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ABSTRACT

Data are presented on elastic wp and Xp scattering for
values of -t up to 2.5 and 3.5 (Gev/c)2 at incident momenta of
100 and 200 GeV/c respectively. All of the cross sections are
found to be nearly 1identical, although there is some momentum
dependence of the ﬂ+p data; a small systematic difference
observed between pion and kaon data cannot be explained bf

geometrical scaling.
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We report here measurements of hadron-prokon elastic

scattering using the M6 beam at Fermilab. The apparatus
acceptance was 0.5 < -t < 2.4 4nda 0.9 < -t < 11 at 100 and 200
GeV/c respectively. Data were obtained for incident nt, k* and
pi at each momentum, and some results have already been
reported.(2'3) In this paper we present data for nip at iOO
GeV/c, ﬁ+p at 200 GeV/c and Kip at 100 and 200 GeV/c. Details of
the experimental technigue have been given previously(2'3), and

only differences specific to these measurements will be noted

here.

The incident particle was identified using information from

a differential gas Cerenkov counter(4) (CB) in the incident beam

and a threshold gas Cerenkov counter (C in the (scattered

F)
particle) forward spectrometer. The helium gas pressure in CF
was set just below the proton threshold, so that proton events

had no signal in CF. Elastic events with C_ set on 7's, K's and

B
p's were used in order to derive the appropriate CF
photomultiplier pulse height cuts and resulting contaminations.
At 100 GeV/c, the CF photomultiplier pulse height

distributions for K's and w's were sufficiently separated so that
an appropriate cut on pulse height provided i and K

identification with negligible contamination; C_ information was

B
not required. At 200 GeV/c, there was significant overlap

between the C, pulse height distributions for #'s and K's. The 1
data were corrected for the XK's still remaining in the signal by

assuming that the K and 7 elastic cross sections were equal (a



good avproximation, as we shall see later), and using the
measuraed K/nm ratios in the incident heam. Theszses ratios were in
the range 4 to 7% for negative beams and 8 to 183% for positive
beams. For 200 GeV/c K's, only data with CB set on K's were
used. However, a beam 7 could occcasionally accompany a K within
the egquipment resolving time, Using information from hodoscopgé
in the incident beam, it was determined that the contamination of
pions in the kaon signal was 25% at -200 GeV and under 2% at +200
GeV/c: corrections were made to the data fFor this contamination.
Because of the high ($107/sec) incident heam rates needed in
order to measure small c¢ross sections, rate dependent effects
were observed in the wveto and beam counters. Tha absolute
normalization of pion data was obtained by extrapolating to zero
beam intensitv. Raon results were normalized by measuring the

relative K +to 1w cross sections (with CB set on K's) and then

L 3 L3 - s l_
using the absolute pion normalization described above.(’)

With the uncertainties in the above procedures, we estimate
that systematic uncertainties in the overall normalization of the
data presented here are * 15% for nt, £20% for Kt at 100 GevV/c
and * 25% for Kt at 200 Gev/c.

Our results are presented in Figure 1; in the region of
overlap they agree well with data from previous lower -t

experiments(6’7'8). All of the cross sections have smooth

hehavior with -t over our ~-t randge, without marked structures
such as occur in pp, np and pPp scattering at -t & 1.5

- - 3 ‘)
(3:9110!'11) or in T P Scatter‘lng at -t v 4-(‘_)



Our data show a small decrease in the magnitude of the ﬂ+p
cross sections between 100 and 200 GevV/c; 50 Ga2V/c data(lz) are
also consistent with this trend. Within the experimental
uncertainties, there is no momentum or charge dependence of any
of the other crogs sections in the momentum and -t range measureﬁ
here. The data also show only small differences hetween kaon ané
pion cross sections in the range 1 s-t £ 2.5 at 100 and 200
GeV/c. Such approximate equality has been observed previously at

14 GeV/c over the same t range,(l3)

(6)

and at 50 - 200 GeV/c for 0.8

s—-t £ 1.5.
Hadron-hadron elastic scattering has been used, wvia the

(14) (15,16)
r -

Chou-Yang model to obtain particle form factors

Results obtained in the past for pions and kaons gave reasoconable
agreement with measured electromagnetic form factors(17) ang

radii(lB)

: little difference was observed between pion and kaon
form factors, although the kaon radius obtained was slightly less
than that of the pion. We have derived pion and kaon form
factors out to -t v 2.5 using the*data presented here, and also

observe little difference between them. The form factor obtained

from our 200 GeV/c T p data(z),.extending to -t » 10, has already
been reported.(lg)

The small difference between our K and 7 cross sections is
illustrated in Figure 2 by the =100 GeV/c data of this experiment
together with lower -t data(®) and the optical point ({calculated

using references 20, 21 and 22). Although the v and X cross

sections are always cleose in value, the K~ data fall more slowly



with -t than 71 ; the 7 and K cross sections cross near -t + 1.,
These same features are obssrved at -200 GeV/c, and also for
positive mesons at the same two momenta. In the past,

differences between m and K data above 30 GeV/c have been
explained by geometrical scaling(23'24): the m and K data bhecame
identical when do/dt ncrmalized to the optical point was plottea
against tGT for each incident particle . (where O is the
particle-proton total cross section). We observe significant
deviations from such geometrical scaling behavior in our %z 100
GeV/c results, as illustrated in Figure 3 for "106 GeV/c; the
statistical accuracy of these data, howevzsr, is higher than used
in the previous comparisons.(ZS) At 200 G=V/c, the results are in
closer agreement with geometrical scaling, but the statistical
accuracy of the 200 GeV/c kaon data does not allow a definitive
statement.

We wish to thank Hans Xobrak for his valuable help in the

early stages of this experiment. This work was supported by the

U.S. Department of Energy and the National Science Foundation.
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Figure Captions

Figure 1

Figure 2

Data from this experiment on ﬂtp and Ktp elastic
scattering at 100 and 200 GeV/c. Note that the 5" and
KT data have been multiplied by a factor of 1000.
Statistical errors only are shown. Where no events
were observed 1in a bin, the upper 1limit shown
corresponds to one event,

m p and K p elastic scattering at 100 GeV/c. Data are
from this experiment and reference 6, together with
the optical point obtained from references 20, 21 and
22. For «clarity, not all data of reference 6 is

plotted., Statistical errors only are shown.



Figure 3. The same data as in TFigure 2, but with do/dt

normalized to the optical point plotted against th,
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