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A 1cviev.· or cu1re11l ""pe1ime11t:il lepton R:ivour viol:iLion $tu.dies involving p :ind T d«:iy, j, 
p1ete:nted. Pr'*Jl'Clt=I• ro1 r11turc cxpe1ime 11ta :ire :iko d i11C1..wcd. 

1 In troduction 

Historically, searches ror lepton Aa~uur violation (LF\i) h&ve had a. tremendous impact on the 
Aald or particle phys:'1cs, both w hen it "·as seen f in the neutr'1no ..a:tor 1) a nd unseen (in the 
charged lepton sactor 2) . Around the time that the 1nuo n \\'SS established to be a lepton, and 
not the Yuka\\·a. meson 3, Hinks and Pontaoorvo at Chalk River began searching ror evidence or 
t ransitions or a charged lepton or one Aavour into another v'1a t he emissio n or a photon .t. Frulura 
to obser ve this decay ruled ou t a mod al or the muon being a n axc·1 ted elECtron. In 1957 the 
lack o f a Aavour-chang ing neu tra l cur rent ·1n the lepton sector together w·1th a «leptonic Gl~•la 

arg ument was usocl to establish the existence or two neu trino Aavours s,c,7. Also ·1n the 1950~s 
axpar·1mentars began searching ror LF\i in other processes. T he A rsl µ - JV - e- JV neu trino less 
muon nuclear ca.ptura experiments8•9 and searches ror µ .- - e-e . ..f.e.- date rrom that era. 

s ·1nca that time, the upper r1m·1ts o n branching rraclions o r conversion probabilif1es have 
ra llan ten orders or magnitude from the percenl level lim.1ts of the Arst. stud·1es to lhe «stat~ 
ot:. th~arl11 upper limit or B(µ. - C'Y) < 1.2 x t0- 11 from ~·I EGA/LAP.1PF 10. By the 1970~s 
searches for µ-a LFV in maron decaYli had al~ bean pe rformocl and, ·1n fact, new limits on LF\i 
from koons 11 and b-mesons 12 are be ing presentocl at t his confaranoa. 

\V.1th the d iscove1y or the T-lapton in 1974, a. new J...FV w·1ndo"· opened and searches for a 
varialy or lepton fla~uur violating decays ware under taken by the P.1ARK- Il, :\RGUS and C J...EO 
oollaborations. T hese s tudies helped establish the S~•I description of tha T lepto n: like its lig hte r 
oousin, is a lso is not an axc·1 ted muon o r electron a nd the axistanoa of a lhird ty pe of nautr·1no 
oould be dOOuced. C lea rly, the no n-obser vation o f J...FV in t he charged sector over the ~-aat'S has 
y ie ldOO c ritical input lo the development of the standard model (SP.1). 

ln t he neut ra l laptonic sector , ho"•aver, a. diffa1\lnt sto1y unfo lds: by the beginn·1ng or the 21 '' 
oantury LFV has bean established wit h the d iscovery of nautr·1no mix ing 1. In fact, \\'ll even have 
soma knowledge of pa rts or t he neut rino mix ing rrmtrix (912 and °'zl) and plans for axparimenl$ to 
measure .soma of the unknm,·n par l$. For example, the T2K axper·1ment is p1'1par·1ng to measure 
913, as d iscussed at this oonfe renca 13 and long-ter m plans to measureCP " io latio n in t his sector 
are unde1.,.vay. T he obsa1vat·1on or LFV in this sector has genaratocl a nS\,. Aeld or axploralion. 

T he SP.,1, ,,·hen ax-tended to inc lude fin ite mass d iffe rences from nautr·1no mix ing, allows for 
µ - e, T-e. and T -µ. m·1x-ing at the on~loop level, but it is suppressed by a 18-ctor of (miJmfv )2 , 

which, for example, gives an expectation of B('r - P·'Y) -v O(t0- $.1), which is many orders of 
magnit ude be low any conceivable experimental sansif1vity. As a consequence, this essent ·1a lly 
non-axistant S~·I background ensures that LF\i in the cha rgocl sector is an unamb.1guouss·1gnatura 
of n6\\' physics. T his is very usefu l, in fact., s ·1nca many S~•I extensions proclict observable LF\i in 
t he chargOO ia:tor. For exam pl a, if a. sea~aw mechanis m is respons·1bla for t.ha small v masses, 
it is nat.ura l to expect la rge LP\i in t he charged sector. In SO( JO) ·inspired SUSY models there 
are 1'1gions or para meter s pace that allow for LF\i above the existing limits 14. 
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2 T he LFV Progranune t.1otivation 

Naoclless to say, LFV prad·1cf1ons are ve1y modal dependent ":1th specific models and parameters 
g iving LF'V proca.ss rates characterist ic or those models. Generally s peaking, we don't expect 
a sing le LF'\i process to provide sufficient inrormation to na·11 do"·n the underlying mechanism 
responsible ror LF\i, or even identify a parf1cular modal uniquely. Nonetheless, a. s tra.tagy of 
combin ·1ng resu Its from many diffar~nt , and va1:1ad measurements, is envis·1oned as t he scientific 
programme that w·111 mo.,.e our undarslanding rorward. For example, all thaµ.- e. LFV processes 
s hould ba measured along ":1th a.UT LFV channels because many models have s trong connections 
between t he expected rates or the various channels . Consquantly, theµ. - e; measurements 
naocl to be augmented, ror example, by T - µ ./ as \\'ell as T - f!/ stud ies. Progress will be 
made by interpr~t ing t hese 1'1Sull$ ·1n the context or those of other measum1nents, includ·1ng 
LFV decays or K and B mesons, neutrino 05cillation measur~ments, g-2 and elect ric d ipole 
moment measurements, and, naturally, searches ror new parf1cles at the energy rron'lier o f LHC. 
E.,.antua lly precision measurements at a rutura ILC "·ill also play an important role in t his 
prog ram ma . 

. 4 very ·important step in the charged sector l,FV com ponant o f these stud ies is to ha realized 
later this year as the P.1EG experiment at Paul Scherrer lnstit ut in Zu1:1ch takes fi rst data 1G. 

'fhis project, which involves collaborators rrom Japan, Italy, Switzerland , Russia ru1d the United 
States, aims at aµ. - ei· branching rracf1on seru;.1 tiv.1 ty of 10- 13 "·hich is 100 times lower than 
t he exis ting ~·IEGA limit. T he detectors are curr~nt ly being built and ins talled wit h the first 
ph)•sics run s lat.Ed ro r autumn 2007. 

s ·1nce t he ~·IEGA resu Its "·et\'I publisad in 1999, new LF\i resu Its rrom charged le pton decays 
have coma from stud ies or t he third-generation lepton, \\'hich is the focus of the rema·1nder or 
t his paper. 1'he LF\i decays o r the T have been s tudied at e ..f.e- colliders "·here the T leptons 
are most copiously pair-produced in a n experimentally clean environment. 1'he lumin05·1ties 
available at the e .i.-e- ma.ch ·1nes limit the number or T leptons producocl and thereby determine 
t he sensitivity toT LF\i decays. Despite the unpmcandantocl tdMcm-1a- 1 luminosit ies attained 
t he e..f.e- B-ractorias, these luminosity-limited sensitivities a1\'I still typ·1cally 1000 tjmas weaker 
t han the ~·I ECA µ- e.; upper limit. c ·1van that reality, one may \\'Onder if stud.las o r T decays 
b ring anyth.1ng nll\\· to the ta ble. T he answer is yes: many S?"'I axtaru;·1oru; predict vary s izable 
anhancemanl$ of the T LF\i decays relative to t heµ. LFV processes. These usually originate 
from strong dapendanc·1as of the coup r1ngs on the masses of the leptons in.,.olved, so t hat a 
LFV process involving iLT- µ . transition, "·hich ·involves a 1777 P.'la\i ITUl8S lepton converting to 
a 100 ~·laV lepton, may be g reat!)• enhanced ralaf1ve to iL process involv·1ng aµ. - e transition 
which converts iL 106 ~·le\i lepton to iL 0.5 P.1aV lepton. Consequently, one encounters thoories 
wit h prad·1c1;·1ons of B(T - µ./), for example, that have parameters being constra.ined by the 
existing experimental bounds . 

gqually important is the model dependence or the expactocl rates for d ifferent T LF\i decays 
and t he relat·1ons bat\\•aan these rates. F'or example, in a s uparsymmat ric seesaw modal there 
is an expectation that the specific relative rates of B(T - µ.;) : B(T - µµµ) : B('r - µ'f/) are 
dependent on t he model parameters IG,t:i- . Because we do not kno"· "·hat lies be.rood the SP.1, 
it is unknm,·n which L:FV decay mode "·ill ha first discovered and t.harefo ra it is c ritical that 
all LF\i modes ba probocl. Limits, or (prarerably) iL discove1y and measu1\'lment. w·111 batter 
oonstrain theo1:1as in iL manner that complements well the potential discoveries at the LHC. 

a T he T LFV Experitnet1ts 

Ln recent years, only the Bahar a nd Balle exparimanl$ have bean provid ing rte\\' results on LF\i 
in T decays. 1'hesa operate at two d iRerant e ..f.e- .c.:s -ractoriesn both tunocl to a cant 1\'l-of-mass 
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energy of 10 .58 Ge\i: at the T(4S) resonance, and j ust above the t hra;:hold ror producing open 
beaut)'. Ba.ba r operates at t he PEP- 0 ~factory at SLAC, running the e- beam at 9 Ge\i 
and a +- beam at 3.1 Ge\ i . By I January :!107 Ba.bar had wr·1 tten more t hat 400 rb- 1 of data 
to tape. Be lle, operating at the KEKB B- factory in Japan, \vhich collides an 8 Ga\ i a- beam 
wit h a 3.5 Ge\ i e +- beam, has reoorded an in tegrated luminasity of a pproximately 700 rb- 1• 

T he Ba har 18 and Balle 19 detectors a re remar kably sim.1la.r wit h the major d iffe rence being in 
t he technolog:r' used to idantiry charged pa.rf1cles: Balla uses a threshold Cherankov detector 
together with tim~ol:.A ight and tracker d E/dx, whereas Ba.bar mainly relies on a. ring-·1ma.ging 
Cerenkov de tector augmented by the d~dx in the trackers. \V'1 th a total or 1.1 ab- 1 and the 
a-+a- -T.f.-T - croes~eclion or 0.919 nb , the world sam ple of T-laptons produced at t he e-+e­
oolf1de rs nO\\· exooec::ls t09 which a llm,·s ror experimental probing of LF\i processes at t he O(to - :i') 
to 0(10-") levsls. 

T he genera l ana lysis approach is to select T-1:wj r events "·ith the appropr'1a.ta charged-par tic le 
topology, removing non-r events \\·ith an impact as m'1n'1mal as paos'1ble on thasigna.I efficiency. 
T his is accomplis hed by d iv'1d'1ng the cand idate event 'into hemispheres in the centre-of- mass 
in which ea.ch hemis phere oonta.ins e ither the T ..., or T - d ecay prod uc ts. ~ach hem 'a.sphere is 
t hen consid ered a. possible cand idate fo r the LF\i decay under oonside ration. Unlike Sl"'I T ­

deca.ys wh'1ch have at least one neut rino, the LFV decay produc ts have a. combined energy in 
t he cantr~or-ITl888 equal to the energy of the T, a pproximately equal to the beam eneJy;j' in 
t he cantr~or-mass, ../8/2, and a mass equal to that or the T. A t\\'O d imensional s '1grwJ box in 
Et,t us. Aft,t is the refore used to separate the sig nal fro m the SP.1 T-decay backg rounds. T he 
distrib ution of Ll.,; = Et.t - /8/2 for the sig nal peaks near zero and typically has a standard 
deviat'1on o f a.round W P.1aV. \Vhen a. beam energy constrained mass is employed and the 1· 
oonstra inOO to coma from the same primary vertex as the charged par ticles in t he avant, then a. 
rasoluf1on on J\fo: or 9 P.'laV is achieved. 

T he analyses are optimizOO to give the best «expected upper limit11 us ·1ng ~·lonte Carlo sim­
u la.tio ns or the s ignal and backgrounds . T he ~·lonte Carlo simula tion or t he sig nal is used to 
deter mine the sig nal efficiency (E), which typ'1cally lies between 2% and 10%, depend ing on 
t he channel under study . . 4 gene ric analysis or a. T LF'\i decay pocesses roug hly the rollow­
ing effic iency components: t rigger (90%), acceptance/reconstruction (70%), charged-par tic le 
hemis phere topology (1-v~l or l-v~3: 70%), pa.ricle idenf11lca.tio n (W%), other non-sig nal box 
requirements (50%), Et,t us. Aft,t sig nal box requirements (50%). T he cummulativa efficien­
cies, starting "·ith the t rigger and acceptance/reconstr uc tion e ffic'1ency of 63%, decreases to 44% 
once topolog:r-· requirements a re ·1mposiocl, to 22% with pa r tic le ID requirements, to 11% a.sot he r 
non-signal box requirements a re imposed, and finally to ....,5% once '1 t is enforced that the events 
ra ll \\' ithin sig nal-box. 

T he expected number or background events (JVbkd) are no rmally estimated us·1ng the dist ri­
b ution s hapes fro m the ~·lonte Carlo simulaf1on with background normalizatio n obta.inOO from 
t he data. in t he regions outs '1de t he s '1gnal box ·1n t he (Et,t- Aft,t) plane. T hese analyses are 
11blind 11 in the sense that the ph)·sics analysts ha.vs no kno\\•ledge o f the data. in the s ignal region 
as the optim'1zation and systematic studies are unde11aken. Once these steps are complete, the 
data. in t he s '1gna l ragio n is 11unblinded11 and the analyst sees the number or events obser .,W in 
t he sig nal box (JVob!ll) and e ithe r lear ns o f a. d iscove1y, or- as has bean the case to date - sets an 
upper limit on the proce.ss. 

JVot# together \\' ith JVl:kd then g'1ves the number of s '1gna l e\ll:nts (JVm8): '1 f JV0 t.-JVl:kd is 
oonsistent \\:1th ze ro, an upper lim'1 t o n JVs'ig is established. Schematically, the 903CL branch'1ng 
ra tio upper limit is then obtained from: 

(I) 
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T:iblc I : Surnrn:iry or 90?'..CL Uppc1 Lin1 it-s on Sd« tcd LIN T d o:;iys. An ~crix( .. ) indic :i.t"' :i prclin1in;iry 
re:iuh,. h and h' deno~ ., cha1god pion 0 1 kaon. B:1nc1jee•, coinb ina tion or ., • 11'=-t o r t hei;c ehannd .s ;" a l'° 

incl11.dod 4 note I h:it. ror t he 001nbinod re:iult$ only, the lin1 it,s :ire in unit$ o r 10 - • . 

C hannel Belle "1·-· ·"';;>·· ~ Ba bar .-.-~.~~ Babar+ Balle ·~ 

- ) .1._ 1u- •) nr 11u- 1) L 11t1- ') ~· . " - • J L1 •t1- ') 

wr o.s• 535 0.7 232 L6 767 
µ:~O 1.2· 401 LI 339 5.8 740 
µq 0.1· 401 1.5 339 5. I 740 
µr( 1.3• 401 1.4 339 5.3 740 
ery 1.2· 535 I. I 232 9.4 767 
err" o.s· 401 1.3 339 4.4 740 

"" 0.9• 401 1.6 339 4.5 740 

""' 1.6• 401 2.4 339 9.0 740 
ill 2-4 87 1-3 92 

thh! 2-16 15S 1-5 221 

where JVT7 = £q77 is the number or T-pairs produced in e+-e.- collisions; C is the integrated 
lum·1nooity and a T7 is the T-pair product.ion cross section. In p ractice, ir JVbkd is sufficiently 
large (more t han a pproximately h\'o or three), JV.ig and JVl:kd are determined rro m a fi t to the 
ilft..t d i.stribuf1on arter mmov·1ng events outside the Et.t s ignal ragion. 

4 T he T LFV Rosul ts 

Experimentally, LF'\i decays can be oonw n·1ently cla..«siAad as T - l1·, T - t 1l2l3 and T - th 
where l is either an el..x:tron o r muon and h represents a hadronic system (e.g., X'o, 11, 1(, K~, 
etc.) 

T he moot recent T - µ.;and T - e; results ware r\lpo11ed b)· Bella at ICBEP last .summar21 . 

T he T - µ.; (T - e;) analyses have a 5.1% (3%) sig nal efficiency with.in a 2'1 elliptical signal 
region in the ilf t-y - Et.,· plane. A~er petforming a 20 unbinned extendocl ma.xi mum likelihood 
At ror t he number or s ignal events and background events, Balle finds -3.9 (-0.14) s ignal events 
and 13.9(5.14) background events in thaT- µ.; (T- e;) analysis. T he1\ll0t'1 the OO%CL upper 
limits on the number or sig nal events ror T - µ ./ (T - e;) is 2.0 (3.34) events . T hese y ield 
upper r1mits or B(T - µ; ) < 4.5 x 10-8 and B(r - e;) < 1.2 x 10- • . 

Ba.bar has vary recently published new rasulh; on LFV d~ays ·involving the ,IJ, 11 and 1f 
pseduoocalars: T - t,IJ, T - l q and T - ltf "·hem£ is .separa.tely identiAocl as e·1 ther an el~tron 
or muon 22 . In these analyses both or the '1J - 11· and 11 - 3rr '1J decay modes are used ror the 
T - t ,, analyses. In the T - lrf analyses, the 11' - 2rr·q and 1f - 2ry modes we1\l included. 
T he axp~ted backgro und par channel is between 0. t and 0.3 even!$. Summing over all ten 
modes, the total expected background "·ithin t he sig nal regions is 3.1 avenh; "·hareas 2 avanh; in 
tolal were observed. T he resulh; o f t hese searches a nd a. sel~tion of .searches ror other key LF\i 
deca.ys in data rro m Babar and Bella are summar·1zed ·1n Table 1. At t he 1Au2006 conre1\lnce in 
Pisa., S"·agato Banerjee presentocl a rr\lquenti.st combination or these measurema:nh;23 wh·1ch are 
alro included in the tabla. 

6 F\Jture P rospec ts for T LFV Searches 

Balle has runding secured that will enable ·1 t to collect I a.b- 1 of data and Babar, "·hich "·ill 
s top da.ta taking at the end of September 200S, is ex:pectocl to coll~t 940 rb- 1 of data. The 
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esf1matocl physics reach of these data basocl on projections from existing analyses depends on 
how the backg round is treated . We express the axper·1mental reach in terms of the <expected 
90%Ct, upper limi t.~ and, for brevit.y1s sake, refer to this a.s the 1sensitiv.1 ty~. ln the absence o f 
s·1gnaJ, for large JVf.kd, JV£"~ 1.64~ whereas for small JV6kd a. value for JV£" is obtained 
us ing the method descr·1bed in 31. So, for JV'*" - 0, JV£"~ 2.4 . Reducing the background belm,· 
a handful of events doesn' t greatly improve the axpect.ocl limit if s ignifican t efficiency is lost in 
t he process, which is why it is common to see experiments reporling t he expect.Ed backg rounds 
to be s mall (i.e. a. few events), but rarely balo\\· 0.1 o f an event . 

. !\ «worst-case scena r·1<f" is obta·1ned if idenf1ca.I analysas to those published by Babar and 
Balle are repea.tocl, as is, on the increased data.sample: in that case the expectations then simply 
sea.le as - ..;'Ni;ki/C, \\'hi ch for large JVl:kd scales 88 1 / ./C. A «best case11 scena r·10 \\·ould take the 
currant axpectocl limil and scale linearly wit h t he luminosily. T his is equivalent to a statement 
t ha.l analyses can be developed maintaining the same efficiency and backgrounds as the current 
analyses. 

F'or T .- l1·, there is an «irreducible backgro und* from T .- Wv +;(JSR) in which the 
photon from in.1 tial state radiaf1on can be combinocl "·ith a lepton to form a. cand.1date that 
accidentally ove:rlaps with the s ignal region in t he Et,t -Aft,t plane. ll is 11irred uc·1ble* in the 
sense that il arises from e+e- .- T ..,.T _ process "·ith a. well measurocl µ .and 1· in one of the T 

hemis pheres. In the exisf1ng &bar analyses, these events account for approximately one Afth of 
t he total background . Scaling w·1th lhi.s irred uc·1ble backgro und o nly, one has an expect.Ed upper 
lim.1t for B(T .- ti·) of between 1 and 2x 10-8 from a. complete combined Babar and Bella data 
set. T hal Ba.narjee~s combinocl limil on B(T .- P·'Y) is a lready al this level is a. consequence of a. 
downward .statist ical Auctu tation ·1n t he expected backg round . 

T he .situat·1on for the other LFV decays, T .- t1l2l3 and T .- lh, is even more promising, 
.s·1nce these modes do not. s uffer from the a.foremantionocl backgro unds fro m lSR. In this case, 
one can p roject sansit .1vities assum·1ng JVbkd comparable to backgrounds in exis ting analyses for 
approximately the same efficiencies. T hese yield expectocl limits at the 10-S level w·1th the 
oomplete Baba.r+ Belle data set.. 

It s hou Id also be menf1oned that there a re proposals 32 for Super B Aa.vour factories wh ·1ch 
will generate up to a. 100 fo ld ·increase in lhe .s·1ze of the T sa1nple compat'1d to t hooe expected 
from the exisf1ng B-factories. If s uch a. facility is built , one "·ill be probing LFV decays o f the 
Tat t he O(tO-!>-- JO) level. 

6 Swnn1ary 

Lepton flavour violation ·1n t he d ecays of charged letpons is an extremely clean means of searching 
for av·1dence of physics be:r'ond the S~·I . Unt.11 now, there has been no av·1dence of LFV in e·1 ther 
t heµ.- try decay nor ·1n any o f a. number of T .- µX or T .- eX decays, whe1\'I X is a photon, 
meson or set of mesons. Recent. results from Bahar and Bella have pus hed the upper limits on 
t he braching fractions of these d ecays o f the T into the 10- 8 :rone and t he para.mater s pace in 
soma beyond-th~S~·I theories is being oonstrained . . !\s there is still much data yet to be collected 
and a nalysed by the B- fact.ory experiments, we look forward to continuing progress on th is front 
over the next t.\\·o years. 

\V.1th physics data. from ~IEG to coma onlina t his autumn, "·e also look for .. va.rd to progress 
on theµ . .- et front, ultimately, "·ith sensitivities at the O(t0- 13) lm'SI being reached. In 
t he mom dista nt fu ture, if Super B flavour factories move forw&rd, sansif1vities to some T LF\i 
modes will approach the O( I0- 10) level. Probing LFV at these tiny levels "·ill provide crif1cal 
in formalion a bou t t.ha natut'S o f the beyond-th~S?"'I thoories in a manner that is oomplementary 
to that fro m d irect production of nS\\· pa.1t ·1cles at the L:HC. 
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