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ABSTRACT

In models in which the weak intermediate bosons are bound
states consisting of spin i constituents the effective neutral
current mixing angle sinZay is related tothe W wave func-
tion at the origin, Dynamical constraints for the bound state
structure of the W boson follow, Although the observed value
of sinzﬁw is rather large, it seems possible to obtain the
observed value in a dynamical mixing scheme. The weak bgsons
are extended objects, whose sizes areof the order of 10-16 cm.
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Recently several authors have speculated about the internal structure
of leptons, quarks, and the intermediate bosons W and Z. Especially it has
been stressed that the observed weak interactions may be nothing but a
manifestation of the bound state dynamics of the lepton-quark constituentsi)'3),
just 1ike the nuciear forces, which within QCD are interpreted as indirect
manifestations of the quark-gluon dynamics. In this approach, discussed
especially in ref. (2), the W- and Z- bosons are composite objects, while
the photon is elementary. The experimental data on the neutral current inter-
action require a mixing between the photon and the w3 boson (the neutral
partner of W and W), which in the standard SU(2) x U(1l) scheme is caused
by the spontaneous symmetry breaking.

Within our approachz) this mixing is due the N3- Y transitions, generated
dynamically 1ike the p-vy transitions in QCD (for an early discussion, based
on vector meson dominance, see ref. (4)). The magnitude of sinzew (ew:

SU(2) x U{l) mixing angle) is directly related to the strength of the y-w3
transition. The Tatter is determined by the electric charges of the W-con-
stituents and by the W wave function near the origin. In this paper we should
1ike to study the implications of the observed value of sin Oy for the
dynamics of the W-constituents.

We suppose following ref. (2) that in the absence of electromagnetism
(e = 0) the weak interactions are described by an SU(2)w invariant theory. At
Tow energies the weak forces are dominated by the exchange of the lowest
lying vector mesons w*, W~ and N3, which form an SU(2)w triplet. At energies
of the order of Mw or larger the vector meson pole approximation is no longer
valid; excited states which at sufficiently high energies can be described

by a continuum of constituent pairs become relevant.

The elementary constituents are denoted by "hap]ons"z). The dynamics of
haplons is assumed to be given by a confining gauge theory ("QHD"), based on
the hypercolor group SU(n) (for simplicity we use SU(n), where n is yet un-
specified; the extension to other groups is easily made).
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The following two classes of medels are considered:

A) The W-bosons consist of two color singlet fermions, transforming as

n-representations of SU(n) » they are denoted by o and g. We have
hypercolor’ + _ _ _

Q(a) =+ 1/2, Q(B) = - 1/2 (Q: electric charge), W = (Ba), W = (aB). The

W-bosons are hypercolor singlets. Such a situation can arise e.g. in the

models discussed in ref (3) (see also ref. (5)).

B) The W-bosons consist of color triplet fermions o and g, transforming

as n under SU(n) We have Q(a) = - 1/2, Q(B) = + 1/2, Wh = (aB),

- 2) hypercolor®
w. ﬁ,(Ba) . .

FolTowing ref. (2), we suppose that in the absence of electromagnetism
the weak interactions are mediated by the triplet (N+, W, w3), where

MOtY = MY = MOE) = 0 (n).

After the introduction of the electromagnetic interaction the photon and
the w3 - boson mix. We denote the strength of this mixing by a parameter i,
following ref. (6, 7), which is related to g (W-fermion coupling constant)
and the effective value of sinzsw as follows:

2

sin‘e, = <« 2 (1)
Furthermore one has:

Mw = g . 123 GeV

W - g (2)
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The mixing parameter A is determined by the decay constant Fy (or fw) of
the W-boson (see Fig. (1)), which we define in analogy to the decay constants
of the p,omeson (Fp, fp respectively):

.30.,3 1,- _
<°|Ju|w > = <0l§{avua - BYUB)|N3> = e szffw = e, M, Fw (3)



One finds:

Fu

e
= = . ) 4
. ?ﬂ € ﬂi (4)

In the table we have displayed the numerical values for F, as a function
of g. Fw is a rather sensitive function of g; for g = 0.75 one finds

FN = 166 GeV; for g = 1.2 one obtains Fw = 425 GeV.

In order to study the physics of the bound state structure of the weak
bosons in more detail we express thedecays constant Fw in terms of the bound
state wave function of the weak bosons. We use a non-relativistic wave func-
tion, which, of course, cannot be but a very crude approximation.

One has, leaving out irrelevant Lorentz indices:

3

Ar N> = (5)
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vYZ /n
(¢ (x) coordinate space wave function,i: hypercolor index, n: number of
hypercolors)

3
L g T BB e B (6)

(j: color index}.
The matrix element (3) can be written as

<o|jp3[N3> s e Ay T e (o) = e My Fy (7)
Fy = /R v VIR e (9)

where ¥y = 1 in case Aand y = V3 = /ﬁz in case B. Using egs. (1), (4)
and (7), one finds

2 _
Svm v (TRE 6 (), (8)

. 2
SN Oy

e2/g * Fy /'MW'
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e.g. s*inzew is proportional to the coordinate space wave function of the
W-boson at the origin. Taking for example a constant coordinate space
wave function, the inverse radius /\w of the W-boson and ¢(0) are

related: |¢(o)|2 = (4/37)% - Aﬁ.

It is useful to introduce the dimensionless quantity x = (/\N / Mw), and
one obtains

_ -1/2 3/2
sin‘e, = /g - /A v(zm)  x . (9)

For example for g = 1, v = /3 (case B) and n = 4 one finds x = 1.0, i.e,
Ay ® Mw. Unless n is very large (n > 10), % is not much smaller than one.

It is instructive to compare the structure of the W-bosons with the one
of the p-meson. In the p-case one has

e
Ap =z = 0.054, (10}
P
taking fp = 5.6. This leads to

xp = Ap / mp =~ 0.28. (11)
Thus the structure of the p-meson differs substantiaily from the structure
of the W-boson. Using eq. (1) and g = 1, one would find sinzew = 0.016.

We conclude: if the bound state dynamics of the W-bosons were similar to
the quark dynamics inside the p-meson, the effective SU(2) x U(1l) mixing
parameter sinzew would be more than an order of magnitudg smaller than ob-
served. In order to accommodate the observed value of sin ST the decay con-
stant FN and the inverse size Ny must be of the same order as the mass of
the W~boson. This suggests a similarity of the W bound state dynamics to

the bound state dynamics of the m-meson in QCD. In the case of the w-meson
one has FTr ~ Mﬂ; the inverse radius of the m-meson, defined analogously

to Ay and the pion mass are of the same order, while in the case of the
p-meson the radius is about four times larger than the inverse mass. One
may conclude that the mass of the W-boson is anomalously small, compared

to its inverse size.
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The pion decay constant is about equal to the A-parameter of QCD. It
may be that the corresponding parameter in the hypercolor dynamics A
the same order as the W-mass, i.e. 100 ... 160 GeV.

H is of

Thus far we have assumed that the W-bosons consist of spin 1/2 consti.
tuents. In some models spin zero constituents are used as W-constituents
(see e.g. ref. (1)). We should Tike to argue that such models can be ruled
out, on the basis of the following argument. According to eq. (8) the effec-
tive SU(2) x U(1} mixing parameter sinzew is proportioné] to the wave func-
tion at the origin ¢{o). If the W-bosons consist of spin zero constituents,
the coordinate space wave function must be a p-wave,i.e. ¢{0) = 0. Thus in
a nonrelativistic approach one finds sinzew = 0. Even if we allow for fairly
large relativistic corrections, it seems impossible to us to obtain the ob-
served large value of sinzew in such models.

Conclusions: We conclude that it seems possible to obtain the observed,

relatively large value of sinzeN in a dynamical mixing scheme, based on
models in which the W-bosons consist of spin 1/2 constituents. (In the
case of spin zero constituents serious problems arise.) However it is
required that the mass and the inverse size of the W are about of the same
order of magnitude, unlike the situation in QCD, where the inverse size of
the o-meson is smaller than the mass. Thus the spatial extension of the
W-bosons is given by Aﬂl = 10-16 em. The sizes of the leptons and gquarks
are expected to be roughly of the same order of magnitude,i.e. in the range
between 10718 and 1077

indeed in the range given above, one expects to find manifestations of the

cm. If the extensions of leptons and quarks are

lepton-quark substructure in the experiments carried out in the near future,
e.g. at the CERN coltlider.

Acknowledgement: We should Tike to thank Prof, J.J. Sakurai for

useful discussions,
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g 0.75 0.9 1 1.1 1.2
A 0.54 0.65 0.73 0.80 0.87
My 92 E 11 123 135 148
M, 110 146 179 225 300
Fy 166 239 295 357 425
A, 76 103 123 144 166
Xy 0.82 0.93 1.0 1.06 1.12

Table - All masses and energies in

B T T R R R R I T B S I TR

GeV; we have
used sinzew = 0,22 and n = 4,
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Figure caption

Fig. (1). The transition between a photon and the W3. The haplon
constituents of the W3 annihilate into a photon. This
annihilation is determined by the wave function at the

origin.
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