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- Abstract

Now it is sure that the weak interaction phenomena are rich
beyond the standard model. This is typically shown by the posit-
ive excess of Qu(Cs) of the order of 1% and the recent discove-
ry of positive excess of the muon (g-2) as well as the existence
of WIMP-CDM. These are discuésed based on the preon model. The
muon (g-2) naturally receives a positive extra contribution thr-

ough a new diagram with properties similar to the (W, » ) loop.
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§ 1. Introcuction

The standard model (SM) is very successful in describing low
energy phenomena. It predicts the existence of W and Z bosons
with unigue properties, which have been confirmed experimentally
as a whole, It is sure that the SM reflects some essential
features of Nature, including the gauge boson nature at low
energies of the W(Z). However, it is also sure that the SM
cannot give a natufal explanation to several important facts,
such as the baryon asymmetry of the universe (BAU),the existence
of cold dark matter (CDM) and neutrino oscillations. Furthermore
., the SM suffers from a naturalness problem due to the existence
of fundamental Higgs fields.

As a candidate of physics beyond the SM.éupersymmetric (SUSY)
extensions of the SM, including SUSY GUTs, have been studied by
many physicists. However, SUSY models have encounterd serious
problems. For example, the proton decay has not been observed
even at the Superkamiokande.'!’ Now, we know that T ,{(p—e*m ?)>
4.4 10%3%yr and T o(p— v K*)>1.9%X 103%3%yr. In these models, such
a longevity of the proton is very difficult to explain in a sim-
ple and natural way.?2’0f course, because of the existence of the

BAU, baryon number non-conserving processes must exist. The
model required by Nature would be that in which the puzzling
facts, the BAU and the stability of proton, are reconciled. The
existence of stable weakly-interacting-massive-particles (WIMP)

relies on a rather ad hoc assumption, the conservation of R
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parity, and is not a necessary consequence of the model. The
prediction of what particles exist stably is one of the fundame-
ntal properties of a model and therefore should be a necessary
consequence of it. The Higgs boson (usually called h) should be
light. In the foreseeable future, this will be fully tested.
However, even the present lower limit on the h mass, if combined
with other constraints, gives rise to a severe problem, namely,
the appearance of color and charge breaking vacua, at least in
the most desirable case, MSSM with low tanfB .3’ Moreover, we’
believe the facts of fundamental importance such as color and
charge conservation should be a necessary consequence of the
model itself, and must not be parameter-dependent. The principal
content of a model is expressed by the conservation laws it
possesses, and the quality of the model is determined by the
manner the conservation laws are guaranteed. In the SM the
observed CP violations can be accommodated through the Kobayashi
-Maskawa mechanism, though the fundamental origin of CP violati-
ons remains an open problem. In SUSY models the situation becom-
es worse: the origin of CP violations is still uﬂsettied. and
even the success of the Kobayashi-Maskawa mechanisn is a mystery
because many other sources of CP violation exist in SUSY models.
The author strongly feels that SUSY models do not succeed in
explaining, with simplicity and naturalness, the principal feat-
ures of Nature, although, of course, in order to draw a definite

conclusion on the validity of SUSY models, it is necessary to -
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make clear whether superpartners of mass below 1 TeV exist or
not.

If the WIMP-CDM is the case, it implies weak interaction phe-
nomena are rich beyond the SM. Recently results of very precise
experiments at low energies have been reported, which strongly
support this ststement. They are the weak charge of Cs%’and g-2
of muon®’.In the discovery of a true particle model, it is of
fundamental importance to explain the whole of weak interaction
phenomena in a natural and unified way, and so it is one of key
points to the validity of model whether it gives a coherent und-
erstanding of the whole weak interaction phenomena.

One of the ways to go beyond the SM is, along the line of the
atomic view, to consider that leptons, gquarks and weak bosons
are composites of more fundamental matter, namely to assume a
full preon model. Recently we have developed a full preon model
by introducing preons with charge e/2 and a preonic charge which
is identified with the magnetic charge.®’-'!'' All preons also
carry a common color magnetic charge, which is a source of the
color magnetic field. Preonic charge is responsible for binding
preons. Bound states of preons are conjectured to behave as str-
ings at long distance due to the formation of a magnetic flux
tube through the Meissner effect. Through the well-known mechan-
ism, '2’W bosons behave as gauge bosons at low energies, energies

much lower than the mass scale‘typical of preon dynamics, A p~

1000 TeV. (In the ortho-para mixing model for family mixing, 8:-19)
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we have that the charm quark mass~A2/A s with A~ 10"32A s which

implies A p~ 1000 TeV.) At energy of O0(Mz), corrections to the
gauge theory of W(Z) are expected to be the order of (Mz/Ar)2~
10°%, because a string amplitude (F) can be expanded at low ene-
rgy in powers of the Regge slope a ~ ~ Ap 2, F=zFata *~ Fi++ and
the second term represents a dominant non-gauge-theory effect.
The universality of coupling constants is expected to hold with
excellent accuracy at low energy. The identification of preons
with dyons leads to the conclusion that preons cannot be the
most elementary particles. In our model preons are constructed
from subpreons. Ad hoc gquantum numbers, B and L, the conservati-
ons of which are not guaranteed by any gauge principle, are def-
ined when preons are constructed from subpreons. Subpreons are
free from such ad hoc quantum numbers, and their conservations
are guaranteed by the gauge principle. The baryon number non-
conserving processes originate in the subpreon physics. ®’

The model has some interesting features, such as the explana-
tion of charge quantization and color-charge relations,®’ the
natural existence of CP violation,'®’ 7"’and the understanding of

quark masses, CKM matrices and CP violation effects in weak
interactions.® '?’A nearly maximal ¥ nuv -% tauv mixing is reali-
zed in a simple way.'®’While CP violation effects are necessari-
ly tiny at long distances as shown by the very small Jarlskog
parameter, they become comparable to those of CP conserving int-

eractions at short distances due to the running of the coupling
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constants, The remarkable features of the model are that there
exists naturally a stable WIMP (called ls), which behaves as CDM
in the universe, and that the proton becomes stable despite the
existence of baryon number non-conserving processes. ®’In our
model the existence of CDM and the stablity of the proton are
directly related.
This model predicts many new particles. In this paper we sha-
11 show that new processes generated by new particles naturally
explain new weak interaction phenomena.
§ 2. Weak charge of Cs and muon g-2
In our model, vector bosons belong to 35 under SU(6)uwc. ™’

Among them, those expected to be relatively light constitute an
octet™ under SU(3)uiuw2ce that is a subgroup of SU(6)wc..The octet
contains W(Z), an isodoublet (U*,U?) and their antiparticles, and
an isoscalar Di. The structures of octet bosons are as follows:
We=(wiw2), Ws=(wiwi-wewz)/~ 2, U*=(wiCe), U®=(wz2Ce), and D=
(wiWi+wewz-2cece)/+ 6. Leptons and quarks, together with the CDM
particle ls and other fermions, belong to 15 under SU(6)us.
Leptons and ls constitute an anti-triplet under SU(3)wiw2ce. The
fermion 1ls is completely neutral under the SM gauge group. They
have the following structure: v =k{W1.Ca]h). e=([wz,celh) and 1s
=([wi.w2lh), where [p;,px]=(pipx-pxp;)/+ 2. Among predicted new
particles, first class particles participate in processes only
in pairs. The fermion ls and bosons U belong to the first class.

The first and second family ls's have almost equal masses. From
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the cosmological argument, they are required to lie around 190
GeV, 8?

In our model there exists a symmetry which holds better than
SU(6)uc and SU(3)uitwu2ce. It is a symmetry between w2 and ce (we
call it K symmetry). '2’This is because w: and ce have the same
color, electric charge as well as magnetic charge. K symmetry,
of course, is not an exact symmetry due to various symmetry bre-
aking effects such as the mass difference between w2z and ce and
possible subpreonic effects. The K symmetry connects 1ls and U*
with v and W' as follows:

ls = v and U* « — W*.

In the K symmetry limit, ls is nearly massless and the U' mass
is equal to the W mass. Under the K transformation, e transforms
into -e and so we have that the ratio of the coupling constant

of Wev to that of Uels equals to -1.

The elastic scattering of electron and quarkbtakes place at
the tree level through the Z and D: boson exchanges. Hence the
weak charge of Cs atom has an extra contribution (Qu(Cs)®)due to

the D1 exchange. As discussed in the previous paper,'*’it is
expressed as

Mz2
Qu(€s)? = ae®{(2Z+N)vu® + (Z+2N)vae?l} Ea \ (1)

where, with sw(cw) the sine (cosine) of the Weinberg angle, ao.?
is the axial coupling of electron in the unit of e/(4swcuw) in

the eeDs vertex(= 1/4 3-4sw?),vy? the vector coupling of u quark



(=(1-8sw2/3)/4 3-4su?2),vs? that of d quark(=(1-2su?/3)/4 3-4su?)
, and Z(N) the number of the proton (neutron) in the '3%Cs nucl-
eus. The contribution of e-d interaction via the Z exchange to
Qu is negative due to the isotriplet nature of the Z boson and
exceeds that of e-u interaction that is positive, and so Qu is
negative. In the exchange of D boson wh;ch is an isoscalar par-
tner of W(Z) in the vector boson octet, both the contributions
of e-u interaction and of e-d one are positive. and so Qu(Cs)?
is necessarily positive. In the case of Mo~1 TeV, Qu(Cs)? is ~
1.0 for sw2=0.23, Z=55 and N=78. Thus we can explain the reported
discrepncy of Qu(Cs) between the SM and experiments?’both in
the sign and in the magnitude. This is a non-trivial success of
our model.
In our model the muon anomalous magnetic moment, anmu=(g-2)/2
, receives contributions from the processes of pure QED, of QED
with hadronic vacuum polarisation and of the octet gauge boson
exchange. The diagrams at the one loop level which contribute to
the last are shown in Figure. They are the (W, v ), (Z, un),
Figure

(charged U, 1ls) and (D1, u ) loops, whose contributions to anu
are denoted as anuv¥, amu?, amuv', and anu®, respectively. Thus,
in our model, amusu has extra contributions, asnuv' and an.?, besides
those in the SM. Since the mass of Di is ~1 Tev, anu® can be
safely neglected. The reported deviation of anuv, A anu, is attr-

ibufed to anuY in our model. Unfotunately our model has not been
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developed enough to calculate reliably the loop diagrams. Howe-
ver, invoking the K symmetry inherent in our model, we can make
a qualitati&e and semi-quantitative discussion,
Through the K symmetry, anuvY is directly related to anu"” and
both are the same in the limit of the exact K symmetry, that is,
anu’ is postive and its absolute value is (Grmanu2/6m 24 2)X 5/2
~39X 10-'? since Ku=kKu=l,'5 where Gr is the muon decay const-
ant and mpy the muon mass.The K symmetry is not exact and there-
fore the mass of U* (Mu) is not equal to the mass of W (Mv). Ac-
cording to the LEP 2 experiments, Mu is larger than 104 GeV due
to the absence of the event e*e = U*U~-— charged lepton pairt+ mi-
ssing energy.'!'’Hence, we obtain
anul = anu¥ X (Mu/Mu)2. (2)
In Eq.(2),1s is assumed to be massless. Since it is sufficiently

light, this may not be unreasonable. If we take seriously Eq. (2)

, we have
anu? = 21x10°1'2 for M=110 GeV
= 18x 10-'% for M=120 GeV
and = 15X iﬂ';“ for M=130 GeV. (3)

Eq. (3) shows that, although the sign of A amy is correctly given
and its magnitude agrees roughly with the data,ans! is slightly
lower than the reported value for A amu, 43 16X 10-'%, 5 The

theoretical value has some uncertainties such as that of the ha-

dronic vaccum polarization contributions. '®’However, these will

not alter the theoretical value largely. In a near future, more
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precise 0.4 ppm data on positive and negative muon will be avai-
lable. An answer to the validity of our model will be given by
these experiments. In our model, muon is an extended object. In
principle, this fact gives an effect to amu. However, its radius
is very small, Ap '~ (1000 TeV)"', so that its contribution to
any is expected to be negligibly small, of the order of (mnus/
/\ p )2 ~ 1 0- 1 4' 179
The fact that A amuw is of the order of aanu" suugests the exi-
stence of new particles (X) which interact with a strength of
normal weak interactions but do not have a vertex X-f-f with a
normal weak interaction strength (f anf f  are leptons and/or
quarks). Thus the hypothesis of WIMP as CDM particle is strongly
supported. In order for a model to be viable, a natural existe-
nce of WIMP-CDM is indispensable. In our model the lightest of
first class particles, ls, is stable and its interactions are
mainly governed by neutral and charged U boson exchanges. There-
fore it is naturally a required WIMP.® -'?’0ne of the unique poi-
nts of our model is that 1Is and anti-ls exist asymmetrically in
the Universe and so a number density of minority component natu-
Ily becomes extremely small. Hence, on the contrary to the neu-
ralino dark matter model, it is no problem that any signal due to
WIMP annihilations has not been observed, even from the galactic
center. '®’ (The observed Sgr A' spectrum at radio wavelengths
might be due to WIMP annihilations at the galactic center.'®’1If

this is the case, it implies that the ratio of the number density
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of 1s to that of anti-ls is ~ 107, which is realized easily in
our model. This point will be discussed elsewhere.)

A direct detection of 1ls as CDM particle can be performed th-
rough a detection of the recoil nucleus generated by ls-nucleus
scattering, lsA—1sA which occurs via the D{ exchange. In this
case the detection rate is governed by its cross section (o (lsA
—1sA)). Instead of o (l1sA— 1sA), usually the cross section per

nucleon o (1sN—1sN) is used. We predict that,'*’

0 (1sN=1sN)~7m [a /(2Mz22su?)]2[Quw(Cs)®/133]2M,442, (4)
where Mroa=Mxm/(Mntm) (Mxn(m)is the nucleon(ls) mass). Eq. (4) is
nealy a constant since Mrea~ My due to the fact that m is suffi-
ciently larger than Mw. For Qu(Cs)®~ 1.0 (namely, Mp~ 1 TeV),

0 (lsN—1sN)~2.0xXx10"%%¢m?® for m~ 10 GeV. The ongoing and futu-
re direct detection experiments will be able to confirm or excl-
ude our model.

8§ 3 Remarks

The observed deviation A amw can be also explained in SUSY
models if tanB is taken to be large.'®’ However, there exist ser-
ious problems. These models cannot predict the sign of the devi-
ation. Even if it were observed to be negative, it could be also

accommodate& in the models. Since the lifetime of proton is pr-
oportional to tan %8 at large tanfB ,a large tanf8 is disastrous
to explain the longevity of proton. It seems to be extremely
difficult to construct a model that can escape this problem wit-

hout destroying the essencial features of GUTs, e.g.,the charge

-11-



aguantisation and the unity of coupling constants. The large pos-
itive excess of Qu(Cs) of the order of 1% implies the necessity
of the extension of the SM at the tree level. Despite the exis-
tence of many new particles and many free parameters, the SUSY SM
could not explain the excess of Qu(Cs) without introducing fur-

ther new particles just to explain the excess. Considering these
points, a coherent understanding of the real world in our model
may be noteworthy.

A sizable anv' implies not so heavy charged U boson (say. Mu<
160 GeV), which leads to some excess of the cross section of
e*e = v tmissing energy over that in the SM.2%’ According to the
analysis by C.Matteuzzi et al.,?'’the lower bound on My from

this process is rather low at the present stage, Mu > 87 GeV.
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