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down, there appearing to be more #2* than 2~
from the #n target also. These changes in the ha-
dron composition occur in the kinematic region
0.4<x<0.85, a region populated by the decay pro-
ducts or fragments of the »* in any diffractive
model of y*-nucleon interactions. Since the *

is neutral, the charge asymmetries in electro-
production make any such diffractive model less
attractive than in nearly symmetric photoproduc-
tion. The above changes from the charge- and
isospin-symmetric hadrons of photoproduction to
the asymmetric hadrons of electroproduction
take place in the ¢® range in which scaling be-
gins.?

We wish to point out that the behavior shown in
Fig. 2 has a natural explanation in a quark-parton
model. In such a model the y* strikes p-type
(charge + %) valence quarks in preference to n-
type (charge — %) valence quarks. These struck
quarks fragment in the y* fragmentation region,
the p type preferentially to 77, the n type prefer-
entially to 77. This gives a net 7 excéss for the
proton, and a smaller 7" excess for the neutron.
This model gives a testable prediction' for the
pion multiplicities in our x range:

o AT = NP (@) do /o
T, =N, A de/w?

=2-0.29. (7

Here w is the scaling variable (¢®+ M? = s)/q?,
F,(w) is a known inelastic structure function, and
p and n represent the proton and neutron. We
are able to test this prediction with our data only
over the limited range 3 <w <60, and here com-

pute the value R=0.24+0.28. Clearly a more
precise test of relation (7) is needed. A more de-
tailed discussion of these results in relation to
the quark-parton model is reported separately.!?
Bill Lakin and Eric Petraske provided valuable
assistance in the early stages of the experiment.
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The motion of neutrinos in the presence of charged matter is analyzed. Implications

for stellar neutrino emission are considered.

In this paper, we shall consider the interaction of a two-component neutrino with charged matter. A
two-component neutrino does not have an interaction with the electromagnetic field.! However, there
is an interaction with the source of the electromagnetic field, i.e., charges and currents. We shall
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also explore, albeit briefly, some possible astrophysical implications of this type of interaction.
The interaction of a neutrino with an electromagnetic field is expressible by the vertex function?

A=F@)u(p, )30 -v)ly, [0 +v:)lu(p,)A, @), 1)
where
F(q®)=F'(0)g>. (2)

The expression F(¢?) is of order eG, where e is the electromagnetic coupling constant and G is the
Fermi weak-coupling constant. In coordinate space, the quantity quu(q) which appears in Eq. (1) be-
comes

PA, (x) =, (x). (3)

To lowest order, the S matrix is of the form { f|H| 7).
Guided by the form of Eq. (1), we express the motion of a two-component neutrino in charged cur-
rents J by the equation

i 09/t =GB +g0° TV +gpy, (4)
J =F,ip). (5)

We consider the motion of neutrinos in charged distributions rotating with angular velocity 2. The
current J is expressed by

F=p5. (©xx%). (6)

We choose the axis of rotation to be the z axis and define

€=E -gp. (7)
Equation (4) now becomes
(-5 D+gpT @xX)]y=ep. ®)

One solution to Eq. (8) is obtained by setting

i(m=1/2)0
0= (000 i) explinz), ©)

where m is the z component of the total angular momentum of the neutrino. The resulting expression
for the energy levels is

e={p2+awln+slm-3+3m-3)+1112, n=0,1,..., (10)
where
w=gpQ. (11)

If the canonical transformation
= exp(—iwxx,)Y, (12)

is performed, the solution obtained is

¢=(u*(x‘)> exp(ip,x,) exp(ipxg). (13)

u.(x,)

The resulting energy levels are

e=[p+4wm+1I2, n=0,1,.... (14)

A charged particle of mass i moving in a uniform magnetic field has similar solutions. Here, too,
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one has a solution involving Laguerre polynomials having energy levels
E={2+ 12+ d4w[n+3|m|+3m+1]}2, (15)
w=eB/2, (16)
and a solution involving Hermite polynomials having energy levels
E=[p2+12+4wmn+1)2 (17)

The similarity between the charged-particle motion and the neutrino motion implies that a neutrino
packet emitted from the core of a star will have a mean square radius associated with it. Specifically,
one obtains a mean square radius

R~p/w. (18)

If w is sufficiently large, e.g., the density or rotational velocity extremely high, or if there were a
new interaction which would increase the coupling constant several orders of magnitude, then neu-
trinos would be trapped inside the matter and never emerge,

If w2<Re® (w is very model dependent, and thus difficult to estimate), the energy levels are ap-
proximately of the form

€=[pl+4wn+1)]2, (19)
rather than the free-neutrino form
E= (plz +p22 +p32)1/2 5 (20)

which has implications with respect to the solar neutrino problem.

Recent experiments indicate a considerably smaller counting of neutrinos from the sun than was ex-
pected.* We have investigated the respective counting rates implied by Egs. (19) and (20) for the pro-
cess v+%¥Cl—e” +% Ar of the experiment from phase-space considerations. Assuming the same flux
at the earth for both cases, the relevant quantity is

R=R,/R,, (21)
where
Ry= [ ™ dp pi(p)(p = AML(p =AM =m 2 12F 2, p)] [ ™7™y (p)dp] ™. (22)

In the above equation, AM and AM' are the absolute values of the ¥C1-3"Ar mass difference and the
solar neutrino producing ®*B-®Be* mass difference, respectively, and F(Z,p) is the Coulomb correc-
tion factor. For the energy form of Eq. (20), one obtains

py(p) xp*(AM’ = p)(AM" =p)* —m 2 [M?F (2", p), (23)
while for the energy form of Eq. (19), one obtains
po(p) e (MM’ =p)[(AM! = p =m 2 JY°F (2", p). (24)

The different phase-space factor occurs because the form of Eq. (19) rather than Eq. (20) results in
the replacement

Ja&,~2, [dos. (25)

The sum is replaced by an integral using the first term of the Euler-Maclaurin summation formula
which should be very accurate. The value obtained for R is about 3. Thus, from phase-space consid-
erations alone, the neutrino counting rate may be reduced by a factor of 3.

1, L. Foldy, Phys. Rev. 87, 688 (1952); A. Cisneros, Astrophys. Space Sci. 10, 87 (1971). Cisneros’s approach
considers the implications of modifying the neutrino interaction to give rise to a magnetic moment. We have at-
tempted to retain as much of the conventional structure of weak interactions as possible which implies a zero mag-
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%See, e.g., J. Bernstein and T. D. Lee, Phys. Rev. Lett. 11, 512 (1963); L. F. Landovitz and W. Schreiber, Phys.

Rev. D 7, 3014 (1973).

31f the wave function is confined primarily within the sun, one can approximate the actual sun by a sun of infinite
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4See, e.g., J. Bahcall and R. Sears, Ann. Rev. Astron. 10, 25 (1972); V. Trimble and R. Reines, Rev. Mod. Phys.

45, 1 (1973).
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We suggest a solution to the question of why isolated quark-partons are not observed.
It is argued that gauge theories can have the light-cone behavior of quark fields without
quark production in deep-inelastic reactions. Our ideas are illustrated in the exact solu-
tion of quantum electrodynamics in one space and one time dimension, The theory’s cru-
cial physical property is the extreme polarizability of its vacuum. Predictions for deep

inelastic final states are presented.

The quark-parton model has provided a simple
intuitive guide for predicting and interpreting
many features of deep-inelastic scattering pro-
cesses.! Its success, however, underscores an
old problem which was born when the quark model
was invented: Why are isolated quarks not ob-
served ? In the context of deep-inelastic scatter-
ing this familiar problem becomes even more
puzzling. The reason for this can be found in the
fact that the parton model is based on soft (super-
renormalizable or cutoff) field theories in which
partons experience just soft, finite forces.? This
suggests that when a parton absorbs a very vir-
tual photon of energy v, it should propagate es-
sentially freely for lab-frame distances which
grow proportionally with v. Once this distance
exceeds the size of a hadron (1 fm, say), one
might naively expect that quarks would then be
produced. In this Letter, however, we shall
argue that this is not necessarily the case. If,
in fact, the underlying constituent field theory
has a sufficiently polarizable vacuum, quark-
partons will never be produced.

Consider first an exactly soluble example of
this phenomenon: quantum electrodynamics in
one space and one time dimension. We shall ar-
gue that the deep-inelastic structure functions of
this theory have the scaling laws of underlying
free Fermi fields, although only massive bosons
appear as asymptotic stable particles. The ana-
log of triality in this simplified model is fermion
number. The complete solution of this theory
was first given by Schwinger.® The exact Green’s
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functions can be obtained through a formal solu-
tion of the theory’s equations of motion. We shall
sketch the derivation here and leave the details
and discussion to a lengthier exposition to appear
elsewhere,* The familiar Lagrangian reads

£=$i'y”8“¢—£F“”F#y—e$y“sz“, (1)
and the equations of motion are

yH(id, —eA )y=0,

¥ =ePyty=08,F"H (2)

FFY =alAY - 9VAl,

A careful definition of the current leads to the
equation®

(O+m?jt=0, (3)

where m?=e%7, Thus, the spectrum of the theory
contains free massive bosons. It is useful to in-
troduce a scalar function ¢(x) such that

t=€e" 8,0, <p(z,t)=f;j°(z’, t)dz'; (4)

¢ will later be interpreted as a dipole density.
¢ satisfies the equation of motion and canonical
commutation relation

(O+m? e =0,
. ) (5)
lo(z, 1), ¢z, D)=im?6(z - 2").

The equation of motion for A, in the Lorentz
gauge follows from Eq. (2),

DAp:jp- (6)



