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Preface

Since the discovery of the Ypsilon-Resonances in 1977 the physics of beauty quarks has been
an exciting chapter in elementary particle physics. During the last years, a wealth of data has
emerged {rom the detectors ARGUS and CLEO as well as from LEP and the pp colliders. In
spite of this rich harvest it became clear quite soon that a new very high luminosity machine-a
B-Meson Factory- would be needed to reach the most challenging topic of B-physics, the CP
violation which has so far only been established in K decays.

Several attempts to bring such a factory into existence in Europe have been made since the
mid 80’s. Over the years, many working groups had accumulated an impressive amount of data
and knowledge on the physics as well as on the machine and detectors. To concentrate the vari-
ous efforts the European Committee of Future Accelerators, ECFA, under the Chairmanship of
J.-E. Augustin decided to conmmission a comprehensive study for a European B-Meson Factory.

From the part of ECFA the Chairman together with Ludwig Tauscher organized the work.
To cover the various aspects of the project five study groups were set up, on the machine, in-
tersection region, detector, physics and B-physics at hadron machines and at LEP. A complete
summary of all working groups is in preparation.

The volume presented here comprises a broad and comprehensive study of our present
knowledge of the exciting field of B-physics at high luminosity machines. I would like to
warmly thank all participants in the working groups and the convenors in particular. I wish
to express my gratitude to Roy Aleksan and Ahmed Ali who have coordinated this important
summary and to Ludwig Tauscher and Jean-Eudes Augustin who initiated and supported the
study.

Giinter Fliigge
Chairman of ECFA
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Introduction

In March 1991, the European Committee for Future Accelerators ECFA, headed by J. -E.
Augustin, commissioned a study for a European B-Meson Factory. To cover the various R&D
aspects of this project five study groups were set up, concerning the machine, intersection
region, detector, physics, and B-physics at hadron machines and at LEP. We were entrusted
with convening the physics study group. With some preparatory work and discussions the
ECFA B-physics group was formed and the first meeting of this group took place on April 17,
1991, at DESY-Hamburg. To set the scene, review talks were given summing up the status of
B-physics. The speakers at this meeting were: A. Ali, H. Schrdder, M. Reidenbach (DESY),
G. Kramer (Hamburg), J. Chauveau (Orsay), and H. Steger (CERN). Following this meeting,
topics for study and research were agreed upon and a number of study subgroups formed. These
subgroups are listéd below together with their coordinators.

1. CKM-Matrix update and prospects of measuring z,.
Coordinators: A. Ali (DESY) and D. London (Montreal).

2. Exclusive weak B-Decays.
Coordinators: G. Kramer (Hamburg) and D, Wyler (Ziirich).

3. Applications of heavy quark symmetry in B-decays.
Coordinator: T. Mannel (Darmstadt & DESY).

4, QCD Sum rules and B-decays.
Coordinator: N. Paver (Trieste).

5. Lattice-QCD results in B-decays.
Coordinator: G. Martinelli (Rome).

6. Rare B-decays.
Coordinator: A. Ali (DESY).

7. CP Violation in B-decays.
Coordinators: R. Aleksan (Saclay) and A. Pich {CERN).

8. Rare T-decays.
Coordinator: J. Valle (Valencia)..

The principal task of the physics group was to continually update the information from the
progress made in theory and ongoing experiments, as well as undertake studies with well defined
research goals in the fields listed above to be achieved in future experiments, in particular at
a B-meson factory. It was also decided to hold research workshops at appropriate intervals to
sum up the results of the working groups.



The second meeting of the physics working group took place at CERN on July 23, 1991. The
speakers at this meeting were: A.Ali (DESY), J.R. Cudell (CERN), F. Le Diberder (Orsay), T.
Mannel (Darmstadt & DESY), A. Martin (CERN), G. Martinelli (Rome}, G. Nardulli (Bari),
N. Paver (Trieste), A. Pich (CERN) and T. Ruf (Heidelberg). The third workshop in this
series was also held at CERN on November 6, 1991, with talks from C. Alexandrou (PSI), J.
Chauveau (Paris), I. Dunietz (CERN), B. Grinstein (SSC & Harvard), G. Nardulli (Bari) and
J. Valle (Valencia). Progress made at these meetings and subsequent work were reported by A.
Ali and R. Alcksan at the joint meeting of the working groups of the ECFA B-meson factory
workshop, held at CERN on Nov. 7, 1991. ~

The fourth and final meeting of the physics working group took place on Oct. 29-30, 1992,
at DESY-Hamburg. The speakers at this meeting were: A. Ali (DESY), M. Danilov (ITEP,
Moscow), J. Fry (CERN), A. Gaidot (Saclay), Ch. Greub (Ziirich), G. Kramer (Hamburg), T.
Mannel (Darmstadt), N. Paver (Trieste), O. Pene (Orsay), W. Schmidt-Parzefall (Hamburg),
H. Steger (Freiburg), J. Valle (Valencia), and D. Wyler (Ziirich). The talks presented at this
meeting summed up the research work done by the members of the ECFA B-physics study
group. In all, there are ten contributions included in these proceedings covering all the topics
listed above. Below we make a few remarks concerning the state-of-the-art B-physics and
summarize the principal interest in the physics at a B-meson factory as reflected in these
proceedings.

The last couple of years have secen rapid developments in the theory and experiments con-
cerning B-physics. The spearheads of the experimental activities at present are the ARGUS
and CLEO collaborations, with both the detectors having accumulated O(10°) events at the
T(45) resonance. Valuable and complementary information on B-decays has come from the pp
collider data and more impressively from the LEP experiments operating at the Z° resonance.
In particular, experiments at LEP have measured average and individual lifetimes of the various
B-hadron species as well as the weak neutral current properties of the b-quark, while exper-
iments in both ete -annihilation and pp collisions have been able to establish a statistically
significant signal for B® — B%-mixing. First evidence for the existence of the B%meson and A,-
baryons has also been presented by experiments at CERN.

Among the highlights of the ARGUS and CLEO results, one can count the determination
of the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements, |V.s| and |V,s], and the B — BS-
mixing mcasure, z4, giving the first indirect hint of a heavy top quark and, in principle, a first
measurement of the crucial CKM-matrix element |Vi4|. The information from the available
B-physics can be combined with the one from CP violation in K-decays to constrain the
CKM-unitarity triangle. Such analyses, as also shown quantitatively in these proceedings,
are consistent with the Standard Model. However, there are still large uncertainties in the
shape and area of the unitarity triangle due to imprecise experimental determination of the
matrix elements V; and V,;, and theoretical uncertainties on the hadronic matrix elements
and/or wave-functions. In addition, most loop-induced B-amplitudes are uncertain due to
their dependence on the top quark mass which at present is bounded in the range 91 GeV <
m, < 180 GeV, from direct top quark searches and precision electroweak measurements.

How could one reduce the various uncertainties and obtain precise values of the CKM-matrix
clements from B-decays? There is a fair chance that m, will hopefully soon be measured at
the Fermilab TEVATRON collider. However, determination of the various hadronic coupling
constants and formm factors needs a reliable theoretical framework. In this context, we stress
that the Lattice-QCD provides one such promising framework. Although the present lattice-
volumes are not sufficient to simunlate B-physics directly, reliable methods have been developed
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For the first moment one has to include also conservation of probability :

,F(O(O,_l_i{)+fm(f‘13{)+!m(0,§;{) +‘F(I)( ’,E;Jt)= |

and finds :
£7080 O A\ [y o
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Before we solve these equations we have to discuss at which scale the
coupling g should be taken, Naively one might think that o, = as(Qg) is the
appropriate choice, Q2 being the only scale in the process as in deep inelastic
scattering. But this is not quite true, since the extension of the Qg object
provides another scale, namely the form factor or decay constant. Again this
questicn cannot be answered rigorously without a real understanding of the bound
state dynamics. We then propose to use a fixed or "frozen" effective coupling

for two reasons

i) annihilation requires the co-cperation of both Q and q. Therefore one
is reminded of the occurrence of higher twist terms in deep inelastic scat-

tering, which also lead to powerlike scale breaking effects ;

ii) there is not toc much difference between powerlike and logarithmic scale
breaking in the functions f(i,i;t), at least as long as one compares

charm with bottom decays. As discussed at the end of the Introducticn we want

to take a pragmatic attitude in the semi-quantitative analysis presented here.

It will be obviocus how a "running" coupling would modify the results.

We want to add a further remark : we include diagrams as shown in
Fig. 2a while ignoring the one of Fig. 2b although that could also lead to weak
anninilation (Fig. 3). We expect such contributions to be unimportant since only
for soft gluon propagators can one hope to obtain a nop-negligible result. In
that case, however, the gluon travels a long distance before it fragments intc
g and we consider it to be very unlikely that such a g or a has sufficient
overlap with the @ quark to undergo weak annihilation which at these energies

is still local.

Equation (2.3) can most easily be solved by choosing appropriate linear

combinations :

s 3 a
%{ F)=-25L® (2.52)



F T (D=-% L5 (2.50)
EL__Z W)=-% 385 1) (2.5¢)
dt —R ax 36 &3 .

with
@) = 000+ 80 -
T, 0= 080+ {080-3

T =040+ £ %080+ U804
Solving Eq. (2.5a—c).we find

Z (= A e@p(— 2% (’t-{,)) (2.6a)

8ar

2, )=3B m(w%({-io)) (2.6b)

Z—R(t)zCpr(-%:—‘(t—t,)) (2.6c)

with three integraticn constants A, Band . 1In principle we could use three
different annihilation decay widths as inputs to fix these constants, analogous
to what is done in inelastic scattering. Unfortunately, as we will see below,
there are presumably not that many different hadronic weak decays which one could

clearly compare with each other. Therefore in order not to Jeopardize predictive

power we suggest an intrinsic argument for fixing &, Band C : s0 far we have
discussed the situation whepe Mé >> mi. Now we let MQ decrease towards mq

assuming our ansatz still to make sense. Then we expect for M_ = mq, il.e.,

Q
onia states that they are pure quark-antiquark states. Thus for

2
to = (log(Mé/mq)) = 0 we demand



i(l:ijo)zftol.g.; 0)"‘-’{(!,& 0)‘:" 0 for pseudoscalar

and
,f(O,L 0)'—"—' {(0’330)=f(ll§30)‘= 0 for vector states

We state three reasons for these boundary conditions

i} Aif vector onia wers not very pure (0Q) configuraticns, one would have no
understanding of the 0ZI rule, i.e., why the width of &, U, T, etc., 1is

so small, since these decays should then be mO(aS) effects (Fig. 4) ;

ii} furthermore in that case one would expect the decay widths of vector and
pseudoscalar onia to be of roughly the same order of magnitude ; vyet one

knows experimentally that whereas P{y/J) = 67 keV one found for the n_  can-

didate F("nc“) v 20-40 MeV

1ii) (QQ) systems possess only one scale, namely MQ ; thus one cannot resolve

their inner structure in their totally inclusive decays.

Theprefore we put for pseudoscalar states

. 4 .2 _
A?s' 35 B?s" 10 3C?s“'g'

ﬂ)(l (MH=-2 "y g_:é (8 { m, 55%‘ 18 (M 3',31:: 2
431,14 Ma =“5§(Tﬁ:) *zs'(gg] ‘z's(ﬁ;) b (2.7a)
(O} z) 18 g %%‘r-s 18 ( ™o %"ﬂ 8 .r_v:; £ 8

. ] _ 8 (My |3 __( EYO

For vector states, one follows the analogous procedure.
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The picture which emerges from our treatment of the evolution equations

for {Qg...) mesons is the following : for MQ = ma, the mescn is still described

as a pure quark-antiquark system, Forp MQ increasing with mq fixed, i.e., when
one "hops" from D to B and then to T mesons, etc., one finds the gluonic

component to be more and more important,

3. - DISCUSSION OF DECAY CONSTANTS AND COLOUR FACTORS

What we have calculated so far is Just the first moment of the variocus
distribution functions. Since we are really interested in the annihilation con-
tributions, we had in principle to fold in the annihiiation amplitude before in-
tegrating over x. DBut it is rresumably a reasonable approximation just to mul-
tiply the integrated distribution by the annihilation cross-section, since the

QG system will very likely carry mest of the mass of the meson.

We need three ingredients to calculate annihilation contributions :
i} The Q3 overlap wave function, which depends on the bound state dynamics.
Therefore one does not know how to calculate it rigorcusly. Usually one

calculates it in a non-relativistic Qq bound state model, Yet it is not clear
whether such an ansatz can be applied when ma is very light, say < 1 GeV ;
indeed it is impossible to explain the large lifetime ratio T(D+)/T(DO) as due
to annihilation when one uses wave functions calculated in such a fashion 12)’13).
Furthermore we need the overlap for Q4 in the presence of gluons, where one has
to deal, in principle at least, with a three-body problem and where Qq is in a
colour singlet or octet state. Therefore we will make two different choices which

we consider typical
M (3.1a)

2 2
fﬂ o @ (3.1b)

with U = reduced mass of the meson. We will fix the constants of proportionality,
azsumed to be flavour-independent in D decays and extrapolate them to other

decays.
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ii) The second ingredient is the annihilation amplitude for (Q3) in a (1,1)
and (1,8) configuration computed in a quark parton model before strong

radiative correcktions are included. The real issue inveclved here is the occurrence

of colour factors. If there were no colour, i.e., Nc = 1, one would obtain :
3
F (Spu--l) G ‘F {mg +m_)
Aank. ﬁ

where it does not matter whether the annihilation occurs in the s or t channel.
When one includes colour it dces matter and we cbtain for colour singlet configu-

rations

Nf 2 .2 3
r;nh.JS(i'-l-):,-gr-GF fy ("‘Q*"‘q) (3.22)
z z 3
r;.,.. {“ l)"l-u:-ﬁ-' (m +7n;[) | ' {3.2b)

with Nf = NC + number of weak lepton doublets. Equation {3.2a,b) just reflects

4 Fierz transformation on the product of quark currents, e.g.

- - Ft!.\"l ] ‘1
SLE’ACL u‘l_Hr > 3 u‘LJrCL '-Xr‘ +

_ N
+ 2 Ny C'-SLXr-l d,

Therefore we obtain for colour octeb configurations in charmed meson decays @ -

(1,8)=0 | (3.3a)

a.nn.JS

3

PM (1,8) = G 'F (mq+m¢ (3.30)

iii) 1In the above expressions, 1.e. (3.1)-(3.3), colour was introduced as a
gquantum number derived from a global symmetry. Yet it is generally believed
to stem from a gauge symmetry with the accompanying gauge bosons, the gluons.

Their exchange further modifies the effective coupling, which usually goes under
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the heading of "short-distance effects™. According to the conventional wisdom
the effects of strong interactions on weak non-leptonic decays can be included

by using an effective coupling 14) .

G

d =2l +E-.+_L+] (3.4)
ef. 2 LA 7= 2

where, for simplicity, we have dropped all references to mixing angles. L_[L+:|

are products of quark currents which are odd [even| under Fierz transformations,

e.g8., for charm decays

L; =5, Y Ce al-b'rda.-" RLU]‘CL ggb’r‘il.

As soon as strong radiative corrections are included, i.e., c_>1> c,, the
notion of a t channel or s channel annihilation becomes ambiguous. We will
nevertheless stilil use it and call those decays t or s channel annihilation
where this is true in the context of the quark model, i.e., for c_=¢, = 1.
Thus s channel annihilation contributes to F' and the Cabibbo disfavoured
p* decays, whereas t channel annihilation contributes to p° decays. With

this notation we obtain

r:mn_,s“,l)=%G:‘F:(ma-(-mqf(%c_ﬂ‘éc-)l (3.5a)
rlm..;('ll)‘:gf,,G:f:(ma+’"q)3(§c+-'§‘c- )1 (3.5b)
Moe,s (18)= i 6 Ho(mgam Y (e, - ) o)
’;m,J{“ug):n_j—w G:"Fvl(mq" "‘q)s?'(ﬂ*'c- )1 (3.5d)

The coefficients ¢y were calculated perturbatively as a short-distance effect

and one obtained 14)
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O
'+
]
p——
L1X
~F —~
AL
~ L—
|
o<
+
-
o~
1\'—
€
L

(3.6)
w "
12
Y-=~ T 33oan B
Thus
¢c,(m)=10.68
c_(mD=2.15 (3.8)

3ince the original analysis based on the dominance of cascade decays
and on the short-distance renormalizations, EQ. {3.8), led to predictions which were
not borne ocut by experiment, it was suggested 3), as a mihimal modification, to
change the ratio c_/c drastically from the value three as derived from Eq. (3.6)
and Eq. {3.7). We do not believe that the whole puzzle could be "explained" by

such an {(ad hoc) assumption 5).

Nevertheless it is quite possible that something
like it occurs and contributes to the decay phenomena. One can envision it to
happen in two ways, either as a genuine short-distance effect due to higher loops
and/or non-leading contributions or it could be faked by soft-gluon exchanges as

proposed by Deshpande et al. 4}.

For our numerical analysis given below we have used two different

values for the ratio c_/c+ - namely c_/c+ - 1or3 - to see which quantities

are sensitive to this ratio and which are not.

4. - SEMI-QUANTITATIVE SCENARIO OF HADRONIC WEAK DECAYS

As was said above the bound state characteristics enter the problem
of decay widths via the decay constant fM' Since a potential model approach has
so far been very successful in the ¢ and T family 15) we feel confident to

apply the same concepts to other non-relativistic states, like (bc), (tc) and
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{tb) mesons. There we will use for fM the expression given in (3.1a) 13). The
situation is different when one guark is light - u, d or s quark : then a non-
relativistic ansatz might not be a useful approximation. Nevertheless we still
believe that the bound state character of such systems should be the same as those

having the same reduced mass. Thus
zf zf {(4.1a)
f s 3

o f L xf (4.1b)
fcﬁ bd tu
Of course, it is tempting to compare, say, also F* and p° decay widths, although

this requires more knowledge on the decay constants.

If one uses reduced mass arguments, then
f ~15f
F* D

If, on the other hand, one argues that for such light quarks another scale deter-
mines the bound state, maybe A A 0.5 GeV, used in the definition of O then

one would expect

fo~d

F N

A similar problem arises in the evelution equations with the terms log(Mz/mi).
For (bc), (tc), (tB) mesons one puts mg = mz or mé = mg. For s, u, d quarks
it is not so clear which mass scale to insert : constituent masses or even current
masses or something of the order of A, A leading log ansatz as ours does not
allow an answer to this Gquestion. But, for the same reason why we argued above
that for mesons with the same reduced mass the decay constants should be the same,
we assume that for them mq should be inserted with the same value. Thus we have
o .+ _- _0 + 0

the u/d c¢lass of mesons - D »y D'y B, B, T, T, =-the s class - F, B, T
u d ¢l d S 3

etc.

Of course, annihilation will contribute to the different decays with a
strongly varying strength depending on mixing angles., For example D7 decays
receive contributions from annihilation only for the Cabibbo disfavoured modes,

while in D° decays both Cabibbo favoured and disfavoured modes are affected.
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Therefore to make full use of the machinery developed so far, we have to consider
not only glcbal rates like lifetimes, but also inclusive Cabibbo (etc.) suppressed

rates. Thus we will compare

(D) ND=$-0 _ r(D'=5:00 (B
T ° T(T 5= ===} m(p)’ "

Fopr our discussion we will mainly use a tpeduced”" annihilation width, i.e., one
where the obvious M3 dependence is aiready taken out and which is normalized to

unity for DY decay :

M) My Y
R(M)= r,aM(Do)(_ﬁQ) (4.2)

Thus we can write down

i 2 0 2 2 0 2
R(B)=f; _3(%'C+"%C_)f)(l.l;Ms)""i:"(CﬂC_) af“( ',§;M3)]/K30 (4.38)

L))

R(T)= f! :3(33‘c+-31c_)’~;)(l,1-,l‘1:)+-:;(c++c_),f’ (llgiM:)]/KD, (4.30)

R(D"'—o S ’0)=§|[N;(§C+"'_;—C_)240)(l.!;”;) +.-';(c*-c_ )-l.r)('pgi”;)](tﬂzecy[(f {(4.3c)

1 . O] ™ 2 ()
Ky = f) [3(-}cf— 5¢. ) (ll,_i;N,)w‘q(c;c_)/f “,2;”32)] (4.3d)

In Fig. 5, we have plotted f‘(l)(l,_];;(Mz/mz)) and f(l)(l,g;(Mz/mé)) versus the
heavy mass M for mq = 0.33 GeV and o_ = 0.5. We sce that in this mass range

(1)(l,§)/f(l){l,l) - iz still much larger than

the ratio octet over singlet - T

the asymptotic value nine.

Tn Fig. 6 we have plotted the mass dependence of R(M) for ¢t channel
annihilation, i.e., Do, BO, TO, etc. decays, using the two different choices
for fM’
masz). One can make the obvious observation that with our cheoice of the strong

namely fM « u2/M (Fig. 6a) or fM @« uz (Fig. 6b) {u 1is the reduced
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coupling Qs i.e., Gy = 0.5, the functions f(l,i;MZ) and f(l,8;M2) rise
more slowly than linearly in M. Therefore R(M) reflects mainly the mass de-

pendence of f which, as said above, is not well known at the moment, This

M?
ignorance will hopefully diminish in the future and then a quantity like R(M)
will be more useful. Attributing t(D™)/t(D%) ~ 5 to annihilation effects one

can obtain as a ball park estimate

v{3) _
I

with Mb N 4.5 GeV.

Nevertheless even with cur present knowledge we can derive interesting
results from our evolution equations by comparing t and s channel annihilations
at {almost) the same mass, like T©(D°) and rip* > s = O)/tg2ec or, cum grano
salis, T(D°) and T(F'). It has been claimed that rp(FY < T (0%

6 ~ Cann
two reasons mainly ¥

for

i) the wave function cverlap or the decay constant f. is supposedly larger

F
than fD, since ms > m.

1i) the amplitude for s channel annihilation contains Nf as a facter, i.e.,
the number of effective weak doublets whereas the amplitude for the ¢t

channel process does not (Egs (3.2a,b)7].

We believe that these arguments are incomplete since two other points

are not included :

iii) as we have argued above the probability to find @ ina J =1 state
should decrease as mq increases ; we expect this effect to compensate

at least partially for fF > fD ;

iv) since due to our statistical weighting of transition rates (Q3) is much
more frequent in a colour octet than in a colour singlet state, the t
channel process (in the language of the parton model) Tann(DO) is enhanced

relative to Fann(F+) ; for the same reason

r’ahh.(b-'-_‘ S=0) l
r:nm. (Do)‘:(gze"
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To illustrate this point more clearly, we write down what one expectis

for asymptotic masses DEqs. (Z.Ta,bi

D] )
I
'f'ps(‘:li"")“‘)!?s('f-gi"") -4
Then
- N :. 2 )
r‘ann. S(Qq) - %(%C++%C‘) +¢6(c"'-c')
a - Ner2 1 29 N
Famt QD] G- ) e (ere)
53 C./. =
0. , Sl 7]
o C. =
0.63 , /. =3
<., -
0.9 s /E+_]o (4.5)
i.e., the‘ % channel process possesses a larger transiticn rate than the s channel

reaction if one takes colour singlet and octet Qg configurations into account.

is even smaller as
(M)) for

For sub-asymptotic masses the ratio of Eq. (4.5)

can be read off from Fig. T, where we have plotted (Fann,s(M)/Fann,t

two choices of c_/c+, namely (c_/c+) = 1 and 3. We want to make three cbser—
vations :
i) (rann,s(M)/rann,t(M}) is much smaller than unity ;

ii) it depends significantly on c_/c+, and

iii} it rises with an increasing mass.

As discussed above,

(DF— 5:0)
1“1‘.‘1‘. = r“z'“‘ D . (4.62)
Pamm,t | 4o (g )M, (DD
rlum, ) Z r““ ( F+)
Y -EEE R (4,6b)

l"a....'-t Mty ~ I}...(])a)
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where the ">" sign in Eq. (4.6b) allows for f. > f. and M_ > M.. Since for

F D F D
the "canonical' value c_/c+ = 3 we read off
ﬂhl\ 5 ._'.
~ 3 (4.7)
m\n‘t M= HD
we conclude that Cabibbo disfavoured D decays are enhanced and that the life-
time of the F' ig shorter than that of the p* but not by as much as ons
expects naively 8)
z D
BR(D"—5-0) ~(t%. ) Tfmeﬁ -
i l‘..,..,{
~ 0.0?0=0.18 (4.8a)
F-+
T{F) 45 3 (4.8b)

T

where we have used T(D+)/T(DO) v 5-10. A similar test can be performed by

comparing Pann(Bo) with B~ decays into final states without charm :

L% = PREEISE N L (4.9)
~3

F“‘“a{ H"”j nl\h(B) (h\lmnj qv\jlt_s)

Mesons where both constituent quarks are heavy, e.g., Bc’ Tc’ ete.,

can be treated also in a different fashicn. It seems to be a reasonable ansatz
to treat them as non-relativistic tound states, for which one can more reliably
calculate the decay constant. BC will probably decay into B + 7 most of the
time due to the presumably small b + ¢ mixing angle., For T ' Tb’ etc., decays,

one relies on a non-relativistic potential model 15) to obtaln

Ed
{:2 900 Mﬁv 7
S~
M M
Thus, apart from Tg decays, one expects very small annihilation con-
tributions 16). Alternatively one can apply the non-relativistic analysis of

Bander et al. to such a system to obtain

(4.10)

m(T*) ,+(:r_:_)s(i~r_¢)2 6w o (¢, +c ¥
rT) AN 27 H2+ 22 ?)

c
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For m, ~ 20 GeV one finds fTC ~ 240 MeV  and thus for m_ " 1.5 GeV

T

o~ l 4,11
F(Tc) ) (4.11)

Therefore we conclude that although the same analysis, based on evolution equations
as discussed above, can be applied to non-relativistic systems, we expect ail anni-
hilation effects to be very small for non-relativistic pseudoscalar mesons. At the
same time we also expect non-relativistic vector mesons Tg, etc., to decay as

h)

suggested in a parten model approach l3ﬂ

5. — CONCLUSIONS

We have stated in the Introduction that our aim is not toe propose a pre-
cisicn test of QCD. We wanted to show that :

i) a semi-quantitative description can be formulated despite ocur still consider-
able ignorance regarding bound state dynamics, meson form factors, the impact
of short-distance phenomena and their separation from long-distance phenomena,

etc., and

ii) that this description can be refined step by step.

We want to summarize the important lessons which can come out from such
an analysis : if the salient features of the proposed description were confirmed

by experiment, one would learn :

i) gluons play a very important rdle in (03}, etc., hadrons, unlike the situation

for onia states (0@} ;

ii} although the assumed non-Abelian gauge nature of gluons {and QCD as a whole)
will very likely not become apparent in studies as discussed here, their spin
and colour guanbum numbers affect the analysis in a very significant way as

we have discussed in the comparison between & and t channel annihilations.

Theprefore the issues involved are well worth the experimental effort
which is required and on which we want to make a few comments., In this paper we
have discussed the annihilation decay width Fann’ but it is not obvicus how to

extract it from the observed width Fobs’ sgince it is quite likely that T b
obs
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receives further contributions not only from cascade decays, but also from strong
final state interactions, say resonances. This problem could presumably be aveoided
by comparing decays of bottom and top mesons. Yet since the annihilation width
increases presumably only like mM3 (cr even less), while cascade decays rise like
mMS we expect the latter to be dominant in top decays, assuming m(top) > 17.5 GeV.
Therefore it will be very diifTicult to pin down annihilation effects in top decays,
with the exception of Tg decays, as has been discussed in the literature 16).
In charm decays one can disentangle the contributions from different me-
chanisms by studying exclusive channels and assuming them to reflect the same pattern
as inclusive decays. Since Dt decays into an exotic final state it 1s affected
neither by annihilation ncr by resonances. Therefore one can study the ratio
c_/c, from the effective weak Lagrangian by comparing D + E%* and DY + (F°)#q*.
The annihilation effects cn the other hand can be studied most clearly in a compa-

rison of D > 2% with D° > B%° ang D° + (RO)#,C 40 A7 o D0 5 ROy

with D° Ono 17 and of F' » o} ﬂo, wr' with F¥' oo nw+ QJ'17)’18).

It was noted before that annihilation enhances the Al = % mode in K

decays 19) i it was even claimed that it could explain the AI = % rule altogether

6)
We are not convinced by this latter claim. It involves an extrapolation from charm
decays down toc K and hyperon decays which depend crucially on the parameters used :
one has to use a current quark mass m. £ 100 MeV instead of the constituent quark
mass m_ " 500 MeV, which seems more reasonable to us. We share the belief of
Finjord 9]

the AI = % rule.

that other mechanisms 1ike Penguin diagrams are still needed to explain
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FIGURE CAPTIONS

Figure 1 (Qq) seen by a W boson at two different scales,

Figure 2a Diagrams included in the evelution equations.

— e e o e

Figure 2b Diagrams not included in the eveclution equations,

Ei§E§9_§ Annihilation diagram for contributions as shown in Fig. 2b.

Eigggg_& T decays in the presence of spectator gluons

Figure 5  Singlet and octet moments f(l}(l,_l_;(Mg/mé)) and f(l)(l,g;(Mz/mi))
ag a function of the heavy mass M rfor mq = 330 MeV and as = 0.5.

Figure 6 Normalized t channel annihilation R{M) as functicn of the neavy

mass M with fi o (UE/M) (Fig. 6a) and fs o uz {Fig. 6b).

Figure 7 rann,s(M)/Fann,t(M) as a function of M for c_/c+ = 3 (solid

curve) and c_/c+ = 1 ({broken curve),
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