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H. Al Obiesi, T. Elfruth, T. Hehl, M. Toepfer, D. Seeliger,
K. Seidel, S. Unholzer

Technische Universitat Dresden, Sektion Physik

Mommsenstr. 13, Dresden, DDR-8027,

Abstract

Double-differential neutron cross section of Vanadium, Tantalum
and Tungsten at 14 MeV incidence energy have been measured using
the TUD time-of flight spectrometer. The experimentally obtained
data are compared with previous results of experiments as well as
with ENDF/B-1IV data and with caculations using the SMD/SMC-model
code EXIFON.

1. Introduction

Vanadium (V) , Tantalum (Ta) and Tungsten (W) are used in
fusion reactor designs as structural and shielding materials. Due
to the location of this materials &also near by the DT-neutron
source the double-differential neutron emission cross section
(DDX) of V, Ta and W at 14 MeV incidence energy are of special
importance. In the WRENDA-List 1887/88 (World Request List for
Nuclear Data) /1/ accuracies of 10Z for W (priority 1) and 15% for
V and Ta (priority 1 and 2, respectively) are demanded. Besides a
good knowledge of the spectral shape of the energy differential
neutron emission taking into account direct and other
preeguilibrium contributions the angular distributions of the
neutron emission have to be well determined.

In almost all of the evaluated data library files for V, Ta and
W (see e.g. ENDF/B-IV) preequilibrium contributions in the high
energy part of the neutron emission spectra are neglected or are
underestimated. Angular distributions of inelastic scattered
neutrons are assumed to be isotropic with exception of the
scattering from only a few low-lying levels. In the frame of the
IAEA Co-ordinated Research Program (CRP) on measurement and

*) This work was done 1in the frame of the IAEA Co-ordinated
Research Program on "Measurement and analysis of 14 HeV
neutron-induced double-differential neutron emission cross
sections needed for fission und fusion reactor technology.



analysis of 14 MeV neutron-induced double- differential neutron
emission cross sections needed for fission &and fusion reactor
technology DDX for V, Te and W were measured at the 14 MeV
neutron generator of the Dresden University using the installed
time-of-flight spectrometer which was particularly constrﬁcted to
study the angular distribution of the neutron emission at 14 MeV
incidence energy.

i

2. Experiment and dats processing

The geometrical arrangement of the DDX experiment is shown in
Fig. 1. The choosen ring geometry with flight path perpendicular
to the deuteron beam direction, the construction of collimator
channel, shadow bar and sample ring &and the dismeter of the
neutron source allows the measurement at neutron emission angles
® between 15° and 18509 The distance between target &and detector
is 4.8 m.

The neutron generator working in the pulsed regime with deuteron
pulses of 2 ns f.w.h.m. and repetition rates of 2.5 or & MHz,
respectively, produces 2...5 % 109 neutrons/s on & TiT-target for
a mean deuteron beam currentof 30 wHnA. The source strength is
determined by counting the a-particles of the source reaction with
8 silicon surface-barrier detector &t an angle of ¢o = 166° with
respect to the deuteron beam direction.

A scintillation detector and 2 long counter are used as relative
monitors.

The anisotropy of the neutron source reaction is calculated with
the QELL program /2/ taking into account the deacceleration of the
deuterons in the thick Ti-T layer. This dependence as well as the
influence of target tube, backing and cooling on the source
neutron distribution are measured with activation foils and with =
recoil proton counter biased &t 10 MeV. The obtained source
neutron distributions are averaged over those directions the
neutrons of which strike on the ring sample. The result is a weak
but symmetric dependence of the neutron incidence energy and of
the source anisotropy correction on &. A detailed description of
the source strength determination is given in Ref./3/.

The ring samples with natural isotopic compositions have inner
diameters of 8.0 cm and outer diameters of 12.0 cm. Their
thicknesses in flight path direction are 1.04 cm for V, 0.65 cm
for Ta and 0.681 cm for W, respectively, which correspond to @about
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Geometrical arrangement of the time-of-flight spectrometer.
T, tritium target; D, neutron detector.
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Fig. 2

Block scheme of the spectrometer

T, tritium target; S, sample; D, neutron detector;

2C, zero-crossing trigger; CF, constant-fraction trigger;

Bn’ proton-recoil-energy discriminator; CO, coincidence;

8 sample shifter; S, sample changer; TAC, time-to-amplitude
converter; U/D-C, up-and-down counter; ADC, analog-to-digital
converter; CC, <controller of the CAMAC crate; MPS,
microcomputer.



1/4 mean-free-path . of the incoming source neutrons. At
~measurements around & = 80° a segment of 60° width is taken away
from each sample.
The block scheme of the time-of-flight (TOF) spectrometer is shown
in Fig. 2. The neutron TOF detector consists of & 1ligquid NE-213
scintillator (4.5" diameter and 1.5" length) coupled to & XP 2041
photomultiplier. Its anode signals are used for timing, for
neutron-gamma discrimination /4/ as well as for proton-recoil
biasing. The neutron detector efficiency &(E) is measured by
TOF-spectrometry of Cf-252 fission neutrons /5/, by & TOF neutron
scattering experiment at hydrogen using'a thin polyethylene ring
as well as by the spectrometry of 14 MeV neutrons from the
non-shadowed neutron source. Additionally £(E) is calculated with
the Monte Carlo code NEUCEF /B/.
The TOF experiment 1is controlled by &a microcomputer. Free
programmable sample shifting (©) and changing sllows & subdivision
in short-time data aquisition periods and & quasi-simultaneous
measurement with and without sample over the whole angular range
and & cycle-like repetition, many times. After inspection of the
data of the short-time run and comparison with a reference
spectrum obtained in the first cycle, the spectrum is summed up to
the previous obtazined correcting possible long-time shifts of the
TOF spectrometer.
Measurements of TOF spectra are carried out for & from 15° to
150°in steps of 15°.
The date processing consists of the following procedures:
- correction of the TOF-spectra for dead time and differential
nonlinearity of the spectrometer;
- subtraction of the experimental background (without sample
measurement and time uncorrelated background component);
- generation of the time scale starting from the centroid of
the elastic scattering peak with the knowledge of ‘the time
channel width;
- time to energy transformation of the time spectra and
scale; '
- ecalculation of the neutron emission cross sections taking
into account the geometrical relations (flight path,
target-sample distance etc.), the sample mass and &£(E);
- porrection of the neutron source anisotropy;
- correction of the flux attenuation of incoming and outgoing

neutron within the sample



- correction of multiple scattering cslculated with the
neutron transport code MORSE /7/ and with ENDF/B-IV dats;
- transformation of DDX and energy scale in to center-of-mass
systen.
A deteiled description of the data processing is given elsewhere
(Ref. /3/).

3. Results

DDX in the center-of-mass system obtained for V, Ta and W from
e = 30° up to 150° in steps of 15° in the emission energy interval
from 1.4 MeV up to the incidence energy are given in the tables
for 0.2 MeV averaging intervsal.

The uncertainties given in the tables include the statistical

uncertainties only. The estimated systematic uncertainties are

source strength monitoring : 4%
source anisotropy correction 1 2%
finite sample size correction : 3%

(flux attenuation + multiple scattering)

detector efficiency : 5%

geometry dependend quantities : 2%

(flight path, detector-front asrea,distance target-ssample..)

The angular resolution expressed as <8922 are less than 4

)
in the whole angular range. The energy resolution is 3% at 3 MeV
emission energy and 7% at 14 MeV.

In Figs. 3a)-g) examples of the present experimental DDX results
are compared with results of the recent experiments of Takahashi
/11-13/ and of Baba /14/ and with evaluated DDX from the ENDF/B-IV
library. A deficit of inelastically scattered neutrons in the
high-energy part of the ENDE/B-IV DDX of V and W 1is obvious, =&as
well as the artificial spectral shape for Ta. Differences to the
library data are apparent also in the low energy part of emission
spectra.

An inprovement of the evaluated data can be achieved by adeguate
descéription of the reaction mechanisms contributing to the neutron
emission spectrum.

As first step the DDX measured at 14 MeV are interpreted
by calculations with the SMC/SMD model code EXIFON of Kalka/15/ in



which vibrational and single particle excitations are handled in =
corsistent way. The parameters used as code input &re “global",
that means the mean mass-number dependence of reaction cross

section value, of single particle level density parameter, shell

correction, deformation parameter etc. are used. Only one 2+ and
one 3  vibrational excitation are taken into account. The low-
lying rotational excitations in Ta and W are not handled. For the
angular distribution of the neutron emission the Kalbach-Mann
systematics /16/ is used.

To take into account the influence of the elastic scattering
peak, due to the finite experimental resolution, on the
high-energy part of the emission spectrum, the peak shape
experimentally determined at & = 15° is used.

In Fig. 4,5,6 the results of the calculations are compared with
the present experimental DDX and ENDF/B-IV data. The good overall
description of the experimental DDX shows that the main reaction
mechanisms are adeqguately taken into account. Further improvements
are necessary especially for the description of the angular
distributions in the high energy part of the emission spectrum,

where the Kalbach-Mann systematics seems to be too crude.



L4| 1 ZLEN A A S S SR B A B B L
w 9 3
~ I p
L (¢}
= 51V
> | 45
= 10 g+ E
N E s, E
L C . ]
L "“‘ L ax I
€3] q Vird 4 ° T
e 4 °
Tt L~ S
3 \ . E
c LTzt o, 0t
! Ine + 4
I N 'r' Ot A\t ]
o [ * LI o
~ i e 4 7
© -3 A
10 . E
N < ‘l - :
o E < FS
3 “.‘ ;' "‘ :
- ™ s

10T T s
E [MeV]

o

Fig. 3 a)-qg)

Double-differential neutron emission cross sections of
vanadium, tantalum and tungsten. Present experimental results
() are compared with those of the recent experiments of
Takahashi /711-13/ () and Baba /14/ (+), respectively, ac
well as data of the library ENDF/B-1V (dashed line).
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Fig. 4a)-i)
Doub) e—di fferential neutron emission cross sections of

vanadium at 14 MeV incidence energy.

Present experimental cross sections (#) are compared with
ENDF/B—-1V data (short—dashed 1line) and results of the
EXIFON—-calculation (long-dashed line). The solid line
represents the sum of EXIFON resulte and the simulated
elastic scattering peak. ‘
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