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10B and llB were mea-Abetract Neutron emission spectla of
sured at 6, 10 and 14.1 MeV and those of 6Lt, 7Li and carbon
at 14.1 MeV using time-of-flight technique, Absolute double
differential cross sectiontiwere obtained by using scatter-
ing from hydrogen as a cross section reference. Integration
over energy ranges and solid angle yielded integrated elastic
and total neutron emission cross sections. At 6 and 10 hel’
excellent a~reement with total CLOSS section data is found,
at 14.1 MeV the new ditta tend to be higher than expected.
The biggest error source in the continuous spectra stems from
uncertainties in the inr)l~tlibrury (ENDF/B-lV) of the )40nte
Carlo correction for multiple
library for llB ilpp~ilrfl tO be

elastic cross scctiotr ilt 14.1
50%.

scattering. In p~rt~cdiir, the
very unrealistic, with n total
MeV which should be higher by

lNTROl)UCTION

‘1’hcneutrcn }Iousetloldof”future fu~lon power generators depentla

stror’,glyon the neutron emis8ion properties of the blanket, There-
fore, the neutron emi~sl.on cross sectlonrr of light nuclei for ener-
gies up to about 14 McV mu~t be known. The lithium isotopes nt 6
and 10 MeV’ antJberyllium (nt 6, 10 and 14 MeV)~ have been dealt.
with before at the LOM Alamos National Laboratory. The necessity,
of measuring neutron cotttinu~lwith rather small cros~ sections
makes such experiment~ for incominR neutrons nbove O MeV difficult
if not impotistble, UIIIQHS {I truly inonoenurgotlc nautron Mource
with high nOUtro!l yle]d ~H nvnilnble.
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EXPERIMENTAL

The data were taken at the Los Alamos National Laboratory in two
differe t experiments, one at the Tandem Van de Graaff using the

9lH(t,n) He reaction to produce 6 and 19 MeV neutrons, the other at
the Vertical Van de Graaff using the 3H(d,n)4He reaction to produce
14.1 MeV neutrons at 90°. In both cases gas targets were used.
Figure 1 compares the specific neutron yields of various sources
near 14 MeV. Using 90° instead of 0°
by an order of magnitude.
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Fr(:lllll? 1 Comp:lrisOn of specific
neutron yield from monoencrgetic

neutron source’s t~~il~ 14 MCIV

improves the specific yield

Time-of-flight technique with
a flight path of 2.5 meters
was used. The neutron detec-
tion efficiency of the detec-
t-::l~aj been measured previ-

. . All the samples were

enricl~ed (~95>.purity) and
htid il mii~s {If i)l)~ut 1 mole.

At each of the 10 angles (be-
tween 20° ilnd 145°) tl~csam-
ples were mensured one after
the other, i.e. relative to
each other. The set-up was
~}llibrated by measurln~ the
H(n,n)lH reactiou and using

cross section preclicti~ns by
the YALI phase shifts

After comb~n~nx thr fore- nnd background t;lm~’-of-fligllt~pectril
t!iesewere converted into energy spectrn nnd t’orrccted for multi-
ple scattering uNinE the I,OS Alamo% Nationul Lnborwtory Monte Curio
code MCNP5 with ltNl)F/B-lVcross sections. Unfortunate’]y, these

dntn nre often not good enough tt} !IimulNt@ renltty, 11s Cnn be seen

from F~gurc 2, ‘1’hereforc, the multiple Hcntterin~ corrections of
the nonel~stlc contributions of the spectr(l nrc not very reliublv.
TO (pos~lhly) ~mprovc the correction, the n(nelnstlc contribution
in t!leMimulnted spectrum wa~ inrrenwd from t;w original vulues
(dotted curves) to the d~~tihedcurvet!whlc.h hnve tl’:~’~ilm~ vulue (IH

the mensured distrihutionH. The Corrcctinrttiwcr~ increaHec! corre-
Hl)olldill~]y,
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FIGURE 2 Samples Gf meaeured
spectra (full curves) and their
simulation. (See text.)

‘l’hanumerical valuas ●nd tha graph. of tha 90 doublo differential
crom ●ction diatributiom maamrad in this eqmrlment will b,
publimhod in two rqmrtm of tho Loo AlaBom National Laboratory.
Thc intmgratad valwo aroshoun in Tablo I ●nd compared with p?m-
Viou data.
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TABLE I Integrated cross sections (Scale errors of elastic
cross sections 2.5 to 3%.all data In barns)

Energy Sample Elastic Total~i:;:;g) T:;;i)Re::iO:
expa) evalb) expa) .

‘i
6.0 3-10

B-n

10.0 B-10

B-n

14.1 LI-6

LI-7

B-10

B-n

Carbon

0.90CJ

1.31

0.85C)

0.88

0.94

1.06=)

0.97C)

0.90

0.86

0.92 1.11 1.10 1.51d) 1.53

1.43 1.67 1.55 1.67 1.66

0.93 1.22 1.20 1.47d) 1.49

0.89 1.40 1.27 L42d) 1.41

0.96 1.66 1.49

1.01 * 1.75 1.54

0.95 1.57 1.45

0.60 1.55 1.34

0.80 1.59 1.30

a) this work
b) ENDF/B-V
c) cross section of unresolved excited states subtracted
d) uses ENl)F/B-Vvalues for non-neutron reactions

Special attention deserves the very good agreement between our
6 and 10 MeV data and the total cross sections of Auchampaugh
et ril$’dot only are the absolute deviations small, also their
scatter is small At 14 HeV the total neutron emission data
appear to be high, although the total elastic data lie in be-
tween literature values. Whether these hjgh values are cor-
rect or an effect of inadequate multiple scattering correc-
tions remains to be seen.
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