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1. Tau Lepton 

In OJ(' Sta.ndard Modpl (SM) th~ T lept.on and it.s associat.C'cl 11f'lItrino form a. wcak dou
blet. and bclong to t.he t.hird gcncmtion of quarks and lept.ons. The exist.ing dat.a g~\l(~ra.1Jy 

support this assmnpt.ioll. However, in s('.vera\ cases the agrccnlt~nt between theory a.nd 
expcriIlH~nt. hils been far from perfect, lea,ding 1.0 ma.ny spccn\a.t.ions abont. possible effects 

beyond the SIvL 
The leptonic decay ritt.c of the tau is given by 

wheJ'(~ J(y) = 1 - 8y + 8y3 - y4 - 12:r/ log y accounts for t.he non--zero masses of t.he final 
st.ate leptolls. For T decay to a muon f(y) =:: 0.9726. First order elcdroweak radiative 
corrections [1] represented by t.he terms in square brackets in (1) are vcry close 1.0 unity: 
1.0003 and 0.9957 correspondingly. 

Using (1) and the analogolls formula for muon decay one gets 

(2)
 

All lept.ons are expected to have a universal weal< coupling: GT = G/, = lie = Gp . 

However, inserting t.he PDG'92 [2] values for masses, lifet.imes and branching fracUons into 
Equa.tioll (2) gives ,., 

LTT 
= 0.911 ± 0.025,

C';1/, 

about 2Aa away [rom the unity ratio expected from lepton universality. The discrepancy 
is not. larg~ but it questions the fundamental assumpt.ions o[ t.he SM and has therefore 
attracted much attention. This so called "Consistency Problem" is illustrated graphically 
in Fig.l. 

Another controversy with the r i3 the so called "Completeness Problem" (or "One
Prong Problem") (3]. The sum of tile T exclusive branching fradio~ls, 94.1 ± l.0 %, was 
considerably smaller than 100 % if one took the world average values [1]. 

However, the validity of such an averaging process is questionable. Moreover, a so called 
global a.nalysis of T decays f5] docs not show any deficit. In a globa.l analysis one first selects 
a clean sample of T+T- events and then distributes them among the known generic final 
states. 

With more a.ccura.te measurement.s the "Consistensy Problem" practically disappears 
and the "Complet.eness Problem" becomes k:ss pronounced_. The next scct.ioJ}s describe 
recent ARCUS and CLEO cont.ributions to t.hese studies. 

1.1 New value oj T ma.~,<; 

Tradit.ionally the mass of t.he T lepton was determincd from t.he bf'h<l"iol1l' of the total 
cross section a{e+e- - r+r-) in fhp. threshold region. The four existing measurements 
lead to an average value of TnT == (1784.1 ~~:~) MeV/c2 [2~. 

Ilcccnt.1y ARCUS invented a new t.echnique for r milSS clctcl'lniniltion [G] I)as~d on the 
kinematics of the decay r- - 7r-7r-7r+u-r. This techniquc C<ln he used in principle for other 
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Figure]: Tests of /.l- T universality in 1991 and 1992. Areas between solid a.ndllashed lines 
correspond to the predict'ions based on the new and old T mass mea.surements, respectively. 

T decays like T- -+ 1r-1r-1r+1I"°t1 but photon energy resolut.ion in AIlGUS is not goodr 

enough to make this channel useful. 
The T mass itself cannot be calculated from the measurell qua.ntities since t.he T flight 

direction is unknown. However, a T pseudomas~ can be derived wiui t.he approximat.ion 
that the flight direction of the 311" syst.em is the flight direction of the T, i.e. setting 
cos(i)n P3Jr) = 1. Wit.h m; = E; - p; and Er = VS/2, the nominal heam energy, it. follows 
that. only the T momentum needs to be determined. Using the approximat.ion noted above, 

. a pse do T moment.um, p; = P3Jr ± PVT' can be derived from momenta. of t.he 31r systcm, 
P31r =: Ip3".'" and t.he tau nelltrino, PVT' The solution p; = Pj". - Pv. has been discarded since 
the tase where Pr < P:lJr i~ true for only ~ 2% of the T decays under considerat.ion. The 
energy of the tau neutrino, E"T' is derived from the energy difference between t.he T and 

the 31r system: EVT = Er - E31f • Wit.h P"T = JE'f,. - m~T and m;2 = E; - p;2 it follows 
that.: 
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The mass of t,he tau neut.rino is known to be very sma.ll: m"T < :15 MeV/c2 (95% CL)[7]. 
The scale of its effect on t.he pseudomass determination is set by comparison with t.he other 
terms m~ ... and (ET - E3 ... )2. Since t.he 311" syst.em is formed hy the decay of an 0\ meson 
[8], the m,1Jr takes valucs abo~e 0.9 GeV/e2

, i.e. large compared to 3;; MeV/c2 . D110 to 
the restriction of the choiCf~ for p; to P:I1f + Pv 

T 
the al meson is emit ~('d opposit.e to the, 

T direction of flight (a.s seen from the T rest frame) for events where the approximation 
cos(Pr, P31r) = 1 holds t.rue. Sinc(' almost no events with Tn31T masses close to tire [nass of 
the r lepton have heen found, the difference hetween T and 31r energies is \ill·ger for t.he 
majority of events with m; ~ niT' so that here t.oo (Er _. E3 ,,) ::» :Jtl MeV/c2 . Thcrcforp, 
a finite but sITlall tan neut.rino ma~~s has only a marginal inOuencf' on the determination of 



The oh~ervf·d pselld()rnas~ s[wdruHI is shown ill Fig.2 togel.lll'l" with the Mpl)te Carlo 

prcdic~.i()11 for the m., = 1.7811 CcV /(2. 

In* 
'j". 

Figure 2: Me;lsnred 3ir pS('I\(lolll;IS~~ spcct.rllrTl compared wit.h the rcslllt.s [rolP it Monte 

Ca.r1o calculation (hat.ched hist.ogram). 

TIle dat.a exihit. a shilrp t.hrcsllold hcl:,wiour ill t.he region close to the nOlTlillll1 vallie of 
the T mass. The tail a.hove the nOllliJl;',.1 T 1I1ilS'i is tllle to initiaJ-sti1.tc radiation processes 

which drectivdy reduce I.IIC T r:ncrgy. Since Lite b(~all1 ellergy is used in ca.lculaJ.i011 of the 
psclldomass, t.he t.rllc T energy is ov('('csLimat.cd, leading to higher values of m;. The position 
of til(' pSCUJOll1ilSfl t.hreshold iff directly rcli1t.ed to the mass of the T leptoll. The 1.1111'shol<l for 
the d<tt.a sample appears to lie lJc!ow the lVlontc Carlo expectation for niT = 1.78/J1 CcV /c2 

(cnJi1rged s('ct.ion of F'ig.2), Indicating Ihal, the Tmass is smaller than previotlsly 1llCilSlIrf?d. 

The T rna.ss lillS h"cn ohtilint'd by fitting t.he lTWilSI1l'Cc! m~ specl.rurIl using i1, rvrO!l(.c 

Carlo ca.lcula.t.ion to dcf.cl'lninc Lllc expected slw.pc ror arbitrary T masses. S1\ch ;t fit. gives 
a T mass of: 

m T = (177G.:{ ± 2A ± l.t1) ~llcV / ,:'2, 

where tltf' 1lliUn sysl.crna.tic error is duc to the absolu(.e moment.um scak IlfIcc'rtaint.y of 
0.15%. 'fhis valnc is 7.8 i\rleV /c'2 lower than Ute previo1\s world averag(', This is quite a 
larg sllift and il. lIa~ :;<,'vcr,,1 consequences. 

Thr~ downward shift ill 1.1)(' r IlHlSS lcads to <1.11 illlpro\'crlnpper limit 011 t.h", II\~SS of tit(' 
T neutrino: 

717", < :iL M('V/c2 

at Ii 95 (Yr, confidcliCi' ]('\,(,1 [G1. Tlll~ AnGUS vnlllc or 7n T IS III JrIl1ch better agrr'clnr'lll. wilh 
Uw eXl)('c:f,atiOlls flCHlI ]('pfoll llIlivcn;aJil.y (Sf"" Eq. (2)) than tlw prcviolls ITWllSnl'f'1l1cnts 
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Shortly aHcl' the 1\ HG US result the BES Collahoration [9] pres(~llted tllf~i(' new high 
preci~ion rnca~llrenWIlt. of t.he r llH1SS: 

-- 177r (\+0.4 ± 0 .) 11/{ V/ 2nt r --- 1)':'-0.5 -~ 1\ e ('. 

ba.sed on the clnssical met.hod of tile cross section measurement. near the r+r- threshold. 
They ohserved 7 e+/l- event.s ncar the t.hreshold wit.h a.n estirna.ted background or only 0.12 " 
events. 'fhe DES value of t.he r 11litSS coincides pra.et:cally with the ARGUS result and has 
much l)et.tf~r aC<:Ilracy. 

One sllouJd remember, however, tllat. the nES experimen j , h<ts low stat.istics and the 
errors arc not Ga,tlssian. Inspection of the likelihood function [J 0] demonstrates that at a 
:la Ipvc! more than :1 MeV/e2 shifts in 111.7 are allowed by t.he data. This is much larger 
than naive expecl.at.ions from t.he sim!>lir:ed formulae (3). 
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Figure 3: The J11rnin distribution and fit for the data (squares,solid Ctirve) and for the Monte 
Carlo (triangles,dashed curve). Monte C.'l.rlo was generated with a mass of 178l Ll MeV/e2 

and has <\.n a.rbitrary vertical senIe. 

CLEO has measured t.he r mass [l1J using the fact that thc r+ and r- arc produced 
in opposit.e directions. Events wcre selected in which e<t,ch r decays hadronically to one 
charged particlc and 0,1 or 2 7l"us . At least oIlcrro \Va..'; required in the event. A total of 
:J5255 eombination~ werc seleded. In the process e+c - r+r- the two r dircctions must 
lie on calles a.ronnd the hadron direct.iolls. In thc absencc of init.ial st.ate radiation the r 

direc.tions mnst lie on t.he intersection of one cone allel the pitrity invert.ioTl of t.he ot.her cone. 
When TnT decreases t.he cones iill"ink and finally just touch ea,clt other. This degenerat.e 
solution defines the "minimum kinematically allowed r mass" for the event, J\tflllin • The 
experiment.a.! dist.ribut.ion of lV/mill is shown in Fig. 3. It shows a. sha.rp step near 1nT which 
allows its precise determination. The fit of t.he Monte Carlo shape to the data. gives: 

m' T = 1777.8:!.:O.'l±1.7 McV/c2 



in excellent. agl'cclllf'nt wi t.h the AIlGUS and H1",5 rCRU It.s. rrhe systcmatic error is dominat.ed 
by t.he unC":crtninty in the absclut.e energy f;cale as ill the ARGUS method. 

The existing JlICaSUrcDlenl.s of TnT are shown in Fig. 1. The IWW Ewcragc (dominated hy 

the BES resul,t): 
7H T = 1777.\:1:: 0.:' MeV /c

.) 

differs considerably from Ule older measurements. 

1730 1750	 1770 1790 1810 1830
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Figure"1: Compilation of T Hlass me<l$uremcnts. 

CLEO nho o!lLain('d (1. new !imit OIl Ute T nCllt,rino IT\;l.SS. From t.lle allidysis of the pion 
::lysl.em mass distributions in Ute dcca.ys T- '-"~ (57r)-~1,- they obt.ained llL]: 

In/'r < :"2.6 MeV /c2 

at, 9S % COil fidencc level. 

1,2 A.fcfZ81Irr:mcnl of the lml [,plon elcdronic !Jnwc!lilJ,q fm.dion 

'1'1,(: import.a.ncc of B(T'- -, e-ll"ii,-) for tests of lept.on universality ltilS alrciHJy been 
discussed in the introductioll. III a,ddit.ion the prccise knowledge of this branching fraction 
nllm"s olle [,0 Cd.!c ulatc branch ing I'ract ions for mallY T df'( ;')'S (1r liT! 1( /1" 1(* Ilr , pll" tln'//T , .,.) 

on tile basis of low cJlcrgy data. . 
III old"r 1.0 achil'~vc a high ilccur,lcy iii 13" CLEO h;lS studied ('\'~lIl.s in w\>ich hoLiI T 

leptons decay into "'ii! [l:J]. III titis case a sqllare of 1.1t~ ]ll'anchitlf; fractioll B; is JIlC';:Slllf'd 

n,nd h(~nce tllC accuracy in B" is improved by a factor of 1/vi. 'In addition fllis md.hod 
do(~s 1I0t depend on other brancLi",g fr:lction:;. 

Tlw CLF:O d(~t.ccf.ol' is well suited for iilvet1t.igat.ion of this chanTI"!. Tlr(~ CLl~O ,·1f'r1.ro
ma~lIetjc c;tlorilllel.l'r "n,S ;UI cxcdl(~nt energy resol"tion 
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Scaled Photon Energy 

Fignre 5: Dist.rihution of scaled photon energy for the highest en~rgy shower per event in 
d3ta. (squares), Monk Carlo with decay radiation included (upper histogram) or excluded 
(hatched hiHtogr~m). 

low noise, and coven.: 98 % of the solid angle. This has enabled CLEO to obt.ain a. mea
surement with very low systematic error. A la.rge accumulated luminosit.y leaded to a sma'!l 
statifitical error: 

Be = 17.49 ± 0.15 ± 0.22 %. 

This is the most accura.te measurement of the T lept.on branching fraction. 
CLEO even managed to 0bservc photon radiat,ioll ill t.his decay for thc first time. This 

is illustrated in Fig. 5 which shows the measured phot,on energy s)wctrum. The number of 
phototls and their energy spectrum ill the eli-electron sample agree with Monte Carlo only 
if T decay radiation b included. 

I 
, I I 
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DgLPJlI - It--- 
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-
I I I I , 

16 17 19 20 

Figure 6: Recrmf. me(\$urerncnts of the t.au e1l'et.ronic branching rat.io 

ARGUS abo has new JTleasurement of the T lept.onic branching fraction. Events in which 
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oricT decays illt.o €,/Iii a.nd t.he o{,I.(:'r int.o Il/Ilt were st,udicd, ABsuming (~ - It llnivc'·"a1it 
I.hry obt.ain 

B" = 17.9 ±~ 0.2 ± 0.4 %. 

Fig. (j shows t.1ic most. accura.t.e results on Be. The new world (l,v~rag(' is now [ltfl: 

Be = ]7.76 ± 0.15 %. 

[Jsillg measurements of nit <l,Jlcl a.ssuming e - II. univers"lit.y one can improve the acclIIa.cy 

in B,,: 
Be = 17.86 ± 0.12 %. 

1.:] lbt of lepton 1/.11.ivCTSU}ity 

Both AUG US [17J and CLEO [IS) have mCrlsured the T lifdimc. However, t.he world 
a.verage is dominn.tcd now by t.he LEP p.xperiments [14]: 

TT = 2%.7 ± 3.2 fs. 

The new vailles of m r , B(T- -t e-//"//T), and TT are in much bett.er agrcwncnt witl. the 
preclidoJl (2) based on the lepton universality. This can be seen clearly in Fig. J. Titus 'he 
"Consist.f'ncy Problem" ha.s praet.io\l1y disappeared. 

1.4 Tay decays involving 1[0 01' 17 meSOllS 

Al:curatc measurements of T decays with pho!.ons in f.h~~ final strite represcnt. (In /?;(

peri'l1ental challenge. The CLEO U detector is well suited to such st.lldi~s becanse of its 
electromagnetic calorimeter whir.h has excellent. energy resolution and fine segmentation. 

254/192-010 

4· 8o 

r j t , 1 f I iI' i T 

-4 

10 

-8 

(0) 

'", ~. 

:." . 

. ;:: ,',4

Syy 

Figure 7: (a)The quantity STY == (nLn -- mrro )!CJ-y,- for one phot.on PflJr \'('r~,lIS t.he of.lwr 
(b)The "''Y'Y for data (sqllilrcs) and the l'vloll.t,e Carlo (histrJgril,m). 

The decay T --) 1.--1/.°/1 , was studj(~d by CLEO Ilsjng t.he h+ 7r°'/ YS. 11-1[(1;;r topology.r 

The h--7r"°/l r mode is dornina.!.('c! hy P-- "'r but also receiw~s cont.rill\lt.i()n~ frorr! rc"-- /J,.,(l-"'r, 
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'i~lltf' H: 111 vHI:iall I 71' 117r° maRR sped.fa with onc,t.\vo,thrce a.nd four r~consl.t"lIdfxl 7TO'S • 

0•1I1 I 111.1\ resonant. It·o 71°'.'1 modes. Fig. 7 shows how well t.he 7r0 _7r signal is s(~('n in tile 

o(1I.a. TI)("'f~ is only a ,L;, % ba.ckgrollncl, estimat.ed frol1l t.1w sidebands. There .MC 6:i22 
(~V~lJ1 s left. a(t.C'f had<,gmll[ld slIbtraet.ion which I('ads to [lOJ 

. This is the most. precisc lJI~aS1Jfementof t.his branching fra.et.iou. The main coill.rihlltiol1 
I.Q	 t.hp. systf'mat.ic error cotnes from t.he ullcert.aint.y in the efficiency. 

To study mult.i-1r° singlf'-prong T decays CLEO tagged the second T lepton I\sing lep
t .nic (ellv, II/!ii) or ~Jprong' (3h± [1rU

] II) deca.ys. Clea.r sil~na.ls arc observed in rom cha.nnels 
h-llo/, , h-7T.lI71ooLlr, h-:37r°'lr , and h-41r°'lr (see Fig.8) 1[1:']. The (~orresponding brrt,llclting 
rmcl.iolls arc ~\IIflIlHtliz.ed in 'fahle 1 assuming t.he world average vClllle of 2/1.2G ± 0.4 % for 
B( T- h-7r°'J r ). The lagt error in t.hesc results rel1ects thl' I1ncertainty in B(T- --+ h·°1r°tJ r ). 

r 

--4 

These result.s arc"more precise than t.he world averages of previous cxperilTJcnt~. This is the 
(ir.. 111CaSllrCIlIellt of r- --~ h-1rro'1 r • 

Table 1:. Branching fractions for T decays with 7r0 mesons (CLEO). 

[l);~;~.YM~a~I~fum~~:hing{rrt.ct,io,·} [%f]i 
h--:-;;:o~;_oo__. 2/1.83 ± O. J5 ± 0.53 

h27r°"r ~.H ± 0.1:' ± 0.19 ± O.l/t 
l,o:hro'J 1.02 ± 0.07 :1: O. J0 ± 0.02T 

h--'1no/I , 0.L5 ± (L05 ± O.U!) J: (Ull 
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1\ !lot her new mode di~covel'ed by CLEO is T- -~ 7T"Jr'-7T-"7T'-'7r°l/T [14]. It. hit:; (I.n IIIWX

pcdf'dly large hranching fradion of 0.6'1 :t~ 0.10 %. For the all·chargpd mode with 57r the 
hranching fraction is only 0.05G ± 0.016 %. This [PSld\, demonst.ra.t.es that. new large decay 
nwdes ca.n still be discovered. 'fhe invariant, mass spectrum for 7T+Jr-rr(l comhina.t.ions ill 
this deca.y shows a bf~a.tiflll w signal (sec Pig.9) .. again the first. observa.tion. 

Tall decays into final states with 7/ UlPsons were often f:om~jdered as ciuHIidatcs for sCllving 
the "one-prong problem". Rf~ccntly CLEO ohserved the first cha-nuel with (l.1l 17 lIiesoll .. 
-r- ---+ l/Jr-7TOVr [l6]. The quality of the t] a.nd 7T

o tcconstrudion is illustrated in Fig. to. The 
branching fradion for this decay 

agrees rcasClnably well with the eve prediction of 0.13 ± 0.02 %. 
CLEO has looked for several other decays with 11 mesons and did tlot observe them. The 

obtained upper limits a.re summarized iii Ta.ble 2. These tipper limits are !ltringent. enough 
to exclude the possibility t.hat such deca.ys could contribute considerably to t,hc one-prong 
topology. 

Table 2: Upper limits on branching fractions in unit,s of 10-4 at. 95. % OJ.. 

~cayMode D 
r'- ~-t 177T-1/-t 3.4 
r- ---t 71J(-//T 4.7 
T-' --t 17rr-7To7Tol/r 4.:3 
T-- ~ 171J7T-' Vr 1..1 
T·· ---+ rJ717T-rro//r 2.0 

-,-,-----------

The new precise meaSlIrenlents hy CLEO tllld ALEPH lead t.o t.he sum of lTlefl.HUfCd 7 
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Fignre 10: Signal [or 1T-7r°TJ hadronic st.ate in T decays with TJ ~ 11

hranching fra.dions close to 100 %: 

L B r = 97A ± 0.9 % 

if one takes wor d avera.ge vallles ,[lit]. However, CLEO result.s are sYf;t(~rnatica.lly lower 
t.han t.he ;\ LJ~P I I '/allles and there is st.ill a lot. o[ work to he done before t1w "Cornpl~h'ness 

problem" is settled conclusively. Moreover, it. is possibk~ to say t.l1iI,t. t.he cOlllpldcncss 
problem indeed exist.ed t.o some ext.ent. At least. one nnexpected channel wit.h a large 
hranching ra.t.io was observed - t.he decay T- -+ 7r+7r-1r-1r°'/r°vT • 

1.5 First delcnni1lation of the IVfichel paT'ametcr ~T 

A completely general Lorentz st.ructure of T decay is described by 10 complex const.ant.s 
[191. These can be relat.ed t.o the Michel parameters [201. The Lorentz strllcture o[ T decay 

'is not well t.est.ed yet.. The world average for the Michel parameter P [2], P = 0.727 ± q.0:-J3, 
agrees with t.he V - ;\ prediction of 0.75 and lhe observa.liol1 of parit.y violat.ion in T 

decays [21] dernollst.arat.es that. the T-ncutrino is indeed left-handed. n..ecent.ly ARGUS has 
dct.erminf:d for t.he find, time th~ parity-violat.ing Mich~1 parameter ~T' 

In the T f(~St. frame, neglecting radiat.ive corrections, t.he moment1lm spectrum of t.he 
charged decay lept.on eis given by 

dl'r=hIi IIX :r:;' (12(1 - :rt) + Pr . (32 X - 8) + TJr . .!'.'.L • 21(1.-:~t!
dnd",( . 3 fn r Xl 

·-P T • ~r' cos 19 . [r1(1 -- xc) + (Sr' e~;l - 8)]}, 

W}!("'IT :1:(::-:: p,/p~"lX is th(~ scaled lepton momentum, Pr t.he T polarization, and!? UWil.ngl(' 
bctwe(~11 Llll' 1 spin and the !cpt,on moment.um. vVith 1Il1pohri7,f'd Tlcptom:, or inf,cgra.t.ing 
over the flllll? range, t.he spectrum dqlcIH.lr;; only 011 Pr and IJr. Measun'nwlIts or the o"'wr 
two l\fichel pil.ramct.crs require p{)lariz(~d t.aus. Elf'etron .. positroll allllihilil.tion produces T 

pa.irs wit.h simple cO\Tr]at.ion lwhVf'cn t.he two T spins. At. high energies, 1.I1('l'e aH~ ollly 



-----

II
 

events with bot.h spins paral1el, either (P,+ == +1, P r - = -1) or (1\+ = -1,1\- = +1). 
Their prohahditics arc ~q\lil.1 a.s lon~ a.s t.he '1,0 cOllt,rihution i:, llq?;ligihle. Thi~ spin :itruc

ture correlates t.he two chi\.rgc~l lept.on momenta in T+T- --~ (fl:l:vv)(e±lli;;) event.~ if bot.h 

~T-+e and f,T-+I' are non-zero. An ohservation of e and II. momentum correlation gives a 

measurement of the product ~7'-+e • ~'1'-+/,. 

Using the momentum correlation between Pv and Pe atHl assuming ~7'-+e = (,'1' ..... /' = (,T 
ARGUS oMained 

I~TI = 0.90 ± 0.1:3 ± 0.08. 

This value agrees with V - A (,T =:: +1) and V + A (f,T = --1) couplings but. excludes V or 
A variants (e'1' = 0). Measurements at LEP demonstrate that the sign of f,r is positive [22] 
in a.greement with the V - A prediction. 

2. CHARM 

ARGUS and CLEO have nw.ny new result.s on charm. They address different aspects 
of c;!Jarm physics. In this talk only two exa.mples will be present.ed - the observation of the 
flrst excited charm baryon and a study of DO decays into the final st.ates with /(0 andk*o . 

. 2.1 ObSC1'vation of thc first c:rcitcd charm bar'yon 

N
3 MeV/c2 

11 

30 

20 -

10 

o 
2.64. 2.68 2.72. 

M(A:n+n-) [GeV/c2
] 

2.56 2.6
 

F' 11 A + + -" I,' '1 . ( )19l1re : I\c 71' 71' lIlvc),nant mass (lst.n )ut.lOn points a.nd the fit result.s. Jfist.ograrn 
l'cprcsents sidehands of At. 

All ground st.at.e JP = ~+ charrn baryons have already been observed iUl<l t.heir prop
ert.ies st.udied in detail [2, 2~J]. Rccent.1y the ARGUS collaboration obtained cvid(~I1cC ror 

the chaim haryon ill tIle' Atll'+71'- final sta.te. The At ha.ryon was nxonst.mc!.f'din fOllr 
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Figure 12: Il'variallt. rnass distribut.ions for At1r combinat.ions from the signal. The solid 

curve:; rcpn'~:cnt fits described in the text. 

dCl:i1y 1II0des _. p!{-7r+, "i{o, A°'jf+, and N'/r+1l'+1r-. The resulting ;\t7r+;rr- inva.riant 111<1SS 

SPCdlllifl for :J: p > 0.5 is ~:llOwnin Fig. 11_ 
/\ rtit.rrow r:.eak oJ (l lII,t<>:> or 2626.G ± 0.5 ± ].r, MeV Ie'). is ckit.rly visihlc while for A~ 

sickhiwds the disiriblll,ion is smoot.h. It. was verifiL'd using Monte Carlo that 1.11(' pcak can 

lIot be iI. rdledion frr'!Tl Be or ot.her c1l:-lrOl particles. The widt.h of tlw pei).k is consist.e~lt 

wit.11 t.he dct.('ctcr resolut.ion. This Il'ads to (I,n upper limit on tllC natnral width of less than 

5 IVfeV .1.1. 00 'Yr, c;)nfidcllCe I('vel. 
Three rossihl~ ('.1I".nnels could cont.ribut.e t.o t.he observed signal: non-I'(,solla.nl. At-;r+r.

productioll, dec<l.)s to ~-:;;~+JT- and !'-:~JT+, roIJo\V('(! by ~c _·t At1r±. Fig. 12 shows t.IH·' t\~iT+ 

and At1l'- invariant m[\ss Rpectra for !\t1r+1l'- combillet.tion8 from the sig\1al rc~ioll. In 
thf'se ~;p~ctra one expect:; to see sip;nals from l..::t+ and B~ correspondingly. Ull('orLllna.i.cly 
the phi1se space is v0ry limited and ~~~ dccfl,Ys !r]ad to ,1. reflection f.liglJ1,ly above the ~~-+ 

. mass and vice versa. "1'1Ie fit which t.a.kes into account. thc~JC reflections demonst.rat.es tile 

~xisLcnce.of )-=~+ or :8; l>ii,ryO\1S in morc than one half or t.llt:) signet! events. 

Tjll~ :rp dist ributioll for tllC siglla,1 WflB found to he v(~ry ha.rd - t.ypic,d for c1larm baryons. 

Thp, observed propC'rt.ics. of the signal ap;rCf: with t.he hypothf'sis that this is an excited 

A~+ baryon. The snlal1 width is due 1.0 t.1w rcdnccd pllasc spa.ce for t.he decays t\~+ - ~cJT. 

Exc:ited E c bi1,ryons would decay into At1r 'Illd would have llludl larger widt.h. The mass 
of ;1, new charm b;>"ryoJ1 agrees with the t.heoretical predictions for exit,cd At sta.tes [2.1]. 

2.2 Study oJ])O c!rc{/.ys illtn Ro an.d R·o 

n meson decays an' still IlO!. wc,ll Illld('r~t.ood, T!wrc an' severa! t.lt(~orctical ilpproac])('s 

which explain scrniqllitJlLi(.aLivdy Ule lif"tirnc difference het.wccn [)+ <llld /)0. JIowever, 

i.hl'rc' is sLill (I. cOIll.rc)\l('rsy alwilt the' role of different fl)eCllallisllls which can GUIse the 

lifet.ime di[Tprc~ll('e. In p;nt.iclllar the contribution frOI!1 I,V-exch;l11gc diilgr;uns <tlld thl' rok 

of final sti1k il\t.cr;:ldiolls (FS{) arc 1101. knowll. In order t.o solve t.!}('se prohlems on.. n('('ds 
ITlCaS1JrC!Jlcnt.s of rnall,)' D decays. 

'1"1 If'1 r)o, I J-· o . '-'.0 I 1 1 0 ( I' . I,W '. C(,I,ys () "lC L III ,n \ or \ . all, 1l011-S ,Iallge 11('111.1'''. S 7f • '] 01 11 ,1.1(' 0 SIH·"·:la. 

jllt.crest, ]WC;lllSC they ean occllr either throllgh "internal I{/-('Jl!ission" or "IV-exch;llIgc" 
d:agr<lrns, ,q shown ill Fig.1:L CLEO hilS p('rfonnc<! nc\ov llW;lS'Jr(~nJ('11t.s or all t.IH'SC 'decays 



13 
0041092··011 

/U

L- 'rr+ 
~ d 

/ 
t S 

K 
TI 

(0) 

c---...c---
D° 
u-----~--

c 

D° 

U 

, s 

"<~ 
ij 

(b) 

Ro.R*o 

7r 0 ,7] ,7]' 

c I :? KO,R*o c I s 
7].7]

l~d 1<5 
I 

IT : -----d I 

D° 
I S KOR*o....1- _1 7r~'TJ,7J I, ,d u d 

( C) 

Figure 13: Feynman diagrams for (a) external vV process, (b) interna.l ltV process, (c) 
IV-exchange process. 

[25]. The results are sum'!larized in Tables 3,1 [25] and compared wit.h t.heoretical predic
t.ions. Severa) theord.ica.l approa.ches a.rc excluded by the data a.nd none describes all the 

J 

Table 3: Branching fra.dions for DO decays with [(0 [%] 

-

CLEO 2.8 ± 0.1 ± O.li 0.88 ± 0.09 ± 0.16 2.0 ±0.15 ± 0.421 
ARGUS 2.2 ± O.::~ ± 0.5 < 2.7{90 % CL) 2.4 ± 0.8 ± C G 
E691 5.7 ± 1.0 ± 1.2 

Theory: 
wsn wlo 1"SI 1.0 1 0.1 0.15 

I WSB w 1"SI 

J[jI/N,N=qo 0.8 

~N,N=3 0.2 0.1 
QeD sum rules 1 r: 0.1 1.2. .U 

] I 

data perfectly. Obviously a lot or theord.ical and experimental work must. be done before 
D decays are quantitatively undcrstood. Lipkin [26] ha,s pointed out that the presence or 
ltV-exchange diagrams should lead to 

The CLEO result correctcd [or the differcllce in phase space, 

r (Do ~ ROT/') 
= 3.1 ± 0.6. r ])0 ~ [{o."( ) 

is consistent with this prediction and slIggest.s the iniport.ance of W-exchangc dia.grams. 
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i\.nd CLEO collaborations. I wish Lo express my deep appreciat.ion t.o t.he organizers of this 
Confcrc(]ce, ('specially to G. Dellettini and M.Grcco. 

It. is a great pleasure to thank I.Bclyaev for the most valuable help in preparing this 
·prcRenfation. 
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