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Weak decays of hadrons which contain a heavy 

quark are characterized by a subtle interplay of 

strong and weak forces, and thus constitute a very 

interesting testing ground for the standard model. 

Asymptotically, that is, for sufficiently heavy 

quarks, the short-distance dynamics should dominate, 

allowing a rather straightforward study of some of 

the fundamental SU(3) c x SU(2> L x U(l) interactions. 

Weak decays of not so heavy quark states, on the 

other hand, are sensitive to the internal nature of 

QCD bound states and to soft hadronic interactions. 

Hence, they probe long-distance aspects which play a 

crucial rôle also in other prominent weak phenomena, 

such as the AI = è rule in kaon and hyperon decays 

and CP violation. This talk presents a brief discus­

sion"^ of the two main theoretical issues of the pre­

sent understanding of weak decays of heavy flavours: 

the effective Hamiltonian and the problem of estima­

ting hadronic matrix elements of the latter. By con­

trasting simple valence quark descriptions with data 

on inclusive and exclusive D and B meson decays, the 

critical physics aspects are brought to light. 

In the minimal SU(2> L x U(l) electroweak model, 

heavy flavour decays proceed exclusively via charged 
2) 

current interactions . To lowest order in the weak 

coupling and for three families of leptons and quarks 

with masses lighter than the W-boson mass, these in­

teractions are described by the local Hamiltonian 

While the weak and mass eigenstates of leptons are 

identical if neutrinos are massless, the correspon­

ding quark eigenstates are related by the Kobayashi-

3) .4) 
Maskawa " matrix V. 

Short-distance gluon exchange, however, modifies 

the bare four-quark interactions detailed in Eqs. (1) 

and (2). The QCD corrected non-leptonic Hamiltonian 

H ? f f can be obtained by using operator product expan-
NL 5)-8) 
sion and renormalization group techniques . In 

the limit of massless quarks, one finds 

where U(D) denote the up (down)-type quark arrays oJ 

Eq. (2) and ((j^t^^ = ^IY^( 1"75 )<l>2 ' T h e l e a d i n 8 l oga-

rithmic approximation of the scale-dependent coef­

ficients c +(a ,m/u) reads 

Also the next-to-leading corrections have been cal­

culated. They are found to be of ordinary size and 

to reinforce the leading logarithmic inequality c_ > 

> 1 > c_j_, known as 8_(J5)-enhancement in strangeness 

(charm)-decays. 

The case of realistic quark masses can be trea-

7 ) 8 ) 
ted similarly ' . However, the procedure becomes 

more clumsy because of a proliferation of operators 
ef f 

in the expansion of H ^ > mixing of operators under 

renormalization and more complicated renormalization 

group equations. Most noteworthy is the appearance 

of penguin operators, which differ in their (V-A)»V 

Lorentz-structure from the usual (V-A)«(V-A) four-

quark operators. These remnants of a partial defi­

ciency of the generalized GIM mechanism play an 

essential rôle in the explanation of the AI = è rule 

in kaon and hyperon decays^. In charm and bottom 

decays, however, penguins are expected to be unimpor­

tant for several reasons: small coefficients with 
4 ) 

respect to c +, small mixing of t and b quarks into 

the udsc-sector, and no appreciable enhancement "̂  of 

penguin matrix elements with respect to <f|o+|i>. 

rhe decay modes B -> K + n^ constitute a rather 
9) 

special exception , but are very rare. Furthermore, 

since in the case of massive quarks the number f of 

excited flavours varies with the scale \x, the coeffi-
1 ) 8 ) 

;ients c + given in Eq. (4) also change ' . Numeri­

cally, these modifications turn out to be quite 

smalLIn short, the QCD corrected non-leptonic Hamil­

tonian for heavy flavour decays is well approximated 

by Eq. (3), with (c_ = c^ 2) 

c_(m = 1.7 GeV) = 1.7-2.1 

c_(m b = 5 GeV) = 1.4-1.5; A Q C D - 0.2-0.5 GeV (5) 

c_(mt = 40 GeV) = 1.07-1.09 

Of course, the semi-leptonic Hamiltonian is not 

affected by short-distance gluon interactions and can 

thus be directly read off from Eq. (1). 135 



The inclusive decay properties of sufficiently 
heavy quark states are essentially determined by weafc 
decays of the "free" heavy quark with the light con­
stituents merely acting as passive spectators 1 0^. Ir 
this asymptotic limit, all weakly-decaying hadrons 
with a given heavy flavour Q have roughly the same 
semi- and non-leptonic widths. The latter can readily 
be calculated 1^ from the effective Hamiltonian giver 
in Eqs. (1) and (3): 

The above estimates include quark mixing ( V Q . a . ) , 
11) 4 l 4 J phase space effects of final state quark masses 

6} 12) 13) 
(I), radiative gluon corrections [f(0) = % 2 

- 25/4 and b(0;c +) * 2.2, 0.6] and the short-dis­
tance non-leptonic enhancement 1 0^. One can, further-

13) 
more, take into account the Fermi motion ' inside 
the heavy hadron. Even though the spectator model 
makes unambiguous predictions for asymptotically 
heavy flavours, in the mass range of bottom and, 
particularly, of charm, the results are still quite 
sensitive to the choice of the effective quark masses 
and the normalization of the QCD running coupling 
constant. 

Considering these uncertainties, the spectator 
model appears to be consistent with the present data 
on inclusive B decays : 
(i) The semi-leptonic electron spectrum is well des­

c r i b e d 1 ^ by the "free" b-quark decay b -> ev ec. 
[Contributions from b + ev u are excluded at the 
level of |v ,/V J < 0.116 (90% c.l.)l. 

I ub cb I J 

(ii) For the two sets of quark masses, m(u,d;s;c;b) = 
= 0; 0.15; 1.4; 4.8 GeV (I) and 0.35; 0.5; 1.8; 
5.2 GeV (II), Eqs. (6) and (7) yield 1^ the semi-
leptonic branching ratio and lifetime, 
Comparison of these expectations with the world 
averages 4 ) BR =(13.0±1.3)% and BR = (12.4±3.5)% 

e \i 

reveals a respectable agreement and shows that 
current-type quark masses (I) are favoured and 
QCD corrections are absolutely needed to recon­
cile the spectator model with experiment: put­
ting a = 0 gives BR * (15-18)%. [From the 
observed ' B lifetime, x_ = (1.4±0.4).10 1 2 s > 

35 
and Eq. (81), one further derives |V c b| * 0k0(>5' 

(iii)To the extent thai the average number of kaons 
per B decay reflects the average number of s-
quarks, the prediction <n > = 1.4 is confirmed 
by the experimental result1 ^ <n R> - 1.45±0L 

(iv) The inclusive D°-momentum distribution1*^ bears 
great resemblance to the c-quark spectrum expec­
ted from b •> c e v e » and thus supports the simila­
rity of semi- and non-leptonic decay processes 
in the spectator model. 

(v) The decay mode b -> ces can lead to J/<J> resonan­
ces . Using the quark masses given in (ii) set I 
and including the probability factor 1/9 for the 
(cc) pair to be produced in a colour-singlet 
state, one predicts 1 7^ BR(B + J/c|>X) ̂  1.3% in 
agreement with the experimental upper limit1*^ 
of 1.6% (90% c.l.). 

It should, however, be kept in mind that the above 
data refer to an average of 60% B~ and 40% ^ ° 
d e c a y s 1 ^ and may, therefore, hide non-spectator ef­
fects in the same way as the early data on D decays. 

Not until one discovered substantially differing 
lifetimes for the D" and VD^ ° mesons, to w i t ^ 

did it become clear that the spectator model is in­
sufficient for charm decays. While the "free" c~ 
quark decay c -> ev s provides a good description of 

6 14) the semi-leptonic electron spectrum measured in 
D ev eX, the non-leptonic D decays are apparently 
influenced by non-asymptotic effects involving the 
light constituents. The same is indicated by the 
D semi-leptonic branching ratios: BR (D +) ~ ( 1 7 ± 3 ± 3 ) % 

e 
and BR (D°) = (6±2±2)% reported by the MARK III 

e 1 o \ 

collaboration at: this Conference . Since the 
partial widths of the AI = 0 Cabibbo-allowed semi-
leptonic decays must: be identical for the D"1" and D°, 
these data imply that 

In order to find out which, if any, of the charmed 
mesons is "normal" from the point of view of the 
spectator model, one may recall the predictions1^ ob­
tained from Eqs. (6) and (7): 

where (I) and (II) refer to the quark masses, m(u,d; 
s;c) = 0.15; 0.3; 1.6 GeV and 0.3; 0.4; 1.7 GeV res­
pectively. Although the theoretical and experimental 
uncertainties do not allow a firm conclusion, it 
seems that the non-leptonic D° decays deviate most 
significantly from the spectator picture. 

Two effects have been put forward which can give 
rise to lifetime differences and other modifications 

19) 
of the asymptotic decay pattern: the interference 
of a light constituent with an identical quark pro­
duced in the heavy quark decay and weak annihilation 

20) 
of, or W-exchange between, the heavy and a light 
constituent. Both effects depend strongly on QCD 
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bound state properties and are, therefore, difficult 

to quantify. However, the qualitative aspects are 

quite clear. Whereas the D° final state produced by 

the Cabibbo-allowed c-quark decay c + sdu consists of 

different quark flavours, the D + final state contains 

two d quarks. These interfere according to the Paul! 
21 ) 

exclusion principle . As a consequence of the 

short-distance QCD corrections, the interference 

turns out to be destructive and, hence, increases the 

lifetime and semi-leptonic branching ratio of the D + 

relative to the D°. Numerical estimates 1^ in a 

variety of bound state models indicate that the over­

all effect is probably not larger than 20%. It is 

obvious from the structure of the weak Hamiltonian 

given in Eq. (1) that the D° can also decay via W-

exchange (cu •> sd), while weak annihilation (cd -> ud) 

of the D + is Cabibbo-suppressed. Thus, non-specator 

processes tend to shorten the lifetime of the D° and 

to lower its semi-leptonic branching ratio relative 

to the D +, in qualitative agreement with experiment. 

However, this effect was thought to be negligible for 

two reasons : (a) the small value of the decay con­

stant f _ ~ 0(f ) << m expected theoretically, and 

D %, K D 

(b) the suppression of D -> q 1 q 2 by helicity conser­

vation, at least in the usual valence quark picture. 
20) 

On the other hand, it has been argued ' that as 

gluons carry spin, helicity suppression may be abo­

lished by the presence of gluons in the D bound state 

or by gluon radiation from the initial valence quark 

state. In order to explain the observed lifetime 

ratio x(D+)/t(D°) ~ 2-3, W-exchange must obviously be 

at least as "strong" as the c-quark decay mechanism. 

While model estimates1^ show that this is not impos­

sible, one still lacks a clear-cut quantitative 

proof. It is, therefore, important to test further-

qualitative predictions of the above hypotheses on D 

and F meson decays and to search for non-spectator 

effects also in B-decays 1^. Although one can argue 

on quite general grounds that the latter should not 

exceed 0(10%), at the present stage only experiment 

can decide. 

Exclusive non-leptonic decays are conceptually 

more difficult than inclusive decays since no simple 

"free" quark limit exists, an almost trivial state-
10) 21) 22) 

ment. The original suggestion y ' y ' to calcu­

late the two-body matrix elements of the effective 

Hamiltonian Eq. (3) in a valence quark approximation 

was found 1 ^ to fail for certain D-decay modes. Now 

that the MARK III collaboration has remeasured the 

prominent D-decays into two pseudoscalar mesons or 

into a pseudoscalar and a vector meson with better 

accuracy^^, one can clarify the problematic issues. 

In the valence quark approximation, the matrix 

element of a four-quark operator is factorized i» ^ 

product of matrix elements of quark currents with the 

vacuum as an intermediate state. This has the con­

sequence that weak annihilation and W-exchange ampli­

tudes vanish in the SU(3)-limit because of conserva­

tion of vector currents and, therefore, contribute at 

most at the level of SU(3)-breaking effects. In the 

cases considered later on, these contributions can 

safely be neglected. The c-quark decay mechanism, on 

the other hand, gives rise to two types of amplitude: 

a "colour-unmixed" amplitude describing the formation 

of the final state mesons directly out of the two 

colour-singlet quark-antiquark pairs produced in the 

c-decay [ e.g. , D° > (us)(du) > K~ir+] and a "colour-

mixed" amplitude corresponding to the formation of 

mesons by exchanging the quarks (or antiquarks) of 

these pairs [e.g. , D° (us)(du) -> (ds)(uu) -* K ° T Ï ° ] . 

The latter is suppressed by the colour-singlet pro­

jection factor 1/3 relative to the former. Short-

distance QCD corrections decrease "colour-mixed" 

amplitudes further by the factor 2c +-c_, whereas 

"colour-unmixed" amplitudes are enhanced by the fac­

tor (2c++c„)/3. In general, both amplitudes add 

coherently. SU(3) [and SU(6)] breaking effects enter 

via the matrix elements of quark currents (form fac­

tors) and via phase space. Consideration must also 

be given to the quark mixing parameters. 

The various aspects addressed above can be 

studied by choosing suitable ratios of partial D -> PP 

and D •> PV widths. In the following analysis, I 

shall use the valence quark predictions of Fakirov 

21 > 

and Steels ' . Whenever theoretical ratios depend on 

QCD corrections, results are given for c_ = c p = 1.7 

and 2.1 to cover the uncertainty in expressed in 

Eq. (5). The experimental ratios calculated from the 
18 ) 

M A R K III data are quoted in brackets. I find: 

(i) ratios sensitive to SU(6) breaking: K~ p

+/lfii + * 1.3 (1.5±0.75) 

K*~TL +/K"TI + = 0.6 (0.85±0.30) 

K V / r V « 0.4 (0.7±0.35) 

(12) 

(ii) ratios sensitive to SU(6) breaking weighted by 
QCD corrections : 

K ° p + / K ° / = 1.5-2.0 (2.2±1.2) 

K \ + / K ° / * 0.5-0.4 (0.4±0.35) 

QCD corrections improve the agreement with the 

data: putting c + = c_ = 1 would yield the 

ratios 1.0 and 0.7 respectively, 

(iii) ratios testing colour suppression: 

K°IÏ°/KV" » 0.002-0.05 (0.35±0.14) 

K°p ° / K * ~ T t + * 0.002-0.05 (0.28±0.11) (14) 

These predictions are clearly at variance with 

the data. I should emphasize, however, that 

for c+= c_ = 1, one obtains 0.1 for the above 

ratios, which disagrees with the data "only" 

by a factor of 3. Thus, QCD corrections 

worsen the situation! On the other hand, one 

notices from Eq. (14) that the leading loga­

rithmic factor (2c +-c_)
2 is extremely sensi­

tive to the values of c^ or, equivalently, of 
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A Q C D * This puts strong doubts on its relia­

bility. 

(iv) ratio sensitive to S U ( 3 ) breaking and the in­

terference of "colour-mixed" and "unmixed" 

amplitudes: 

K ° T I +/k"'T Ï + « 0 . 9 - 0 . 5 ( 0 . 2 5 ± 0 . 1 7 ) (i_>) 

Here QCD corrections again improve the theo­

retical result, 

(v) ratios testing quark mixing distorted by S U ( 3 ) 

breaking: 

K-K+/K-7t + - 0 . 0 9 ( 0 . 1 2 5 ± 0 . 0 2 8 ) 

T c " 7 t + / K " T t +
 * 0 . 0 ^ ( 0 . 0 3 8 ± 0 . 0 1 5 ) ( 1 6 ) 

The uncertainty in TZ\~/K"n+
 reflects the pre­

sent uncertainty*^ of | v

c < j / v

c s |
2 * 

(vi) ratio involving S U ( 3 ) breaking, interference 

of "colour-mixed" and "unmixed" amplitudes and 

quark mixing: 

K°K +/K°u+ = 0 . 1 4 - 0 . 2 3 ( 0 . 2 9 ± 0 . 1 3 ) ( 1 7 ) 

Again, large QCD corrections are favoured. 

One can conclude that the valence quark approxi­

mation agrees with the data on 1 1 two-body channels 

within the experimental uncertainties or, in the case 

of the ratios ( 1 5 ) and ( 1 6 ) , within 1 . 5 standard de­

viations if the short-distance QCD corrections with 

-2 

c_ = c+ = 2 . 1 (corresponding to A Q C D ~ 5 0 0 MeV) and 

S U ( 3 ) [ S U ( 6 ) ] breaking are taken into account. The 

only exceptions are the purely "colour-mixed" chan­

nels K 07i 0 and K°p ° on which model and data disagree 

by more than two standard deviations. This failure 
2 3 ) 

has been attributed to soft gluon interactions , W-
2 0 ) 

exchange contributions , and final state resonance 
2 4 ) 

effects , to mention some of the suggestions. It 

is very important to identify the correct physics 

reason. In this context, I should note that MARK III 

has also measured the mode D + •> <j)7i+> which is both 

colour- and Cabibbo-suppressed and, thus, should be 

very rare. The experimental ratio <j)n~,7K0p + = 0 . 1 1 ± 

± 0 . 0 6 , on the other hand, is barely consistent with 

Cabibbo-suppression, but does certainly not show any 

sign of colour-suppression. Further interesting 

information can be expected from two-body B decays. 

After one decade of quite intensive experimental 

and theoretical efforts, it seems that the standard 

model can well account for the observed features of 

heavy flavour decays. Yet two important pieces of 

the puzzle are still missing: a quantitative basis 

for dealing with pre-asymptotic (non-spectator) ef­

fects and a clear understanding of the rôle of the 

colour degrees of freedom In exclusive decays. 

I thank D. Hitlin and R. Schindler for providing 
and explaining the MARK III data to me and B. Stech 
for discussions on theoretical aspects. Due to the 
lack of space, the list of references had to be very 
selective, for which I apologize. Further references 
are given in Réf. 1). 
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W E A K D E C A Y S O P C H A R M E D B A R Y O N S 

D . B B E R T 

I N S T I T U T FTLR H O C H E N E R G I E P H Y S I K D E R A K A D E M I E 

D E R W L S S E N S C H A F T E N D E R D D R 
B E R L I N - Z E U T K E N , D D R 

1. Introduction 
The physics of heavy flavours is very 

young and to a large part still unexplored. 
In particular, heavy hadrons with open fla­
vour represent an interesting system whose 
weak decays are determined by an interplay 
of strong and weak interactions. 

In this talk I want to give a brief sur­
vey of inclusive as well as exclusive weak 
decays of charmed baryons. Particular em­
phasis will be put on the discussion of ex­
plicit model estimates of weak matrix ele­
ments and their comparision with experiments. 

2. Inclusive charmed baryon decays 
The simplest picture of inclusive weak 

decays of charmed hadrons is the decay of the 
charmed quark inside the hadrons, c -+sud 

with the light quarks acting as inert spec-
tators (spectator model).7 7 One then inte­
grates over the phase space of the final 
state quarks, on the assumption that the 
initial mass is large enough for this to 
represent the sum of all hadronic final sta­
tes ("quark-hadron duality")• Clearly this 
spectator model predicts equal lifetimes and 
semileptonic branching ratios for both char­
med mesons D°, D +, P + and charmed baryons 
Ac

+ = c [u, d] , A 0 = c [ s, dj, A + = c[s,u] 
or T° = ess, respectively."1*7 

The total width P(h-^all) for Cabibbo-
favoured inclusive hadron decays h all 
may be scaled from the rate P(yU-* ty* C Ve ) as 
(we set here cos © c«l Ô-Cabibbo angle) 

+ /1 The bracket [q^, q 2] denotes antisymme­
tric flavour combinations. Experimental 
knowledge of the charmed baryons A + and 
T° was recently obtained at the CERN 
hyperon beam.' " 1 J l 

where the coefficients f and f (both equal 
to unity in the absence of strong interac­
tions) are the usual short-distance enhance­
ment factors of the nonleptonic weak Hamil-
tonian H w / 4 / , f_ = [<*S( v^c?/o( s(^)] 0^LZ J 

f + = 0.7 » and the 2 in the curly bracket 
comes from the semileptonic decays. The 
factor 0.7 is a phase space correction 
factor due to the strange quark mass and 

Using m Q = 1.5 GeV one obtains Tc~lIs^Cc^all)} 

' v ?*<icr>*3 sec. F o r comparision let us quote 
the 1983 "best estimates" for charmed par-
tide lifetimes'1". The corresponding quan­
tities aref(D +) = ( 8 . 8 + ] ; 3 ) • 1 0~ 1 3 sec 
which is close to Vc , and T(D°) = 
(4.4 ^ # J)-10- 1 3 sec , R(F +)=(2 . L T J^)-10- 1 3SBC 
and X I A^)=(2.2^-J).10~ 1 3 sec. There is 
also a recent measurement of the A + life­
time, Tr(A +)=(4.8+ } - G ) F 1 0"" 1 3sec. / / 2 / Notice 
that the evident discrepancies in the life­
time pattern can be solved by taking into 
account non-spectator ("annihilation") pro­
cesses eu sd, cs ud or cd su which 
contribute in D°, P + or A Q

+, A 0 decays but 
not in D + or A + and T° decays. Because there 
are no helicity constraints for the process 
cd — s u in baryon decays, gluons play here 
a minor role and can, at least in a first 
approximation, be neglected. 
For illustration let us consider the 
A c

+(cfu> dj) decay processes shown in 
Pig. 1 

139 



The decay rate for the non-spectator process 

A c

+ ""̂  suu of Fig. 1a has been calculated 

by Barger et al. in the nonrelativistic 

quark model/e/

9r^(^^^0^(O)lZmc. 
Here ^(o) denotes the / V Q

+ wave function at 

the origin, and light quark mass effects we­

re neglected. The major source of uncertain­

ty in T h s I* IVoyl2- . Using 

( W O ? 1 2 s 7.4* 1 0 ~ 3 GeV 3 as derived in 

ref • / 6 / on the basis of the H^-A^ hyper-

fine mass splitting one obtains C s (At)& 

0.3-10 J sec • The total rate then follows 

by adding the. non-spectator and spectator 

contributions associated to Fig.1a, b (for 

Fig. 1b use HL (c all)). This yields the_^ 

lifetime relation T(/\£) =*TC[± + ^ f A * ) ^ ] , 

Taking the above estimates for Vr and F^fA+) 
* "13 n S v C/ 

one predicts V(A^)^ 2.1.10 ^ sec in a-

greement with the data. In principle, one 

must take into account also Pauli inter­

ference contributions due to identical 
ill 

quarks in the final state' " . Their effect 

is simply to reduce the value of |~̂ s (A£) 

C S ( A C

+ ) - 0 . 7 Vm(h+) which 

leads to a somewhat larger value T~ 

2.7*10" 1 3 sec. Finally, we mention that 

non-spectator (annihilation) diagrams of 

the type shown in Fig. 1a contribute to non­

leptonic weak decays of the A 0 baryon but 

not to A + or T° decays. One expects there­

fore the following inequalities for total 

rates and semileptonic branching ratios: 

i) P( A c

+ , A 0 ) > P ê T 0 , A + ) (compare, for 

example, the estimates obtained from non­

relativistic quark models'^ or by summing 

up partial widths of two-body and quasi-two-

body processes^) and ii) B ( A c ^ € ^ V ^ X ) « 

B(A° e+Y>eX )<B(A
+ -^eV c X )*B(T° 

«1 = 20 %. Note the experimental result 

B ( A C

+ ~*ëV c X ) - ( 4 . 5 ± 1 . 7 ) % / 1 0 / . Finally, 

for a recent discussion of inclusive 

A c

+ decays within the framework of a 

1/Nc-expansion we refer the reader to 

ref./11/. 

3« Exclusive two-bodv decays"^ 

The estimate of the baryonic matrix ele­

ments of the effective weak Hamiltonian H w 

+ ^ Based on work done in collaboration with 

W. Kallies (ref./l2/f / 1 3 / ) 

(as given in ref. /4 /) for exclusive 

charmed baryon decays is more involved 

than for inclusive decays. A particularly 

convenient framework for evaluating matrix 

elements is the MIT bag model which mani­

festly allows the confinement of relati-

vistic quarks inside hadrons. This model 

has been successfully applied to a study 

of nonleptonic hyperon decays^^/ later 
/12/ 

on to a study of charmed baryon decays' f 

/13/ /15/ 

9

 7 . Let us briefly review some recent 

bag-model calculations for Oabibbo favoured 

nonleptonic charmed baryon decays 

B^ B^ + JA^ • For definiteness, we con­

sider the processes A + — * ( A J T * , pk°, 

, Z V ) , A + - * S V + , A° — Z'Jr* 
and T ° - ^ c ° K o / 1 3 / . The experimental 

mass values are M ̂ + = 2282 MeV, 

M A + = 2460 MeV and M T © = 2740 MeV. 

(for another approach to these processes 

using the chiral SU(4) meson-baryon Lagran-

gian of ref./16/ see also ref./17/% The 

corresponding matrix element of H w takes 

the form 

where A and B are the (parity-violating) 

s-wave and (pari ty-c on serv ing) p-wave ampli 

tudes, respectively. For later use we also 

introduce baryon-baryon matrix elements of 

the parity-conserving (PC) and parity-

violating (PV) parts of H„ by </^\H^l°0^ 

CLpuUpU* and <YS / //.f/oc > - ̂  6 ^ ftr ̂ 
It is convenient to reduce the three-hadron 

matrix element in (2) by applying standard 

soft-meson current algebra techniques. The 

A and B amplitudes may then be expressed 

as a sum of so-called commutator terms, 

baryon pole terms (meson pole terms give a 

10 % contribution and will be neglected) 

and factorizable contributions. One gets, 

for example, 

where Ffe is the meson decay constant 

(f>= 93 MeV, FK = 1.27 P r ), M ^ etc are 

baryon masses, are unitary-spin matrix 

elements and are axial vector coupling 

constants defined by baryon matrix elements 

of the weak current. The factorizable con-
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. F A C tribution A "~ corresponds to the usual quarl 

decay (spectator) diagrams and is given by 

where the + (-) sign in the bracket refers 

to 3T + (K°) emission. 

In contrast to earlier bag model calculat­

ions/ 1 2/' we included the PV-matrix 

elements >6^c in (3) which are expected to 

give a contribution comparable with Op^ due 

to large SU(4) braking. Straight-forward cal­

culations yield explicit representations of 

Ç*(v) , d^and jfcfa in terms of two-quark 

or four-quark overlap integrals of the MIT-

bag, respectively. As we find the ratio 

$/gl \ i s indeed larger than the value 0.1 

found for hyperon decays but smaller than 

the value 1 anticipated in ref./18/. The 

partial rates for the different decay modes 

calculated from the A and B amplitudes are 
11 «1 

(in units of 10 1 sec ' ) : _ 

r w - * A j r + ) = 3.8, r Y A c % p K ° ; = 1 . 7 , 

P ( A ^ S ° j r + ) I 1 - 4 , P f A ^ S ^ r * ) - 10.1 
and r(T°-*?E>°&°) = 3 ° 7 * T h e P V-matrix 

elements yield generally corrections at the 

20 % level in P • The changes are, however, 

more manifest if one considers the asymmetry 

parameter 0( . One gets e.g. 0C(Ac"> cfk*') 
= -0.9 ($ included) instead of -0.1 (without 

b). Our estimate for P ( A * ~ ^ p ^ ) is com­

patible with the experimental value 

P(A c^pk°>,(1.00^;^).10
1 1 sec"1 

Similarly the ratio* p (7\ Z°JT*)/C(K^^ 

= 0.71 is consistent with the data of the 

Fermilab bubble chamber^ 2Unfortunately, 

the rate f ( A ^ A j T * ) comes, however, out 

too large by a factor of 3-5 when compared 

with experiment. Finally, notice that the 

large difference between the A + and A 0 par­

tial rates is caused by non-spectator con­

tributions. 

We H A V E R E V I E W E D S O M E M O D E L S A N D I D E A S 

in T H E F I E L D O F W E A K D E C A Y S O F C H A R M E D 

B A R Y O N S . P R E S U M A B L Y in T H E N E A R F U T U R E M O R E 

P R E C I S E D A T A W I L L B E A C C U M U L A T E D which W I L L 

H E L P T O S O R T O U T T H E R E L E V A N T M O D E L S F O R 

D E S C R I B I N G W E A K D E C A Y S O F C H A R M A N D H E A V I E R 

B E A U T Y H A D R O N S . 

I W I S H T O T H A N K U . G E N S C H , W . R A L L I E S , 

T # N A U M A N N A N D R . RTTCKL F O R H E L P F U L C O N V E R ­

S A T I O N S . I H A V E A L S O P R O F I T E D F R O M D I S C U S ­

S I O N S W I T H B . S T E C H . 
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FORWARD BACKWARD ASYMMETRIES IN HEAVY GAUGE BOSON DECAYS 

Paul Langacker 

University of Pennsylvania 
Department of Physics 

Philadelphia, Pennsylvania 19104, U. S. A. 

Summary 

1,2 
R. Robinett, J. Rosner and I have studied 

the prospects for producing and detecting_massive 
(e.g. 1 TeV) new gauge bosons at pp and pp colliders, 
including charged W bosons with right-handed coupl­
ings and several types of neutral bosons. We espe­
cially emphasize that forward-back asymmetries of de­
cay leptons, which can occur in both pp and pp col­
lisions, may be a very useful probe of the gauge 
boson couplings. 

Conclusions 

(a) At a 7s = 40 TeV pp collider with an integral 
luminosity L of 10^°cm~^ it should be possible to de­
tect a right-handed charged W R by its leptonic decays 
if M W R < 8 TeV. We assume that detections of a W R

+ 

is possible if there are at least 10 events each of 
pp + W R+ -* e

+N and pp + W R+ •> y
+N. 

\{b) Under similar assumptions the (the additional 
neutral boson in SO-^q) can be detected by its e+e~ or 
]J +U~ decays if M z < 6 TeV. 

X 
(c) For the purposes considered here a pp collider 
with L = 104°cm~2 is slightly better than a pp colli­
der with the same energy and L = l O ^ c m - 2 . 

(d) For a boson mass M B < 1 TeV a useful diagnostic 
signature for both pp and pp collisions is the for­
ward-backward asymmetry of the emitted lepton: 

where z* is the cosine of the lepton angle with re­
spect to the beam direction in the gauge boson rest 
frame and y is the gauge boson rapidity. As an 
example, Ap~ is shown for the ordinary Z and the Z^ 
in Figures (1) and (2), respectively, for both pp 

Figure 1. A of £ vs. y z o in pp (dashed line) and 

PP (solid lines) -> Z° I I . Curves are labeled by 
total c m . energy in TeV. 

(Other labels as in Figure 1). 

(e) For Mg < 1-5 TeV global asymmetry variables are 
useful. For pp a promising variable is <E^_>/<E^+>, 
where <E p >are the average lepton energies in 
'+ +^ i , 

W + I X or Z -> V~l~. 

(f) The secondary decays N e~ + X, where N (the 
S U 2 R partner of e"̂ .) is produced in W ^ ^ e 1 ̂  or 
Z^+NN, may occur essentially instantaneously, a fin­
ite distance from the production vertex, or even out­
side the detector (depending on the model). Observa­
tion of such decays could be very useful both for re­
constructing the W R and for determining the nature 
(eg. Majorana or Dirac) of the N (see réf. 1). 

(g) Lepton sign identification is extremely important. 
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RECENT MEASUREMENTS OF s'/fm KAON SYSTEM 

K. Nishikawa Enrico Fermi Institute 

The University of Chicago 

Chicago,IL 60637 U.S.A. 

INTRODUCTION 

This paper summarizes the results obtained by 

Chicago-Saclay collaboration^ at Fermi.lab and Yale-

(2) 
BNL collaboration at BNL. Due to the experimantal 

discoveries of c,b and possibly t quark in recent 

(3) 

years,Kobayashi-Maskawa model (KM model) become a 

attractive model of CP violation. Unlike the super-

weak hypothesis where CP violation occurrs only in 

the mass matrix,in KM model AS*1 decay can also 

violates CP through complex phase of quarks.As a 

result, can be different fromV)^ where *)QQ( \_ ) 

is the ratio between the tPtP(JT TT) and the Kg-> 

ÎPT^(T^Tf) decay amplitudes. With isospin decompositi 

tion > ^ £ + € ' , %Q*Z-2e:t'*è^(a2/zVeUS2~*0)  

wKere a0(2) is the amplitude for K°-> 2TTin the 1=0(2) 

final state and S 0(2) is the TT-IT phase shift in the 

1*0(2) state. Since the phase of £ and $2-$0 are 
nearly equal,we have ^ 

In KM model, the prediction for fc/£ depends directly 

upon the top quark mass,the bottom quark life time, 

the ratio p(b- u)/f*(b- c) and the hadronic parameter 

B which relate K^ and quark diagram. In spite of these 

ambiquities, calcurations indicate that £ ^ likely to 

be greater than 0.005.(5) 

THE CHICAGO-SACLAY EXPERIMENT 

This experiment was performed at M3 neutral beam 

line at Fermilab. K^ was produced at 5 mrad ,using 

400GEV/C proton. The K^ beam was divided into two 

parallel,seperated beams. In one of the beam a re­

generator ,consisting of lm Carbon and 1/2" lead was 

placed to produce K g. The regenerator was moved back 

and forth between two beams for each pulse so that 

not only beam flux but also any asymmetries of detec­

tor calcell out in the ratio of K^ and Kg decay. 

The K^,Kg decays were recorded simultaneously so 

that possible bias,due to dead time,efficiencies, 

resolution and background tracks ,does not affect the 

result. The detector is shown in Fig.l. 

The data were collected in two phases,the neutral 

mode(TI and the charged mode (TT TT ) . *br the charged 

mode,the trigger required a two charged par tides. The 

events were reconstructed by drift chamber spectro-
2 

meter to give invariant mass,pt relative to incident 

"K̂  and decay vertex which is essential to decide 

wether the event belong to K^ or K g decay. For the 

neutral mode running, a thin anti-counter and 0.1 rl. 

lead converter were added immediatly before"HV"hodo 

scope that defined the end of the decay region. The 

trigger required one and only one photon to be 

converted..The resultant e +e pairs was detected with 

the spectrometer.Both position and energy of the pair 

and remaining thr. e photond were measured in 804 lead 

glass block array 

Figure 1 
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The lead glass array yield about 3mm position reso: 
Xution and an energy resolution of E/E~2%+&&/ E. 

The resulting mass distribution are shown in Fig.2 
for 2yf for each momentum bins. The background 
fits are superimposed in the figure.For the charged 
mode and K g decays, invariant mass distributions were 
essentially free from background. 

Figure 2 
distribution* 

vs . momentum 

For K e decay ,events due to inelastic regeneration 
5 2 were subtracted based on pt dis tribut -JUS. 

In order to c o r r e c t for the acceptance differences 
of and K g,come from life time difference, a Monte 
Carlo was used.Fig.3 indicates the a g r e e m e n t o f d a t a 

and Monte Carlo simulation . 

Figure 3 
Reconstructed r V data and 
Monte Carlo (tJbe open circles) 
vertex distributions 

After the acceptance correction,the number of event 
will be proportional to an integral over the decay 
region of 

f o r regenerated beam.(f is the regeneration amplitude 

and p oC (—r—) ; the difference in forward scattering 
0 0 

amplitudes of K and K on Carbon, From either the 
ratio Nr4-/NV-f- or the ratio N r00/N V00,one candeter 
mine ^ ,given the value of and .Assuming £«0,the 
charged mode data yields the amplitude consistent 
with power law p a behavior as shown in fig.A.with a 
a*-0.610*0.023, to be compared with previous measure 
ments a»-0.614*0.009. 

Similaly,using neutral mode data as shown in Fig.5 
a—0.572*0.072. If £«0,the effect would show up in 
the normalization difference between Fig.4 and Fig,5 

Figure 5 

The value of */£ has been detemined by a simul­
taneous fit of 18 ratios(the ratio of regenerated 
to vacuum events in nine momentum bins,each data set) 
searching for the best value of the magnitude of 

Jand |^r~| c
 a t 1 Gev/c,while fixing the power law. 

The result is 
f7f =-0.0046*0.0053(statistical error) 

This result is consistent with zerro and not in a 
good agreement with naive expectation of Kobayashi-
Maskawa model which predicts £ 0.005. 

This result was chaecked in variety of ways. 
(l)The charged and neutral mode data were divided 
into momentum and z vertex bins, c/£ was determined 
from the bin-by-bin ratio of ratio. Although this 
method is statistically weak, free from Monte Carlo 
corrections and yield a consistent result. 



'2)Using the neutral vacuum events which decayed in 

the same region as regenerated evnts so that Monte 

Carlo corrections are relatively small,one get 

consistent ? /£ value. 

(3)By entirely depend on Monte Carlo,one can calcu­

late (K^- 27T0)/ ( j ^ - 31T°). i ' / g can be determined, 

using the branching ratio for the K^-

K^* tf*"ff and K g- TT*if"from Particle Data. Although one 

expects a large systematic error,this method yields 

€'/£ —0.0082*0.0098 

which gives some confidence in the Monte Carlo. 

The systematic error estimates from various source 

together with the event totals is summarized in 

Xable 1, 

The final result of this experiment is 

€/£ «-0.0046*0.0053(statistical)*0.0024(systematic) 

This result(with errors added in quadrature) is 

shown in Fig.12 with previous measurements. Yet a 

better experiment,together with better theoretical 

prediction ,are needed. 
Table 1 

Summary of results 5 
Number of events 

5663 

3152 

K_* TT TT 25751 
b + -

V l f f 
10676 

Figure 6 

Tbe Chicago-Saclay result in 
comparison to previous 
determinations of d /t 

A Measurement of e'/e by a BNL-Yale Group 

Another measurement of e'/e was conduct-
id at Brookhaven National Laboratory by t h e 
BNL-Yale group of Adair, Black, Kasha, Lar-
»cn, Leipuner, Mannelli, Morse, Schmidt, and 
Schwarz by simultaneously observing the in­
tensity of charged and neutral two-pion d e -
cays from a beam and then from a K beam 
produced by introducing a regenerator Sin t h e 
K» beam. About 300 alternations during the 
6u0 hours of experimental data-taking, con­
clude d Q in A p r i l , 1 9 8 4 , gave about 1200 
K->n +rt events used in the analysis as w e l l 
as 10,000 K »jt + * ~ e v e n t s , 3500 K **°+JT° 
events, and 23,000 K >n +it~ events. * 

The value of t'fe was found from the re­
lation, ^ 

He r eQ L^0 and L + - are +transition rate > for 
K L>n +n and K^n^+ji and S00 and S+- arc 
similar transition rates for K decays. 

Since charged and neutral decays were 
determined s iraul taneously by a spectrometer 
designed to serve both functions, the accep­
tances of the apparatus cancels out in the 
ratio if the energy and decay position of the 

and K g particles were the same. This was 
true to an adequate degree over s m a l l rae-^y 
regions and small decay sectors. Values of 
I? ( i, j ) were determined for i-7 values of K-
energy (ranging from 7 GeV to 14 GeV) and j-6 
sectors of 20 cm for the decay position. An 
appropriately weighted average of the R(i,j), 
subject to a correction of about 1 4 % for 
backgrounds, led to a preliminary value, 

R « 1.027+0.036+0.035 » e'/e « 0.0045+0.00 87 

where the first error in R is statistical and 
the second systematic. 

We note that this result is quite con­
sistent with the Fermilab result (though with 
a 60% larger error) although the measureme»t & 
were made using different techniques on much 
lower energy K-me sons. 
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OH THE SIGN AND MAGNITUDE OF e'/c 

A. I. San da 
Rockefeller University 
Department of Physics 

New York, U.S.A. 

In this conference two new experimen­
tal results on e1/e have been presented . 

e»/e=-.0046±.0053±.0027 Chicago-Saclay, (1) 

e ,/e=.0045±.008 Yale-BNL, (2 ) 

where the error for Yale-BNL result is the 
sum in quadrature of both systematic and 
statistical errors• Also presented we re : 
(a) A very suggestive evidence 2 for t quark 
with the mass between 30 and 5QGeV* (b) 
Updated numbers on B me s on lifetime 3 

1 . 1 6 ± * ^ psec (DELCO); 1 . 7 8 ^ * ^ psec (JADE) ; 

1.6±.5 psec (MAC); 1 . 2 * * ^ psec (MARK I I ) ; 

1.9±. 72 (TASSO). (c) An updated bound 

My task in this talk is to re view 
theoretical studies whi ch related these ex­
perimental results. In particular, I shall 
focus on the sign and magni tude of e1/e f or : 
(a) The standard model, where CP violation 
is me d i a t e d by the complex phase of the 
Kobagashi-Maskawa (KM) matrix and (b) The 
Higgs model of CP violation, where C P 
violation is me d i a t e d by scalar particles. 

In general, .we can write** _ 

. I _ ! i
 i ( V v , 2 I m V 

G ~/2 Rea 6 ( R e a 0 Rea ; ' U ; 

o 2 o 

. ,, , I mM „ I ma , , N iir/4 1 , 12 o >• (4) 
6 /2 2ReM Rea ) f 

11 o 

where a e*«i d e n o t e s K ° > ( Ï Ï T T ) I  

amplitude with the final state pion in the 
isotopic spin I; 6 j is the it tt scattering 
phase shift; M i 2 is the K -K transition 
amplitude. We shall evaluate these 
quantities in the two model mentioned above. 

Standard Model 

In the standard model for electro-weak 
interaction with three quark flavors, where 
weak eigenstates are defined by the KM 
matrix, the imaginary parts of a-j- and M| 2 

arise from the contributions of c,t,b 
quarks. It is, therefore, believed that the 
imaginary parts of amplitudes aj and M i 2 

are free of long distance ambiguities. In 
this phase convention, where the phases of 
quark Feynman diagrams are kept, components 
of eq s• (3) and (4) can be written as 
follows . 

I m a o - / 2 s 1 s 2 s 3 8 6 G F n < ( i r i r ) o | 0 5 |k°> (5) 

lma 2«0 (6) 

2m KImM ~ ^ s

2 s ^ ^ 
4IT 

2 2 
m t m t 

x{-n + n 3 in ~Y~ + s 2 ^ s 2 + s 3 c < S ^ n 2 — ~ 2 ^ 
m m 
c c 

X < k ° | o l l | k ° > ( 7 ) 

where n i ̂ .Sê^UGé ; ̂ 2 = • 60 -v . 62 ; t i 3 =. 39~. 38 ; 
n*-,07*»-.lj are QCD correction factors 
evaluated for Aqçn ranging between 
. l<v.3GeV; m t~30«-50GeV ; rac = 1. 3^1. 7GeV ; 
m b ~ 4 . 5*~5 . 2GeV . Evaluation of the matrix 
element < t r 0 j o 5 J K ° > using the b a g model or 
vacuum saturation approximation and current 
algebra leads to 6 

/ 2 G F s 1 < ( T T T r ) O J 0 5 J K ° > « + (2^9) ja oj ( 8 ) 

where the range of value is due to 
theoretical uncertainties. The matrix ^ 
element in Eq* 7 can be parametrized as 

< K ° K l I * 0 > = i B f K * 2 K ( 9 ) 

•28f 2 m l 
- r

 a 2 (10) 
F 2 K 

where B is the bag constant, f K and f^ 
are K meson and tr meson decay constants, 
respectively, and n K is the QCD correction 
to K + -* -7T+TTO hamiltonian. The second 
relation is obtained by using SU(3) symmetry 
and current algebra. In the region where 
e * / e « I Rea 2 /Rea 0 j «-1/ 20 , I m a 0 / R e a 0 in Eq. 4 
does not play a major role in e. In the 
region where this term can be ignored Eq. 
( 3 ) , ( 4 ) , (6) lead to 

i(T + V 6 n } R e a 9 I m a n

 A V - K q 

E 7 6 Rea Rea ImM. 0

 U A ; 

o o 12 

where we have written 
2 R e M 1 2 ~ A m K ,the K L - K g 

L 
mass difference. From Eqs. (7) and (10), 
R e a 2 / I m M i 2 > 0 and from Eqs. (5) and ( 8 ) , 
lma 0<0 so that 



- . i < r v v v n 

e'/te >0 

Putting in.the experimental value 

JRea 2/Kea 0|A,l/20,
 A m K L ~ K S 

. 7 1 x l ( T 1 4 , G F = 1 . 1 8 x l O "
5 G e V " 2 , f K= 

•16GeV we obtain 

(12) 

where D is the parameter for the long 
range contribution to Am d e f i n e d 1 2 by 
( A m ) l o n g r a n g e = D û m . In the standard model 

B«1.4(l-D), but this result can not be used 
in the present consideration. D has been 
estimated to b e 1 

-.7<D<3 (19) 

— 1. ,11 n(2-9) 

2 t 2 
B { m c(-n 1 + n 3^n ~ Y - ) + s 2 ( s 2 + s 3 c 6 ) n 2 m t } (13; 

where masses are to be evaluated in GeV. 
Knowledge of X g , R, e, m t , B,..•. 
are not sufficient to fix s 2,s 3 , s 5 
uniquely. Here we shall be satisfied with a 
lower bound of e'/e. To this end, upper 
bound on s 2(s 2 + s 3 C 5 ) is needed. Consider 

1 » 

T B 

1 
28.2 

m b T 3 . [ s 2 + S 3 + 2 s 2 S 3 C 6 ] ( 1 4 ) 

where m^ > a n<l Xg a r e i n unites of GeV, 
and psec, respectively, y i=3.2 is the phase 

with QCD corrections, and we 
For X g=.7psec, we have 

space factor wi 
have set c |=1. 

2 2 1/2 
(s2+s^c g)<(s2+s3

 + 2 s 2 s ^ c g ) =.078 (15) 

and thus s 2 < • 0 78 . For the values of n=-
m t=50GeV, m c=1.3GeV, n 1 = . 6 8 , n 2 = . 6 2 , n 3 = 
.39, B=l we obtain 

.07 

-— e 

e 
>1.2xl0 (16) 

All parameters were adjusted, within limi tes 
of uncertainties, to minimize the right hand 
side , thus the bound is very conservative 
one. At this time the bound is not in 
conflict with experiments. If future 
experiments prove to violate above bound, it 
implies that the standard - mode 1 is ruled out 
or that there is a s e ri ous flow in 
evaluating the matrix element in Eqs. (8) 
and ( 9 ) . 

Higgs Model of CP Violation 

An elegant model which explains CI 
violation through scalar particle inter­
actions has been described by Weinberg 
Such a model with natural flavor 
conservation predicts that 1 1 

I m M 1 2 

<< 
I ma 

0 (17) 10. 

2 R e M 1 2 SD Rea 
0 

11. 

where SD denotes the short distance contri­
bution. This inequality least to a result 

using TTïï phase shift data, current algebra 
and SU(3) symmetries. The prediction for 
e'/e given in Eq. (18) together with the 
value of D given in Eq. (19) is in conflict 
with experiments Eqs. (1) and ( 2 ) . Recently 
it has been pointed o u t 1 * that the SU(3) 
singlet combination of N and N 1 contributes 
to (Am) 

long distance * n a w a y which has 
been over looked by all investigators. It 
has been varified that such new contribution 
has to be unusually large in order to modify 
above prediction on e'/e• 

We have shown that the standard model 
predicts e f/e>.001. Better determination of 
X g , R, m t , m^ can increase the bound 
considerably. If experiments prove to be 
inconsistent with this bound, either the 
standard model is ruled out or there is a 
serious flaw in our understanding of 
hadronic matrix elements. We have also 
shown that CP violation mediated by scalar 
particles with natural flavor conservation 
has been ruled out unless matrix element for 
certain operators is unusually large. 
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SEARCH FOR CP - VIOLATION IN K°-~ 1&C 

I.V. CHUVILO ITEP MOSCOW, USSR 

The 180 liter xenon bubble chamber /1/ 
without magnetic field was used in the joint 
Moscow-Pad ova experiments / 2 , 3 / on the 3C2T -
decays of K°-mesons to obtain the new estima­
tion of possible violation of CP-invariance 
in such processes. The charge exchange reac­
tion K + Xe K6+ all at 0.85 GeV/c / 4 / 
momentum was as a source of K°-meson sample. 
In total 1.8-106 photograms 6 .3*10 5 K°me­
sons were obtained. All the events which had 
a V° inside the fiducial volume of the cham­
ber with two y-rays pointing to the apex of 
the V e and satisfying the same conditions as 
the candidates for /<* —ot+tftlX* decay were 
considered. The total number of such events 
was 1588. The procedure of scanning for 
events with six jf-rays appeared to come 
from a single point inside the fiducial vo­
lume of the chamber was used for selection 
of the candidates for K0-*-3tT° decays. 1455 
events such type were found. In the both ca­
ses we assume as candidate origins for each 
event all visible interaction in which any 
track leaving the interaction point is com­
patible with the proton hypothesis and stops 
in the chamber with range smaller than 20 cm. 
The background conditions were considered. 
With the following selection criteria: 
0.8 < Rfço < 40 cm, 50 < P/c* < 850 MeV/c and 
JMj^- M*©} < 3<éM3*r w e obtain the final samp­
les of 409 events for K°-+ïï*rf'cfct> decay mode 
and 632 events for K0"* 3$rc decay mode. 

The procedure of a maximum likelihood 
calculation was used for the estimations of 
the parameters of CP-violation in the K°"*3CT 
decay modes 

Known data of K°-meson properties and nume­
rical characteristics of the experimental 
conditions of the K°~meson detection in the 
xenon bubble chamber were used for the cal­
culations of the likelihood functions. 

The results of the maximum likelihood 
calculation for the parameter g+~o are 
shown in Pig.1a where the one and two stan­
dard deviation c ont ours are represented by 
solid lines. The most probable value is 

£ > ^ = (-0.002 - 0.23)+i(-0.H - 0.35). 
Assuming CPT-invariance, the parameter £V_ 0 

is pure imaginary when terms of the order of 
£ are neglected. In this hypothesis the re­
sults are: p 

=-0*14 ± 0.24, Ip^ol < 0.26 and 

A/c/-*rr^r"jr ) / r ( /CS-*aii) < 5.5*io~ 3 

at 90$ confidence level. Furthermore we com­
bined our results with those obtained in a 
previous experiment /5/ performed in similar 
conditions and analysed with the same proce­
dure . The likelihood functions of both expe­
riments on the base 601 events have been ad­
ded, and results are shown in Pig.1a(dotted 
lines). The most likely value is now D+-t> = 
(0.05 ± 0.17)+i(0.15 ± 0.33). Now the upper-
limits at 90% confidence level are : 

\ ^ o \ z < °*23 and 
r(K°^jr*Jl&<>)/ r(K*$-*all) < 4.9*KT 5. 

Analogous results for K°-+ 3cJC° decay 
mode /3/ are shown in Fig.1b, where the one, 
two and three standard deviation contours 
are represented. The most probable value is 

found equal to £oeo =(-0.08 £ 0.18) + 
+i(-0.05 0.27). Under the same assumptions 
one obtains . 

IÇooo] < 0.1 and 

r(Ks+ 3zc°)/r{K%~* all) < 3.7*10~5. 

Finally, since under hypothesis of CPT-
invariance and neglecting 1=3 contributions 
to 3 j f ° and 1=2 contributions to or+Jl'OT* 
channels £+-o and Jpoo0 are the same,the total 
/C**-** czf&r'&T* sample has been added to the 
K*-+*UFJtW one. The likelihood contours 
for ^2ar .evaluated from total sample of 1233 
K°~+ 3CF events are shown in Pig.lc. The bran­
ching ratio r 3or ) / r ( / f | - * all) turns 
out to be smaller than 6.5.10*s at SOfo G.L. 

Using new estimations of the upper li­
mits of the p+-c and D 

00c parameters it is 
possible to consider on the new level of the 
accuracy the problem of the discrete CPT and 
T-symmetries in the description of the CP-
violating decay properties of the neutral K-
mesons and the internal consistence known 
experimental data on Kô~decay properties /6/. 
For these purposes we used the Bell-Stein-
berger relation /7/,writting down in the fol­
lowing form /8/s 

148 



(1+itg&*) (Re£+iIm£)==£-2+o£ 
with e c T 
where CPT-conserving, T-violating part S and 
T-conserving, CPT-violating part 2 describe 
amplitude^. We solved this system of equa­
tions using experimental values / 9 / for para-
m 8 t e r ^ t g ^ 0 .953 ± 0.005 , , 

^ - [ ( 1 .535 ± 0.065)+i(1 .686 ± 0 .052)] •10"^ 
<< = [ ( -0 .006 ± 0.068)+i(-0.026 ± 0.1 20 )J .10~ J 

and obtain the following results: -s 
£ = [ (1 .62 * 0.05)+i(1 .58 ± 0.09)3 *1 0~-% 

2 = f ( 0 . 1 0 ± 0.07)+i(-0.11 t 0 .10) ] .10~ J 

This means that the K°-decay processes are 
appearing to be CPT-conserving and T-viola-
ting. The same conclusion was made by Cro-
nin / 1 0 / but he had more rough estimations 
of the contributions of 33Tdecays of K°-me­
sons and as a result -, 

o C = [ ( 0.H * 0 . 1 9)+i ( ° - 1 9 ± 0 .25 )3*10-
which may be compared with one used in our 
calculations. This means that our statement 
is grounded on the higher level of the accu­
racy. ^ 

Let us consider / 1 1 / the parameter A • 
It is easy to show, that ^ 
oC,fr.p = (0.007*0.003)+i(0.002*0.003) « 1 $ ° 

JC3% = (-0.02*0.07)+i(-0.04*0.10) HO""3 

oCg 3 = (0.004*0.0002)+i(0.01*0.06) • 1 0""3 
and we have value of the parameter at used 
above in the calculations of the values of 
the parameters £ and 2 • It is quite natu­
rally to believe that CP-violation in the 
3«7T-decays of K-me s on not larger than in the 
23V-decays. Then we may to ignore the cont­
ributions of all decay modes of K*-meson ex­
cept K°-» 2C7T (1=0), i.e. to put oC =0 and 
one obtain the result 
2 (oC=0)= [( 0.11*0.05 )+i(-0.1 2*0.05)1-10-3 
which differs from zero (if the CPT-conser-
vation takes plase) by two standard devia­
tions. 

Let us consider the situation with the 
parameters of the phenomenological descrip­
tion of the properties of the CP-violating 
2-decay of the -mesons. It is known that 

= a r g = ( 4 4 . 6 * 1 .2 ) ° and this value is 
rather close to one existing in the model of 
the superweak interaction ïrsw =( 43.72*0.1 4) • 
In the same time there is badly known value 
of the bPco = arg pcc =( 54 i 5 ) ° . 

It is possible to reconsider the para­
meters of R-decays by using of the Bell— 
Steinberger relation in the frame of validi­
ty of the 0PT-invariance, i.e. S =0. Then 
one obtains / 6 / = (48 .7 ± 3 . 7 ) ° and = 
(44.Oil.if, if initially J Ç - ^ = ( 9 . 4 * 5 . 1 ) ô . 
Under additional condition 2£(o6=0)=0 we get 

^ = ( 4 4 . 1 ± 2 . 2 ) ° and %- = ( 4 3 . 4 + 1 . 1 ) ° , 
i.e. %o- b£„=(0 .7 ± 2 .5 )° in accordance with 
the theoretical estimations. 

Returning to the problem of the validi­
ty of the CPT-symmetry in the K°-decays we 
should like to show where and why this prob­
lem appears in the analyses of the decay pro­
perties of K°-mesons. The result of the com­
putation of the parameter 2£ and one and two 
standard deviation contours by Monte Carlo 
method are shown in Pig.2 for cCexp* It is 
seen that the agreement with CPT-symmetry ob­
tained withoCexp looks nearly perfect, but 
for the case oC =0 we have noticed above the 
vanishing of S is unfavoured by two stan­
dard deviations. Let us also represent the 
projections of the parameters £ and in 
the complex plane on the direction of the 
angle )Pçw without the contributions of 7>aC 
and Oc€^ -decays of K7-mesons. It is easy to 
obtain 

^ , , « 2 . J . =-<fox = - ( 0 . 1 6 ± 0 . 0 7 ) - 1 0 - 3 
£ J ! « 611 = £ 0 1 1 = ( 2 . 2 7 * 0 . 0 6 ) . 10-3 

Fi£.3 shows the situation creating the noncom-

pletion of the conclusion on the validity of 
the CPT-invariance of K°-meson decay proper­
ties caused by nonvanishing value of the pa­
rameter Sj. because of the existing diffe­
rence of the %o - %- phases. 

fig.3 
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QUARK MIXING MATRIX FROM HEAVY QUARK SEMILEPTONIC DECAYS 

Juliet Lee--Franz ini 

SUNY at Stony Brook 

Physics Department 

Stony Brook, NY, USA 

In the "standard Model" the b-quark contained 

within the B meson is assumed to be the charge -1 / 3 

member of the third weak isospin doublet (t,b*). The 

three states (df,s*,b* ) are mixtures of the mass 

eigenstates (d,s,b) defined by the unitary mass mixing 

matrix V as : 

d ' Vud Vus Vub d  

s ' - VOd VCS VCb s 

b ' vtd vts vtb b 

We show in the following that from the 

experimentally measured properties of the B meson weak 

decays: (i)lepton spectra from semileptonic decays, 

(ii)semileptonic branching ratios (BR), and (iii) 

lifetime (ig) we can extract the b-+Wu(or c) coupling 

strengths (i.e. |V u bj and |V c b| Vs) accurately with the 

help of a model of the bound state decay, the 

"spectator model" [1], in a completely self consistent 

way without assumption about quark masses. 

This simple model where the original light quark 

companion of the b in the B meson is assumed not to 

partake in the b decay process proper (b+Wu,c; 

W+qq,&v) but combines with the flavored changed quark 

(u or c) in the final hadronization process, is 

ideally suited for describing B semileptonic decay 

since the leptonic final states of the color neutral W 

are isolated from the hadronic end products. In the 

model, the decaying b is assumed to be moving wi thin 

the B meson with momentum pp, and the spectator u or d 

to recoil with opposite momentum and definite mass 

Mcr^, ultimately combining with the final quark (u or 
o p 

c) to form the recoiling system X u (or X c) with mass 

M-g* M b is determined by ^-momentum conservation. The 

Fermi motion distribution $(|p|) is folded into the 

free quark decay spectrum to obtain the lepton 

spectrum from the decay of the B meson. 

The semileptonic width is given by: 

r(8+evXq)=BR(B->evXQ)/TB -
I|V q b|(G F

2/192 1i
3)<M b

5>I(<e i>)f(<e i>) 

where i is to be summed over u and c, e=M q/M b, the 

<>'s indicate that we must use the appropriate 

averages of M b and M q obtained from fitting the 

measured electron spectra. I (e) = [1 -8£2+8e^-e^-24ei*lne3 

and f(e) are the tabulated small QCD radiative 

corrections [2]. We further define 

RB=r(B+Xu&v)/r(B-»Xeilv). Then the mixing matrix 

elements can be expressed as 

|V c b|= {[BR(B+Xev ) /T B]*[K C D/(HR B)]}
1 / 2 

K c b = 2.88x10~
1 1sec/[<M b>

5I(<e c>)f(<e c>)3 

K h i » tR B|V c b|
2Cl(e c)f(e c)/I(e u)f(e u)]}

1 / 2 . 

Limits on the ratio R B have been were obtained at 

CESR by examining the decay lepton spectra [3#43. To 

obtain the limit given by all the CESR results, I 

combined the likelihood functions and found R g < 0.03 

at 90% c.l. or R B <0.038 at 95% c.l. [53. 

The <M b> and effective M c which are used in the 

following for the evaluation of | V u b |
2 and |V" c b|

2 were 

obtained by fitting the CUSB spectrum to various 

p 

combinations of M s p and pp and minimizing x • Two 

representative cases are presented below. 

We note that the K c b value is very well defined 

and is independent of assumptions on M gp and Pp. 

The world average of the semileptonic BR is 
( 1 1 . 8 ± 0 . 3 5 ± 0 . 7 ) $ [ 6 ] . The B meson lifetime has been 
recently measured by four groups [73, the average 

being T b = 1 . 4 ± 0 . 3 ± 0 . 3 psec. Using the numerical values 
for Rg, K c b , BR and Tb we obtain: 

V c b | = 0 . 0 4 3 9 ± 0 . 0 0 4 9 ; |V u b| < 0 . 0 0 5 1 at 90% c.l. 

^bl/^cbl < ° - 1 1 6 a t 9 0 % c 4 -

V c b |
2 = ( 2 . 7 7 7 ± 0 . 1 7 9 ) x 1 0 ~ 1 5 s e c / [ ( 1 + R B ) T B ] 

V u b |
2 - R B ( 1 . 2 2 8 ± 0 . 0 8 6 ) x 1 0 " " 1 5 s e c / [ ( 1 + R B ) x B ] 

Using the original parametrization of Kobayashi 

and Maskawa [ 8 ] with s1=0.231±0.003 [ 9 3 and 
| V u b j < 0 . 0 0 5 1 , we obtain S o < 0 . 0 2 2 at 90% c.l. We also 

obtain s 2 = | V c b | [ / ( 1 - 8 . 0 6 R B s 6

2 ) - 2 . 8 4 / R B c ô 3 , using 

0 ^ 0 . 9 7 3 7 1 0 . 0 0 2 5 . In figure 1 we show this relation 

evaluated for 6 = 0 to ir, the curve is for R B = 0 . 0 3 and 
the line for R R = 0 . 

S 2 v s 5 

(the allowed 

area is 

shaded) 

Using the above determined bounds we can 

determine or constrain the absolute values of all the 

elements of the mixing matrix (in this way one 

automatically satisfies unitarity). 

0.9737 ± 0.0025 0.231 ± 0.003 <0.0051 

|V| = 0.231 ± 0.003 0.972 ± 0.002 0.044 ± 0.005 

<0.015 0.043 ± 0.001 >0.999 
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