THERMONUCLEAR FUSION?¢

Natural abundance of isotopes:

hydrogen np/nygy =1.5X 104

helium Mo /Myges = 1.3 x 107°
lithium ny ;6 /ny;7 = 0.08
Mass ratios: me/mp —272x107% = 1/3670
(me/mp)t/?2=1.65 x 1072 = 1/60.6
Mme/mr = 1.82 x 10~ * = 1/5496

(me/mp)t/?2=1.35 x 1072 = 1/74.1

Absorbed radiation dose is measured in rads: 1 rad = 10%2ergg™!. The curie
1

(abbreviated Ci) is a measure of radioactivity: 1 curie = 3.7x10° countssec™?.

Fusion reactions (branching ratios are correct for energies near the cross section
peaks; a negative yield means the reaction is endothermic):27

(1a) D+ D —mmT(1.01 MeV) + p(3.02MeV)
0
(1b) ——He?(0.82MeV) + n(2.45 MeV)

50%
(2) D4+ T — He*(3.5MeV) + n(14.1 MeV)

(3) D 4+ He® He* (3.6 MeV) + p(14.7 MeV)
(4 T+T He* + 2n + 11.3MeV
(5a) He> + T He? + p + n + 12.1 MeV

51%

(5b) WHe"‘(ALS MeV) + D(9.5 MeV)
0

(5¢) T(7>He5(2.4 MeV) + p(11.9 MeV)
0

(6) p+ Li® — S He*(1.7MeV) 4+ He®(2.3 MeV)
(7Ta) p + Li’ ——=—2 He* + 17.3MeV

20% -
(7b) 507 Be’ + n — 1.6 MeV
(8) D + Li® ——2He* + 22.4MeV
(9) p+ B'' — 3 He* + 8.7MeV

(10) n + Li® — He*(2.1MeV) + T(2.7 MeV)

The total cross section in barns (1 barn = 107 %% cm?) as a function of E, the

energy in keV of the incident particle [the first ion on the left side of Egs.
(1)—(5)], assuming the target ion at rest, can be fitted by?®

As + [(A4 — A3E)? + 1} 4,

or(E) = B [exp(AlE_l/Q) _ 1}
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where the Duane coefficients A; for the principle fusion reactions are as follows:

D-D D-D D-T D-He3 T-T T-He?

(1a) (1b) (2) (3) (4) (ba—c)
Ai|  46.097 47.88 45.95 89.27 38.39 123.1
Ao 372 482 50200 25900 448 11250
As3|4.36 x 107%]3.08 x 107%1.368 x 1072[3.98 x 1073[1.02 x 1073| 0
Ay 1.220 1.177 1.076 1.297 2.09 0
As 0 0 409 647 0 0

Reaction rates ov (in cm

3

sec™ 1), averaged over Maxwellian distributions:

Temperature D-D D-T D-He3 T-T T-He?
(keV) (la + 1b) (2) (3) (4) (ba—c)
1.0 1.5 x 10722|5.5 x 107 2|  1072% |3.3x1072%| 10°2®
2.0 54 x107212.6 x 1071914 x 10723 |7.1 x 10721 10—2°
5.0 1.8 x 10712(1.3 x 1077 (6.7 x 10721 |1.4 x 1072 |2.1 x 10722
10.0 1.2x107%¥ 1.1 x1071%(2.3 x 10719 (7.2 x 10719]|1.2 x 1072°
20.0 52 x1071814.2 x 10716(3.8 x 10718 |2.5 x 107 !®¥|2.6 x 10~ '?
50.0 2.1 x 1071787 x 10716(5.4 x 10717|8.7 x 107 1®|5.3 x 10718
100.0 4.5 x 10717185 x 10716]|1.6 x 10716|1.9 x 107 17|2.7 x 10717
200.0 8.8 x1071716.3 x 1071624 x 10716|4.2 x 10717]9.2 x 10717
500.0 1.8 x 1076 (3.7 x 107¢ (2.3 x 1071 |8.4 x 10717 |2.9 x 1071
1000.0 2.2 x 10716127 x 1076]1.8 x 107 %¢|8.0 x 10717 |5.2 x 10~ 1¢

For low energies (T

(60)pp = 2.33 x 10 4T772/3 exp(—18.76 T */3) cm® sec ™1

< 25keV) the data may be represented by

(60)pr = 3.68 x 107 2T72/3 exp(—19.947 /) cm?® sec ~*,

where T is measured in keV.

The power density released in the form of charged particles is

Ppp = 3.3 X 10_13np2(ﬁ)pp watt cm ™3 (including the subsequent
D-T reaction);

Ppr = 5.6 X 10_13nDnT(ﬁ)DT wattcm ™ °;

P
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3

He3 = 2.9 X 1072 n ny 3(00) py.s watt cm 2.
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