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ELECTRON SCATTERING

Introduction

Measurements of the cross sections for Coulomb scattering of
electrons without atomic excitation by Al and of the electron pene-
tration spectra due to bombardment of thick Al slabs were previously
reported and published in FASA Contractor Report NASA CR-334% The
present report containg the results of additional thick target trans-
mission measurements on Al, thick target transmission measurements on
Au, and electron backscattering measurements on targets of Al, Fe, 8n,
and Au. Where the data is available comparisons are made to the Monte
Carlo calculations of M. J. Berger.

Experimental Results

Electron Tranemission Spectra

Aluminum. The initial measurements of electron' transmission
spectra for the case of 1-MeV electrons with normal incidence on Al
glebs were generally in good agreement with the Monte Carlo calculations
of M. J, Berger. Measurements were reported for thicknesses correspond-
ing to 0.2, 0.k, and 0.6 the range of 1-MeV electrons in AL {0.11 g/cma,
0.22 g/cme, and 0.33 g/ o respectively), Comparisons of energy spec-
tra normalized with respect to the incident number of electrons and
the solid angle increment were made at various angles in the Forward
half of the sphere. This type of comparison was considered to be the
most meaningful and detailed that could be made in terms of "testing"
the calculations. At the time of the previosus report only a limited
number of spectra had been measured for the penetration of the 0.33.
g/cme slab, In eddition the date for the O.Il-g,/cma slsb, where the
penetration is greatest, was assigned an uncertainty of 20%, or twice the
uncertainty assigned to the measurements at the other thicinesses. Thus
to complete the transmission measurements for Al edditional spectra for
the 0.33-g/ caf thickness were accumilated so that the energy spectra
for all three thicknesses could be integrated over solid angle to obtain
total tra;nsmission spectra, and additional measurements were made for



the 0.11mg/cm? slab to reduce the experimental error. The integrated
spectra for the three sleb thicknesses are shown in Figs. 1-3 compared
with two different Monte Carlo calculations of Berger, lsbeled Set A
and Set B, and the transmitted fraction,in Fig. 4. The details of these
calculations have not been made available in published form. As cen be
seen the agreement between the calculations snd the experiment for the
thickest glab is quite good. The agreement is not quite as good for
the intermediaste thickness, where the calculated spectrum begins to
sharpen relative to the experimental spectrum, and for the thinnest
layer, where the discrepancy appears to be in both shape end area,

or yleld. Remessurement of the penetration spectrs hes yielded a
result indicating that the measured transmission yleld shown in Fig. 1
should be reduced by less than 5%, so that there still appears to be

a discrepancy for this thickness which, while 1t is well within the
limits suggested by the combined uncertainties of the experiment and
calculation, 1s still greater than the differences for the other two
thicknesses. Comparisong of the caleulated and measured angular distri-
butions are ghown in Fig. 5. This figure is similar to the angular
distributions of Report NASA CR-334 except that additional points are
included for the 0.33-g/cm? thickness and that the re-measured yields
at angles less than 30 deg for the O.llwg/cm? thickness are on the
average 10% lower than the previously reported values,

The experimental srrangement and the experimental technigues employed
to carry out the measureuments ahd to reduce the energy spectra are identi-
cal with those used previously and described fully in NASA CR-334. How-
ever, the measurements for the O.ll-g/cm? thickness st the most forward
_ angles present a special problem since here the counting rates for mea-
sureble beam intensities saturate the counting system. To overcowme this
problem, which had led to the large uncertainties.in the previous data,
ordinary beam current integratlon was abandoned and a beam monitor was
used. The monitor was & solid state detector positioned at 135 deg which
counted back-directed electrons while the measurements were made at the
forward angles. The ylield of backscattered electrons at 135 deg was
mich less than those penetrating the slab in nearly the straight-through
direction and could be essily reisted toc the beam current.
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The final experimental values reported are believed to be not more
than 10% from the true values.

Gold. The transmission spectra for l-Mev electrons with normal
incidence on slabs of Au corresponding to thicknesses of 0.192 and 0,405

the range of 1-MeV electrons in Au are showm at three angles for each
thickness in Figs. 6 and 7. Distributions at 2.5, 37.5 and 77.5 deg
1llustrate the fact that the spectra are nearly constent with angle for
a given thickness. The angular distributions of trensmitted electrons
are shown in Fig. 8 and the energy spectra integrated over solild angle
are shown in Fig, 9, A comparison of the transmission spectrs for the .
same fraction of the range in both Al and Au is shown in Fig. 10. The
tranenltted beam fractiloms corresponding to these spectra are presented
in Fig, 4, Thepe wmeasurements were carried out in the same manner as
that described for the Al slabs. However, due to the relatively lower
trahsﬂission of the Au glabz and the increesed bremsstrahlung production
efficlency of Au, bremsstrehlung backgrounds became a more aignificant‘
problem for these measurements. This 1s 1llustrated in Fig, 11 which
shows the relative intensity of the bremsstrahlung to the total yield
for @ = 77.5 deg for each thickness. These spectrs represent the cases
where the background is largest. Even so, it can be removed accuramelj
from the data and does not heve a serious effect on the accuracy of the

net spectra.

The experimental uncertainty in the messurement of Au trensmission
spectra 1s about 7% and arises ag for the case of Al primarily from the
determination of the nuuber of incident electrons.

Flectron Backacatter Spectrs

The energy spectra at varicus angles due to backscattering from
target materiels of several different atomic numbersare shown in Figs.
12-15. In all cases the incident electron beam was directed with normal
incidence to the target and the beam energy was fixed at 1 MeV. Target
uaterials of Al (2=13), Fe (Z=26), Sn (2=50), and Az (2=T9) were used in
the experiment. This sllowed a systematic study of the dependence of
the spectral distributiong and the total backscatter fraction on atomic
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number to be made. Measurements were made on saturation thicknesses of
the terget materials for backscattering, which amounted to a thickness
corresponding to 0.4 the range of 1-MeV electrons for each material in
the present cage. The angular distributions of backscattered electrons
are shown in Pig, 16. Figure 17 shows the backscattered energy distri-
butions integrated over solid angle, Also shown in the figure is the
spectrum of backscattered electrons from a thickness of Al corresponding
to less then e saturation thickness, nemely a thicknesg of 0.22 g/cm?.
Figure 18 shows the backscatter fraction of the present experiment in
the energy region sbove 0.1 MeV corrected by sbout 3% due to yleld
below 0.1 MeV as estimated by extrapolation of the data below this energy.
The backscatter fraction is plotted versus atomic number, along with a
similar set of backscatter fractions measured by Wright end Trumpa by

& different technigque, The limit of error assigned to the present ex-
periment is T%. The differences obtained by the two methodsare outside
the estimated experimental error. Discrepancles of this order heve been
seen in other meagurements where both of these techniques have been
employed! However, the present method is as accurate for backscatter
measurements as for penetration measurements where good agreement with
the caiculations heve been obtained. Also the present backscatter
fractions are in asgreement with the backscatter fraction observed from
Csl crystal scintillation spectrometers where & direct measurement of
backscatter can be meade,

Seﬁeral interesting features ofbackécattering due 1o normal inci-
dence are apparent from the backscattering data., The most probable
energy of the backscatter distribution incremses with atomic number.
The. total backscatter spectra for the lower Z materials not only have
e lower most probable energy than those for higher 2 materials but also
are considerebly broader. In the case of Al and Fe at angles of obser-
vation near the target plane a high energy shelf develops in the distri-
butions due to a relatively large contribution from scattering at the
surface of the slab as compared to the contribution from greater depths.
The spectrum from the 0.22_gfcm® slab of AL shown in Fig. 17 plotted
over the spectrum from the saturation thickness of Al ellows an identi-
fication of the contributions from the different thicknesses to be made.
Finally, the total backscatter coefficient increases with atomic number.
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ELECTRON-BREMSSTRAHLUNG CROSS SECTION
MEASUREMENTS

Introduction

Messurements of electron-bremsstrahlung cross sections for Al, Cu,
Sn, and Au have been completed for an incident electron energy To = 1.0
MeV., Crossa sections for Al have been completed for the additional
electron epergies To = 1,7 and 2.5 MeV. The experimental values are
shown graphicelly with the Bethe-Heltler values for an unscreened nucleus
to allow an easy comparison of the experimental results to the theory.
Tables of experimental values are also included so that the values may
be obtained accurately for comparison to other calculations such as
thoge now being carried out by C. D, Zerby3of the Unlon Carbide Research
Institute, Although the resulis presented are in some instances only
Tirat meesurements, the cross sections are belleved to be free from
unknown experimental errors. Meegurements to confirm the data presented
here will be made in the near future. At the same time date for Cu, &n,
end Au &t T = 1.7 and 2,5 MeV will be obtained. Results of these ex-
veriments will be made available in the gquarterly reports as they become
avallable. Previous results of crosse-section measurements at @=15 and
30 deg for 'I'o = 0.5 and 1.0 MeV and Z-13 were given In NASA Contractor
Report NASA CR-334. Since the earlier date was preliminary datae only,
It ghould be considered as being replaced by the present results.

Experimental Results and Procedure

The experimental eross sections for bremsstrahlung production by
1-MeV electrons scattered by Al, Cu, Sn, end Au atoms compared to the
Smuter cross sections (plane-wave Born approximation, unscreened) are
shown in Figs. 19.23. Comparisons at 1.7 and 2.5 MeV for Al are shown in
Figs. 24 and 25, Tebles I and II contain the cross-section values plotted
in the figures. Table I includes values over the complete spectral range
above sbout k = 0.1 T_. Table II includes values from ebout k = 0.6 T
to the end points. The values in Table II have been used in the figures
instead of thelr counterparts in Table I because of their lmproved
asccuracy. The experimental results are in good agreement with the

23
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theory for the case of Al, except in the low and high photon energy
regions of the spectra for all angles. However, with increasing atomic
nunber of the target material the experimental spectra become relatively
herder, as shown by the values for Cu, Sn,and Au. The measurements at
’I.’o = 1,7 and 2.5 MeV for Al also indicete that the experiment and theory
are in good agreemsnt except in the low and high photon energy regions
of the gpectra. At O and 4 deg, however, the experimental values appear
to be falling lower with increasing incident electron energy as compared

to the Bethe-Heltler wvalues.

The estimated average experimental error in the photon energy
region 0.1 T < k < 0.9 T  is sbout 15%. At O and 4 deg the
error is estimated to be T%. At larger angles additlonal uncertainty
arises due to the angular uncertainty of 0.3 deg and the strong dependence
of the yield on angle at sngles greater than 10 deg. In the photon
energy region greater than k = 0.9 To sdditional uncertainty arises due
to the increaged statisticel error smd the spectrometer response removal
from the pulse height spectra. Thus the totel error increases alowly
in the reglon from k = 0.9 TD to 0.95 TO and then more rapidly to about
30-50% at the end point vslue.

Various methods of spectrometer response removal from the pulse
helight spectra were sttempted, The cross sectlions presented here have
been obtained from the pulse height data normalized with respect io the
gpectrometer solid angle and the number of incident electrons by the
following operations:

1. The hand-gmoothed pulge height gpectre were smeared by
multiplying the spectra by the gpectrometer response
matrix.

2. The ratios of the smoothed pulse height spectra to the
smeared spectra were computed.

3. The original unsmoothed pulse height spectra were multiplied
by these ratios.

4, The spectra thus obtained were corrected for spectrometer
efficiency.
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The combined corrections applied to the pulse height spectra are shown
in Fig. 26. Shown are examples for Au at © = 0 deg and T, = 1 MeV and
for Al at 8 = 0 deg and T =1 MeV. The Au correction ratios are typical
of the corrections made to most of the spectra. The AL correction factors
differ from those of Au near the end point. This difference arises from
the difference in the spectral shapes at the end point. Most of the
gpectra fall off sharply at the high energy end while at the forward
angles O and 4 deg, the Al and Cu smoothly drop off in magnitude with
considerably less curvature near the end point. This method of response
removal was shown by use of test speeire to have an accuracy to within

a few percent in the photon energy region below k = 0.9 To. In the
region k > 0.95 T, however, this method tended to undercorrect the
pulse height spectra by sbout 15% on the average. With the under-
correction taken into account there is still added uncertainty in the
cross sections in the region k > .9 15 reported here, since the cor.
rections neer the end point depend strongly on the detailed shape of

the pulse height distribution in the pulse height region corresponding
tok > 0.7% EB. Where many spectrs are to be analyzed, as in the
present case, it ls lmpracticable to find the correction factors for
each case because of the necessity for hand-smoothing the pulse height
gpectra. The present analysis consisted of finding the correction fac-
tors for classes of pulse height distribution shapes. Pulse helight
distributions In the variocus shape categories were then corrected by
the eppropriate set of factors for their class, Thus this procedure did
not allow for the smell differences within the shape clagsses, '

Some of the gpectra at each energy were sccumulated with a Pb
sbsorber, or beam hardener, in the photon beam between the target and
spectrometer, The thickness of Pb was chosen to allow 85% or more trans.
mission of photons with k¥ > 0.6 T 80 that corrections due to the
attenuation would be small, Running in this menner sllowed iumproved
statistics to be obtained in this region of the spectra, since relatively
high beam currents could be run without distortion due to pulse pile-up.
The cross sectlons obtalned from data taken wlth the beam hardener are
given in Teble II. Statistical Pluctuations in the 1-MeV data where this
procedure was not followed are clearly evident,
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The details of the x-ray spectrometer and lts calibration and the
scattering geometry have been presented in previous reports including
NASA Contractor Report NASA CR-334. The only modification in the
present experiment was to include provision for bending the electron
beam after it passed through the target so that the electrons could be
separated from the photon beam at the forward angles. This was done
with a permanent megnet which deflected the beam into & shielded Faraday
cup., ‘The 0-deg direction for the incident electron beam was determined
by mepping with the spectrometer the bremsstrehlung field in the region
of its meximmm in the forward direction. '
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EXPERTMENTAL ELECTRON-BREMSSTRAHIUNG CROSS SECTIONS

2 = 13
.1.'0- 1.0 MeV
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TABLE I (Continued)

Z = 13
T = 1.0 MeV

k {(MeV dofandk {em"/ar-MaV

(Mev) Jasdk (ea®/ )

6w 20° Lo* &@*

0.079 L.hs(-23 3.36(-24)
£¢.096 1.18(-23 2.62(-24}
0.113 9.75( ~2h 2.06(-24)
0.13% 7.92(-24 1.62(-24)
s g L

. L3 - 1.12(-
0.181 ‘4-96§-210) 9-65%-2‘5)
0.198 h,29(-24) 8.80(-25)
0.215 3.88(-24) Te63(-25)
0.233 3.55(-24) 6,50 25}
0.250 3.23(-24) 5.9 ~25
0.267 3.00(-24) 5.54{~25)
9.284 2.83(-24 h,92{-25)
0.301 2.62(-2h L.50{-25)
0.318 2.36(-24) b.os(-25)
0.335 2, 30(-24 3.76(-25)
0.352 2.05( -2k 343 -25)
0.369 1.86 -eh} 3.30{-25)
0.386 1.73(~24 3.06{~25)
0.403 1.70(«24 2.64(~25)
0.420 1.62(-24 2.4g(-25)
0.437 1.44(-24 2.28(-25)
0.5k 2.4 {-24 2.07{-25}
0.471 1. .-ahg 1.94(-25)
0.488 1.25(~24 1,95(-25
0.505 1.17(-24) 1.h5(-25
0% oo e
0.556 -25 1.30(-25)
0.573 -25 1.09{-25)
0.590 -25 1.21(-25
o 12 B6a( -2
006"’1 6-% '25} 9-7‘{ "26;
0.659 -25} 8.79(~26
0-676 5-71 ‘25; 8006 '26
0.693 5. 74(~25 7.55(-26
0.710 h.96(-25) 6.87(-25)
0.727 h.61{~-25) 61«26
0.7’&’& !‘». "25) 6-7 "26
0.761 -85} 6.15(-26
0.7T78 ~25 530 -26;
0.795 -85 L bo(-26
¢.B12 -25) b, 10(-26)
o:aiz 2 R
5:6 = ol )

. - 3.49( -
0.897 2.35(-25) 3.23(-26)
0-91" "25 3-05 “26
0.931 ] 2.36(~ 26
0.948 -2‘5; 31026
0.965 -25 2.90(-26
0.588 1.2 ~25; 1.7H-26
0.999 1.05(-25 9.32(-27
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T

w 1,0 MeV

k  (Mev)

0.079
0.096
0,113
0.1%
0.147
0.164
0.181
0.198
0.215
0.233
0. 250
0.267
0,204
0.301
0.318
0.335
0- 352
0. 369
0.386
0.'103
0.420
0.437
o.45h
0471
le
0.505
0.522
0.539
0.556
0.573
0.5%0
0.607
0.624
0.641
0.659
0.676
0.693
0.710
0.727
0.Thh
0.761
0.718
0. 795
0.812
0.82
0.8L6
0.863
0.8%
0.897
0.9%%
0.931
0.948
0.965
0.982
0.999

TASLE T {Contihued)

do/dndk (cm>/er-MeV)

L* o* ®*

.73 ~22
1-1‘1" “22)
1.19(-22
9.72(-23

2.103#22

40



TABLE I {Continued)

Z = 5)

T, = 1.0 MeV
k (MaV) dojdndk (cm/ar-Mev)

6 = 0°* ‘bo* & °

0.079 5.15(-23) 1.77(~-23)
0,096 14.,00( ~23) 1.38
0.113 20( -23) 1.08
0,130 2.62(-23) 8.63(-24
0.147 2.13(-23 1.27(-2%
0-161‘ 1-83 "23 5'87
0.181 1.57(-23) 5,16
0.198 1.hi(-23) 4. 5k{ .ok
0.215 _ 1.23 -23) 3,90
0.233 11(-23) 3.y
Q.25 9 83 -2*&) 3
0.267 9 10 -ah) 2.83( ~24
0. 284 2, 54{ -0l
0.301 2. 36
0.8 £.18
0-335 2.01. ”2h
0.352 1.82( -24
0.359 . 1.7
0. 386 1.56{-2%
0.403 Loy
0.420 1.35
0. 437 1.9
0,54 1.18(~24
o.k71 1.06
0.1"% 9'%
0.505 8,85(~25)
0.522 B.74(~25)
0.5 .69
0.556 1.4
0.573 7.07
0.590 6.17(-25
C. 607 5.79
0.624 5.82(-25)
0.6h41 5.45 -25;
0.659 b T7(~25
0.676 L.hof-25)
0!693 1#-50 "25;
0.710 3.83(-25
0.727 3.81(-23)
O.'ﬂlh 3-“’0 '25)
0.761 3. 39{~25)
0.778 3.10{-25)
0.795 2.97{-25)
o.gl,a 2,52 -253
0,829 2.75(-25
0.8h5 2. 30(-25)
0.863 2. 34{-25)
0.8% 1.91(-25)
0.897 1.95 -25;
0.914 1.89{-25
0.931 1,94 -25)
0.943 1.79(-25)
0.965 1.74{-25)
0.982 3.65(-25)
0.999 1.35(~25)
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TABLE 1 {Continued)

zZ =79
T, = 1.0 MoV |
k (Mav) do/dpde (melsr-lh\f)
6 = ml m.
0.079 2.8 -22) 1.63(-22)
0.096 2.19(-22) 1.11({-22
0.113 1-73 "'22} 911“' "23
0113) 1045 "22 7027 "23
O-J-h? l.la -22; 6-13 '23
0.154 1.0h{-22 5.21({-23
0.18) 9.07(-23) 4,66(-23
0.198 B.Ol -23) IhOI. -23
0.215 7.16(-23) 3.63(~-23)
0.233 6.75(~23) 3.37(-23)
0.250 6.27(-23) 3.07(-23)
0,267 5.74{~23) 2.87(-23
0.084 5. 20( ~23) -23
0.301 L.96(-23) -23
0.318 k.63(~23) -23)
0.335 L.nf-23) -23)
0.352 k. 10(-23) -23)
0. 369 h.05(-23 -23)
0.386 3.60(-23 -23)
0.403 3.28(.23 -23;
0.4 3.06(~23) -23
0.437 2.88(-03 1.33(-23
0.hsh 2.80(-23 1, 24(-23
0.7 2.60(-23 -23
0.488 2.40( 23 1.13{-23
0.505 2.4 -23 1.13(-23
0.582 2.23(-23) -23)
0.539 2,03 -23g «23)
0.556 2.05(-23 -2h4)
0.573 1.98(-23) -ah;
0.590 1.8% -23} ~24
0.607 1.7 -23 -2h
0.624 1.6 -23; 6. 68( -2k
0.641 1.56{ 3 6.52( ~2h
0.659 1.50(-23) 6.67{-2h)
0.676 1.39(~23) 6.05(~2h)
0.693 1.59( -23) -24)
0.710 1.30(-23 .66(-2h
0.727 1.16{~-23 5.06( 24
0. 744 1.10{-23 b.95{ -2k
0,761 1.07 -23; -24
0.7718 1.00{-23 -2l
0.7195 9,59(-23) h.o1{ -2h)
0.812 G.75{-2k) -2k
0.829 8.79(-24 b4, 26{-24)
0.8485 8.62(-24 -oh)
0.863 8.34{-24) 3.94{-2k)
0.880 8.11{-2h) 3. 36(~-24)
0.897 T7.98{-2k) -eu;
0.91h 6.67(-2%) 3. 30(~24
0.931 6.90€~21+; -2k
0.948 7.48{ -2 2.63(~2h
0.965 ?.65(-2&% 2. 29(-24)
0.982 7.oo§~2u .50(~24)
0.999 5.99(-2h4) Jh5(-20)
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TABLE X (Continued)

2 = 19
n 1.0 MeV

TO

a0 fanax (ggalﬁr-llb\')

k {Mav)

maa%aam%mﬂ

A S, gy e o SN~

%56655%%5%%

T T, T T, Ty S

R AR

J

120*
89 2l+

uuuuuuuuuuuuu
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311855n¢ :...__329“

lh

0590

----------------
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TAHLE T (Continued)

2w 13
T, = 1.7 ¥a¥
k (Mav) do/dadk (unE/ar»MeV)
0 = qo 4o 10° 20°

0,156 6,10(~23 2.53(-23
0.186 4,50{-23 1.94(-23
0.216 3.95{-23 L.67(-23
0.245 3.40(-23 1.4 (.23
0.275 3.03{~23 1.29(-23
0.305 2.67{-23 1,13{-23
0.33 2.3 {23 1.00{.23
0. 2.09{-23 8.0)(-24
0.39% 1.89{.23 B.10{-24
0. 42l 1.71{-23 T.29(-2k
0. 45k 1.54(~23 6.61(-2h
0.484 1. 36(-23 5.87(-2k
03513 1.25 "'23 5.4'1» '2’4‘
0'5!"3 1.1% ""23 5.00 -2“
0,573 1.021{=23 L.s8{-24
0.603 9,34 (-24 4.18(-2%
0.633 8.1k8(-2h 3.89(-24
0.662 T.93(~2k% 3.07(-2%
0.69 T.29(-2h 3.18(-24
0.722 6.66(~24 3.05(=24
0,752 6.15(-2b 2, T8(-24
OOTBI\ 5080 "2"’ 2.@ *2“'
0.811 L6({=24 2.55(~2h
0.841 B {-2h 2.27(-2k
0.871 b, A {-2h 2.09(-24
g.ggé 4,20 -211: 2.&% -aﬁ

. 3.73(~2 1.86{ -2
0.960 3.58(~ak 1.73(~2k4
0,950 3.31(~2k 1,63(~24
1,020 3.19(-24 L.4h{-2h
1,050 2.96(-24 L.51(~24
1.079 a.aa w2k 1.36(-24
1.109 2,49(-2l 1.25(.24
1.139 2,05{-gh 1.18(-2h
i;:gg 2.20 -211: 1.10 -211:

. 1.99(~-2 L.o7(-2
1.228 L.67(-24 %.40(-25
1.258 1.85(-2% 9,14 {25
1.% 1..159 -EII- 8.“‘0 "25
1.318 L.4B(-24 8.10(-25
1.3kt 1.35(-ak 7.39(-25
1.377 1.25(~24 6.67{-25
1.ho7 1., 09{~2h 7.19(-25
1.437 1.01{~-2L 5.39(-25
1.h67 9,25{-25 E.as 25
1.4k96 B.50(-25 «15(-25
1.526 6.70{-25 4.87(-25
1.556 5.96(-25 3.96(-25
1.586 5.42(-25 3.52{-25
1.615 k.34 (-25 2.83{-25
1.645 4,08(-25 2.87{-25
1.675 3.21(-25 2.74(-25
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%z =13
To = 1.7 MeV
k (MeV)

0.156
0. ﬁ
0.216
0,245
0.275
0.305
0,335

0.364
0-
0.
0, k8l
0,513
0.543

0.573
0.603

TABIE I (Comtinued)

46

do/andx (cme/sr-MeV)
Lo°

1.04(-2k
T+53(-25
6.39(=25

24 (-25
x4
3.00(=25
2.59(=25
2.25(=25
2.07(-25
1.73(-25
1.63(=25
2.43(-25
1.29(=25
1.2a(=25
9,98(-26
9,39(-26
B.72(-26
7.69(=2h
2'78 "‘26

6.11(~26
E-"ﬂ -26
L9(-26
L,86(-26
L, 48(-26
4. 30(=26
3.65(~26
3.62(-26
3.22(-26
2.88(-26
2.84(-26)
ziw -26
2.34(-26
2.33 -26
2.02(=26
1.95(-26
1.53(-26
1.60(=26
1087 -26
- 1.40(-26
1.48(-26
1.34(-26
1.00(-26
1-09 "26
1.07(~26
6-89 -27
T.27(-27
T.03(-27
T.52(-27
5.29(-27

60°

2,96(-25
2409( =25
1-71 "25
1.38(-25
1.21(-25
1.01(-25
8. -eg
Tot5( =21
6.46(~26
5.58(~26
5-11 -26
h.go -26
3.89(-26
3.52(-26
2.99 -26
2.88(-26
2061 .26
2.25(-26
2.18(-26
2.05 -26
L.71(-26
1.50( =26
llhs "26
113‘8 '26
1.09(-26
1.15(-26
1.02(-26
lsd‘ -26
9.23(-27
T.64(-27
T.46(-27
7.72(-27
]
5.88(-27
6.09(-27

-32(-27



TABLE I (Continued)

Z =13
T, = 2,5 MeV

x {Mev) do/dadk (mnE/sr—MeV)

6 = O° y° 10° 20° 30°

0.227 9.51(-23 -23) 1.93(-23 3.91(~2h 1.35(-2h
0.272 T.66(-23 5.13{~23 1.hg({-23 3.02{-24 1.03{~-24
0.317 6.79(-23 23 1.35{-23 2,62(-2h 2.17(-25
0.362 5.TL(-23 3.96(-23 1.15{~23 2.19(~2h4 1.58(~25
0. 5.30{~-23 3.59(-23 L.04{-23 1.95(-24% 6.49(-25
0,452 4,55(-23 -23 8.73{-2k 1.58(-2h 5.29{~25
0.1;36 3.87(-23 2.61(~23 7.66(=2h L.ho{-24 4,67(-25
0.5hL 3.35(-23 2.31{-23 6. 11 {2k 1.21{-2h k,03(-25
0.586 2.93(-23 2.03{-23 5.08{~24 1.08(-24 3.50(-25
0.631 2.73{~23 : 5.27(-24 9.50{-2% 2,99(-25
0.676 2.27)-23 1.5G{-23 4. 8o{~2h 8.33(~25 2.81(-25
0.721 2.10(-23 1.50{=23 h, 332k T.29(«25 2.4 (25
0.765 1.94(-23 3.87(~24 6.82(-25 z2.21(-25
0.810 1.73(-23 3.60(-24 6,01{-25 1. 94 (=25
0.855. 1.50(-23 3.37(«24 5.48(~25 1.69(~-2%
0,900 1.46(~-23 2. 98 (24 L.88(-25 1.54(~-25
0.945 1.26(-23 2.79(-24 L. 4825 1.l (-25
0.990 1.21(-23 2.62(-24 E -25 1.27(-25
1.035 1.10(-23 2.37(-2h O (=25 1.18(-25
1.079 9.52( -2l 2.19(~2h 3.49(-25 1.14{-25
1,124 9.19( -2k 2.08(-24 3.10(-25 1.00{-25
1.16 B.62(-2h 1.91(-2L 3.07(-25 9.48{~26
l.2% T.T9(~2h 1.84(-2h 2.66(~25 B8.13{-26
1,259 T32(-24 1,64 (2L 2.57(-25 B.u5(-26
1.304 6.79(-24 1.68(.2k 2.k2(.25 T.07(-26
1.348 6.5L(~24 1.48(-24 2,06(-24 7.11{-26
1.393 6.07(-24 1.4y{-2k 2,08({~25 6.91(-26
1.438 5,843 1.26(-2k 1.82(-25 5.92(-26
1.483 5,07(-24 1.28(-2h 1.68({-25 5.68({~26
1.528 b, 85( -2k 1.05(-24 1.50(-25 5.25{-26
1.573 h.67({-2% Lo w2k L.bg{.25 h62{-26
1.618 3.91{ -2k 1.20{~24 1.46(~25 3.82(-26
1.662 3.70{~ak S.75(-25 Lus(-25 3.85(-26
1.701 3.58(-24 8.8g(.25 1,22(.25 3.126(-26
1.752 3.65(-2% B.26(.25 1,18(-25 3.52(-26
LeT9T 2.99(-24 “2h) 8,58(-25 9.75(-26 3.62(~26
1.842 2.52(-24 . 7.90{-25 9.71(-26 2.82(-26
1.807 2.52(-2h 6.05{~25 8.45(-206 2,76(-26
1-932 2.36 "‘al" 60“9 "25 8.9’} "26 2'57 "26
1.976 1.oh(-24 5.79{-25 6.12{-26 2,34 (-26
2.021 2.05(-24 5.92(-25 T.48{-26 2.h3(-26
2.086 1.T9(-24 5.57(-25 T.67(-26 2.05(-26
2.111 1.9%( -2k h.oa(-25 1.20(-26 1.78({-26
2,156 1.50( -2k z.oa ~25 1.20(-26 1.82({-26
2.201 1.28(-24 62{-25 6.17(-26 L.92{-26
2.28L5 9. 97(~25 b, 25(-25 6.35(~26 2.02{-25
2.290 8.62{-25 3.05(-25 hoddi(-26 L.66{-26
2.335 B.58({~25 3.46(~25 b, 78{~-26 1.25(~26
2, 8.50(-25 3.24(-25 L, 67(-26 1.35(-26
2.425 b 79(-25 3.00(-25 k,3B{-26 1.hko(-26
2.0 2.84 {25 2.93(-25 L, 6k {.26 1.22(-26
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TABLE XX

FXPER IMENTAL ELECTRON -BREMSSTRAHLUNG

CROSS SECTIONS ORTAINED WITH Pb

BEAM HARDENER

The values used in this table are to be used in preference to the
corresponding values in Table I because of their improved atatistical

Note:
accuracy.
Z=13
QU - 1.0 lhv
k (Mav)
f =
0.607 7 -2l
0.624 -214
0.641 -2
00659 "2""
0.676 1.91 24
0.693 T2{-24
0.710 1.53 =2l
0.727 1312k
0. T4 1.37{-24
0.761 1.13(-2h
0.T78 9.6# -25
0. 95 -25
o.aalg -gg
00 ~y
0,846 —25
0.863 3h{-25
0,880 .a‘r 25
0.897 La(-25
0.914 2.76 -25
0.931 -25
0. 948 -25
0.965 -25
0,582 -as
9053

0.999

do/amik{ mE/sr-MeV)

100

1.90(~2k
1085 —2'#
1.78(-24
L.54{-24
L.47{-24
1.31(-2%
1.27(~2h
1.13{-24
1.00{~24
1.00{~-2k
9.25({-25
B.23(-25
T.81(-25
7.48(-25
6.62(-2%
5.89(-25

12{-25
. TO{-25
h.23(-25
3. 91 "25
3.81(~25
2.87(-25
2.48(-25
2-07 "‘25

20°

48

30°

3.06(-25
2.78(-25
2.59(~25

20""8 "25 ‘

2,18(-25
2.15(~25
2.03(-25
1.87(-25
1.58(-25
1.53(-25

101*‘6 -25

1.26(~25

24 (~-25
L.12(-25
12.23(-25
2,03(~25

1.01(-25

9, 01{-26
B.45 (26
6.74{~26
7.35(-26
5.9L(~26
5013 ’26
4, 05(-26

1.10{-25
1,27(-25
l.02{-25
1.02(-25
8180 "26
T.65(-26
T.7(-26
6-69 "26
6.17(-26
50‘;9 "26
5T {~26
hoha(-26
Lkhe{-26
b, 18{-26
h.o9{-26
4, 33({.26
3.92(-26

. 3.87{-26

3.07(-26
2.79(-26
2.91(-26
2-53 "'26
L.79(-26

g2(-26



Z =29

T, = 1.0 MV

k {Mev)

0.522
0.539
0,556
0.513
0590

601

0.624
0.641
0.659
0.676
0.693
0,710
C.Te7
O Tl
0.761L
0.778
0.79%
0.812

3'863
.860

0.897
0,914
0.931

gl
0.965
0,982
0.999

= Q@

2105 '23
2.00(-23
1.88(-23
1.76(-23
1.60{-23
1.56(-23
L.35(-23
1.29(-23
1..18 "23
1,12(-23
1-m "23
9.19(-24
3.1}9 "zll'
8.4 (~-24
T.10(-2h
6.59(~24
E-% -24

+96(-2L
L.6a(-24
k1036 "21’
3.61({-24
3. 34 (-2
2.89 '21‘
2.63(-2h
L.97{-2h
1.71{~2h
1.57(-2h
1-3a "'21"
8.h5{-25

TABLE II (Continued)

do/dgak (cu’fsr-MeV)

10°

1.10(-23
1.07(=23
9-% "‘2‘*
9.32{-2h
B.62{-24
8.30 '2’.’
TM3 (-2
7.09(-24
6.3 (-2
6-10 '2"’
5.53(~24
E.lm ~24

B7(2h
h.m "2"
3.99(-24
3.66 "2"’
3.54(~2h
3.20( -2k
2079 ”2]*
2.66(-24
2.49{.24
2,312k
2,25(-2h
1-85 "2"‘
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20°

6.11(-24
6. 09{~-2k
le "2“'
5.63{~2k
5.22(«2k

.02 “’2"

«B80(-2h
h.43(~2h4
b 27(-24
3. 9% (24
3.7a{-2k
345024
3.07{-2h
3.(5 “2"‘}
3.?2 -2‘*
2,69(~24
2.48{-24
2.29{-24
2-22 "2&
aow "?J*
1.78(-24
1.80(-24
Loui=2h
L.go{-2h
1.48(-24
1.32(~24
1.37({-24
L.26{~2k
1015 "2&

1.86{-24
1.75 "2“
1057 "2,‘
1-59 —2!..
1.08(-24
1.32(.2h
1-27 -210
1.23(~24
1112 -21‘
1.02{~24
1-w “2“
9.314~25
8-67 -25
7.7(-25
g-ll 25

I7(-25
6.61 "25
6.27 "25
3.300-25
5-"'9 ‘25
5.08(-25
5-07 "25
h,99(-25
h.01{-25



0.914
0.931

0.959

6

e

-

TABLE IT (Continued)

]l_oﬂ
2.95(-2h
2.90(-2h
2.66 "'21"
2,67(-2h
2.32(-2k
2.23{-2h
2,13¢-24
1.98{~2k
1|B!* "2‘"
1.82(~2k
1.73(-24
1-59 "2!"
L.A4T(-2h
L.32(-2k
L.34 (=24
1.16{-2h
1.16(-24)
1;09 "Eh-
1.05{-ak
9.53 (=25
2.09(-25
Bod‘ "‘25
8.10(~25
T-‘B ~25
7-T4{-25
6,92(~25
6.79(-25
6.91{=25
6.51.(-25

hoe

9. 70{-24
9-86 "al"
9. k1{~-24
8.79(-24
B8.yr(-2h
8.11(-24
T.60(-24
T.22(-2k%
6.79(=24
6.40(-24
6.10(-24
5.73(-24
5.57(-2b
4. o4 (-2
L.68(«24
4.81(-24
h,38{.24
L,o9{-24
3.82(-24
3.59(-2h
3.48(-20
3.55(-24
3.19(-24
2.9 (-2h
3,03(-2%
2.73(-2%
2.66(-24
2.52(-24
2.hg(-2k)

50

do/dndis ( mnajar-!l!ev)

do/dndk { cmalsr-MeV)

600
8.06(-25
8,k (~25
7-% "25
6.96(~25
6.% "'25
5.78(-25
5.78{-25

23(-25

81(-25
ho% -25
lhll-a "'25
k.os5(-2%
3.79(-25
3,09¢-25
3.45{~25
2.62{=25
2.95(-25
2.57(-25
2.52(-25
2.58(-25
2.27{-25
2.18(-25
1.81(-25
1.80(-25
1.67 "25
L.T5(-25
1-50 "'25
1.80(-2%
L.ho(.25



2

To

- 13
- 1,7 MoV
k (MeV)
]

1, 198
1.228

1.258
1.288
1.318
1.347
lnm
1.hor
1437
1467
1.496
1.526
1.556
1.586
1.615
1.645
1.67%

LI + & w

FRRRRREO000
BE3EBELEE

TABIE II {Continued)

do/andk (cmejar-MeV)
- o

2.36(-2k
2.09(~2}
2-0“ ’2’*
1.83(-24
1.76(-2h
1.62(-2h
1.39(-24
1.23{2h
1.19(~24
1-05 "El"
8.65(~25
7-50 "25
6-1“ "25
5.95(-25
3.82(-~25
3.43(-25
2-86‘ "'25

40

1.92 -2l
1&83 -ah
1069 "21"
1.52{=24
1. h5{-24
1.27(-2%
1.25(~24
1.08{~2h

00{ -2k
8.62 "25
8.29(-25
T.0T{=25
6.50{-25
5.60{-25
h-?é -25
k.o1(-25
3.36{-25

51

100

9.89 -25
9. 12{~25
8.98(-25
8.32(~25
7.65(~-25
T, Hi (=25
6.99(-25
6.62 -25
5.51(~25
5.20(-25
h.r2(-2%
L. 4B (=25
L, 28(-25
3.54(-25
3.62(-25
2.67{-25
2.34(-25



TABLE IT (Continued)

£ w 13
To - 2-5 hv
k {Mev) do/andk (u:\a/ar-uev)
10° 20°

1.348 1,20 (24 2.18(-25
1.393 l.27(-2h 2,16(-25
1.438 L.ag(-2h 2,04{~25
1.483 1,13{-24 L.gr(-25
1.528 1.10(=24 1.87(-25
1.573 1.03(-24 1.65{-25
1.618 1.01(~-24 1.61(-25
1,662 9.39(-25 1.48{.25
1.707 8.50(-25 L1.34(-25
1.752 8.07{-2% 1.30(~25
1.7 Teb2 (=25, 1,23(-R5
1,862 T.23(-25 1.10(-25
11%7 60?2 "25 10& "'35
1.932 6.23(-25 9.83{-26
1.976 5.86(-25 9.32{~26
2,023 5.45(u2b 8.53(-26
2.066 5.31(=25 8.30(-26
2.111 4,64 {25 7.09(-26
2.156 h.or{.25 7.06(-26
2.201 3.78(-25 6.56(-26
2,245 3.54(-25 6.43(-26
2,290 3,31{~25 5.86(-26
2.335 3.07(~25 5.93(~26

lm 2.8? -25 ]‘-w -26
2.425 2.66{.25 Loy (.26
2.470 2.67{-25) 5.36(~26

52 NASA-Langloy, 1987 —— 24 CR~T59



