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Dimuon Measurements and the Strange-Quark Sea
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This paper discusses a method for the extraction of the ratio f, = ixs(x}dx/fxd(x}dx
from dimuon rate measurements in neutrino and antineutrino scattering, which takes
into account the threshold effects for heavy-quark production. From the y dependence
of t scattering to dimuon final states the parameter rn, , which appears in the defini-
tion of the slow rescaling variable t = x+ m, ~/2E+y, is estimated. This paper further
discusses the crucial uncertainties inherent in the measurement of f, .

PACS numbers: 12.40.Cc, 13.15.+g

One recurring problem in the parton interpreta-
tion of neutrino scattering is our meager knowl-
edge of the amount of strange-quark sea in the
proton. As the sea content at low Q' is an input
to most quantum-chromodynamics (QCD) calcula-
tions, large uncertainties in this qua, ntity are
bound to have serious consequences. I discuss
in this Letter a method of easily accounting for
rescaling effects in the extraction of the quantity
S= Jxs(x) dx from charm production by neutrinos
and antineutrinos at moderate energies where
the threshold effects might dominate any QCD
corrections of the parton distributions.

We are motivated by the recent observation by
the Columbia-Brookhaven National Laboratory
Bubble-Chamber Group' working at Fermilab
that the excitation function for p, e ' events in
neutrino charged-current interactions has a grad-~

ual energy dependence (see Fig. 1). This is the
first observation of this phenomenon in the bubble

chamber w'here momentum cuts on the leptons
are not severe and serves, then, as the first
observation of the threshold suppression in
charmed-particle production by neutrinos. As

has long been acknowledged, ' the neutrino produc-
tion of charm is a potentially good tool for deter-
mining the strange-quark sea because of the
Cabibbo-allowed s-c (s-c in v) transition. I

take as Ansatz for this production the modifica-
tion of the naive quark-parton model first de-
scribed by Barnett within the context of the pos-
sible right-handed v production of heavy quarks
of a few years ago. Those ideas, as relevant to
charmed-particle production by neutrinos and

antineutrinos, suggest that the cross section is
best represented by4

d'o O'AK
T(x, y, E) [a/d($) sin'9, + $s($) cos'9, j 9(1 —g) = — — t(a sin'9, )d„+(cos'9, )saJ,

G ME-

where a= 1 for v, a=0 for v; ds—= T(x, y, E) $d($) 9(l —$), sz ——T(x, y, F) )s($)9(l —t) and I assume

xs(x) =xs(x) .
H„represents the mixing angle for the d —c, AS= 0 transition and 0, is the angle for the AS= 1 transi-
tion. The variable $ is the so-called "slow rescaling variable" and is the fraction of momentum of the

target which is carried by the struck quark (either down or strange). It is defined as'

g =x + m, '/2&M~y .
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FIG. 1. The ratio o'(p, e+)/a'(u ) as a function of
energy in neutrino scattering from an isoscalar tar-
get. The data come from the Columbia-Brookhaven
National Laboratory collaboration (Ref. 1). The curves
are the shapes predicted for this quantity using m,
= 1.5 GeV/c'. Curve a was calculated using the Field
and Feynman (Ref. 2) normalizations for the parton
distributions and corresponds to a branching ratio ofc- p+ of approximately 14%. Curve b was calculated
using the same parton distributions with twice the
amount of strange-sea quarks as in Ref. 5. Curve 5
corresponds to a branching ratio of approximately 11'fo.

This cross section is suppressed relative to the
rescaled form (at E - ~) by the functional depen-
dence of the parton densities on $ rather than x;
by the factor T(x, y, E), which is

T(x, y, E) = 1-y+xy/(; (3)

and by the 0(1 —$) function which reduces the x-y
phase space to

and

x ( I —m, '/2EM y

y )m, '/2EM~.

(4a)

(4b)

A problem in all approaches to the strange-sea
measurement through a charm signal is that the
extraction of 8 from the measured quantities is
complicated by the presence of T(x, y, E) and $s(()
rather than xs(x) alone.

Apart from whatever fundamental uncertainties
there may be in the basic rescaling approach, the
only uncertain parameter in the model is m, .

E-(G v)

FIG. 2. Mean value of y as a function of antineutrino
energy as defined in Eq. (5) for v-induced p, +p events.
The datum point is (y) = 0.57 + 0.03 at (E) = 85+ 6
GeV for p, 'p events from antineutrino scattering in
the experiment of Molder et al. (Ref. 6). The curves
are (v) calculated using various values of m, : solid
curve, m, = 1.5 GeV/c~; dashed curve, m, = 2.0 GeV/
c; and dash-dotted curve, m, = 2.5 GeV/c

take the approach that m, is simply a parameter
defined so that the maximum value of $ is unity

[see Eq. (3.12b) in Albright and Shrock in Ref. 4].
This preserves the useful identification of $ as a
momentum fraction and allows us to treat m, as
a measurable phenomenological parameter. In
the following I assume that the shape of xs(x)
[=xs(x)] can be reasonably taken as that of Field
and Feynman2 (FF), which is (1 —x)'. Assuming
this, I will describe a simple method of obtaining
the coefficient of this function (which is 0.1 in FF).
In order to do this, I use (y) vs E in v scattering
to p, 'p. final states to give a reasonable value
for m, . v data are used because

(y)= fys~dxdy/fs„dxdy (5)

is independent of the normalization for the strange
quark parametrization. Figure 2 shows the re-
sult of the present calculation of this quantity for
various values of m, . Also shown are the results
of Holder et al. ' for p, 'p, events at the average
energy of 85+ 6 GeV. A value for the parameter
m, of 1.5 GeV is reasonable and is used in the

following.
One can now investigate the amount of suppres-

sion that would be experienced in the neutrino
and antineutrino production of charm. This sup-
pression is rather severe (larger values of m,
leading to still larger suppression). I demon-
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A better method for accomplishing this is to
determine the quantity

F,(E) = fszdxdy/f dsdxdy (7)

in dimuon production by both neutrinos and anti-
neutrinos. This can be obtained by rates at a
particular energy —the rescaling effects making
F, (E) an energy-dependent quantity. One assumes
that the cross sections for dimuon production via
charm for neutrinos and antineutrinos can be
schematically represented by

o(pp. , v) ~@sin'8„ fdzdxdy

+s cos'8, fszdx dy, (sa)

o{p V., v) ~scos'6, f sdxdy, (sb)

where v, s, and s are the semileptonic branching
ratios for charmed particles originating from
valence d quarks, s sea quarks, or s sea quarks
where d„and s„are defined in Eq. (6) (I assume
that s„= s„). By a measurement of

&„(&)= o"(gv)/o"(y ),
~.,(E) = o"(PV)/o'(V '),

(9a)

(9b)
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&(&) = &'(u')/o" (u ) (9c)

Fig. 3. (a) r& and {b) r» as a function of energy.
rz and r, are defined in Eqs. (6a) and (6b) which are
normalized to unity at asymptotic energies. The shapes
of the individual parton distributions are from Ref. 2,
and the normaiizations of the distributions are arbitrary
when displayed as r& and r, .

strate this suppression by plotting the ratios

r, =S 'fs„d -dy (sa)

r„=D' fdsdx dy- (sb)

[with D= fxd(x) dx] in Figs 3(a) an.d 3(b). Note
that at 50 GeV the down quark is only 75% acti-
vated while the strange sea is less than half acti-
vated.

In Fig. 1, curve a is the shape of the total
cross section for charmed-quark production us-
ing FF normalizations. Curve 5 is the same
quantity with twice the FF strange-quark sea.
The data are uncertain enough at high energies
to accommodate either of these normalizations.
Clearly, this is not a useful method of determin-
ing S.

and a simple manipulation of Eqs. (Sa) and (Sb),
the following is obtained:

(u/s) (s in 6, /cos 8,)
'

(1/Z)(s/s) [Z„(Z)/Ã„(Z) ] —1
' (10)

f, = [r„(Z)/r, (Z)]Z, (E).
The normalization of S can then be fixed by some
other determination of D. '

There are three uncertain ratios in Eq. (10).
They are (a) t/s, (b) s/s, and (c) tan'8= sin'6~/
cos'6, . The ratios of branching ratios [(a) and
(b) ] are in principle accessible by studying
charmed-particle decays in e 'e experiments
and charmed-baryon production in neutrino inter-
actions. Evidence from D' decays suggests that
the value for sin6„/cos8, may not be the Cabibbo
tangent. ' An acceptable value for this quantity is

In principle, this can vary with energy and hence
is not the desired quantity which is

f, = S/B = fxs(x) dx/ fxd(x) dx .
We can, however, scale I', (F) to asymptotic en-
ergies by constructing the function shown in Fig.
4 which is the ratio of the curves in Fig. 3. We
then obtain
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FIG. 4. xz/r, as a function of energy. The curve
is the ratio of the curves of Figs. 3(a) and 3(b) used
to scale &, {E)to its asymptotic value as in Eq. (11).

not yet determined, while many efforts are under-
way. ' The range for this value has been calcu-
lated within the context of the Kobayashi-Maskawa
model with six quarks" to vary widely from
tan8c, where 8c is the standard Cabibbo angle.
One approximation to Eq. (10) would be to assume
v=s and/or s =s and tan'() =tan'gc. One could
then make only the correction outlined here for
the rescaling effects. However, because of the
potentially huge uncertainties in these ratios, I
have refrained from doing so.
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