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117!!.ti9 Moscow, USSR 

ABSTIUCT 

Jl ecent results on heavy fla\'oUl's from non-lEt> experiments att': r-=viewec.l. III the beal~ty st'etor 
emphasis is made on decays useful fot CP vi.olation studies anrl ou processes relevant to the det.er­
Iltinat.ion of the CKM IIIoti:i..J.: semilt'ptonic decays, BE /luxing, ane! st':afcht's for b --> 81' transitions. 
The discussion on charm is limited 11111.iuly to Cabibbo-suppressed and semileptonic decays and new 
measure111~nls of .0" and D. decays. Finally, new precise measurements of T lepton decays (includ­
ing LEP results) are presented. 

lNTRonUCTION 

The physics of heavy flavours is Ii. very rich 
field. ltcorilprises searches fat new phenom­
ena, determination of the fundamental parame­
ters of the electroweak theory, quantitative tests 
of Quantum ChromodynalTlics (QeD), and stud­
ies of 1101l-pcrturbfltive processes in strong inter­
adions for which a model independent theoreti­
eal approach has yet to be developed. 

The search for new effects heyond the present 
theory is the main motivation behind studies of 
heavy flavours. One should keep in inind how 
drastically our understanding of nature was 
changed by studies of the scmiheavy strange 
quark, recalling that, at the time ofthe discovery 
of particle-an tiparticle oscillations, P and CP vi­
olation, the strange quark Was the heaviest known 
flavour. 

There is a hope that investigation of charm 
and espedally beauty will brillg equally impor­
tant surprises. The reason behind this expec­
ta.tion is the large mass and long lifetime of c 
and b quarks. In particular further studies of the 
beauty quark are expected to playa crucial role 
in solving the puzzle of C P violation. Beauty 
and charmed particle decays tan be sensitive to 
phenomena at a larger inass scale than presently 
available at accelerators, for instance to charged 
Higgs bosons or supersymmetric particles. 

Tlle tali lepton is thought to be the sequen­
tiallepton of the third generation. However, this 
assumption is not well tested and further stud­
ies could bring surprises. Moreover, there are 
some indications of discrepancy between theoret­

iral expecta.tions and experitnental data which 
question even e - 11· .- T universality. 

From the LEP studies We know that ihere are 
only 3 light neutrino species and therefore most 
prohabl)' only 3 famiJ:es of quarks and leptons. 
This limited number of quark and lepton families 
should reflect some fundamental feattire of na­
ture whirh is yet to be discovered. At present the 
quark and lepton sectors of the. Standard Model 
(SM) contain ihe largest number of free parame­
ters which are 1I0t predicted by theory. There are 
6 quark and 3 lepton masses (assuming nt'utri­
nos are inllssless),.and 4 independent parameters 
of the Cabibbo-Kobayashi-Masltawa (CKM) ma­
trix, V, which rotates the quark mass eigenstates 
(d,I,b) into the weak eigenstates (d',,',b'): 

It is possible that a more fundamental theory 
will eventually specify these parametets. Mean­
while experimental measurements are extremely 
important in giving sonte indication about what 
a more complete theory should look Iih-. Eight 
out of the 13 patarneters mentioned above can 
be determined from studies or heavy flavours. 

Finally, heavy quarks and leptons provide 
. unique possibilities for studying strong interac­
tions. The large masses of the band cquarks con­
siderably simplify theoretical calcutations and al­
low, in tnany cases, CJuantitative lests of QeD. 
tau lepton decays offer very clean initial condi­
tions fot a study ot low m8:ss tesona:nces. 

The top quark has not yet been foUnd (lJ. 
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Tht>refore, this talk is dC\'oled to beaTlt)' find 
chunn partides lind to I he 1" lepton. Due to 
space limitations only recent results arc mainly 
discussed, with apologies for unavoidable per­
sona.l bins in t·he sdedion of topics. Tllere are 
ma.ny e.llcellent" ('om prehensi ve reviews on these 
subjects [2] where morc details ran be found. 
1,EP results on heavy Havours are discussed in 
Ii separate talk by Houdcall [3]. 

The first part of the paper is devoted to B 
mesons. TIle topics include nonleptonic and 
scmileptonic decays, updates on BB mixing and 
searches for b .-. III transi tions. Tile available in­
formation on the CK1\1 matrix elements is then 
summarized ill tenus of the unitarHy triangle. 
Charmed particles are discussed in the second 
part with the main emphasis on Cnbibbo­
s.uppressed and sernileptonic decays. The third 
part is devoted to decays of 1" lept.oll including 
the LEP resull.s. 

BEAUTY 

Before JJEP, information about b quarks came 
mainly from the e+ e- storage rings DORIS lJ 
und CESn, working just above the threshold for 
e+e- ---. BB. The reasoll for this is the exis­
tence of the T (45) resonance whicIl decays into 
BO EO and B+ B- final stat.es with JP = 1-. TIle 
T(45) resonance has a lclatively large peak cross 
sectioll of about 1nb and provides very clean con­
ditions with accurately known (within a few 
.MeV) B meson energy. Tagging one B meson 
uniquely identifies the other produced aiong with 
it. The ARGUS and CLEO 1.5 e;~pelil1lents have 
collected 209 x 103 and 214 x 103 T(45) de­
cays, respectively. In 1989 the CLEO 11 detector, 
with an excellent G/JI eledromaguetic calorime­
ter, was brought into operation. More than a 
million of B decays have been collected with this 
detector. The first result.s from this sumple are 
now starting to appear. 

The total width of T{4S) is 3 orders of mag­
nitude larger than the widths of T resonances 
wllich lie below the BB threshold. Therefore it 
is assumed in this talk that the T(45) decays 
only into BB pairs and that non-DB decays of 
the Y(4S) can be neglected. However, searches 
for nOIl-BB dec.ays are discllssed ill the 1lext sec­
tion. 

1. Search ior 1l0)l-BT.~ Decays of 'Y(45) 

More than a Yt"ar ago CLEO [4] and ARGUS 
[5] obsf:rved fast.J /1/' mesons at the T(45) energy 
with momenta above the kinematic limit for pro­
duction ill B decays (see Fig.1). No signal was 
secn in the continullIll by either experiment, in­
dicating that t.he J NJ were produced directly in 
T(45) decays. However, the probability that the 
signal observed at the Y( 45) was due to J NJ pro­
duction in the continuum was a non-negligible, 
being about 1% in both experiments. Neverthe­
less, Cl,EO int.erpreted the signal as the obser­
vation of lIon-BB decays of T(15) into JN [4]. 
ARGUS did. not publish their result because they 
believed the signal could be II. statistical fluctua­
tion in J lv' production from tIle c.ontinuunJ. 

Illdicatiol1 of direct. T(45) decays into J 11/;X 
created a lot of excitement because the decay 
width for Y(15) -> J f1j,X WII.S 3 orders of mag­
nitude smaller [6], so tlwt LIlese unusual T{45) 
decays could jndi~~te new physics. Several au­
thors discussed a I,()ssibility that T(45') was Dot 
a pure bb state, but had some gluon or light qllark 
admixture [7,8,9,10]. 011 the experimental sjde 
there is no evidence for any other nOll-BE fi­
nal states in T(45) decuys. The C USB search 
[J 1]' for direct photon production predicted in 
some models [8,7] has led to 90% confidence le\'el 
upper limits BR(T(4S) ---. IX) < 0.65% for 
E"( ~ 500 Me17 and BR(T(45} -, 1'X) < 0.06% 
for E"( ~ 4 - 5 Ge17. The fi rst limit is already 
ill contradiction with olle of the theoretical pre­
dictions [8j, while the second is only margiunlly 
consistent willi II.nother explanation [7]. By com­
paring leptun and dileptoll rates at the T(45), 
CLEO [12] has set all upper limit 011 the fradion 
of 1I01\-;].8 decays tnon-EiJ =1- f+ - 10 < 14%, 
at 95% CL. 

At this cOllference CLEO [13J has pres('n~d a 
preliminary study of high momentum J 11/,'5 in 
the new data sample collected with CLEO 11 de­
tector. In contrast with their previous study, 
CLEO now observes continuum production of 
J IV' mesons with momenta above 2 GeV Ie (See 
Fig..Ld). In the combined new and old continuum 
data sample there are 12 events in J /1/1 region 
wi 1.11 an estimated background of 3.6± 0.6 events. 
The probahility that u Poisson distribution with 
a meau of 3.6 will give rise to an upward lIuc­
tnution of 12 or lUore ~veJlts is 3.7 X 10-4 • At 
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Figure 1: Dilepton invariant mass distributions (for z > 0.38) for CLEO 90 (left) and CLEO 91 
(right) data. (a) and (c) on i(4S), (b) and (d) off i(45). 

the i (45) energy the rate of fast J I 1/J mesons suIts from the fits to the ARGUS. [15,16J and 
is 3 times smaller in the new data than in the CLEO [12,1 iJ data are given in table 1. The dif­
old (see Fig. Ie). Consequently in the combined ference between the BO and B- masSeS is consis­
data sample the excess of J It/' production at the tent with zero. The mass splitting has important 
i(45) beyond the continuum component is only implications for theoretical estimat.es of the ra­
0.5 ± 9.6 events. an averag.e which is marginally tio, 1+110, where 10 and 1+ are the branching 
consistent with the CLEO 90 result. At the mo­ ratios for i( 45) -. BOBO and i( 45) -. B+ B­
ment CLEO l.as no explanation, other than a respectively. A knowledge of f+ and 10 is impor­
statistical fluctuation, for this development. tant for the determination of B meson branching 

In order to determine ratios and hence for the extraction of the funda­
mental parameters of SM. Recent theoreti~al es­
timates [18,19,20J, which include the moment.ulll 

CLEO combines continuum and i( 48) data, as­ dependence of the i(45) -> BB vertex fune­
suming that all fast J 11/J (z = PJN!Pb,am > t.ion and the effects of the B- and BO form fac­
0.38) are produced in continuum. This leads to tors, indicate that !+!10 = 1.00±O.05, where the 

error reflects the theoretical uncertainty in fh"
RJ/",(z > 0.38) =(1.0 ± 0.3 ± 0.3) x 10-3 

, 
momentum dependence of the vertex function. 

. a value in reasonably good agreement with theo­ Throughout this paper the ratio 1+ /10 is fixf'r1 
retical predictions for J /II' production in the con­ to one and the systematic error is not included 
tinuum near 10 GeV, which range from RJN = in branching ratios of B mesons. 
3 x 10- 4 to R JN = 2 x 10- 3 [14). Tables 2 and3list B O and B- hadronic branch­

ing rl>tios measured by ARGUS. [15,16] and 
. 2. Nonleptonic Decays of B Inesons CLEO [12,17]. At present about 15% of hadronic 

B- decays and about 20% of hadronic BO de­
The masses of B mesons have been measured cays have been observed.' All branching ratios 

using reconstructed hadronic B decays. The re- are calculated using MARK III measurements 
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Tablt' 1: ARGUS and CLEO results fOJ B meson masses. _. -
MBa -- M B ­MBo .UB ­

GUS 527!l.4 ± 0.6 ± -iJ) 5230.6 ± 0.8 ± 2.0 
EO 5278.5 ± 0.4 ± 2.0 5278.4 ± 0.'1 ± 2.0 
rage 5278.8:1: 0.3 ± 2.0 5278.8 ± 0.4 ± 2.0 

-·=T2 ± 1.0 ± 0.5 AR r +0.1 ± 1).6 ± 0.5 
-0.2:l.: 0.5 ± 0.5~It 

Table 2: Branching ratios for nonleptonic BO decays in ~ . 

Mode ARGUS CLEO average BSW model 

jj!J'-. E +1r 0.48 ± 0.16 0.28 ± 0.08 0.32 ± 0.07 0.39 
jjO -t D+p­ 0.9 ± 0.6 - 0.9 ± 0.6 1.03 
flo -. DOpo < 0.3 < 0.06 < 0.06 0.00 
fJo -. D+ 1r-1r-1r+ -­ 0.8 ± 0.3 0.8 ± 0.3 
fJo -. D+ D; 1.4±1.2 0.9 ± 0.5 1.0 ± 0.5 1.56 
jjO -. n+ D:­ 2.3±UJ - 2.3 ± 1.9 0.92 
Blf -. n·+ 11'­ 0.28 ± 0.11 0.36 ± 0.10 0.32 ± 0.09 I 0.31 
fJo -+ n·+ 1r-:T0 

fJo -+ D·+p­
1.8 ± 0.6 
0.7 ± 0.4 

-
1.9±1.4 

1.8 ± 0.6 
0.8 ± 0.4 I 0.97 

fJo -+ n· +1r-1r-1r+ 1.2 ± 0.6 1.6 ± 0.5 1.4 ± 0.4 I 
fJo -. n-+a1 - 1.8 ± 0.8 1.8 ± 0.8 1.34 
iJo --+ D·+ 1r-1r-1r+ 1r0 4.1 ± 2.2 - 4.1 ± 2.2 
iJo -+ DH- D; 1.2 ± U.9 1.8 ± 1.0 1.5 ± 0.7 0.7 
flO -+ D-+ n:­ 2.3:i: 1.3 - 2.3 ± 1.3 2.54 
EO -+ JNI(O 0.08 ± 0.06 0.06 ± 0.04 0.06 ± (),03 0.03 
fJo -+ J N[(oO 0.11 ± 0.05 0.14 ± 0.06 0.12 ± 0.05 0.12 
fJo -+ J /V,j(-7r+ - 0.10 ± 0.05 0.10 ± 0.05 
Blf --+ 1/1' I{ff 
fJo -+ ..p' [(oO 

< 0.28 
< 0.23 

< 0.15 
0.14 ± 0.09 

< 0.15 
0.14 ± 0.09 

fJO -+ 1/1' j(-1I'+ < 0.10 - < 0.10 

for the decays of D and Do mesons [21]. D;t" 
branchillg ratios are reliably known only relative 
to BR(Dt -+ ¢11'+) •. The latter has been mea­
sured using indirect methods and it is hard to 
estimate the relevant systematic errors. There­
fore a fixed value of 2.7% is assume'd throughout 
this paper for BR(Dt -+ ¢1r+) [22]. In order to 
compare different experiments, results have been 
rescaled where necessary to these common values 
for charm branching ratios. 

TIle last column of tables 2 and 3 shows the 
predictions of the BSW model [23] with the two 
free parameters of the mod!'l fixed by a fit to the 
measured branching ratios [12J. 

"References ill this paper to a rpecific charged state 
..100 imply the charge conjugate state. 

I
 

Decays into channels wit.h a D, or D: meson 
account for about olle third of known lladronic 
B meson branching ratios. Three decay channels' 
with a n~ o} have been first observed by CLEO 
[24]. Recently ARGUS [16] obtained evidence 
for all eight possible decay modes D~o)n(o} (see 
Fig.2 and tables 2, 3). The rat.es for the 
modes involving a D, meson depend on the un­
nihilation constant tD, (see Fig. 3), which re­
flects basic dynamical properties of a bound qij 
systt'm related to its size. Knowledge of meson .' 
decay constants is essential for the extraction of 
fundamental CKM parameters from many weak 
pocesses, including EOBU mixing. Very Ii ttl!' is 
known experimentally ~bout the decay constants 
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Table 3: Branching ratios for nonleptonic 8- d(~cays in % . 

------r-.----­-----Mode ~RGlfS. CLEO average -nsw model 

.____c~ --._---­B- .... DII1r'­ 0.20 ± 0.10 0.51 ± 0.09 DAD ± 0.07 0.29 
B- -t DOp­ -1.3 ± 0.6 1.3 ± 0.6 0.91 
B'- -tD°1r-1r-1r+ - 1.2±lJA1.2±OA 
B- -t DOD; 2.1 ± 1.1 2.2 ± 0.9 2.2 ± 0.7 1.56 
B--tDoDo­ 1..1 ± 1.0 1.4 ± 1.0 0.92-

r-=' , ,...._----­ 1----- 0.20 - ­B -t D00 1r 0.40 ± 0.18 0.7 ± 0.2 0.52 ± 0.15 
B- ___ Doop-' -1.0 ± 0.7 1.0±0.7 0.71 
B- -t DooD; 1.1 ± 0.8 1.1 ± 0.8 0.70 
B- .-t D OO D:­ 2.7 ± 1.5 - 2.7 ± 1.5 2.52 
B --t .Do+1r 1r 0.26 ± 0.16 0.26 ± 0.16< 0.4 
B- --t D O+1r-1r-1r0 1.8 ± 0.9 - 1.8 ± 0.9 
B- -+ DO+1r-1r-1r-1r+ - <1.0< 1.0

"IF---t JNK 0.07 ± 0.03 0.08 ± D.03 0.08 ± 0.02 0.03 
B- -t JjtpI("­ 0.13 ± 0.09 0.14 ± 0.070.16 ± 0.11 0.12 
B- -t JIt/,IK-1r-1r+ 0.12 ± 0.07 0.12 ± 0.07< 0.16 

-----~B --t tI,1 [( - ­ 0.18 ± 0.09 0.18 ± 0.09< 0.05 
B- --t t/J'Ko­ < 0.35< 0.'19 < 0.35 
B- --t t/J' K-1r-1r+ -0.19 ± 0.12 0.19 ± 0.12 

----.,....,...,.­-B- -t 'XdK 0.19 ± 0.14 0.19 ± 0.14 -

5.20 5.25 

4.0 

2.0 

Figure 2: Mass distributions of a) n° -t 

D~o)+D(o)- and b) B+ -t D~·)+D(·)o.. 

of D and B mesons. Only MARK III has esLab­
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Figure 3: Diagram for B -t D1'+) 1)(0) decays. 

lished an upper limit on In < 290MeV [25J. 
Assuming factorization one canestimat~ IDs 

frotnthe measurements of B -+ D~·)V<·). Using 
predictions of so called Heavy Quark Effective 
Tlleory (HQET) [26,27J one finds Inle) = (296 ± 
48)MeV (CLEO [28,2'1]) and' Inle) = 
(267 ± 28)MeV (ARGUS [16]). In UQET va)­
ues of IDsand lo'Sare equ~l and therefore have 
been averaged. For different values of BR(V: -t 

t 

5.30 
Mass (GeV/c2) 
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!/>1r+) the decay constallL lv, ~;caleli as 
(2.7%/ BR(D: .... ¢1l'+ ))'/2. The experimelltll] 
error on fDsisquite small. However, one should 
not forget the important assuInption of fl\cf,or­
ization which is llst:'d in t.his method. The est i­
mllte~ for Jus obtained by ARG1JS ane: CLEO 
are closer to the upper· end of the theoretical 
prl"didions, which range from 91 to 590 MeV, 
but are mainly COll~elltrated bl'lwel"l1 200 and 
300MeV (for a compilation see, e.g.,[16]).A 
large val ue of fDsirnplies a la.rge 

[27] and thl"refore i mprO·H'S prospects of 1-'1' de­
tedion,. 

2.2 EtJidence for Xc} Produclion ill B Decays . 

Production of cc-stntes ill B mcson decays of­
fers a unique opportunity for study of t.he inter­
play between the weak and strollg interactions. 
Thes!" processes arc expected to proceed through 
diagrams show1I in Fig. 4. According to theoret­
ical models, J 11/-' anJ 1fJ' mesons are produced 
by the vector current, while the axial vector CUT­

rent i~ responsible for transitions to lie and Ad 
mesons [29]. An experimental study of the latter 
is RlI ;'mportant compiemellL to previous results 
011 the J / l/J and¢,' channels, testing the vari­
pus theoretical approaches, Production of the 
other charmonium states, '\:cO and At:!, in IT me­
son decays is forbidden, if the effect of soa-gluon 
exchange is ignored [29]. One should also men­
tion that B me",on decays to charmoni UIH states 
like BO ~ J IV)].;.? or n° ..-. J !V-:j{0' are ccnsid­
ered to be among tile best candidates for future 
studies of C P violation. Decays to Ad and TIc 
mesons could also be useful, provided the corre­
sponding branching ratios are large enough. 

Recentl.y ARGUS obtained the first evidence 
for inclusiv~ and exclusive B decays into Xci 
mesons. The searc.h for Xt mesons ismarle in the 
decay mode Xc"-' .1/1/ry, where the .l11fJ 
is reconstructed in the l('ptonic mode 
J/1/.' -- e+e-(JL+/.J-).Photons Which can be com­
hilled with another photon to form !I. pair within 
±70 J\lcV /e 2 (about ±3a-) of tile nominal ,,0 me­
SUll mass are rejected in olller to suppress bark­
ground from 11"0 mesoI'. decays. Finally, the J11/:, 
cOInbillatiolls are required to have momenta less 
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Figure 4: Diagram for B..-. XdK decay. 

than 1.7 GeV/c, which is the kinematic limit for 
Xr production in B meson decays. 

The lIlasS spectrum for all accepte.d J /1/r'( com­
binations is shown in Fig.5 after continuum sub­
tra.ction. An enhancement in the Xt Illass region 
is seen in this plot, while the continuum contri ­
but.ion is small and exhibits no enhancement in 
the signal region. The solid line in Fig.5 repre­
sents a Monte Carlo estimate of the background 
normalized to the number of lepton pairs in t.he 
J /1/-1 lIIass region. 

30.0 

20.0 

10.0 

0.01 ,4
3.0 

Figure 5: Invariant mass distributions of J /1/J l' 
combinations for direct T(4S) decays (points) 
and nearby continuum (histogram). The solid 
line shows the expected blu:kground. 

Filting the signn.l with a single Gaussian de­
scribing Act contribution ARGUS obtains 33±11 
event.s. Under the assumptIon of no Xt2 produc­



tion, Ihis corre51'0nds to 

Br(B -~ tel X) = (1.05::1: 0.35 ± 0.25 )%. 

ARG US also ouser H'S fOllr candidates for B± de­.. 
cays into :.td J(± (~('e Fig.fi) which leads to 

BR(B± ..-. Xc1I(±) = (0.19 ± 0.1::1 ± 0.06)%. 

'Such a large brunching ratio implies that the 
analogous decay nO ~ Xci K~ will be useful in 
fut.ure searches fOT 'CP viola.tion in B decays, 
particularly if background allows lh(' use of dired 
Xci decays into 3( 7l'+ rr- ), 2(;r+ 11'- ), ]{ ~ K - r.+ rr­
or other final states. 

Figure H: Ar,j{+ mass (ARG US) 

At tltis conferenq~, CLEO cOJlllrllled lhe AR­
GUS obs(-rvaliol1 of Xel production in B decays. 
After !L similar analpis they observed 24.4±6.5± 
4.4 ewnts a.t lhe:.tel mass (see Fig. 7) which cor­
responds to 

Br(B -t XciX) = (0.51 ± 0.15 ± 0.1-1)%. 

CLEO has a Ael mass' resolution which is 1.5 
times better than,that of ARGUS. Therefure th ...y 

are able to ~how thaI the sigllal is indeed due to 
Xd production and that theft' is no iudicatiolrof 
the \c2 meson, in agreement with the theoretical 
expectations [28]. CLEO also observes four can­
didntes for B± decays into ">.:d!{± which leads 
to 

Averaging AHGUS and CLEO results one ob­
huns . 
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Br(B --. \clX) ,-..:'(0.61 ± 0.19)%,
 
B.( B± .- XcI K±) = (0.11 ± (l.0~5 )%.
 

The inclusive branching ratio is t~ice as larg~ 

as the theoretical predj(tions [29]. Aftl.'r sub­
tracting cascade contributions, onp. condtldes 
that direct yields of J I':', 1/,' and Xci are com­
parable, being approximatel .. 0.70%, 0.46%, and 
0.60%, respectively.. This again does not agree 
well with the tlwordical rredictions [:!9], 
alth0\:gh errors are ~li]J large. 

Figure 7: M(J IJ/J1) M(JN) lIla~s diff~'rencl'. 

2. .? .Measu l't'1nent of J I tI' Polari:..aflOn 
in B Decuys 

B decays into Jlv']{'o with H'C' -. l\?rrO can 
also be user·:; for CP violation studies [3o], de­
pending on (1\(' relat i \'c hc:licity pOJlulation of the 
!{'o. ]n particular, the (C,O) final state in this 
decay is a pur,' C' P (·igrllstal.e. The relative frac­
tioll of the (0,0) ~tld;e c:-In be determined by mea­
suring J /V' or flO. polarization. 

The first evidence for J 11/', polariZ'atioTl has 
b':cll obtained by ARGUS [31] from an analy­
sis of the decay angle 0 of the lepton from 'tIll" 
J Itj.' decay in the em-system of the J Nt me~on 

with respect to the direction of the J 11/' in the 
.8 II1c~on c.m-system. For fast J lv' nH'sons with 
m01llenta nbo\'(' 1.4 GeV Ic the angular distribu­
tion exhibits a sin 2 0 clistrihutioll (5('<' Fig.Sa) 
as expected for a (0,0) state (ill contrast to the 
1 + cos 2 e (ii~tri blltioll for (±1, ± 1) states). A fit 
lo the I1v:a~urt"d angu};,r dist ri bu tion of the form 



Figure 8: ABG lJS(a) and CLEO(b} decay <ll,gnlnr distributions offcpt01l5 from JJib mesons produced 

in T(1S) d('cuys witll pUN} > lAGeVjc. 

Figure 9: Acceptance corrected distributiuns of 11lt:: ltelidly angles fOi decays of a) J /~, und oj J(. 

trle"oIl5 fIOm 13 --+ J/'IbK< dcc:.ly. 

yields 0' = -1.17 :1: O.l'L This implies that JN' 
mesons from the decay J] --+ J /1/:](., which dorn­
inat;" the rate ill the higll-l110mCJltlJlll region, are 

predomin Jlll1!.y proJllcrtl wi tit 1; clici I.y zero. Unw­

ever. a similar fwa.lysis performed by CLEO [J2] 
results ill n :.=: ·-O.2f.J:±: 0.43 (see Fig8L). Al­
though the CtEO ya.lnc is marginally cOllSistcnt 
wit 11 the 1\ ftG US rcsul!, j I. leads instead Lo the 

. conclusion U,u\. the fmction of the (O,O) state ill 

B --. J /v,j{' decays is slIml!. . 
.. As fl further d<:>monstrntion tha.t the J /1/' 

mesons prod uc('d ill B J lib 1« decays arc IOll­--I 

gitudilllllly polarized, AItGUS has studied the 
distrihutions or the helic:.ity all~les for the J!V-' 
llud J(- decnys in 12 events co.\Itailllllg n mesolls 

reCOllstJ url.etl ill these two-botly chullnels. The 
COI'H,spollding distributions are S]IO\.... .Il 111 

figure 9. 

DoO, afC in good agreelH'cllt with the expeet.a­
fioa for u. J /,/,1« system ill a (O,H) slate. The 
be,;t 111. curresponds to Il pure (0,0) hrlicity state, 
1\ C P (~igcllslat.e, wi tIl a lower limi t or roo/ftot> 

0.76 a.t t.he !)5% CL. Conseqli"I1t1y the dilution 
or CP a.s.'Iuunctry is small, amI the sensitivit.y of 
the decay lJo ...... J N'[('o wit.h [«0 - .... K~lro in 
sea-rdles for CP vioialion will he comparable fo 
lhat. for IJo --+ J IV'](~ . 

Observalioil of the decay B± ---! ActlC1:, dom-. 
luau,e of the helicily (0,0) stale in the decay 
Jjo .--+ J / '1/;]( o. , and larger theoretical estimates 
of f B [3:;] suggest that. the luminosity required 
Lo obsrrve C r violation could be substantially 
smu!!c! tIlU.n COllscl'val.iv(' estimates used in B 
fadory dC'sign sl.udies [30). This is a good IH'WS 

[OT a B hrtory. 
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Table 4: Inclusive B meson branrhing ralios. 

1-­
L~ecar__ ~<!~ 

B -t Df X 
B -I DO X
 
B-1 DsX
 

B-1" A/'X
 
B --+ "cc ., X 

---------BR (%)"--------.-
AnGUS CL-EO -­

23 :I: 4 ±5----- 25 ±-4 ± 3-----­
46 ± (j ± 7 55 ± 4 ± p. 

10_8 ± 3.5 ILL -I: 2.2:1: 4.'1 
7.6:± 1.4 ± 1.8 (;.·1:1: 1.1 

4· (1. 07 :1-_ 0_I 6 ± 0.22) 1 . (1.12 ± 0,1 8 ) 

--~== 91.7): ~2.0 _=~_ ~~Ji2j-;ll-i~~~ 

2.~ Charm Counting in B Decays 

The decays of B mesons are dominal.ed. by 
b -+ c trallsitions. The latest AnGUS and CLEO 
(12) yields for stable charmco particles alld char­
monium states are summarized in table 4. The 
sum over all inclusive chaunels is lower than the 
expected vallie of] .1;' c quark per B decay, where 
one c quark comes from b --. clV- transitions and 
a.n additional 15% originates f;olll charm produr­
tioll in the fragmentatio/l of n' - d. C('lltri­
butions of about 2% from I.> -> 11 W - trallsi tions 
(see discussion below) and all estimated 1-2% 
from loop-induced b ~ fj tffUlsiliollS [3·1J CUll be 
llt'glected at the present level of accuracy. If one 
uses the PDG values for the D JlleSOIl branching 
ra.tios [22], instead of the 1\'1 AilK 111 resulls, the 
charm yield in B decays increases to 1.02 ± 0.12 
(ARGUS) aud 1.l4±0.J3 (CLEO). This is closer 
to expectation. However, the present level of ac­
curacy does not allow one to exclude the possi­
bility of a sizable [ractioll of non-charlll B decays 
(or non-BB 1(45) decays) even at 2fJ% level. 

3. Semileptonic B Decays 

Semileptollic B decays are best understood 
bolh theoretically and experimentally. Their 
study provides at present the best method for 
determining the va.lues of CKM matrix elements 

lV.bl und lVubl· 

3.1 Inclu6itle Lepton Spectrum 

The inclusive semileptonic branching ratio of 
B meson has b{'cn detcnnin{'d quite precisely. 
The latest results obtained at T (45) ell{'rgies urc 
summo.rized in table 5. The average branching 

1'abl<';,: Recent. measurPllH'nts of D meson 
sClllilcplonic branrhing ratio ,it 1('15) l'lIergy. 

~~~-il G~~T;:-=-l}j~~}B2;~~{-fJJ~~L1
 
I CLEO 

I C:I.~~O (ll) 
UbD 

I .x Hall 
---- ---- -~ -

LAverage,__. 1. 

I 0_5 I 0.3 -L 0-4 

lO_G f: Of):L O.? . 
lO.n 1. 0.4 -1 0_.1 
12_0 ~ 0_5 :l- 0_7 

10.3±0.2 _ 

rulio BRflJ--. LX) =- (l0.3±O.2)% I is lao small 
to be understood in P_ straight-forward way ill the 
spectalor lIlodel whn(' a hrallChillg ratif) of 12­
1'.l% is predided [36]. I\Jeasurclllent.s at. the ZO 
peak. which actually represent average semilep­
t.olllr branching ratios for an unknown mixture 
of b-f1aV01J red ltaulOlIs, yield si milar val ues of less 
thall 11% [3] (except for L3). 

Since tlie low mOlllcntum part of the lepton 
spertrum is domillated by lept<:ms from charm 
decays, ollly the energetic region can efi'ectively 
Of' used for lilt' dclerminal.ion of the B meson 
selllileptonic branching ratio. Extrnpolat.ion to 
the whole momentum interval is usually 
performed using the ACM model [37J (us was 
dOlle ill table 5). One possible explanation of 
the discrepancy between experiment ano theory 
could be an under-estimation of the contribution 
from soft leptons. Semileptollic B decays into 
baryons could be a source of soft leptons. How­
ever, ARG US has demollstrnted that this source 
canllot solve the problem [38J. 

Tn the recent CLEO analysis based on the 

1This ,·o..iue represenl. senuleptonie brnllduJ1g rnlio of 
lb. lluxlure of nO "lid D + meSOll'. Vsillg InggeJ.amples 
of B meSOHS CLEO hl\5 m.nsuT.d BH(DO __ }i:+l-iJ) = 
lOA :Ie 2.2~;:~ 'l(, l:Jsj­
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IS(;W nl0dd [3!l) the frl1dion of D"/" 1Ilird state 
is allowt'd te) vary. This leads to a lilrgl>r St'lo1ikp­

tonil' bTf\!lChing ratio of (11.2.± 0:1 J: 0.1 )~; 1:1:,]. 
Hvwt'ver, such -1\ I'roct'dure is a!IIl,,;;t ('f(uivalt>nl. 

to fill arbitrar)' ck\llge of the shi\pe of ;ht' lepton 
sp~drlll11 and thn~f,)fe dops 1101. adrl lllllch 10 

01lr understanding (,f the probkm. The problem 
("ould be s"hl'd by invoking llllexpeclf>dly large 
m)nspe( tator dlects fit about the 20 1

.";; 1('\'1:1. A 
recent discussion of 1his possibility cnll be fouI1I1 
ill 13i'j. One cOlll ..: also f(llt'stiOll t.he vil.lidit:v of 
Ihe sperfotnr model t'slilllutes fnr a proc(...~s which 

is domiilat('d by a few exdusive ,hollnels [-10]. 
Selllil/'ptonic lJ d('cuys into D und j)' comprise 

about 65t;{. of the inclusive brunclling ratio. 

3.2 J)aa.ys 11 D'l,;--I 

ABC US pioneert'll the !IH'USllr('lli:nl. of JJlI -. 
D' + t- Ii ell-cay using a 1Ilissilig 1I11lSS technique 
[41]. The r('coil mass squared against D'l com­

binal.ion, ll'/;ccod l is calculate-o frolll tJle D' rand 
1- 1Il0lllellta, llcgler.ling lhe smallmol1lent UIII of 

the 11 meson in 1he laboratory fml1Je: 

The resolution on l\Ir2ceon is sum,iellt. to achieve 
n 15000 separation from Lac)'grounds. 

Becentlv the AHG US coliaboration hilS 
extended thelHr2Hoil technique to B- -+ D'o/--O 
decays, WhCH' D'o meson is H'(,Ollst.ructed ill the 
depl)' chain DOr. The main difiiclllty for D'o re­
construction arises from the large combinatorial 

b"ckgroulld crealed by many 50ft photolls from 
rro decays. In order to reduce this backgroullcl 

to n manageahlp If:>vel no 1IIore thun [j photons 
with an ('lIcrgy larger thall 80 MeV are allowed 
ill the ,'vent. 1n addition phot.olls f!"Olll rro decays 
are removed by dimillating those photon pairs 

whos(' invajiallt Illass lies withill ±50 l\leV/e 2 of 
the r,omillaJ iro mass. 

The distribution of DO"! invariallt mass after 
sulllracLion of the DO sideband contriblltioll is 

shaWl! ill figure 10 for IM;CC"ill <: 1 GeV 2 jc"-. 
There is n prominent peak n('3.r thl? lllilSS of the 
D'u meson. The shoulcler on the 10w-lIIass sid!' uf 
tIl(' peak is a conlri but ion frolll I hr decay D'o -l 
DO rro, [ollow('d by 1l"0 -+ rr. If Oil (' of the two 

photons is used 10 make ill! entry in lhe DO, 
mass distribution, the correspondill!', D'u signal 

figure 10; DO, mass. 

is shifted to lower lnusses. This phot.on is not re­

jccfed by the anli-rro rut because tIle second pho­
ton lypictJly has un energy below 80M eV and 
therefore is 1101 used in the analysis. The dott.ed 
lille in the figure 10 represents the background 
dllC to ullcorreJnted nOl' combinations normal­
iZf'd to the nUlllber of DO mesons observed in 

evrnts with lepton:;. 

4.0 
(GeV2/~) 

Figure] 1: M;ccoi/(D,Ol-) dj~;lribulion after sub­

traction of 111\ backgrounds. 

The observed peak in figure 10 also includes a 
possible contributioll fwm casc.ade decay 
B -, D"'Cv toll owed by D" -t D,orr. Since the 

latter is not meusu red, its con tribu tion is eyal­
uated frol\l the data by examining the distribu­

tion of the signal in recoil muss squared shown 

in figure 1L The solid line is the result of a 
Ii t t.o lhe recoil IllUSS distribu t.ion using the sum 
of two G n.ussian5, corresponding to the contri­
but.ions from the signl!l chunnel and the cascade 
decays. The signal [or B- -t D,oe-v is deter­
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Tn hit' G: llmndli ng ratios for EO -. ]]H 1- ii alHI B - - -, ])00,- II decays . 

..
 

'1'1\1>11" 7: DelcrJllina1ion of P";,bl from B -. DOll' 
decay. 

I1lincd to hI' 22~ ± 54 events, which corresponds 
to 

The pH'sently availaLle experimental data 011 

BH(B ---> n'zl/) ale SlIllIlIliHized in t1\oJe 6 in­
cluding an indirect ml'll.surernent by the Cr;stal 
Ball collaboration [42J. '" 

Theoretical models predict partial widths of 
exclusive selllileptonic B decays in terms ofCKM 
matrix elemcnts. To transform measured branch­
ing ratios into decay rates we assume 
Tj). =-:TLI~ =(1.28:1: O.OG) X 10- /2 sec [3J. In order 
to minimize eHeels duc to possible differences be­
tween Tno and TlJ+, we use the average branching 
ratio: 

BR(B ...... DOLI.') = ~{.dR(B- ---> DOOt-v) 

-1-Bfl(IiO 
-, [lq f-v)} =5.0 ± 1.0%, 

Tubl/' 7 lists the vulues of lliebl derived froUl this 
result using difi'erelll theoretical models_ The 
small scattering of the values obtained using dif­
ferellt models does not uemonstrate that the 
model dependence is smull, since models which 
do not describe the experimental data (especially 
fLirT [41,43]) have already been discarded. " 

3.3 Deter7lli1lUtioll of Webl in lIQcT 

j{QET has attracted large interest tlUrillg the 
last three years [20,4';). There is sOlTle hope that 

thi~ approac h cnn provide a hasis for a model 
illdependent description of beauty, and pf'rh,'1's 
even charmed hadrons. 

The possi bility of IFrb I e.d raction ftol1\ the de· 
cay B ---> D'lll in thl' infillite quark mass linlit 
was first disclJs~f'd by Voloshin and Shifman [47J. 
They have SllOWII that the decav rate for B --, 
DOll' when t.he momentum of i"he DO is small 
can be found in a model independent way. Cor­
rections to this prediction are of the order of 
f.l2 Ime 2 ~ 5%, where 11 is Il. characteristic mo­
mentum of quarks in the meson. HQET [26] 
generalizes this result. In this approach, the de­
cay width over the full Dnlitz plot depends onlv 
on the Web I matrix element. and a single unive;­
sal fUlIct.ion, the Isgur- Wise funct.ion {( y), wh<"re 
y := l" t" is a product of the four-velocities of the 
.f3 and 1)" mesons. The product ll~bIHl) can be 
determined by extrapolation from the full IIlO­
mentum interval [48J. " 

For the determination of Web I, the y distribu­
tions of D' + and DOD mesons from E° ---> DO +f- v 
and B- ...... ])<0f'-,/ decays have been investigated. 
The latter channel is part.icularl.y suitable since 
the reconstru" ion efficiency for the DOo is prac­
tically illdep<"lIdent of momentum, in cont.rast to 
the case for the Dt+ in t.he decay BO -> DH t- v. 
Figure 12 shows IVebl ((y) extracted from the AH­
GUS and CLEO data [48,49]. The shape of the 
Isgur-Wise function is not fixed by theory, bul is 
equal to one at the zero recoil point y =1. The 
fit with a linear parameterization for the Isgur­
Wise function finds Wtbl = 0.044:1: 0.007 [48J 
and Webl =0.043:' 0.009 [49J rot BO and B+ £t. ­

spectively. Similar results are obtained for Web I 
under different parameterlzations for the Isgur­
Wise function,such as a single-pole model 01 11I1 

exponential dependence, 

3.4 DeCu.y6 B - .. Div 

El'c1usive IJ ...... Dlv decays are more difficult 
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Table 8: Branching ratios for B _.... JJil' and B -I VOl.' decays.
 

r----.-rl-r-r---.r-rt--T-"--'---' 

(a)0,06 

0.04 

0.02 
--.. 
>. 
~. 0.0 -t+--t-+-+-+-+-I'-r-\-"-+ 

(b)~O.06 

~ure 12: Distributions of lVebl€(y) for (a) 
B ....... V-+f-v and (b~ B- -, V'°f.-v decays. 
The solid lines show the fit results. 

to delect experime~tany thail B ..... VO", decays 
beclluse of a large combinatorial background and 
fel'd-down from the dominant B ..... V· h' decays. 
Nevertheless, they have been observed by AR­
GUS [50] and CLEO [51J. The V* contributions 
peak at a slightly positive values of M;eeoi/(VI) 
enllbling simultaneous indirect measurement of 
the hrallching ratios for B ....... V'll' decays. The 
results Ilre presented in table 8. 

Unlike 11 meson decays, vector .0" mesons are 
produced about 3 times more frequently in 
semileptonic B decays than pseudosclllar 
11 llIesons. This agrees wit.h t.he E'Xpedllti(JIIS 
from naive spill counting. A Iifetim,. raLio for 

neutral and charged B mesons can be dE'termined 
frolll t.he ratio of branching ratios of 
B- ....... vJe- v and BO .0- f+v decays. Aver­--t 

aging t.he values of Tn. I TB+ from table 8 with 
that derived from the study of B ..... D"Lv decays 
with fully reconst meted DO mesons, one finds: 

( /0 ) TBO = 1.00 ± 0.14 
if TB+ 

This result is in agreement with the theoretical 'i; 

expec.tatiolls of almost equal lifetimes of charged 
Ilnd neutral B mesons. It is supported by the 
direct ALEPH measurements [3]: 

1 <2+0.52+0,18
Tno = .'~ -0.48-0.40 psec, 

1 3r.+0.42+0,26
Tn+ = . "-0.46-0.40 paec. 

--r-r-r'-'-' 
f] 6.0 
E 

U":l-............ 4.0
 
fIl 

-+-> 
J:l 
§: 

J::<:< 2.0 
Q 8111 

0.0 
0.0 

Figure 13: Decay lel'gth distributions for neu­
tral (histogram) Ilnd chlLrged (points) B mesons 
(E653). ' 

.. 
IIowevel, measurements of nO and B+ life­

times ill emulsion by the E653 collaboration 152] 
illustrlltf'd in Fig. 13 give quit-e different valUE's: 

0 ,,+0.23 d 2 41 1.6T'II. =-: "'_0 IS psec Oll rn~ = . -0.8 paee. 
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The part ial wjrl1 11 of a sernilept onic B decRy 
to a pscudoscal'l.r IIIt'son (Iepcnds qnly Oil one 
non-negligi bk form flirtor and lIwrefore caJl be 
reliably calculat.ed. Again IIsing the average 
Lranching ratio: 

1
BR(B --. J)[LJ) = --IIJU(B- -~ DOe-p)

2 
+BR(BO -+ D-e+//)]:=: 1.6± 0.4% 

one derives th(' values of W;'bllisted in tahle 9. 

Table 9: Det(,flninatioll of Web' from B -+ DI// 
decay. 

------ r----- ­
__~od~__ ,-\r~_bl__ 

DSW [44J 0.040 J: O.OOG 
K5 [45J 0.039 ± 0.005 

GISW [39J 0.034 ± 0.005 
KP [46J 0.038 ± 0.005 

3.5 5emileptonic b --. u Decays 

The existence of channles5 semileptonic decays 
is reliably establishf'd. AHG US [Sill tllld CLEO 
[54) have observed leptons above the kinematic 
limi l for the II ~ d// transi tion. Doth collab­
oratiolls have decked that the observed excess 
cannot be explained by other proce~ses includ­
ing hypothetical non-BB decays of 1 (45). 

In order to obtain additional confirmation thnt 
the excess of high momenl um leptons indeed orig­
inates from b -+ ul- j) transitions, ARGUS has 
made a systematic attempt to completely recon­
struct the signal events. As a result ofthis search 
one fully reconstructed event was fOllnd [55], con­
sistent with expectation. In this Hent the 1(4.5) 
dec-ays into a pair of BO mesons, indicating that 
one BO me:;on has (Jscillated into n Bft: Thus, the 
event simultaneously demonstrat.es tbe existence 
of b --. tt transitions, and BOBo mixing. One BO 
was reconstructed in the mode BO --. D·+ p-. 
The second B'l meSon was seen in the channel 
BO --. 11'+ P. - V, representing the first direct ob­
servation of a 1, --> U transition. Relevant kine­
matic quantities for this event agree nicely with 
expected values. 

Having explicitly shown that b --. ul- v tran­
sitions are responsible for the excess of lept.ons 
with momenta above the endpoint for b -+ cl- v 

trlln'5itj()It~, th(' !'(u'llgt.1t of the b ---, II coupling 
can be jllf~:rrl:d from the indusive spef',Ia. How­
ever, using ouly a uarrow port.ioll of t he full mo­
ment.ulII interval, the extrad.erl value for I~-;'bl is 
quit.e lllodel dqH-'lIdent. f1sing the ACM model 
[371 ATlGUS [55] and CLEO [51J derived 
!Vub' ,I lVeb I "aim's of 0.11:1 0.0 I and 0.12 ±O.2, re­
spcdively. For the 1811,er, only the CLJojO 
mensureJnellt in t.he momentum interval 
2.4-2.6Gc\l/c has b~en used. Over the wider 
range 2.2-2.6GeFIe their result is I\ot statisti ­
cally significn lit and relics heavily on a precise 
knowledge of th,' large [. cl- v contribution,---t 

which has to t.e subtracted. Other models lead 
to a wide range of vllluf>s for IV~bl/lv~bl from 0.1 
to 0_2 [101J. . 

Since t.he measure\ll('nt of t he lepton sp;,etrum 
from b -. 1.1.1-- f) transitions in a wider momen­
tum interval seems to be hopeless at present, 
ARG US made a first attempt to rec_onst.ruct ex­
clusive B+ --. po/+ 1/ oecay in order to constrain 
theory [57]. To achieve sufficient background 
suppression ARGUS applies all possible cuts us­
ing the decay kinematics and then e-ompares the 
reslllt with the Monte Carlo prediction for the 
b --. cl- P transition. In the 7I'+1/'- invariant mass 
distribution they observe an excess of 31 ± 10 
p mesons which can be attributed to the decay 
B + --. pI) l+ //. This corresponds to the branchi ng 
ralio of (1.13 ± 0.36:i: 0.26) X 10- 3 • Obviously 
this analysis relies heavily on the Monte Carlo. 
ARGUS has checked that the simulat.ion well de­
scribes other distributions in the data. 

4. BO BO Oscillations 

The observation of unexpectedly large B~B~ 
mixing was first reported by ARGUS [58] and 
confirmed by CLEO [59). Recently ARGUS and 
CLEO [35] updat.ed their results on BO BO mix­
ing. The mass difference toM between the C P 
eigenstates in the B system is proportional to 
Il~dl2 m;. The value of 1i.M can be obtained 
from the measurements of the experimentally ac­
cessible mixing parameter r which is connected 
to 1i.M by 

. Prob(IJo --. BO) (1i.M . "l.)2 
r = - = -------­

Prob(BO --. EO) 2 + (1i.M . 1ll)2 

BOfj'o mixing manifests itself in the production 
I) ° --=<1--0of B B or B B pairs. Due to the low efficiency 
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for the reconstruction of B meSonS a parlial re­
fonslruction is usually llsed which is sufficient to 
tag tht' flavour of both B 111l'SOnS-

Table 10: Dilepton rales and 11 mixing 
parameter 1'. t ~ARGUS CLEO~I N,. ,. -~ ± !U~48.1 32~5± 9~2 

N(+l- 505 ± 27 4261:22 -- ------------+------:: ­
r O.21±0.07 0.17±007 

At present the most accurale mt'thod for mea­
suring the mixing rute is by tagging EO and EO 
mesons with the charge of the lepton frolll the 
semileptonic decays. B(' mesons decay only to l+ 
while BO mesons pr6ducc only /-. aO EO mixing 
leads to lih-sign lepton pairs. The ARG US [GO] 
and CLEO [35) dileptoll rates after hackground 
subtraction {lrc listed in table 10. In this method 
the numbn of like-sign lepton pairs from charged 
B decays should 1.>e subtracted. In order to esti ­
mate this number we take 

and assume TBO / TB~ ;::: 1.0 ± 0.1 [61]. This lends 
to r ;::: 0.19 ± 0.05. 

Table J.1: The number of BO(+ and BOf- events 
and the mixing parameter r. 

ARG liS-r------cLEO 

~
-- I ._--1 

NB°t+ .6.7 ± 3.4 I 1.9 ±:U 
NB;I- __~_.1_±_-_5...:..8 20.2 ± 6.3 

_ 0.23 ± 0.12 0.09 ± 0.16 
---'-­

In 11 second method (;i!f' BO meson is recon­
structed using the decay nO -- D·-l+ v while the 
recoil n is again tagged with the lepton charge. 
Table 11 gives the number of such events ob­
served by AUG US [60] and CLEO [35). This 
mt'lhod yields r ;::: 0.18 ± 0.1 O. CO~l1bining the 
two results on r aile finds: 

r 0.181 ± 0.043, 

r 
;::: 0.l55.iO.031,x .­

1 -\ r 
;r ;::: j,/If . 7), =0.67 ± 0.10 

Using this result, together with the estimate 

BAJa =(140 ±. 40) MeV and lTtt < 200 GeF/c'l 
from the analysis of eleclroweak radiative correc­
tions to A-fw 1Mz, om obtains 

0.008 < J1~<d < 0.021. 

The upper limit on il~dl, inf('rred by invoking 
unitarity of the CKl\f matrix, depends on the 

model depelldenL ratio Wubll "~bl. For the 
quoted val ue, we use Wub II W,b I < 0.2 [53,54,55]. 

The 51\1 with three generations predicts a large 
rate for B?-B? mixing: 

Table 12: EO no mixing at high energies. 

,-­ X=fdld+f.x. 
0.1'13 ± 0.023LEP (dileptons) 
0.145 ± 0.038UAl 

CDF 0.176 ± 0.05LJ
f--. 

Average 0.148 ± 0.018 

Thus a determination of 2:, would be a crucial 
test. Information 011 J', CfLn be obtained from 
tht' measurements of 11 fJ 1I1ixillg at high mergies, 
where a mixture of all beauty hadrons, including 
B~ and B? mesons, is produced. Usually one 
assumes that X = 0.375Xa + 0.15X" where Xd 
amI x. represent the mixing parameters for B~ 

and B? mesons respectively. 
The latest measurements of B 11 mixing at high 

energies [3] art, summarized in table 12. Combin­
ing these results wit,h those from A HG US and 
CLEO on Xd, one obtains a slllall allowed region 
in the X,-:\'<I plane (sec figure 14), which is collsis· 
tent with the practically complete B? B? mixing 
predicted by the SM. 

5. A Search for II -, 8 Transitions 

The transii.ions b ---4 8'1 and b -- fig can also 
provide information on the \Ft., I matrix clement, 
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Figure 14: 90% CL limits on the mixing param­

eters Ad and X,, The hatched area shows the 
allowed region ;r. / Zd > 5 predicted by the SM. 

as can be seen in fig.15. Recently CLEO [62] and 
XBali [63J have obtail.ed new limits on b --~ 81' 

transitions, which are colleeled in t.able 13. 

~ 
t t 

b s 
W­

B J<*
 
q q 

Figure 15: One of the diagrams for B -t IC')' 
decay. 

Theoretical estimat.es for exclusive channels nre 
model depenrlent. For example, predictions of 
Br(BO -t J(.O(892h) vary from 4.5% to 40% 
(65J. The inclusive branching rat.io is estimated 
with Jess ambiguity to be about 4 X 10- 4 for 
mt = 120 GeV/c2 [66,65]. The photon eBergy 
spect.rum in B decays is shown in Fig,16 [62J. 
More than "iO% of photons from b -, 81' transi­
tions should populate the region 2.2-2.7GeV [62]. 
The excess in this legion is not statisticall'y sig­
nificant and CLEO quotes an upper limit listed 
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Table 13: Upper limits on e1ectromagnelic pell ­
guin-mediated B decays. 

_ BR -!!l4 J!'O%_CLl~-
Final CLEO ARGUS TXBALL 

state [62J [64] [63] 
-10'(892h 0.92 4,2 15 
K O +(892)-r 3.7 5.2 
I(P(1270h 5.5 78 
Kt(J270h 11 66 
K?(1400)-r 5,4 48 16 
J{t(1400h 4,8 20 

KiO(1430h 1.3 4.4
 
K;+(1430h 3.7 13
 
[(~·°(1i80h i.G 110
 12 
K;~ (1780)1' 14 50

--+
b -t 51 8.4 28et._--'---­

>' 
~ 

-Zj 
~ 
;> 
~ 

300,0 

~200.0 

lGO.O. 

Figure 16: Photon energy spectrum in B decoys 
(CLEO). 

in tahle 13. The rxperimental upper Jiltlits 011 

penguin-mediated electromagnetic B decays arc 
aheady yery close to the SM predictions II.lld COll­

strain theories which go beyond t.he 8M [65J. such 
as models with light charged Higgs particles or 
left-right symmetric models. 

G. Unitarity Triangle 

Unitarity of the CKM matrix requires 

Based 011 the LEP results for the Zo, we know 



Ihl.t the three f'll'mellts of this eqnation fntnl a 
dosed t,iangle ill the \'ompln plHnc, sillce t.here 
arr 0nly 3 generations of quarks Hnd leptons. 

OJ 

" 

o 

oJ ~ 

I· 
I'l...--.....o. ­
-I 

.~ ... 
20 _ 

Figure J 7: tl ni tari ty triangle. 

Constrain's 011 'he ~jdes of the unitarity trian­
g]l' com{' from thl' IrI"'lJSIIJ"ell1enls of iloI/o mix­

ing (\~d/~l'eo), charlllkss scmilrptonic B decays 
(~'ub/lreb), and CP violatioll in ]\-0 decays. These 
cunstraints dqJPnd Oil the t quark mIlSS, the de­
cay con~lant of the B meson, and the bug pa­
mmeter ilK. The sJtapc of the unitulity tri ­
angle would be Il/aciically fixed, or {'ven m'{'r­
conslraillcd, if these parat,lel-ers were known pre­
cisely. Ulliortllllately tltis is 1101. tItt: cast'. Takiltg 

B K = O.8±O.l, 1V"b!/Wcbl = 0.10±O.008 (cle­
ri\'ed using J\CJ\I model [37J), and nt, = l;n-J: 
39CcV/c 2 from a radialive correction 'JllIlJ)'sis

l 

Schmid tier Ilnd Scbllbert [G7J performed 0 lit for 
difTnf'nt HXt'd values of fRo Th{' resulls of this 

iii arl' ShOWll in Fig.17 wht'rl' {' allcl 'I Are the 

''''olff'llst, ..in parllllleter~ [GI'] ddined usirig the 
PDG pall1llldl'Ti7.ation (If fhe CKM J\latrix [22J 
as 

p ::: ")RCOS~131 812 11 231 

!) -= '~l:J.·iJl/~l:d 812!!n· 

The. vertex of tll!' tri:1.I1f;le lips in tIle sf'con<l 

quadrant for tlte small valll~s of f B prt'ferred hy 
t I\(~ori<;ts for a long t j 1111'. Howev..r, for I he large 

values of 111 obtained by recent lattice cnkula­
tions [33] tIl!' Vf'rtl'X moves into the nrsl qUad­
TUnt. This would simplify a study of CP vio­

lation at lJ fart0Ties [:IOJ. Values of WILD I/ Webl 
drriwd IIsing other models lead to somewhat dif­

[NClIt allnwl'd regions in tlte p -- '1 plane. How­
ever, the general pattem remains unchanged. 

7. Deuuty SlIJlUlIUCY 

New CLEO data do not support their ('ar­
lier daim for obsuvatiun of non-BB decays of 

Y( 45'), but provide inst{'ad evidence for fast J N' 
pr'ldurtion in continuum. About 18% of nOIl­
leptonic B decays have ol'cn measured. The de­

cays B ---l D~·)D(·)cnnstitut.· abont DIll' third of 

I hese. The observatioll of the decay B -+ Xd [( 

and the clomilla'lce of the CP cigemtate ill the 
decay BO -+ J N,Ho. will siHlplify the study of 

C P violatinn at 13 factories. 
The I\lIalysis of the semileptonic B decays into 

D'+ and D· n IIsiug ilQET leads 10 Webl =0.43± 
0.U05. Silllliu. vallJ~'s ar{' obtained from the st.ud­

ies of illclu~ive st'lllileptonic B decays and B de­
cays into Df/I. From lhe llJe~Sllrernelltsof charm­

less semil,:,ptonic B decays IVtlbl/ Webl = 0.11 ± 
0.01 can be derived \Ising the spectator model 

[37]. Other models It'ad to JFu&1 / Ilt~bl ill the 
range from 0.1 to 0.2. 

The ARG US and CLEO updates 011 BOBO mix­
ing confirm lhe original 0bservation and give 

r = O.lM ± U.043, 

:\: =0.155 ± 0.031,
 

z = 0.67 ± f1.10.
 

Me'-\SUTcmell f sal hi..;h energies demonstrate that
 
B~Jj~ Il-jxing is C'JI1Sistt'llt wilh Iwing complete
 
ill accordance with the th{'oretical expectations.
 
IlfJwcvcr, f'ystl'lllu·,ic ullcertainties do lIot allow
 



an accurate estimate of ;/',. Nf'w C'LEO limits 
on b --+ 81 transitions are very clasp to f.he SM 
pred ieti'Jlls. 

Om II nowlf'dge of the fu ndalllcntal parameters 
oflhe SM desrrihing quark mixing is limited 110t 
by thp t'Xlwrilllent.al errors but by t.he theoretieal 
unrer! a.inlies in the estimation of hadronic inter­
udions and the unknown top 411ark mass. Re­
cent developments ill JIQET, laUice calculations 
and 01 her theoretical approa("hes olfer sOllie fu­
ture prospect for a model indppelldcnt extraction 
of thcp.e parameters from tIl(> expnimental data. 

CHAHM 

1. ChlUIIIOllillJIl spcctroscopy in 
pji UlIllihiJ/ltioll 

Our knowledge of charmonium sppctrosropy 
comes mainly from e'l ('- ~olIirlers, which provide 
a dean initial state and a large signal to bllck­
ground ratio. However, only vector states can 
be produced in c+e- annihilation. l\lany othpr 
states Clin Le reacllf'd Ly vedor state decays, hut 
ciOllle are hard to obsene. For example, up to 
now there is no convineing evidence for the 11 PI 
state. 

~rATlf'" '1 
0/ !, Iii I[ ~ 

,II "I 3 
0.0 - .L I I , I I j 

3506.0 3509.0 3512.0 3515.0 

y's (lYf eY) 

Figure 18: Measured cross-section at the Xci H~S­

onanee. Dolled eUrYe shows the experimental 
resol u tion. 

On the other hand all states can be prod uced 
in pp annihilation. The R704 collaboration lit the 
ISR pioneered this approach [69] and achieved a 
much better llIass resolut.ion than at e+e- ma­
chines. Even more impr"ssive results have beol 
obtained recently by the E760 experimeut at Fer­
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mila!> [70). By stochastic:- cooling ot antiprotons 
they achieved op/,p.~ 2 x 10 - ~, wltich tTansla.ll's 
into Ii mass rl'sollltion ora bont 0.25M eV/e 2• This 
resolution is much smaller than the intrill~i(': 

widths of Xc st.ates (see Fig. 18). E760 has 
already considerably improved the accuracy of 
t he "Xc parameters, inclndi ng a first determina·· 
tion of the width of the Xct resonance r(Xcl) 
= (0.88 ± 0.11 ± 0.08)1\1eV [70J. However, the 
most interesting results are expected in the fu­
t.ure. They anticipate observing the 11 PI stale, 
for which a reeent analysis pndiets [7l) 

3536MeV/c2 < M(llpr) < 3560.7MeV/c2 
, 

lind shonkl be able to make more precise mea­
surements of otlt"r states. 

2. Dt Decays 

There is a long sf lI.nding problem in charm 
spectroscopy. The branehing ratio for the de­
cay D·+ _., D+l' was measured to he (18 ± 4)% 
[22J while theory predids only about 3% - 5% 
[72,73). This discrepancy has stimulated mnsid­
erable speculation, including a conjecture of an 
anomalous magnetic moment of the.rharm qnark 
[72). Recently CLEO II has searched for this 
deeay [74J using their exeellent dl'etromagnetic 
eaJorimete!'. They find no evidence for this Illode 
(see Fig. 19), while observing a beautiful signal 
in D+1r° channel (see. Fig. 20). 

Figure 19: Mass difference distri bu tion for the 
D+'lllocle. 

The upper Jimitobtained, BR(Dt+ D+"Y) <-0 

8.0%, agrees comfortably with the theoretical ex­
pectations. The decrease in radiative. branching 
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Figure 20: IIfass diffE"ren~e distribution for the 
Df-lfO mode. 

Table 14: DO hranching ratios in (%). 

PDQ 
D 1~ 43.0 ±3~7±4.2- 45 ± 6 
M~Jq (:LEO 

DUlfO 57.0±3.7±4.2 55 ± 6 
-'iT: . 18±-TD l' 3.8 ± 2.8 ± 2.0. 
D+ 71"0 30.9 ± 1.6 ± 4.4 27.2 ± 2.5 

65.3 ± 2.4 + 6.0DOlf+ __•__..J.-.. 55± 4--' 

ratio is compensated by a larger rate for D t + -> 

DOlf+ (see table 14). Other channels arc in a 
good agreement with previous measurement.s. The 

. dec.ay D O+ -> D°1!"+ is very often used for charm 
tagging and therefore the new branching ratio 
will influence many published results. However I 

B meson decays into D t + are not afrected much, 
since lower DO brunching ratios are preferred by 
the PDG [22) and by recent measurements at 
LEP [31. 

3. Cabibbo-Suppressed D Decllys 

More than 30 new measurements of Cabibbo­
suppressed D t1ecays have been performed re­
cently. CLEO [75J observed DO decay into 11"l: 11"0 
(see Fig. 21) with a branching ratio of (0.11 ± 
0.01)%. Thus DO decays more frequently to two 
bons than to two pions [75): 

BR(DO -> K+ J(- 01' "J(°XO) 
------ - 2 ± 0 4 B R(DO ....... 11"+ 11"- 01' 11"0'11"0) - •
 

1Vhile theory predicts approximately equal rates 

Figure 21: 11"011"0 mass dishihution from D t + re­
gion. 

[76]. This is a long standing problem [76J. How­
ever, in four prong Cabibbo-suppressed decays 
the kaon fraction is muc.h smaller [77,78). For 
the ratio 

BR(DO -> K+ /(-11"+-1!"-) 

BR(DO -> ,r+1r-1!"1r.-) 

E691 and CLEO obtained 

0.26~g:~~ ± 0.05 

0.87 ± 0.16 ± 0.]3 

and 
0.24 ± 0.08 

0.80 ± 0.14' 

respectively. So on average kaoll production in 
Cabibbo-suppressed DO decays is probably not 
en Itunced. 

ARGUS and CLEO [77] improved an upper 
limit ;)1\ the the branching ratio for the double 
Cllbi bbo-supprt':;scd d('ray DO -> [(+ 1r- to 0.9% 
and 1.1 % at 90% CL, respectively. 

ARGUS has observed D+ and D; decays into 

Ktt /(00 [;9J (see Fig. 22). For the V+ this is the 
strongest Cabihbo-suppressed decay seen so far, 

-00
with BR(D+ -> KO+ 1\ ) = (2.6 ± 0.8 ± 0.7)%. 
This channel dou hIes the total hlOW n rate of 
Cabibbo-suppre5sed decays, which now amounts 
to about 5%. This value is almost twice as large 
as the naive ~~ectator model estimate of 3%. On 
the other hand sl1eh an enhancement is natural 
if the large V+ lifetime is due to interferen.:e 
betweeu the d quark produced at the weak de­
cay vertex and spectator d [76). Such int.erfer­
ence is responsible for reducing the fradion of 
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Figure 22: [{. f{ 1I11I.SS distribution. 

Cabibbo-allowed D j- decays, but does not exist 
in Cabibbo-suppressed decays. 

4. D,	 Decays 

Cont.rary to DO and D+ mesons,a majority of
D: decays is not known yet. Some t.ime ago the 
MARICH [PoO] collaboration clairned to observe 
Di decays into 111r+ and TJ'rr+ with very large 
branching ratios which would account for about 
a quarter of all D, decays. Other experiments 
obtained smaller values or limits. New precise 
CLEO measurements lead to even smaller values 
for these branching ratios ofO.51±0.09±0.09 and 
1.20±O.15±O.18 relative to BR(D: ---t </>11'+) [81]. 
However, they are still larger than the theoretical 
predictions [85,23]. 

Recent lI1eaSlllements of D, brulirhing ratios 
[81,79,82] have tripled amount of known decays. 
They are listed ill table 15 together with the pre­
vious measurements [22] and theoretical predic­
tions. With HR(D: ---t </)11'+) = 2.7% the sum of 
known D, branching ratios is now close to 50%. 

5. Scm.ileptonic Charm Decays 

Semileptonic decays are simpler from the the­
oretical point of view than nonleptonic decays. 
However, all qnark models failed to make correct 
prediction for D demys into Ie Iv. This bec.ame 
evident when E691 obscrvpd a large K· polari7.a­
tion and a slllall branc.hing ratio for t.his deray 
in comparison with the oecay D ---t !([v [86]. 
Quark models predicted cornpamble branching 
ratios alld approximatdy equal 1011 gil udinal (1'1,) 

and tllln~v{'rsc (rr) widths rgil . 
Recentl.v many new mea<;lIrernPllts of sCJllilcp­

tonic charm decay!-have brt'll pf'rrornJf'd. Thev 
nre revi('wed arid "oTllIHued with f,heoretical IH;­
dictions in II. minireview at 1.I'is Conferent:e by 
Potter[87]. Therdore n'e will be ver.y brief on 
this inll"restillg !'uhject. 

The decay D -. I{ll/ <!eppnds 011 ollly one es­
senti:ll form factor and is well dl'5C ri bed by quark 
mouds and by QCD sum rules [87] (see table 16; 
more complete comparison wi til t.heory can be 
fonnd in rt'fprence [87]). Tlte recent lll.ttiee QeD 
calculations [89] give somewhat smaller value for 
this dl'cay width than the experiment. 

CLEO [90] and l\RGUS have confirmed re­
cently thaI indeed f(D --< j{·lv) is aboul. two 
times smaller than I'(D -. J{II/) (sec table 18). 

The width of the decay D -+ g'!r/) is smaller 
thall the quark model predict.ions but itis well 
reproduced by the recent QCD sum rule [9J] and 
lattice [89] calculations. 

The situation with r LifT is still controver­
sial. The three measurements: 1.8+0 . i (E691

+10	 -0.5 
[92]),0.5_ 11 : 2 (MARKlII [93]), and 1.2±0:2 (E653 
[87]), agree within errors but differ considerably 
in their central values. The E691 value is close to 
the result of the QeD lnt.tice calcuiations (1.7 ± 
0.6) [89], while the QCD sum rule approach [91] 
prefers a value (0.86±0.06) close to MARKIII 
and E653 results. 

Recently E691 [92] /lnd E653 [87] have man­
aged to extract from their dat.a all three form fac­
tors describing this decay. The results are shown, 
in table 17 [81']. Again QCD sum rule and lat ­
tice calculat.ions describe data better than quark 
models. In pa.rticular, the QCD lattice calcula­
tions [89] predicted the smallness of the a+ form 
factor (in notations of reference [87]). 

The D meson inclusive semileptonic width 
((18.1 ± 1.3) x 10JO)sec- 1 [22] ) is about 30% 
larger than the sum of the widths for semilep­
tonic D decays into K, K·, and 11' ((12.6 ± 1.0) X 

10JOsec-1 [87]). However, there is no convincing 
evidence for multipartide final states [87]. 

ARGUS [94] and CLEO [95] have studied 
semileptonic At deeays. For the decay At --> 

AXlv they obtained branching ratios of (1.57 ± 
0.4 ± 0.5)% and (3.1 ± 0.9)%, respectively. The 
CLEO number is larger but they do not subtract 
background from 3< semileptonic decays. The 
brnnchingralios are (akulated taking B R(At ~... 
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Table J7: Form fact~rs for t.he dc.cay D -> ROhl 

Group- u+ (of77{O) 9(0)/ f(O) 
E69n92) -:0.00 ± 0.06 0.26 ± 0.08
 
E653 [87) -0.09 ± 0.0:-1 0.26 ± 0.04
 
Theory
 
LMS [891
 -0.01 ± 0.09 0.21 ± 0.03
 
BRD [91]
 -0.16 ± 0.03 0.29 ± 0.03
 
BSW [23)
 -0.17 0.14 

._---~----

values fWIIl j .1~; to fl.7% [98,%]. 
SClIlikptollic clllUIll dt'cays provide excellentpK-lr f ) = (4.1 ± 1.])% [99,100J. Ont' expeds 

leslillK gWlJllcl for r1ifrp\Cllt theoretical nppronches.that th{' drcny A.t -> A.X //1 is dominllted by the 
QC'D S11111 rull' I.lnd Jl'ltice calculations agree withi\lv final stat.!" [97.961 for which theory predids 
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the ~xperilllenlal data wjl,hin errors which are 
dominatt·c! by th",ordi"al u\Hnlaintics. This pro­
vides a hopt· for an accurate lllodld independent. 
df'sniption of t,IIf.>~e dt'('I~Ys in future. \Vithin the 
llQET framework it is possible to rdale sl:mil(~p­
tonic D and B decays. Tlwreforf' one can use 
measured decays of D IIlt'sons in order to make 
predictions for R meson decays. For example 
f(B O 

-+ 71"-/1 v)::: lVubl 2 
(1.71:l0.12)xl0-' 1I Gelr 

is predictrd [lOll using IIlcasurr!1lrnts of DO -. 
!{-/+!/. Such relations give additional motiva­
tion for stndil's of semil('ptollic charllJ decays. 

TAU I,EPTON DECAYS. 

TIte discussion of r lepton is limited to recent 
studies of T decays. Tau lifetime measurements 
and T pair production ill ZO decoys are dis\llssed 
at this (;onfereJlce by P.Holldeau [:3] aJl(I J ,Carter 
[102], respectively. 

More then 20 new prf:'cise measurements of T 

decays have been IHf:'senled this yrar, mainly by 

tht' LEl' experilllcnL;, AIlG US, and CLEO. 
LEP provides very clean conditiolls for study­

ing r leptons. 1\-1 III ti hadron events have higher 
llIultiplicity at LEl' than at lower energies and 
two photon rcuclioll5 arc relatively unimportant 
due to the presenct' of the ZO resonance. For ex­
ample ALEPH has a qfj contamilwtioll ill their 
r+r- sample of only (0.24 ± 0.06)% [103]. De­
cay products of a T lepton are colJilllilted ill a 
very small cone due to a large !'orcntz boost and 
have large energies. Th~refore a higli eJ1lcicnc)' 
for r events' has been achieved by all four LEP ex­
periments [l04J wilh a highest value of (72.40:1: 
0.24)% obtailled by ALEPH [103]. A high de­
tection efficiency compensates partially u small 
prodlietion rut.e of T leptons at ZO : BR(ZO -. 
r+r-) = 3.33±O.13% [22J 

These ndvuntagesullowed LEP experiments to 
reac,h world II verage accuracy in topological 
branching ratios which are listed in table 19 to­
gether with recent ARGUS measurements [107]. 
The systematic uncertainties in LEI' measure­
ments are smaller than statistical errors. There­
fore we cnn a.nticipate evea higher precision ill 
the nearest fuLurt~, 

1. Leptoui<: DpCllYS of r Lepton 

nt'cent nle-il.suremcnts ofleptonic branrhing ra­

tios of the T lepton art' summarized ill table 20. 
There is good agreelllellt betweell different ex­
periments. The elJt universality predids 

beC'lluse of larger II mass. The experimental yah\(, 
of 0.982 1-. 0,019 agrees within errors with this 
preoiction. Assnming the e/Il universality one 
can improve the ac.curacy in electronic branching • 
ratio by \lsi ng nleasurements of r- ---t 11'- VT'/II as 
well. This leads to 

In the SM the electronic branching ratio ran 
be accurately calculated: 

Rf'cenl measuremrnts of r lifetime by all four 
LEP experiments and by CLEO averaged with 
the PDG value giYe [3J T r =(302.5±5.9) Is. Us­
ing this value for 7" lifetime and assuming G F ::: 
G'j, ,one gets a prediction 

BR(r- ---t e-l/rv.) =(18.31 ± 0.11)%, 

which is 2.3 standard deviations. higher than the 
direct IlIeasuremenL The statistical significance 
of the discrepr.ncy is slllull and moreover the for­
Illal averaging of errors in different measurement s 
of branching ratios and T lifetime can underes· 
timate some common systematic efreds. How'· 
ever, the discrepancy questions the fundamental 
assumptions of the theory and therefore attracts 
large attention and triggers speculations about 
possible new physic.s beyond the SM. It is inter­
esting to notice that the CLEO measurement of 

agrees nicely with the value predicted from life­
time measurements. On the other hand the 
ALEPH measurement of the T lifetime ((276 :l~ 

16) f 8) c'orresponds to r l.eptol1 branching ratio 
smaller thun the world avelOge. 



Table 1(): Topological T branching ratios in [%] 

• 

Table 20: Leptonic branching ratios of T lepton in [%J. 

The ratio of tlte hadronic and leptonic width 
of the r lepton 

can be calculated using QeD [108J. Taking 
0, (Mz) = O.120±0.007 from LEI' measurements 
one gets [108] 

nTh - 3 68~ 0.12 
r - . -0.21· 

This value is closer to the experimental value 
obtained from l he measu rement of nR( r- -> 

e-vri/~-) (R r = 3.G:1 ± 0.0(1) thun to the value 
infered from the T lepton lifetimc ( R, = 3.32 ± 
O.OB), but errors are Loa large to discriminate be­
twecn thelll. 

2. Huclronic Deco:r Modes of r Lepton. 

There is till' second long-standing controversy 
with the T lepton - the so culled "one-prong prob­
lem" [109J . 

The sum of measured exclusive 
branching ratios is smaller than 100% if one takes 
the [Ofilia.! world average values for them (see ta­
blc 21, where h- stands for 11"- or f(-). Mea­
surements of topological branching ratios show 
that the "missing" decay modes lead mainly to 
onc-prong fi nal states. The calrulatiuIl of world 
uverages and especially their errors is not a trivial 
procednre [1101 (in fact several old results have 
not bl"cll used ill calculat.iolls for table 21 because 
of problems with normalization and interpreta­
tioll). 

It is easier to compare results of individual ex­
periments. ALEPH and ARGUS represent good 
examples. TI\l~Y ha.ve measureu almost all ma­
jor T decll)s using different techniques (see ta­
ble 21). ARGUS measures inJiviclual branch­
illg ratios while ALEPH uses the so called global 
mcthod pioneered by CELLO (111). In this 
method '''ie first selects a clean sample of T+r­
events and than distributes them among the 
known (generic) final stute-s. Contrary to a com­
mon belif'f this procedure does not automatically 
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Tablr 21: Drnnchillg ratio for major r lepton decays ( see tcxt ). 

-~~--~-::;~-:~~:~~.--'fI[~~ry ~:~~~~-f~;-r--A~~jUS---- '-"A~~rTr--
. e' L/r·V;·----- '-17.8--" -i7:73:.L 0'-23' --) 7.3±0:6-- -18.0 ±o.6 

--- -- ~-_._------------ ----.---,,~-.--.i-' ---------;-~~_.- -----:-------
Ii 100 9~:~~~~~_L9~.:~i~~~~0 ~?J33 1.6 

j./.-L/TV,. 

(IT--I-J(-)vr 

p. L/r 

J(t-'/"r 

"!l-/t-/t+"/Ir 

"/t--1r°1l'°"/lr 
"!t-h-h+1fo,,//, 
"h-7rorro,ro"vr 

17.3 17Al±0.24 17.2:bO.6 17.3:±O.5 
]1.4 12.33±0.33 11.7±1.0 12.5±O.5 
23.5 23.01 ± 0.55 22.3 ± J.O 24.5 ± 1.0 
1.11 1.45 ± 0.13 1.2 ± 0.3 (1,45) 

(J1.7) 7.80:i::0.29 7.'l±O.5 J,9.5±0.7 
(11.7) 8.27 ± 0.47 (7. /1:1: 0.5) 10.2 ± 1.U 

4.3 1i.26±0.32 I 5.4±O.G 4.9±0.7 
L08 0.86:L 0.21 I (1.08) 1.4 ± 0.6 

lead to a sum of 100% fur I.he rOllsidrred branch­
ing ratios. Efficiencies for hypothetical nt'w de­
cays ClUI diffn from the dlicirllCics calculated in 
this method on the 'basis of standard decays. In 
t]le globa.l method one iits all branclliug ratios 
simllltauf'(lllsly taking into accoullt migrat.ion of 
each deray as a backgrollnd illto difrCl'ent ell' 11­

nels. II. is superior to a classical approach of 
mcasuring individual c:hunnf'1s, provided t.he mi­
gration matrix is exactly known and the T sam­
ple is very clean. In this respect ALEPH is in 
much bett<'T position than CELLO. ALEPH has 
morf' than factor of two smuller background and 
larger efncif'lIcy. By llormulizing lo til e IIUHI ber 
of hadronic ZO decays, they know accur::J.l.ely tlle 
number of produced T+ T- pairs (8620:l50) [103J. 
And finally, their migratioll matrix is much more 
diagonal. For exumple, about 13'}(, of T- __4 

7f- 11'+ rr--v, deca.ys are reconstructed as T-- -t 

7f-7f+ lr-1I'°V r decays and this in one of the largest 
migration probabilities ill the ALEPH analysis. 

ARG US hus not measllTed chllll!lels with two 
or inore 71;0. Since isospin conservation r('quires 
BR(T· --t 7f-1forro//r) ~ BR(T- - .... ,r--1I'+7r-'/r ) 

the measurement of the luter channel is used 
ill table 21 as an ujlper bound for B U( T- ._, 
11'- rro'fo//r ). The thenretiral prediction based on 
cve unci hadron production itl e+e- annihila­
tion is used for BR(r- -t 1I'--1ro.,,0110V,). III 
case of ALEPH the world average for BR{ T-­ -t 

J(·-vr ) is added to channels measured ill this 
expelimenL. 

The sum of branching mtios ill the AnG US 
analysis is considerably smaller than 100(~). How­

evcr, the SySI.(,Illutic errors arc large and the dc-· 
via f ion fr(JllI 100% <10('5 not. reach a 3(T level. The 
SHill of ALEPH llleaSII rements is close to 100% 
with II vay small ermr. 

Hoth experiments agree wit.h theoretical pre­
dictions normalized to the measured e1edronic 
brandlillg ralio. Ho\\e\'cc, in the Haec pion chan­
nels reliable theoretical est.imates do not exist. 
TIl the t.able 21 the theoretical predictiolls for 
these two channels are suhst.it.nted by equlll val­
ues (suggested by a.l dominance ill 
T- ..... 11'--11'+ 11'-'1.,. decay) which aJd up the sum 
of branching ratios to 100%. And just this three 
pion channel is the maill source of difl'erence be­
tween the ALEPH and ARGUS measurements. 

Bot h experiments are .:ornparahle ill their abil­
ity t.o measure B R( T- --t 11'- 11'+ 11'-' f/ r ). ARG US 

hus a considerably larger hadronic hackgroulld in 
this channel of about 7% [112] . However. this 
background call be reliably cstimaLrd and more­
over can l)p rf>ducecl to a less than 1% If'vel by 
requiring a I,=,ptonic ~lecuy of the second r lep­
tOil [113j. ARGUS has a 2.5 timcs smaller efli­
CiCHCy of about 20% but about 14 times larger 
number of c1etectf'd events. The most important. 
background due t.o migration of events from the 
T- ....... 1r-1I'+ 7r-"OVr channcl is comparable iii 
bolh experimellts. Thus the~~ is no obvious ad­
vUlItage of o/le experiment over the other. And 
in fact the difference between their results on 
B R( T - --t 11'- x+ rr- v r ) does not reach a 311 level. 

A\. t.his. Conference CLEO presented the most 
prf'cise mc.asuremellts 01 the decays [114J 
T- -. h-'1I'°;r1l//r and r-. --t h-7r°1l'°-ir°vr . Ex­



-----

----

ploi:ing fine srgmcntatioll and h;gh energy reso­
lution of the Cs[ calorimder , they !r('OllstrucL 
explicitly rr Q drl."uys. Thl' explil."il r~col\;,tru('tion 

of roO r('IJu~'ed t!lf.' ,ross I alk to the 1\- 1,o".ol/r flnal 
stale from other i" d('('I'I~'s (muinly from 'j -, p-vr 

channel) to ..beut gr;; 1..-\,('1 whidl shonld be COI11­

p:Ut'd with ahout 4G(;;:, ern!;;; talk in case of the 
A LEPH analysis P03}. The rr<"onsll·Il{·tion of 
tht" -;r0 meSt'fiS allQ'Ys CLEO to ("s\i\l11l.1c a bock­
ground u;:;ing sidcimnds in Ih{' II illVaril\llt mass 
distribulions without rt"lyin(; on tIlt: ;\101l1r Carlo 
simulation (which in fact dOt's not dl"s('!'ibt tb~'ir 

data wf.'ll). Th(' price fol' thl'St' auvanlf.gt."... in the 
CLEO analysis is ailIlosL fout limes slllultcr efTI­
C](·lIC~'. 

i'iormaJiziug their results to the branching ra­
tio BR(T -, h-'1\('l'r) CLJ~O finds: 

'BR(·' ,., (1 0 \"r -+ I 1'{ iT 1I,. J , ') .• , ..l.. 0 • ( 
. -- ----------. :=: Ci."S3:± tJ.Ol8 J. .O:W,

BR(r-~h-rr(jIJr) . 

B f?( - / - 0 0 0 ') 
, J 1" .-., 1 11' rr rr l.J r == O.O:il ±O.OOG±0.008. 

BR{r-·.... h-r,°/Jr ) . " 

Using FDG vulues [22] for 

BR{r- h-rrov ) BR( T- --, p'- v r ) +r 

BJl.(.- H'-v... } x BR(I';·-- -. le;;o) == 

0.2:32 ± 0.008 

CLEO obtains 

BR( T- ---> h - 2;-:-°) == fU fl ± 0.42 ± 0.6» ± 0.28%, 

BrD(r- /-3_0) - 0 ""):l. 0 o,,±' o 19:±· 0 ('')('1:rl '--f' t .l _ .Ct.., . .t1_ .. _ .U ... /O, 

where the fibl nror is slulisticul, tlw 5f'(011<1 sys­
l(>malic and the third is due to Jlorlllalizati,)Jl I'n­
certainty. These vaIm·s hav(' be-en used for calcu­
lation of world aver.:gc5 in labl /.1. The CLEO 
result for B R( r- -; Ii - -;ru.;;-O) is smaller th~lI the 
ALEPH YaIu('. However .. if alit' \lses (or nOIllHll­

izatioll the ALEPH value for llR(r'- -, h.-'TO) 
tht· CLEO result 1I'i)1 be doser to 

measured by ALEI'll. Th'?rcforc we should waiL 
for the ubsollllt> llormalizalioll of Iht' CLEO Ie­
sull, bl'fore IlJf,kiJl3 find concll\;,ions. 

'fo summarize, We' ,rUl S:l.)' lhat the "Oilf'-pro:J.g 

prr:>!;!em" has Hever L<-ell v\.'ry statisticnlIy SiglliJi­
rant. i'\ew ll\(,:l~l:rCllH·llt.; ~,hol" that the di:.;;.grL'e­
menl bt"twt'<'11 diH'er,>Iit (,xjJ~rimenl5 i~. mainly Jut' 

Table 22; ARG US upper Iimils on neutrilloless, 

r decays at. 90%C L. 

Upper Limi~ 
(10- 5 ) 

-r---...--e---c""·t--e-,--\ 1.3 
-7::-'-:;-e - ~I 4- J.I.-::-- ---1-:g-­
T=-' ...... C+/I-=-;;=-- ---1"] 

T-=-,=;-p=-el e 1.4 

r -. ji rro 65.5 
28I 

ur. 37 
129 

...... /1 - 1r 4.4 

..... e 1/ G.3 

...... p TJ 7.3 
-, p., 29.0 

-+iT 

._, rr 

-, p 1} 

to r dcc<.ys into threc pions. Using the globnl 
melhod CELI,O [111] ulld ALEPH [103] find n 
sum ofmensnrec! T branching rutios dose to 100%. 
This makes the "one-pIOns problem" even more 
controversial. ' 

ARGUS improvt'd ren'ntly [112] upp{'r limits 
011 the neutrinolcss 7" decays. They urI' listt'd in 
table 22 ,md most of them nrC' the world best 
limits. 



3. T>ul'euh Sf:ruc/. ure of T Deca)'11 

All uv~ilaLle inf/)rllllilioll 011 r dt'cuy~ is COII­

sistent with standard V·- A cOllpliJlg at. the ,._. 
V r .- l-V vertex. 

The world average of Ihe Michel pRrame!u 
[1l5J, p ::: 0.727 ± 0.033 , is in good agH'etnent 
with the value of p ::: 0.75 , expected for V - A 
structure and excludes V + A, \T and A cou­I 

plings. 
The measurement of II,. helicity , performed 

for the first time by ARGUS [116] , depends sen­
sitively on the D to 5 wave ratio in the decay 
r- ....... rr-·1!"+1!"-v,. [117] . Using their high statis­
tic sample of T decays ARG US determined this 
ratio to be D / 5 ::: - 0.11 :1:. 0.02 [112J. With mea­

sured D / 5 ratio and illcreased statistics ARC US 
improYes .the accuracy in the ratio of axial and 
vector cOllpling of the r lepton: 

2'lAi'v 1 2" ± 0 23+ 0 .15 
")AV ::: "'Y--T::: . if.. • -0.08' 

1,1 + 1'1' 

This value is in good agreement with the 8M 
prediction of I AI' ::: +1. 

The ARGUS collabora.tion has measured p me­
son polarisation in the decay T'- -t p- v,.. The 
helicity angular distribution of the 11'- meson with 
respect to the p- direction should exhibH 
1 + b • cos2 ()'fr behavior, with b ::: 0.57 at the T 
energy region. The helicity angular distribution 
measured by ARGUS [112J is shown in figure 23. 
It agrees nicely with the expectation. For the b 
parameter fit gives a value of b ::-.:: 0.57 ± 0.12. 
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Figmc 23: Helicily angle distribution for p- d/'­
r.ays. 
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