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This Letter incorporates confinement to the covariant parton model and investigates its
consequences on the qualitative behavior of the deep-inelastic structure functions in the
Bjorken limit. It is proved that this incorporation does not change the known behavior of
the baryonic structure functions, but. it leads, for mesons, to a nonvanishing value of
&~2(~ ') and ~&(~ ') in the ' 1 limit and to a violation of the Callan-Gross relation.
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The deep-inelastic structure functions, vs, and
W y associated to deep-inelastic electroproduc-
tion processes are directly related to the absorp-
tive part of the virtual Compton amplitude y*h

y+h. In the covariant parton model' and in the
Bjorken limit, it can be seen that this amplitude
is dominated by the hand-bag diagrams (Fig. l),
where the internal lines are associated with
quarks.

In this model, if one applies the usual ideas of
analyticity to the quark-hadron amplitude, the
Bjorken scaling for vW, (o., ') and W, (~ ') is ob-
tained' [~ = 2 v/(- q')].

Azcoiti, Alonso, and Cruz' have proved that if,
in the context of the covariant parton model, one
takes into account the differences which the quark
model establishes between baryons and mesons,
one can obtain, in turn, essential differences be-
tween baryonic and mesonic structure functions.
In particular, they proved that if the sum of the
free masses of the valence quarks in a meson is

k-q

k-q k k
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FIG. 1. Hand-bag —diagram contributions to the vir-
tual Compton amplitude.

less than the meson mass, ~, +~,—&M, one can
obtain a nonvanishing value of the mesonic struc-
ture functions in the + '- 1 limit, as well as a
violation of the Callan-Gross relation for mesons.
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This special behavior of the mesonic structure
functions in the w —1 limit, which had been
pointed out by other authors' based on angular
momentum conservation arguments, is due to the
contribution of quark single-particle intermediate
states to the quark-meson amplitude. Evidently,
this contribution does not appear when the hadron
is a baryon.

In our earlier work, ' we proceeded as follows:
The amplitude T (p', s') [p' = (k —q)', s' = (p —k
+q)', u' = (-P -k+q)'] (see Fig. 1) has singular-
ities in the p,', s', and u' variables. If one de-
notes by p(p')/(s' -m~ ) the contribution to
T (p', s') of the one-quark single-particle inter-
mediate state in the s channel, it is implicit in
Ref. 3 the supposition that p(p') has no cuts in
the p' variable. This supposition, besides a
"partial" incorporation of confinement in the
sense that a meson cannot decay into two quarks
on mass shell, led to the result quoted above on
the qualitative behavior of the mesonic structure
functions.

We shall prove next, that, if ave incorporate
confinement to the covariant parton model in a
more general way, we automatically establish
that p(p') has no singularities in the p, variable
and, consequently, we reproduce the results of
our earlier work, ' independently of the quark va-
lence masses in a hadron.

Unitarity relates the total cross section y*h -X
with the imaginary part of the forward y*h -y*h
amplitude. At this level, we write the unitarity
relation only with hadrons or, equivalently, find
that hadrons are the only possible final states of
the y*h process.

However, when we consider the quark-hadron
—quark-hadron amplitude, it is necessary to in-
corporate quarks in the unitarity relation for this
process; that is to say, quarks are possible fi
nal states of the quark hadron Pro-cess

If we consider an amplitude involving only quarks
and at least two hadrons, that amplitude is relat-

ed, by crossing and CPT invariance, to the am-
plitude h, h, —quarks+ hadrons. It is well known
that, because of confinement, these processes do
not occur in nature. Therefore, the simplest way
to formulate confinement is to impose the condi-
tion that any amplitude involving only quarks and
hadrons' must be zero when all the external Par-
ticles axe on the mass shell.

The incorporation of this fact in the covariant
parton model leads to p(p2) having no singularities
in the p' variable. In fact, p(p, ') is essentially the
product of two amplitudes of the type quark-had-
ron- quark, where the quark in the initial state
has a mass equal to p.

' and the quark in the final
state is on the mass shell (s'=m ) Now un.itar-
ity and analyticity tell us that all the singularities
of p(p') in the p' variable are due to possible on-
mass-shell intermediate states in the p.

' channel
of each of the two mentioned amplitudes defining
p(p,'). This implies that we are only concerned
vrith the on-mass-shell values of amplitudes in-
volving only quarks and hadrons, which, as a con-
sequence of our confinement formulation, are
zero; so p(du') has no singularities.

Let us proceed under these conditions to calcu-
late the contribution to vW2(&u ) of an intermedi-
ate single-particle state in the s' channel of
T (p,', )s.

' We use the Sudakov variables

with ~ orthogonal to p and q, spacelike, and two
dimensional. In the Bjorken limit, the dominant
contribution of Fig. 1 to the structure functions
comes from those regions in which p, is kept fi-
nite when q'- —~ (as a consequence of the soft-
ness hypothesis of the covariant parton model).
The only one of these regions giving nonzero con-
tribution to vW2(~ ') is y

- l. If we make the
change of variables y = 1+ y/2v, the contribution
to vW2(+ ) from an intermediate single-particle
state in the s' channel of T (p,', s') can be written'
as

iM 4 2 (p2)
lim vW, "=Im

(

'

)~
dx dy d'v

(B3

where

p, =xy+x M +v',

s ' = (x —1)y + (x —1)'I'+ v',

u' = (x+ l)y +(x+1)2M2+~'.

As, in our model, p(p, ') is analytic in all the com-
plex y plane, p(p') is either a constant or not

bound. The softness hypothesis of the cova, riant
parton model implies that p(p') goes to zero as p,

'
becomes large and, consequently, p(p') is not
bound. Therefore, the integrand of (1) does not
have the right asymptotic behavior for the vanish-
ing of the integral over the infinite circle.

The calculation of (1) gives, as a result, two
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terms. ' The first can be written as

M'~ ' &~o (~ ~~ »
Jl (o (~') d~

where iI,'(&o, m~, M) =o! 'M'+m~'(d '-(o! ' —1). Because of the softness hypothesis this integral is con-
vergent, positive [p(p') (0], and goes to zero when I2)

' goes to 1.
The second contribution can be written as'

d( 2)P I2 ( P(iI v

8(2x)'.. . x —x '
..( . (x —1)y-m„'+(x —1)'82'+ )x

This integral is convergent as a consequence of
the softness hypothesis, too, and it is responsi-
ble for the invariance violation of the Callan-
Cross relation in the case of spin- —,

' quarks. This
contribution takes into account the final-state-
quark interaction. '

Similarly, one can compute the contribution
vW, s to vW, ((d '), from an intermediate single-
particle quark state in the u' channel of the quark-
meson- quark-meson amplitude. If we write this
contribution to T (iI', s') as

u' —tB 8 +i&

after straightforward calculations, ' we obtain two
new contributions to vW, (u! '). The first one is

I similar to (2) and can be written as

M2 2 ( go ( u) fm8 N)
)7(P') dP,',

7T m ~ QO

(4)

The second contribution to vW, ((d '), from the
intermediate single-particle state in the u chan-
nel of T (iI'2s'), is similar to (3), and can be
written as

where BIO'(-(d, ims, M) = —o! 'M'+ms'o! '/(&u

+1). This contribution is convergent, positive
[I)(p,')(0], and very interesting because of its
nonvanishing value in the g) '- 1 limit. If we take
this limit at (4), we obtain the following constant
at m

( B~y2)-W

I)(iI ) dil ~

8 (2x ) „ , . x —m „. (x + 1)y —m 8 + (x + 1) M + x ) (6)

and it is also responsible for a violation of the
Callan-Gross relation in the spin--,' quark case.

Our model adds nothing new to the calculation
of the contribution to vR', from the intermediate
multiparticle states of T (iI', s'). This calcula-
tion has been made in Ref. 1, and can be written
as

where

2 -2

(2 )8 f (fg f d-KIIIIT (p )s )2 (7)

s'= ((u
' —l)y+(o! ' —1)'M'+K',

p++ M +K

S —((d —1)M1 ~ j.
CO

and where the integral (7) extends along the cut of
the s' channel of the T (iI', s') amplitude (so' is
the beginning of this cut). T (iI', s') is what is
left after subtracting from T (iI', s') the contribu-
tions of all the possible intermediate single-parti-
cle states in the s' and u' channels. The contribu-

tion (7) to v W, ((d ') is convergent and goes to zero
when ~ '- 1, since y, goes to —~ when ~ '- 1.

Therefore, we conclude that the behavior of the
deep-inelastic structure functions in the Bjoxken
limit for near 1 can be substantially modi-
fied. for mesons by confinement effects, and a
violation of the Callan-Gross relation for mesons
in the Bjorken limit could also be a consequence
of the mentioned effects.

We acknowledge discussions with J. L. Cortes,
J. Sanchez Guillhn, and especially those with
A. Cruz whose critical reading of the manuscript
and collaboration at the beginning of this work
has been most helpful.
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In a theory where the fermion numbers B and L are not conserved, the true ground
state is a condensate of fermion pairs and antifermion pairs. Because of this, the usual
analysis of fermion oscillation based on complete analogy with &-& mixing must be re-
vised.
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In the context of grand unified theories, where
quarks and leptons are put in the same multiplet,
it is easy nowadays to accept 8 and separately L
nonconservation. ' Even B —L may not be sacro-
sanct and as we have shown in an earlier paper,
a nonminimal SU(5) can directly lead to neutron
oscillation. ' The surprising thing about neutron
oscillation is that, contrary to first expectations,
the free neutron oscillation time can be as short
as -10' sec and may in fact be observable. "

In theories where such fermion numbers as 8
and L are not conserved, the structure of the
vacuum is very much richer than the simple bare
Fock vacuum. The new physical vacuum is a con-
densed state of fermion pairs and antifermion
pairs. This leads to new physical effects which
are observable in oscillation experiments. There-
fore the usual expectation that neutron and neu-
trino oscillation phenomenology is completely

analogous to K-K mixing' must be revised.
For neutron oscillations, the numerical effect

of this new fermion pairing is probably too small
to be detectable. For neutrino oscillation, ' where
the neutrinos have vanishing Dirac mass, the
usual expectation is that v, will oscillate only into
v&, v, . Qur conclusion is that v, can also oscil-
late into v„v„,P, . Further, the probability am-
plitudes for v, into v„, v„etc., are themselves
also modified.

It is instructive to begin our dis cus sion with a
simplified fermion-number-nonconserving La-
gr angian'

2= —-'gy ~ aP —~P ——,')PC g+ —,'$*gCg,

where m is the Dirac mass term and $ the new

Majorana mass term. In terms of the usual a, b

operators in the Fourier decomposition of g, we
find the Hamiltonian to be given by [&u=+ (P'
+ ~2}1/2 ]

d3
If =,, ~(a~ ta~+ b~tb~) ——($ beta~+ $*a~tb~) + a~o, o.pa ~+ H. c. + b~o, o pb ~+H. c. . (2)

Equation (2) clearly exhibits, besides the fermion-antifermion transition term, the new pairing interac-
tions. As is well known from solid state and nuclear physics, these pairing terms cause a condensa-
tion of fermion pairs and antifermion pairs in the ground state. This new vacuum is orthogonal to the
Fock vacuum.

The structure of this vacuum may be obtained by diagonalizing (2). The diagonal form of H is given
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