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Emission of long-range alpha particles in the photofission of U with 20-Mev bremsstrahlung
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Long-range alpha particles emitted in the photofission of '"U with 20-MeV bremsstrahlung were
measured. The binary to long-range alpha particle ratio, (E ), and full width at half maximum (E ) were
deduced.

NUCLEAR REACTIONS, FISSION U(y, E), E„m~ =20 MeV, measured: Long-
range o,'spectrum.

The long-range alpha accompanied fission (LRA
fission) has been extensively studied for the ther-
mal neutron induced fission of fissile nuclei (e.g. ,
"'U, "'U) and for the spontaneous fission of
"Cf.' ' From the detailed similarities of the

characteristics of the heavy fragments and of the
neutrons evaporated from them4 ' in the fission
modes with and without emission of LRA particles,
we learn that we do not deal with two different
channels and that information obtained from one of
these modes can be applied to the other.

Since the characteristics of the LHA particles
are determined by the initial conditions at the
moment of scission, the study of LRA fission can
yield interesting information on the dynamics of
the scission configuration (e.g. , on the distance
and velocities of the fission fragments at the mo-
ment of scission).

As no information on the LHA-particle energy
distribution is known and only one value of the
binary to LRA-particle accompanied fission prob-
ability (B/LRA) has been reported' for photofis-
sion, a two-parameter study of the LRA photofis-
sion of "'U with 20-MeV bremsstrahlung was
performed. (Binary fission indicates those events
in which, besides the two heavier fragments, no

other light particles than neutrons are emitted. )
The bremsstrahlung was produced by 20-MeV

electrons in a 0.1 mm thick gold foil. The photon
beam was cleared of electrons with a magnet and
collimated to a diameter of 1.5 cm at the target
location. The target, prepared at the Central
Bureau for Nuclear Measurements, Euratom-
Geel, consisted of a 416 pg/cm' '"U layer (UF4
form, enriched up to 97%%uo '"U) on a 50 pg/cm'
VYNS backing with 10 pg/cmm Au.

A detector telescope particle identification
system had to be used to separate the LHA parti-
cles from a high. proton background, which was
predominantly produced by (y, P) reaction in the
carbon of the target backing and the F of the tar-
get. The photofission cross section has a maxi-

mum value of -180 mb at 14 MeV photon energy. '
If a B/LRA ratio of about 600 is assumed, the
expected LRA photofission cross section is thus
of the order of 0.3 mb. The "C(y,p) cross section
on the other hand, reaches a maximum of -13 mb
at 22.5 MeV photon energy and has a value of -5
mb at 20 MeV, ' while the "F(y,p) cross section
reaches a maximum of -5 mb at 20 MeV photon
energy. " The counter telescope consisted of two
Au-Si surface barrier detectors, a totally depleted
&E detector of 32.1 p.m thickness, followed by an
E detector depleted to a depth of 500 p,m. The
active area of the detectors was 150 mm' in order
to minimize the y pile-up in the detectors. " The
~E detector was shielded by a 20 p,m Al absorber
in order to stop the fission fragments and the
natural alpha particles of the target and to reduce
the background due to secondary electrons, pro-
duced in the target by the bremsstrahlung. A 10
mm diameter collimator in front of the ~E de-
tector defined a more homogeneous region of this
detector. Based on the difference in energy loss
in the thin ~E detector for different light parti-
cles with the. ,+arne initial energy, identification
is possible. "

The amplified pulses from the detectors were
fed into two Northern NS623 analog-to-digital
convertors. The coded coincident signals were
stored event by event on a digital cassette recor-
der by means of a microprocessor system (INTEL
8080) in a 4096 by 4096 channel configuration.
The detectors were calibrated using well known
natural & lines from the target and from a '"Th
source. The stability of the two detectors chains
was checked with a pulser. The y-flgsh pulses
were measured continuously. The coincident
signals of the telescope system were registered
after on-line correction by subtraction of an
average value of the y-flash pulses. The two-
dimensional 4E-E data are handled off-line with
a PDP-15 computer system.

The fission fragments are counted in a third
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FIG. 1. Two-dimensional E-~ spectrum of the LRA
particles for the photofission of U with 20-MeV
bremsstramung. In each channel the number of counts
is indicated.

detector, placed on the opposite side of the target.
'The geometry factor between this detector and the
telescope system was determined by counting in
both detector systems the natural n particles of
the '"U target used. Coincidence losses in the
telescope were less than 1%; this was checked
with the 8.785 MeV ~ Po ~ particles from a Th
source.

Three independent experimental runs, each of
about 24 hours, were performed under the same
experimental conditions. The results of the three
runs were in agreement within the statistical ac-
curacy. The total number of recorded LBA parti-
cles was 346. The overall two-dimensional E-~E
spectrum is shown in Fig. 1. In each (E, hE)
channel the number of counts is plotted. It is
clear that the LRA particles are very well sepa-
rated from the high background in the low-energy
part of the spectrum. The particle spectrum
corrected for energy losses in the aluminium
absorber is shown in Fig. 2. A Gaussian was
fitted through the data points. The peak of the
energy distribution is 15.8+ 0.5 MeV and its full
width at half maximum (FWHM) is 9.6+ 0.8 MeV.
The binary to LRA-particle emission probability
B/LRA is 580+ 50. The uncertainty takes into
account the statistical error, a possible error
intro'duced by the extrapolation of the LRA data
to low-energy values and the uncertainty intro-
duced by performing a correction for the emission
of 'He particles. The value 1.91%, as observed
for thermal neutron induced fission of '"U, was
taken" for the ratio of the 'He to LBA emission
probability.

The B/LRA value, deduced from our experi-
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FIG. 2. The spectrum, corrected for energy losses,
of the LRA particles emitted in the photofission of ~U

with 20-Me V bremsstrahlung.

ments can be compared only with the tentative
value 400+200, obtained by Titterton and Goward'
for the photofission of '"U with 23-MeV brems-
strahlung. In these experiments only 4 LBA
events were observed. No other B/LRA values
have been reported in the literature for photofission.

The B/LRA ratio expected for the fission of the
compound nucleus '"U from the semiempirical
relation

1'(Z,A) =[b(4Z -A.)+a] x10-'

given by Halpern' for the LRA/B ratio 1'(Z,A),
for the fission of the compound nucleus with mass
number A and charge number Z, is 560. For the
coefficients a and b we used the values -15.51
and 0.13, respectively, calculated by Wagemans
et al. '4 for the thermal neutron induced fission of
several nuclei. The calculated B/LRA value is in
very good agreement with our measured value for
20-MeV bremsstrahlung-induced fission of '"U,
indicating the nearly (compound nucleus) excita-
tion energy independence of the B/LRA ratio. The
relative insensitivity of the light charged particle
emission probability to excitation energy con-
firms once more that these particles are not
evaporated from the accelerated fragments but
that they must be emitted from the neck region
close to the moment of scission.
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