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Other interesting effects can be expected in
heavy-lepton production, as for example appar-
ent lepton-number nonconservation in "y e*
events. Also the M -y~ mixing may bring in a
neutral-current coupling allowing M~ = p~pn~ u*
single-step decay into three leptons at the few-
percent level. Such trimuons would have a unique
invariant mass m. ., , higher individual muon en-
ergies, and higher visible energy than the cas-
cade-decay events; it is possible that event 119-
017991 of Ref. 1 may be in this category.

We thank D. Cline and D. D. Reeder for discus-
sions.

Note added.—Details of our Monte Carlo calcu-
lations of heavy-lepton production and cascade
decay are described in a comprehensive paper.®
In each amplitude the lepton helicities are cor-
rectly followed from the production through the
final stage of the decay; we neglect interference
between amplitudes with different intermediate
configurations. We use standard scaling struc-
ture functions at the hadron vertex. An extensive
analysis of branching fractions for the cascade-
decay chain is given.’® The inclusive trimuon
branching fraction B(M™ = u" p" u*X)=0.04 is
found for m._. ="7.0 GeV, m,=2.5 GeV, consistent
with the branching fractions used in this Letter;
of this 0.022 comes from the X =vv states calcu-
lated here. Finally, in Ref. 6 we point out that
universality restrictions on the magnitude of €
can be circumvented in our SU(2)® U(1) model by

a common mixing of leptons with heavy leptons
and quarks with heavy quarks.
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We have measured the relative cross sections of 7* and 7~ electroproduction from pro-
tons and neutrons, and combined them in a way which permits a new, detailed compari-
son with the quark parton model of the nucleon. We confirm the expected behavior with
1/w of the quark charge ratio and the quark fragmentation function,

It has been pointed out by several authors!s?
that a measurement of the relative production of
7* and 7° mesons from lepton-nucleon collisions
can be related to the parameters of quark parton
models. Given that quarks have not been seen,

one may wonder whether their charge and their
distribution functions (for example) are realities
or merely parameters adjusted to fit data. We
develop a method to separate these parameters
and use our data to check the model’s assump-
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tions; the ratio of up- to down-quark charge is Isotopic-spin reflection gives,
one of these since it should be an integer. . - - +
D Y= = =D, "=
The data are taken from a very-high-statistics w =Dy =Dy, D, a =Dy (2)
experiment performed in a 20,5-GeV/c electron Upy=dp,=uy, U,=d,=u,

beam at Stanford Linear Accelerator Center., One
previous Letter describes the experimental ap-
paratus,® and another recently published Letter?
describes the data and the basic analysis proce-
dure which allows us to separate 7’s from other
hadrons. This study differs from that of Ref. 4
in that here we have calculated the cross section
for producing a 7* or 7~ rather than the yield.

By cross section, we mean the production divided
by incident electrons and by target nuclei; by
yield, we mean the production divided by the
number of scattered electrons from the target.
Since we are comparing absolute cross sections,
we monitored the density of both hydrogen and
deuterium targets with a hydrogen bulb thermom-
eter,

Concentrating on only 7* and 7°, we write the
following general expressions for cross sections,
leaving out the factors common to neutron and
proton:

T, =u,q,2D," +d,q2D,* +B, (1a)
T, =uyq,*D, +d,q D, +8, (1b)
n, =u,q2D,* +d,q.2D,;* +8, (1c)
Ty =,q,°D,” +d,q, "Dy +B, (14)

where 7;* is the relative cross section of 7*
mesons from a struck hadron, with i=p or n
(i.e., proton or neutron®); u; and d; are, respec-
tively, the relative probabilities that a « or d
quark was present to strike®; ¢, is the charge
of the u (d) quark; D, * is the fragmentation
function, i.e., the probability for struck quark «
(d) giving rise to a 7 meson; B is contribution to
the cross section from the vacuum quarks, We
assume, naturally, that this contribution is
charge- and source-symmetric,

m, u, D, and B can be differential in all experi-
mental variables, which are, (1) for the electron,
the electron energy E,, the four-momentum
transfer —Q#, the electron energy loss v, x =42/
2mv=1/w, and y =v/E,; (2) for the hadron, in
addition to the above and in the hadron center-of-
mass system with the collisions axis taken in the
direction of the momentum of the virtual photon,
Z2=p,; /b, max, the square of the transverse mo-
mentum p ,%, and azimuthal angle ¢ (¢ =0 points
toward the electron),
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We form the following sums and differences:

Ar=(m, vm,”) +(m, 47,7, (3a)
A=A'-4p3, (3b)
B=(n,*+m,") =(m,"+7,"), (3¢)
C=(m,*=m,")+(m,*=7,7), (3d)
D=(my*=m,") =(m,* =7,7). (3e)
Note that the 8 term cancéls out in the last three
equations,
We also define a ratio,
R=A/A’, (4)

This ratio gives the fractional contribution to the
cross sections from valence quarks, It could, in
principle, be measured from the y distributions
in neutrino events,® but these data are not yet
sufficiently accurate for use,

Expressions for A through D in Eqgs, (3) are all
products of sums and differences of the numbers
g% u;, and D;; for example,

B=(qu2 _qu)(ul —I/tz)(D1+D2), (5)

By taking appropriate ratios, we can solve for
three expressions relating measurable cross sec-
tions to functions of the fractions ¢,2/q,2, u,/u,,
and D,/D, alone, These functions, however, in-
clude R. For the ¢’s,

B<C/A*D=B+C/R+A'-D
=(¢.2-4.)%/(q.2 +a)% (6)
Similar ratios hold for the #’s and the D’s but
they have not been used in the analysis,

If the charge ratio ¢,2/¢,? is known from the
quark model and corroborated by (6) then the «’s

. and D’s can be obtained using similarly derived

expressions

D (uy-u,) (9.2+q)

“(uyvuy) (@74 (7a)
D _(¢./+q,°) (D,~D,)
5 (g, -qZ>wl+D2>° (7o)

Since these expressions do not contain R they can
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FIG. 1. (a) The measured value of r;, defined in the
text, vs 1/w. From 7, we have also calculated the
ratio, Ry, which is shown in (b). The solid line is the
expectation from Ref. 8, the dashed line from Ref. 7.

be used reliably even in the absence of informa-
tion on the vacuum quarks,

Equation (7a) is a recasting of Eq. (4.11) of
Gronau, Ravndal, and Zarmi.? A simple quark
model would require B-C/A+D to be independent
of all variables, u,/u, (and hence D/C) to be de-
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FIG. 2. A plotofu,/d, (u;/u,) extracted from Eq. (7a)
under the assumption that ¢,%/g,*=4. The solid (dashed)
line is the expected behavior from Ref. 8 (7).
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FIG. 3. A plot of n extracted from Eq. (7b) with the
assumption ¢,2/g,*=4. 7 is the ratio of Dy to D,, i.e.,
Dy and D, averaged over z from z =0.3 to 0.85 and over
¢ and p, 2.

pendent on x and independent of the emitted-had-
ron variables, and D,/D, (and hence D/B) to be
independent of x, Equivalent expressions can be
derived for neutrino interactions.

The experimental determination of these ratios
requires good statistics and small systematic un-
certainties, The errors on these ratios are a
sum in quadrature of the statistical error, and
the systematic errors which are dominated by
our 2% uncertainty in the value (target density
times integrated incident beam) for hydrogen ver-
sus deuterium. Other systematic corrections (as
described in Ref. 4) have small effects and very
much smaller uncertainties. The errors for 1/w
below 0.1 are largely systematic, and above 0.1
are largely statistical. The data is summed over
pi, 0.3<2<0,85, and ¢ excluding a small region
near the beam pipe where background contamina-
tion might be possible., Note that we are actually
comparing the average D; (=D,;) for the range
0.3<z<0,85, In Fig, 1 we plot B-C/A’+D and the
value of R, =1 q,/q,| (effective) derived from it,
assuming R =1, Our result is clearly compatible
with ¢,=2e and q,=-3e for large x. Shown also
is the deviation from 2 expected from vacuum
quark contributions with use of two published pa-
rametrizations,”®

From the above we feel justified in accepting
the charge ratio as -2 and using this number in
Egs. (7a) and (7b) to find u,/u, (i.e., «,/d,) and
n=D,/D, (0.3<z <0,85), These are plotted in
Figs. 2 and 3, respectively. We see that u,/d,
is not a constant with respect to x. It clearly
falls below the expected average value of 2 at low
x and is consistent with a number greater than 2
at large x.° We also note that 7 is independent of
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x even in the small ¥ region where the vacuum
quarks contribute appreciably to the cross sec-
tion,

In summary, we have derived expressions
which allow us to calculate the parameters of a
general quark model directly from experimental
data with no fitting. We find that the ratio of up-
to down-quark charge is consistent with -2, We
further find the ratio of the average fragmenta-
tion functions, D;, to be independent of x, Final-
ly, the majority- to minority-quark ratio is not
a constant with x, falling well below 2 at small x.

The authors wish to thank their collaborators
on the Stanford Linear Accelerator Center ex-
periment E-97 (Ref, 4) for making the data pos-
sible, They particularly thank D. Roth for his
contribution to the data analysis.
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