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which are misinterpreted as charged-current
events are not expected to populate the region x
>0.1. Thus the significance of the effect in the
bin ¥ =0.1-0.2 does not depend on the assumed
rate for neutral-current interactions in hydrogen.
Within the statistical errors the effect shows no
strong energy dependence.
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The inclusive cross sections, measured up to large values of effective mass (=q%/21),
are well fitted by do/d% =B, exp (—a,p%/2m,). Values of B, and a, are given for Be, C,
Cu, and Ta at the incident proton energy of 600 MeV and for Ag, Ta, and Pt at 800 MeV,
Extremely large d/p andt/p ratios and large A and q* dependences of the relative cross

sections are observed,

In order to examine the most violent p -nucleus
interactions, with the hope of studying interac-
tions with “correlated” nucleons or with “chunks”
of nuclear matter, it is necessary to study the
region of high effective mass, m*, with m*=g2/
2v. (¢% is the invariant momentum transfer and
v=E,-E is the difference between the laboratory
energies of the incident and scattered particle.)
Measurement of high-¢? events at low effective
mass is a less effective probe of the coherent
properties of nuclear matter. The high-g2%, high-
m* region has not hitherto been studied experi-
mentally nor is there any theoretical guide to this
region.

By working directly in a primary beam at the
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Clinton P. Anderson Meson Physics Facility
(LAMPF) (10*® protons/sec), and by studying 180°
production which maximizes g%, we have been
able to achieve sensitivities that have allowed,
for example, observation of backscattered pro-
tons up to the high momenta corresponding to
elastic backscattering from “clusters” with A *
=m*/m,=6.5 in Be’. The measurements report-
ed here were carried out simultaneously with a
search for condensed nuclear states.!

This experiment utilized accelerator-beam-line
equipment as the major part of our experimental
apparatus. As shown in Fig. 1, protons passing
through the LAMPF LB-BM-05 bending magnet
struck targets mounted in a LAMPF remotely ac-
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FIG. 1. Plan of experimental layout. Protons, deu-
terons, and tritons backscattered from targets just
downstream of the C magnet are bent out through the
fringe field into a time-of-flight scintillation-counter
telescope. The momentum of the backscattered parti-
cle is varied by changing the telescope position,

tivated scanning device. Secondary particles pro-
duced at 180° were bent out the side of the mag-
net through a 1-mil Havar window in the magnet
vacuum chamber and passed through a scintilla-
tion-counter telescope composed of two scintilla-
tion-counter triplets separated by 1.8 m."* The
LB-BM-05 magnet acted as our analyzing spec-
trometer with a momentum resolution of ~5%
and an acceptance of ~40X107® sy, Protons, deu-
terons, and tritons were easily separated by mea-
surement of times of flight in the telescope. dE/
dx measurements clearly verified the p, d, and
t assignments but with not quite as good preci-
sion as the time-of-flight separation. (Character-
istic dE /dx and time-of-flight spectra are pre-
sented in Ref. 1.) The momentum of a backscat-
tered particle was determined by the angle and
position of the telescope, with a significant con-
tribution to the uncertainty in our reported cross
sections arising from positional inaccuracies
@p/p=+3%).

The yields of p, d, and ¢t were obtained from
the time-of-flight spectra, after subtraction of
small backgrounds believed to be due to protons
produced by neutrons striking the first scintilla-
tion counter and other upstream material. We
were fortunate to be able to take a small portion
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FIG. 2. Differential cross sections for 180° produc-
tion of protons. The fits are made with B, exp(- o, p2/
2mp).

of our data with a chopped incident proton beam
so that comparison of time-of-flight spectra with-
in our telescope with time-of-flight spectra from
target to telescope allowed us to establish that
backscattered particles were target-derived and
did not originate in the magnet pole faces or vac-
uum chamber walls. A complete Monte Carlo
simulation of our experiment, utilizing linear
beam optics? for the dipole, and incorporating
the effects of multiple scattering in the telescope
and energy loss in both target and telescope, al-
lowed us to extract differential cross sections
from our yields and to fit our data with various
theoretical distributions.

Figures 2-4 show plots of the differential cross

sections do/d*p versus p?/2m, with x=p, d, and
t. The straight lines show our fits by the func-
tional form do/d% =B exp(— a,p?/2m,). We em-
phasize that the exponential falloff dominates the
the fit so that polynomial factors such as B p"
x exp(— a,p?/2m,) with n =+ 1 cannot be distin-
guished in this experiment from our choice of
n =0 on the basis of y®. «, is only mildly sensi-
tive to #», with variations in»z of +1 producing
changes in o, of less than 10-15%.

Figures 2—4 show the cross sections per nu-
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FIG. 3. Differential cross sections for 180° produc-
tion of deuterons. The fits are made with By exp(—ay
Xp 2/27’111) .

cleon to demonstrate the nature of their A depen-
dences. From these figures (and the data sum-
mary in Table I) we can conclude that (1) the dif-
ferential cross sections fall off exponentially
with p2? and are fitted well by the functional form
B, exp(~ a,p?/2m.); (2) there is a small A depen-
dence of a,; (3) there are large differences in
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FIG, 4. Differential cross sections for 180° produc-
tion of tritons. The fits are made with B; exp(—a;p?%/
2my).

the energy parameters o, forp, d, and t; (4)
the differential cross sections increase with A

in this region faster than A; (5) the A dependence
favors large A more so at larger values of ¢2;
and (6) the A dependence is more marked for deu-
terons than for protons and for tritons than for
deuterons.

Table I summarizes the values of B, and @, !
for the 600- and 800-MeV data. The errors quot-
ed include the statistical errors in the yields and
an error introduced to simulate the momentum
uncertainties introduced by the positional uncer-
tainties in our spectrometer.?

TABLE I, Parameters resulting from the fit of the differential cross sections with the function do/d% =B,
X exp(—a,p2/2m,). x represents protons (), deuterons (d), or tritons (¢). B, is expressed in millibarns (BeV? sr
nucleon)” !, @,”! in MeV. Listed uncertainties reflect the statistical uncertainties in the yields and an assumed
spectrometer momentum uncertainty of +£3%. The absolute spectrometer calibration does not preclude a constant

shift in a of up to 4%.

600 MeV 800 MeV
Be C Cu Ta Ag Ta Pt
B, 125+19 132+20 8110 52+10 337+72 207+68 148+40
a,! 19.2+0.3 20.5+3 23.3+0.3 24.5+0.6 23.2+0.4 24.1£0.7 24.8+0,5
By 1.67+0.27 2.21+0.31 2.74%0.30 3.43+0.45 2,24+0.36 1.97£0.31 1.81+0.28
ad’i 15.7+0.3 16.9+0.3 18.6+0.3 18.4£0.3 21.2+0.4 21.5+0.4 21.8+0.4
B; 0.62+0.26 1.26+0.39 1.04£0.24 1,57+0.38 1.37+0.29 1.24+0.24 1,74+0.32
ozt"1 10.6+0.5 11.0£0.4 13.2+0.4 13.3+0.4 14.3+0.3 14.9+0.3 14.4+0.3
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FIG. 5. Ratios of the differential cross sections for
180° production of deuteron and tritons relative to pro-
tons. The points represent the average values of the
ratios for Be, C, and Cu at 600-MeV and Ag, Ta, and
Pt at 800-MeV bombarding energy. The bars represent
minimum and maximum values in each group of nuclei.
Solid lines connect d/p ratios; dashed lines connect t/p
ratios. The ratios are calculated for the same momen -
tum and plotted versus p2/2m,,

Figure 5 shows the ratios of the differential
cross sections (d/p and ¢/p) compared at the
same measured momentum. For clarity the aver-
age value of each ratio is plotted for targets of
different A. Be, C, and Cu are averaged for the
600-MeV data and Ag, Ta, and Pt are averaged
for the 800-MeV data. The bars show the maxi-
mum deviations from the average. The low-ener-
gy triton and deuteron points include corrections
for target energy loss so that ratios are com-
pared at the same momenta. The fitted curves
of Figs. 2—4 are employed for this correction.
For the highest momentum point in both the 600-
and 800-MeV data we have used our extrapolated
proton cross sections but experimental d and ¢
cross sections. These curves demonstrate (1) the
very large d/p and t/p ratios that are observed
at the same momentum in 180° production; (2) the

relative independence of d/p and t/p on the nu-
clear species; (3) the near equality of the d and

¢t cross sections over a very large d/p range;

and (4) the fact (also seen in Table I) that the deu-
teron and triton cross sections have almost iden-
tical values of o, /2m,.

The behavior of these differential cross sec-
tions at energies much greater than typical “Fer-
mi” energies, and extending up to regions of m *
>m,, shows an A dependence that may be char-
acteristic of cooperative effects in the nucleus.
Recently* similar effects have been found in the
study of high-¢® inclusive production of hadrons
by 300-BeV protons. This Fermilab experiment
shows less drastic A dependences, perhaps be-
cause it studies the nucleus at lower values (m*
<m,) of the effective mass.

It would be particularly interesting to see how
the form of the differential cross section changes
as the region of the highest kinematically possi-
ble backscattered proton is approached, since ex-
trapolation of our differential cross section pre-
dicts the feasibility of measurements of ¢*=8
BeV? elastic scattering up to effective masses of
A*=220,
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