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ABSTRACT

New measurements are reported of total cross
. + + - - :
sections for v~ , K, p and p on protons and deuterons

at 11 momenta between 23 and 280 GeV/c.



This paper describes measuréments of high energy total cross sec-
tions which extend the momentum range reported earlierl' 2 (referred to
bere as I and 1I) down to 23 GeV/c and up to 280 GeV/c. A description of
the experiment, which was carried out in the M1 beam at the Fermi
National Accelerator Laboratory, was given in [ and 11. We note here only
several equipment refinements and additional checks of its performance:

(i} Identification of muons in the incident beam was improved by requiring
coincident cou;uts between two scintillators placed behind 4.3 and 4, 8 meters
of steel, respectively, downstream of the transmission counters. (ii) Elec-
tron identification was improved by requiring large pulse heights in two '
consécutive lead glass Cerenkov counters of thickness 3 and 22 radiation
leng‘thsl.3 (iii} To improve incident particle identification above 200 GeV/c,
the two differential Cerenkov counters were combined into one, increasing
the radiator length from 15 to 30 meters, and reducing the Cerenkov angle
from 15 to 7.5 mr. Corrections to the cross section for beam contamina-
tion were negligible except for K' at 240 and 280 GeV/c due to a K+Ip ratio
which was as low as 2 x 10-4 at 280 GeV/c. The corrections were 0, 04%
and 1.7%, respectively. (iv) Cross sections were remeasured at 200 GeV/c.
The new data agreed with 1 and 11 within the errors which were, for example,
# 0. 1% for the proton-proton cross sections. (v) The measurement proce-
dure, described in I and 11, makes use of partial cross sections measured

by scintillation counters at several small values of Itl down to It[ = 0.016

(GeVl’c)z. A fit to the partial cross sections is then used to extrapolate to



Itl = 0. Three setg of proportional wire chambers, two in front of the
target and one at the location of the-transmission counters, has allowed

ue to Tnake measurements down to |t| as small as 0. 004 {GeV/c)2 for a
subset of the data. The PWC data for events with both single and multiple
tracks show no rapid change in slope down to Itl = 0. 004 and verify the
validitly and accuracy of our extrapolation procedure using the scintillation
counter data, The PWC resolution and multiple coulomb scattering prevent
measurements below It[ = 0.004. {vi} Studies showed negligible variation
of the measured cross section due to changes in beam spot size and transyt
mission counter position; a variétion with beam intensity required a small
correction (~.0. 1%) which was also applied to the data of ] and 11. The
revised data are also reported in Table I.

)

Data analysis was carried cut essentially as in | and 11, Based upon
the reproducibility of the data, and u;;on the uncertainty in the extrapolation
procedure, we estimate a momentum dependent systematic uncertainty for
incident protons and antiprotons of 0. 1% in addition to the statistical error.
For pions and kaons, the estimated systematic uncertainty was increased
to between * 0. 15% and £ 0. 25% as a result of uncertainties in the correc-
tion for muon and electron contamination. A momentum independent sys-
tematic scale error in the absolute magnitude of the cross section is intro-
duced by uncertainties in the form of extrapolation and in the hydrogen and

“deuterium densities and contaminations. It is estimated to be +0.4% for

protons and # 0. 5% for deuterons.



.
Results are given in Table I and displayed in Figs. 1 and 2 together

with previous data.4-19 Momentum dependent errors only are shown. For
the cross sections of K*, B and nt on protons and deuterons, we are in
reasonable agreement with all of the previous measurements. In the region
from 50 to 70 GeV/c the w_p cross sections of this experiment are about
0.2 mb lower than thase of Denisov et al. 89 However, we are in good
ag;'tlzement with the more recent measurements of Apokin et al. 10 Our pp
total cross sections join smoothly to the rising cross section from the
CERN-ISR. 13,14 There is a small difference only around 50 GeV/c from
the data of Denisov et al. ,7 and a larger difference from thé 200 and 300
GeV/c data points of Gustafson et al. 17
The cross sections for target neutrons have been obtained from those
on protons and deuterons using the Glauber-WiIkinzo’ 21 procedure. From
the pion-proton and pion-deuteron cross sections we derive the values of
the parameter < r2s Igli\nm fn Table I. <r 2> is consistent with being
momentum independent with an average equal to 0. 038 mb-l. For kaans
we have used this value; for protons and antiprotona we have used the value
0. 035 mb" for the reasons discussed in I and 1. It is clear, however, that
this procedure introduces uncertainties due to theoretical approximations
which are large compared to the experi'men'tal errors of the data and the

22-28
adequacy of the procedure has been frequently questioned. For

-2 -1
example, an uncertainty in the parameter <r > of %#0.004 mb ~ pro-

duces a % 1, 5% uncertainty in the p-n cross section and % 0, 7% in the kaon-



neutron crogs section, The dashed curves in Fig. 2 illustrate this effect.
Thus caution must be exercised in drawing conclusions concerning neutron
croses sections from these data, We note, however, that reasonable
changes in the parameter < r-2 > do not appreciably affect the momentum
dependence of the neutron cross sections.

One of the striking regularities of the total cross section behavior
is the simple power law dependence of the antiparticle-particle difference
over our momentumn range as shown in Fig. 3, Fitting only our data with
the form J"La':"-l we obtain the values of o given in Table I.

The results of this experiment, together with previous data, show
‘that the cross sections of all incident particles except p fall as the momen-
tum increases, followed by 2 minimum and then a rise. The Pp total cross
section continues to fall with increasing momentum, but the rate decreases
markedly and above 120 GeV/c there is comparatively little variation.
Considering the regular behavior of the pp-pp difference and the observed
rise in the pp total cross section, it is very likely that the flat regions in
the pp and pd cross sections represent minima before they also rise.

It is interesting also to note that the average of the K+p and K p and
the average of the 1T+p and n p cross sections are slowly approaching one
another. The data are consistent with a slower approach of the ratio of the
average of the W+p and the ¥ p to the ;verage of the pp and the pp cross

sections to the value 2/3 predicted by the additive quark model.



The ratio ¢ . which should be unity if charge symmetry is

v a!"ntd
valid, is given in Table I {for those momenta where it was not assumed in
order to estimate uncertaintics in electron contamination), The ratio is
always consistent with unity, and the average is 1.0014 + 0.0009. The
n_p - n+p total cross section differences agree within errors with the
predictions from forward charge exchange measurements of Barnes et a\l.29
Several authors have compared total cross section data with the va;ibus

9,30

relations given by quark and Regge Pole Models. A comparison of

our new data with such relations reinforces the conclusions of a similar

comparison made to the data of I and 1I. 30
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FIGURE CAPTIONS

Figure 1. Total Cross Sections on Protons. Oniy momentum dependent

errors are shown.
Figure 2. Total Cross Sections on Deuterons and Neutrons. Only
momentumn dependent errors are shown. The upper and
lower dashed curves represent the p-n cross sections obtained
assuming < r'2> - 0.039 and 0. 031 mb reSpectivély. |

Figure 3. Antiparticle-particle Total Cross Section Differences.
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