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CHARGED-PARTICLE PRODUCTION IN A SPHERE OF °LiD
IRRADIATED BY 14-MeV NEUTRONS

Leona Stewart, L. Raymond Fawcett, Jr., Gary D. Doolen,
and Robert C. Littlie

ABSTRACT

The production of protons, deuterons, tritons, and alpha particles in a sphere of SLiD
irradiated by a central source of 14-MeV neutrons has been investigated. The Los
Alamos Monte Carlo Neutron Photon (MCNP) transport code was used to calculate
neutron transport through—and charged-particle production in—the SLiD sphere. The
numbers of charged-particles produced were compared with those predicted by a
diffusion code that also transported the charged particles. The tritium production was
also compared with the experiment. It was found that charged-particle generation from

14-MeV neutrons on SLiD is prolific.

L. INTRODUCTION

In 1976, Hemmendinger et al.! measured the tritium
produced when ampules containing °LiH and "LiH were
embedded at various positions in a 30-cm radius sphere
of SLiD.* A 14-MeV source placed at the center of the
sphere produced 9.42 + 0.28 X 10'® neutrons. In addi-
tion to the ampules of lithium hydride, radiochemical
foils of ¥*Sc, ¥9Y, 0Zr, 19Tm, Y'Ir, 19]r, 197Ay, 25U, and
28U were used to monitor the neutron flux as a function
of penetration depth in the sphere. In the analysis of the
experiment,! all the neutrons are assumed to come from
the source or from neutron interactions with deute-
rium or lithium in the sphere. It is well known, however,
that ions are produced from neutrons elastically scat-
tered from deuterium and lithium and that the interac-
tion cross sections for the production of high-energy
charged particles are large at all neutron energies.
Furthermore, these charged particles could, in turn,
produce other neutrons. These neutrons are assumed to
have negligible effect upon the measured and calculated

*Composed of  95.64% SLi, 4.36% "Li, and 99.9% D (at. %).

spectral and flux distributions. It seemed appropriate to
investigate this assumption.

As a first step, the number of charged particles
produced at 12 positions along the radius of the SLiD
sphere was calculated with the Monte Carlo Neutron
Photon (MCNP) transport code.? The neutron spectra
were also calculated at these radial positions, and in a
separate MCNP run, the neutron currents were tallied.
The charged particles tabulated were protons, deu-
terons, tritons, and alpha particles. (*He particles are not
produced from neutron interactions with deuterium
or SLj).

Because of interest in using helium detectors to deter-
mine reaction rates and absolute fluxes, a second calcu-
lation was performed with a diffusion code (quite dif-
ferent from MCNP) to determine the charged-particle
production. Agreement to approximately 10-15% was
observed for protons, tritons, and alpha particles. No
comparison could be made for the deuterons without
introducing major changes in the output routines of the
diffusion code.

The second step, charged-particle transport, could not
be carried out with MCNP, so the neutron spectra



calculated here do not include this effect. Although the
spectral changes are expected to be small with an ex-
ternal 14-MeV source, as employed in this experiment,
this may not be the case for an operational fusion
reactor.

II. EXPERIMENT

The experiment is well described in Ref. 1 and the
reader is referred to that report for specific details. The
primary purpose was to measure the tritium produced
by neutrons interacting with °Li and "Li when the source
spectrum is modified by traversing various thicknesses
of 6LiD. Figure 1 shows the geometry of the bottom half
of the assembly. Ten hemishells of LiD were machined
and concentrically stacked with ampules of lithium
hydride and radioactivation detectors placed at various
positions along the radii. The inside radius, including
the source and evacuated chamber, was 2.22 cm and the
outside radius was 30.00 cm. In tabulation of the num-
ber of charged particles and neutrons produced, all
sample masses were ignored since their combined
masses were extremely small compared to the total mass
of the SLiD sphere, which was 83.826 kg. The number of
14-MeV source neutrons that escaped from this as-
sembly without colliding was relatively small (~3%).
The total number of neutrons from the source was
9.42 + 0.28 X 10', The neutron flux distributions
were measured by use of fission counters and a liquid
scintillation detector (see Ref. 1).

1. n + D — elastic scattering

2 n+D—-n+n+p
3. n+D—-y+t

4. n+%Li—-t+a

5. n+ SLi — p + SHe
6. n+SLi—n+d+a
7. n+SLi — n + ‘Li
8 n+SLi— 2n+p+o
9, n+ Li — d + SHe
10. n+7Li—n +t+ a

III. PREDICTION OF THE NEUTRON
SPECTRA AND CHARGED-
PARTICLE PRODUCTION

Of the light charged particles (Z = 1, and 2), only *He
is not abundantly produced from the interaction of
neutrons with D and Li. MCNP was used to calculate
the protons, deuterons, tritons, and “He particles*
produced from neutron interactions at 12 spherical
surfaces along the SLiD radii. The experiment was
mocked up in one dimension (using actual source flux
and energy distributions!). Although the charged parti-
cles are not transported in MCNP, the neutrons, includ-
ing those born in the SLiD, were followed throughout the
system.

With the evaluated libraries for neutrons interacting
with D (MAT = 120, ZAID = 1002.55), SLi
(MAT = 1303, ZAID = 3006.50), and ’Li
(MAT = 3007, ZAID = 3007.55),** the charged
particles produced from incident neutron reactions?t
were easily tabulated from MCNP surface tallies at the
several positions along the sphere radius. With the
MCNP collision routines, 10,000 to 50,000 historiest! in
arun produced aceptable statistics. A typical input file is
given in Appendix A. The following reactions were
considered:

(deuteron ions produced)
(proton ions produced)
(insignificant since cross section
is very small)
(both tritons and alphas produced)
(ground state, which f~ decays to
6Li; protons produced)
(both deuterons and alphas produced)
(2nd state, which vy decays to ground)
(both protons and alphas produced)
(ground state deuterons produced)
(both tritons and alphas produced)

*Although SLi ions are produced in large numbers from elastic"scatter-
ing of neutrons, it has been assumed that these heavy ions slow down
rather than undergo further interactions; therefore, they have not been
tabulated here.

**R. C. Little,/ X6CODE/XSLIST, Table 1 - Cross Sections maintained
by X-6, (February 17, 1983). The SLi data are from ENDEF/B-V; both
the D and "Li are revised evaluations from Group T-2 at Los Alamos.

2

tThe special MT numbers (reaction indices) available in MCNP were
used to calculate the gas production (H,D, T, and 4He) in this analysis.

HFor the calculation of the neutron spectra, 100,000 histories were
used to improve statistics in the spectral representations, which were
expecially important below | MeV.



Fig. 1. Shells of SLiD mounted around the tritium target of the C-W machine. The bottom half of the assembly is complete; the outer top three hemishells are

missing. This figure was taken from Ref. 1.




Note that all neutron interactions with ’Li were included
in the runs although the 4.4% abundance of Li limited
the charged particles produced to insignificant amounts,
except for reactions 9 and 10 listed above.

The neutron spectra were tabulated at the same radial
positions. The neutrons were transported through the
SLiD, taking account of the 4.4% isotopic abundance of
"Li. The lithium hydride ampules used to analyze the
tritium production were assumed to contribute negli-
gible mass and were ignored in the transport calculation.

IV. RESULTS
A. MCNP Charged-Particle Production

In the one-dimensional MCNP calculation, surface
rather than “point” detectors were chosen for the ex-
perimental mockup to improve statistics for the same
running times. The particle density (particles/cm?) was
then tabulated for each species (proton, deuteron, triton,
and alpha particle) at 12 radial positions. To test the
sensitivities of the different reactions, the data for each
region were tabulated separately. A separate tabulation
was also made for each important reaction that could
provide some information on the maximum and mini-
mum energies allowed for each of the charged particles
omitted.

Of the charged particles produced when 14-MeV neu-
trons interact with SLiD, deuterons, which come mainly
from elastic scattering, are by far the most prolific.
When integrated over the sphere volume, 4.6 deuterons
are produced per source neutron; the ratio is 1.4 for
alphas, 0.8 for tritons, and 0.26 for protons. The
numbers of particles produced as a function of radial
position are also of interest; these are presented in
Table I. These data were obtained in the following
manner. The charged particle density, p (particles/cm?),
at surface i was averaged with the particle density at
surfacei + 1 to give an estimate of the average density
of charged particles produced in the distance Ar. Then
the average particle density times the volume between
surfaces i and i + 1, when summed over the sphere,
approximates the total number of particles produced in
the SLiD sphere. For example, for a specific particle and
reaction, the arithmetic expression:

13}
N =3 B I, - ) 0

has been used to estimate the number of charged parti-
cles produced. It is recognized that a linear average of
the number of particles is not appropriate for all radii
because the incident 14-MeV flux decreases as r2 and the
volume segment increases as r>. The estimates presented
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in Table I are considered reasonable, however. More
rigorous reaction rate calculations with MCNP indicate
that the volume-integrated number of neutron-induced
charged particles calculated using Eq. (1) may be ap-
proximately 3-5% high.

B. Comparison of the Tritium
Production with Experiment

As mentioned previously, the tritium production was
measured at several radial positions (5.00, 7.62, 12.6,
20.00, and 30.00 cm) by tritium recovery from ampules
of lithium hydride embedded in the sphere of SLiD (see
Ref. 1). An approximate comparison can be made using
the densities calculated here. For "Li, the experimental
values of tritium produced exceed the calculated values
by an average of 3%. For SLi, the experimental values
exceed the calculated values by an average of 20%. Thus,
the calculated values of tritium produced are somewhat
low, especially for Li.

Precise comparison of the calculations with measure-
ments in the lithium hydride ampules would necessitate
a detailed mockup of the ampules themselves, which
was not included in this analysis. This is particularly
true for ’LiH because of the large cross section for
neutrons elastically scattered by hydrogen and because
of the resonance in the SLi(n,t)a reaction. The detailed
neutron flux distributions could be changed signifi-
cantly by replacing the deuterium by hydrogen, ex-
pecially below 1 MeV, where the neutron scattering
cross section of hydrogen is much larger. A calculation
with lithium hydride in the ampules has been described
by one of the authors.3

C. Charged-Particle Code Comparison

A comparison with the above calculations was made
with a multigroup, neutron and charged-particle dif-
fusion code which, in addition to tallying the charged
particles produced by neutron reactions, follows the in-
flight reactions among many of the charged particles
themselves. The following reactions are included in this
code:

+ 3He + 3.269 MeV
+ T + 4.034 MeV

+ a + 17.590 MeV

e p + a + 18.354 MeV
Li — n + "Be + 3.382 MeV
d+ %Li — p + "Li + 5.027 MeV
d+SLi—p+T + o + 2.558 MeV
d+%Li — a+ a+ 22.374 MeV
p+ T — n + 3He — 0.764 MeV

—
—
—

- YO
l-’=":J:::

[o R oWy = Ny o N = N
+++++




TABLE L. Charged Particles Produced from 14-MeV Neutrons on “LiD

Radial Position in the bLiD Sphere

Position (cm): 2.23 3.00 4.00 5.00 6.00 7.62  10.00  12.60  16.00  20.00  24.00  30.00
Shell Volume (dV in cm3): 66.6 155 256 381 949 2338 4190 8781 16,350 24,400 55,190

PROTONS #/(0 atom) x 10713 2713 149 81.3 50.3 3.8 19.6 10.5 5.78 3.03  1.58 0.864  0.374
from

0{n.2n)p /e x 1010 150 82.1 .8 27.7 18.6 10.8 5.79 3.8 1.67  0.871  0.476  0.206

TOTAL PROTONS = 16.5 x 10'* 0.773  0.984  0.929  0.884 1.39 1.98 1.8  2.13 2.08 1.6 1.88

PROTONS ¢/(8L1 aton) x 10713 28 70.3 38.9 2.1 16.3 9.56 507 2.88 1.5 0.808  0.M6  0.192
from

b1 (n.p3An" #/ca’ x 1010 67.5 37.0 20.5 12.7 8.59  5.04 2.72 1.52 0.806 0.425  0.235  0.101

TOTAL PROTONS = 7.84 x 10* 0.398  0.446  0.425  0.404  0.645  0.927 0.889  1.02 1.0  0.805 0.928

DEUTERONS #/(0 atom) x 1072 1402 1014 70 546 a5 307 222 148 9.1 50.3 3.0 9.74
from

p{n.n)D #/ca’ x 1010 3 559 391 300 25 169 122 8l.s 53.0 33.2 18.7 5.37

TOTAL DEUTERONS = 387 x 10'% 4.43 7.20 8.86 10.4 19.6 W1 2.8 59.1 70.5  63.4 66.3

DEUTERONS 281 atom) x 10717 se0 34 197 V27 89.2  55.1 32.0 18.7 10.6 5.86 3.3 1.44
rom

SLi(n,n'd)a #/7en’ x 1010 306 176 104 66.9 4.0 29.0 16.9 9.85 550  3.09 1.78 0.579

TOTAL DEUTERONS = 49.1 x 0% 1.61 207 2.19 2.7 .59 5.38 5.62 6.77 710 5.95 6.51

TRITONS #(%1 aton) x 10713 133 1s 99.0 83.4 72.3  sa.l 43.4 3.4 2.0 12.7 7.25 1.68
from

bL1(n.t)a t/en x 1010 70.1 60.6 52.1 4.0 8.1 30.6 22.9 16.5 1. 6.69 3.82 0.864

TOTAL TRITONS = 74.4 x 10M 0.43  0.874  1.23 1.57 .25 6.27 8.26  12.1 4.6 12.9 12.9

TRITONS #0L1 atom) x 10713 463 258 146 9.8 633 I8 2.0 120 6.57 3.5  2.00  0.883
from

TL{n.n't)a #/¢n’ x 1010 n.a 6.19 3.50 2.20 1.52  0.907  0.506 0.288  0.158  0.085  0.048  0.02)

TOTAL TRITONS = 1.47 x 104 0.058  0.075  0.073 0.070  0.115  0.165 0.167  0.19% ©0.198  0.163  0.193

ALfPHASb #(%1 atom) x 10773 sa7 525 34 232 177 121 77.9 52.2 32.2 19.3 10.9 3.7
rom a

81 (n.a)AN0 #/cn® x 1010 a6 mn m 122 93.1  63.8 0. 27.5 17.0 10.2 5.74 1.67

TOTAL ALPHAS = 130 x 10'¢ 2.41 3.47 3.76 am 7.6 123 14.4 9.6 22.3 19.5 20.5

NOTE: The exponents in Column 2 should be multiplied by each number in each column which follaws on that line. The source neutrons are 9.42 x 10]5.
L)
"Al1" indicates that more than one reaction s known to make a significant contribution to the tally.

b
The total number of alpha particles from 7Li is quite small and is therefore estimated from the 7Li(n.n't) reaction listed above.

Note that thed + Li — n+3He+ areaction, which
has a positive Q of 1.80 MeV and is known to have a
large cross section at low deuteron energies, has not yet
been included in the code. In addition, elastic scattering
of the charged particles among themselves is included
onlyforZ = landZ = 2.

The total protons, tritons, and a-particles produced
are compared with MCNP results in Table II.

These results are considered in good agreement. The
differences noted above are probably due to the dif-
ferent cross sections used in the two codes and to
different algorithms in addition to statistical fluctua-
tions.

More importantly, however, the diffusion code re-
sults do not indicate a large (or even perceptible, within
the errors) number of charged particles produced by the

TABLE II. COMPARISON OF NUMBER OF

PARTICLES PRODUCED

Protons Tritons a-Particles
Diffusion 2.14 X 10" 8.34 X 10 1.43 X 10%
MCNP 243 X 10% 759 X 10 1.31 X 10




secondary reactions. In the MCNP results, the neutron-
induced reactions also produced many deuterons. A
deuteron tally was not available in the diffusion code
because the number of deuterium atoms in the LiD
sphere far outweighed any buildup of deuterium.

D. Calculated Neutron Energy Spectra
as a Function of Position in the °LiD
Sphere

In the previous analysis (Ref. 1), the production of
tritium from the SLiH and “LiH ampules and the activa-

tion of radiochemical detectors were calculated and
compared with experimental data. Because both the
lithium ampules and the activation detectors were
placed at radial positions in the SLiD sphere considered
in this analysis, the neutron energy spectra have been
calculated at these as well as other radii. Figure 2 gives
the neutron spectra below 1.0 MeV for the four posi-
tions closest to the neutron source, and Fig. 3 shows the
data for four positions that represent deeper penetration
in the sphere. Note the flux depression near 250 keV is
apparent at all positions from the resonance in the
SLi(n,t)a reaction.
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Fig. 2. Neutrons cm~2 Mev! per source neutron as a function of radial position for neutrons below 1.0 MeV. The four positions
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Figure 4 shows the spectra over the entire energy
range for three positions near the source and Figure $
shows similar data at three positions far from the
source. No structure is seen at high energy although the
rapid degradation of the source neutrons with deeper
penetration is apparent. Table III contains all the neu-

tron spectra in tabular form for the 12 radial positions,
where, for convenience, they have been normalized to
one source neutron. A most interesting point is found
in comparing the tritons produced in Table I at ra-
dial positions of 2.23 and 20 cm. Although the in-
cident neutron flux is expected to decrease by a
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2.67+12 1.53t12 5.11+411

4.67412

dius from the source up to 10 cm and

decreases from 10 to 30 cm. Time-integrated currents
greater than 1.0 are caused by a neutron crossing the

7.87412

1.24413
It has been shown that large fluxes of hydrogen and

number of neutrons per source neutron) increases with
helium-4 ions are produced when 14-MeV neutrons

spectral results are given in Table V and plotted in Figs.

has also been obtained at various locations. Selected
6-8.

statistical uncertainity <1.2%. The current (in units of
same tally surface more than once and also by (n,Xn)
reactions. The neutron current as a function of energy

the calculated neutron current at various locations
within the SLiD assembly. All results in Table IV have a

4.23413  3.07+413  2.03+13
increasing ra
V. CONCLUSIONS

6.16+13

1.70014° 1.02414

calculation of “net” current). Table IV indicates

In parts A, B, and D of this section, results have been
presented based on MCNP calculations of neutron flux

The number of neutrons/c-z. after integrating the above spectrum over energy and multiplying by the number of source neutrons (9.42 x 10]5).

Read as 4.197 x 10-3 neutrons/cm2 Mey-1 per source neutron. The last significant figure is not meaningful but is carried here as a

check for small arithmetic errors.

10

than a factor of 10. This difference is reflected in the
energy dependence of the (n,t) cross section, which is

results of MCNP calculations of the neutron current,
The current as calculated in MCNP for this problem is
defined to be the total neutrons crossing a surface (there

smallest near 14 MeV (~25 mb) and rises steeply as the
{more correctly, neutron fluence). Here we summarize

neutron energy decreases.
E. Caiculated Neutron Current Distri-

the number of tritons produced decreased by little more
butions Using MCNP

factor of approximately 80 because of the increase in r2,

This energy represents the upper limit of the bin.

l(tl.ltronslt:-2
18 no
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TABLE IV. Calculated Neutron Current
as a Function of Position

Radius Current
Surface (cm) (#/source neutron)

1 2.230 1.06

2 3.000 1.09

3 4.000 1.13

4 5.001 1.16

5 6.000 1.19

6 7.616 1.22

7 10.000 1.24

8 12,602 1.21

9 16.000 1.11
10 20.002 0.969
11 24.000 0.789
12 30.002 0.461

TABLE V. Neutron Current Spectrum (Neutrons/MeV per Source
Neutron) as a Function of Radial Distance from the Source

Radial
Ex\_ Position 3.00 10.00 24.00
(MeV) \\(cm)
0.001* 2.401 —1° 2.499+0 2815+ 0
0.005 4.097 —1 2975+0 3.588+0
0.01 3478 -1 2412+0 2.730+0
0.05 1998 —1 1.288 + 0 1400+ 0
0.1 1.154 - 1 6.934—1 7.295—-1
0.5 5.118—2 2.113—1 1.821 -1
1.0 24122 9.784 — 2 8.928 —2
2.0 2.731-2 7.624—2 5978 -2
3.0 1.251 -2 5302—-2 3.796 -2
4.0 7.042 -3 3.375—-2 2981 -2
5.0 7.612 -3 2,730 -2 2.387—2
6.0 6.567—3 2.819—-2 2.331 -2
7.0 5485—3 2.559 -2 2.207 -2
8.0 5369 -3 2.337—2 1.799 — 2
9.0 4.038 -3 2.140 -2 2.288 —2
10.0 3.962—-3 24522 2.350 -2
11.0 3.862—3 2.629 -2 2562 -2
12.0 5198 -3 3.192-2 3.409—2
13.0 1.186 — 2 6.504 — 2 5.078 -2
14.0 4.215—-1 2.739—1 9.638 —2
15.0 4.330—1 2.374—1 6.936 — 2
20.0 1.766 — 2 9.091 -3 2094 -3
TOTAL 1.030 + 16¢ 1.168 + 16 7.428 + 15

*This energy represents the upper limit of the bin.

PRead 2s 2.401 X 107! neutrons/MeV per source neutron.

“The total number of neutrons, after integrating the above spectrum over energy and multiplying by the number of source
neutrons (9.42 X 10'5),

1
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Fig. 6. Calculated neutron current at a radius of 3 cm.

interact with kilogram quantities of ¢LiD. Elastic scat-
tering of neutrons by SLi would also produce a signifi-
cant number of SLi ions, but these particles were not
tallied in this MCNP analysis.

The energy spectra of these charged ions were not
obtained although they would be necessary for charged-
particle transport calculations. Currently, MCNP does
not follow these particles. Many of the input data are not
yet available in the ENDF system; these problems are
discussed in more detail in Appendix B.

It is hoped that charged-particle transport in this SLiD
system can be carried out at some future date. Even a
rough estimate of the contributions from the ¢Li and ’Li
reactions to the source neutron spectra [d(d,n) and
T(d,n)] would be both useful and interesting. If a signifi-
cant fraction of the neutrons produced should appear
near or above the 14-MeV peak, other programs could
be affected, such as shielding. A further study is there-

12

fore recommended when the charged-particle produc-
tion* and charged-particle transport data are reasonably
well defined.
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APPENDIX A

Sample Input for MCNP Runs

LiD Shells Surface Tally (Charged Particle Production)

1 o -1
2 y -0.689 1 -2
3 b -0.689 2 -3
4 y -0.689 3 -4
5 y -0.708 4 -5
6 ] -0.708 5 -6
7 4 -0.734 6 -7
8 4 -0.734 7 -8
9 4 -0.739 8 -9
10 Y -0.739 9 -10
11 b -0.744 10 -11
12 4 -0.744 1 -12
21 0 12
1 SO 2.230
2 SO 3.000
3 SO 4,000
] SO 5.001
5 SO 6.000
6 S0 7.616
7 SO 10.000
8 SC 12.602
9 SO 16.000
10 SO 20.002
1" SO 24.000
12 SO 30.002
IN 2 22222 1 111120
SRC 0 10000100000000
FILES 14 BBSRC
EO 1-3 5-3 1-2 5-2 1-1 5-1 1
F2 1 2 3 45 6 7 8 9 10 11 12
FM2 0.942E-8 2 203
F22 12 3 4 5 6 7 8 9 10 11 12
FM22 0.942E-8 2 2
F42 1 2 3 45 6 7 8 9 10 11 12
FM42 0.942E-8 3 203
Fé62 1 2 3 45 6 7 8 9 10 11 12
FM62 0.942E-8 3 204
F82 1 2 3 45 6 7 8 9 10 11 12
FM82 0.942E-8 3 205
F102 12 3 45 6 7 8 9 10 11 12
M2 1002.55 1.
M3 3006.50 1.
My 1002.55 0.5 3006.50 0.4782
NPS 100000
CTME 60
TOTNU

ERGN 0. 20.0

CUTN 1.0E123 1.0E-6 -0.1 -0.025
PRDMP 100000 100000

NSPLIT 4 1.0

3007.55

234567891011 1213 1415 20

0.0218
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APPENDIX B

Evaluated Data Needed
in The ENDF System

The information needed in the ENDF system for
charged-particle transport is enormous. Neutrons with
energies up to 35 MeV can be produced when high-
energy charged particles interact with lithium deuteride
systems. The cross sections for the production of these
charged particles via neutron interactions are required.
In addition, the energy and angular distributions of
charged particles are necessary. Extension of the neu-
tron data above 20 MeV is also required.

Providing these evaluated files would be a major
additional effort for the ENDF system. Many problems
are already obvious: 1) no national program is in place
for establishing such an evaluated library; 2) no national
program is in place for compiling and distributing the
experimental data for charged-particle interactions
upon which the evaluations would be based; 3) the users
are scattered and have different priorities; and 4) the
character of the charged-particle data is so varied com-
pared to neutrons incident that experiment, compila-
tion, and evaluation programs are more difficult to
bring under one umbrella.

Further elaboration on 4) should be extensive for
sufficient comprehension. Only a few points will be
made here. First, the Lawrence Livermore National
Laboratory initiated its own program several years ago
and this program continues. The LLNL staff is provided
with computerized input evaluated data. Both incident
neutron and charged-particle input data are complete
enough to perform charged-particle transport calcula-
tions up to 20 MeV. That laboratory is unique in
performing this function. By restricting their effort to a
few reactions required by specific internal users, they
have made tremendous strides in this direction. If a
national effort is to be initiated, one could profit ex-
tensively from a study of the Livermore program. It is
important to note that handling such a computerized
file requires extensive retrieval, processing, checking,
and plotting programs.

The character of the charged-particle interactions is a
bit different from that of neutrons. First, charged-par-
ticle interactions are inhibited by the coulomb barrier.
Second, large positive Q values obtain, especially when

16

deuterons and tritons are the incident particles. For
example, the T(d,n) reaction Q value is 17.59 MeV and
the D(d,n) Q value is 3.269 MeV. These are the primary
reactions considered for the first-generation fusion reac-
tor, and they have been subjected to a variety of ex-
perimental studies, especially in the low-MeV range.
Very little is known about the T(t,2n) cross section,
however, even though the Q is 11.33 MeV and two
neutrons and an alpha particle are produced.

For deuterons and tritons incident on SLi and Li,
many positive Q reactions have been observed with
large intensities of neutrons, protons, deuterons, tritons,
gamma rays, and radioactive products in the exit chan-
nel. Much information is required to calculate the
“prompt™ and “delayed” heating; neutron and proton
production; and hydrogen and helium production. A
further complication in evaluation is that sequential
decay mechanisms often dominate the interaction
probabilities. Target and fuel absorption or production
could be important in certain applications.

For protons incident on SLi and Li several reactions
are important and a few have positive Q values. For
example, the Li(p,20) reaction has a Q value of
17.35 MeV. Protons, deuterons, and tritons produced in
Li often have energies above 10 MeV.

The experimental data base for these reactions is
extremely sparse and imprecise. Most of the measure-
ments are reported as relative values, and often these are
not provided with sufficient information to enable
absolute normalizations. Because charged particles
emitted in many reactions can have energies up to 20
MeV or more, the energy dependence of the cross
sections is required over large energy ranges. In addi-
tion, the neutrons emitted in charged-particle reactions
can significantly exceed the maximum energy range of
the neutron evaluated library of 20 MeV (ENDF/B).

As the fusion reactor concept matures, perhaps the
need for expanding and improving the evaluated data
files will be more apparent. Certainly, establishing
priorities could limit the input necessary so that future
studies can determine the importance of charged-par-
ticle transport.
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