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In the course of our fusion studies, a convenient
form was required to calculate reactivities, § = {ovi,
for Maxwellian fusions. Presently available forms
include the well-known Gamow equation [1]:
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the Gamow form with first-order corrections [2]:
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2
a variation of Eq.(2) due to Kozlov [3] for D-D
reactions:
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and a generalization of Eq.(3) also due to Kozlov [3]
for D-T and D-*He,
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New parametric forms considered in the present work

are:
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Sg = exp [a,/T" + a; + agT°] (6)

and a generalization of Eq.[3]:
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There are other analytical forms developed for
astrophysics calculations [4] which are inconvenient
for rapid computations. The purpose of this work is
to compare (1)—(7) for several reactions and to pro-
pose accurate, convenient computational forms for
v,

The reactions considered here are:

t = *H(d,n}*He; g = *He(d.p)*He

p= *H(d,p)*H; n = *H(d.n)*He
The reactivity data used here have been calculated
accurate to 0.01% by Miley et al. [S—6&], based on
cross-section curve fits by Duane [7]. The basic cross
sections themselves contain a larger uncertainty,
perhaps as much as 5%. From the tabulated reactivi-
ties, 8., the parameters a,, ..., a5 1, s were found by
using the IMSL routine ZXS55Q [8] on the PDP 10 and
Cyber 175 computers at the University of [llinois.
The routine ZX55Q calculates the set {a;, 1, s} by
minimizing the sum of squares of the difference
between the given data and the parametric function.
In all cases, the temperature is measured in keV over a
curve-fitting range, 1 = T = 80 keV; S={ov) is
measured in em? -57L

The best-fit parameters for the various reactions and
the corresponding fitting errors are given in Tables [—-1V.
Fits for Eqs (3) and (7) are excluded for reactions t and
g because these forms provide little improvement over
Eq.(2). Also, for the reactions t and g, Tables [ and II
show a comparison of Eq.(5), using all the polynomial
terms, with the same form using fewer terms in the
polynomial. For reactions p and n, fits for Eq.(4), and
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for Eq.(5) with fewer terms than T*., are excluded
because Eqs (5) and (7) provide adequate fits.

Tables [-IV indicate that Eqs (1) and (2) vield poor
fits, with maximum errors of 25-57%, 15—-25%,
6—12% and 4—10% for reactions t, g. p and n, respec-
tively, Reactivities for reaction t can be fitted within
8% by Eq.(4): peak errors for Eq.(3) are 1.5%, 0.9%
and 0.6% for reactions g, p and n, respectively. Un-
fortunately, as noted above, the error in fitting Eq.(3)
to reaction t remains large, of the order of 30%. How-
ever, Eq.(5) provides excellent fits in all cases with
maximum errors of 1.2%, 0.4%, 0.1% and 0.1% for
reactions t, g, p and n, respectively. Peak errors for
fits to Eq.(6) are 4.5%, 2.5%, 0.9%, and 0.4% for the
four reactions, t, g, p and n. If only D-D reactions are

of interest, then Eq.(7) provides excellent fits, having
peak errors of 0.05% and 0.02% for reactions p and n,
respectively.

In conclusion, Eq.(5) is an accurate, convenient
computation form for all four reactions. If only
reactivities for D-D reactions are required, Eq.(7) pro-
vides outstanding fits.
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TABLE I. BEST-FIT PARAMETERS FOR {ov); AND CURVE-FITTING ERRORS, & = 100 (8;/S5.— 1)

5 5 % 5 5 B Sef %

a zoszieeanns? aszeneae ! araezenan omoamven ~2z. 717 -70. 774584 -17. 226965 -1, En3nEs

2y 19.L24362 21.138726 0.,407142 -5 pnansd =03 B2 -25.012271 20437310 £1.031425

#3 - -1, 23487447 0.20293722 CramMzan? - ommnTanT - 662138007 - 2EIEMZA0T 37304761

By . - 8. EEe9520 107 1.8375451210 7.om801 721070 3.08m551a007" .0 -

g - - - 4, 02465092410°° {33.1-13%!5;10" 0.0 oA m

a - - - csemsrzae? o .0 n.a =

r = . - L2935 JETETRRTA . 203REEAT . IRGET538 13363366

5 - = = - - - L 10059041
16, 572 6.7 8.1 1.16 1.5 1.0 n.3 4.5
£ T=1) 57.2 11.0 1.5 A0m 1. - 0,72 = 5.3 -1.38
&{T=8) -27.2 - 5.5 2.2 .69 B.77 n.61 1.92 1.1
§T=10] -43.5 =166 2.2 -1,96 -n.Té - 1.F0 = 6.095 -3.03
&(T=20] -41.3 -10.3 4.1 0.5 .26 1.40 - 3,26 -1,88
£(T=n) 2048 15.4 -1.5 -n.9 -d.08 111 1.76 3.0
HT=E0) 18,7 18,6 =2.h =0.07 0,07 - 2.14 3.73 1.3
4iT=80) BB =267 1.6 -0.70 0,12 3.00 =103 -a.33

- Tq terr excludad
w 7% and 77 terms encluced
w1 T ard T tems eacluded
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TABLE II. BEST-FIT PARAMETERS FOR (ov); AND CURVE-FITTING ERRORS, § = 100 (Sg/8cgc— 1)

5 5y g, 5 5g* 5o St 5

iy s.2609a3ax107 17 a.ooasE17x10”"? oo gvasogman 't 27, 7Eaaen -27.731078 ~28. 853682 -30.4760% -25, 256450
8 33093882 32, 159295 26, 415670 -31.023898 -1 058052 20, BEES64 -8 216862 -29.450203
a3 - 76,788576 -2.5739067 2rmseanin?  zyomzeman?  somsszrasac C1277Maa0d 2.1114609x007
2 - - -1.2007816x10°%  -5.5316331070 -smeklenern™® olamessrnact ouo -

o . " ; vommsnan®  zoessssasant g 0.0

o . : ” zsenEsar? oo 0.0 0.0 -

" - 2 : L3587 36051658 31305314 JEr TR TS 33768383
. . 5 : 4 Z 2 a 2. 310E701
ligael  25.3 1.8 1.58 0.36 1.6 2.4 5.7 2.5

aT=1]  -25.3 1.8 a.13 0003 0,15 1.43 5.6 z.45
6{T=5) 700 E.14 -a.m -8 0,15 203 ot 61 0.1
&{T=10] T.02 . 0,58 .25 0,22 0.25 .38 1.%6
{1200 -1.5% -5.95 -0.99 -0, 14 -0.18 1.2 0.87 -0.86
{T=an] -12.2 =11.5 =0.07 0.07 0.15 =023 -3.3 =1.23
E{T=60) =h,0& =317 1.07 0.03 =002 1.84 -0.62 1.54
E{T=80) 6,15 11.5 =1.58 0.23 0.34 -2.42 3.26 =1.50

* 1% tern sacluded
i T:'I armd T terms axcludad

+ 712, 73 and T tems excluded

TABLE II1. BEST-FIT PARAMETERS FOR {ov), AND CURVE-FITTING ERRORS, § = 100 (5,/5c5c— 1)

3 Sy 53 35 % Sy
o 2,6948677:10 1% 2.432130310°"% 1 gmazaarxio”t -1s.51780] -14.879251 2.0018602x10° 14
A 19.727318 18.872238 19, 244282 -35.318711 -36.019495 19.307336
3 = 52.886985 LEI0IEMN07C  -1.2004737x7077  5.5964022x10°C 5.7756250x10°>
2 : ¥ . 2.6797766x10™ . -
B - ” - -2.9198685x107° 5 .
% - - & 1.2748815x10°5 - i
r 2 - 2 .3735 39648171 . 94955669
s - - = . -3.1005261 :
laul 2.0 5.7 0.85 0.11 0.92 0.052
§(T=1) -12.1 = 0.69 0.003 0.042 -0.048
8(T=5)  2.58 0.19 -0.27 0.054 0.023 0.009
8(T=10)  5.34 2.08 -0.02 0.084 -0.263 -0.015
§(T=20)  4.87 3.08 0.42 -0.049 0.094 ~0.027
§(T=40) -0.09 1.21 0.54 0.010 0.543 0.013
5(Te60) -5.64 -2.06 0.02 0.021 o.M 0.024
8(T=80) -10.9 -5.70 -0.85 0.085 -0.921 -0.052
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TABLE IV. BEST-FIT PARAMETERS FOR {ov), AND CURVE-FITTING ERRORS, § = 100 (8,/S_4.~ 1)

5, 5, Sy 5 i 5

2| 3.4020841x107 1 3.ees3833x107 "% 2.6000260:107 1 -15.993m42 -15.314707 2.7219425x10°

o 20.144728 19.297132 19.751844 -35.017640 -35.903973 19.795543

33 ’ 30.099097 127031270072 -1.3689787x10°° 70465321 5,3891144x107°

3y - - - 2. 7089621:107% - -

2% = x = -2.9441547x10°5 = 2

2 . 2 3 1.2881202¢10°C - 2

r - - = 37125 _A0E6EE5E LB17233R3

5 - - - - -1.5743113 -

Baax! 0.0 3.7 0.56 0.11 0.44 0.018

§(T=1)  -10.0 0.37 0.500 0.006 0.081 0.0175

E(Tub} 2.19 -0,31 -0,195 -0.055 0.088 -0.0010

E(T=10)  4.44 PR -0.010 0.084 ~0.175 -0.0018

&(T=20) 4,08 2.14 0.298 -0.048 -0.079 -0.0085

&(T=a0)  -0.036 1.20 0.361 0,010 0.252 0.0013

§(T=60) -4.62 -1.05 0.015 0.022 0.104 0.0070

5(T=80) -9.01 A5 -0.561 0.086 -0.443 -0.0158
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