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and f, and their oppositely charged counterparts. As
the elementary particles are known to be magneti-
cally neutral, we envisage the following neutral
composites : mesons comprise (f,, — f,) and the
baryon hard core comprises (2 f, — fo» — fo), with
the reverse configuration for the anfiparticles. Let
us then consider the renormalisation eftects owing
to the presence of these magnetic charges. The
coupling censtant g involving magnetic charges
in analogy with the case of electric charges, can
be written as (using Eqg. 11):

fod _ \/ et _ 1
Ee a?fc ql/2"

Since the interaction is super-strong 1t is
adequate to consider only lowest order termsloO,
For mesons with two magnetic charges we will
have two vertices and for the baryon core three
vertices, i.e., from the three magnefic charges.
Accordingly, the renormalization factor for mesons
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the number 2 being a weight factor. Similarly for
baryon core the three vertices give a factor

130 1
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Thus for mesons and the parton (baryon hard core)
the renormalised frequencies will be given by

Om = (12)

™,
§

o = 5 @ (13)
1
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As explained beforel, a relativistic oscillator model
is needed for mesons and baryons. Thus for mesons
the ¢igen masses are given by:

m (ny,) = F;‘: [n, + 1% (15)

The baryons are composed of the parton hard core
and the meson clouds, each having independent
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oscillations. Thus the eigen masses are given by

- 2 Y
m (Ny, Ne) = ﬁme| .TEMH_;;___l_} - (‘_npﬂ?;ml) ].

(16)
The parton core being in the unexcited state we

can put n, — 0 and rewrite Eq. (16) as:

_ My + 1Y% n,
m(n,, Nyl = huw, [ » _;_{m,]

-

(17)
with n =1, for baryons and n. =0 for mesons.

The present mode! of hadrons is in conformity
with the Vigler model of elementary particlesll,
In this model the particles are assumed to be
relativistic droplets having six degrees of freedom.

In the present case we can think of quantized
rotation for the parton hard core and the meson
cloud each having a different centre of mass. This
will give rise to six degrees of freedom. Work
in this direction is in progress. It may be femarked
that the meson cloud is held to the parton by
strong interaction forces which are much weaker
than the super-strong forces holding the parton.

In the foregoing we have discussed the physical
basis of the formula developed earlier. 'The
previous paper gave the results of the computations.
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leptonic because they sll iavolve leptons in one
way or another. According to current conventional
wisdom, not all of them have to do with leptons,
as we shall see. I will first indicate these puzzles,
and then discuss bricfly some recent speculations
which bear on theml!™,

The oldest. most venerable of these is the nuwen
puzzle, sometimes phrused as why @ muon ]
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(remimiscent of the why a duck ? routined of Chico
and Groucho  Marv).  The experimental facts
leading up to this puzzle are (g) the existence of
muon and muon-neutrino, (b)Y its mass. i.e., the
fact that m /m_ ~ 207, (c¢) e¢-p universality in
clectromagnetic interactions as inferred from (8-2),
and w-p scattering compared to (g-2). and e-p
scattering with good accuracy, and (d) e-u uni-
versality in weak interactions or rather the inter-
changeability of (e, »,) with (u,7,) as inferred
from semileptonic decay rates with not-so-good
accuracy ({(especlally for A S—=1 decays).

There are many attempts to “explain” the muon.

The following gives an idea of some of the approa-
ches taken

(i) One approach takes its hint from the fact
that mf/rnﬂ_ ~ D{(a) and so invokes electro-
magnetism. Starting with a massless fermion
spontaneous breakdown of the scale sym-
metry can lead to two solutions for the
masses.
By having leptons satisfy wave equations
more complicated than Dirac and which
allow more than one mass and spin, muon
and other heavy leptons can be generated.
Muon can be made to have anomalous
interactions {which the electron does not
have). These have some difficulty satisfying
e-i universality as observed.
There are complicated models based on
discontinuities iIn the gravitational field.
Dirac’s model of the electron as a charged
“soap bubble”, muon being identified as the
first excited state obtained on quantization.
(vi} Gauge theories of unified weak and electro-
magnetic interactions in some  versions
“need” a muon to cancel anomalies.

Another problem is the existence of heavy leptons.
Namely, are there heavy leptons or not? If yes,
(a) what are their masses, (&) do they have their
own neutrinos (and hence new quantum numbers)
or couple only through », and v, ?

A similar problem is the properties and existence
of neutrinos. For example, are the masses of
v, and v, zero or not? Are there other neutrinos ?
What are their masses? How do they couple?
Are peutrinos in w-decay and X-decay identical?
Are neutrinos emitted in w"-decay really », and 7,
as conventionally assumed?

The above questions about heavy leptons and
neutrinos are obviously experimental as well as
theoretical.

The next puzzle is the K, — putu" puzzle;
namely, the fact that K into gt does not go'!
The puzzle comes about as follows, Unitarity

(i)

(iii)
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allows one to write gm(K_ — ptp”) in terms of
on mass shell miermediate states, viz., vv, 2 7v, and
Jm  OF these 3m 15 expected not to contribyte
much, the 4y contribution can be calculated and
2 my can be well estimated. Then one has a limit
on the branching ratio of K — y1u™ (to all):

B-R.-{K,—=>p'u) =06 % 109,
A similar limit derived for = is satisfied. An

experiment at Berkeley failed to find any decays
of K, — wutp” and placed a limit

B:R.-(K, »>par<18x 10"

This experimental result, if correct, conflicts with
the unitarity bound given above and hence creates
a serious problem. In the meantime, another experi-
ment by Columbia-NYU-CERN collaboration has
cbserved the decay mode and further found the rate
to satisfy the unttarity bound. At this writing, it
seems like an experimental problem and so one
waits for an experimental resolution.

Another leptonic puzzle is the lack of neutrinos
from the sun. If the energy source of the sun 1is
the burning of hydrogen to make helium as believed,
then neutrinos are emitted in the process. The
most energetic come from the decay of Boron

B% —> Bef 4+ et 4+ v, + 14 MeV

with a small flux since this decay occurs in a chain
which is not the favoured path. Davis has set up

a huge detector in the Homestake mines in South
Dakota in which the reaction

ve + C1% — Ar'7 + e-

can take place and the presence of Ar37 is to be
detected by searching for the tell-tale radioactivity of
AT37, This reaction is particularly sensitive to the high
energy neuirtnos from BS decay. Using all the “machi-
nery’ now available, one can calculate a counting
rate that Davis should observe-—this comes out to be
¢ o = 6 = 3 SNU. (SNU stands for solar neutrino
umt, 1 SNU being equal to 10738 capture/target
atom/sec.) Calculation of this number involves
standard parameters of the sun, rates for
nuclear reactions (some to be extrapolated to very
low energies), standard stellar evolution model,
knowledge or guess about relative abundance of
heavy elements inside the sun, etc. The bulk of
the 6 SNU comes from BS neutrinos but 0-3 SNU
comes from neutrinos from the basic reaction

p+e +p—> D+ v,

and there are no uncertainties in this prediction.
So 0-3 SNU represents a lower limit which must
be seen., Davis finds that the counting rate is less
than 1 SNU. This discrepancy may have some-

thing to do with the properties of neutrinos or it
may not,
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The final “puzzle” that I want to mention is the
fact that strangeness changing decays of hadrons
in which leptons are emitted are, in general, an
order of magnitode slower than the corresponding
strangeness conserving decays. This suppression is
usually referred to as the *“Cabibbo angle.” The
latter is defined, roughly speaking, as

DK — pva)

im — pyyl
where ~ is the ratio of the phase space factors.
Expzrimentally, tan 6 1s about 3 and roughly the
same suppression occurs in all AS — 1 semileptonic
decays. 'There are many attempts to understand
# in terms of properiies of hadrons and their integ-
actions. Here we will take the heretic point of
view and associate the suppression factor tan 6
with leptons rather than hadrons.

All of these puzzles are tied together in a some-
what far out model of lepton mass spectrum sug-
gested by- Tennakone and myself. ‘We suggest that
the lepton mass spectrum is of the form |

— tantby.

M, = M p", _
‘where 'n is an integer and p =m /m, ~ 207. To
avoid charged leptons lighter than the electron
(i.e., when n is negative), we define the charge as

Q=—-—§(1 4+ 1nlin).

We then identify particles with negative n with
neutrinos. There are two possibilities for couplings
of neutrinos to charged leptons: (a) assigning a
specific neutrino to each charged lepton or (b)
many neutrinos (possibly even an infinite number)
couple to a charged lepton with different coupling
strengths (chosen to give finite total probabilities).
While this suggestion does not solve the funda-
mental problem of the existence of muon, it changes
the . problem to that of explaining the discrete scale
invariance of the mass spectrum and the property
of charge and of weak currents. It does offer an
answer to the questions of exislence of heavy
feptons and of neutrino properties as follows.

We predict a heavy lepton ! with rest mass ny

— 22 GeV with an estimated lifetime of 7, =~ 10-18

sec. TIts important decay modes are electron 4
neutrincs, muon -+ neutrinos, and hadrons -+
peutrino with a branching ratio of roughly 1/3
each. The next lepton (=3} is at 4554 GeV !
We also predict that » and v, each have resl muasses
of 2-5 KeV and 12 ¢V, respectively, 10 be com-
pared with the current expcrimental upper Jiumits
of 600 KeV and 55 2V, respsetively,

With v, having non-zero Test  Mass and mhc::
Jighter neutrinos 1n the model. it is natural t? ask
whether decays of v, such as into three lighter
neutrinos (¥, - ¥y -p i vz} OF into one lighter
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neutrino and a photon (v, », - %) can be fast
enough to explain the Davis result, It can be
shown that these decays cannot occur fast enough
for that. So one is reduced to the unpleasant
expedient of inventing one more particle-——a mass-
less boson ¢-—and a new interaction which makes
v, decay into a lighter neutrino and ¢ (v —> ¥+ ¢)
at just the right rate to explain the Davis result,
Explanations of Davis result based on mixing bet-

ween v, and », or v, and a number of other
neutrinos can also be ruled out in our model.

It 1s alsc possible to invent a solution for
K, —pu” puzzle, in case one is needed. This is
made posstble by the non-zero rest mass of »

- - » ’LL.
One postulates a new interaction, following Sehgal,

Lict, = C (Puysvy) (fysp + hoAS=1),
With Cm,?/47 ~0 a/n/ 10, one can make
K, = vy, = utp” interfere with the vy contri-

bution almost maximally, This particular “solu-
i:on predicts fairly hefty cross section for bV,
. Non-zero rest masses of neutrinos also have
mteresling astrophysical effects, One s the time
tag between neutrinos of different energies arriving
on the earth coming from, e.g., supernovas: in
prmeciple, neuwirino masses can be measured this
way. Another 1s the fact that a collection of
neutrinos can form a neutrino star with typical
parameters like R ~~ 102y cm, M ~ 100 m-. Such
objects could have large red shifts. -

If we consider the alternative that a given
charged lepfon couples with many neutrinos, then
the following Intriguing possibility arises. The
suppression of AS=1 to AS =10 decay rates can
be blamed on a different combination of neutrinos
appearing in the leptonic current coupling to
AS =1 hadronic current compared to the one
coupling to AS =0, hadronic current. In other
words, »'s from 7 and K decay would no{ be identi-
cal. Such a radical proposal is, in principle, testa-
ble in many ways: e.g., masses of »™ and »* would
be different, counting rates for rcactions such as
5< L p— a4 p would be suppressed comparced 1o
pT 4P > s, etl
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