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Color and magnetic charge~
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Schwinger's conjecture that the color degree of freedom of a quark is equivalent to its degree of freedom of
taking different magnetic charges provides a plausible motivation for extending color to leptons. I.eptons are
just quarks with zero magnetic charges. It is shown that baryon number and lepton number can be replaced

by fermion number and magnetic charge.

The concept col.or' is by now generally an ac-
cepted one. The main point of color is that any
of the Gell-Mann-Zweig cluarks (for simplicity
we confine ourselves to fractionally charged
quarks, but all. of the following arguments and
consequences are also valid for integrally charged
quarks) has another three degrees of freedom.
What is the physical meaning of these new degrees
of freedom'? Can we interpret them in more fa-
rniliar terms? A possibl. e answer, which is the
most attractive one so far, has been given by
Sehwinger' in terms of magnetic charge. '

He introduces particl. es called dyons which carry
both electric and magnetic charge. The dyons
can be, according to his quantization scheme,
fractionally charged, whereas magnetically neu-
tral particles must be integrally charged. A dyon
with a given electric charge can take different
magnetic charges (that is, another degree of free-
dom) which correspond to color.

We slightly modify Schwinger's conjecture in
that we introduce three different magnetic charges
corresponding to three colors, whereas he uses
two:

We assume that different colors have different
magneti c charges. (l)

magnetic charge Q„reads

(ill

Q = m,

m2 m3

m2 m3 ~

m2 m3

where

m,. -m, =n,.; for i =1, 2, 3, with n, &
—-integer.

In Schwinger's model, if interpreted in our
scheme, m, has the following values:

2
m1

1m = —32

1
m =-3

The assumption (1) gives another constraint for
m f

m, Wm, for iWj, (6)

m, is the magnetic charge belonging to the ith
color. According to the quantization condition
and the magnetic neutrality of the observed bar-
yons, m, has to satisfy the following relation:

According to this assumption, the observed
baryons consist of three quarks of three different
magnetic charges. As the baryons are magnetical-
ly neutral, the sum of the magnetic charges must
be zero.

To fix the notation we consider a three-triplet
model:

A solution of m, which satisfies (4) and (6) is

1+n,

m = —n

m3= —1,

with n=integer, or

(7a)
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(7b)

The indices 1, 2, 3 are for color and Q, is the
electric charge assignment. The assignment of

Now let us extend the above idea to the leptons.
The observed leptons behave in a pointlike manner
up to presently available energies and are obvious-
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ly fundamental particles, that is, they are on the
same level as the quarks'. Furthermore, they
are magnetically neutral. So it is obvious to
assume that they belong to the color "zero mag-
netic charge. " From this point of view the hy-
pothesis "lepton number as the fourth color" be-
comes plausible. 4

Incorporating the charmed quarks, our extended
scheme now contains 16 fundamental particl. es:

(8a)

FERMION NUMBER I'

After having classified the quarks and l.eptons
on the same level it is natural to ask whether one
can understand baryon-number (B) conservation
and lepton-number (L) conservation in a unified
manner. In fact, one can dispense with B and
L, as we show now.

An important common property of the quarks
and leptons is that both of them are fermions.
So we introduce an additive absolutely conserved
quantum number, the fermion number F, for the
quarks and leptons:

S~ S2 S3 P,

I
Cj C2 C3 V

E=1 for quarks and leptons,

E = —1 for antiquarks and antileptons.
(10)
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So the observed baryons have E = 3 and the four
leptons have F =1.

It is easy to see that E conservation and mag-
netic-charge conservation are consistent with all
known reactions and can replace the B and I.
conservation. Therefore, we make the following
conjecture:

II

m, m2 m, C)

m~ m2 m 0

m m. m. ()

mj m2 m 0

(8c)

with

The physical meaning of this classification is
that [apart from the possibility that the four de-
grees of freedom of the magnetic charges is a
manifestation of an underlying group, possibly
an SU(4'), the so-callecl color SU(4')] the only
difference between lepttons and quarks might con-
sist in the different magnetic charges.

Using the generators E', of SU(4'), the mag-
netic charge operator P which reproduces (8c)
can be written as followers:

The physical background for B and L con-
servation consists in F and Q„(magnetic
charge) conservation. Therefore, B and
L can be replaced by + and Q„. (11)

In this conjecture the number of parameters re-
mains the same. What one gains is a better phys-
ical. insight.

An important point we want to discuss now is
that in our scheme proton stability is not absolute.
Let us consider some examples. With E and Q„
conservation, no quarks can decay into leptons
owing to the Q conservation. The decay of a
proton into an electron and a meson (say a photon),

is also not allowed owing to F conservation. The
minimum decay mode of a proton is four-body
decays, namely into three leptons and a pion:

P~ 3v+ w (13)

F3=

0

We emphasize that the minimum decay mode of
any dynamical theory which incorporates our
scheme is bigger than or equal to (13) but never
less (we mean the number of final particles).
Other possible decay modes are

p 4v+ e+,

p-4v+ p,
+ + e'+ e

(14)

E I 1 Note that no two- or three-body decays are al-
lowed.

The nonabsolute stability of the proton is not
surprising. It is a common feature of most of
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the gauge models~' which treat quarks and leptons
on the same footing. For example, in the model
of Pati and Salam the minimum decay modes of
the proton are the same as given in (13) and (14).
(See Ref. 4. ) They estimate the lifetime of pro-
ton 7 at about 10"years, which is much greater
than the age of the universe, 10'0 years

The present experimental low limit for r (Ref.
7) is

7 ~2x103o years. (15)

Anyhow it is not difficult to think of a mechanism
which suppresses the above decays. For example,
in a gauge theory with spontaneously broken sym-
metries the above decays are mediated by gauge
particles which are exchanged between quarks

and leptons, the so-called X particles in the terxe-
inology of Pati and Salary. Thee particles mu8t
be superheavy in order to 5e ceesistent with low-
energy phenomena. Thus the effective coupling
constant G~ is very weak. The proton decay mode
is in third order or higher im Gx, which will sup-
press them. greatly, thus yielding the observed
stability of the proton.

CONCLUSION

We summarize:
1. Color is a manifestation of magnetic charge.
2. Leptons are "quarks" with zero magnetic

charge.
3. J3 and L conservation can be replaced by

F and Q„conservation.
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