - eyand 1 - yu have measurable rates, 10*3and, respedively 108.

The same model gives predictions for - 3e and 1 - 3u/3e channels, which involve more complex
exchange diagrams. Compared to eyor uychannels, T 3e/p are 6.10° lessprobable; the diagrams are
those from fig. 3 with avirtual photon decaying into e’e” or aZ decayinginto u'u".
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COSMOLOGICAL RESTRICTIONSIN MSSM PARAMETER SPACE

Assuming that the lightest neutralino )7 isthe lightest supersymmetric particle (LPS), Elli 7]
evaluated the parameter region (my, my,) consistent with the cosmologica upper limit on the relic LPS

density.
Therate equation for a stable particle with density niis:
dn R
E = _SEn_ <0V,4 > (n2 - n:q)

where ng isthe eguilibrium number density
and <0V, > isthenormally averaged product of the annihilation cross £dion ¢ and the redtive

velocity Vg .
Thefinal relic density is determined by integrating the equation down to x=T/m=0 and is given

by:
p, =ma(0)h(0)Ty
where q(0) = n(0)/Th(0).
Finding for the mannihil ation processthe adoss gdion in the form:
< UlZVrd >= a12 + b12X + O(XZ)
where a;,, by, are kinematic factors depending on masses, the relic density can be ssimply written as:
10°GeV ™

Qh? O—
g Mpl (aeff +beerf/2)Xf

where T, =m; /20 isthe freezeout temperature.

If thzis restricted to 0.1 < Q)Fh2 < 0.3, cosmological bounds in (my, my,) can be found for

diferent values of the parameters i and tang.
The limits on decay rates mentioned in the previous chapter are obtained.
At the same time, the most probable valuesfor m0 and m1,, are respedively

200GeV and 100 GeV in agreement with the fad that X ° and X have not been found by LEP2
experiments.

CONCLUSIONS

Our group is gudying LFV at LEP2/ CERN using the events obtained by the L3 coll aboration
between 189and 200 GeV.

Thereadions sleded are e’e” ~e’e”, u'u~,7°1". Theintegrated luminosities are @out 200pb™
for 5 energy regions. An about ten time MC sample of events generated with SM programs has been used
to establish the atsin seleding events reconstructed by the L3 detedor.

No LFV candidates have been formed inthe e’e” — eu sample. New seledion criteriausingMC
generated events should be gplied for e’e” - tu/Te channel.
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