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ABSTRACT
+ Ki: -
Absorption cross sections of n, X, p and p have
been measured on targets of Li, C, Al, Cu, Sp and Fb at 60,

200, and 280 GeV/c, -



We have measured absorption éross sections of ﬂi, Kt, p and p
on lithlum, carbon, aluminum, copper, tin, and léad at 60, 200, aand 280
Ge¥/c. The data vere taken using the same equipment as for measurements
of total cross sections on hydrogen and deuterium, and experimental
details have been described elseuhere.1 The major difference for this
experiment was to reduce the distance from the targets to the trans-~
mission counters in order to obtain the larger solid angles required for
absorption measurements on nuclei. Several measurements of absorption’
cross sections have been carried ocut previously at lower momenta,z—s
with the most extensive being those obtained at Serpukhov between 7 and
60 Gev/e,J*?

The targets used in this experiment all had a thickness of approxi-
mately 0.2 absorption lengths., Typical examples of the partial cross
sections obtained from the individual tramnsmission counters are shown
in Fig. 1 as a function of ti' where ti is the square of the maximm

h

4-pomentunm tranafer detected by the it transmission counter. We follow

previous cxperiwentaa—s

in obtaining the absorption cross section 0; by
extrapolating the partial cross sections G(ti) measured in thke range

0.1 < -t < 0,25 (CGVIc)z to t = 0 uasing the expression
o) - 0, exp(At,) ;

this form gives a good fit to the data in the t1 range used. The t1
range measured here is considerably larger than in previocus experiments,
and we see that for -ty larger than 0.25 such a simple form would not be

adequate to describe the data.
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At small values of -ti' the partial cross sections rise due to
Coulomb scattering, coherent scattering from the whole nucleus, and
"quasi-elastic” scattering from individual nucleons in the nucleus. The
first two affect partial cross sections only at values of --t1 spallexr

than 0.1; the quasi-elastic scattering is mostly at smaller —t, values,

i
but & correction has to be made to the individual partial cross sections
to account for the remainder, as shown in Fig. 1, The correction is
calculated using the empirical expression of Bellettini et al;6 although
this was derived for light nuclei only and there are questions about its
forn,’ we have used 1t here since In the region of our fit the correction
to any data point 1s always less than 5XZ., In calculating the correction,

the required data on hadron~nucleon elastic scattering were taken from

AyTes et al.a Our final result, U‘, is

% ™ %otal ~ “coherent nucleus ~ aﬁuasifelastic

Kcte that in previoﬁs experiments on absorption cross sections, the
correction for quasi-elastic scattering has not always been made,

Statistical errors in our absorption cross sections were generally
less than *17; we have added in quadfatute an estimated systematic error
of t3X to account for uncertainty in the extrapolation procedure, uncer-
tainty in the mwon contamination of the pion and kaon beams, uncertainties -
in the target densitiles, and uncertzinties in the quasi-elastic scattering
correction.

Our results for o, are given in Table I, and some of the data are
shown in Fig. 2, together with results from Refs. 3 and 4. We can zake

the following observatiouns:



(1) At 60 CeV/c, we can compare our data with those of Refs, 3
saud 4. In general, the agreement for heavy nuclei is pood; for the light
puclei, there 1s agreement for some incideat particles and disagreement
for others, with the data of Refs. 3 and &4 being up to 142 larger than
ours. We know of no Teason for this discrepancy.

(2) As at lover momenta, the data for any given incident particle

and momentur were found to be well fitted by the expression
a
u;(A) - 05 A,

where A is the atomic weight of the target nucleus. Some examples of
this sre shown in Pig. 3, and the fitted values of the parameters 0; and
G are given in Table I.

{3) All of the shsorption cross sections are close to momentum
independent over the range 60 to 280 GeV/c, as seen in Fig. 2, but almost
all showv some small momentum variation., The parazeters d; and & show
momentun dependence; for all incident particles except antiprotoans, the
value of Go increases by up to 107 as the momentum increases from 60 to
280 G?V/c, with the largest increase for l+. For antiprotons, o, decreases
with increasing momentum. This, behavior is similar to that of the cor—
responding hadron-proton total sections. 1In Fig, 4, for each particle
snd mowentum, we plot the value of 06 against the corresponding hadron-
proton total cross section dh;l ve see that Uo rises monotonically with
oh. Also in Fig. 4 we shov G as 3 function of %3 the data are consistent
with ¢ approaching 2/3 for_large values of o, s would be expected for an

opaque nucleus.
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(4) Absorption cross sections for 1t and 1" are almost equal, as
is expected from charge symmetry and the closenss of the ﬂtp total cross
sectiouns.

(5) It has been noted previously that the multiple scattering
model of Glauber9 gives 8 good description of the interaction of high
energy hadrons in nuclear matter, and can be used to relate absorption
eross sections in nuclei to the corresponding hadron-nucleon total cross
uctlons."lo A preliminary comparison using this set of absorption
cross section data and our hadron total cross sectionsl also shows
satisfactory agreenent.n

We wish to thank L. W, Jones for many useful conversations on
absorption cross sections, and the staff of the Fermllab Meson Laboratory
for their assistance.
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Fig. 1. Examples of partial cross sections obtained in this experiment. The open circles
are the experimental data; the closed circles are the data after applying the correction

for quasi-elastic scattering. The range used in the extrapolation, and the fits obtained,
are also shown.
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2.

Some results from this experiment, together with data from Refs.
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Fig. 3. Some results from this experiment as a function of atomic weight.

Fits to the form o_ (4 = coA" are shown.



