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ABSTRACT

. . ) ) . . . 240m
The excitation function for the Ffission isomer 0 Pu

-

) . 38 . .
produced in the rcaction of “2%0 with a particles, has been

measured at laboratory incident cnergices rimping from 20.1 to

27.3 MceV. A value of S.Sig'g nsce was obtained for the halfl-
. 240m . . P
lifc of Pu. The results are comparcd with other measurc-

ments performed using different experimental methods., (A“HLM>



Introduction

The Z",Uml‘u fission isomer has been studiced in detail by
scveral authors, and rclative encrgics and spins of levels in
the sccond potential well have been determined. For this
isomer, six measurements of half-liic and cxcitation function
using different techniques were published, with half-lives
ranging from 2.4 to 9 nsce /1-0/, Uross-scotions also show
disagrecement.,

In this work, ncw mcasurements are presented for the ex-

. . . ) 240 .. .
citation function and half-1ifc¢ of the 4(mPu fission isomer,

formed in the reaction 238U(u,&0£40mpu. Lxperiments were
performed at a-particle encrgies ol 20.1, 21.1, 21.6, 22.2, 24.2,

25.2 and 27.3 MeV (#0.1 MeV)

Experimental Procedure

Alpha-particles from the variable energy Cyclotron of
the Instituto de Engenharia Nuclear, Rio de Janciro, with
encrgices up to 28 MeV were used.  The enerpy spread of the
beum was about 100 keV. The target consisted of metallic
natural U, which was cvaporated on an ordinary 4 mg/cm2 alu-
minum foil. Target thicknesses ranged from 24 to 130 ug/cmz.
Duc to a cooling system and good thermal contact between
target and target holder, currents up to 5 uA could be used
/7/.

To discriminate isomeric {rom prompt fission fragments,

the fission in flight method was cmployed /8/, the geometry



of which 1s shown in the msct of tipe 1o The a-particle
beam was collinmated hy two Smm o tantalum slits, 200 cm apart,

producing a beam spot of 3.5 mm diramcter at the tarpet.

The detector, a pobicarbonate foil (HAKROFOL) . 100
thick, was placed on the taper wall of o 24,5 mm radius cyl-
inder. Prompt fission (ragments were monitored with a Si
surface barricr Jdetector, sot at 0 to the incoming bcam.

For wome encrpivsi, two raps were perlormed 1o meatare
prompt and isomeric fission distributions with an accumulated
charge of about 200 pC and 20.000 pC, respectively. The short
Tun gave the 90° prompt fission cross-section, which in turn
was used to determine the i1someric to prompt fission ratio.

After irradiations the MAKROFOL foil was ctched, according
to procedures described in /9/. Optical scanning with a micro-

scope was used to mcasurc track densitics.

The distribution of tracks produced by the fission frag-
ments on the detector foil, allows the determination of the
half-1ifc and the cross scotions for jsomceric and prompt fis-
sion o, and Op‘ The extrapolated ratios of isomeric to prompt
fission track densitices at 90°, yicld the cross scction ratios
°i/°p' Through this normalization the effect of the Coulomb
barricr on the cxcitation function is climinated. For thick
targets the fraction of isomeric nuclei which are not able to
leave the target was taken into account. Monte-Carlo simu-
lated curves /10/ for different half-lives were compared with

the experimenta) ones. From 1his comparison the half-live and

[ » !
the cross scction o, were obtained. The simulations took into



A,

account corrections tor the vetlocity distribution and anpgular
spread of the recoidl nucteir leaving the target, and for the
finite target size.

An isotropte anpular distribution for isomeric fission
fragments was assumed, consistent with experimental results of
ref. /V11/. In the calculations it was assumed that the recoil
ing nuclel, go into a cone with o half-opening of A5% and are
und formly distributed /13/. The vewulbes ohtained for the half-
life differ at most by o.l ns in comparison with cualculations
with no angular sprecad.

It was not necessary to include a minimum detectable angle
of incident fragments for the following rcasons: i) with optical
scanning the observation cut-off for the angle of incidence is
nearly 0° /6/; 1i) for MAKROFOL the 'critical angle of etching”
is 3° /12/; 3iii) in the geometry uscd, an angle of incidence

lower than oy czynal to 3% is highly unprobable.

Results and Discussion

In fig. 1 a typica) cexperinental result for the track
distribution of fission fragments is shown for a thick target
of 130 ug/umz. simulated track distributions for half-Jives
of 3.4, 3.8 and 4.4 ns arc includcd‘(curvcs i, 11, 141). A
least squares fit to the experimental distribution gives a
half-life of 3.8 ns with an error of about {tg:g ns. (Curve

1V was calculated without corrections for the velocity dis-

tribution of the recoil nuclei, and for '1'1/2 = 3,8 ns).

R



IFor the haif-life determination thick targets were used,
for which the velocity spread ranges {rom zero to the maximum
value, given by momentum conscrviation. Thus no uncertainty

exists for the tower bimit ol the velocity.,

For cross-scction measurements mainly thin targets were
used, for which the range of the recoils was larger than tne
target thicknesses. This cnsures that all recoilling nuclei
lcave the target, thus reducing the experimental error.

In table I a comparison with other half-life mecasurements
is given. Our value of 3.8 ig’g ns 1is in good agrecment with
the results obtained with clectronic techniques /2,5/. The
measurements performed with differcnt fission in flight experi

mental arrangements show less agreement with ours.

Cross sections o and ratios oj/op have been measured
for energies from 20.1 to 27.3 McV. The results are shown in
Table 1) and Figs. 2 and 3.

The excitation function (ui/op) in ¥Fig. 3 was comparcd
with ref. /5/, and a discrepancy of a fuctor of two exists, at
the most., Our results for o, (Fig. Z) are in good agrcement
with the results obtained in a different detection gceometry
with the recceil method /6/. bisagreement cxists with cxperi-

ments performed with electronic techniques /2, 5/.

We may conclude that our experiment represcnts a contri-

bution for resolving the c¢xisting discrepancies in the cxperi

mental results, concerning the half-life and excitation

240m

fupction of the fission isomer Pu.
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a) Experimental trachk distribution lor prompt and
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S.8ns (L) and A.dns(l1)). Curve 1V corresponds
to a half-1i1fe of 3.8ns assuming a unique recoil

velocity.

b) Diagram of target and MAKROFOL holders. Isomeric
nuclei that recoil into the rcgion in front of
the target undergo fission and produce tracks in

the MAKROVKOI..
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Excitation function for U238(4Hc,2n)"40mPu.
(e Nambood:iri et al /0/, A& Vandenbosch ct al /2/,

o this work).
Isomeric ratio o./o_ for the reaction 238U(a 2n)24
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Table |

thickness

Work

Rel. Reaction Encrpy(MceV) | Tarpet
(ng/cmé)
o n 2 38y (a,2n) | 23 - 28 t ified
g 2 ,2n ; 2 not specif.
g 238
° o 5 U(u,2n) | 21 - 28 100 - 490
o~
¢ — yacy}
T A 23¥0ny ) | 22 1000 - 1500
~—t 3]
u} -
U
~ 1 2")l’u((l,p) 13.0 5 - 30
’: -"V
- 2 3 238y (o, 2n)| 20.1 100
o o
. . 238 )
oo 6 238y (a,2m)| 20.0-37.4 | >200
N S
- 238 n
b Present U (e,2n)} 20.1-27.3 24 to 130

{4.1 a2
29Y5.8

RER

2.420.5

+0.0
°:.0.4




Table 2

Reaction lSHU (u,Zn)zanmPu
Bombarding Isomer cross Cross scction
enerpyflab) section v, rat H)Ui/op
(MeVv) (1th)
20.1 0.3210% 2.5x1077220%
21.1 1.2x10%
21.6 - A.4220% 7.0x107°130%
22.2 1.82108 0.4x107°£20%
24,2 11.510% 5.3x107°220%
25.2 8.9510% 2.8x107 74204
27.3 4.,1120% 8.1x107 2304
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