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ABSTRACT

Current designs of fision-reactor systems seek to use
radiation-resistan$ low-activation materials that support
long service lifetimes and minimize radioactive-waste
problems atler decommissioning. Reliable assessment of.
fusion materials perfonrmnce requires accurate neutron-
reaction cross sections and radioactive-decay constants.
The problem areas usually involve cross sections since
decay parameters tend to be better known. The present

L
stud was motivated by two specific questions: i) Why are
the V(n,np)sOTicross section values in the ENDFLB-VI
library so large (a gas production issue)? ii) How well
known are the cross sections associated with producing
7.4X105 y ‘Al in silicon carbide by the process
28Si(n,np+d)27Al(n,2n)2sAI(a long-lived radioactivity
issue)? The energy range 14-15 MeV of the D-T fhsion
neutrons is emphasized. Cross-section error bars are
needed so that uncertainties in the gas and radioactivity
generatedover the lifetime of a reactor can be estimated.
We address this issue by comparing values obtained from
prominent evaluated cross-section libraries. Small
differencesbetween independent evaluations indicate that
a physical quantity is well known while the opposite
signals a problem. Hydrogen from 51V(n,p)5% and helium
from 5*V(n,a)4*Scare also important sources of gas in
vanadium, so they too were examined. We conclude that
‘lV(n p)5*TIis adequately known but 51V(n,np+d)50Tiis
not. he status for helium generation data is quite good.
Due to recent experimental work, 2’Al(n,2n)2GAlseems to
be fairly well known. However, the situation for
%i(n,np+d)27Alremains unsatisfactory.

1. INTRODUCTION

High-performance reactor materials should exhibit
low levels of gas production and activation in neutron
radiationenvironments.The productionof hydrogen and
helium gas in intense radiation fields contributes
synergisticallywith radiation damage to change material
properties.The growth of significant inventoriesof long-

CA 92075
USA

lived radioactive species during reactor operation
requires burial of affected components in long-term
repositories after decommissioning. If large amounts of
radioactivi~ must be so disposed, this adds significantly
to the cost of nuclear-energy options. In fusion, 14-15
MeV neutrons tlom the D-T source predominatein high-
fluence regions (e.g., near the reactor fust wall or in the
blanket). At these energies, many threshold-reaction
channels that generate hydrogen and helium gas and
radioactivity are open. Materials attractive for fission
reactorsmay be very undesirable for fision systems. The
performanceof candidate fision-reactor materialscan be
assessed reliably only if accurate cross-sectiondata are
availablefor the important reactions.

Vanadium and silicon carbide are candidate
materials for fbsion-reactor systems [1]. Two issues
involvingnuclear data have emergedrecentlyconcerning
these materials: i) What amounts of hydrogen would be
generatedby D-T neutrons on vanadium?ii) What levels
of 2SA1activity, with a half life of (7.4+0.3)x105y [2],
might be produced in silicon carbide within the reactor
blanket. ‘1V(n,p)5*Tiand 51V(n,np+d)50Tiare considered
to be the principal sources of hydrogen in vanadium.The
two-step process 28Si(n,np+d)27Al(n,2n)2GAlis mainly
responsible for the formation of 2GA1in a fhsion reactor
[3]. Thus, our investigation stresses these particular
reactions. However, helium production, mainly from
51V(na)48Sc, is also treated since helium is the major
conce’mfor gas generation by neutrons in a D-T fusion
reactor.

This paper reports on a survey of pertinent neutron
cross-section data for these processes. We have made
estimatesof the data uncertaintiesbasedon observingthe
differences between recommended values from
prominent cross-section evaluations found in the
literature. This approach assumes that each of these
evaluations was based on the best possible use of
objective information available to the responsible
evaluators. [n those situations where extensive,
consistent experimental information exists, these
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detected in the LEPPEX array while the evaporation residues were identified in the focal
plane detector of the FMA.
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Figure 1. The high-energy
the decay of the GDR in
ground state (22.56 MeV) and the first and A=159 (filled circle). The solid line is the
excited state (18. 12 MeV). A GEANT statistical model fit (see text). Inset shows the
simulation spectrum (solid line) is also mass spectrum obtained in the focal plane of
shown for comparison. the FMA.
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peaks from Figure 2. High energy ~-ray spectrum in the
12C to the decay of lG4Er gated with A=160 (open circle)

The LEPPEX array consists of 16 large BaF2 detectors (5 x 5 x 25 cm3) surrounded by
a plastic scintillator shield for cosmic ray rejection. The sub-nanosecond fast component of
BaF2 allows n-~ discrimination at a distance of 30 cm from the target. The response of the
LEPPEX array was characterized using the standard llB(p,~) (EP =7.2 MeV) reaction to
populate the GDR in 12Cwhich decays to the ground state with a 22.56 MeV y–ray. The
high-energy photons (22.56 MeV, 18.12 MeV) observed in this reaction, together with the
low energy sources (0.898 MeV, 1.836 MeV and 6.13 MeV), provided the energy calibration
over the entire region of O-23 MeV. The observed energy resolution can be described as,
ycc ‘E — 2070 at 1 MeV. The experimental spectrum obtained with the-& with ~ —
llB(p,T) reaction is shown in Figure 1. The simulated spectrum obtained from GEANT
simulations is also shown for comparison. The observed line shape is well reproduced by
adding a small exponential tail to the gaussian folding function as described in Ref. [5],

T(E) = CeD(E-EO)(l – e-( E-E0)2/2”2)E<EO (1)

where C = 0.007E04° is the fraction of the peak from where the tail is added and
D= ().21E0”4] is (JIC slope of the exponentiid, E. and o arc the centroid and the
widt,h of the gauss iaII,l“(!sl~(:(:tjiv(’l)~.
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3. Results and Discussion

Figure 2showsthe high-energ ~rayspectrum incoincidence with A=l6O (open cir-
cles) and A=159 (filled circles). The solid line in the figure is the calculation (best fit)
using the statistical model code CASCADE [6] after folding with the detector response,
as explained in the previous section. The CASCADE output cannot be directly compared
with the residue gated experimental spectrum. We have therefore followed the approxi-
mate procedure of Van Schagen et al. [7] to generate the equivalent theoretical spectrum
from CASCADE. The total fusion cross section was taken from the data of Reisdorf et
al, [8]and the initial angular distribution was derived using the extra-extra push model [9].
We have assumed the classical sum rule (1OO7O).The GDR parameters, centroid energy,
deformation and width of the two components, were allowed to vary in order to get best ‘
fit. The calculated CASCADE spectrum for the 4n decay channel was normalized to data
in the low energy region (5-7 MeV). The X2 in the GDR region was then determined for
this ‘normalized’ spectrum and parameters were varied to minimize this X2. The best fit
parameters are shown in Table 1. It should be noted that the high-energy tail of GDR is
very sensitive to the level density parameter ‘a’. We have used a=A/7.5. Figure 2 also
shows the calculated GDR spectrum for the 5n decay channel with best fit parameters
obtained from the 4n decay channel together with the data.
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Figure 3. Divided plots (see text) for the
experimental data together with the sta-
tistical model fit (solid line). The ordinate
Y is proportional to photoabsorption cross
section.
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Figure 4. The absorption cross section
obtained from the best fit to the data is
compared with a thermal shape fluctua-
tion calculation for J = 441i, T.ff= 1.0
MeV, Eav = 13.8 MeV.

Figure 3 shows the data and the best fit divided by a calculated spectrum obtained
with a constant El strength on a linear scale for better visualization.

In Figure 4, the absorption cross section corresponding to the GDR parameters for
the best fit is compared with that based on thcrmid shape fluctuation calculations [10]
for Eat, = 13.8 McV (i~~ obtained from the fit to data), J=44 h and the effective final
temperature of 1.0 MeV. 11,cam k seen that the theory does not describe data very well.
The reasons for this discrclxmcy will lx invest, igat,cf].
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Table 1
Fit parameters for 124Sn(40Ar, 4n) at .E*=62 MeVj l~aZ= 47h. The errors are obtained

from a X2 analysis of the fit.
s~ El rl S2 E2 r2 Eav

MeV MeV MeV MeV MeV

0.4(.05) 11.9(0.3) 3.6(0.4) 0.6(0.07) 15.1(0.3) 6.4(0.8) 13.8(0.4)

4. Conclusion

In conclusion, we have studied the GDR in 164Erat 62 MeV excitation energy gated with
the residue lGOEr.We find that 164Erhas a prolate shape at Tw1 MeV with a deformation
similar to the ground state with ~ = 0.27+ 0.02. The GDR centroid energy is consistent
with ground state systematic. A further analysis using a Monte Carlo Cascade code is
in progress. Also incoroparting theoretical strength function into cascade for different E*
and J values will provide a better comparison with the theory.

This work was supported by the U.S. Department of Energy, Nuclear Physics Division,
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