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ABSTRACT

Angular distributions of bremsstrehlung created by bombarding
thick silicon targets with 1.05 Mev and 1.25 Mev electrons have been
calculated by measuring the spectra at 10 angles between Oo_and 1800..
The observed spectra, after aépropriate_corrections, have beenlcom-

' pared with the predictions of the Bethe-Heitler theory. Analytical
éxpfessions for the angular distribution of the spectra and total
radiated energy are given. Also the experimental and the theoretical
efficiencies of the bremsstrahiung production are given for each

incident electron energy.

vii



THICK TARGET BREMSSTRAHLUNG FRODUCTION IN SILICON



INTRODUCTION

Since there are electrons trapped in the magnetic field of the
eaxrth an evaluation of the radiation hazard to space tfavelers-due
to their presence is essential. These electrons can dissipate a
s;zable part of their energies through radiative collisions in
materiels. The bremsstrahlung or "Braking Radiation" due to these
collisions poses & hazard because of their high penetrating power.

There are adequate theories available for estimates of the
bremsstrahlung from thin targets where a thin target 1s defined as
one in which the electron scattefing and energy loss processes have
a negligible influence on thevenergy and angular distribution of
the brem;strahlung. These theoretical treatments have been
summarized by Koch and Motz (ref. l).

In the case of bremsstrahluhg}from a thick target; vwhere a
thick ta;rget 1s defined s one which completely stops the electrons,
_there is no gdequaie théoféticai'3pproach‘ava11able. This is due
'mainly t6 the’facﬁ that it is_a:very'camplicated proceduré which must
take into account the multiple scattering of the electron in the
target, the fluctuations in the rate of energy loss, and the attenuation
of the bremsstrshlung in the target.

It was deqided to initiate this program to investigate the

bremsstrahlung spectra produced when,electrons of 1.05 and 1.25 Mev
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sﬁrike & thick silicon target. The experimental results are compared
with a theoretical model which attempts to account for the thick
target complications. Also, the efficliency of the thick target
bremsstrahlung production is compared with the theoretically expected

values.



CHAPTER I
APPARATUS

The bremsstrahlung was produced when a well collimated electron
beam struck a thick silicon target. The target was located inside
a chamber where a pressure of the order of 10'6 torr was maintained.

A schematlic diagram of the spparatus 1s shown in figure 1.

Beam tube sssembly.— The first section of the beam tube was a
tee fitting which connected the beam tube to the Dynamitron electron
accelerator and also provided a connection for an oil diffusion
pump. A safety valve was placed after the tee. Th;s safety valve
could be pneumatically closed by a switch in the control room ;n
order télprotect the electron accelerator in case a vacuum leak
.-deveicped in the beam tube.

The next éection_wagaa qollimatqrfuaéd_to reduce the electron
“beamAtd:the?desired:size and fo'inéﬁre that:thevgiéctron'beam did not
arift off the target snd hit the chember well. The collimstor
consisted of a 36-inch long piece df'réciaﬁgalar a1&ﬁinum pipe with
two removable sides. Inside the collimator were three sets of -

| collimating blocks 6 inches spart. Each set consisted of four
adjustable carbon blocks. These collimaﬁing blocks could be

adjusted to form a rectangular opening of desired size to collimate

4



the electron beam. The temperature of the collimating blocks was
monitored with thermocouple temperature gauges to avoid overheating.

The next section was an extension tube which permitted the
length of the beam tube to 'be varied. The length could be increased,
for instance, in order to reduce the background from the acceleretor.
This section was followed by another tee fitting which provided
connections for a second diffusion pump and vacuum gauges. The two
diffusion pumps were able to evacuate the entire beam tube to a
pressure of spproximately 10"'6 torr.

The last section consisted of the target chamber and the
angular‘ distribution table. Two different chambers were used
during these measurements. Both 'target chambers were 8 inches in
diemeter and 4 inches high with a quartz top for vjféwing. The
brz;ss target chamber wz;.s connected to the beam tﬁbe by a 12-inch
long pipe which was 2 inches in dismeter. A bleed-off valve tha{;
a.l.lowed the target chamber to be brought up to a.tmospheﬁc pressure
without opening up the rest of the beam tube was provided. One
of the chambers héd anexit port opposite | the entry port. Attached
vto this exit port was a 12-inch long elumi.num pipe which was closed
off at the free end. This aluminum tailpipe a.lloired the background
messurements to be made without disturbing the detection setup.
This chember was used for measurements at angles over 1;50 with
_respect to the beam tube. The other chamber, which was used for
measurements at engles between 0° and h5° with respect to the beam

tube, did not have an exit port opposite the entry port end thus



the background measurements were made by letting the electron beam
strike the back of the target chamber. A tailpipe was not used in
this case because it physically blocked the detector snd its
shielding at small angles.

The target holder was mounted through the quartz top by means
of a dynamic O-ring seal. This permitted the target to be rotated,
or raised, or lowered without bresking the vacuum seal.

The table on which the target chambers were mounted was
36 inches in diameter and had four legs of adjusteble height to
insure éhat the plaﬁe of incidence containing the electron . beam
was normsl to the target. An arm 6 inches wide and 20 inches long
was connected to the center of the angular‘distribution table so
that it would rotate about the center of the targetvchamber,

Detection system.~ The detector for the bremsstrahlung was

a 2-inch by 2-inch Nal (Ti) crystal mounted on a Dumont 6292
photomultiplier tube. This detector was mounted on the arm, which
rotates about the target chamber, at a distance of 12.16 inches
from the éenter of the target. The detector was shielded from
stray radiation from the sides by lead bricks stacked around it.
The only radiation the detector could receive was through an
3-inch long lead collimator mounted between the detector and the
chamber wall. The cgllimator had a tapered axial clearance
leading to the center of the target. The collimator hole was
0.925-inch in.diameter at the face in contact with the crystal.
The output of this detector after suitable smplification was fed
into a ™C (model No. L402) 400 éhannel pulse height analyser.

The data were printed out on an IBM typewriter.
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In order to correct fof‘poséible target deterioration the entire

series of measurements were monitored by another 2-inch by 2«inch
NaI (Ti1) crystal on a Dumont 6292 photomultiplier. This detector
wes pl#ced 11.0 inches from the target at an angle of 529 from the
centerline of the besm tube. The monitor counter output was fed
into a single channel analyser (Hamner (moder N 302)). The
discriminator on the single channel analyzer was set to accept all
pulses above 500 kev. The oﬂiput of the analyzer was counted on
a scaler.

' Beam integration.— In order to determine the total number of

-electrons incident on the target during each run, Elcor current
integrators (model No. 309B) were attached to both the target and
the target chamber. The target holder was insulated from the target
chember and the target chsmber was insulated from the beam tube.

The current integrator made;it possible fp determine the total number
éf electrons striking the target during sn experimentel run and to
determine the total'number‘of electrons strikingvthe target chember
during'a backg;ouﬁd run. The current integrators were also“used
to focus the electron beam on the target.  This is &one’by focusing
until the‘maximum amounf of cufrent'is read on the target and the
minimum amount of current is réad on the target chamber.

Target preparation.— In this experiment thick silicon targets -

were used. A target is defined as thick if its thickness equals
the range of the appropriate electrons. For the 1.25 Mev electrons
_the samples were 2.28 mm thick and for the 1.05 Mev electrons the

samples were 1.88 mm thick.



The electron range was calculated using the Katz and Penfold

(ref. 4) empirical relation.

where

electron energy in Mev

td
]

1.265 - 0.095L log,_ E

=
it

The ranges computed from this formula were increased by 10 percent
to take the electron straggling into effect.

The chemically pure silicon, obtained from the Eagle-Picher
' Company,‘was cut into targets one square centimeter in area and of
the appropriaste thickness, after which they were ul}rasonically

cleaned.



CHAPTER II
EXPERIMENTAL PROCEDURE

With the apparatus set up as described in chapter I, electron

9 amperes and of energy 1.05 Mev

beems of the order of 2 x 10~
from a dynamitron electron acce;erator were focused on the thick
silicon target. The energy determinations are based on fange-
energy relationships for electrons in aluminum and consequently
are accurate to sbout 5 percent. A Ling television camera in
conjunction with a zinc‘sulfiqe‘screen wes used to help focus the
beam on the target. The television camers and zinc sulfide screen
were used to roughly focus the electron beam on target and the
' electrometers deséribed in chapter I were used to accurately focus
the electrgn»beam on the target. The carbon collimators prevented
the beam from shifting from £he target to the chamber wall dué to
a change in the purrent of the focuséing'¢oils. Hovever,:the
:bremsstrahlung from the collimators did not 1ﬁterfere:w1th the
experiment since the detector was well shielded except from the
target.

The bremsstrahlung spectra at various angles were recorded
in the memory of the multichannel analyzer. The time for each run.

was determined By a preset number of counts on the fixed detector.

The measurements were made at the angles of 59, 150, 300, h5°,

9
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600, 750, 900, 1050, 1200, and 130o with respect to the beam tube.
During each run the beam current hitting the target and the target
chamber was monitored. Also, a background meesurement was made at
each angle. For angles greater than h5° the target was pulled out
of the beam and the spectrum produced by the elect:ons striking the
end of the long aluminum pipe wes measured. For angles less than
h5° the background measurement was made by pulling the target out of
the beam and letting the electrons strike the back of the tatget
chamber. The total current striking the chember was also recorded..
In addition to these measurements a calibration spectfum of the

pulse height analyzer using a 0060 and 08157

source was made every
10th run.
This entire process was repeated for the incidént electron

energy of 1.25 Mev.
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CHAPTER III
EXPERIMENTAL RESULTS

Thevbbserved bremsstrahlung spectra for 1.05 and 1.25 Mev
electrons at hSO and 105° are shown in figures 2, 3, 4, and 5,
These spectra are typical of the bremsstrahlung

data taken in this experiment. In order to be of use several

corrections had to be applied to these spectra.

It was necessary to correct for the finite resoclution of

the sodium iodide crystal for photons of different energies. The

experimental spectra were divided into "energy strips" and each

50 kev wide. A representative pulse "profile" of easch "strip"

was obtained from the Cs™>! and Co6o‘calibration spectra, (fig. 5).

Starting with the highest "energy strip," a representative pulse
due to & 7-ray of energy equal to the energy at the middle of the

"strip" was drawn in. The total capture peak of this représentative

pulse was located at the mid-point of the strip and its height

matched the mid-strip intensity. This pulse was subtracted from

the entire spectrum and the next "strip" was then treated in the

same manner. This process was continued until the last "strip"

was reached. The area under each of the pulses was then calculated.

This area is proportional to the number of X~rays in the energy
range determined by the "energy strip" boundaries. In this manner,

11



the true observed counts in 50 kev energy intervals were obtained.
Tﬁese counts were then corrected for the counting rate effect. This
effect is due to the fact that the analyzer has a "dead time." This
correction is made by multiplying the counts in each "strip* by the
ratio.

[?lock tim%]

live time
The spectrum at each angle was treated in this manner.

When the electrons strike the target some of them are back-
scattered and strike the chamber wall producing bremsstrashlung. In
order to determine these background spectra, exﬁerimental runs were
made by pulling the target out of the beem and letting the electrons
strike the back of the target chamber for a predetermined time. The
background bremsstfahlung spectra were then analyzed in the same
manner as the main spectra to correct for the effects of the finite
resolution of the detector. Then "normalization" corrections were
applied to correct for:

(1) the position of the bremsstrehlung production,

(2) the amount of charge producting the background
bremsstrahlung, and ‘

(3) the atomic number of the material producing the
background bremsstrahlung.

Because bremsstrahlung intensity is inversely proportional
to the square of the distance from the source, directly
proportional to the number of electrons producing the

bremsstrahlu@g, and directly proportional to the square
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of the atomic number of the material producing the bremsstrahlung,
and since the detector was equally shielded fram all sides except the

target, we used the following normalization factor.
2 2

- | & &

where 02 = normalized background counting rate

C1 = unnormslized background counting rate

average distance from the detector to the points where

[oR
]

the scattered electrons stfuck the chamber wsall

1 = distance from the detector to the point?whére electron
beam of the background measurement struck.thé target
chamber or aluminum tailpipe |

Q2;= the charge collected by the ChamBei.when the beam was

incident on the target .
Q = the total chargé‘strikipg the chamber or aiuminum pipe

during background run

22 = the aversge atomic number of brass given by:
7 - Néu Zcu + Nzn Zzn = 31
“eff ch + Nzn
Z, = atomic number of material struck by electron beam

during background measurement

After the background had been normelized it was then corrected for

the counting rate effect.
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At this point the background spectra were subtracted from their

respective target spectra. In figures 2, 3, 4, and 5 it is seen that

the background is smell compared to the target spectra. The

resulting spectra were then corrected for the absorption of the

bremsstrahlung in the chamber wall and in the aluminum cover over

the sodium iodide crystal, and for the efficiency of the detector

which is shown in figure 7. The expression for this is,

Ncorrected

Ntrue

vhere u

. bt T >
N _ _corrected
true =  detector effeciency

= number of counts in spectra corrected for resolution

of detector, counting rate effect, and background.

= number of counts in & completely corrected spectra.

absorption coefficient of brass
thickness of chamber wall
absorption coefficient of aluminum

thickness of sluminum shield over crystal

The spectra then represented the true bremsstrahlung at each

angle. The spectra at hSO and 105o for both incident electron

energies were then compared with the theoretical results. These

spectra are shown in figures 8, 9, 10, and 11.

The spectra at all angles were divided into three sections.

For the 1.25 Mev electrons the sections included X-rays from 1250 kev

to 850 kev, from 850 kev to 450 kev, and from 450 kev to 100 kev.

For the 1.05 Mev electrons the sections included X-rays from 1050 kev

to 750 kev, from 750 kev to 450 kev, and from 450 kev to 150 kev.
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The total number of counts in each of these sections was added together.
Plots of the engular distribution of the total counts in the sections
are shown in figures 12 and 13. Using least square analysis the |
distribution of these sections were fitted to an anslytical expression

of the form.
w(8) = Ay + A Py (cos ©) + A, P, (cos 6) + « «

where w(©) = angular distribution function

Ay

coefficlent of legendre polynomial of the ith order
These expressions are shown in tabie I.

The total intensity at each angle, defined as the sum of the
counts multiplied by their respective energy, is obteined by multi-
plying the mean energy of each 50 kev strip by the true number of
counts in the strip. Then the total intensity of the strips at each
angle is obtained. The total intensity at each angle is then
normelized for a standard number of incident electroqs.» Plots.bff
the éngular_distribution of total‘intensity:are shown in figuresklh
end 15. Agein, a least-squares analyses waS‘applied.fq obtein an
analytical éxpression for the distribution of fhe total 1nténsi£y.
These expressions are shown in table II.

The expressions for the angulaer distribution of the total
intensity at incident electron energies of 1.05 and 1.25 Mev were

then integrated over all angles © and ¢ in order to obtain the

total radiated energy. The expression used was



b 14
I= f 1(6)an = 2x f I(8)sin 6 a9
0

From the total radiated energy and the total incident
electron energy the efficiencies of the radiative collisions were

calculated. That is,

total radiated energy

total incident electron energy

The results thus obtained were compared with theoretical values as

shown in table III.

16



CHAPTER IV
THEORY

When an energetic electron strikes a target there are four
principal types of interaction by which it mey lose its energy or
be scattered. It could undergo elastic scattefing with the atomic
electrons or with the nucleus. Elastic scattering in the field
of the atomic electrons is really an interaction with the atom as
a whole. However, such collisions are only significant for very
low energy electrons. On the other hand there is a high probability
that the electron will undergo nuclear elastic scat@ering. Here
the only kinetic energy lost is that necessary for the conservation
of momentum.

The incident electron could also'undergovinelastic collisions
with the atomic electrons or the nucleus.. The inelastic collisionsj
with the atomic electrons, resulting in the ionizatién'or’the
excitation of the“atém, are usually~thé:host predominant interactions
by’which an incidént electron would lose enefgy. There is a very .
small probability that the nucleus will undefgo coulomb excitatiop
by an incident electron; however, there is a greater probability for
inelastic electron scattering in the field of the nucleus due to
the fact that every timean electron is dgflected b& a nucleus there

is a finite probability that a quantum of radiation will be emitted.

7
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This radiation is called bremsstirahlung and; the energy of the
bremsstrahlung corresponds to the kinetic energy lost by fhe
incident electron.

In the case of an electron incident on a thick target; the
electron will suffer a number of collisions witﬁ nucléi, in each
of which it will experience an acceleration deflecting it from
its original path. The classical explanation of bremsstrahlung
predicts that every time an electron is accelerated it should
emit electromagnetic radiation. A classical treatment gives the
'result that the differential radiation probability is dependent
on the square of the atomic number of the target material and
is inversely dependent on the square of the mass of the incident
particle. However the dependence on Z2 was found to hold only
for thin target bremsstrahlung. Thick target bremsstréhlung is
approximately dependent on the first power of Z. This is due
to the fact that at electron enéréies of a féw Mev and below,
the range of an electron is_éohtrblled almost éntirely by,ionizingr
collisiozis with the orbital éiect'x?oné; of the target meterisl.
Therefore, the number of nuclei encountered by the eleét?on before .
it is coﬁpletely stopped is roughly proportional to %- Therefore
the 22 is reduced to  Z. .

However, the quantum mechenical treatment of bremsstrahlung
describes the event in terms of a ceftaip probability of the
electron's meking a transition from one state to another with the
emission of a photon. Therefore, as was stated at first, when an

_electron is scattered by a nucleus the highest probability is for

an elastic collisiong but there is a chance of a radiative collision.
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The\cross section for the radiative collisions;is of the drder of.

'i%7 times the cross section for elastic'scattering.

Although the classical theo:y predicts a small amount of énergy
radisted with every deflection end the quantum theory predicts a
small number of larger energy losses, thé'averages are sbout the
same for the two theories.

The theoretical analysis of thick target bremsstrahlung is
‘however a complicated procedure. The amoﬁnt of energy loss and
the deflection of the electron as it passes through the material,
and the absorptioh of the X-rays inside the material must all be
included in calculations. These effects, with some simplifi-
cations, have been included in the calculation 6f the theoretical
bremsstrahlung spectra using the Bethe and Heitler theory (ref. 2)%
The simplifications introduced in the theoretical calculations

have not reduced the rigor of the treatment appréciableb

The thick foil was treated as if it were made up Of:aﬂiargg;
number of thin foils, each_of.whiéh produced the same energy loss
through ionization-and excitation. |

Multiple scattering effects in each foil were evaluated
using the Goudsmidt-Sanderson theory. The absorption effects of
the térgetAwere approximately allowed for by assuming thét, on
the average, each photon will have to travel through half the

thickness of the target.

- -
'The theoretical calculations were obtained from Dr. J. J. Singh
and are given in reference 2.
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With these simplifications, the thick target case can be put

into the following schematic form.

Nl Na S0 s 0es 00O CROEGEEINPOSIOTDN Ni
incident » - Py 5
electrons \ \ M
0
To To’M.ooooooooo'o'oooooo(To"m)
where N = numbe: of target atoms per cm;
AE = 50 kev
Ni = number of target atoms in the ith strip

All of the
scattering
probability
distribution
energy (bells)
are of the same

size.

'The probability of scattering of an electron in any giQen

direction is given by the différential:cross section for multiple

scattering in that direction. Since the electron distribution is

symmetric in space asbout the direction of propagation of electrons

in the beginning of each strip, electrons scattered through the

same angle 9 may betraveling in an entirely different direction

with respect to the detector. This effect is allowed for as follows.
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C (Detector)

Incident
electron

BD = x tan B,j
AD = x sec
Bg‘
BC = x tan 9
= x;Sec,G

AC .
cos. 7., = cos 8-cos B, (1 + tan 6 tan B, ‘cos @
= cos 6 cos Bj + sin 6 sin Bj cos:¢l«
It has been assumed here that the lateral displacement of the
electrons due to multiple scattering is extremely smell coﬁpéred'to
the distance of the detector from the target. Thus multiple

scattering effectively changes only the direction of incidence of

the electron involved in radiative collisions.
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CHAPTER V
COMPARISON OF THEORY AND EXPERIMENTAL RESULTS

1. Figures 2, 5,.h, and 5 are typical of the observed brems-
strahlung‘spectra. The sudden decrease in intensity after about
100 kev can be attributed to the absorption of the low energy
bremsstrahlung in the target and target chamber walls.

The background is negligible in comparison with the target
spectrum, and it can therefore be concludcd that an assumption
made during experiment was Jjustified. This assumption was that
the background bremsstrahlung created by scattered electrons of
energy less than 1.05 Mev or 1.25 Mev can be approximeted by
bremsstrahlung from electrons of 1.05 Mev or 1.25 Mev for purposes.
of background corrections. |

Figures 3, 9, lO, and 11, which compare the corrected
experimental spectra with theoretical spectra (ref. 2), are not |
in exact agreement. There are severalureasons for thiscdiscrepanc&;

(a) 1In the theoretical calcuiétions the electron-electron
bremsstrahlung was omitted. This is expected to be % cf the
nuclear brémsstrahlung. Inclusion of this effect is expected to
imprcve the agreement between theory and experiment in the lower
energy region though it has no effect at the higher energy region.

(Ref. 7.)
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(b) The backscattering of the electrons was also omitted
in the theoretical approach. The consideration of backscattering
would lower the cross section for the higher energy photons most
and would thus bring the two curves into better agreement.

(c) Secondary electron bremsstréhlung vas also omitted
in the theoretical approach. The bremss£rahlung from secondary
electrons created by the primary electrons and their bremsstrehlung
would meke the theoretical cross section higher, particulary in
the low energy region, and would thus bring the curves closer
together.

(d) The angular distribution and the energy distribution
for the scattering of electrons which were used in the theofetical
approach wvere compared with experimental data (ref. 3) on electron
scattering and the comparison showed that the actualrdistribﬁtioné
are broader than those used in the theory. This woﬁld'bring the
theoretical curve closer to the exnerimental one.. |

“(e) The theoretical approach’ did not take into account
tﬁe screening effects of thevatomic electrons on the nucleus.
Thus, the theory overestimates the radiative collision cross section.

(f) Error in the experimental curve could have been
intréduced by the fact that the NaI (T1) detector efficiencies
used in the calculations were theoretical.

3. The shape of figures 12 andvl3, which show the angular
distribution of three sections of the X-ray spectrum, is in agree-

ment with previous reports (ref. 2). The curve for the highest



a5

energy photons is steep indicating the relative number of photons
in the high frequency region increases sharply as the emission
angle becomes smaller. The lower energy sections show a broader
distribution as is expected.

4, Figures 14 and 15, which show the angular distribution
of the total intensity, indicate that the angular dependence of
the intensity is slightly dependent on the incident electron energy.
The higher the incident electron energy thé steeper the curve for
angular distribution.

5. The efficiencies of the radiativé collisions given in
table III are reasonablybplose to the theoretical values. An

empirical expression of the type
€ ~ 0.000LZE

for electron energies in the range 1-3 Mev has been suggested by
Buechner, et al. (ref. 5). Howe#er, the efficiences calculated

in this paper come closer to fitting thé‘equation‘ ;

€ ~ 0.000MZE"



CHAPTER VI
CONCLUSIONS

l. The experimental results and the theoretical modei are in
reasonable, although not exact, agreement.

2. The angular distribution of the radiated flux is strongly
dependent on the energy of the radiated photons. It is only
slightly dependent on the energy of the incident electron (ref. 8).

3. An empirical relation giving the expected efficienéy as a
function of the incident electron energy has been derived and the

thick target bremsstrahlung efficiency is proportional’tc the square

of the electron energy.
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Figure 8.— Comparison of the corrected experimental spectrum
and the theoretlcal spectrum at 1.05 meV.
The detector is located at 450.

38



39

10'3 —
Electron energy - 1.05 meV
Target material - silicon
1074 |- 8 = 105°
O Experimental
O Theoretical
10-5 —
]
2
-~
3]
Q
-t
)
~
9
—t
C)
-t
o
1076
10-7}
1078 1 : i L i i i
0 .2 b .6 .8 1.0 1.2

Photon energy, meV

Figure 9.— Comparison of the corrected experimental spectrum
and the theoretical spectrum at 1.05 meV.

The detector 1s located at 1050.
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Figure 10.— Comparison of the corrected experimental spectrum
and the theoretlcal spectrum at 1.25 meV.

The detector is located at h5°7
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Figure 11.— Comparison of the corrected experimental spectrum

and the theoretical spectrum at 1.25 meV.
The detector is located at 105
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Figure lQ,—-Angular ﬁistribution‘of three -sections of the X-ray spectrum
produced when a thick silicon target was bombarded
with 1.05 meV electrons.
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Figure 13.— Angular distribution of three sections of the x-ray spectrum
produced when a thick silicon target was bombarded
with 1.25 meV electrons.
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Figure 1lh.— Angular distribution of total intensity.



Intensity (arbitrary units)

24

1.25 meV electrons
(100-1250| keV Bremsstrahlung)

221

20

14t

121

Lo

0 | ] 1 | b 1 e

0 20 40. 60 80 100 120 140
Angle, deg

Figure 15.— Angular distribution of total intensity.
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