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The production of &, , ~, and &~ has been measured in deep-inelastic muon scattering
at 225 GeV; decays into two charged hadrons were detected. Momentum distributions are
compared to the inclusive charged-hadron. distributions measured in the same experiment.
The range of virtual-photon. parameters covered is 0.4& Q &50 GeV and 20& v&210 GeV.

PACS numbers: 13.60.Kd, 13.60.Rj

We report further results from the deep-in-
elastic muon scattering experiments at Fermilab.
Previous papers have presented our measure-
ments of the inclusive muon cross section, struc-
ture functions vW, (Q', v), and the ratio R = o~/o~'
and of charged-hadron production. ' In this Letter,
we describe the production of the neutral strange
particles K, ', A', and A' in muon-proton colli-
sions, detected by their decay into two oppositely
charged hadrons.

A complete description of the apparatus in its
225-GeV configuration has been published else-
where. ' The beam consists of positive muons at
an energy of 219+ 8.5 GeV and an intensity of
(1.2-1.3) x10'/sec, incident on a 120-cm-long
liquid-hydrogen target (8.5 g/cm'). The total
effective flux for these data is 7.44 x10' muons,

with 36000 analyzed triggers for Q') 0.4. The q'
lower limit was imposed to suppress electromag-
netic events. Figure 1 is an unweighted scatter
plot of Q' and v for the events containing K, o or A.

Below about 8 GeV, charged particles produced
in the target will be swept out of the downstream
spark chambers by the spectrometer magnet and
cannot be detected by these chambers; the pres-
ence of 12 multiwire proportional chamber
(MWPC) planes within the magnet, however, al-
lows us to reconstruct curved tracks and analyze
particles with momenta down to about 1 GeV; be-
low 2 GeV, the detection efficiency drops off rap-
idly. The low-energy detection ability enables us
to detect a significant fraction of V' decays.

The steps taken to extract P decays from the
total sample of good muon-scattering events are
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FIG. 1. Scatter plot of Q, v for events having one or
more &~ or ~, with Q &0.4.

as follows. For each pair of oppositely charged
tracks, the distance of closest approach (dca) is
calculated; the maximum allowed is 1 cm. We
measure the distance between the muon vertex
and the neutral pair vertex, and calculate the
associated uncertainty (standard deviation). We
require the pair vertex to be at least 2. 5 stan-
dard deviations downstream from the muon ver-
tex. We also require the momentum vector for
the pair to point backwards to the muon vertex
within 1.25 cm in the transverse plane.

In the absence of particle identification, each
neutral pair can contribute to three mass plots,
corresponding to the decays K,a-v'n, Aa-ptt,
and Aa -pit'. A phase-space calculation is used
to correct the mass spectra for pairs which can
be either K, or A', and they are assigned on a
statistical basis. The calculation shows them to
be almost all A' and A'.

Finally, we make what is essentially an opening-
angle cut to reduce background. It is required
that the decay angle 0, in the decaying par-
ticle's center of mass satisfy ~cos6, ~ ~

-0.9.
As cos8, is uniformly distributed for spin-0
particles, this excludes 10/a of real decays, but
reduces the background by -42/a. Figure 2 shows
the r'v mass spectrum after these cuts, com-
pared to the same procedure applied to same-
sign pairs. The K, a peak has a signal/background
ratio of 3.5. Beca,use we have to include the hy-
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FIG. 2. & 7t. mass spectrum for good V events, com-
pared to the sum of same-sign pairs. These yields are
not renormal ized.

drogen target in our decay space, reinteracting
hadrons and 5 rays contribute to the background.

As a check on our results we calculate the
mass and lifetime of each K, ' that we detect.
This requires a background subtraction which
can be done two ways, by subtracting events
from either side of the peak or by subtracting
same-sign events. Both methods give the same
results within statistics and the following data
use the same-sign background subtraction. Qur
K, ' mass resolution (1 standard deviation) is 13
MeV, and we find a mass of 495.8 + 0.8 MeV,
compared with the published value of 497.70 +0.13
MeV. ' This serves as a check on our momentum
calibration. Figure 3 shows the distribution of
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FIG. 3. Proper-time distribution for E~, with same-
sign background subtracted. Dotted line is based on
published lifetime.
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TABLE I. Number of strange neutral hadrons detect-
ed (unweighted). Only statistical errors are indicated.

1.0.
dN
dz

I I

)
This
Exp.

oP
9' ep-eK +X-
S

288 + 17.0 285 + 17.0
130+ 11.5 130+ 11.5
158+ 20.4 155+ 20.4

Total events in peak 472+ 21.8
Background 105+ 10.2
Signal 367+ 24.0

Signal
Background

3.50+ 0.39 1.21+ 0.15 1.19+0.15
0.1

~I/10 Dh+(Z)

proper lifetimes for the observed events. The
dashed line has a slope determined by the pub-
lished lifetime measurements' of the K, '. The
y' is 12.1 for five degrees of freedom.

Similar results are obtained for the A', A' mass
and lifetime. Here, however, the, background
subtraction is subject to much gy'eater systematic
uncertainty. Since the A' mass peak is so near
the low-mass end of the spectrum, and given our
experimental mass resolution, background sub-
traction for the A', A' data is based solely on sub-
traction of like-spin pairs. The overall normal-
ization of the number of A and A' has an esti-
mated 25% systematic error. Table I shows the
number of particles of each type detected, and
the statistical errors only.

Figure 4 presents the longitudinal structure
functions of K, ' and A' production. D„(z) is the
number of hadrons of type h produced per unit z
per interacting muon, where z =F„/v is the
hadron's fraction of the virtual-photon energy.
D„(z) for the neutral strange hadrons has been
corrected f'or all acceptance and efficiency cuts
and for the K, ' and A' branching ratios into two
charged hadrons. The solid lines represent our
results for the inclusive charged hadrons, multi-
plied by a factor of 0.10 to bring them into scale. '
D„'(z) for all hadrons has a much steeper slope
at low z, giving smaller K, '/v and A'/w ratios
in the target fragmentation (z & 0.2) region than
in the photon fragmentation region. We also show
data from an electron-proton experiment, ' which
had somewhat better statistics for K, ' production,

0.01

.2 4

D~(z) for &~, &, and A, where D(z)
=N~ 'dNI, /dz. The electron data are from Ref. 4; the
lines for h and h are eyeball fits to data from this
expe riment.

but limited to z &0.3. Our results are consistent
with the electroproduction data.

We find that strange-particle production depends
on Q' and s only for small z. The available sta-
tistics do not allow us to separate Q' and s effects
independently; it should be noted that high-Q'
events tend to have lower average s. In Fig. 5
we display D(z) for K, n in two different Q' re-
gions; Table II gives average Q', s, and pr' for
these two regions, and the integral JD(z)dz,
which is the number of K,.' per virtual photon.

In the usual quark-parton picture, the trans-
verse momentum relative to the virtual-photon
direction of hadrons produced in deep-inelastic
interactions is due to a combination of initial
transverse momenta of the partons and the trans-
verse momentum imparted by the quark fragmen-
tation process. Figure 6 shows the mean trans-
verse momentum squared for hadrons as a func-

TABLE II. Comparison of &~ properties for two ranges of Q .

0.4& Q'&2
&2

(q2)
(GeV2)

0 94
7.04

&s)

(GeV')

324
224

(GeV')

0.256 + 0.045
0.350+ 0.049

Jo'D(z)dz

0.129+ 0.015
0.095 + 0.013
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FIG. 5. D(z) for &~ in two Q bins.
FIG. 6. Average transverse momentum squared for

and ~; h points are from Ref. 2.

tion of z. We observe that the K,' and A' appear
to have a slightly higher average pr' than the
charged hadrons, and exhibit a similar rise as
z increases. Again, our data are consistent with
the lower-energy electroproduction results,
which had a (p r') for the K, ' of 0.233+ 0.028 GeV'.

In the usual quark-parton model, the strange
quarks in K and A production come from gluon-
produced qq pairs; thus observed differences be-
tween strange and nonstrange hadrons are mani-
festations of the differences between valence
quarks and gluons. The expected higher (pz') of
the latter is one example of such a difference.
Without an exact method of calculating the effects
of gluon bremsstrahlung and quark dressing func-
tions, however, it is not possible to make more
than a rough estimate of these underlying quanti-
ties.
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