
XJ9700062

E3-96-220

A.A.Bogdzel, W.LFurman, N.N.Gonin1, M.A.Guseinov1,
J.KHman2, Yu.N.Kopach, L.K.Koziovsky1, A.B.Popov,
H.Postma3, N.S.Rabotnov1, D.I.Tambovtsev1

MEASUREMENT OF ENERGY DEPENDENCE
OF FISSION FRAGMENT ANGULAR ANISOTROPY
FOR RESONANCE NEUTRON INDUCED FISSION

OF 2 3 5 U ALIGNED TARGET

Submitted to «MaepHaH cj)H3HKa»

institute of Physics and Power Engineering, Obninsk, Russia
institute of Physics, SAS, Bratislava, Slovakia
3DeIft University of Technology, Delft, the Netherlands

J>



Introduction.

The origin and nature of the Bohr's fission channels [1] and their interconnection and
relation to Brosa's fission modes [2] are the topic of discussions for last years. The use of an
aligned target in the 23sU(n,f)- reaction in the region of known s-wave neutron resonances
[3] allows to investigate [4,5] directly the dependence of angular anisotropy coefficients for
a set of observed resonances of the 236U compound nucleus on the quantum number K,
which is defined as the projection of the total angular momentum J on the deformation axis
of a fissioning nucleus. But new, more detailed investigation of epithermal neutron induced
fission of oriented nuclei via largely, isolated compound states, having a known spin J and
parity n, may give a unique possibility to get new insight into the problem. So, more
valuable information can be extracted from the study of energy dependence of this
anisotropy. This is the aim of our experiment.

Theory.

For target nuclei with the alignment/2, as it is defined in [6], the differential cross-
section of a neutron induced fission reaction can be written in the following manner [7] :
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where the angular anisotropy coefficient A2 can be written as:

The total fission cross section cx,,/o is expressed by :

The energy dependent 5/ (lj—>Kf) is an element of the S-matrix describing the transition
from the entrance channel ///// to the inclusive fission channel / with explicit quantum
number JK. The energy dependent angular anisotropy part is expressed by :
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Here gj = (2J+J)/ 2(21+1), U( 1/2 IJ'2;JI) are Racah coefficients and CJJ'K20 aie Clebsch-
Gordan coefficients containing the /^-dependence of the anisotropy part of the cross-section
in a different way compared to the total cross-section (3). A new and important point
predicted by formula (4) is the presence of interference between s-wave resonances of
different spins.

Experiment.

The experiment was performed at the beam of the IBR-30 pulsed booster source with
a neutron pulse of about 4 |is and a burst frequency of 100 Hz using a flight path 29.4 m. At
the sample position, the neutron beam parameters are: neutron flux 310 E n/cm -eVs ,
energy resolution 3.8-lO"3^ ' 5 eV. A series of collimator in the flight tube reduced the beam
size close to the cryostat to a diameter of 8cm.

As in the earlier experiments [4,5], the spins of 235U target nuclei were aligned by
electric hyperfine interaction of the quadrupole moment of 23 U with the strong electric
field gradient at the 235 U nucleus within the uranyl group (UO2) of crystals of the rubidium
uranyl nitrate RbUO2(NO3)3 (hereafter abbreviated to RUN), which were cooled to a low
temperature. The bulk of these single crystals was grown using natural uranium with outside
layers of about lmg/cm2 containing enriched 235U. From these crystals slabs of about 3 mm
thickness were cut and used to make two mosaic samples with a total area of 20 cm2 and 24
cm2. The 235U layers had the following isotopic content (in %):2 3 4U - (4.2 ± 0.1) 103,235U
- 99.42 ± 0.002,236U -(1.5 ± 0.1) 10 3 and 238 U - < 1.5 10"4. The slabs were glued on to the
opposite sides of a copper plate connected to the mixing chamber of the dilution refrigerator.
The C-axes of all slabs were carefully oriented in the same direction.

The 3He-4He dilution refrigerator could keep a low temperature on the target during
~ 50 hours. The lowest temperatures 0.07 K without and 0.1 K under neutron irradistion
were reached at the copper target plate using a 3He circulation rate of 710"5 mole/s. In the
same time it must be mentioned that deriving of the temperature of 235 U-containing layer is
a difficult task. The presumably poor and unknown heat conductivity of the RUN crystals,
high thermal resistance of glued contacts produce a significant temperature difference
between the copper plate and 235U-containing layer at the low temperatures. To solve this
problem the a-emission anisotropy from the same samples was measured. For this purpose a
small amount ( < 0.1 %) of 233 U was added to the RUN solution from which the 235 U-
containing layers were grown. The evaluation of the surface temperature under neutron
irradiation from the angular anisotropy of oc-particles gives T=(0.15 ± 0.02) K. Then using
the estimated value of the electric hyperfine coupling constant P/k = ( 0.0154 ± 0.0027 ) K
[3] the nuclear alignment parameter f2 = - 0.15 ± 0.02 was calculated for 235 U.

The a-particles and fission fragments from each sample were detected by three
silicon surface barrier semiconductor detectors of rectangular form ( 2x5 cm2 active area
each ) mounted in the directions 0°, 45° and 90° with respect to the C-axis of the RUN
crystals which were oriented along the neutron beam. In comparison with [5] the detectors at
45° were added to improve the investigation of fission fragment angular distributions. For
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Fig.l. Schematic view of the samples and
detectors.

monitoring of the neutron flux an additional
layer of a non-oriented 235 U compound,
about 0.5 mg/cm2 thick, and a separate Si
detector were placed in the neutron beam.
With its qualitatively better alpha- and fission
fragment spectra appeared also to be very
useful for an independent control of the
stability of the detectors inside the cryostat.

All detectors were kept at about IK
during the measurements. The positions of the
samples and detectors are shown in Fig. 1.

The data acquisition system (DAS)
consisted of a set of analog, logical and digital
CAMAC-blocks with a PC on-line. The DAS

allowed to accumulate 7 separate energy spectra (1024 channel each) of a-particles and
fission fragments and 7 time-of-flight spectra (4096 channel each) of fission fragments only.
It had also automatic "controller of quality" of the input information and periodical saving
of the accumulated data on the hard disk.

Results and discussion.

The aim of this experiment is to obtain the energy dependence of the A2 coefficients
in the formula (1). To do this, several steps had to be taken :
- to evaluate and subtract the background properly;
- to measure the temperature of the samples and define the alignment parameters f2, and
finally

- to extract the A2 values from the detectors counts as a function of neutron energy.
The background was measured separately at liquid nitrogen temperature using a set of

thick beam filters: Co, W, Ag , Rh and Cd, which give "black resonances" and then
approximated by the usual formula: A / x + B + Cx, where x is the channel number and
A,B,C are fitting parameters. The background during the main runs was supposed to have
the same behavior. Only Co and Cd filters were left in the beam for calibration.

After the background subtraction, the A2 coefficients were calculated for a given TOF
region from the system of equations:

0, = 0°.450.90°, (5)

where Nr(di) are the counts of the detector at angle 0, and temperature T; MT are the
counts of the monitor detector; /^(fy) = <P2(cos0i)> are the averaged Legendre
polynomials, calculated by the Monte-Carlo method. Since there is only one unknown, the
X2 - method using FUMILI code of x2 minimization was used to obtain A2.

Our energy resolution allowed us to obtain the energy dependence of A2 with
reasonable statistical errors in the neutron energy interval up to 20 eV.

The results of data processing for neutron energy 0.4 -20 eV of our first results [10]
added with the data for new four-week measurements are presented in Fig. 2.
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Fig.2. The energy dependence of fission fragment angular distribution coefficient A: from
resonance neutron induced fission of 235U aligned target: D - [5], corrected for 10% misalignment
of the crystals as mentioned in the original paper; A - [9]; O - present results. The solid is the
result of an R-matrix multilevel two fission channel calculation [11]. The curve in the lower parts of
the pictures is the fission cross section in arbitrary units.

Only statistical errors for A2 are included in the fig. 2. The systematic errors due to
uncertainty of the electric-hyperfine constant P/k and temperature are fairly large; they are
estimated by us as - 20%. These uncertainties move the whole set of i42 values up or down,
but don't change the energy dependence.

One can see that there is quite a good agreement of our data with the data of
Pattenden and Postma, especially in the low energy region where our energy resolution was
good enough, while the fitting curve, having been made by R-matrix multilevel two fission



channel calculation [11], does not seem to describe the energy dependence of A2 properly.
The reason of this discrepancy, as we believe, is that this calculation was done

without taking into account the interference between levels with different spins. A new
approach developed by Barabanov and Furman [7] allows to include the 3 - 4 spin
interference into the fitting program, and we hope that it will allow to obtain a new set of
resonance parameters which will be in agreement with our data.

Conclusions

The experiment is continuing. A new modified 3He-4He dilution refrigerator which
allows to keep a low temperature for a considerably longer time (one week or more) will be
used during the next stage of the experiment. The refrigerator has been already installed at
the IBR-30 neutron beam and has been tested. New (implanted) semiconductor detectors
have also been manufactured, tested and selected.

A new mosaic sample with thinner (~ 0.3 mg/cm2) 235 U-containing layer has been
prepared and tested. The fission fragment amplitude spectrum from this sample gives us a
possibility to get information about the dependence of the fragment angular anisotropy on
the fragment kinetic energy. The event-by-event mode of data taking has been developed
and added to the acquisition program to realize this aim.

This work was performed in the frame of the Russian State Science-Technical
Program "Fundamental Nuclear Physics" under support of Russian Basic Research
Foundation (project 93-02-16773) and the RFBR grant tfs 96-02-19162a.
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Measurement of Energy Dependence
of Fission Fragment Angular Anisotropy

I for Resonance Neutron Induced Fission of-235U Aligned Target

The results of the experiment on measuring the energy dependence of fission

fragment anguiar anisotropy in resonance neutron induced fission of '5U aligned
target in energy region up to 42 eV are presented. The agreement with the data
of Pattenden and Postma in resonances is good enough, while the theoretical curve,
calculated using th& R-matrix multilevel two fission channel approach, does not
seem to describe the energy dependence of fission fragment angular anisotropy
property. The necessity of taking into account the interference between levels with
different spins is discussed.

The investigation has been performed at the Frank Laboratory of Neutron
Physics, JINR,
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Экспериментальные исследования энергетической зависимости

угловой анизотропии осколков при делении ориентированных

ядер 2 3 5 U резонансными нейтронами

Представлены результаты эксперимента по измерению энергетической
зависимости угловой анизотропии осколков при делении выстроенных ядер
2 3 5 U резонансными нейтронами с энергией до 42 эВ. Для измеренных резонан-
сов полученные результаты согласуются с данными предшествующего экс-
перимента Паттендена и Постмы. В тоже время расчет, проведенный в рамках
R-матричнои теории в многоуровневом двухканальном приближении, не отра-
жает ряда особенностей энергетического хода угловой анизотропии осколков
деления. Обсуждаются соображения необходимости учета в теории интераре-
ренции резонансов с разными спинами.

Работа выполнена в Лаборатории нейтронной физики им.И.М.Франка
ОИЯИ.
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