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ABSTRACT

We present results from a study of high-momentum inclusive
hadron production in electron-positron interactions at VS = 3.8
and 4.8 GeV. Comparison of the momentum spectra at these energies
shows no scaling violation in the region x (=E/ ) > 0.7. At

. : beam
YS = 4.8 GeV the K/T ratio for hadrons with momenta > 1.1 GeV/c
is .27 + .08, and the average number of charged hadrons is 3.6 + .3

for those events which have at least one charged hadron with

momentum greater than 1.1 GeV/c.

(Submitted to Phys. Rev. Ietters)



" This paper presents results from an experiment which measured the in-
clusive cross section for hadron production in e+e_ interactions. Measure-
ments were made at e+e_ center of mass -energies of 3.8, 4.8, 5.0, and 5.1
GeV at the SPEAR facility of SLAC. The experiment occurred priorvto the
discoveryl of t@e y(J) particles, so the data does not add direct informa-~
tion about thése'partic}és. It has been observed that R, the ratio of the
cross section for “e'e - hadrons" relative to "e+e_ - p+p_", increasesz
from N 2.5 to n 5 around 4‘GeV, and we present data below and above this

energy. This reﬁért will deal with events having a particle with a momen-
_tum greater than 1.1 GeV/c, where our particle identification is best and

- our backgrounds least. Data for lower particle momenta will be presented

later. The data samples»at /§'= 5.0 and 5.1 GeV together were only about

15% of that at ¥S = 4.8 GeV. These have all been combined and will be re-
ferred to as /§-= 4.8 GeV.

The main élement of the apparatus (Fig. 1) was a single arm magnetic
spectrometer set at 90° to the e+e_ bea@s and subtending about 17 of 4w
steradians. The magnetic figld was vertical and rather uniform at N 4.2
kgauss; the total fB df was ~ 11.8 kgauss-meters., Partiqle positions were
measured by proportional wire chamber33 or scintillation counters. The
event trigger required a charged particle passing through the spectrometer
in coincidence with the passage of the e+e_ bunches through the interaction
region.

The experiment achieved e/u/w/K/p identification of. the spectrometer
particle by a combination of a threshold Cerenkov counter, sther counters,
range measurement, and time of flight. The»Cerenkov counter was filled -

with 90 psig. of propane. Its pion threshold was 1.05 GeV/c, and it unam-

biguously separated e/p/m from K/p above 1.2 GeV/c. This particle



ideﬁtification was aided by time-of-flight measurements between 1.1 GeV/c
and 1.2 GeV/c. The-Cerenkqv pulse height was also helpful in distinguish-
ing electrons from pions above 1.05 GeV/c, but electromns were identified
primarily by a five layer lead-scintillator shower counter. The tbotal
thickness of that counter was 7.2 radiafion lengths; the average electron
pulse was about 6 times that of a minimum ionizing muon. Muons were identi-
fied by their passage through a 26 inch thick iron "hadron filter." Scin-
tillation counters were located af three depths in this ﬁilter to measure
particle ranges. Protons wefe distinguished from kaons by a time—of—flight
measurement. A scintillation counter (S1) near the interaction region and
the sc¢intillation counters in the first two layers of the shower counter
formed the time-of-flight link. The gotal flight path was N 5 meters.
Du?ihg data taking the TOF system was monitored evéry few hours by pulsing
light emitting diodes mounted on each counter and recording the results on
the data tape.

A central aétector ("polymeter") surrounded the SPEAR beam pipe -and

covered 99% of the solid angle. It consisted of four units of three pro-

portional wire chambers each. These sat above, below, and on each side of

. . . . . . + -
the interaction region, with wires running parallel to the e e beams. It
measured the charged particle multiplicity and helped in the reconstruction
of the event vertices.

Three proportional wire chambers, a shower counter and a hadron filter

i1 . - . + -

similar to those in the spectrometer were placed on the side of the e e
beams opposite to the spectrometer. This system measured particle direc-

tions and identified electrons and muons. It greatly improved our identifi-

3

) - + - 4 - , )
cation of event types e e > e+e and e e > u u , the main backgrounds.
Studies of these events showed that the cosmic ray background was negligible

and that our vertex reconstruction had a spatial precision of *3 mm and



collinearity precision of *.5°.
. . ) + - - .
We measurad the ratio of hadron events to e e -+ u u events, assuming
' ‘s . 4
the validity of QED for the muon events. Several experiments have shown
. + -+ - +- 0t - s : . . o o
that e e > pu and e e ~+> e e events with small noncollinearity agree
with QED. We therefore imposed a 10° noncollinearity cut upon our u u
. - . Y
data, although we can identify u pairs with noncollinearities up to ~ 40°.
No multiplicity requirement was imposed in the event selection criteria.
However, of the 288 u u events only 9 had a multiplicity other than two.
Each of the 9 had a multiplicity of three or four, and could be due to the
conversion of a radiated y-ray. They give an upper limit of approximately
3% for an accidental particle in the polymeter. We used the computer pro-
o ' 5 + - -
gram of Berends, Gaemers, and Gastmans~ to calculate the e e = py u inclu-
sive cross section (twice the normal cross section) to order a~ for non-
collinearity < 10° averaged over our geometrical acceptance. We found
do

~—= = .44 nb/ster at ¥S = 4.8 GeV and

= dac
dQ

gg = .69 nb/ster at VS = 3.8 GeV. The
cross sections quoted later in this report have a normalization uncertainty
o i o, + - . .
of +7% at VS = 4.8 GeV and +11% at VS = 3.8 GeV due to the U u statistics.
Backgrounds in the experiment were determined by two different means.
We made separated and single~beam runs during the.experiment, scanning these
for events containing a high momentum hadron satisfying our normal selection
criteria. Though none was found, the running times involved only limited
' y + - + -
our background to < 5%. We used e e and u u events to locate the beam
interaction region.' Comparison of the vertex regions for high momentum

‘ + - + - o on i
hadron events and for e e and u u events showed that a 2% reduction in

cross sections was needed to account for hadronic backgrounds from gas scat-

ters and beam pipe interactions.
The time-of-flight measurements were used to separate protons from kaons.

There were 21 nonpionic events, but no valid measurement could be made on 3



of them>because of shower counter system contamination. Of the 18 events
with TOF measurements, 15 were kaons and 3 were antiprofons. The 3 un-~
analyzable events werevweightéd as proton or kaon in the same ratio as un-
ambiguous events.

Corrections from our Monte Carlo program were applied to find the
original production ratios. This gave K/w ratios of .27 * .08 (78 n's and
14 K's obserﬁed)'and .8 * .5 (7 7's and &4 K's observed) at /S = 4.8 and
3.8 GeV respectively. The ﬁ/w ratio is .04 + .02 (3 p's and 78 w's observed)
at VS = 4.8 GeV. These ratios are for particles produced at 90° with momenta
greater than 1.1 GeV/c. The X/m ratios are largér than those reported at
lower momenta6 in e+e- or at similar momenta in pp interactions.7 No p's'
or p's were found at VS = 3.8 GeV.

Figure 2 shows a scatter plot of the charged multiplicity measured by
the polymeter versus the momentum of the spectrometer hadron. The few
events which have an odd number are due predominately to y-ray conversions
in the .04 radiation lengths of material in the beam pipe.and first propor-
tional wire chamber and,lto a lesser extent, to inefficiencies in fhe PWC’é.
The figure shows that the multiplicity does not depend dramatically upen
particle type or S, but clearly decreases as the ehergy of the one particle

increases, the tendency one might expect from energy conservation. The

average charged multiplici;ies for all of these events, selected to have
aé least oune charged hadron with momentum greater than 1.1 CeV/c, are

3.6 + .3 ana 3.8 i,S at /§'= 4.8 and 3.8 GeV rgspectively. Note that
event types which have two charged hadrons with momentum greater than

1.1 GeV/c contribute to the average with double weighting since they have
twice the detection probability; while event types with no high momentum

particles don't contribute at all.



Figure 3 Shows the inclusive invariant crbss‘section at 90°, differ-
ential in momentum, for n's and K's above 1.1 GeV/c, at /S = 4.8 GeV.
This figurevshows that bel;w 1.6 GeV the 7T cross sectioﬁs are distinctly
larger than the K cross sections, but may become similar at higher parti-
cle energy. It'aisbvshows'that the statistics are such that the K/m ratio
quoted earlier is dominatéd by the lower energy data. Figure 4 shows the

_quantity S dc/dexigo° vs. x(= E hadron/E beam) for all hadrons at VS = 3.8

GeV and at /S = 4.8 GeV. No significant scaling violation is observed in

the region above x = 0.7. Below x = 0.7 there is one point at x = 0.65
which is suggestive of scaling breakdown, but the data does not permit an
extrapolation into this region.
- + - - = .
No ee »>m1® ,KK, pp events were seen at either § wvalue. With

95% confidence the normal (not inclusive) differential cross sections

for these processes at 90° are below 16., 22., and 15. pb/ster respectively
at ¥S = 3.8 and are below 3.8, 4.9 and 3.7 pb/ster respectively at

VS = 4.8 Gev.
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