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Abstract. The branching ratios of some rare proces-
ses, i.e. meson — yie, meson —»mesonyue, baryon —
baryon e, are calculated in a composite quark and
lepton model. Use is made of an effective Hamiltonian
which originates from hypercolor singlet 0~ and 1~
bound state exchange mechanism, acting at a mass
scale M, and M, respectively. Under the reasonable
assumption M, = M, only K, — pe puts a significant
limit on the composite scale.

The proliferation of the number of quarks and leptons,
the existence of the generation structure have led
many authors to consider quarks and leptons as
composite states of some more fundamental particles.
Many models have been suggested, e.g. see (1). In
this paper I would like to discuss some effects in
a class of model in which each quantum number
{flavour, generation, color) corresponds to a carrier.
This structure was also the basic idea of the Sakata
model and of the quark model. Although it is a very
simple idea, it seems to me still worthwhile to give
some attention to it.

For the sake of definiteness I take a model suggested
by Pati et al. [1] in which the fundamental blocks are

s fb Cr E0n & (1B, 3, D = (55 )

i=1,23 1)
They are carriers of flavor, generation and color
and, following Pati [1], are called flavons, spinons
and chromons respectively. Each quark or lepton

is supposed to be composed of one flavon, one spinon
and one chromon. Their structure is

ve = (f; éeco)’ vu = (f;; éu CO)’ vr = (f;; ér CO)
e=(f¢,c0) n=(f1¢,cod T=(f¢.c)
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u, = (f;, ée Ci), 6= (.f;4 iu ci)’ ;= (f; é1:ci)
di=(f6.c) s, =(fi¢,c) b =(f;¢.c) 2

Obviously, there must exist many kinds of preon
exchange reactions between quarks and leptons,
including some rare reactions which have not been
discovered so far. For example, see Fig. 1. I am going
to discuss them here.

The problem is that we have no experimental hint
on the preon dynamics which is responsible for bind-
ing preons into quarks and leptons. However, it
seems reasonable to assume that it is a superstrong
interaction with a large energy scale A_. Since so
far we have not discovered its signature and preons,
it is natural to guess it possesses confinement pro-
perties. In fact it is by now rather popular to assume
that it is a nonabelian gauge theory like QCD. In
this note I also make this assumption and, rather
arbitrarily, call it the hypercolor interaction. Thus,
preons are supposed to have some hypercolor index.
Quarks and leptons are supposed to be hypercolor
singlets. Only as the energy becomes of order 4_, the
interaction between quarks and leptons become super-
strong. For low energy reactions, the derived effective
interaction would be rather weak because of their
hypercolor neutrality. In order to write down the
form of the effective interaction of quarks and leptons
we can use the analogy to strong hadron interactions
because of the similarity of hypercolor interaction
to QCD. As we know, for strong hadron interaction
single gluon exchange is prohibited because hadrons
are color singlets. Two gluon exchange results in
Van der Waals force between hadrons. But so far
no evidence is found [2] to support this mechanism.
So it is rather suggestive that the exchange of color
singlet bound states, such as pion, kaon, ... between
hadrons play the dominant role in very low energy
strong hadron interaction. Applying similar argu-
ments to the case of composite quarks and leptons,
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Fig. 1. See text

we can write down the following low energy effective
interaction Hamiltonian between quarks and leptons

= z—%¢v5wwy5¢+z%Jyuwwvuw

Z l/7v s+ (3)

where m,, m,, m, ... are the masses of hypercolor
singlet pseudoscalar vector, axial vector ... bound
state mesons formed by suitable preons. Generally
one expects their order of magnitude to be A_ unless
there is some mechanism which prevents this. Further-
more, since in ordinary hadron spectrum all excited
states and multiquark states (if they exist) are heavier
than the pseudoscalar and vector ground state mesons
we can omit the excited state contribution in (3) and
obtain

2 2
g g
Hoe =701V + =5y, vy @
N VEAR MR
Now I will use (4) to calculate various preon exchange
reactions.

1. Chromon Exchange Reactions

There is an interesting possibility that for some
unknown reason c;c; vector bound states possess zero
mass and the effective interactions describes QCD.
Another possibility is that these ¢,¢; mesons are very
heavy and QCD comes from another unknown source.
In this case the heavy exchange effect is a very small
correction. These must be difficult to detect. Since 1
cannot say anything interesting, so I will not discuss
this possibility here. By the same reason [ exclude the
discussion of ¢, ¢, exchange.

For ¢, and ¢, exchange reactions between a quark
and a lepton, the effective # comes from the exchange
of a color triplet bound state. So it cannot give
contribution to very low energy hadron-lepton
interactions, but it may show some effects in lepton-
hadron deep inelastic scattering where colored quarks
are effective. It will result in the following types of
effective #

G L)@y, @rsyalv,), (il s)(dr e)
¥, I'c)dTe),...

In this paper I am not going to discuss this possibility
further.

2. Flavon Exchange Reactions

The relation between flavor exchange reactions and
electro-weak interaction is similar to the relation
between colored chromon exchange reactions and
QCD. So I also will not discuss them here.

3. Spinon Exchange Reactions

These reactions can lead to many flavor changing
neutral processes. Taking two generations as
examples, we have

v Iv)@ale)+he; @ v )clu)+he;
erwecruy+he; @re)sr'd)+ he.;
v Iv)sId)+he; (elMw)(Id) +he, (5)

where the 2nd, 3rd, 4th and 6th part of the effective
# can lead to rare processes which experimentally
have not been discovered so far, e.g.

D°—v v D% —v,v,; D°—>,u_e+; D°—pute;
Kps— vuve, v K gt et KD o noutet;
K*>n* vy, K* —snte ut; K- S IRAM

K —»n e p; (6)
Baryon (B,) — Baryon (B,) + pe ...

I have calculated the branching ratios of these decays.

For the results see Table 1. Here I give 3 examples to
illustrate the calculations.

Table 1. The Branching Ratio Values

Set 1 Set 2

K,»pre” +pue input®(1.6 x 10™°) input?(1.6 x 107%)
Ki—p*e +ue 2.7 x 10712 2.7 x 10712
K, —v7, +v,73 1.6 x 107° 1.6 x 107°
Ke—v, 5, +v,7 2.7 x 10712 2.7 x 10712
D u e 1.2 x 10713 1.2 x 10713
D°spute 12x10713 12 x 10713
K* %n*u*e’ input“(4.8 x 1072 1.7 x 10713
K% »nute” +nu~e 20x 1078 72x 107!
E- X pe 24 x 10714 1.8 x 10718
205 4° 2.3 x 1071 09 x 10713
020 et 1.5 x 10714 26 x 10718
A nu et 7.2 x 10712 32 x 10716
St opue” 22 %1071 94 x 1071
20 snptet 0.8 x 10722 3.5%x 10725

M M,
?Set —f = 468 TeV and — = 36 TeV
g g

M, M
bSet —2 =¥ =468 TeV
g 9
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(i) For K? — u* e¥, the effective # is

gZ _ _ 2
~5 SYsdeysu+ — 55y, deytu+ he. 7
M)Z, 5 5 MZ
From
. 1
<0|sy ysu|K*H)

—ikx
= Uik, v 2m)32k,

and flavor SU, symmetry we have

1
<0)8y,ysd| KD =itk ™ ———c 8)
[$7,75d] f w 2m)2%,
Furthermore, assuming d and s satisfy the naive free
quark equation of motion, we can obtain
m2

___ K fK —ikx 1 9)
mytm, /2" J@rP2k,

which can also be derived with help of the current
algebra and K-pole dominance hypothesis. Using (7)
and (9) we get

(O]5y,d|KSY = —

5 2

I m2
IKS—pu*te) Mp

(K —pte) (10)
¥ ¥
I(K™—=p'v) % sin 6, 2m,(m, + m,)

FK)—pe)=T(K)—>p e’
L L

From the experimental limit [3] and (10) we have

Mp > 468 Tev (11)

Similar calculations Jead to the values in Table 1 for
D® D° K? etc. where we have used (11) and assumed
/o —f

(it For the K* - n* u* e~ only the vector meson
exchange part in (7) contributes. Using flavor SU,

symmetry we obtain

2
2

g

FK*—=n"pre”) M 0

- T(K*->n°u*v) | G . (12)
" ——sin f¢
NG

From the experimental limit [4] we obtain

M

~¥ 236 TeV (13)

(iiiy For B, — Bue we assume K pole dominance
and flavor SU, symmetry which leads to

- m,+m, _
<BB[dy5s|BA>=m—‘:;7:u8y5uA(aGd+be) (14)
{By|dy,s|B,>=bigy,u, (15)

where G* and G’ term correspond to the two different
types of SU couplings. For the values of g and b for

Table 2. The a and b Coefficients

a b
ol 1 1

50 40 SR CINON,
£~ 30 -1/y/2 12
50 n0 INCIENV
St —p 1 ~1
Z0-p —1//2 1//2

various processes, see Table 2. Using (16) and (17) we
have

A 2
r d £\2
s e 2o ()
2 2
(- 4 22m,  16m
35 3547 1054*
. _
+m< 1+«/1— 1+ /1-mija* / j)
1- 2/A2
4 2\3/2
+ iZ 1 - inJ2i 3
M; 4 2A
15m*/ 1+4+/1—m?/A* m?
+ At — -2 (16)
44 1—/1—m?/a* 4
A=m, —
where I have omitted the higher order terms of A2/X2.
The values of G! and G’ can be evaluated from
ordinary weak decays n — pev and X~ — nev. At last
we obtain the branching ratios of various rare baryon
processes, which are also tabulated in Table 1. For the

my, E:mA+mB

first column we have used£—468 TeV, Mg[ =36

g
TeV. But if we notice that in the ordinary hadron
spectrum vector mesons are heavier than pseudoscalar
mesons, then it seems reasonable to expect M, < M.

M, M .
When we take —Y = —% =468 TeV, the Branching

g
ratios of B, — Byue will become much smaller. For
the results of these assumptions see the second column
of Table 1. At present all these values are too low to be
tested experimentally:

The flavor changing neutral current processes have
also been discussed in [5, 6]. In [5] the effective #
only contains a vector part which is different from (4).
They obtain the branching ratio of K, — pe by
assuming that only g, appearsin . In contrast inour
paper the pseudoscalar term in (4) naturally leads to
this process. If we take their scale value instead of our
equation (11), we would get a much larger branching
ratio for K; — pe, namely 1.5 x 10~ 5.In [6] they have
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not written down an effective #. We find our results
are also different from their estimates. Especially for
2 — pue, (16) in this paper is completely different from
their equation (10). If we take their scale value and
only calculate the vector part we have the branching
ratio of £ — pue is 6.7 x 107 '3, This is much smaller
than their value.

In summary if our arguments in this paper are
correct, from all the rare processes only K, — pe
can give a significant lower bound on the composite
scale. With the present experimental possibilities the
search for other rare processes discussed in this paper
cannot give more information about the composite-
ness of quarks and leptons.
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