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ABSTRACT

Measurements have been made on the single particle
+ + -
inclusive reactions p + p * n~, K7, p or p + anything at
100, 200 and 400 GeV incident proton energies at Fermilab.
The data cover a wide range in the radial scaling variable
Xn (0.05 < Xp 2 1.0) in the low p; region (0.25 < p, < 1.5

GeV/c. The x_ and Py distributions are presented. The

R
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n /n , K /K and n /K~ ratios are shown and are compared

with data at higher Py - The experimental techniques and

the data analysis procedures are described in detail.

a)Present address: Stanfdrd Linear Accelerator Center
Stanford, California 94305

b)Present address: Lawrence Berkeley Laboratory
Berkeley, California 94720



INTRODUCTION

Single particle inclusive reactions in high energy hadron-
hadron collisions are of major experimental and theoretical in-
terest. This interest is derived from the hope that at high
Py the quark-parton model which has been so successful in high
energy lepton-hadron scattering, may be applied to pure hadron
scattering. In terms of the quark-parton model, inclusive hadron
production at large pl_may be used to probe the constituent struc-
ture of the colliding hadrons and of the detected hadron.

mhe understanding of single particle inclusive cross-
sections has been slow, primarily because the observed ?l-depend—
ence does not agree with dimensional arguments of the quark-
parton model at the presently available energies. Various mecha-
nisms, based for example on quark-quark elastic scattering,’
or on constituent interchange? have been proposed to explain
the experimental results. These models are generally limited

to the large p, region where the hard scattering of the initial

projectiles iéLéupposed to reveal a simple underlying structure.

A complete understanding of inclusive reactions must
cover the entire kinematic region and hence must include the
low gl‘region as well as the high RL region. In the low ginregion
we expect hadrons to be produced by low < quarks fragmenting
from the initial colliding hadrons. This hadron production mecha-

nism is a long range process. High ?L.hadron production on the

other hand, must be a short range process. Therefore it is of



interest to compare the ?l_and xp dependences for various sec-
ondary particles in these two kinematic regions. Of particular
interest is to éompare the particle ratios n+/n—, K+/K—, ni/Ki
in these two kinematic regions since this would allow interesting
small differences of the cross sections to be seen.®

The invariant cross-section for single particle inclusive
production E dc/dp3 (p + p* h + X) may be written as a function
of three variables ?lf Xp = E*/E* max and the c¢c.m. energy squared)
S. We have previously used the radial scaling variable Xp in
the analysis of an experiment performed at Fermilab on single
n® inclusive production“ as well as in an analysis of an exten-
sive compilation of inclusive hadron data.’ The invariant

cross—-sections in terms of x_, show a simple scaling behavior

R
over a wide kinematic range. This scaling range appears to be
wider when Xp is used than when Feynman X = 2p”*//s is used.

It is therefore worthwhile to measure the invariant cross-section
by systematically holding two of these three variables constant
while varying the third. It is hoped that in this way, certain
simplicities will be evident, and detailed questions such as
radial scaling, the ?L and Xp dependencies may be measured with-
out model-dependent assumptions.

The data presented here were taken in the low ?i—region,

0.25 < RL < 1.5 GeV/c for incident proton energies of 100, 200,

+

' +
and 400 GeV for the reactions p + p* h + X where h = n~, K7,
p or p. The invariant cross-sections for fixed %L and s were

measured versus Xp in the range 0.05 < Xp < 1.0 corresponding

to roughly 126° to 177° in the c.m. frame.



EXPERIMENTAL SETUP

The experiment was conducted in the P-West pit area of the
Proton Laboratory of Fermi National Accelerator Laboratory.
A well collimated primary proton beam was allowed to transverse
a 13 cm liquid hydrogen target. The produced particles were
detected by a set of scintillation and Cerenkov counters in a
2.4 GeV/c spectrometer made from two half quadrupole magnets.
A system of proportional wire chambers was used to achieve good
momentum resolution and to define the acceptance of the spectro-
meter. The momentum acceptance was AP/P = 210% and the solid
angle acceptance AQ = 2 x 10—4 steradians. This modest low momen-—
tum spectrometer covered a large kinematic range by detecting
slow particles in the lab-frame which were produced in the back-
ward hemisphere in the c.m. frame. The absolute normalizations
of the particle yields were made by calibrated secondary emission
monitors to measure the incident proton flux and a detailed Monte-
Carlo study of the spectrometer acceptance. Figure 1 provides
an overview of the apparatus.

a) The Spectrometer

The half quadrupoles used in the spectrometer were obtained
from splitting the quadrupole "Deirdre" at the CEA.® A 15.24
cm thick soft iron plate was used to image the half quadrupole
field making the resulting field look like a full quadrupole
field with half the full quadrupole aperture. Each half quad-
rupole of the spectrometer was 121.92 cm long with 15.24 radius

pole tips. The half quadrupoles were separated by 60.96 cm and



were mounted on a remotely moveable spectrometer arm which could
be rotated from 5% to 125° in the 1lab.

The spectrometer was constructed so that the first quadru-
pole focused in the vertical plane and the second magnet foc-
used in the horizontal plane. The optics from this arrangement
resulted in rays in the vertical plane being focused from point
to parallel, and in the horizontal plane parallel to point.

Detailed ray tracing calculations of the magnet were per-
formed by three independent methods: 1) by a model of T.

7 2) by using the first and second order transfer mat-

Collins,
rices in the program "Transport"®; including approximations to
the fringe fields, and 3) by a model which divided the quadrupole
fields into short pure quadrupole fields. The 12-pole compon-
ents were included in this last calculation and were found to
have a negligible effect. The shape of the fringe field was
taken from measurements performed at the CEA® and were checked
on the half quadrupole configuration used in this spectrometer
by a calibrated Rawson probe. The current excitation of the
spectrometer magnets was measured by a transducer calibrated
by a precision shunt. 1In addition, a current digitizer using
a precision shunt was read-out at each beam spill, allowing
checks of the short-term stability to be made.

Checks of the absolute momentum calibration of the spec-
trometer were performed by using the known kinematics of p-p
elastic scattering and by using the time-of-flight of low mo-

mentum protons. These tests showed that the absolute momentum

calibration was known to %E = 12%.



The entire lengths of both quadrupoles were filled with
lead collimators cut to always be ~2 cm larger than the en-
velope of rays defined by the MWPC acceptance. This lead made
direct sight between the detectors and the target impossible,
thereby allowing the spectrometer to operate at high beam in-
tensities. Helium bags were placed inside each magnet aperture
to reduce multiple scattering and nuclear absorption. The region
between the two guadrupoles and the end of the second quadrupole
were completely encloéed by 15 cm thick steel plates to shield

the MWPC's and counters against room background radiation.

b) The Multiwire Proportional Chambers

Nine multiwire proportional wire chambers (MWPC) were em—
ployed to give a set of x-y-u coordinates (x-vertical, y-
horizontal, u-45° diagonal) at three locations along the tra-
jectory of the detected particles. (See Fig. 1). These chambers
allowed the momentum of the detected particle to be determined
to *2% over the *10% acceptance of the spectrometer. Each MWPC
consisted of 64 sense wires separated by 1 mm. The cathode planes
were made from 5 mil aluminum foil. A gas mixture 90% Ar, con-
sisting of 10% CO2 was used.

Each chamber plane provided the multiplicity of hits and
the positions of the first three hits. Since only single tracks
were of interest, this number of digitized coordinates per plane
was sufficient. The track reconstruction efficiency was typic-
ally better than 95% for events with an identifiable particle
species. Each event was digitized and read through a CAMAC sys-

tem to an on-line PDP-11 computer. A fast OR pulse from each



chamber plane was used to monitor chamber. operation and was em-
ployed in the event trigger to reduce accidentals.

c) The Counter System

Seven scintillation and four Cerenkov counters comprised
the basic counter system of the 2.4 GeV/c spectrometer. The
locations of these counters are shown in Fig. 1. The event
trigger which initiated the computer read-out process was
generated by the S0 * S1 * 82 - S3 * FOML coincidence, where
FOML is the output of the fast OR majority logic of the MWPC's.
This fast OR logic provided a 100 nsecond wide pulse each time
a particle traversed the MWPC system. The use of the FOML sig-
nal significantly reduced the accidentals in the event trigger so

11 proton/second)

that even at the highest beam intensities (2 x 10
there were less than 10% accidental triggers.

To collect data on the rare particles K and p, a special
trigger was used to prescale the more copiously produced
negative pions. This trigger involved identifying the ﬁ_ mesons
by the scintillation and Cerenkov counters and prescaling them
into the event trigger,

All the scintillation and Cerenkov counters were pulse
height analyzed and latched through the CAMAC system. The TOF
between SO and Sl was digitized and recorded for each event.

All events were written on magnetic tape for later off-line data
analysis. Various checks of MWPC performances and counter pulse
height stability were performed on-line during the data collec-

tion. All important counter and coincidence rates were recorded

at the end of each beam spill and at the end of each data run.



A brief description of the counters employed in the spec-
trometer is as follows. The scintillation counters were made
from Pilot B scintillator in thicknesses ranging from 1.59 mm
to 6.35 mm. The four Cerenkov counters were: l) a Fitch-type
counter made from fused quartz; this counter furnished both a
lower as well as an upper threshold, 2) a critical internal re-
flection counter made from glass, 3) a critical internal re-
flection counter made from quartz, and 4) a gas Cerenkov counter
using Freon-13 at 20.3 (Kg/cmz) pressure. The details of these
Cerenkov counters® are summarized in Table I.

The response of the counter system to different particle
species was studied by first separating the easily identifiable
protons by a dE/dX cut on So and a TOF cut. The remaining pions
and kaons could be separated by cuts in the Cerenkov counters.
The Cerenkov counter responses determined by this analysis are
shown in Fig. 2. The TOF response for identified particles is
shown in Fig. 3 where (1/82 - 1) determined from the TOF is
plotted versus l/pz. The expected straight line correlations
for a given particle species are evident.

d) The Liquid Hydrogen Target

The liquid hydrogen target was made 13 cm long and 12 cm
in diameter and could be both rotated horizontally and trans-
lated vertically. Data were taken with the target axis rotated
by one half the lab angle of the spectrometer to minimize multi-
ple scattering and nuclear interactions of the detected secondary
particles. The vertical mobility of the target was useful in

studying backgrounds and in minimizing the radiation damage of
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the target windows. The large target size placed the target
windows outside the spectrometer acceptance for most running
conditions, making the empty target background subtractions

small.
DATA COLLECTION
The data were collected by holding the transverse momentum

R

given incident beam energy. These sweeps were performed by

?Lconstant and sweeping through the scaling variable x, at a

changing both the lab angle and the momentum of the spectrometer.
Both positive and negative polarities were measured at a given
spectrometer momentum and angle setting. The data at 400 GeVv
incident proton energy were taken during a standard 400 GeV ma-
chine flat-top operation, and the data at 100 and 200 GeV were
taken during a special operation of the accelerator at a 200

GeV flat—~top with beam also extracted at a 100 GeV front porch.
The kinematic range of the experiment is shown in Fig. 4. This
kinematic range corresponds to roughly 126° to 177° in the c.m.
frame and is therefore in the target fragmentation region. Empty
target runs were only taken at 400 GeV incident energy. The
empty target contribution to the particle yields was typically

less than 5% for x, < 0.75 and somewhat greater for higher x

R R"

DATA REDUCTION

The various stages of the data reduction were performed
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at the Fermilab Computer Facility. The.raw data tapes were read
on the CDC 6600 using the histogram program KIOWA'? to determine
the number of particles of a given species and to reconstruct
the momentum and target position distributions. The results

of this analysis were then written on a summary tape which was
read by the PDP-10 computer to calculate the normalized invari-
ant cross—-sections.

The particle identification was performed by making appro-
priate cuts on the TOF, dE/dX, and four Cerenkov counter pulse
heights. These cuts were a function of the spectrometer momen-
tum, and are summarized in Table II. For the rare particles
Ki an p, a detailed examination of the various histograms was
necessary to sufficiently refine the sample of events so that
the invariant cross—section could be calculated.

The momentum reconstruction was performed by using the first
and second order matrices of the double quadrupole magnet spec-
trometer determined by the program TRANSPORT® and the position
information furnished by the MWPC's. The track reconstruction
efficiency was > 85% for raw events and > 95% for events with
an identifiable particle species. Cuts on the Ap/p, target posi-
tion and angle distributions were made to eliminate bad events.
To insure that the particle passed through the Cerenkov counters,
appropriate cuts on the calculated projection of the particle
trajectory on the S7 counter were made (see Fig. 1). Thése
cuts reduced the number of accepted_events by 40% and served

as the primary aperture cut.
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The normalized invariant cross-sections were calculated

by:

Nen

(1)

qu

Ap :
p” dpd? p~ ( 5 ACOsOAPAZLNL) p

where Ne = the number of detected particles with a given identi-
fiable particle species having a reconstructed track, E = total
energy of particle at p = central momentum of the spectrometer,
(Ap/p Acos@A¢AZB) is the acceptance of the spectrometer at a
given momentum-angle setting for a given particle species, ©

= polar angle, ¢ = azimuthal angle, AZB = effective length of

hydrogen target along beam direction, p target density, N

B

= number of protons incident on the liquid hydrogen target, and

n = the product of various corrections such as the computer dead-

time, the particle decay in-flight, the nuclear absorption cor-

rection, the track reconstruction efficiency, and the skewing

of the mean momentum within the acceptance of the spectrometer.
The Monte-Carlo simulation which was used to determine the

acceptance of the spectrometer included various experimental

effects such as multiple scattering in the hydrogen target, scin-

tillation counters and MWPC's. All the apertures of the magnet

and MWPC's were included in the Monte-Carlo program. The Monte-

Carlo "events" were reconstructed and the target and Ap/p dis-

tributions were compared with the data giving good agreement.

A study of the aperture determining cuts was made by computing

the invariant cross-sections for tight chamber cuts Versds the

cross—-sections for loose_chamber cuts. Again good agreement

was obtained.
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The nuclear absorption corrections were performed by using
* * - . . .
the measured n~, K7, p and p inelastic cross-sections as a func-

! In the worst case, these corrections were =50%,

tion of energy.’
but were typically < 30%. The decay correction for ni was typic-
ally = 10%, but for g* this correction was typically = 50%.

The incident beam flux was determined by four calibrated
secondary emission monitors (SEM). One SEM was located in the
P-West pretarget area upstream of the hydrogen target so that
its performance was unaffected by the configuration of the tar-—
get. The other SEM's were downstream of the liquid hydrogen
target. The SEM's were calibrated by two beam toroids'? which
were calibrated against a constant current source. The SEM cali-
bration by the toroids was performed at 100 aﬁd 400 GeV and was
checked with a foil activation calibration. The relative un-
certainty in this calibration was approximately *6%. The cali-
bration was found to be 14% different between 100 and 400 GeV.
The SEM calibration at 200 GeV was determined by a linear interpo-
lation between the measured values at 100 and 400 GeV.

Another measurement of the incident beam intensity was made
by a large angle scintillation counter telescope. This tele-
scope also served as a monitor of the beam spill time structure,
and independently determined the computer dead-time.

To correct for the skewing of the data within the acceptance
of the spectrometer, the mean observed momentum for each spec-
trometer setting was used in conjunction with the ?L and Xp de-
pendencies of the invariant cross-sections from a previous data

compilation by Taylor, et al.’ This correction affected only
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the large x, > 0.75 data and was typically less than a factor

R
of 2.

Data were taken beyond the kinematic boundary for a free
nucleon target to study target associated backgrounds due to
secondary processes. The ratio of the invariant cross-section
at Xp ~1.2 to that at Xp
GeV/c and rapidly decreased with decreasing P| and was neglect-

~0.9 was fypically < 40% for EL ~1.5

~able below p| = 1.0 GeV/c. Thus only the data at the highest
three EL values were corrected for this background by smoothly

extrapolating the background cross—-sections measured above xR

1.0 into the physical range Xp < 1.

Checks were performed on the beam rate dependence by mea-
suring the elastic p~-p cross-section at various incident proton
beam intensities. These studies showed that the measured elastic
cross-section had no systematic rate dependence and was stable

to within 7% over the factor of 20 in beam intensity employed

in the experiment.
THE RESULTS

We shall present the measured invariant cross—sections for

+

+ -
the reactions p+ p * n, K7, por p + X in terms of the x_, dis-

R

tributions for a fixed value of ?L, and the Py distributions
- - | +, = - t, 4

of the factorized cross-sections. The n /mn , K /K and n /K

particle ratios are discussed and compared with data at higher

]?L.
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1) The Xp Distributions

The invariant cross-sections for fixed QL as a function

of XR

5. Only the statistical errors have been plotted. The estimated

for each of the three incident energies as shown in Fig.

+7% overall normalization errors (based on the reproducibility
of the data) have not been included.'® The increase of the mini-

mum value of x_, which is plotted as %L.increases is due to the

R
upper momentum cutoff of the spectrometer (p < 2.4 GeV/c) (see
Fig. 4). Typical Xp bin widthskare AxR/xR < 10% F.W. We con-
clude within the estimated normalization errors, that the in-
variant cross-sections for p + p > ni, Ki, p or 5 + X scale for
fixed pl.and Xp over the entire kinematic range of this experi-
ment from 100 to 400 GeV (Ys = 13.8 to 27.4 GeV). By this scal-
ing behavior we mean that the invariant cross-sections for fixed
?L and xy are independent of Vs,

To conveniently summarize the .500 data points'® of this
experiment and to compare the radial dependencies of various

particle species, we have performed minimium x2 fits to the X

dependence of the invariant cross—sections in the range 0.2 <

Xp < 0.8 for fixed pl: The form used was:
89 | p+p>h+x) =B (1-x_)"h (2)
dp3 h R

p,= constant

L

where Bh and n, are free parameters. The results are presented

in Table III. We find agreement with the fit parameters of an

5

earlier data compilation by Taylor, et al.,” of data at lower
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and higher energies. We conclude: 1) The invariant cross-—
sections (with the exclusion of p + p + p + X) for fixed Py and
Xp 2 0.2 follow a power law in (l—xR) to a good approximation.
For the ni invariant cross-sections Xp

there is some enhancement over this power law behavior. In addi-

< 0.2 and QL < 0.5 GeV/c,

. . . + - . . .
tion, there is evidence that the m and m invariant cross-sections

R + 0 in this low ?L

over the range 0.25 < Py < 1.5 GeV/c and 0.2 < X

converge as x < 0.5 GeV/c region. However,

R S 0.8 the

values of ny determined by these fits are roughly constant.

We notice that n+ and K+ have roughly the same value of Ny r where-
as the corresponding values for m , K and p are progressively
larger. The power n, of the radial scaling dependence is then
correlated with the guantum number requirements for particle
produgtion, namely the power n, increases with increasing quan-

15 ‘

tum number conservation requirements.

2) The pJ Distributions

Since the values of n, determined by the fits of the in-
variant cross~sections for fixed BL are roughly constant, we
have plotted the factorized invariant cross-sections for the
inclusive production of a hadron h:

do
E — (gLr Xp)

g, (o) = —L___— (3)

1 (1 - x.)"n

R
where ﬁh is the average value of n, over the range 0.25 < ?L

< 1.5 GeV/c given in Table III. The factorized p‘L distributions

for p+ p> h + X where h = n°, K>, p or p for x > 0.2 are shown

R

in Fig. 6. It is well established that the invariant cross-
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sections for fixed x_, at large pi-show a power law dependence

R
~l/gl? which suggests that the scattering of point-like consti-
tuents is responsible for the production of hadrons.'’® It is
evident from Fig. 6 that this simple behavior does not extend

to the lower values of p| measured in this experiment.

Fits to the p, dependencies g, (p,)of the form:
L h P}
A
h
9, @) = 2 (4)
L @ epys
m2
h
with Ah and mzh as free parameters have been performed. The

results are presented in Table IV. The fits require that at
high PL' 9, (PL) o l/pif and are therefore consistent with the
observed behavior in that region, but account for the observed
deviations from the power law at low ?l'by including the "mass"
term mi. The values of mﬁ for ni, K+ are roughly equal ~0.7
(GeV‘/c)2 but, K and p require larger mﬁ values of 0.9 and ~1.2
(GeV/c)2 respectively. For protons mﬁ ~0.4 (GeV/c)z. In the
latter case the BL dependence for p + p * p + X has been computed
at xp = 0.8 since the Xp dependence is rather complicated and
n; factorization could be perfqrmed. The particles ni, K+ (and
p) contain valence guarks in common with the colliding protons,
whereas K and p do not. 1In light of the mﬁ dependence on the
secondary particle species, it is interesting to speculate that
the low p; behavior of the invariant cross-sections depends on

the quark constituents of the secondary partlcle is well as the

quark constituents of the initial particles.
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+, - - . .
3) The m /. and K+/K Particle Ratios

It is of interest to study the particle ratios n+/n~ and

K+/K— versus x., for both small and large gl-data. The low p

R 1

region is characterized by long-range interactions and is often
deséribed by Regge or diffractive scattering. The high p‘ region
is characterized by short-range interactions and can be described
by the quark-parton model. Therefore these two kinematic regions
are not related in any obvious way. Recently however, there

16

have been theoretical attempts to unify these two regions by

applying the guark-parton model to the low p, region.

s

In Fig. 7 we have plotted the invariant cross-section ratios

as a function X for both the data of this experiment for small
?L,(O.ZS < ?L < 1.5 GeV/c are averaged together) in the fragmenta-

7

tion region and the data of Antreasyan, et al.,'’ at large p

|
(0.77 < ?L < 7.67 GeV/c) at 90° in the c.m. frame. It is evigent
from Fig. 7 that the particle ratios in these two different
kinematic regions are in remarkable agreement, indicating that
the particle ratios are independent of ?l—and that the correct
scaling variable to use in both kinematic regions is the radial
variable Xp- The lack of any p‘ dependence in these particle
ratios suggest that the ratios-;re uniquely dependent on the
quantum number requirements for particle production.

The predictions of the quark-quark elastic scattering model
of Field and Feynman' at 90° in the c.m. frame are compared with
the particle ratio data in Fig. 7. We find that the theoretical

predictions are in good agreement with the data of n+/n— and

K+/K_ for X < 0.6. However for the n+/n_ ratio at values of
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Xxg > 0.6, there is an indication that the data lie below the

theory. Ochs'® has observed that the n'/n~ ratio measured in

p-p collisions is independent of ?l-and closely follows the
u(x)/d(x) ratio, where u(x) and d(x) are the number of up quarks
and down quarks respectively in a proton between a momentum
fraction x and x + dx and are determined by deep inelastic lepton
scattering eXperiments. This remarkable similarity of the n+/n_
ratio and the u(x)/d(x) ratio suggests that n+ and T  meson cross-
sections in high energy p-p collisions are determined by the

u and d valence quark distributions in the proton. In addition

'% have discussed a quark—-vector gluon model

Farrar and Jackson
in which the helicity of the fast quark (xR *> 1) is the same

as that of the proton which implies the u/d quark ratio appro-
aches 5 as Xp > 1. This leads to the n+/n- ratio * 5 since it
is determined by this quark ratio. From Fig. 7 we see that this
prediction is in good agreement with the data. The K+/K— ratio
on the other hand tends to ® as Xp 1 since the K contains

no valence quarks in common with the incident protons.

The theoretical predictions of Field and Feynman,' and
Farrar and Jackson'®? are claimed to be valid for short distance
behavior. But the data indicate that the particle ratios n+/n—
and K+/K— are remarkably insensitive to transverse momentum
implying that these particle ratios are therefore insensitive
to the range of the interaction. It is therefore tempting to
infer from the data that the alignment of the spin of the pro-

ton and the spin of the leading valence quark at large Xp is

a general phenomenon of hadron interactions.
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Das and Hwa'® have noted the empirical observation of Ochs,'®
and have developed a model based on proton fragmentation into
quarks followed by quark—-antiquark recombination. They obtain
reasonable agreement with the observed Xp dependence of ni and
k' inclusive production in p-p collisions. In Fig. 7a we have
plotted the prediction of the model of Das and Hwa'® which we
see is in good agreement with the data.

+ + .
4) The n~ /K~ Ratios

The ni/Ki ratios are less amenable to theoretical inter-
pretation than the particle/antiparticle ratios discussed above,
since we must contend with possible mass effects. Nevertheless
it is interesting to examine the n:i/Ki ratios as a function of

X, in both the small and the large ?l.region.

R
In Fig. 8 are shown the nT/kY and the n /K~ ratios of this

experiment (averaged over p, < 1.5 GeV/c} and that of Antreasyan

1L

7 at high ?L < 7.7 GeV/c. We notice that the particle

et al.,!
ratios at low gL are roughly three times larger than those at
high P - This p, dependence is not difficult to understand in

view of the different pi‘dependence of pions and kaons.

The Xp dependence of the ni/Ki ratios are however roughly
the same in these two kinematic regions. The n:+/K+ ratio is
very slowly decreasing with increasing Xp for Xp > 0.1 whereas
the n /K ratio is rapidly increasing with increasing Xp for
X, > 0.2. This behavior can be qualitatively understood in terms

R

+ + ,
of the valence quarks structure of the m~, K~ mesons.?*’

Consider

the n+/K+ ratio. Both the n+ and K' contain a u valence quark
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which comes from the u valence quark of the fragmenting target
proton (we are in the target fragmentation region). We would
therefore expect the n+/K+ ratio to be roughly constant. On
the other hand for the n /K ratio, the m is a d, u state and
the K~ is a s, u state. The d valence quark of the m  is the

d valence quark of the fragmenting target proton, but both the
valence quarks of the K must come from the sea. We expect the
n /K ratio to increase rapidly with increasing Xp since it is
generally understood that the sea quark x distributions are
steeply falling with increasing x. These are the qualitative

effects which are observed.

CONCLUSIONS

The single particle inclusive cross—sections for fixed gL

i R

100 to 400 GeV. The radial scaling distributions for fixed p

(0.25 < p, £ 1.50 GeV/c) and x, (0.05 < x, < 0.9) scale from

can be represented by the power law Bh(l - xR)nh, where the val-

ues of n, are species dependent, but are roughly independent

L

The factorized ?l‘distributions are consistent with a power
2

Pl - —~
law Ah/(l + —§~)4. The rare particles K and p have a less steep
m
h
dependence at very low p than the more copious particles

of p, for 0.25 < p, < 1.5 GeV/c.
L

ol
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n+, K+, p. This suggests that the low gL‘behavior of single
particle inclusive cross-sections depends on the constituent
structure of the participating hadrons.

The particle ratios n+/ﬂ— and K+/K_ are remarkably inde-
pendent of the transverse momentum. This behavior suggests
that the particle ratios depend on the constituent makeup of
the participating hadrons, but not on the specific dynamics
of the particle production. The ni/Ki ratios show a ?l‘depend—
ence because of the different ?L dependence of the cross-sections
for pions and kaons.

Finally, single particle inclusive reactions at low gL.and
high energies present a rich territory to explore the quark-

parton structure of hadrons.
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Table I:

Table II:

Table III:

Table IV:

- hm
TABLE CAPTIONS -

The parameters of the four Cerenkov counters are
tabulated.

The details of the particle identification.al—
gorithm are shown. The over-line 1is used to denote
the veto condition. For example, to identify g+
for 0.781 < p < 0.90 GeV/c. ' The condition: Fitch
¢.0uartz € and a TOF cut are required.

The fit parameters for the Xp dependence of the
invariant cross~sections in the reaction p + p ~*

h + X for fixed p, are shown. The fit function

1
used was:
d _ n
E — (p+p*h + x) = Bh(l - xR) h
dp
= constant

il

Tabulated are the fit parameters of the factorized

?L dependences. The function used was:
Bp
1+ PL)
m2
h

For protons only the function 9 (gl? for Xp = 0.8

is given.
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Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:
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FIGURE CAPTIONS.

The apparatus is shown in plan view. The central momen-—
tum trajectory is the dotted line through the two half
quadrupoles Ql and Qz. Scintillation counters are
denoted by S;r i =1-++*7, multivire proportional
chambers by MWPC and Cerenkov counters by é:

The empirically determined responses of the four Ceren-
kov counters are shown as a function of the spectro-
meter momentum. The lines thrqugh the data are to
guide the eye.

The valuetof (E% - 1) determined by the TOF between

S0 and Sl is plotted versus —% where p is the central
momentum of the spéctrometer. A given particle species
falls on a unique line.

The kinematic range in RL and X covered by the 2.4
GeV/c spectrometer. The left-hand boundary is deter-
mined by thé maximum momentum of the spectrometer.

Data were taken beyond the kinematic boundary Xp =

1, shown in the cross-hatched region, to check back-
ground rates.

The invariant cross-—sections for p + p * ni, Ki, P

or p + X are shown for various fixed values of Py-

The so0lid lines are the results of the minimum X2 fits

given in Table III. The dotted lines through the
proton and pion data are to guide the eye.

The factorized p distributions are shown. The error
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Figure 8:
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bars represent the violations to exact factorization.
The lines are the fits given in Table IV.

The particle ratios a) n+/n_ and b) K+/K— from the
data of this experiment and that of Ref. 17 are
plotted versus Xp- For the K+/K— ratio, the data

at xp > 0.6 from Ref. 17 have not been plotted since
the error bars are very large. The smooth lines

are the predictions of Field and Feynman (Ref. 1).
The dotted line in Fig. 7a is the predictions of the
model of Das and Hwa. (Ref. 19).

a) The 11:+/K+ ratio from data of this experiment

and that of Antreasyan, et al., (Ref. 17). The
dotted lines are to guide the eye. The low value

of this ratio at Xp = 0.55 is probably not sig-
nificant and is due to our overall normalization

errors. b) The n /K ratios from this experiment

and Ref. 17 are shown.
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