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Abstract

Neutron-induced fission of 242Pu is studied at the photoneutron source nELBE. The relative fast neutron fission cross section was

determined using actinide fission chambers in a time-of-flight experiment. A good agreement of present nuclear data with evalua-

tions has been achieved in the range of 100 keV to 10 MeV.
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1. Introduction

Recent sensitivity studies of future nuclear technologies [Working Party on International Evaluation Co-Operation

(WPEC), 2008] show that a reduction of the total uncertainty of cross section data and core properties to below 7 %

is needed to perform reliable simulations of nuclear reactors. Therefore cross section measurements, in particular of

fast neutron induced fission, attracts growing interest.

Present neutron-induced fission cross section data on plutonium and minor actinides show large uncertainties in the

neutron energy range from several tens of keV up to 10 MeV. Especially for 242Pu the existing data sets differ by

about 21 % [Otuka et al., 2014].

The present work describes an experiment studying the neutron-induced fission at the newly rebuilt compact neu-

tron time-of-flight facility nELBE. The facility covers the energy range of relevance for new types of fast reactors
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and transmutation devices [Beyer et al., 2013; Junghans et al., 2013]. Improved beam power and a low-scattering

environment provide excellent experimental conditions to perform high-precision experiments.

2. Experimental Setup

For the determination of fission cross sections, fission ionization chambers are the devices of choice [Knoll, 2010].

With their high intrinsic efficiency ionization chambers are well suited to perform these kinds of experiments.

Two fission chambers (235U and 242Pu, details in [Kögler et al., 2013a,b]) have been developed at the Helmholtz-

Zentrum Dresden-Rossendorf (HZDR). The included fission samples were produced at the Institute for Nuclear Chem-

istry of the University of Mainz by molecular plating [Vascon et al., 2015]. The homogeneity of these very thin actinide

targets (235U: nA ≈ 450 μg/cm2, 242Pu: nA ≈ 150 μg/cm2) was improved by using titanium coated silicon wafer as

backing material (cf. Fig. 1).
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Fig. 1. Radiographic image of a 242Pu target included in the fission chamber. The image (refer to [Vascon et al., 2015]) reflects the activity

distribution of the sample, which is related to its homogeneity. A homogeneous target is important for the precise examination of neutron-induced

fission cross sections, if an inhomogeneous neutron beam smaller than the target area is used.

To avoid uncertainties related to beam inhomogeneity, a sample diameter of 74 mm was chosen that is larger than

the nELBE beam diameter. Both fission chambers were mounted face-to-face within the neutron beam, whereby the

uranium chamber was placed closer to the neutron source. The flight path of the neutrons was between 596.5 cm

for the first uranium layer and 639.9 cm for the last plutonium layer. A sketch of the experimental setup is shown in

Fig. 2.

Both fission chambers were operated in the forward biasing mode, which means that the fission targets are cath-

odes on positive potential. The anode was read out by a nanosecond preamplifier, which was developed at HZDR.

Compared to conventional μs-shaping time preamplifiers, this device enables total signal lengths in the order of 200-

400 ns. This reduces the α pile-up probability Pn(R, τ) drastically (95 %
τ=5μs→400ns−→ 21 %). This probability [Knoll,

2010] is defined by:

Pn(R, τ) =
(Rτ)neRτ

n!
, (1)

where R denotes the expected detection rate and τ the time window, in which n particles additional to the primary one

are detected by the same detector. For large detection rates R, higher order of piled-up events get important, because

the produced signature in the detector could then be similar to a fission fragment [Kögler et al., 2013b].

The output signal of the preamplifier was splitted to measure its charge and the timing information. The latter

determines the time of flight of the incident neutrons. A scheme of the VME based data acquisition electronics is

shown in Fig. 3.

The time of flight was measured as the time difference between the accelerator RF pulse and the signal of the fission

chamber. An MBS [Kurz and Essel, 2010] based data acquisition recorded list-mode data containing the QDC, TDC
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Fig. 2. Floor plan of nELBE (not to scale). The ELBE electron beam is coming from the lower left side and hits the liquid lead circuit of the

photoneutron source. Inside the liquid lead the electrons are decelerated and produce bremsstrahlung-photons, which in turn generate neutrons via

(γ,n)-reactions on the lead nuclei. The neutrons are emitted isotropically and part of them enter to the low-scattering experimental area through a

collimator. An evacuated beam tube is mounted inside the collimator and reaches 1 min the cave to avoid scattering on air. Traveling about 600 cm

the neutrons reach the fission chambers.

and Scaler values of both detectors. Details of the setup and the related dead-time correction are given in Ref. [Beyer

et al., 2013].

The experiment was carried out with an electron beam energy of 30 MeV, a repetition rate of 406.25 kHz and a

mean bunch charge of approximated 73 pC.

3. Experimental results

The acquired time-of-flight spectra were calibrated with respect to the bremsstrahlung peak. The neutron time-of-

flight was then calculated using:

tn = f · (chn − chγ) + L
c
, (2)

where f = 0.9766 ns/channel is the TDC dispersion, chn is the channel number in the time-of-flight spectrum, chγ is

the channel number of the bremsstrahlung peak, L the flight path to the ith fission target and c the speed of light.

Time-independent background from α-particles coming from the radioactive decay of the target nuclei was filtered

out by applying a gate on the QDC values (cf. Fig. 4).

Fission events caused by room-returned background and spontaneous fission, which is crucial for 242Pu, were

subtracted by approximating a constant value in front of the bremsstrahlung peak, between this peak and the begin of

the neutron-induced fission events and at the end of the spectrum (cf. Fig. 5).

After the background has been subtracted a translation from neutron time-of-flight to neutron kinetic energy was

performed:

En = mnc2

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
1√

1 −
(
L
tnc

)2 − 1

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠ (3)
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Fig. 3. Electronic scheme of the nELBE fission experiment. The scheme shows the data processing of one of 2x8 fission chamber channels. Each

anode is connected to a charge-sensitive (nanosecond) preamplifier. The amplified signal is splitted and used to determine the charge- and timing

information of the signal. The charge is measured by a CAEN V965A dual-range QDC. The second amplifier output signal feeds a fast constant-

fraction discriminator (CFD) developed in-house to minimize the time walk over a large dynamic range required to detect all fission fragment

signals. The output of the CFD are used to generate a trigger within a CAEN V1495 FPGA module (global “or” of all fission chamber channels), to

measure the count-rate of the fission chamber channels (CAEN V1495, Scaler) and to determine the neutron time of flight relative to the accelerator

(ACC) in a multi-event, multi-hit CAEN V1290N TDC. The experiments live and real time is determined also by the Scaler processing the busy

signal of the QDC and the transfer time of the whole DAQ.
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Fig. 4. Charge-spectra of one 242Pu deposit (left) and one 235U deposit (right). A good separation between α-particles and fission fragments is

seen. This is an additional evidence of the very good quality of the fission targets. The shaded area marks the region of clearly identified fission

fragments, which is used to suppress the constant background of the α-particles in the time-of-flight spectra.

The neutron-induced fission cross section was calculated using equation (4).

σPu
f (En) =

NU
in

NPu
in

· n
U
A

nPuA︸������︷︷������︸
k

·
ṄPu

f

ṄU
f

·σUf (En) = k ·
ṄPu

f

ṄU
f

·σUf (En) (4)

In this formula Ṅ f stands for the live-time corrected count rates of fission events in an energy bin of the time-

of-flight spectrum of the uranium or the plutonium chamber, Nin is the number of incident neutrons and nA denotes

the areal mass-density of the fission layer. Choosing two neighboring fission samples of the uranium and plutonium
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Fig. 5. Time-of-flight spectra of one channel of the 242Pu (left) and the 235U (right) fission chamber. The black histograms show distributions

including the total number of acquired fission events. A time-independent background was determined by adjusting a constant value over the three

regions mentioned in the text. This adjustment was extended over the whole range and is drawn as a blue line. The red histograms show the total

spectra after subtraction of this constant background.

chamber, the neutron scattering correction on other material in the beam except the two steel windows of the chambers

could be neglected. Together with the ratio of the areal-density of both actinide layers this can be condensed in a

constant k. The constant k is adjusted to fit the existing data. The outcome of this adjustment is shown in Fig. 6.
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Fig. 6. Neutron-induced fission cross section of 242Pu determined at nELBE (blue data points). The data is shown together with two selected data

sets from Tovesson et al. (red) and Weigmann et al. (green). The evaluated nuclear data from the ENDF/B-VII.1 database [Chadwick et al., 2011]

is shown with a solid black line together with its gray shaded uncertainty band. The nELBE data is in good agreement with the reference data, even

though only data of one fission chamber channel is shown. Since the areal density of the fission target has not been determined so far, the data has

been scaled to the evaluated data.

Presented here is only the data of one fission target of the plutonium chamber relative to one uranium target. Combin-

ing data of all acquired channels requires a scattering correction with neutron transport codes such as MCNP 5 [X-5

Monte Carlo Team, 2005] and Geant 4 [Allison et al., 2003]. Simulations of that kind are in progress. The current

data was adjusted to the evaluated data set by fitting of k, because an absolute normalization has not been performed

so far. Various measurements to determine the number of fissionable nuclei have already been performed at nELBE

and PTB Braunschweig. The analysis of this data is ongoing.
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4. Conclusions

Two parallel plate fission ionization chambers have been developed, constructed and tested successfully. The

excellent quality of the actinide layers was proven using radiographic images and the nELBE neutron beam. The

separation between α-induced background events and fission fragments is very good. The neutron-induced fission

cross section of 242Pu was determined in one week of nELBE beam time relative to the uranium chamber. Preliminary

data with only part of the statistics show a good agreement to present evaluated and measured data, in spite of the

fact that the number of fissionable nuclei has not been determined. Measurements in the open neutron field of PTB

Braunschweig, relative to the well characterized 235U transfer device H19 [Gayther, 1990; Nolte et al., 2007] and of

the spontaneous fission rate of 242Pu have been performed to determine this number. The analysis of these experiments

is in progress.
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