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CROSS SECTIONS FOR ATOMIC DISPLACEMENTS

IN SOLIDS BY FAST ELECTRONS

0. 8. Oen

ABSTRACT

The Mott series has been used to calculate the number of
displacements produced by elastic collisions between fast elec-
trons and atomic nuclei. Displacement cross sections of 18 dif-
ferent elements spanning the atomic table were calculated for
electron energies ranging from threshold to 10 MeV. Both the
primary and the cascade using the Kinchin and Pease model were
calculated using sharp displacement thresholds ranging from 15
to 50 eV in steps of either 5 or 10 eV. The results are com-
pared with those using the less accurate McKinley-Feshbach for-
mula commonly used in radiation damage studies. In addition,
tables giving the differential cross section in steps of 7%@0
for both the Mott series and the McKinley-Feshbach formula are
included.

INTRODUCTION

Electrons in the energy range of one MeV have been fregquently used
to irradiate solids in the study of radiation damage. ZElectrons of this
energy possess sufficient momentum to displace atoms from their normal
lattice positions directly through near head-on collisions. To calculate
the probability of such a displacement it is necessary to know the scat-
tering cross section between an electron and an atom. The scattering of
a nonrelativistic electron by the Cbulomb field of a point nucleus waé
first treated by Rutherford, and the relativistic extension was done by

Mottl using the Dirac theory of the electron. Since the electrons used

. F. Mott, Proc. Roy. Soc. (ILondon) Al2k, 426 (1929); Al35, 429 (1932);
N. F. Mott and H. S. W. Massey, The Theory of Atomic Collisions (Oxford
University Press, New York, 1949), 2nd ed., chap. IV.




in radiation damage are in the relativistic velocity range, it is neces-
sary to use Mott's. theory. Mott haé expressed the scattering between a
point nucleus and an electron as an infinite series of Legendre expan-
sions. Since that series solution is cumbersome to evaiuate, several
aﬁthors have approximated it to get simpler, more tractable expressions.
The so-called McKinley-Feshbach version of the Mott eguation has been
most frequently used to calculate atomic displacement cross sections for
radiation damage research. Seitz and Koehler2 have pointed out that the
McKinley-Feshbach formula should be sufficiently accurate for light ele-
ments (Z < 29), but that for heavy elements it becomes necessary to use
the more accurate Mott series formulation. In view of the very limited
number of calculations that have been done using the Mott series, it has
seemed desirable to compute atomic displacement crosé sections using this
series for a variety of elements and electron energies. This has been
done for 18 different elements spanning the atomic table. The Mott series

has been used to evaluate each case.

METHOD OF CALCULATION
Our method of calculating the atomic displacement cross sections
by fast electrons follows closely that of Seitz and Koehler.2 The calcu-
lational prbcedures are outlined in the paragraphs below. The calculations
were performed with the aid of a 1604 CDC computer located at Oak Ridge
National Iaboratory.
The energy transferred to a heavy nucleus by an electron scattered

through an angle © is given by

2F. Seitz and J. 8. Koehler, p. 305 in Solid State Physies, vol. 2,
ed. by F. Seitz and D. Turnbull (Academic Press, New York, 1956).

n



T-T sin® /2 (1)

where Tm; the maximum transferred energy which occurs for a head-on colli-

sion, is

2147.66 E(E + 1.0220) (2)

T (eV) = x

Here A is the atomic weight and E is.the kinetic energy of the electron
expressed in MeV. The rest mass energy of the elecﬁron is taken as 0.511
MeV.

The conventional sharp displacement threshold model has been used.
It assumes that an atom can be displaced only if it receives an energy

equal or greater than some threshold energy, E Upon receiving such an

4"
energy, the probability that the atom is displaced is taken as unity.

Furthermore, the primary displaced atom can, if sufficiently energetic,
produce additional displaced atoms. We have used the Kinchin and Pease5

cascade model which gives the average number of displacements, v, pro-

duced by a primary knock-on of energy T as

11

v(T)

T/eEd T = 2R,

(3)

=1 EdST:EEEd

The total cross section (primary plus secondaries) for producing atomic

displacements by an electron of energy E can be written as

T
m

o, +(E) = J/ v(T) g% ar ()

)

%¢. H. Kinchin and R. S. Pease, Repts. Progr. Phys. 18, 1 (1955).



while the cross section for producing primary displacements only is

T
/'m d
g .
5 (E) = / 29 ar.
By

In Egs. (4) and (5) the quantity do/dT is the differential scattering

(5)

cross section for transferring an energy T to an atom by an electron of

energy E. The above integrals can be done analytically for the McKinley-

Feshbach version of do/dT, but numerical methods become necessary when

using the Mott series. Rewriting Eq. (4) more explicitly using the re-

sults of Eq. (3) gives

"s0tlE) - F(E + 1.022)°

0.06515 22(E + 0-511)2 ’/
(B + 1.022)°

T

1
+ [ SR 9};22'( M(x,E) (bams)

d

2Ed/Tm

0.06515 Z2(E + Oo5ll) <{.J( M(X,E) (barns) By=T =

=5 M(x,E)

Ea
(ka)

(ko)

where x = T/Tm, 7 the atomic number and M(x,E) the ratio of the Mott to

the Rutherford cross section. The ratio M(x,E) was calculated using the

method of Doggett and Spencer4 and the integrals evaluated by 16 point

hJ. A. Doggett and L. V. Spencer, Phys. Rev. 103, 1597 (1956).



Gauss-Legendre quadrature techniques. The integrand in the second inte-
gral of Eq. (4b) was transformed by the substitution x = e™Y vefore
evaluating the integral. The transformed integrand which varied less
over the domain of integratibn proved easier to evaluate. The primary
displacement cross section given by Eq. (5), when written out more ex-
plicitly, becomes identical to Eq. (ba) except that now there is no

restriction on the magnitude of Tm provided it is larger than E The

’E
substitution, x = l/y, facilitated the evaluation of the integral for
the primary cross sections.

The differential Rutherford scattering cross section is calculated

from the expression

R "_
- " 0.020738

do(©) o 5
' E + 0.511 7 -
[E(E T 1.022) 1 (1 - con 9)2 (barns per steradian). (6)

ACCURACY AND OTHER CALCULATIONS

The Mott series was evaluated using the computer code of Doggett
and Spencerh taking 36 terms in the Legendre sums. For those cases of
overlap our results, as expected, are in excellent agreement with theirs
and therefore their comments on the accuracy of the method apply here
also. They have made several comparisons with other previous calcula-
tions and find good agreement. They have stated that "overall accuracy
of different portions of the tabulations can be expected to differ; how-
ever, we estimate that except for the largest angles at high energies it
should be 6.5 percent or better."

The tables of the differential cross section have, for conven-

ience and accuracy in reproducing, been printed as output by the computer



and therefore some of the values contain more than the three or four fig-
ures which are significant.

All of the integrations were performed using 16 point Gauss-Legendre
quadrature techniques. The integration routine was checked by numerically
integrating the McKinley-Feshbach version of the Mott series and comparing
that with what one gets when it is done analytically. Excellent agreement
was found.

Qur calculated displacement cross sections for gold agree well with

>

those of Khandelwal and Merzbacher. For the light elements they agree
well with what one calculates using the McKinley-Feshbach formula. We

believe that the overall accuracy of the calculations should be good to
within a few percent. Furthermore, we feel that the displacement model

rather than the calculational accuracy is the limiting factor in the dis-

placement cross sections.

DISCUSSION OF FIGURES AND TABLES
A. Integral Displacement Cross Sections

a) The first 18 figures show both the primary and the total displace-
ment cross sections as a function of electron energy using several
displacement threshold energies for 18 different elements spanning
the atomic table. The Mott series is used for the electron-nuclear
differential scattering and it was computed by the procedure already
described.

b) Figures 19-21 show a comparison of the Mott and McKinley-Feshbach

displacement cross sections. Figure 19 shows this comparison for

5G- S. Khandelwal and E. Merzbacher, Phys. Rev. 130, 1822 (1963).

»




gold for both the primary and total displacement cross sections.

The primary displacement cfoss section of the Mott and the

McKinley-Feshbach is shown as a ratio in Fig. 20. In Fig. 21

the maximum of this ratio is plotted against the atomic number.
B. Differential Scattering Cross Sections

For some purposes it is desirable to calculate displacement cross
sections using a more refined, but specialized, displacement model than
that of Kinchin and Pease. This occurs, for instance, when one is study-
ing atomic displacements as a function of crystal orientation. For pur-
poses such as these it would seem convenient to have available tables
giving the Mott differential scattering.

a) Tables 1-9 give the ratio of the Mott to the Rutherford scatter-
ing as a function of scattering angle for several electron ener-
gies. Tables 9-18 give the ratio of the Mott to the McKinley-
Feshbach. Table 19 gives the differential Rutherford scattering
cross section in barns per steradian with the 22 factor omitted.

b) TFor convenience, some of the results of the above tables are
compared and plotted in Figs. 1l-3.

C. Subsidiary Results
The maximum energy transferred to an atom, Tm, by an electron in
a head-on elastic collision (Eq. 2) is plotted as a function of electron

energy for several different elements in Fig. 25.

The author is indebted to J. J. Coyne of the National Bureau of
Standards for making available the computer code of J. A. Doggett and
L. V. Spencer. Members of the Solid State Division have been most help-
ful and special thanks are due to J. H. Barrett, D. K. Holmes, M. T.

Robinson, and M. S. Wechsler.
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Table 1

RATI® OF MOYT T4 RUTHERFARN SSATYERING

ENERGY(MEV) 20 ) 4 2 | 5
ANGLE(DEGREES) ATOMIC NUMBER = 92
] t+n000 1.,0000 1,0000 | 0000 1.,0000 1.0000
7,5 100467 1,0466 1,046n 1,0445 1,0408 1,0344
15.0 i eN949 1,0947 1,0930 10886 |1+0774 10571
22,5 l+1856 . 1881 1,18290 141735 11512 1.1093
30.0 1¢3212 t,3205 1.3158 143829 | 12694 12023
37.5 114995 |, 4988 1.4924 | +4754 1,4308 13394
45.0 107043 1,703 1,6956 1.+67510 16206 1.5075
52,5 1.9169 1,9185 1,907 1.86837 128219 16947
60,0 2.1202 2.1187 2,1098 2.,0850 2.0189 1.8783
67,5 242938 2,2923 2,2834 2,2587 2,1925 2.,0494
75.0 2:4189 2,476 2,4094 243867 2+ 3252 2.1895
82.5 244844 2,4033 2,4767 2,458n 2+4065 2,2890
0.0 2:4823 2,486 2.4772 244646 2,4287 243406
97,5 2.4069 2,4067 2,4053 2,4012 223866 72,3395
105.0 22607 2,261 2,2636 2,2698 2+2819 2.2868
12,5 20527 2,0538 2,0607 2.07910 2,122/ 2.,0878
120,0 {+7935 1.7985 1.8072 1+8388 19163 2.,N498
127.5 124978 |.5007 1.5176 | o 563% 16773 1+ 883
135.0 11859 l.1896 1.2116 1.2716 114222 1+701t0
142,5% +8778 .8823 .9093 19828 |2 1684 1 5167
150.0 5915 5968 ,6283 ALY 9315 13434
157.5 13462 3521 3874 24836 17280 |« 1937
165,10 + 1600 01663 2044 +3084 15729 1.0787
172.5 + 0433 0500 089 756
180.0 20024 +000] ‘0697 M 14437 '1o8te
RATIA AF MATT TH RUTHERFARD SIATYERING:
ENERGY (MEV) 29 o 4 2. | ]
ANGLE(PEGREES) ATEMIC NUMBER = 87
n j.0000 t,0000 1,0000 l,08000 |+0000 1.0000
7.5 L0486 1.0485 1,047¢9 l.0441 10419 1.0342
15.0 141083 l,10ad 1,1063 Iv1B18 1.0897 140669
22,5 12093 l1,2088 1,2058 1,1978 1+ 1760 11330
30,0 1:¢346) 1 .3454 1,34 | 9 12984
37.5 1.5118 i'5730 15085 R 12570 113388
45,0 1+6908 1,6898 1.6835 1e6660 [e6:]96 1¢5218
52.5 1.8663 1,8652 1,858% 1,8392 1,7884 1,6800
60,0 240242 2,023 2.016] | +9966 | « 9444 18315
67,5 241490 2,1479 2,1413 2,1228 2.0727 19625
75.0 202271 2,2262 2,2204 242044 2.1605 2.0612
82,5 242514 2,2507 2,2465 2,2346 2,201 2,1214
90,0 2:2176 2,2172 2,2152 2,209} 2.1905 2,1393
97,5 241232 2,1233 2.1240 2.1254 2,1261 2,10123
105.,0 1+9721 1,9727 1,9767 | 9872 2.0109 2.0427
112,5 117733 1,7746 1,782% 1.8029 1.8530 19367
120.0 115364 |.,5383 1.550) 1.88.18 | 16605 148010
127.5 1.2738 1,2764 1,2924 1,3357 104443 16443
135.0 1.0023 1,0087 |1.0258 1,0806 |+2189 14782
142,5 +7383 . 7423 +7664 18320 _.9984 1,338
150,0 04955 5001 5277 1583 7949 le1612
157.5 12890 + 2941 . 3248 14084 16214 10308
165.0 + 1334 ., 1388 L7217 12845 +4904 93912
{72,5 103638 0420 0762 +11698 14085 8691
180,10 10021 .0078 10426 11375 13799 .
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Table 2

RAYIS aF M8TY TA RUTHERFMRD SCATTERING

ENERGY (MEV) 20 lo 4 2 I .5
ANGLE |DEGREES) ATOMIC NUMBER m 82
0 10000 1.0000 1,0000 |,0000 1,0000 i.0000
7.8 10513 1,051 $1,0505 |,0486 1:0439 1,0352
15.n 1s1200 Tuli9? INEEL leT133 LI {0774
22,5 12258 1,2253 |.2225 12147 {21943 116528
30.0 1+3578 1.3572 1,3533 | «3427 1+3147 1+2564
37.5 1.5078 11,5062 1.501¢ 1. 4887 114546 1+3R24
45,0 106592 1,6583 1,6531 146387 [+6001 145177
52,5 1.800] 1.7992 17937 - {+7785 147378 1.6497
60,0 1+9185 1.9176 1,9123 1.8974 |« 8572 147690
67.5 2.0028 2,0p20 11,9973 119839 (29473 148652
75.0 20436 2,0430 2.0393 2,0285 {9990 1.9296
82,5 2.0368 2,0385 2.0342 2.0276 2.0084 149589
90,0 19807 1.,9807 1,9804 109792 109738 1.9512
97.5 1+8750 |,8753 1,8778 |.883n |«8947 1.5058
105.0 19724 1,7249 1,7299 V47432 1¢7750 1,8256
112,58 115366 1,5380 1 4546 15680 L. 6221 17170
10,0 1e3211 I,3230 1.3345 1,3657 | 14437 145861
127,5 10881 1,0906 1,1055 i.7462 1,2487 1.4403
135.0 +8514 .8544 .8728 19228 1,0494 1.2894
142,5 16242 .6278 .6494 « 708 8574 1. 1429
150,0 14174 42)4 +4458 'E124 6821 1,0084
{57.5 12428 . 2472 2740 1347 15337 8942
165,80 1118 L1166 ,145) 12231 14223 +8082
172,5 +0305 . 0354 0650 « 1460 + 3531 27546
180,0 e00]8 L0048 20368 21189 23288 2360
RAYTI®m AF MOTYT T4 RUTHERFARD SCATPERING
ENERGY (MEV) 20 o 4 2 | '5
ANGLE (DEGREES) ATEMIC NUMBER & 79
n i,0000 1.0000 i,000n f.0000 |.00060 1,0000
7,5 1.01530 1,0529 1,0522 1.050% 10455 1.0363
5.0 I+1257 |, 1285 l,1238 leT192 |+ 1072 +0834
22,5 |e2321 1,2316  |,2290 | ¢2216 (22022 Lel623
30,0 1:3592 1,3586 1,3550 143452 | «3193 1,2648
. 37.5 104974 1,4967 1,4925 1,4809 1.4500 |+3842
45.0 106337 1.6330 1,6284 1.8156 15815 1.,5079
52,5 17554 1,7547 1.2499 1.2368 1.7016 126247
60.0 | e8528 1 .852] 1,847& 18352 18014 fe7264
- 67,5 L9166 1,91%9 1.912) 1.0018% 18718 1.8042
75.0 1¢93914 1,9386 1.9358 [+9279 |+9054 1¢853
82.% 149176 1,9174 1.9160 L9121 |+ B998 18653
90.0 148517 ~ l.8518 1.8523 | +8535 148544 | «8456
97.5 117418 1,7423 147645 17525 47693 1:7919
105,0 145927 45936 1.5990 146135 1¢6487 [+7078
112.5 104125 {.4139 1.4222 | (4445 1.5000 15992
120,10 1v2092 1,211 | +2224 ¢253 . 3299 1,04
127.5 19923 15947 1.0080 2841 21469 113328
35,0 17740 27769 £ 7942 «8416 19617 1:1906
142,5 15660 ,5694 5895 18444 1 7848 1,05%8
150,0 13777 3814 ,4D4) 14660 624 19290
165.0 +1009 . 1083 1316 22035 «3875 V448
172,5 +0275 0320 0593 v 1338 13246 6954
180,0 10016 0062 .0338 100x 13026 16784
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Table 3

RAT!® OF MOTY Ta RUTYHMERFARD SHEAYPERING

ENERGY(MEV) 20 ] 4 2 i o5
ANGLE(DEGREES) ATOMIC NUMBER = 74
0 {0000 1,0000 1.0000 l.0000 {0000 1.0000
7.5 |+n558 1,0557 1,0550 | 053 1,048 1,0385
I5.0 11328 1,1326 1.1310 1e1267 feli54 1.0923
22,5 [+2369 1,2365 1,234 12275 121014 1o 1736
30.0 [¢3533 1,3528 1,3497 | 3413 {3189 1¢2714
37,5 |+4724 1,4718 1,4684 1.4587 |+4330 1.3777
45,0 1.5834 l.5828 1,579} 1.5690 1¢5416 1.4820
52,5 116760 1,6754 1.6719 l.661¢ {6348 1.5748
60,0 147429 1.7424 1,7392 1.7302 17056 | «6500
67,8 1+7776 1.7771 1.7747 1.7876 [«7479 17043
75.0 1e7752 1 ,7750 1.,7735 147693 147568 1:7240
82.5 107348 1,7347 1,7347 1,7343 [+7315 1.7175
90,0 106570 | 6573 1.6590 | 6632 16724 1682
97.5 15437 1,5443 [,5480 1,5577 125811 1,6187
105,0 143995 I,4005 1,4064 144223 144616 15308
112,5 122317 1,2331 . 1.2414 l,2640 3205 1+424]
120.0 10474 1,0492 1.060) 10896 1o 1641 1+3038
127.5 18546 .8548 .8702 29068 19994 117254
135,0 16634 16660 +6B19 +7282 +B8354 |.0468
142.5 + 4831 LA86| «504% 1855389 6805 9247
150,0 +3213 3247 .3449 0400 o544 +8145
157.5 11862 .1898 2117 12715 14245 17220
165.0 +0855 , 0894 Jl128 ¢ 1757 « 3377 1653 ¢
172,5 +0233 «0273 0512 1165 12840 76104
180,0 0014 0055 L0298 L0957 12651 45954
RATIS S8F MOTT T8 RUTWERFERD SEATIERING
ENERGY(MEV) 20 o 4 2 I »5
ANGLE(DEGREES) ATOMIC NUMBER s 67

0 1+0000 1,0000 1,0000 |.0000 |.0000 140000
7.8 10587 1,0%586 1,0580 |, 8561 10514 10448
15,0 be 1371 l.1368 1355 fa1317 11217 141009
22,58 12327 l,2323 1,2304 1,2250 1.,2106 1.1808
30,0 13310 1,3306 1,3282 1.3217 13042 102664
37.5 104235 t,4281 1,4208 le4134 [ 13943 1.3525
45,0 1+5024 1.50}9 1,4594 1:4923 1:4731 (4306
52,5% 125604 1,5681 1.5578 1.551% 1,5337 1,4937
60,0 145930 1 .5927 1.5909 | 5888 1¢5716 105379
_ 67.5 1 +5965 1,5964 [.5953 1,5923 |+5833 125507
75.0 145690 1.5690 145690 | 5687 | 15668 115568
- 82,5 le5109 L4 B | .512% 1.518% 115224 1+5207
90,0 104239 1,4243 1,4270- 104343 114517 1.4798
97.5 143106 1,3114 1,3158 1,3277 1.35780 1.4088
105.0 141756 1,1766 l.1829 141998 {12423 1:3201
12,5 10248 11,0262 1,0344 1,8567 121130 1.2185
120,0 18642 +8689 1876 19039 19745 f.1085
|'27.5 l700| .702| 07143 17476 18323 09947
135,0 1540 5424 15566 15951 16934 8829
142,5 13912 23939 +4097 1453 25639 12786
150.0 12592 2621 12795 13270 14488 16855
157.5% 11498 . 1529 W76 : 2226 13533 e608)
165,0 10686 0719 0915 + 1459 12826 +5508
172.5 00186 ,02280 042} 'A974 ' 2389 25155
(80,0 0012 L0046 L0250 L0807 12237 5032
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Table L4

RATIA OF MBTY TA RUTHERFARD S~ATPERING

ENERGY (MEV?) 20 o 4 2 I 5
ANGLE (DEGREES) ATOMIC NUMBER = 62

0 1.0000 1.0p00 1.0000 |.f000 1.0000 1.0000
7.5 1+ 0597 1,0596 1,0590 ;0573 1.0529 1, 0438
15.0 Fe1360 i,1358 1.1346 ly1312 jel224 141038
22.5 12230 1,2228 1.22]1 [.2165 1,2043 1o 1781
30.0 13075 1,3072 11,3052 [ e2999 . 1+2855 142544
37.5 1+3820 1,386 1.3796 1,374 113590 13260
45,0 14407 1.4403 | .4385 14332 je4109 13867
52.5 124783 1,4780 1.4765 1.472) 1.4600 1:4347
60.0 144915 1,493 1.4903 1.4875% 104791 14579
67.5 124784 1,4784 1,4782 1,4773 [ 14743 114633
75.0 {4383 11,4385 1.4392 l+4410 04447 1.4470
82,5 le3722 1,3725 13744 143794 123914 L4098
90.0 142822 ,2828 1.,2860 {42948 j03162 143535
97.5 1173 l. 1721 11768 1,1897 1.2218 1:2801
105.0 [en435 {.0446 1.0509 1.0682 fel )18 Pe1929
12,5 19041 + 9085 29135 19354 «9910 {0960
128, 17583 7599 7697 7963 18641 9935
127.5 16115 5134 16249 1 8562 27359 18892
135.0 v4699 4721 . 4852 18209 16119 1788
142.5 23393 23417 23569 13959 24974 15945
150.,0 12242 .2268 12426 12858 ' 3964 16118
157.5 11294 . 1322 , 1490 11951 23431 15434
165.0 eN592 ,0621 0797 1279 2515 + 4529
172.5 eNi60 0190 «037] 10868 12136 14618
180.0 10014 ) 0n4l L0224 18724 +2005 2451 |
RATIA AF wATY To RUTHERFARD S=AT®EQING.

ENERGY(MEV) 20 1o 4 2 | v5

ANGLE(DEGREES) ATOMIC NUMBER = 57

0 1.0000 I.0000 1.,0000 08000 {+0000 1,0000
7.5 10596 1,0595 1.0590 11,0574 L+ 0534 1.04860
15,0 1¢1317 11,1315 1,1308 1e1276 |o1200 1037
22,9 11,2089 l.2087 1,2073 {,2035 141933 141714
30,0 102794 1 ,2792 1.2776 12734 102619 1v2369
37.5 13372 l,3370 1.3355 3312 {23198 142943
45,0 143782 1 .,3780 1.3766 {v3730 | ¢36286 1.3395
52,5 123985 1, 3084 1.3974 1,394n 13872 Le 3687
60.0 1+396! I .3960 1.3957 143946 143909 te3800
67,5 1+3702 1,37202 1,37086 1.3715 1+37232 13724
75.0 . 13209 1,321 1.3224 | +3259 103340 | 3459
82,5 112496 |.2500 1,2524 1.2588 102746 1.3048
90.0 11587 11593 1.1630 lei728 141972 1.2413
97,5 10512 l,.0520 1,0570 1,0708% Lo t044 1o 1674
105.0 19308 9319 .9383 , 19557 19997 |1.0827
HZ-S +8020 ,8033 8112 18327 18871 19909
(20,0 16694 .6709 +6803 17058 07708 18956
127.5 15376 15394 15502 18797 16549 18001
135.0 14117 4137 14259 1459 15440 $7085
142,5 12962 12985 £ 3119 13485 14423 16244
150.0 ' 1953 1977 2122 «2518 13532 +5506
157.5 P 1126 NN . 1305 1 1725 12801 14899
165,0 10514 . 0541 070 1139 2281 14452
172,85 (0138 0166 , 0330 10779 11929 V4177
180.0 0010 .0n37 20203 1N655 21815 14083
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Table 5

ENERGY (MEV) 20 o 4 2 ] o5
ANGLE(DEGREES) ATOMIC NUMBER = 52
0 1.0000 1,0000 1.,0000 1,8000 j.0000 1,0000
7,5 140582 1,0881 1,0577 1,0563 10527 1,0452
i5.0 1e1248 1,1244 1,12386 lel211 folld47 l«1009
22,5 101912 1,190 1, 1899 1,1869 11786 e 1607
30,0 12482 l,2480 1,2468 |.2435 102347 142150
37.5% |+2909 1,2987 1,289¢ 1,2865 122782 1.2593
45,0 13164 1.3163 1,3154 1313 103064 12906
52,5 13223 1,3223 1,3219 ] . 3204 L3168 13064
60,0 13074 11,3074 1.,3076 1,307 103082 | 43055
67,8 142716 1.2717 1.2728 1.,2750 142804 12878
75,0 1+2158 l.2161 1.2178 142226 | 2842 1:2536
82.5 1+1418 1,1420 1,1447 141523 Le1710 1,2045
90.90 1+0512 1,058 1,0557 1.06863 120938 1el421
97,5 19477 19488 29537 19676 1,0028 1.0689
105,0 8345 8356 8420 18594 09036 19874
112,.9% 17154 7167 27244 17484 17988 49009
120.9 +5948 5980 6050 ¢ 6295 16921 18124
127.8 14757 14774 4874 MLAETY 58790 7250
135,0 13631 + 3680 v 3764 4076 14873 16418
142.5 22605 12626 2751 + 3092 13965 29660
180,10 1714 1786 . 1870 12236 03174 14999
157.5 10987 21010 W1 152 1 1538 12529 14459
165.0 y04510 D478 06219 1023 2053 4061
172,58 egl2l 0146 .029¢6 10707 0 17614 3817
180.0 10009 L0034 ,0184 LA80N0 21661 + 3733
RAYIA oF MOTY T8 RUTHERFARD SEATPERING:
ENERGY (MEV) 20 )] 4 2 ] 5
ANGLE(DEGREES) ATOMIC NUMBER & 47
0 1.0000 1.0000 1,0000 40000 1.0000 1.0000
7.8 [+0556 1.0585 1,055 1.0540 120809 1,0443
15,0 lel 150 Il 148 141142 telt122 1o 1069 10954
22,5 101709 1, 1787 1.1699 11674 Li 1609 Lo 1466
30.0 112151 1,2149 1,214 be21 18 142049 telo0l
37.58 |e2442 |, 2441 1,243% 1,2413 | 22356 22224
45,0 12565 1,2564 1,2560 102547 | +25%0 12416
52,5 1.2505 1,25088 1.2508 |.2504 1.2498 1.246]
60.0 142256 I,2287 1,226% |+2278 102312 {2354
67.5 101824 ! 6 1,18 ‘ 8 :
75.0 141221 1,1224 |+ 1246 141304 141447 141702
82,5% o464 1. 0489 1.050n 1.B584 10793 1o 1179
90,0 19976 .9583 9624 9736 | 0019 1,0548
97.5 18585 .8594 18644 18788 19149 .98
105,0 ¢ 7522 7532 v 7596 7770 8211 19053
112.8 16420 5432 6508 16713 : 2236 28240
120,0 5313 5328 5414 15654 16255 7419
127,58 14237 . 4253 +435 ] 24618 5299 16616
135,0 13225 ' 3243 2335 136454 14399 +5860
142,858 2308 L2327 12445 12765 1 3584 25124
150.0 +1515 . 15386 1661 12003 12878 14580
157.5 10872 L0894 . 1028 » 1385 12305 24097
165,.0 0397 .0420 ,055¢ 8929 1882 3741
172.5 v0106 0130 10269 e N649 21624 13523
180,10 0008 ,0032 - L0172 10555 o153
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Table 6
RATIN OF MOTT Tm RUTHERFARD SCATYERING
ENERGY (MEV) 20 ] 4 2 | v5
ANGLE (DEGREES) ATOMIC NUMBBR s 432
0 10000 |,0080 {,0040n {.0000 {.0000 1.,0000
7,8 140518 1,088 1,0514 1,0504 120478 1.0423
18,0 141038 1034 1.1028 1.0042 10969 1.0876
22,8 11486 l,1485 11479 l21460 |e 1410 11300
30,0 141810 l.1809 1,1803 [o1786 [+1738 le1632
3705 |9|98" '11980 Jn|976 |I|964 |||930 ||'8‘6_
45,10 121991 1, 1991 1.1998 11987 [¢1979 1,1934
52,8 11834 1, 1834 1,1838 1,1847 141867 1:18R6
60,0 1¢1507 1588 lei518 I ¢154% 11603 141701
67.5 11020 l,1n23 ,1039 l.1083 je 1192 141386
75.0 ten388 1,0392 1.,04172 1,0483 110648 1.0951
82,5 +9628 9634 19667 19787 19985 140440
90,0 8762 8749 L8812 18929 + 9224 9782
97,8 <7816 7825 17878 18022 18389 19086
105,0 16817 6828 1689 17064 «7504 +8346
112.% 15798 .5807 +568 | 16083 26596 17583
135.0 +2884 2901 «3004 13285 14003 +5394
142,53 2089 .2078 .2189 12492 L3268 24772
150.0 + 1350 . 1370 . 1488 ' 1898 12634 14235
165.0 10353 L0374 ,0502 0851 11744 + 3481
172.8 100958 0116 0246 00602 1543 3286
180,0 20008 L0030 L0161 1085199 2 1435 +3219
BRAYISM &F vaTY Ta AUTHMERFARD SCATYERING:
ENERGY (MEY) 20 o 4 2 | 5
ANGLE(DEGREES) ATOMIC NUMBER s 3%
0 to0000 1,0000 1,0000 f,8000 1,0000 t.0000
7.5 1+0470 1,0470 1.0467 1,8459 1:0437 1.0392
5.0 1.0904 I.0pn4 1,0899 1.n887 10853 140780
22.5 1+1253 1;1282 1,1247 14,0233 Lslt97 1e1115
30,0 le]1468 I, 1487 1,1463 | ¢1482 1+1422 e 1381
37.5 11534 l.1534 1,1532 1.1528 {41513 1e 1470
45,0 1+1450 141480 I,1452 tyv1457 |+1466 11469
52,5 te1212 11,1243 1,12210 1,1237 141279 i.l1345
60,0 1+0825 1, 0827 1,0839 1.0872 1,0959 1,1099
67,5 10299 1, 0302 1.0321 {,0373 1.,0503 1.0739
75,0 +9650 9655 1968 9754 19938 1:0279
82,8 +8895 .8901 .89368 19032 19274 29731
90,0 +8054 8061 .8106 18226 18532 9112
97.5% 17152 AN L7218 L 7341 17732 _.B442
105,0 16213 6224 6287 16450 +6897 7739
12,5 5262 3274 <5347 18545 16051 27023
r28.0 04326 ,4340 14422 14645 15216 +63416
127,58 +3430 134453 +3536 13783 14415 13638
135.0 12597 2614 2713 12983 13672 15006
142.58 + 1851 , 1869 21978 02264 . 3005 +4439
1500 P 1212 1230 . 1342 11849 12433 +3953
187.5 + 0696 L0215 0832 2 119% 2 1971 23560
v;g.o 03017 . 0337 ,0457 +0788 v 1632 13272
172.8 +0085 0j0% 0228 058 425

1800 0007 ,0028 20152 hasn ‘1353 13088
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Table 7

ENERGY(MEV) 20 g 4 2 ] 5
ANGLE (DEGREES) ATOMIC NUMBER s 32
1] l«0000 11,0000 1.0000 1,0000 |+0000 1.0000
7.5 10413 1,0413 1,0410 1,0404 1,0387 1,0350
15.0 140763 1.0762 1,0759 140749 10724 1,0669
22.5 11013 l,1013 1,1010 i,1000 10978 1.0949
30.0 1ol 131 1,1130 l.1129 lett2s lelto? 1+1067
37,5 ot 106 l.1106 1.1107 ls1109 141110 11103
45,0 ~1.0942 1,0043 1,0947 1 +8959 140986 t.1028
52,5 1641t 1,0842 1,065 [48676 140736 1.0842
80,0 10207 | .0209 1,0224 | 0265 1,0365 10548
67,5 19654 9657 9679 9737 19884 10157
75.0 +8997 .900! .9030 19109 +9308 19682
82.5 +8252 8258 ,8298 18398 +8650 19134
90,0 «7439 ' 7446 2749 178105 17929 +8529
97.8 16579 L6588 16642 16790 27165 +7888
105.0 156065 5705 5768 « 5940 16378 72148
112,5 +4808 ,4820 . 489} 15087 15586 +6548
120.0 0394 « 3954 ,40358 » 4254 14812 +5890
127.5 3117 23132 23220 1346 14076 15264
135.0 12356 .2372 22467 02728 13395 v4684
142,5 + 1676 . 1693 L1795 12074 £ 2786 14164
150.0 «1 0958 113 « 122) 1515 12267 13723
157.5% «0629 ,0647 0759 2« 1066 41848 1 3366
165,0 10286 .N305 .042) »0736 . 1542 +3105
172.5 +0077 0096 0214 10534 v 1354 12945
180.0 20007 L0027 L0145 N.IYY. L1292 22891
RATIA AF MOTYT T8 RUTWERFERD SEATTERING
ENERGY (MEV) 20 0 4 2 | +5
ANGLE(DEGREES) ATOMIC NUMBER = 29
0 1.0000 I.0p0a0 1,0000 l.0000 j.0000 10000
7.8 1.0378 |, 0395 1.037x% 1,0367 103583 140321
15.0 10674 I.0674 1,067 0663 |+ 0643 1,0597
22,5 1,0869 1,0869 1,0867 | ,0860 10841 1.0799
u. N9 0 9 ¢ .
37:3 1:088s  1:0887 10833 1.888%  1.33%  !.pass
45.0 1+0655 I,0686 ,0662 140677 10714 1,0776
52,5 1,032} 1,0323 1,0334 [, 0362 1,0432 1.055¢9
60,0 «9868 +98648 .9884 217928 1+0039 120243
67,5 29300 ,9304 .9327 + 9389 19545 +9838
75.0 18642 8647 8677 18758 +B965 19356
82.5 «7905 27911 L7949 18032 28313 +881 |
90,0 7108 7116 7162 17288 7606 ¢8216
97.5 26223 0282 JH337 .
105,0 15419 .5430 .5493 15564 16102 16943
112.5 +4567 L4879 24650 14845 53441 16298
120.0 +3738 » 3781 L383} 14048 14601 +5668
127.5 +2553 12967 23054 3292 23898 +5070
135.0 +2229 12245 .2339 12595 3251 04518
142,5 +1584 , 1601 21701 21978 12674 24026
150,90 +1035 Jose .1158 14458 12182 3607
157.5 +«0594 06812 072) 1029 21786 3269
165.0 +0270 .028% 0402 8710 01496 23022
172.5 «0073 ,0092 0206 0520 | 320 " 22871
180,0 +0007 0026 0141 L0458, 21261 12821
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Table 8

ENERGY (MEV) 20 o 4 2 | "5
ANGLE(DEGREES) ATOMIC NUMBER = 24
n 1.0000 {,0000 1,0000 {,0000 1,0000 {0000
7.5 |.0308 1,0307 i,0306 | 0302 1,0291 1,0267
15.0 1+0524 1,0523 1,0522 | 0517 |+0503 ) o0472
22,5 10632 1,063 1,0630 1.0627 1,068 L0596
30,0 1enb14 l.0814 1.0615 1+0617 10621 120623
37.5 | «0470 1,0471 1.0475 | .04858 1..0509 L0549
45,0 10206 I.,0207 1,0215 {40236 1.0287 l.0380
52.5 29827 9829 .9842 19875 1996 L0119
60,0 ,9342 9345 29363 9413 19538 9773
67,5 28763 18767 18792 18859 «9029 19358
75.0 +8106 81101 8143 18229 18448 18866
90.0 “6616 6623 667 6799 17125 7751
97.5 5819 15828 (5883 1 6033 16415 27150
105,0 15012 »3022 ,5085 15257 15696 16540
112,85 14213 4224 .4295 14489 .4982 +5933
120.10 « 3440 + 3453 . 353 13746 +4292 25346
127.8 12712 2726 22814 L3045 23640 1479
135.0 2044 2089 W2151 02402 » 3043 4282
142,58 « 1450 ., 1467 L1564 2 1831 22512 +3R829
150, 0 0946 0943 1066 0 1348 12061 13444
157,58 10542 20560 .0667 101957 21699 + 3135
165.0 o N247 .0265 0374 10672 1434 12909
172.5 +0067 ,0085 0196 10499 01273 2772
180.0 20007 L0095 L0137 J0d44 L1219 L2226
RATIA AF MOTT T RUYHERFAMRD SCATPERIANG:
ENERGY (MEV) 20 o 4 2 I ]
ANGLE(DEGREES) ATOMIC NUMBEBR 5 19

0 1.0000 1,0000 1,0000 /0000 1+0000 1,0000
7,8 1e0236 1,0236 1,0235 |.8232 120224 1.0208
15,0 140372 i,0892 1,037 10368 | +0360 1,0343
22,8 1.,0400 {,0400 1.0400 1.0400 1,0400 140306
30.0 1e034 1 1,03 1.0314 [.0320 |+0334 1,0358
37.5 1+0106 i,a18 1,0712 le0127 120163 140229
45,0 19793 9795 9804 19830 + 9895 1004
52,5 »9379 29381 29396 19435 19534 £9720
60,0 +8872 8876 .889¢ 1895 +9089 +9351
67,5 18286 .8290 08317 18389 28571 18999
78.0 17633 27639 7672 17763 +7993 18434
82,5 16928 6935 5978 27086 12367 <7907
90,0 +6187 ,6|95 6243 n@‘374 6708 7349
97.5 15425 15435 .9490 19649 16030 57275
105,80 14661 14671 4735 04907 +5348 6196
112,58 ¢3908 3920 +3991 14184 14676 9626
120.0 «3185 3198 3276 :3488 14030 «5076
127.58 12506 . 2520 «2605 22835 1 3424 14560
135,0 11886 «l90]) + 1992 12239 12869 +4088
142,5 1337 . 1353 1449 1718 12378 23670
150, 0 0872 .0888 +0989 11263 1962 +3395
157,5 10499 0517 L0621 LA904 2 1629 £ 3031
165,0 0227 0245 0352 10643 . 1386 2824
172.5 10062 .0080 .0188 10483 +1238 ¢2698
180,00 + 0006 ,0n25 L0133 2 1430 +1188 12685
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Table 9

RATIA 6F MOTT T8 RUTHERFARD SEATYERTNG:

ENERGY (MEV) 20 lo 4 2 [ 5
ANGLE(DEGREES) ATOMIC NUMBER s 1|3
] 1.0000 ),00a80 1,0000 |.0000 |].0000 10000
7,5 1:0147 1,0147 1,0147 |,08145 10141 1+0132
5.0 le0lo2 I,0192 1,0192 1,0192 be0191 1.0188
22,5 leD|34 1,0135 1,0136 1,0140 1o D149 1..0165
30,0 19971 9971 .9975 19986 te0012 10060
37.58 29708 97206 9713 +9733 29782 9875
45,0 19348 29346 9358 +9389 19468 968147
52.5 18898 110 8917 L8047 L9075 .9292
60.0 18373 8377 8399 +R459 18613 8905
67,5 7783 7788 7816 1 789% +8090 18467
75.0 ¢7139 v 7145 .7180 17278 7519 ¢ 7987
82,5 164558 6462 6504 18649 16912 «7474
90,0 15744 \5753 5802 v 5937 16279 6940
97.8% 15022 L5031 ,5088 £ 9247 15636 + 6396
105,0 v 4302 4313 04377 1455 14995 5883
2.5 13599 2361 | 23682 13875 14369 25321
120,.0 v2927 12940 3017 ¢ 3220 23769 14813
127.5 12299 22313 12397 2 9
138.0 1727 . 1742 . 1832 12078 + 2699 ' 3904
142.5 11223 ., 1239 2o 1 33% 2 [591 212249 213622
180,0 0797 .0813 0912 1118 11869 3198
157,5 10456 L0473 .0575 0854 11565 + 2940
'65.0 00208 00225 -0330 05615 0'343 '275|
172,58 +0057 0074 .0180 ' 8470 01208 2637
180,0 +0006 0n24 .0130 11421 1163 12509
RaTie oF MATY Te RUTWERFERD SEATPERING
ENERGY (MEV) 20 0 4 2 | 5
ANGLE (DEGREES) ATOMIC NUMBER » &

n 1.0000 1,0000 1,0000 l.0000 1.0000 1.0000
7.5 10043 1,0043 1,004% 1.0043 100043 1.0043
19,0 v999| 9991 .9992 19998 j+0004 10013
22,5 19846 19846 9849 19857 19876 19913
30,0 9609 29610 ,9616 19631 19670 09743
37.5 19286 9287 29296 29322 19385 9507
45,0 »8883 8885 .8899 18936 + 9030 09211
52,5% +8408 28412 18430 1848 18611 288610
60.0 7871 7875 .7900 7966 28135 18461
67,5 17281 L7287 7317 27400 17613 802
75.0 ' 665 | 6657 6694 : 4795 17053 17550
82,5 15990 5998 6042 16161 16467 2 7057
90,0 1533 5321 45372 551 | 15865 +6549
97.% 14630 640 4698 14858 25259 L6038
105,0 +3956 3967 403 14208 14660 15532
12,5 +330 | 23313 ,3385 13580 »4078 504
120,0 «2679 12698 2770 12983 «3525 14573
127 .5 2101 2115 22198 12427 23010 4138
135,0 01576 . 1891 . 1680 ' 1923 12544 3744
|42,5 11118 L1130 . 1224 1 1480 12134 13397
150,0 v 0725 0742 «0839 1106 . 1787 3104
157.5 10418 L0432 L0533 L0808 15811 L2871
165,0 «niRY 0206 ,0310 « 059 « 1340 2701
172.5 0082 0070 0174 Q460 + 1188 +2598
180.0 .0006 12563

-0024 10129 10418 f||4§
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Table 10
RATIS 8F MATY TU MCKINLEY» FESHBACH SCATTERING
ATBMIC NUMBER = 92
ENERGY (MEV) 20 10 4 2 | ]
ANGLE(DEGREES)
0 1,000 1,000 1,000 i.000 1,000 1,000
7.8 931 1931 1931 « 931 931 1934
3.0 .896 1896 895 1894 .890 1885
30.0 .988 987 +988 1978 , 964 +925
3I7.5 . 109 7105 12101 7.092 T.067 T.018
45,0 1.26]) 1,260 1,255 | 243 1,210 loetdl
52,5 T.447 Te448 T.44] . 42% . 384 1,298
60.0 1,660 14659 1,652 | 4633 1,584 1,480
67.% I, 892 1.891 1,883 i.860 T.802 T.680
82.5 2,397 2,389 2.378 2,547 2,260 2,109
97.8 2,908 2.9902 2,687 2,847 2.744 2,546
105.0 3,154 34151 3,134 3,087 2,971 2,756
112.5 3.3905% 3,392 3.37 3,317 3,187 2,955
120.0 3,622 34648 3,594 3,53 3,385 3,140
127.5% 3.82¢9 3.824 3.796 3,723 3,559 3,307
135.0 4,016 4,010 3,978 3.888 3,707 3,454
142,58 4,183 44179 4,130 4,024 3,823 3,528
180.0 4.318 4,307 4,247 4,113 3,897 3,678
187,5 4,416 44399 4,309 4,140 3,925 3,752
165,0 4,502 44467 4,311 4,098 3,916 3.804
172.8 4,608 4,488 4,172 3.978 3,885 3,833
180.0 3.871 34871 3.870 3,848 3,062 3,841
RATIS aF MaTT 71O MCKINLEY-FESHQACH SCATTERING
ATOMIC NUMBER = 87
ENERGY(MEV) 20 10 4 2 ] 5
ANBLE!DEGREES)
.000 7,000 1,000 f,000 . 000 1,000
7.5 .938 1938 1938 1938 .938 1938
5.8 ITé 19186 W96 291 4 WST0 9082
22.5 .948 1948 1947 « 943 «933 ¢ 9142
3010 T.02% Te023 fe02] T.074 .998 1984
37.5 L, 139 14135 14132 o123 |.|U| 14054
5. i.276 6 2 1,233
823 12428 11336 11332 Bt 383 {:é?i
60.0 1.62) 1e620 1.615 1.599 1.558 1,472
67.5 1,818 1,814 {.807 {789 o742 l,642
75.0 2. 018 2,015 2,007 T.9858 T,937 1,848
82,58 2,221 2v220 2¢21) 2.187 2,123 1,996
90,70 2,478 2,426 2816 2,388 2,376 2,174
97.5 2,630 24628 2,616 2,584 2,%02 2,346
T05.0 2,878 Z.823 2,800 2,772 2,680 2,511
112.8 3.013 34010 2,996 2,951 2,847 2,666
T20.1 3. T88 3. 189 3. 166 3. 016 3,000 2.606
127.5% 3,347 34343 3,320 3,261 3,131 2,935
13%.0 3,490 31485 3.456 3,386 3,241 3,044
142,58 3,617 34611 3,574 3,487 3,325 34136
180.0 3.720 3.710 3,660 3,550 3.376 3,208
87,5 5,79 34777 3.70) 3,560 3,387 3,259
165.0 3,889 3.829 3.696 3,508 3,373 3,293
172.5 3,961 3,855 3,581 3,417 3,344 3,313
180,0 3.320 34320 3,320 3.321 3,324 3.318
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Table 11

RATIO oF MOTY IG MCKINLEYSFESWIACH SCATTERING

YoMIC NUMBER = 82

__ENERGY(MEV) 20 0 4 2 ] 5
ANGLE{DEGREES) -
0 1,000 1+000 1,000 |,000 1,000 1.000
7.8 .947 947 1946 + 946 1945 945
5.0 .936 1936 1935 1934 . 929 1920
22.5% .978 075 978 970 .960 <940
30.0 I.OBD |’U49 '.047 ’.u“? ||u27 .990
37.5 1,183 14153 1,150 14143 l.124 |.083
45,0 T.279 [+278 [ 275 {.266 [.242 INEX
52,5 1.419 10419 1,415 |,404 | 376 | + 345
&0, 0 I,572 14572 1,567 4554 521 Ted51(
67.5 1,733 | +732 1,727 1,712 i .,674 1,593
75,0 T.897 [+896 1.B90 {873 .B2S {738
82,5 2,062 2.06 2,094 2,034 1,984 1,882
50,0 2.227 2.225 2,217 2,194 21357 2,025
97.5 2,386 24384 2,375 2,349 2,284 2,16}
105.0 2.539 2.537 2,52¢ 2,498 2,423 2,290
i12,5 2.684 2,682 2,669 2,634 2.552 2,409
20,0 Z2.820 2817 2,801 24761 2,668 2,518
127.5 2,941 24938 2,919 2,87) 2,767 2,613
i35.0 3,750 3.046 3.022 24965 2,848 2,694
142,5 3,147 3.142 3ol 3.039 2,909 2,761
(570,10 3.225 30217 3,774 3,083 2,941 2,811
187,5 3,277 3,265 3,200 3,083 2,942 2,844
[6%,0 3,330 3, 304 3,190 I, 04 2.923 YA
(72,9 3,420 3.327 3,090 2,953 2,896 2,879
186.0 2,867 21868 2,B68 2.870 2,875 2,881
RAYIG 8F MOTT TO MCKINLEYFESWIACH SCATTERING
ATen1C NUMBER e 79
ENERGY (MEV?) 20 10 2 i +5
ANGLETDEGREES)
0 1.000 1,000 |.000 1,000 1,000 1,000
7.8 L9652 1992 1952 «951 , 950 ¢ 949
15.0 .947 0947 1946 948 940 1930
22,5 .989% 1988 +987 .984 974 1955
30,0 i.061 1e061 1,089 | 054 |, 041 1,042
3I7.5 . 159 f«189 I.156 I.150 . 133 1,095
45,0 1,275 14274 1,272 | 4264 1,242 1,197
52,5 i.403 11402 1,599 .390 .364 1,310
60.0 1.540 1540 1,536 1,525 | ,495 1,433
67,5 1,685 1682 14678 11665 1,631 1,561
75.0 .828 {1827 827 |.807 1,768 | +689
82,58 I .972 1 «971 | 968 {,948 |.904 1,846
90,0 18 2ol 18 2.707 2,087 2,037 Te940
97.5 21253 2.252 2.244 2,22 2,164 2,058
L 2.3 P 2,373 2,347 Z,283 2,168
112,85 2,510 2.508 2,496 2,466 2,394 2,271
120,10 2,625 2623 Z.509 2,574 2‘192 2,363
127.% 2,72% 24726 2.709 2,667 2,576 2,442
135.0 2.82] 2.618B 2,797 “24746 2,642 2.510
142.5 2.904 2.899 2,872 2,808 2,692 2,564
150,90 2,970 2+963 2.924 2,842 2,716 2,604
187.5 3,013 3,002 2,943 2,837 2.712 2,629
165.0 3. U058 3.035 2,930 2.796 2,652 2.646
172.8 3,139 3.083 2,838 2,715 2,665 2,654
180.0 2,636 2,636 2,637 2,640 2,645 2,655
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Table 12

RATI® OF MoTT 7O MCKINLEYFESHBACK SCATTERING

ATeMIC NUMBER = 74
4

ENERGY (MEV) 20 10 2 | 5
ANGLE{DEGREES)

0 1,000 1+000 1,000 l.000 i,000 1,000

7.5 .960 1940 1960 1960 . 958 1956
i5.0 .964 1964 1963 95 986 1947
22.5% 1,007 1e0087 1,006 1,003 +994 977
30,0 1,07% 1,075 1074 1,069 |.,058 1,033
3I7.% T.T62 T¢1682 T.160 T.155 T.140 1,109
43,0 1,262 4262 1,260 | ,253 1,236 1,198
52.5 .371 1+370 T.367 T, 360 7339 T.296
60,0 |.484 1,484 1,48) 1,472 | ,448 1,398
7.5 T, 601 [+600 1,897 .586 .559 1,503
75.0 1,717 le717 1,712 1,701 1,670 1.607
. T.B3Y |+832 {4827 T.813 T,778 1709
908.0 1,948 ) 1945 1,939 ) ,923 684 1,807
97.5 2,054 2,053 2,046 2,028 1,983 1.899
108.0 2,156 24158 2,147 2,126 2,075 1,984
120,0 2,342 2,340 2.329 2,300 2,234 2,132
127.5 2,421 24419 2,408 2,370 2,296 2,191
135.0 2,49 2.488 2.47] 2.428 2,344 2,239
142.5 2,554 2,550 2,527 2.473 2,378 2.278
150.0 2.604 2,598 2,565 2,496 2,392 2,304
187.5 2,636 24626 2.576 2,484 2,383 2,319
165.,0 2,670 2,650 2.560 2,446 2,361 2,328
172,5 2.732 2,659 2.476 24375 2,336 2,332
180,90 2,308 2,308 2,309 2,311 2,318 2,33

RATIO SF MAYTT TO MCKINLEY«FESHBACH: SCATTERING
ATONTIC NUMBER = 47
ENERGY(MEV) 20 o r) 2 [ .5
ANGLE (DEGREES) , _

0 T.000 1,000 1,000 7,000 T.000 T,o000

7.% .972 1972 971 971 969 0967
B-29 ] .983 1982 982 980 976 V968
22.5 '.025 'lUZ‘ |0024 '.02| '|U|4 |1000
30.0 . 0ed (Y LL) 1.083 [.080 [ «071 1,05
37.5 1,186 14185 1o154 1,150 1,139 fol¥6
49,0 1,235 1.235 1,233 [.228 fe2186 l«188
52,5 1,319 14318 1+3)6 130 1,296 1,264
60,0 1,40% 1.404 v,402 7,395 .879 1,343
67.8 1.491 1e49] 1,488 1,48} l,464 1.421
79,10 578 7578 2973 T.564 T.54¢ T+497
82.5 1,659 | 1659 | «655 | ,645 1.620 1,570
90,1 1,740 <739 I 73% 7723 695 T, 640
97.5% 1.8 14815 1810 1,797 1,764 1,708
9.1 888 1,887 T, 881 . 865 T, 828 763
112,9 1,955 14953 | 946 | 4928 |,888 14816
720, . 2. UT8 2.014 2,006 984 T.935 1.862
127.5 2,070 2,068 2,088 2,03 1,975 1,899
135.0 2,718 2.118 2,102 2,069 2,005 1929
142.5 2,161 2.158 2,139 2,097 2,028 1.951
180.0 2.194 2+189 2,163 2,108 2,028 1,964
157.5 2.218 2.208 2,167 2.095 2,015 1,969
165,80 2.238 24221 2.148 2,058 1,994 1,972
172.% 2.275 24216 2,075 [.998 (97T Fe971
180,0 1.946 14946 1,947 | 4949 |,956 1,970

e
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Table 13
RATI@ 8F MATT T6 MCKINLEYsFESHBACH SCATTERING
ATEMIC NUMBER
__ENERGY(MEV) 20 1.0 4 2 I W5

ANGLETUDEGREES)
) i, 000 to000 I,000 I,000 {.000 1,000
7n5 .'979 09‘7.9 |°79 1978 977 .974
'5.0 .993 0993 0992 099| 1987 '980
22,5 1,032 l«032 1,031 029 _ 1,029 L.012
30.0 I.084 |.084 |.083 1,081 1,074 1,058
37.8 1,148 14149 1,144 I 4144 .132 bolt4
45,0 .27 Vo211 T.270 1,206 F,196 f o178
52,5 |, 280 tv280 1,278 1,274 i ,262 {4237
60,0 .349 {+349 1,547 T.342 ,329 1+301
67,5 1.418 le448 1,416 i,410 |, 395 1,364
75,0 T.486 14485 1483 1,476 459 1,424
82,5 | .55 550 1,548 1,540 1,528 1,481
90,0 1,614 i e613 1.610 1,600 1,578 {535
97.5 1,673 11672 1,668 |,687 1,631 |,584
1058.,0 [.728 1¢727 1722 l.710 680 1.629
112,5% 1.779 1+778 1,772 {757 1,723 1,668
20,0 I.826 11824 14817 1,799 T,760 Te701
127.5 1.867 |+869 |,857 |,835 1,789 1,728
135,10 r.903% Te901 1,890 1,862 1,810 [, 748
1425 1,935 | e9382 1.917 {882 821 14763
150, 1 I, 960 141956 I+934 I,887 1,827 1770
57,5 1.977 1,970 1,935 |,874 1,807 1771
165,10 7.9%2 1+978 1,015 [,840 T,786 1,769
172,85 2,015 11945 1,848 1,787 1,765 1,768
180,0 F.744 o744 {745 [.747 1,788 1,766

RAT!® OF MOTT 76 MCKINLEY«FESHBACH SEATTERING
ATOMIC NUMBER s 37
ENERGY (MEV) 20 0 4 2 | 5

ANGLEVDEGREES)
0 1,000 1,000 i.000 t,000 1,000 1,000
7.5 L9885 9853 985 V984 .983 1981
15,0 1.000 14000 1,000 999 996 1990
22,8 I, 038 038 033 034 7. 029 T+ 020
30,0 |,08! 1,081 1,080 1,078 |.072 1,060
. . 132 To 187 T T3] T.128 . 122 I 167
45.10 1,186 1e186 1,185 1,182 1174 lel57
52,8 1.241 le24] 1,240 ,234 1,227 1,209
40,0 l.297 |1 s296 | 295 | 291 {1,284 1,259
67.8 .35 1351 1,849 1345 F+333 1,309
75.0 . 404 1+408 1,402 1,396 1,383 1,356
82.5 .45% 1v484 1,452 [.446 T,430 1,400
90-0 '.503 '0503 1.500 l.493 '0475 ||44|
97.5 .548 [ 548 548 536 575 [.478
105.0 1.591 4590 1,586 14578 |.%552 14512
174,.5 I.629 629 1,624 To612 [,584 1,540
120,10 - 1,668 fe664 1,658 | 4643 1.611 {564
27.58 7.696 [«695 1,687 1,669 [.632 4583
135.0 1,723 je722 1712 1,689 1,646 14596
42,9 T.747 j1745 10732 1,702 1,652 1,605
180,90 1.766 1¢763 1,743 1,704 f,649 1,608
187.5 1.779 16779 14743 INIE 463> 1+606
165,0 1.789 16777 1,723 | 4660 1,616 1,603
f72.5% 1,800 (o789 T.66% T,874 1,897 1600
180.0 1.579 1.580: 1,580 1,582 ) 887 i 598




RATIA: AF MATY TO MCKINLEY«FESHIACH SCATTERYNG

b

Table 1k

ATOMIC NUMBER s 52

ENERGY (MEV) 20 o 4 2 1 8
; GREES)
ANGLE‘DE £es 1,000 t+000 1,000 I,000 I.nog 1.000
7. .990 o0 +990 .9910 98! 1986
1509 17006 1006 1,008 11004 :gg: |'9Z:
22.8 7.037 “037 1.036 [,835 ' W0
$0°0 7074 R 11074 i1072 11068 4059
7.5 T.716 7118 T+715 To113 7,108 14097
45,0 1,160 I e!%9 1,159 |.156 o151 1,138
—T 52,5 1,204 [o204 1,208 I, 200 . 193 1,779
60.0 |.247 1,247 | 246 {,243 1,235 1,249
— 67,5 T.290 T+290 288 T.285 I,278 Fe257
79,0 1,331 14331 11329 {,32% 1,314 1,294
W5 .378 | «370 1,368 [¢363 1,851 1,327
90,0 1.407 [+406 1,404 | 399 1.38; | .358
7 4 . 438 1,431 1,41 1,386
185°0 1:43s 11473 it Rt 1,442 1,440
12,5 1.503 1502 1,498 1.488 | . 466 1.43)
120,90 1,529 11528 1,524 14511 1,485 j.448
127.% |.553% | 1592 1,546 |.530 1,500 {464
r35.0 1,573 14572 1,564 i,545 1.509 1,469
142,58 1.591 14589 1,578 | ,55% 1,512 1,474
50,0 T.60%9 11602 1,586 I.,553 I.507 ,474
165.0 7.621 10611 565 14513 1.477 1,467
172,8 I.623 4589 F.512 1,473 |,460 1,463
180,0 1,446 10446 1,447 l,448 1,452 1,461
'RATI® OF MOTTY 70 MCKINLEY=FESHBACH SCATTERING
ATEMIC NUMBER = 47
ENERGY(MEY) 20 ] 4 2 } '3
ANGLE(DEGREES)
) 7.000 74000 1.000 i,000 1,000 {,000
7.5 .994 1994 1994 4994 .993 1991
5.0 009 7»009 T.009 7,008 7,008 1,002
22,9 |.038 12038 1,035 ,034 !,03 1,026
300 T.066 T+066 1.066 T.064 T.061 1.055
37.8 1.099 1.099 1,009 1,097 1,094 1,086
45,0 [.134 {134 |.;33 1,132 o127 1,118
52,5 b,168 168 1,168 o186 l,i60 14150
60,0 1,202 1,202 1201 ,199 [.193 o181
67,5 1,235 ).235 1,234 231 1,224 1,210
750 268 2268 T,26%5 1,251 T.25% T, 238
82,8 1,296 14296 l.294 1,281 1.263

|.298

3 . ] [ ] L[] L .
97.5 }.350 11349 1,347 1,342 i.329 1,306
TS, T P, o784 |_.3.73 T o717 | +8584 1,549 1,329 :
11e,8 |.398 i +395 1,392 |,384 1,366 ] 338
20T . 475 T.4TH: LILAR .40 1A 1,350
127.5 |.433 1,432 1,427 o414 1,389 1,358
35,0 T.448 tedd47 1,440 [.424 1,399 14363
142.,5 .46 | 1489 1.450 1,429 {1 ] 1,368
180,80 .47 11468 | +455 1,427 1,390 1,360
187,85 1.478 o474 1,452 fe416 1.379 1 ¢360
169.0 |.483 1473 1,436 1,392 f.363 | 355
72,8 7.478 [v45] 1.589 1,359 1,349 [.352
180,0 1,338 {1338 1,339 | 4340 1,343 |,350

i

e

s
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Table 15

RAT10 OF M3TT TO MCKINLEY.FESM3ACH SCATTERING

ATOMIC NUMBER = 42
4

ENERGY (MEV) 20 o 2 I V5
“ANGLETDEGREES)

0 1,000 1,000 1,000 |,000 {.000 1,000
75 997 e 997 597 . 997 . 996 1995
15,0 1,640 14010 1,010 1,010 |,008 |.006
22,5 7.032 {+032 1,032 4031 . 029 1,025
30,0 1,057 {4087 1,056 | 4055 1,053 1,048
37.58 1,083 1,083 1,082 1,081 1,078 i,073
45,1 1,109 14109 1106 I.107 1,104 I 40098
52.5 1.136 {0136 1,135 o134 130 tel22
60,1 Iyl Ie 161 {1,161 Te159 154 T.145
67.5 1.186 1,186 1,188 1,183 1,178 1,167
75.0 7.209 14209 1,208 I.206 T.200 7,188
82.3 1,232 1:230 1230 1,227 I ,220 |,208
$0.0 1.252 1,252 1,251 1,247 f,238 i.223
97.5 1.271 1.271 1.270 | 2665 |,255 1,238

105,0 {.289 1+289 1.287 |.281 1,269 t.250
112,58 1,308 1,305 f,302 |,296 1,281 1,260
120.8 I.320 [«319 Te516 1,308 T. 291 1.268
127.5 |,332 o332 1,328 1,312 1,297 1,273
135.0 1,343 342 1+ 837 I.324 1.307 1.275
142,5 1,353 | 4381 1,344 |,327 1,300 1,275
i50.0 T 360 T.358 T 347 . 324 1,299 T,273
187.8 }.366 {362 1,344 1,315 | 284 i ,269
165,10 7.368 |+ 361 T.330 14295 1,272 1,265
172.5 |.360 1,338 1,290 | 267 {260 | ,262
180.0 T.251 1251 4252 1,253 [.255 i ,260
RATI(G OF MaTT T8 MCKINLEY.FESHBACHW SCATTERING
v ATBMIC NUMBER = 37
_ENERGY (MEV) 20 10 4 ? | 5
ANGLE{DEGREES)

0 1,000 1,000 1,000 {000 1,000 1,000
7.5 .999 1599 999 999 999 4998
5.0 1.010 1,010 1.010 |.0100 1,009 1,007
22,5 . 027 [s027 i 027 1,027 T, 028 ,023
30,0 1,047 047 | 4046 1,046 |,044 1,041
37.5 T.066 1,066 T.066 T.065 ,063 .059
45,1 t.086 1,086 1.088 l.085 l.083 1,078
52.5 I.706 1106 1,106 T 1,102 {.096
60.0 .25 14125 lo124 |.123 l.120 lo113
67.5 . 143 [v143 1.142 Y 1,137 14129
75.0 1.160 160 14160 1,158 1,153 o144
82.5 P 177 14176 1.176 1,173 1,168 1,157
v n 791 7191 T, 798 T,187 T T8I T 169
97.5% 1,208 1,205 1,204 1,20} 1,193 14179

1057 1,278 Tv218 276 212 203 I, 788
112.8 i,230 4229 1,227 I ,222 .21 1,195
TZ0, T . 281 T.240 1,237 T.2%) T 217 T.200
127,5 I.249 11249 1,245 {,237 |, 222 1,202
185,10 257 296 14252 4242 1,223 1,203
142,58 |.264 is262 .256 | .243 1,221 te202
|W-U 269 'l267 1,258 |.24D Ie216 1,200
187.5 1.273 1,270 1,256 1,232 ,208 1,196
65,0 .27% T+269 T.23% T.276 . T98 T, 193
172,5 I,265% {247 1.211 f,194 1,188 15190
T80. 1 . T82 T¢182 I.182 183 . T8% 188
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Table 16
RATI® 8F MATT TO MCKINLEY=FESHIACH SCATTERING
ATBMIC NUMBER = 32
ENERGY (MEV) 20 10 4 2 ] 8
ANGLE(DEGREES)
n I.,000 1,000 1,000 |,000 1,000 1,000
7.5 7,001 1,001 1,001 i.00] 1,000 1,000
5.0 1.009 14009 1,000 1,009 1,009 1,007
22.5 . 022 |+02 1,022 1,822 1,021 1,0%9
30.0 1,037 ten37 1,036 1,038 f.035 1,033
37.5 T.0s51 1051 1,051 1,050 [.049 1,046
45,10 1,066 [+065 1,068 |,065 1,063 1,060
52,5 1.080 1,080 1,079 .079% 1,077 t,073
60,0 1,093 12093 1,093 092 1,090 |.085
7.8 T, 706 I« 10086 1,706 I, 108 ,10¢ 1.096
75.0 1,119 1e)18 1,718 1118 1,113 1,107
BZ.5 7. T30 e 130 T 129 T 127 123 v 116
90,0 1.140 14140 1,140 1,137 1,132 1e124
97.5% [.150 I+180 1,749 l.147 |c|4| 'o'Sl
j05.0 1,159 1e1589 1,158 {.158 1,147 14136
112.5 b.167 tal &7 1,165 1.162 L] Foldl
120,0 1,174 tel 78 1,172 1.167 1.157 1144
127.5 1,181 1,180 1,178 1,172 1,160 1,145
135.0 1. 186 [+186 1,182 fe174 ., 160 1145
142,85 1,191 10190 1.185% 4175 1,158 1,144
(50,0 KT NELL 1.186 172 IEL INEX
157.5 |, 198 14195 1,184 1,166 1,147 1,138
165,0 1. T98 14193 o174 folB3 Tel39 14135
172.5% I.188 Fol75 1.148 1,138 132 o133
180.0 F.128 1.128 1,128 I,128 1,129 1,132
RATIO OF MaTY T8O MCKINLEY-FESH§ACH SCATTERING
ATOMIC NUMBER =
ENERGY (MEV) 20 10 4 2 | 5
ANGLE{DEGREES)
0 1,000 1,000 1,000 i,00n 1,000 1,000
7.5 . 001 1,001 1.001 T.00] 1,001 1,000
i5.0 1,009 1.089 1,008 1,008 {,008 1,007
22,5 . 019 14019 0019 T.0019 . 078 ~T.0%7
30,0 1.031 1,031 1,031 1,030 1,030 1,028
37,5 .043 1,042 1,042 1,042 T.04] 1,039
;g.q :.354 1,084 1,054 i ,05% 1,052 1,050
2.5 066 [+0668 .068 1,06 T.063
63.0 1,077 1,077 1,076 078 l.074 :;333
67,5 1. 087 T+087 1,087 .08 I,083
75.1 1,097 1,097 1,096 l.nog 1,092 }:823
825 ~Tns T+ 108 T. 105 104 T 100 094
90,0 b, l14 1el14 1,113 1,112 1,108 1,101
¥7.5 . r22 e 122 T T2 T.TT19 T4 ToT06
105.0 1.129 1129 l1.128 o128 1,119 1110
12,3 135 VT35 RRL T TSI T T2% EEER
1200 I, 141 leld} 1,139 |.135 o127 [¢I}5
127.5 . 746 T+148 T.144 T.738 rTes Te176
135.0 1,151 1180 1,147 i.140 t,128 lelt6
142,58 I,154 1183 1.749 1. 140 1,127
1500 11157 i4186 I+1580 i+138 1153 Nt
157.5 I.Té0 INEL] f.748 , 132 Fel1? 14110
165,90 1.159 o185 1,139 fel21 Fo110 fel07
172.5 1,150 o139 1,117 f,108 L 15109
1aB.n . fol 1e101 1,701 .10 . 102 1,104

‘e
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Table 17
RATIO® 8F MATY TO MCKINLEY=FESH3ACH. SCATTERING
ATOMIC NUMBER s 24
ENERGY(MEV) 20 10 4. ? ] 5
EES)
0 t.,000 1,000 1,000 {,000 1.000 1,000
7.5 1,001 [+001 1,80} .00} ,001 i,001
15,0 1,007 1,007 1,007 1,007 l.006 I,006
22.5 1,014 10016 1,014 1,014 1.014 1,043
I0.0 T 022 [+02¢ {022 f,022 T, 0e1 1,020
37.5 1,030 |+030 1,030 1,029 1,029 1,028
45,10 . 038 1.038 1. 037 7,037 T, 036 F,035
52.8 1,048 ) 045 },045 1,045 1,044 | 042
0.0 . 052 [+052 1,052 052 I, 050 T+048
67.5 ), 069 1,089 1,059 |,058 1,057 |,054
75,0 T. 768 1,088 7,068 T.064 7,062 1,059
82,5 1,072 1,072 1,079 1,070 1,068 | ,064
90.0 i.077 1.077 1.076 [,075 [.072 14068
97,8 1,082 1+082 1,08 |.080 |,076 1,071
105.0 i,087 1,087 1,086 |,084 1,080 |e073
112.5 1,091 1¢091 1,090 1,087 1.082 1,075
r2m, 8 7.0%4 1,094 T.093 1,090 T.084 1,076
127.5 1,098 14098 1,096 {1,092 1,085 1,077
135,0 701 j.100 [.098 I.093 . 085 T,076
142.5 I,108 1,102 1,099 1,093 |.083 1,075
1500 . T08 fo104 099 7,001 T, 080 073
157,58 1,107 1,105 1,098 1,087 1,076 | ,071
765, 10 T.T0& Te I 03 LX) . 879 T 077 T,069
172,5 |.098 14090 {,076 1,069 |,067 {067
180,90 1,068 1,085 1,065 1,065 1.066 1,067
RAT!® 8F MaTY TO MCKINLEY«FESHWBACK SCATTERING
: ATOMIC NUMBER s |35
ENERGY (MEV) 20 ig 4 2 ] 5
ANGLETDEGREES)

0 1,000 1,000 1,000 |,000 {,000 1,000
7.5 001 T 007 1 ou .001 007 T, 001
15.0 1,008 |.008 1,005 1,005 1,004 1,004
22,5 i, 009 [ 009 T.009 009 T.009 I,009
30,0 1,014 1,014 4,014 1,0]4 1,014 1,003
375 . 079 a7y Y] T.01% T, 018 .08
45,0 1.024 1+024 1.024 4024 1,023 1,022
82,5 [.028 1.028 f,028 [,028 1,027 .026
60,0 1,033 1,033 |,033 1,03% 1,032 1,030
75,0 1.041 le04 1404} i.04n 1,039 1,037
82,5 1,044 le044 1,044 1,083 1,042 1,039
50.0 1. 048 T.048 T.047 1,047 [.042 T,042
97,5 1,051 | 4051 1,051 1.049 1,047 1,043
9.0 V., 054 [«099 I.U5:§ 1,052 I, 04¥ T.045
112,58 1.056 {056 [,055 1,054 1,050 ,046
1201 . 058 058 T+0 . T, 051 G468
127.5 t.060 1.060 1.059 I,058 |.052 i,046
135,18 . 062 je062 1.060 1.057 [, 057 [,046
142,5 1.063 le063 1,061 1,087 1.050 1,045
50,0 . 064 1064 1.06] f,055 1,048 1,043
157.% 1,065 10064 1,060 1,052 1,046 |,042
(89,0 T.U&% T+063 I .055 I,047 T, 04¢e T, 041
172.5% |,058 1,083 1,045 041 1,040 1,040
180,10 . 039 1.039 039 ,03% . 039 .039%
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Table 18

RAYIG BF MeTY TO MCKINLEY® FESHBIE&,SC‘TTERWNG

AToMIT NUMBER =3

__ENEBRBY(MEV) 20 o 4 2 ] ]
ANGLE (DEGREES) '

0 I.000 f.060 1,000 | 0on |,600 1,000
7.5 LR 1,001 1,001 001 f,00l 1,001
15,8 1,002 1,002 1,002 |.uue 1,002 l,002
22,5 I.nns 14005 1,00% I.005 1,005 1,004
30,0 i.007 i.007 1,007 1,007 1,007 1,007
I7.5 T, 008 1.009 T+009 T+009% f,009 1,009
45,0 F.OIt 10 1011 .01 1,011 1,040

. 073 F+013 T.013 T.013 T.013 I.012
60,0 1,018 1+018 1,015 1,018 1,015 |,0%4
67,5 T,017 1,017 1,017 1,017 1,016 I.M6
75.0 1,019 1+019 1,019 ~ 1,019 1,018 14047
BZ.5 . 021 INEX 1,020 T,.020 7,019 1,018
90,0 1,022 f.022 t,022 1,022 1,021 1,019
97.5 .02% |«023 1,023 1,023 1,022 I+020
105,10 1.028 i,025 1,024 1,024 1,022 1,020
112,58 1.026 1.026 1,025 [.025 r.023 1,021

120,0 1,027 ls027 1,026 l.025 l.023 021
127.5 1,028 1,028 1,027 {026 |,023 {.021
135.0 i.028 1.028 1,028 1,026 1,023 1,020
142.5 1,029 1.029 1,028 |.026 1.023 1,020
150.,0 1.029 1.029 1.028 i.025 I, 022 [.049
157.5 1,030 1,030 1,027 1,024 1,020 1,0¢9
163.90 T.030 1,029 1,025 .02 1,019 018
172.5 1,028 l.023 14019 I.Dla 1,017 | ,047
180,60 r.o07 14017 i,017 017 1,017 F,047
RATI® 8F MaTT TO MCKINLEY«FESHBACM SCATTERING
ATOMIC NUMBER = 6
_ENERGY(MEVY) 20 ] 4 2 ! 3
ANGLEV{DEGREES)

0 1,000 1,000 1,000 1,000 1,000 1,000
7.8 7. 000 74000 000 T.000 000 1,000
15.0 1,00t Le001 1,00} 1,00) .00 1,004
22,8 . 001 To007 1,001 I, 001 T, 0071 T,001
30.0 1,002 1002 1,002 |,002 1,004 1,00)

T.002 1.002 T.002 T.002 7,002 1,002

45, 0 I,002 002 1,002 1,082 l.002 1,002

52.5 . 003 1,003 1,003 1,003 1,003 1,003

60,0 1,003 1,003 ~ 1,008 1,003 1,003 1,003

67.5 I.004 1,004 T.004 [.004 1.003 [«003

75.0 I.004 1,004 1,004 1,004 |,004 {.004

BZ.% 0094 YL L . 004 I, 004 T. 004 T.004

90.@ |.008 l.005 '1005 '.‘UUS |,004 1,004

7.3 009 005 [.008 i, 005 1,005 f.004

105.,0 1,008 1,005 1,005 1,005 1,005 1,004
ie.5 . 00% 005 LE] 7,008 095 ,004
1268,0 1,006 1+006 1.006 1,005 {,008 1,004
127.% T.008 7,006 T.006 T.008 T.005 T,004
133.0 1,006 1,006 1,006 1,008 l.005 1,004
142°,% I, 008 1,006 1.0086 ,008 [,005 {.004
180,0 1,006 14006 1,006 1,005 1,004 1,004
157.5 I, 006 [e006 1,006 1,005 .04 1,004
165,80 1.006 1,008 1,005 {1,004 1,004 1,004
72,5 . 004 T.004 7,004 I.003 7. 003 1,003
140.0 1,003 1,003 i,003 {,003 |.003 1,003
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ORNL-DWG 64-5454
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Figure 24 The Ratio of the Mott to the McKinley-Feshbach Scattering

vs BElectron Scattering Angle for Uranium, Gold, and Silver.
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Figure 25 The Maximum Energy Transferred to an Atomic Nucleus by an

10

Electron in a Head-on Elastic Collision vs Electron Energy

for Several Elements.
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Table 19

‘e

The Differential Rutherford Scattering Per Steradian with

the 72 Factor Omitted vs Electron Scattering Angle.

DIFF, RUTHERFBRD SCAT,

ENEFRGY({MEV) -
ANGLE(DEGREFES)
7.5
|5, i
22.5
KT
I7.5
45,1
52.5
61,1
67.%
75,0
82,5
99,0
97.5
f05, N
112,85
121.0
(27,5

20

.H57433)
L1142508
L0N8518
L 2n27570
LOn1i54
.unags7s5
L100322
LUN3197
LONng1adn
Lhinangn
.InQnés
LANG049

Y EDLRE

L0nandi
Linones
Lannna2
RHEIETHRR®)
Lanant?
LUnN0n1is
Jiananl4
annars
,unpni 3
Lannni?
Lonani2

(IN 2ARNS PER STERADTAN,

ia

2,576740
. 162434
.N32548
Lninsn7
JO04416
002198
LON1232
,N00754
000495
LN0N343
.Nfin249
LN001RY
L0001 48
JODNT 9
000099
L.N0NpR4
,N00p73
,Nonpses
LNNopsy
LNN0pS4
Lagnnst
LNONN49
LADN0N48
.000047

4

14.2R8245
900704
. 180480
.N58262
024489
012190
.0N6R32
.0N4183
102744
001604
.0n1383
0N 1N46
IN0R18
LANNeAN
. 000547
LON0465
.0nN4n4
000359
LAND3Z2%
.00030n
LAON0283
LO000271
LUND264
00261

2

48,9047A
3.082866
LA17735
199416
JUB3ZR2N
N4 1724
LN23384
LN14317
L9393
,N1A516
.1NA735
LN3579
L2810
.NN2259
L1872
LNO1ES9
LD 3RS
.NNi228
AR R O
LNoin28
L10NQA7
LNNNY24
LA0N9N3
L,N0N895

WwlTHAUT Z SQUARED FACTOR

]

|158,224326 500,08n142

9.974 |68
1,998593
645 |82
,271188
. 134992
175656
L046327
.030359
L021n8n
.019318
AN
LUn9ns!
. 0n7308
.0néns7
L0nS5147
.ana474
.0n3974
LN360H
L103326
L0n3129
LAN2994
.0nzezn
.(02895

31.%24127
A. 3167009
2.039| 4R

«B57 111
« 426653
239117
. 146404
«N9&046
NKEAE2E
.N4R415
JN3660 1
.N28637
.N230198
sN19 145
JN1&2K7
eNidiap
LNI25AMN
JNLI3AR
+NING1|
.NNB3EY
.NN%47n
LNN92729
+B09 150

TS
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