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TO: 
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Berkeley, California 

Contract No. W -7405-eng-48 

ERRATA 

UCRL-10752 Suppl. 
UC-34 Physics 

TID-4500 (19th Ed. } 

June 17, 1963 

All recipients of UCRL-10752 Suppl. UC-34 Physics 

FROM: Technical Information Division 

SUBJECT: UCRL-10752 Suppl., "Anisotropy Factors for the Deter~ination 
of Total Neutron Yield from the D(d, n}He3 and T(d, n}He 
Reactions," Lawrence Ruby and Richard B. Crawford, April 9, 
1963. 

Please make the following corrections on subject report. 

Table 2, at 475 keV and 150 deg., Rthin is 1.4913 instead of 
1. 2603. 

Table 3, at 275 keV and 180 deg., Rthin is 0. 7918 instead of 
0.9718. 
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ANISOTROPY FACTORS FOR THE DETERMINATION OF 

TOTAL NEUTRON YIELD FROM THE D(d,n)He 3 AND T(d,n)He 4 REACTIONS 

Lawrence Ruby and Richard B" Crawford 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

April 9, 1963 

ABSTRACT 

Tables have been computed of the anisotropy factor, R, which is 
useful in determining, by the associated .Particle method, the total neutron 
yield produced in the reactions T(d, n)He4" and D(d, n)He 3 " The range of 
incident deuteron energy covered is 25 to 500 keV, at associated particle 
colatitude angles of 90 to 180 deg. Thick-and thin-ta;rget cases have been 
treated" For the T(d, n)He 4 reaction, the total neutrons produced per alpha 
particle incident on the detector is given by the relation, N = (4rr/ ~n)R" In 
the case of the D(d, n)He 3 reaction, it is more convenient to detect the pro,.. 
tons produced in the competing reaction D(d, p)T" The total neutrons per 
proton incident on the detector is then given by N = (4rr/ ~rl)R(Y d n/Y d ), 
where (Y d n/Y d ) is the ratio of total neutrons to total protons produc'e%. 
Tables of this raflo, of R, and of their product are given" 
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ANISOTROPY FACTORS FOR THE DETERMINATION OF 
TOTAL NEUTRON YIELD FROM THE D(d, n)He3 AND T(d, n)He4 REACTIONSt 

Lawrence Ruby and Richard B, Crawford 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

April 9, 1963 

INTRODUCTION 

The determination of neutron-source strength by the associated 
, particle method, where possible, constitutes one of the most accurate methods 

. of neutron-source calibration 1), The method, in the case of the T(d, n)He4 

reaction, consists in measuring the number of alpha particles incident on a 
detector placed at an angle <P to the incident deuteron direction, and subtending 
a solid angle f§2 at the neutron-producing target. Then, the total number of 
neutrons being produced in the target per alpha particle incident on the detector 
is given by the relation, N = (4n/ .0.rl)R, where R ·is an anisotropy factor whose 
value depends on <P and on the incident--deuteron energy. We have computed R 
for a variety of deuteron energies from 25 to 500 keV, for angles <P from 90to 
180 deg, and for both thin and thick targets, 

For the D(d, n)He
3 

reaction, it is more convenient to measure the 
protons associated with the competing D(d, p)T reaction. Therefore, we have 
computed the anisotropy factor R for the latter reaction. The total neutrons 
per proton incident on a detector that subtends a solid angle t§2 is given by the 
expression N = (4;r/ f§l.)R(Y /Y ), where (Y /Y _ ) is the ratio of the 
total neutron yield to the tof,~Ppr6\o~ yield. We '\1£ve ~ofhputed R for the 
D(d, p)T reaction versus the same energy, angle, and target-thickness param
eters, as well as the product, R(Yd /Yd ), for both thick and thin targets. 

. 'n 'p, -

Information on the number of neutrons emitted into a given sol~d 
angle, per alpha particle incident on the detector, is available elsewhere ), 

METHOD 

The calculations herein are an extens4on of the work of Benveniste 
an,d Zenger, who calculat.ed R for the T(d, n)He reaction at an angle of 135 
deg, in the thick-target case 3 ), _ The deJ;ivation for the quantity N which is 
given in the Appendix, is essentially that given by Benveniste and Zenger. In 
addition, we have used the same data as they for the deuteron energy loss in 
titanium and hydrogen, and the same assumption for tl~e target-loading ratio-
nam~ly, Ti:H = 1:1. For the D(d, p)T reaction, conflicting data exist as 
to the cross section and the

4
ratio O"d n/<Td , We have chosen to use the 

data given by J, L, Tuck ), and nave iii'tgrpolated between his points 
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for the T(d, n)He 4 , the D(d, n)He 3, and D(d, p)T cross sections (see Table 
1). 

4 
In accordance with experimental evidence, we have assumed the 

T(d, n)He reaction to be isotropic in the center -of-mass (c. m.) system, 
thus giving 

do
dw' = 

() 

4rr 

However, the D(d, p)T reaction is markedly anisotropic in the c. m. system, 
and we have assumed a dependence of the type 

. 5 
where the constant (A+ B) has been taken from the data of Preston et al. ). 
Using the data given in Th.ble 1 for the total eros s section, we have calculated, 
the differential cross section at 90 deg according to the relation 

d<T(90 deg) = 
dw' J[ 1 +(A+ B) cos

2 e] dw' 

COMMENTS 

= 
4rr [ 1 + (A+ B)/ 3] 

Values of R shown in Tables 2 and 3 have been computed to five 
significant figures. However, in practice, uncertainties in cross sections, 
target-loading ratio, and uniformity of target loading limit the accuracy to 
a few percent. For example, the target-loading ratio can have any value 
from 0:1 to L8: l. 

Although the calculations apply to a titanium target, to a first 
approximation the results are independent of the particular hydrogen-occlud
ing metal used. This follows from the fact that, for the occluding metal, the 
product A[dE/d(px)] occurs. To a first approximation, this product is in
depen~ent of Z bec~use A is roughjy equaJ to 2~, _and, according to_ the 
data c1ted by Benvemste and Zenger ), dE/ d(p x) 1s 1nversely proportional tp 
Z for the metals with higher Z than copper. 

As Benveniste and Zenger pointed out, and as can be seen from 
Table 2, R for the T(cl, n)He 4 reaction at 90 deg for a thick target, is very 
nearly independent of target-loading conditions. This is because, at 90 deg, 
dw' / dw (the reciprocal of R for a thin target) is a very slowly varying fun,c
tioh of energy, and can, therefore, be taken outside the integral. Thus, at 
90 deg, R for a thick target is approximately (dw/ dw') , where the 

average 

" --
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averaging is done ov:=r the energy interval 0 to E 
1

, At this angle; then, ! 

both the minimum and most accurate value of R results, Of course, the 
value of R for a thin target is also independent of target-loading conditions, 
but the utilization of sufficiently thin targets presents experimental difficulties. 

APPENDIX 

The following derivation resembles closely that of Benveniste and 
Zenger, Subscripts l, 2, 3, and 4 are used to distinguish between the 
rriass, energy, velocity etc., of the deuteron, triton, alpha particle, and 
neutron, respectively, · Ordinary capital letters designate velocities or 
energies in the laboratory (lab) system of coordinates, while primed letters 
refer to the c. m. system. 

The relation between the differential solid angle, d~', occupied by 
thtalpha pa~ticles in the c,h.m. system, and the corresponding value, dw, in 
the lab system, is given by-} . 

r rv ) t212 
(~: t sine de 

J lcos<P+l ; 2 L - sin
2

<P _! 

= = ( 'fz[(Jz+L ) . 2 rz sin<P d<P 
E3 2 Sln <P 

I J 

(1) 

where 
,. . 1/2 

J = 
(mlm3El) 

m3 + m4 
(2a,) 

and 

L 
m4(Q+El)- mlEl 

-
m3 + m4 

(2b) 

Here, (dw'/dw) is the rate of change of the. cc m, solid angle to the lab 
solid angle.. F&r a detector subtending a very small solid angle at the target, 
(dw[/ dw) is essentially constant over the included intervaL In addition, 
(dw' / dw)a is the ratio of alpha particles per unit solid angle in the lab system 
to that i~ the c, m, system for a given angle and energy: 

dw' 
N (w , E) 

a a = dw 
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Therefore we have 

and similarly, 

N (w , E) D.rl. = N' (w' , E) (ddw') t::.n , 
aa a a a w E a a, 

N ( E) "" = N' (w' E) (clw' \, n wn' L.J}•n n n' dw ! 
; n, 

t::.n 
E n 

(3) 

,(4) 

But for energies at which the T(d, n)He 
4 

reaction yidds neutrons isotr.op
ically in the c. m. system (up to 600 keV), we have N~(w~E) =N~ (w~E):;;:K(E). 

The number of reactions per unit solid angle attributable t9 .deu,.. 
terons of energy between E and (E + dE) is · 

(Sa) 

or 

(5b) 

We assume that neither the number of incident deuterons nor the nuwper of 
tritons ch~Eges with depth ~n the target, i, e., with decreasing energy. Sub
stituting Eq. (5) into (3) and (4), one can form the ratio of neutrons il').to a 
given (large) solid angle to alphas into another (small) solid angle: 

1 d<r (E) 

(dw') dw dE dw' 

dE(E) 
i 
i dw ·· n 
/ n 

dx I 

Nt::.n _.,;6_g. 
n n n (6) N. D.n· = 

( d<r (E) (dw') a a 
D.rl. 

dw' 
dE 

, __ 
a ! dE(E) \dw a. I 

_) 

E 
dx 

• ·-
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When 1§2 is increased to 4'TT, the left side becomes the total neutron pro
duction pJlr alpha particle, N: 

E 
( (J 

I 4 'TT dE 

)0 dE 

N= 
4'TT dx 4'!T 

Rthick 1§2 E ~:, (dw') 
=1§2 

a. / .. a. 

dE dw dE 
___ )o - a. dx 

For a thin target, the expression for N reduces to 

4'TT 
N = 6.0 

a. 
(

dw \ 4'!T 
dw 1 ) = 6.n Rthin ' 

10. a. 

3 In a thick target, the yield of neutrons from the D(d, n)He reaction, per 
proton from the competing D(d, p)T reaction, is given by 

E E 

J 
(J 

f 
(J 

d,p d,n 
4Tr 

dE 
--:;r,;:-

dE erE erE 
N= _4'TT 0 (i"X 0 (i"X 

= 6.n E E 
p ( (J 

~ 
(J 

d,p ( ,\ 
d,p 

I """""duT 4Tr 

Jo dE ~:1, dE erE dE 

(i"X p (i"X 

For a thin target, this reduces to 

4'!T 
N = 6.0 

p 

(~). (CJd, n) = 

dCJ d, P)·( dw') CJ d, p 
dw1 dw 

c ) 4'TT d,n 
1§2 !\hick ~ 

P 'P thick 

(
y ) d,n 

Yd, p thi~ 
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Table L Cross section used in the computations. 

~. 4 3 3 
E1 T(d, n)He D(d, p)H D(d, n)He 

(keV) (mb) (mb) (mb) 
~ 

25 125 0 .. 70 0. 707 
50 1400 4.3 4.56 
75 3250 10.1 1 L 11 

100 4350 16.5 17.8 
125 4650 21,6 23.7 
150 4150 25.6 29. l 
175 3400 29.1 34.0 
200 2725 32.3 38.4 
225 2150 35,2 42,4 
250 1720 38,0 46.1 
275 1480 40.8 49.5 
300 1320 43.4 52,8 
325 1180 45.8 . 55.9 
350 1060 48.1 58.9 
375 960 50,3 6L7 
400 880 52.3 64.3 
425 810 54,2 66.8 
450 750 55.9 69.3 
475 700 57.5 71,7 
500 660 59.0 74,0 

;/ 
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Table 2. T(d, n)He 4 reaction. 

El g? Rth.ick Rthin 
g? 

Rthick Rthin 
g? 

Rthick Rthin 
(keV) (de g) (de g) (de g) 

.... 
25 90 1. 0006 1. 00 11 100 1.0088 1. 0178 110 1.0169 1. 0344 
50 90 1. 0015 1. 0023 100 1.0197 1. 0260 110 1,0377 1. 0498 
75 90 1. 0024 1. 0034 100 1.0260 1.0327 110 1,0496 1. 0621 

100 90 1. 003 2 1. 0045 100 1. 0307 1. 0385 110 1.0582 1.0728 
125 90 1. 0038 1.0057 100 1.0343 1. 0438 110 1. 0650 1. 0825 
150 90 1. 0044 1. 0068 100 1.0373 1. 0488 110 1.0704 1. 0915 
175 90 1.0050 1. 0080 100 1. 0397 1.0534 110 1.0747 I. 1000 
200 90 1. 0054 1. 0091 100 1. 0416 1.0579 110 1. 0783 1.1080 
225 90 1. 0058 1. 0102 100 1. 0433 l. 0622 110 l. 0812 l. 1158 
250 90 l. 0061 l. 0114 100 1.0447 1. 0664 110 1. 083 7 1. 1232 
275 90 1. 0064 1.0125 100 1.0459 l. 0704 llO 1. 0860 1.1304 
300 90 l. 006 7 1.0137 100 1. 04 71 1.0743 110 1.0880 1.1374 
325 90 l. 0070 1.0149 100 1.0482 1.0782 110 1. 0900 l. 1443 
350 90 l. 0073 1.0160 100 1,0493 1.0819 110 l. 0920 l. 1509 
375 90 1. 0076 1. 0172 100 1. 0503 l. 0856 110 l.0938 1.1575 
400 90 1.0079 1.0183 100 L05I4 l. 0893 110 1..0956 l. 1639 
425 90 1. 0082 1.0195 100 1. 0523 l. 0928 110 l. 0973 1. 1702 
450 90 1,0085 1,0207 100 1,0533 1.0964 110 I. 0990 1.1765 
475 90 1,0087 1,0218 100 1.0542 1.0999 110 1.1006 1.1826 
500 90 1,0090 1. 0230 100 1.0552 1.1033 110 L 1022 1.1887 

25 120 L0245 1.0502 130 1.0314 l. 0648 135 1..0345 1.0714 
50 120 l. 0549 1.0727 130 l. 0708 1.0939 13 5 l. 0780 l. 1036 
75 120 1. 0724 l. 0906 130 l. 0934 1.1172 135 L 1030 1.1294 

100 120 l. 0849 1.1062 130 1.1096 L 1376 135 L 1210 l. 1520 
125 120 1.0947 l. 1204 130 1. 1224 l. 1561 135 l. 1352 l. 1726 
150 120 1. 1026 l. 1336 130 1.1327 1.1733 135 L 1466 1.1917 
175 120 1.1089 1.1459 130 1. 1409 1..1895 135 1.1557 1.2098 
200 120 1. 1140 1.1577 130 L 1476 l. 2050 135 L 1631 1,2270 
225 120 1.1183 1. 1690 130 l. 153 1 l. 2198 135 L 1692 1. 243 5 
250 120 L 1219 L 1799 130 l. 1578 1.2341 135 L 1744 l. 2595 
275 120 l. 1252 1.1905 130 L 1620 1.2480 135 l. 1791 l. 2 7 50 
300 120 l. 1282 I. 2007 130 l. 1659 l. 2616 135 1.1834 l. 2902 
325 120 1.1311 1.2108 130 1. 1697 l. 2748 13 5 l. 1876 1.3050 
350 120 1.1338 1.2206 130 l. 1733 1.2878 135 1.1915 1.3195 
375 120 1.1365 1.2302 130 1.1767 l. 3005 135 L 1953 l. 3338 
400 120 1.1391 1. 2396 130 l. 1800 1.3131 13 5 l. 1990 l. 3478 
425 120 1.1415 l. 2489 130 l. 1832 1.3254 135 l. 2026 1.3616 
450 120 l. 1440 l. 2581 130 1.1864 1.3376 135 I. 2060 l. 3 7 53 ··"~ 475 120 1.1463 1.2671 130 1..1894 1.3496 135 I. 2094 l. 3888 
500 120 l. 1486 l. 2 760 130 l. 1924 l. 3615 135 1.2127 1.4022 

...... 
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Table 2, (Continued) 

''- . 
E1 q; 

Rthick R h' t Hl 
q; 

Rthick Rthin 
q; 

Rthick Rthin 
(keV) (de g) (deg) (de g) 

t-
25 140 1,0373 L0775 150 1,0422 L0880 160 L0457 1,0958 
50 140 1,0847 . L 1126 150 L0961 L 1281 160 L 1046 L 1396 
75 I40 L 1119 L 1408 150 L 1272 L 1604 160 . L 1387 L 1750 

100 140 L 1316 L 1655 150 L 1497 I, 1887 160 L 1633 1.2062 
125 140 L 1470 L 1880 150 L 1674 L2146 160 L 1828 1,2347 
150 140 L 1595 1,2089 150 L 1817 L2387 160 L 1984 L26I3 
175 140 L 1694 1,2287 150 L 1931 l. 2616 160 L2I09 l. 2865 
200 140 L 1775 L2476 150 L2024 1,2834 160 1,2211 1,3106 
225 140 L 1842 L2657 150 L2101 L3045 i60 L2295 1,3339 
250 140 L 1899 1,2833 150 L2166 L3249 160 L2367 1.3565 
275 140 L 1949 L3004 150 1,2224 L3447 16D L2431 L3785 
300 140 L 1997 1,3170 150 1.2279 L364I 160 L249l L4001 
325 140 1,2042 L3334 150 1,2331 L3831 160 L2548 1,4212 
350 I40 1,2085 1,3494 150 10 2380 1.4018 160 L2603 L4419 
375 140 1,2127 L3651 150 1,2428 L4202 160 1.2655 1.4624 
400 140 L2167 1.3806 150 L2474 1.4383 160 1.2705 1,4825 
425 140 L2206 L3959 160 L2518 L4562 160 L2754 1,5025 
450 140 L2243 L4109 150 L256l L4738 160 L2801 1,5222 
475 140 L2280 1,4259 150 L2603 1.2603 160 L2847 L5417 
500 140 L2316 L4407 150 1.2644 L5087 160 1,2892 L5611 

25 170 I, 04 79 L 1006 180 L0486 L 1023 
50 170 L 1098 1,1468 180 L1116 L 1492 
75 170 L 1457 L 1841 180 L 1481 L 1872 

100 170 L 1717 1.2170 180 L 1746 l, 2207 
125 170 L 1922 L2472 180 L 1955 L25I4 
150 170 L2088 L2753 180 L2123 L2801 
175 170 1,2220 L30ZO 180 1,2257 1.3073 
200 170 1,2327 1,3276 180 L2367 1,3334 
225 170 1.2417 L3523 180 L2458 L3586 
250 170 L2492 L3763 180 L2535 L383I 
275 170 L2560 L3997 180 L2604 L4069 
300 170 L2623 L4226 180 L2668 L4303 
325 170 L2683 1.4450 180 L2729 L4532 
350 170 1.2741 1.4671 180 L2788 L4757 
375 170 1.2796 10 4889 180 L2844 1A979 
400 170 L2849 L5104 180 L2898 L5199 ;·-., 
425 170 L290I L5316 180 1,2951 1.5416 
450 170 L295I L5527 180 L300l L5631 
475 170 L2999 1.5735 180 1,3051 L5844 ,_, 
500 170 1,3047 1, 5942 180 L3099 L6056 



Table 3. D(d, p)T reaction. 

c ) c ) c ) c ) E <P Rthick 
R d,n 

Rthin 
R d,n <P Rthick R ~ 

Rthin 
R d,n 

(keV) (deg) thick Yd, E thick thin Yd, E thin (de g) thick Yd, p thick thin Yd, p thin 

25 90 1.0853 1.0961 1.0853 1. 0961 100 r. 0862 1. 0970 l. 0862 1.0970 
.50 90 1.1076 1.1562 1.1187 1.1858 100 1.1079 l. 1564 1.1185 1.1857 
75 90 1.1300 1.2117 l. 153 5 1. 2688 100 l. 128 7 l. 2103 l. 1504 l. 2654 

100 90 1.1527 1. 2637 l. 1880 1. 3425 100 1.1492 l. 2599 l. 1807 1.3342 
125 90 1.1744 1.3103 1.2207 1.4074 100 l. 1683 l. 3036 1. 2085 l. 3934 
150 90 1.1949 1.3518 1. 2530 1.4660 100 l. 1860 1.3417 l. 23 52 1.4451 
175 90 l. 2145 1.3894 l. 2834 1. 5196 100 l. 2025 1.3757 l. 2596 1.4913 
200 90 1.2332 1.4243 1.3119 1. 5691 100 l. 2180 1.406 7 1.2819 l. 53 3 1 
225 90 1.2514 1.4574 1.3402 l. 6176 100 l. 2328 1.4357 1.3033 1.5731 
250 90 l. 2693 1.4893 1. 3681 l. 6636 100 1.2470 1.4632 1.3240 1.6100 
275 90 l. 2869 l. 5201 1. 3941 1. 7064 100 l. 2608 1.4893 l. 3428 1.6436 
300 90 l. 3040 l. 5497 1.4167 l. 7440 100 1.2740 1.5141 l. 3588 1.6726 
325 90 l. 3204 1.5778 1.43 75 1. 7782 100 l. 2865 1.5373 1.3730 1.6984 
350 90 l. 3360 1.6044 1.4550 l. 8071 100 l. 2981 l. 5589 l. 384 7 l. 7198 
375 90 l. 3504 1.6290 1.4676 1.8286 100 l. 3088 l. 5788 1.3929 l. 7355 
400 90 l. 3634 1.6512 1.4739 1.8395 100 l. 3183 l. 5965 1. 396 7 l. 7431 
425 90 1.3749 1.6 708 1.4772 1.8465 100 1. 3 26 5 l. 6120 1. 3985 l. 7481 
450 90 l. 3848 1.6879 1.4774 1.8497 100 1.3336 l. 6255 l. 3982 l. 7505 ...... 
475 90 l. 3 93 2 l. 7028 1.4746 1.8491 100 1.3395 1.6372 1.3959 l. 7505 

0 
I 

500 90 1.4001 1. 7154 1.4688 1.8433 100 l. 3444 l. 64 72 l. 3918 l. 7467 

25 110 1.0723 1.0830 1.0723 1.0830 120 l. 0478 l. 0583 l. 0478 1. 0583 
50 110 1.0896 1.1374 l. 0981 l. 1640 120 1. 0589 1.1053 1. 0642 l. 1281 
75 110 1.1054 1.1853 1.1214 1.2335 120 1. 0679 1. 1451 l. 0766 1.1843 

100 110 1. 1202 l. 2281 1. 1423 l. 2908 120 1.0755 l. 1791 l. 0864 1.2277 
125 110 1.1334 1. 2646 1.1605 1.3381 120 l. 0818 l. 2071 l. 0943 1. 2617 
150 110 l. 1452 1.2956 1. 1772 1. 3 773 120 l. 0871 1. 2299 l. 1008 l. 2879 
175 110 1.15.59 l. 3224 1.1919 1.4112 120 1. 0916 l. 2489 1. 1061 1. 3096 
200 110 1.1657 1. 3463 1. 2048 1.4410 120 1.0955 1. 2653 1.1105 l. 3 282 
225 110 l. 1748 1.3682 1. 2168 l. 4686 120 l. 0990 1.2799 l. 1142 l. 3448 
250 110 l. 183 3 l. 3884 1.2278 l. 4931 120 l. 1020 l. 2930 1.1172 l. 3586 
275 110 1.1914 1.4073 l. 23 76 l. 5148 120 l. 1048 l. 3 0 50 l. 1198 l. 3 706 c:: 
300 110 l. FiB9 1.4248 l. 2456 1.5333 120 l. 107 3 l. 3 159 1.1219 1.3810 () 
325 110 1. 2059 1.4410 l. 2526 1.5495 120 l. 109 5 1.3258 l. 123 7 l. 3900 ~ 
350 110 l. 2123 1.4559 l. 2582 1.5627 120 1.1114 1.3348 l. 125 2 l. 3975 toot 375 110 1.2181 1.4694 1.2622 1.5727 120 1.1132 1.3429 l. 1266 1.4038 I 
400 110 l. 2232 1.4813 1.2642 1.5777 120 l. 1149 1.3502 l. 1280 1.4078 ...... 
425 110 1.2276 1.4918 l. 2653 l. 5817 120 l. 1164 1.3566 1. 1294 1.4118 0 
450 110 l. 2314 l. 50 10 l. 2656 1.5845 120 1.1178 1.3625 l. 1309 1.4158 -.J 

1..11 
475 110 l. 2346 l. 5090 l. 2651 l. 5864 120 1.1191 1.3678 l. 1324 1.4200 N 
500 110 1. 23 73 1.5160 l. 2638 l. 5861 120 l. 1204 1.3727 1.1341 1.4233 
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Table 3. (Continued) 

E1 q; 
Rthick c ) Rthin Rthin (yd~n) q; 

Rthick Rthick(Yd, n) Rthin c Rthick d, n Rthin d,n 

(keV) (deg) Yd, p thick Yd, p thin (de g) Yd, p thick yd,p/thin 

25 130 l. 0180 1.0282 1.0180 1.0282 135 1.0027 1.0127 1.0027 1.0127 
50 130 l. 0224 l. 06 72 l. 0245 l. 0860 135 1.0040 1.0480 l. 0046 1.0649 
75 130 l. 024 7 l. 0987 1.0264 1.1291 135 1.0032 1.0758 1. 0020 l. 1022 

100 130 1.0256 l. 1244 1. 0263 l. 1598 135 1.0012 l. 0977 o. 9977 1.1274 
125 130 l. 0 25 7 l. 1444 l. 0255 1.1824 135 0.9987 1. 1144 0.9934 1.1454 
150 130 1.0253 l. 1599 1.0238 l. 1978 135 o. 9961 l. 1268 0.9886 l. 156 7 
175 130 l. 0246 1.1722 1. 0220 1.2101 135 o. 9933 1.1364 o. 9842 1.1653 
200 130 1.0238 l. 1824 l. 0203 l. 2202 135 0.9907 l. 1442 o. 9803 1.1724 
225 130 l. 0228 1.1912 1.0182 1.2290 135 o. 9881 l. 1507 o. 9763 1.1784 
250 130 1.0218 1.1989 l. 0160 1. 2355 135 o. 9855 1.1563 0.9723 1.1823 
275 130 1.0206 1. 2056 1. 0140 l. 2412 135 0.9829 1.1610 0.9689 1.1859 
300 130 1.0195 1.2115 l. 0126 1.2465 135 o. 9805 1.1652 o. 9664 1.1896 
325 130 l. 0184 1.2169 1.0114 1. 2511 135 o. 9783 1.1690 0.9644 1.1929 
350 130 1.0174 1.2218 l. 0108 l. 2555 135 o. 9763 1.1725 0.9632 1.1963 
375 130 l. 0166 l. 2263 1.0112 1.2599 135 0.9747 l. 1758 o. 9633 l. 200 3 
400 130 1.0161 1.2305 1. 0 12 7 1.2639 135 o. 9735 1. 1789 o. 9651 1.2045 
425 130 1.0158 l. 2344 1. 0148 1.2685 135 0.9727 1.1820 0.9676 l. 2095 
450 130 1.0159 l. 2382 l. 0176 1.2740 135 0.9723 1.1852 o. 9710 l. 2156 ...... 

...... 
475 130 1.0162 l. 2420 1.0209 1.2802 135 0.9724 l. 1885 o. 9751 l. 2227 I 
500 130 1.0168 l. 2458 1. 0250 1.2863 135 o. 9729 1. 1920 o. 9801 1.2300 

25 140 o. 9878 0.9977 o. 9878 0.9977 150 o. 9610 o. 9706 0.9610 o. 9706 
50 140 o. 9863 l. 0295 o. 9856 1.0447 150 0.9549 0.9968 o. 9520 l. 0091 
75 140 o. 9829 1.0539 o. 9789 1.0768 150 0.9472 1.0157 o. 9391 l. 0330 

100 140 o. 9783 1.0726 o. 9712 1.0974 150 0.9387 1.0291 o. 9260 1.0464 
125 140 0.9736 1.0863 0.9639 1.1114 150 o. 9306 1. 0383 0.9145 l. 0545 
150 140 o. 9690 l. 0962 o. 9566 1. 1192 150 o. 9231 1.0443 0.9037 1.0573 
175 140 o. 9646 1.103 5 o. 9502 l. 1250 150 0.9163 1.0482 0.8944 l. 0590 
200 140 o. 9604 1.1092 0.9446 1.1297 150 0.9100 1.0510 0.8866 1.0604 
225 140 0.9565 1.1139 o. 9391 1.1335 150 0.9043 l. 0531 o. 8793 l. 0613 
250 140 o. 9527 1.1178 0.9338 1.1355 150 0.8988 1.0546 0.8724 l. 0609 c:: 275 140 o. 9491 1.1210 o. 9293 1.1375 150 0.8938 l. 055 7 0.8667 1.0609 
300 140 0.9457 l. 123 9 o. 9261 1.1401 150 0.8891 1. 0566 0.8627 1.0620 () 

325 140 0.9426 1.1264 o. 9236 1.1424 150 0.8850 1.0575 0.8596 1. 0633 ~ 
350 140 o. 9399 1.1288 o. 9221 1.1452 150 0.8814 1.0585 0.8578 1.0654 t"' 
375 140 0.9377 1.1311 o. 9221 1.1490 150 0.8784 1. 0596 0.8580 1.0690 I 

1-' 

400 140 o. 9360 1.1335 0.9241 1.1533 150 0.8761 l. 0610 0.8605 1.0739 0 
425 140 o. 9348 1.1360 o. 9271 1. 1588 150 0.8746 1.0628 0.8641 1. 0801 -.] 

450 140 o. 9342 l. 1387 o. 9309 1.1655 150 0.8737 1. 0650 0.8688 1.0877 U1. 

475 140 o. 9341 l. 1417 o. 9357 1.1734 150 0.8735 1.0677 0.8746 l. 0968 N 

500 140 o. 9345 1.1450 o. 9415 1.1816 150 0.8740 1.0708 0.8817 l. 106 5 C/) 
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E 
I 

<I> 

(keV) (deg) 

25 I60 
50 I60 
75 160 

IOO I60 
I25 I60 
I 50 I60 
I75 I60 
200 I60 
225 I60 
250 I60 
275 I60 
300 I60 
325 I60 
350 I60 
375 I60 
400 I60 
425 I60 
450 160 
475 I60 
500 160 

25 I80 
50 180 
75 180 

100 180 
IZ5 I80 
150 180 
I75 180 
zoo 180 
225 180 
250 180 
275 I80 
300 I80 
325 I80 
350 I80 
375 I80 
400 I80 
425 I80 
450 I80 
475 I80 
500 I80 

Rthick 

0.9403 
0.93IO 
0.9204 
0.9094 
0.899I 
0.8899 
0.88I6 
0.874I 
0.8673 
0.86I 0 
0.855I 
0.8498 
0.845I 
0.84II 
0.8377 
0.8352 
o. 8336 
0.8327 
0.8325 
0.8330 

0.9229 
o. 9112 
0.8984 
0.8855 
0.8737 
0.8632 
0.8539 
0.8456 
0.8381 
0.8313 
0.8249 
0.8I92 
0.8I42 
0.8099 
0.8064 
0.8038 
0.8021 
o. 80 I3 
0.8012 
0.80I8 

• ~· . 

ly ) 
Rthick( Cl;n 

Yd,p thick 
Rthin 

---

0.9497 0.9403 
0.97I8 o. 9266 
o. 9870 o. 9095 
o. 9970 o. 893I 
1.0032 o. 879I 
I. 0067 o. 8662 
1.0085 0.8554 
I. 0095 0.8465 
1. 0100 0.8382 
1.0I02 0.8305 
I. 0 I 00 0.8243 
I. 0099 0.8200 
1.0099 0.8I66 
I.OIOI 0.8I49 
I. 0 I 06 0.8I52 
I.0II5 0.8I82 
1.0130 o. 8223 
1.0I50 0.8276 
I.OI75 0.834I 
1.0206 0.8420 

o. 932I 0.9229 
o. 951I 0.9057 
0.9634 0.8855 
0.9708 0.8667 
0.9748 0.8509 
0.9766 0.8367 
o. 9769 0.8249 
o. 9766 0.8152 
o. 976I 0.8064 
0.9753 o. 7984 
0.9744 o. 97I8 
o. 9736 o. 7874 
o. 9730 o. 7841 
0.9727 o. 7824 
0.9728 o. 7830 
0.9735 o. 7863 
o. 9748 o. 7908 
0.9767 o. 7966 
o. 9792 0.8037 
0.9824 o. 8I2I 

Table 3. (Continued) 

Rthin(yd, n) Rthick(~ d,n) RthinC d,n) 
<I> Rthick Rthin 

Yd, p thin (de g) d,p thick d,p thin 

0.9497 170 0.9273 o. 9366 0.9273 o. 9366 
o. 9822 I70 0.9I62 0.9563 o. 9II 0 0.9656 
I. 0005 I70 0.9040 o. 9693 0.89I5 o. 9807 
1.0092 I70 0.89I5 0.9773 0.8733 o. 9868 
1.0136 170 0.880 I o. 98I9 0.8580 o. 9892 
I. 0 I34 I70 0.8699 0.984I 0.8440 o. 9875 
I. 0 I28 I70 0.8608 0.9848 0.8324 o. 9856 
I. 0 I24 I70 0.8527 0.9848 0.8230 0.9843 
1.0117 170 0.8454 0.9845 0.8I45 o. 9828 
I.0099 I70 0.8386 0.9840 0.8063 0.9804 
1.0089 I70 0.8324 0.9832 o. 7998 o. 9790 
1.0094 I70 0.8268 o. 9825 o. 7954 o. 9792 
I.OI02 I70 0.82I9 o. 982I o. 792I o. 9798 
I.OI2I I70 0. 8I76 o. 98I9 o. 7904 o. 98I7 
I. 0 I 58 I70 0.8I42 o. 982I o. 7909 o. 9854 
I.02II I70 0.8II6 o. 9829 o. 794I 0.99IO 
1.0279 I70 0.8099 0.9842 o. 7985 o. 9981 
1.0362 I70 0.8090 o. 986I 0.8042 I. 0068 -N I. 0460 170 0.8089 0.9886 o. 8111 1. 0172 I 
I.0567 I70 o. 8095 o. 99I8 0.8I94 I. 0283 

o. 932I 
o. 9600 
0.9740 
o. 9793 
o. 9811 
o. 9789 
o. 9767 
0.9750 
o. 9733 
0.9708 c:: o. 9692 () 
o. 9693 ~ 
0.9699 ~ 0.97I8 I 
o. 9756 -o. 9813 0 
o. 9885 -..J 

tJ1 o. 9973 N 
1.0078 en I.OI92 s:: 

"d 
"d ..... . 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Co~
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contract~r of the Commission, or employee 
of such ~ontractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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