Lawrence Berkeley National Laboratory
Recent Work

Title
TARGET FRAGMENT MASS DISTRIBUTION FOR THE INTERACTION OF 245 MeV/A 139La
WITH 139La

Permalink

https://escholarship.org/uc/item/59t379bg

Author
Li, W.

Publication Date
1984

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5qt379bg
https://escholarship.org
http://www.cdlib.org/

LBL-17328
Preprint

‘Lawrence Berkeley Laboratory

UNIVERSITY OF CALIFORNIA

RECE!VED

LAWRENCE
BERKEL FY LABOF’ATORY

MAR 14 1984

LIBRARY anp

Submitted to Nuclear Physics A DOCUMENTSSECHQN

TARGET FRAGMENT MASS DISTRIBUTION FOR THE
INTERACTION OF 245 MeV/A 139La wrtTh 13%a

W. Li, W. Loveland, K. Aleklett, P.L. McGaughey,

and G.T. Seaborg
2

TWO-WEEK LOAN COPY

January 1984 - _
This is a Library Circulating Copy

For a personal retention copy, call
Tech. Info. Division, Ext. 6782.

which may be borrowed for two weeks.

_/

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098

-2

es =197

c. I~



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
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ABSTRACT

The target fragment isobaric yield distribution was measured for the

139 139

La with La using radiochemical techniques.

reaction of 245 MeV/A
The mass distribution shows two features not previously observed in high
energy rare earth target fragment mass distributions. These features are
(a) the appearance of a large fission fragment-like bump in the yield
distribution centered at A w60, whose integrated cross section is 540 mb,
indicating greatly enhanced fission of a target-like species (compared to
p-La collisions where o, < 1 mb) (b) a Iow, integrated total residue
production cross section of ~3.9 b, possibly indicating the occurrence of
a significant number of events that do not lead to the production of target
fragments. These observations are compared to predictions of the nuclear
~ firestreak and intranuclear cascade models. It appears the enhanced fission
of the La-1ike specﬁes is due}to significant angular momentum transfer in

this reaction while the decreased residue yield is due to the large number

of participant nucleons in this reaction.

NUCLEAR REACTIONS *3°La (%3°La,X), E = 245 MeV/A; measured o(Z,A); deduced

Of, OR



1. Introduction

The availability of very heavy ion beams at relativistic energies from the
LBL Bevalac has stimulated interest in the study of high energy collisions of
equal mass nuclei. In such collisions, it is believed that one can study
compressional and high density stages of nucleus-nucleus collisions. In this
paper we wish to report the results of some very simple single particle inclusive
measurements of target fragmentation for one case of such a collision, the inter-
action of 245 MeV/A 139Lé with 13°La. We believe that the reported measurement
of the fragment isobaric yield distribution in this reaction can reveal some of
the features seen in high energy (heavy nucleus-heavy nucleus) collisions not
.previously observed in high energy p-nucleus or light nucleus-heavy nucleus
collisions. In particular, we shall report the observation of an unusually large
fission cross section and an unusually 1owvtota1_fragment production cross section
iand shall try to suggest possible causes for these phenomena.

2. Experimental

The target fragment isobaric yield distribution was measured for the reaction

of *3°La with *3°La at a "center of target" projectile energy of 245 MeV/A using
the LBL Bevalac. A La metal target of thickness 402 mg/cm? was 1rradiated] with a
139 a 39+ beam for ~2 days with a total partic]e fluence of 5.7 x 10! jons. The
beam intensity was monitored by a thin wihdow jon chamber mounted in front of the
target. This ion chamber had been calibrated® just prior to the experiment using
a scintillator. The beam'energy entering the targef was 255 MeV/A and was
235 MeV/A as it left the target.

At the end of the irradiation, the target was cut in half, with one half being v
analyzed by direct y-ray spectroscopy while the other half was separated into four
chemical fractions prior to counting. The chemical fractions were an iodine fraction

(containing I radionuclides), a rare earth fraction (containing Sc, Y, La, Ce



radionuclides), a barijum-strontium fraction (containing Ba, Rb, Cs, Sr, radio-
nuclides) and an antimony fraction (containing Te, Sn, Sb and Tc radionuc]idés).

In the chemical separation the La metal foil was dissolved in HNO;, iodine carrier
added and the iodine extracted into CCl,. After backextraction, the iodine was
precipitated as Agl for counting. The aqueous phase from the original extraction
was evaporated to dryness and converted to 2N in HC1. This solution was contacted
with anion exchange resin (BioRad AG1-X8) with the antimony fraction being adsorbed
by the resin which was counted directly. _HZSOu was added to the eluant from the
anion exchange procedure to preéipitate the Ba-Sr fraction. The rare earth fraction
was then precipitated as LaF; using HF.

The counting of the iodine fraction began 3 hours after end of bombardment,
the Sb fraction 7 hours, the Ba-Sr fraction 8 hours and the rare earth fraction 9
hours after end of bombardment. The chemical yie]ds for each of the elements in
the fractions were determined by normalization to the radionuclide yields measufed
using the unseparated foils, making corrections for the original division of the
target foil.

Assay of the unseparated foil fraction began 10 minutes after end of irradia-
tion and assay of all fractions continued for ~1 month. The assay of the target
fragment radioactivities and the calculation of measured nuclidic production cross
sections from them was done using standard techniques that have been described
previously.3 The results of these measufements for the interaction of 245 MeV/A
13%La with **°La are summarized in Table I.

No correction was made for the loss of nuclei recoiling from the surface of
the target because of a lack of knowledge of the ranges of the nuclei involved. Based
upon previous studies4 of the recoil properties of the Tlight products from the
reaction of 18.5 GeV '?C with Gd, one would estimate that < 2 - 3% of the light
fragments are lost due to recoil. No corrections were made for reactions induced

by secondary particles because we do not have any information about the magnitude
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of the effect in our bombardment. If the secondary reaction effects were similar

5.

to those seen™ for the reaction of 25 GeV '?C with Ag, one might expect a uniform

enhancement (independent of A for A A > 20) of ~10% in the product yields, In any
case it does not seem likely that secondary particle effects could cause a reduction
in the apparent total residue production cross section, one of the principal findings
of this work. The other principal finding, an enhanced fission cross section, could,
conceivably, be due to secondary low energy projectile fragments which fuse
with the target nucleus with high transferred angular momentum and cause it to
fission. But we can make some estimates that indicate that this process is not
likely. If we remember that the multiplicity of charged particles produced in
nucleus-nucleus collisions is roughly independent of the identity of the projectile
and dependent only on the total kinetic‘energy of the projecti1e,6 then thé relevant
comparison to this work would involve 34 GeV projectiles. But for 25 GeV t2c,
36 GeV “°Ar and 42 GeV *°Ne interacting with targets of the more fissionable
16540, of comparab]e thickness to those used in this exper1ment,Kraus et al. 7
find of <10 mb, whereas the reaction of 167 MeV « particles and *°0 ions with
183Ho give of = 130 and 440 mb, respectively. Also one can note’ that 250 MeV/A 12¢C
interacting with '®°Ho gives of <10 mb. Although this evidence does not rigorously
exclude the possibility that there were secondary particle induced fission events,
it adds evidence to the argument that such effects were not a major factor.

The measured radionuclide production cross sections represent cumulative
yields (which include contributions from nuclei produced by radioactive decay). These
cross sections were corrected for decay feeding in a manner described previously 8
In making this correction; one assumes Gaussian charge distributions; i.e., the
independent yield (yield before 8 decay) cross sections can be represented by

a histogram that lies along a Gaussian curve, at constant mass number, A.



This is written as:

o(2,8) = o(A) { [ensz (A)] J% | (£ -ZpA) ) (M)
-2 s2(A)

with the three parameters: o (A) the total isobaric yield, s, (A)_the

Gaussian width parameter, and Zp (A) the most probable Z value for that isobar.

By assuming that o (A) varies smoothly and slowly as a function of A, and is
roughly constant within a small A range, one can iteratively fit the measured

data, determining Zp (A) and s, (A) for limited mass regions. ' The results of this
fitting procedure are shown in Figure 1. From the generally reasonable fits of the
data points to the Gaussian curves, one can conclude that the assumptions made in
correcting for 8 decay have been satisfied for the case under study. The isobaric
or mass yield for each data point in Figure 1 was ca1cu1afed8 and the resu]tfng
fragment mass distribution is.shown in Figure 2 and Table I along with similar

data for p-lLa collisions.

3. Results and Discussion

The isobaric distribution shows decreasing fragment yields from A ~134 to A 80
followed by a large bump centered at A ~60 (Figure 2). The former decrease is
characteristic of decreasing yield patterns with increasing A A from the target
nucleus characteristic of high energy spa]]ation reactions. The "bump" is centered
at about the same A value and has roughly the same shape as the fission fragment
distribution from the interaction of 600 - 700 MeV protons with La.g"]0 Thus we
conclude that these "bump" fragments result from the fission of a La-like species.
However the magnitude of the fission cross section in the **°La + '*°La

reaction greatly exceeds that observed in the p + **°La reaction. The value

of the integrated cross section between A = 40 and A = 80 (divided by two) is



540 mb which is to be compared to o¢ = 0.69 + 0.09 mb® or op = 0.6 mb?®
for the reaction of 600 and 660 MeV p with La, respectively.

The other unusual feature of the distribution is the magnitude of the total
integrated residue cross section (40 < A<140 with proper correction for fission)
which is ~3.9b , i.e., /0% of the total reaction cross section as calculated
for this reaction with soft-spheres model.]] In our previous experience 12 with
nucleus -Ta and nucleus -Au collisions, the measured total integrated residue cross

section is > 85% of the soft spheres estimate of the total reaction cross section.

v

To see if these new features of the fragment mass distribution are simple,
expected consequences of using a large projectile, we compared our results to pre-
dictions of two phenomenological models of nucleus-nucleus collisons, the nuclear

13 and the Yariv and Fraenkel intranuclear cascade model with cascade-

firestreak model
cascade 1'ntef‘act1'ons.14 The effect of de-excitation by fission or particle emission
upon the primary ffagment distribution as predicted by the_firestreak model were

15 of the DFF code sﬁitab]e for highly excited

calculated using a modification
fragments with modest angular momenta. (The "average" fragment in the primary
distribution has A ~110, E* 370 MeV and J ~12h). In the de-excitation calculation
af/an was set equal to 1.02.9 The results of this calculation are shown in Figure 2.
No significant amount (<10 mb) of fission is predicted to occur and no significant
amount of "missing cross section is expected. |
The intranuclear cascade model has quite different predictions for the primary
distribution, The "average" fragment in the primary distribution has A ~135 and
is more highly excited, E* 590 MeV, with higher angular momentum, J ~32h. Also
there is a broad distribution of J values with the population standard deviation
approximately equal to the mean value.
The effect of de-excitation by fission or particle emission for this primary

* 3
distribution involving species with high E and high J was calculated using the

JULIAN/PACE code.16 The rotating 1iquid drop fission barriers of Cohen, Plasil
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and Swiatecki]7 were used with the barrier height being taken as 80% of the values
given in Ref. 17. As before af/an = 1.02. A fission cross section of ~400 mb was
predicted along with a total (A >40) residue cross section of ~2.7b, in qualitative,
if not quantitative agreement with the data. In this calculation, the increased
fission is due primarily to the larger values of J. To gain an appreciation of this
effect, one can compare the de-excitation of the A = 134 and A = 135 members of the
primary distribution. Both have similar excitation energies (630 MeV) but in the
case of A=]34,'3 = 241 with o = 19h while for A = 135 J = 36h, o5 = 35f.) In the de-
excitation of the A = 134 primary fragments 1.4% fission while 8.6% of the A = 135 frag-
ments are predicted to fission. In the calculation, the relatively low target residue
cross section is a result of the fact that the average number of participants (i.e.,
struck nucleons) in the target nucleus was 127 while in the projectile it was 136.
Thus in the model, there really were few "spectators” to the collision.

4. Conclusions

We conclude that in the reaction of 245 MeV/A '3*°La with *3°La that significaﬁt
amounts of angular momenfum are imparted to the target-like fragment in the collision
causing a larger fission cross section. The lower overall residue production
cross section may indicate a very large number of both projectile and target
"participants" in this reaction. This work was supported in part by the U.S.
Department of Energy under Contract DE-AM06-76RL02227, Task Agreement DE-ATO6-
76ER70055, Mod A007, and DE-AC03-76SF00098 and the Swedish Natural Science Research
Council. We gratefully acknowledge the generosity of L. S. Schroeder, G. F. Krebs,

and the members of their collaboration who gave us their target following irradiation.
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TABLE 1

Target Fragment Yields for 245 MeV/A 3°La + !'3°La

Measured Production Isobaric Measured Production Isobaric Yield

Nuclide Cross Section (mb) Yield (mb) Nuclide Cross Section (mb) (mb)

Z4Na 42.6 + 1.1 42.6 * 4.3 T3y 9.8 + 0.8 13.8 * 1.4

28Mg 6.6 * 0.2 7.8 * 0.8 7 1.1 *+ 2.3 19.0 * 3.8

hAmg e 4.2t 0.4 -2 83Rb 22.2 + 0.8 22.3 & 2.3

835y 10.3 + 2.3 18.7 + 4.1

“6Sc 12.9 * 0.8 19.0 "+ 1.9 84Rb 4.7 t 0.5 39.4 + 3.9

“7Sc 5.6 t 0.4 13.5 + 1.3 855, 23.2 * 5.9 23.4 * 6.0

“egc 2.0 * 0.1 18.4 + 1.8 8 Smy 3.7 + 0.7 -2

wey 5.1 + 0.2 2.0 + 2.4 B 7my 24.6 + 1.2 -2

S2Mp 2.9 + 0.1 40.2 £ 4.1 88y 13.3 * 0.6 8.4 t 0.8

S“Mn 19.5 ¢ 3.7 34.4 6.4 887y 27.7 ¢ 1.1 42.6 t 4.3

67Ga 9.7 + 1.0 27.5 & 2.7 897y 23.2 ¢ 5.9 24.9 * 6.3

69Ge 15.9 t 2.0 61.1 * 7.9 5°Nb ‘ 15.4 * 0.6 30.7 £ 3.1

*%mzp 1.4 '+ 0.1 15.8 * 1.6 33my, 7.8 * 1.0 -8

735e 6.4 t 0.6 14.9 + 1.6 967c 8.8 + 0.2 19.1 *+ 1.9

T4As 5.4 % 0.4 16.4 + 1.7 ?7Ru i 17.7 t 0.6 23.6 * 2.4

755e 1.8 + 0.7 14.9 1.6 99mgp, 10.6 * 0.7 -8 N
76ps 2.7 * 1.9 38.2 + 26.3 -~ 00pg 8.2 t 0.4 27.0 + 2.7 -

76Br 7.8

I+
-
~J

11.2

t+
[\
s
1+

o
ol

|
[

101Rh 24.4

i

o X



TABLE T

Target Fragment Yields for 245 MeV/A '3°La + 13°La

Measured Production Isobaric Measured Production Isobaric Yield
Nuclide Cross Section (mb) Yield (mb) Nuclide Cross Section (mb) (mb)
101py 16.2 £ 3.2 27.9 t 5.6 _123Xe 38.0 * 2.9 81.0 + 8.1
1055¢ 27.1  * 0.4 27.1 2.7 125xe 63.8 * 1.2 75.1 + 7.
1o6my o 8.6 + 0.2 -2 1261 5.7 + 1.0 103 + 18
11l1p 28.4 t 0.6 28.4 * 2.9 127%e 72.2  + 1.8 84 + 8
113gn 43.7 % 5.5 44.2 * 5.5 127¢cx 73.5 * 3.0 107 + 11
1161 18.1 * 1.0 44,0 4.4 1284 37.2 ¢ 1.1 142 + 14
Plmgy 5.1 * 0.6 129¢g 103 + 1.7 110 + 11
117gj, 29.4  t 4.7 29.4  t 4.7 123mg,y 46.8 + 9.4 -2
118mgy, 6.9 t 0.6 _a 131p, 97.1 *+ 1.0 142 + 14
11%mre 16.5 + 1.1 -2 1320 22.0 * 0.4 125 + 13
13214 48.5 * 0.4 141 + 14
120gy 2.6 * 0.1 56.7 + 5.7 132¢e 4.9 + 4.7 197 + 187
133mg, 42.6 + 1.3
132¢e 33.3 ¢ 11.0 273 + 91
121y 55.5 + 8.8 76.0 + 12.1 135Mp, 42.6 2.2 -2
122ye 21.2 £ 2.3 81.3 * 8.8 135¢ce 27.6 * 1.0 124 + 12
1231 72.9  t 5.5 76.2  + 7.4 13Tmeg 34.3 t 2.4 -2

1T -



TABLE I

Target Fragment Yields for 245 MeV/A '3%La + 13°La

Measured Production Isobaric
Nuclide Cross Section (mb) Yield (mb)
139¢ce 23.5 ¢ 1.3 29.7 + 3.0
14%.a 5.9 + 0.5 _54.7 £ 5.5 )
Note: a 1Isobaric yield not computed because we believe a substantial fraction of isobaric yield

is an unobserved member of isomeric pair

A



Figure Captions

Figure 1.

Figure 2.

The charge dispersion curves for the 245 MeV/A '3%°La + !3°La
reaction are shown as a function of the mass region of the products.
The triangles indicate isomeric yields where it is known that part

of the yield for that nuclide is "missing."

The target fragment mass distribution for the reaction of 245
MeV/A '3%La + !3°La is shown. The solid line is to guide the
eye through the data. The histogram represents the prediction

of the firestreak model.
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