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The angular distributions of fragments from neutron-induced fission of 2**U are measured by means of glass

plates in the energy range 13.5 < E,(MeV) < 17.5. The behavior of the angular anisotropy in this energy

region, where (n,f), (n,nf), and (n,2nf) reactions are possible, shows a clear increase at the ***U(n,2nf)
threshold.
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measured fission-fragment anisotropy A(E,, 0 frapment)-

Neutron-induced fission of 2**U in the energy =17.5 in steps of 100-200 keV.
region 12=FE (MeV) =18 can occur by the reactions Neutrons in the energy range 13.5-14.8 MeV
(n,f), (m,nf), and (n,2nf) (Ref. 1). The expecta- are produced by the 3H(d, n)*He reaction by means
tion®"® that the anisotropy A=W(0°) -1 increases of a solid CuTi®H-2 target and 150 keV deuterons
at energies near the fission thresholds® is well (see Fig. 1). Higher energy neutrons (E,=16.13
confirmed by experimental results for the (i, f) and 17.47 MeV) have been produced with a tritium
and the (n, nf) reaction.””*? For E,>12 MeV, gas target® and deuterons of 1.0 and 1.8 MeV, re-
where the (n, 2nf) reaction becomes possible, no spectively. Fragments from neutron-induced
marked increase has been found.”!%213-1% The aim fission of a 28U target (99.8% 238U, 0.2% 23U,
of this experiment was the measurement of the 2.06 mg/cm?) have been detected by means of
anisotropy in the energy range 13.5<E, (MeV) glass plates.? The fission track detectors and
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the 8V target were mounted in a scattering
chamber connected to a Vacion pump. The dis-
tance of the 2%%U target to the neutron source and
the glass detectors was about 10 cm and 11.5 cm,
respectively. After each irradiation the glass
plates were etched for 300 s by 10% hydrofluoric
acid at 20°C. The tracks were observed by means
of a travelling microscope.

The normalized experimental angular distribu-
tions W(6) are reported in Fig. 2, where 6 is the
angle between the neutron axis and the direction
of the fission fragments (see Fig. 1). To check
if the 2%8U target is sufficiently thin compared with
the range of the fragments we measured the azi-
muthal angular distribution W(¢) (Fig. 3) which
is assumed to be isotropic. In this way it was
possible to determine the influence of the target
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FIG. 2. Normalized fragment yield W(6) for neutron-
induced fission of %8U. The dashed curves are least
square fits to the experimental data using the function
given in Eq. (1).

fragment - yield

distributions
Wi(g)

(a) %%°U : 2.06mg/cm?

1A\
A\Y

PN

o

A\

T \W

———t

——
——

——

——t
——
—e—
——

0.5 | 4

(b) 28U : 4.30mg/cm?

0.0 1
1 5 9 13

1 1 il

Nr. of fragment detector

FIG. 3. The influence of the 28U target thickness in
the normalized yield W(¢) of each fragment detector.
The actual measurements have been carried out using
target(a).

thickness on the fragment yield W(¢) of each frag-
ment detector.

The reported errors are only the statistical
ones. The error of the distance of the ?*®¥U target
from the fragment detectors (1%) as well as the
error of track counting under the microscope (1%)
are small compared with the statistical ones (7%).
The mean uncertainty of the emission angle
6(+2.6°) is due to the uncertainty of the elevation
angle of the scattering chamber (+0.5°) and to the
angular acceptance (+2.5°) defined by the geomet-
rical arrangement of the 2°®U target and the
counting area (0.5 X1.86 cm) of the detectors.

The neutron energy uncertainty AE, is mainly
given by the straggling AE, and the energy loss
AE, of the deuterons in the tritium target. To
minimize the sum of these contributions the mea-
surements around 6,=90° have been made with a
tritium target at 45° to the deuteron beam. At
maximum AE, is 88 keV and AE, gives 195 keV.

The normalized experimental data (see Fig. 2)
have been fitted with
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FIG. 4. Fission-fragment anisotropy A versus neutron
energy E,. (@, this work; O, Ref. 22; B, Ref. 19; A,
Ref. 13; A, Ref. 10; V, Ref. 7; O, Ref. 17; ¥, Refs.

16 and 23; O, Ref. 14.)

W(6)=1+A cos?6 @

and lead to the anisotropy values A which are
reported in Fig. 4 together with our previous ex-

perimental results® as well as with the data mea-
sured by other groups. Our measurements of the
anisotropy A (Fig. 4) show the increase in the
neighborhood of the fission threshold as expected
from theories but not clearly shown so far by ex-
perimental results. Our attempt in explaining the
angular momentum behavior of the fragments
from the fissioning nucleus 237U was inconclusive
due to the complicated reactions leading to 237U.
The only conclusion which can be drawn from this
attempt is that the statistical model cannot explain
the behavior of the anisotropy in the vicinity of
the fission threshold. Although the various pa-
rameters extracted from our BCS model calcula-
tions are reasonable they could be affected by
large systematic errors and are therefore not
reliable.

We wish to thank Professor Dr. E. von Gunten
and P. Schmied (Eidgendssisches Institut flir Re-
aktorforschung, Wiirenlingen) for the preparation
of the #*®U targets. We are grateful to Dr. H. C.
Britt (Los Alamos Scientific Laboratory, Los
Alamos, New Mexico)for his interest in this work.

*This work has been supported in part by the
Schweizerischer National Fond and in part by the
U.S. E.RD.A.

INeutron Cross Sections, compiled by D. J. Hughes and
R. B. Schwartz, Brookhaven National Laboratory Re-
port No. BNL-325 (U.S. GPO, Washington, D. C.,
1958), 2nd ed.

%3. 3. Griffin, Phys. Rev. 116, 107 (1959).

3A. Bohr, in Proceedings of the Intevnational Confevence
on the Peaceful Uses of Atomic Enevgy, Geneva, 1955
(IAEA, Geneva, 1955), Paper No. P/911.

41. Halpern and V. M. Strutinskii, in Proceedings of the
Second Intevrnational Confevence Peaceful Uses of
Atomic Enevgy, Geneva, 1958 (IAEA, Geneva, 1958),
Vol. 15, p. 408.

5J. A. Wheeler, in Fast Neutvon Physics, edited by J. B.
Marion and J. F. Fowler (Interscience, New York,
1963), Part II, p. 2051.

8J. R. Huizenga, in Nuclear Stvuctuve and Electvomag-
netic Intevactions, edited by N. MacDonald (Oliver and
Boyd, Edinburgh, 1965), p. 319.

"R. L. Henkel and J. E. Brolley, Jr., Phys. Rev. 103,
1262 (1956).

83. E. Simmons and R. L. Henkel, Phys. Rev. 120, 198
(1960).

% . Emma, S. Lo Nigro, C. Milone, and R. Ricamo,
Nucl. Phys. 63, 641 (1965).

0R. B. Leachman and L. Blumberg, Phys. Rev. 137,

B814 (1965).

UK, D. Androsenko and G. N. Smirenkin, Zh. Eksp.
Teor. Fiz.-Pis’'ma Red. 8, 181 (1968) [JETP Lett. 8,
108 (1968)].

25, Lo Nigro and C. Milone, Nucl. Phys. A151, 182
(1970).

33, E. Brolley, Jr., and W. C. Dickinson, Phys. Rev.
94, 640 (1954).

1A, A. Varfolomeev, A. S. Romanceva, and V. M.
Kutukova, Dokl. Akad. Nauk SSSR 105, 693 (1955) .

5A. Katase, Mem. Fac. Eng. Kyushu Univ. 21, 81 (1961).

63, Csikai and S. Nagy, J. Nucl. Energy 21, 375 (1967);
Nucl. Phys. A173, 571 (1971). -

TF, Gonnenwein and E. Pfeiffer, Z. Phys. 207, 209
(1967). _

8y, Emma, S. Lo Nigro, and C. Milone, Lett. Nuovo
Cimento 3, 542 (1970).

%y, Emma, S. Lo Nigro, and C. Milone, Nucl. Phys.
A157, 449 (1970).

A1, Sick, E. Baumgartner, P. Huber, and T. Stammbach,
Helv. Phys. Acta 41, 573 (1968).

YR. L. Fleischer, P. B. Price, and R. M. Walker,
Annv. Rev. Nucl. Sci. 15, 1 (1965).

2G. Zographos, Diplomarbeit, Universitit Basel, 1969
(unpublished).

BE. Barutcugil, S. Inhdsz, M. Varnagy, S. Nagy, and
J. Csikai, Nucl. Phys. A173, 571 (1971).




