Lawrence Berkeley National Laboratory
Recent Work

Title

IMPLICATIONS OF THE TARGET RESIDUE MASS AND CHARGE DISTRIBUTIONS IN THE INTERACTION
OF 8.0 GeV 20Ne WITH 181Ta

Permalink

https://escholarship.org/uc/item/42h4 636

Author
Morrissey, D.J.

Publication Date
1978-05-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/42h4636t
https://escholarship.org
http://www.cdlib.org/

T
Ay
ety
*4

To be submitted for Publication I

LBL-7718¢ - )

= Preprint

ot B

" 1y

C e LA A DRY
Loyl /8

R SRS LA
R | SLL DN

IMPLICATIONS OF THE TARGET RESIDUE MASS
AND CHARGE DISTRIBUTIONS IN THE INTERACTION

oF 8.0 GeV 2ONe WITH 1811,

D. J. Morrissey, W. Loveland and G. T. Seaborg

May 1978

prepared for the U. S. Department of Energy
under Contract W-7405-ENG-48

e
TWO-WEEK LOAN COPY )
This is a Library C ircu.lating Copy
which may be borrowed for two weeks.
| For a personal retention copy, call
\Tech. Info. Division, Ext. 6782

_/

-

a1 | YAt



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '



sy
e

Implications of the Targét Residue Mass
and Charge DistributiOns in the Interaction.

u of 8.0 Gev 20ne with.lalTa*

D. J. Morrissey, W. Loveland! and G. T. Seaborg

Lawrence Berkeley Laboratory
and Department of Chemistry
University of California
Berkeley, California 94720

*This work was supported by the Nuclear Phy51cs D1v151on of
the U.S. Department of Energy.

tPermanent address: @ Department of Cheﬁistry, Oregon State
University, Corvallis, Oregon 97331.



IMPLICATIONS OF THE TARGEYT RESIDUE MASS
AND CHARGE DISTRIBUTION IN THE INTERACTION

OF 8.0 Gerzo

Abstract

Target residue mass and charge distribu-
tions have been measured radioanalytically
for the reaction of 8.0 GeV 20Ne ions with Ta.
These distributions are very similar to those
distributions observed in the reaction of Ta
with protons of equivalent total energy rather
than equivalent velocity. Detailed comparisons
of the production cross sections for near target
residues with abrasion-ablation model calcula-
tions show these products to have an excitation
energy of ~75 MeV.

Introduction

Previous studies of the target residues
from relativistic heavy ion (RHI) reactions,
particularly with heavy targets,ir2 revealed
the production of nuclei with masses greater
than half the target mass. These residues were
studied in the interaction of 25 GeV 12C with
Cu3, Ag4, Au and Pb? and Ul, as well as 80 GeV
40ar with CuS. Comparison of the measured mass
and charge distributions of these “"target residue
nuclei® with predictions of the simple clean-
cut picture of the abrasion-ablation model6.?
indicated that many of these nuclei were the
survivors of the primary target-projectile
encounter and, furthermore, some of these nuclei
resulted from encounters with impact parameter
b < 0.7 (Rg + Rp). It is common when discussing
projectile fragmentation processes in RHI
reactions to describe experiments in terms of
the projectile velocity (i.e., 2.1 GeV/amu,
etc.).8 Measurements by Cumming et al.3:5 have
shown that the isotope production cross sections,
425/47dA, for the interaction of RHI's with
Cu targets compare most favorably with isotope
production cross sections from reactions induced
by protons of equivalent total energy. In view
of the observed difference between REI reactions
with low mass and high mass targets,l:3 and
the larger volume to surface ratio in the heavy
nuclei, we felt it was important to study the
relative importance of velocity and total energy
in RHI interactions with heavy nuclei. The
previously observed dramatic differences in
do/dA for the reaction of Ta with 340 MeV
protons? and with 5.7 GeV protonsl0 can be

seen in figure 1.
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We report in this paper the results of
measurements of the production cross sections
of these heavy target residues from the reaction
of 8.0 GeV (400 MeV/amu) 20Ne with Ta. We also
report the results of detailed calculations
of the mass and charge distributions for this

reaction with the abrasion-ablation model.

Experimental

A Ta foil (of thickness 164.6 mg/cm2
surrounded by 5.4 mg/cm2 mylar catcher foils)
was irradiated for 247 minutes in a beam of
8.0 GeV 20Ne jons of intensity ~1.64 x 1010
particles/min at the Lawrence Berkeley Labora-
tory Bevalac. Gamma-ray spectrometric measure-
ments of the radioactivity induced in the
target and catcher foils began 14 hours after
bombardment and continued for about five weeks.
Approximately 60 radionuclides were identified
in this study on the basis of their Y-ray
energy, half-life and radiation abundances.ll
Using the procedures described elsewhere,l2
independent yield formation cross sections,
d20/424A, were calculated for all radionuclides.
This was accomplished by correcting for pre-
cursor decay through fterative fitting[of
Gaussian charge dispersions of the form
P(2,2p) = (21022)"1/2 exp(-2-2p)2/2032)] to
the corrected data. ’

Results

Comparison of the mass yield data from
the RBI and proton induced reactions in
Pig. 1 shows the dramatic agreement between
the mass distributions of 8.0 Gev 20Ne and
5.7 GeV protons. The total integrated cross
section for species with A>40 is 2.5 barns.
Using the Bradt-Peters geometrical form
for the reaction cross section,l3 Op =
Tro2(A11/3 + A31/3 - b)2, and the parameters
obtained by Beckman et al.8 for A; = 20,
Ig = 1.37 fm and b = 0.51, one obtains a
reaction cross section of 3.64 barns. Thus,
our results set an upper limit on the extent
of central projectile-target collisions in which
no survivors (with mass number A>40) occur
at <308 of the total reaction cross section.
Also shown by the dashed curve in Pig. 1 is
the prediction of the abrasion-ablation model
for the product mass distribution for this
reaction.6:7 Primary residues or target spec-
tators are those fragments that remain after
the overlap region between the two sharp
spheres is removed from the target nucleus by
the interaction (abrasion). These primary
residues are assumed to have an excitation
energy due to the increased surface area of
the distorted fragments,6 and are de-excited
through a statistical evaporative cascade with



fission competition’ (ablation). Pigure 1

shows that the shape of the target residue
distribution is correctly predicted by this
model (indicating that the shape of this
distribution is largely governed by geometrical
factors), but the magnitude of the cross section
is overestimated by a factor of two.
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Fig. 1. Product mass distribution from the
: reaction of 8.0 GeV 20Ne with Ta.
For explanation see text.

Conclusions

Thus, our results show that the total
energy of the incoming projectile, rather than
its velocity, appears to determine the produc-
tion of target residue nuclei from high mass
targets, as was the indication for Cu targets.’:
Further, the predictions of the simple clean-
cut picture of the abrasion-ablation model do
not work as well at 400 MeV/amu as at 2.1
GeV/amu, in fact overestimating the production
cross sections at the lower energy. And finally
as our data show, it appears that some of the
target residue nuclei are produced in interac-
tions involving significant overlap of the
central densities of projectile and target
{b~0.55 (Rp + R¢)). These "hard”® collisions
would appear to offer exciting opportunities

to study new aspects of nuclear reaction
dynamics. The authors would like to thank their
colleagues Roland J. Otto and Michel de St.
Simon for their assistance in data taking, and
for many helpful discussions in the course of

this work.
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