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ABSTBACT ;
Microwave Cerenkov radiation is measured for the case of ;
bunched electron beaams which exceed the velocity of light in :

a finite air path. The theoretical equation for predictionm ,
of the form of the power for Cersnkov radiatisn is tested
experimentally for this case. Initial verification of the
theory is observed.
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I. INTRODUCTION

Since the speed of 1light is mdodified by the index of
refraction in a dielectric, it is possible for relativistic
electrons to have a velocity which actually 2oxceeds that of
light in the mediua. In this circumstance a phenomenon
known as Cerenkov radiation arises. This radiation appears
in a cone, around the direction of motion of the electrons,
defined by the Cerenkov angle.

9c = <:os-:L (c/nv), (eqn 1.1)

vhare ¢ is +the speed of light in a vacuum, n is the index of
refraction, and v is the velocity of the electrons. This
radiation is analogous to acoustic shock waves in air.

F. R. Buskirk and J. R. Neighbours (Ref. 1] calculated
th2 power of Cerenkov radiation for the case where the elec-
trons are bunched and the dielectric medium is of finite
length. Tha experiments described in this thesis were
designed to check those theoretical calculations.

Pigure 1.1 depicts the pertinent physical relationships
for this situation. See Table I for definitions of the
variables. The first step in the theoretical derivation was
to calculate <the vector potential A and the scalar poten-
tial, ¢ , at a field point [ resulting from an element of
charge at a 1location within the 2lectron bunch. A key
factor in the analysis is that the current and charge densi-
ties which appear in the expressions for the potentials are
periodic and may be expressed as Pourier series. Therefore,
the potentials themselves may also be expraeassed as Pourier
series, with Fourier coefficients rapresenting the frequency
components.
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It is convenisnt to carry out the rest of the analysis f
in terms of the Fourier coefficients. The electric and {
magnetic field components are obtained from the potentials, j
and these, in turn, are used ¢to £ind the frequency compo-
nents of the average radiated power. An important assump-
tion inherent in the-procedure, which may directly affec*
experimental validity, is that the field point is assumed to
be far from the source region. Por details of the erntire
analysis, see [Ref. 2).
A principal result of ([Ref."2] is slightly recas+t in

{(Ref. 3] as the following expression for the power per unit
solid angle at a given frequency,

_m.222 2 . 2 2
W(v,n) = o= LV © sin®0 [pit0) |7 17w (egqn 1.2)

with the parameters defined as follows:

u = kL (cos® =~ cosf) , (eqr 1.3)
2 c
I(u) = 2—'&-—‘1 , (eqn 1.4)

and
o
o (k) ’[ff a3r 7KL L) - (egqn 1.5)

Refer to fiqure 1.1 and table I for <clarification of these
parameters.

The frequencies appearing in 23quation 1.2 are harmonics
of the electron bunch frejuency, which is a constant (V).
Thus, writing (y) as (jY.), 2nd using a onz-dimensional
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TABLE I ;
Yariable Definitions

d = ¢¥= current density
1l = y/y,= bunch spacing
Ve = bunch frequency
A4 = bunch velocity
.k = power propagation direction 1
n = unit vector in the k direction ]
L = length of finite emission region ‘
A = vector potential |
hof = position vector of field point
P = position vector of source point

' = Gaussian distribution of longitudi .,
' bunch (charge) distributicn
b = parameter for the charge distribution
E = electric fiell vector
B = magnatic fiell vector

Gaussian distributicn to describe the longitudinal bunch
dimension, 3 relatively simple <Cerenkov radiation power
function is given by equation 1.6 (equations 9 and 10 of
{Ref. 3] ). This 1is the expression which was used to
compare theorstical to experimental results.

P S PP

2u\)04q2 ]_2_ 2 .2 sin u \? (-kzzbz 1.6
Pj(9)=——c— reky sin“8 — Exp\ 3 ,(eqn 1.6)
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Note that the radiation function varies with tke square
of the harmonic number, the length L of the emission region,
and the angl2 at which the radiation 1is being observed.
Note also the interference factor, similar to what might be

aamigh bt

experienced with optical radiation, and the way irn which the

-

bunch dimension, b, appears in the expression. The length
of the ewmission region and the angle appear not o=znly
directly, but also through the factor u (see equation 1.3).

Aadabd dn doc 'a Seo b

The results of this simple equation are juite inter-
esting. Due to the finite size of the -emission region,

radiation no longer appears only at the Cerenkov angle, but

et ha st

throughout a range of angles detsarmined by ¢hz2 (sin u),/u
factor. Figure 1.2 shows how th2 radiation is spread for .

three different sizes of emission region. Por a given
harmonic, smaller emission regions cause greater spread, or
diffraction of the radiation. The power is distributed to
varying degrees among ¢the differant harmonics also, as
depicted by figure 1.3. Higher harmonics have larger peak
povers, and are peaked a3t a smaller angle “han are lower
harmonics.

For this experiment, the microwave portion of the spec-
trum was inves+tigated, and the dielactric medium £for the
electron path was chosen to be air. The @2lec%rons wers
accelerated to relativistic velocities by the Naval
Postgraduate School LINAC, which produces elsctrons with
energies of approximately 100 HMev. Fer the <+heoretical
calculations, a Portran program (s22 appendix A) was used to

calculate the power as a function of angle from equation
1.6. Variants of this program (appendices B and C) were 1
used to superimpose data points over the theoretical curves. ;

The experimental apparitus and procedur=ss are described 1
in detail in the next chapter. )
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II. BXRERINENT

A. BASIC EXPERIMNENTAL DBSIGN

The purpose of this experiment was to measure the power 4
from Cerenkov radiation as a functisn of angle, in order to ’
compare it with theoretical curves such as those depicted in
figures 1.2 and 1.3. The basic d2sign for this experiment
is shown in figure 2.1. Photographs of the experimental
apparatus are presented in Appendix D. The electror bunches
exit the Linac aperture and emit Cerankov radiation until
they reach the aluminum amirror. This wmirror allows the
electrons to pass and proceed into the beam dump, while the
microvave radiation of interest is reflected 3into the
detector area. The mirror therefosre performs the function,
required by theory, that the radiation be emitted over a
finite distances. The detector is mounted on a pivot arm,
wvhich is placed such that the detector is always pointed at
the virtual csnter of the emission region. The pivot ara
also fixes the distance from the center of the emission
region to the detector, so that tha distance over which the
raliation travels is eliminated as a variable.

With this experimental setup, the basic 2xperimental
procedure vas to swveep the detectsr over the angular range
of inter. 3t using a ssall motor in tha detector mount. The
signal picked up by the Jdetector was ztransmitted to the
cbserver station, vhere it wvas f24 into an amplifier anmd
then intc both an oscilloscope and a pulse height analyzer.
The oscilloscope allowed a gross aeasures of power, wvhile the
frequency distribution measured by the pulse height analyzer
gave a more precise value. The end result of this procedure
was tahular data in the forms of signal versus angle.
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Pigure 2.1 Bxperimental Design.

This brief overview of the experimantal design is ampli-
fied in the next section with a =more detailed look at
various elements 5f the experimental apparatus.

B. EXPRRINENTAL APPARATUS

In this section, the components of the 2xperimental
apparatus will be examinad, 4in oriar to provide a precise
understanding of 2 experiment. The various components of
the signal traj. ' be reviewed ia order, from the origi-
nating device . nINAC) to the final detection and
analysis compone -
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The salient features of the LINAC are listed in

table II. These parameters are ths same as those calculated
by A. Saglaa in prior thesis work with the LINAC a+ the

-
2
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. TABLE IIX
< LINAC Parametars

A Bunch Frequency: 2
- Bunch Velocity: 2

Bunch Size Parameter: 0
Electron Energy: 1
Bunch Spacing: 1

Naval Postgraduate School [ Ref. 4]. These parame+ers also
< meet those chosen in [Ref. 3] which gives the theoretical
curves for Cerenkov radiation. The LINAC provided fairly
consistent signals for the experiments which are reported
here. However, the signal eventually developed iastabili-
ties which precluded further experimants. That is, it
became impossible to distinguish between signal variation
due to the LINAC and that due to variation in the angle of
detection. It may be that some of the experimental devia-
tion from theory can be adequately explained by the vari-
ability of thsa LINAC itself.

= 2. Mir Path

‘ The air path was chosen to be 1.0 w@metar in length,

&

l.-"‘l‘

»
- LY .

N IS
e aa a'a’a’al o

vhich vas convenient for the dimensions of the TLINAC end
station. The characteristic index >f refraction for air vas
taken to be 1.000268, which is the same as that giver for
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air in ([Ref. 3]. This gives a speed of light in air of
2.997127E08 1aeters per second, which 1is less than the
velocity of 100 Mev electrons (see Table II).

3. BMirzor

A polished aluminua mirror 50 centimetars in length
was used to fix the path 1length. The mirror performed the
dual function of allowing the elsctron bunches to pass and
proceed into <the beam duap, whila causing the wmicrowave
Cerenkov radiation to be raflected into the detection area.
The electron bunches continued to eait Cerenkov radiation
after passing through the mirror. It was assumed that *his
radiation dil not reach the detection area, due to the
inherent weakness of the signal, anil due to the 1istance and
multiple reflections it would have to travel through in
order to reach the detection area.

The airror was tilted 10 degrees, causing the
reflection axis to be offset 20 dejrees from the beam axis.
Therefore, the actual length of the smission region varied
betveen approximately 95 and 105 cantimeters. Measurements
wvere made over a range of from 0 to5 15 degrees. The mirror
vas long encugh to reflect most, but not all, of the radia-
tion at 15 degrees. See figure 2.1 for details of the geom-
etry of the experiment.

4. End Statiop Detection Apparatus

The da2tection apparatus was mounted at the end of a
pivot aram of fixed length. The pivot point was located at
the center of the virtual image projected by ths mirror, in
ordar for the detector t> always b2 pointed at the virtual
center of the emissicn region. Theory assumed that the
enission region would be a short distance, small compared to
the detector distance ' (field point). Focusing the
detector on the center of the emission region was done *o

17
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approximate theory as closely as passible. The pivot arm
also kept the detector at a fixed distance frcm the
(virtual) center of the emission region. Tharefore, the
distance of travel of the ameasured radiation was approxi-
mataly the same for all angles, so that variation in
distance would have minimal effect 2n the signal variation.

a. Antenna

A small antenna, with a lateral dimension of 2.8
centimeters, served as the forward end of the detection
apparatus. This antenna served two functions. Pirst, it
wvas small enough that, with the given length of the pivot
ara, the antenna subtended an arc length of approximacely 1
degree. Therefore, an experimental measurement resolution
of 1 degree was obtained. Purther, this antenna had a very
vide beam width. The antenna profiles for the electric and
magnetic fields are given in figures 2.2 and 2.3. Using the
half-pover points as cutoffs, the beam width is found to be
greater than 60 degrees for both the E and # fields, and
thus for the power as well. At a distance aqual to the
average of that between the antenna and the mirror, approxi-
mately 130 centimeters, *the beamwilth covers an arc length
of 68 centimeters, vhich is larger than the length of the
mirror.

Therefore, radiation arriving at the antenna ard origi-
nating from any part of the emission region would be
collected by the antenna. This again approximates the theo-
retical condition <that the emission region be a point
source, since the antenna "sees" the entire emission region
at every angle of interest.

In summary, the antennats narrov dimensions have
provided spatial resolution, whil2 its wide beamwidth has
approximated a thesoretical requiremant.

18
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be Pilters

In previous experiments reported in ([Ref. 4] a
section of X-band waveguide was included between the antenna
and the crystal detector. This waveguide serves as a
partial filter of the microwave radiation, sinc2 it does not
pass the fundamental frequency (2.86 GHz) rnror the second
haraonic (5.71 GHZ). Use of +th2 X-band waveguide as a
filter was included as one of the variants in this experi-
ment. Additionally, filters were available which were able
to select the third and the fourth harmonics of the bunch
frequency. These filters were da3signed and built by K.
Alexander and S. Hamel [Ref. 5). The band-pass characteris-
tics for these filters ara shown in figures 2.4 and 2.5.

€. Detector

The final component in the detection apparatus
was the detector itself, an HP X-band XU22UA crystal
detector. The detector was used without +t+he square-law
load. Therefore, the response varied linearly with the
input (Cerenkov) signal.

S. Cable

In the work done by A. Sajlam (Ref. 8] the experi-
mental area (end station of the LINAC) was described as very
noisy due to <the electromagnetic enargy radiated by the
LINAC klystrons. This problem was effectively solved in
this experiment by using doubly-shielded cable to transmit
the detected signal to the obsaerver station.

6. Observer Station

vif
&?? The analyzing equipment coasisted of an ORTEC 450
- Research Amplifier, a TEKTRONIX 7904A Oscilloscope, and a
3: TRACER NORTHERN TN-7200 Pulse Height Analyzer (PHA). The
-
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critical piece of equipment for experimental purposes was
the PHA. This instrument divided the detection range into a
predetermined number of channels (e.g. 1024y and then
recorded graphically the frequency with which each sigral
channel was detected. This allow2d the observer <o deal
with a certain degree of variability in *he signal, by
choosing the observed value tc be the peak of the frequency
distribution. The frequency distributions observed ranged
from very sharp spikes at the lower signal 1lesvels to typi-
cally broader peaks at higher signal levels. The PHA
display also provided an maasure of LINAC stability. If the
frequency distribation of the detacted signal was ex“remely
broad or if multiple peaks were fcraed while detection angle
remained constant, machine instabilities were indicated.

This concludes the discussion of the experimental
apparatus. Compariscn of experimental results to theoret-
ical curves is presented in the next chapter.
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IITI. RBSULTS

A. HETHOD QF DATA REDUCTION

As explained in Chapter 2, the raw data from the experi-
ment was in the form of signal (powar) versus angle. Since
the signal was processed through a series o5f elements
(filter, detector, amplifier, PHA), a measursment of the
absolute power was not available. Therefore, it was neces-
sary to normalize <these measuremants in order to make
comparisons with the thedoretical curves. The method of
normalization chosen was the matching of peaks. For a given
experiment, the experimental points were examinad <o deter-
mine which one had the peak value. This value was then
adjusted such ¢that it exactly wmatched (in magnitude) the
peak value of the appropriate theoratical cucve. A1l other
experimental points for that experiment were then adjusted
by the same factor, so that the =2xperimental points main-
tained the same relative magnitudes.

B. DATA

The results presented here ara2 characteristic for the
experiments which were performed. Bach figure shows <+he
theoretical curve for the harmonics assumed to be present
for a given filter, with the experimental points overlaid
and normalized to the peak value of the theoretical curve.
Tabular data for figures 3.1 through 3.5 are presented in
Appendix E. r_gure 3.1 ard 3.2 compare the theoretical
curves for harmo: .5 three and four to the radiation meas-
ured with the appropriate filters inserted before the
detector. Pigure 3.3 compares the theoretical curve for the
sum of harmonics three through saven with the radiation

25
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measured with an X-band wavequilde insertad before the
detector.

These results appear to be good enough to indicate an
initial verification of the theory. Results were best for
the fourth harmonic (figure 3.2), with very close agreement
between theory and experimental points. The experimental
results for the third harmornic (figure 3.1) are shifted
somewhat to the 1left of theory, while the results for the
sum Of harmonics (figure 3.3) are shifted to the right.

One predicted effect which 1is cl2arly evident despite
tha shifting 1is the relative spr2ad of the Cerenkov angle
for different harmonics. The third harmonic is predicted *o
spread the radiatiorn over a broadar range of angles than
does the fourth harmonic, and this is verified by the exper-
imental results. , -

There are several possible explanations for the devia-
tions from theory which are shown here. Por example,
certain assumptions nécessary for theoretical simplicity may
not hold in the experimental situation. It may be that the
charge distribution of the electron bunches is not Gaussian,
or that a lateral parameter shoald be included in the
Gaussian to account for divergence of +the beam over the air
path. Another factor possibly affecting the results was the
mirror tilt, which caused the air path length to be longer
than one meter on one side of the beam, and shorter on the
other.

Another factor which must affact the results to soms
degree is simply the experimental gszometry. For a number of
reasons, thesry calls for the fisld point distances to be
much greater than the source point iistances. That is, the
path length should be small in relation to the distance to
the point at which the fields are aeasured. However, the
dimensions of the LINAC end station prohibit *his, so that
at angles larger *han just a few dejyrees, ther2 is ambiquity

26
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Filter=4th.

ANGLE
L =1.0a
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regarding exactly which angle is being measured. For small

observation angles, the air path doas look like a point, but
as the angles become larger there are increasing differences

dhadh blaa.

betwveen the angle as measured from <th2 beginning of the air
path and the angle as measured from the end of the air path.

At large angles (greater than fiv2a degrees) the angle as
measured from the center of the air path is substantially
smaller than that measured from the end of the path. Since
the radiation originating from the end of the path is
stronger (it has traveled a smaaller distance +to the
detector), and since this radiation originates at an angle
larger than that which is being measured, the radiation at
the measured angle is actunally overstated. This may be the
cause of the shift to higher angles observed in figure 3. 3.

FPinally, the frequency range over which the filters are
valid must be considered. The X-band filters and waveguide
used in this experiment are design2d for use with radiation
in the frequency range 8.2 to 12.4 GHz. Radiation within
this band will only propagate in the dominant TE mode in
X-band waveguide. Note that this encompasses only the third
(8.57 GHz) and the fourth (11.42 GHz) harmonics of the LINAC
bunch frequency. When radiation outside this frequency band
is fed into the wavegquide (as with the £fifth and higher
harmonics of the bunch frequency which are expected in
Cerenkov radiation), modes other than the dominant may be
excited in tha waveguide. As indicated by [Ref. 6], the
effects of coupling wmultiple modes ianto and cut of a wave-
guide are complex, and the normal single probe configuration
for detecting signal energy in the dominant wmode cannot be
reliably used in this situation. Since frequencies outside
the X-band operating range were expected to be present in
this experinment, modes higher than the dominant may have
been excited, thereby causing inaccuracies in the measure-
ment of powsr by the signal detector.

30




by
.

A comparison was @made to test for the possibility that
frequencies outside the X-band operating range were not
being accurately measured by the single probe detector.

o

if
N Pigure 3.3 compares the theoretical sum of harmonics 3-7
D vith the data measurements from the X-band waveguide, wusing
L)
oo no filter in the vaveguide. Adding highar harmonics to the

ol *,

sum, although theoretically correct, would cause a larger
discrepancy between theory and axperiment, since higher
'}3 harmonics are shifted towards smallar angles. Assuming the
'ﬁ? worst case, that harmonics five and above excite modes in
L'“ the waveguide which are somehow 1ot correctly coupled and
detected, implies the possibility that only harmonics three
- and four are being measured when X-band waveguide is used as
% a filter. Pigure 3.4, showing <the data gathered with the
waveguide filter normalized against the sum of harmonics

A three and four, appears to> fit the iata better, in that the
i&; width of the theoretical curve is more closely approximated
3? by the experimental points than in figure 3. 3. This lends
{ some credence to the supposition that the detector does not
> respond well to bharmonics higher than the fourth.
:§5 A second comparison was made t> investigate the possi-
ﬂg bility that the filters which were used to isolate the third
e and fourth harmonics were also passing higher resonant
:§§ frequencies.Such higher fraquencies would be close to multi-
-;Q ples of the frequency which the filter was designed to pass.
;I; For example, figure 3.1 compares the data gathered with the
Q: filter for the third harmonic to the theoretical curve for
'ii the third harmonic. Figure 3.5 compares the same data to
o the theoretical sum of the third ani sixth harmonics. Note
':f that a somevhat better fit of the data at the smaller angles
.§ A is obtained in figure 3.5, indicatiag that the filter may be
:E; passing higher resonant frequencies, wvhich in this case are
;i‘ seasured by the detector, despite the effects of higher
;Qi modes vhich may have been excited.
LA
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C. CONCLUSIONS

The results presented here demoastrate initial confirma-
tion of the theory. Although it is difficult to improve the
geometry of the experiment, definite improvements can be
made in the measurement of the microwave radiation. Instead
of using waveguide filters and a crystal detector (the use
of which leads to peasurement aambiguities for harmonics
greater than the fourth), a tunabla YIG filter coupled to 2
spectrum analyzer of appropriate saasitivity should be used.
This will enable the observer to isdolata harmonics for meas-
urement without ambiguity, as well as allowing the measure-
ment of absolute (vice relative) powver.
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APPENDIX A
PORTRAN PRCGRAN FOR CALCULATING CERENKOV RADIATION CURVES

This is an interactive program which calculates and
plots Cerenkov radiation curves for the case of a finite
path length. Up to five different harmonics of the electron
bunch frequency and five di fferent 1lengths of emission path
may be selected for presentatien. The program also allows
for adjustment of all basic parameters and constants of the
Cerenkcv power equation. A differant curve will be plotted
for each distinct combination of path length and harmonic.
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) APPENDIX B

u FORTRAN PROGRAM - CERENKOV CORVES WITH DATA POINTS

f; This is an interactive program which calculates and

l; plots several Cerenkov radiation curves as well as a single

o set of experimentally observed data points. Up to five

_ different harmonics of the bunch frequency and five

T different lengths of the emission path may be chosen for

.. presentation. A different curve will be plott2d for each

3 distinct combination of path 1length and harmonic. The

‘ program also allows adjustment of all basic parameters and
constants of the Cerenkov power equation. The program then
prompts for 20 data measuremen*ts of power (one per degree)

e which will be superimposed over the curves.
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ARPENDIX ¢ -
FORTRAN PROGRAN - SUM OF CERENKOV CURVES WITH DATA POINTS 1

o i

ey
PR e W,

This is an interactive program which calculates and
plots a single Cerenkov radiation curve and superimposes a
single set of data points over the curve. The single
Cersnkov curve will represent a sum of curves. The sum will
be composed »of each distinct combination of harmonic and
path length chosen. Up to five different lengths of emis-~
sion path and €five different harmonics of the bunch
frequency may be chosen. The program alsc allows adjustment
of all basic parameters and constants of the Cerenkov power
equation. The program will prompt for 20 data measurements
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of powver (one for each degree of angle).
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ARPENDIX D
EXPERIMNENTAL APPARATUS

This appendix ccntains photographs of the 2xperimental
apparatus used in this experiment. Figure D.1 shows *he end
station of tha LINAC. At the right is the LINAC beam aper-
tura, with the reflecting aluminum mirror at the left. The
detector asseably, mounted at the and of the pivotr arm, 1is
shown in <the foregrocund of the photograph. Also shown,
located along the beam path betwean the aperture and the
mirror, is a small portable laser used to align the mirror.

Pigure D.2 shows the waveguide filter with the fin-line
insert for one of the harmonics, along with the detactor and
horn. Figure D.3 shcws the detector apparatus assembled.
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LINAC End-Station.

Figure D. 1
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Detection Apparatus Components.

Figure D.2
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ARPENDIX B |
TABULAR DATA FOR FIGURES
TABLE III
Tabular Data for Pigyure 3.1
Degree Channel Normalized Value

1 101 .0082
2 96 .0078
3 188 «0153
4 434 «0352
5 575 <0467
6 864 .0701
7 8%8 0672
8 152 .0610
9 610 - 0495
10 734 .0596
11 6315 .0515
12 609 «Qu9u
13 4ye .0362
14 265 .0215
15 152 .0123

-Channel values were read from the Pulse Height Analyzer
-¥ormalizing factor was 8.1134E-05
-Beam current = U4.0E-08 Amps
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TABLE 1V
o Tabular Data for Figure 3.2

A Degree Channel Normalized Value
] 1 219 .02u4
) 2 114 .0127
" - 3 198 .0221
- 4 284 S0317
N 5 556 . 0620
o 6 694 20774
o 7 772 .0861
o 8 786 .0877
9 572 .0638
{ 10 393 10438
. 11 304 .0339
o 12 193 .0215
o 13 190 «0212
-+ 14 64 .0071
- 15 0 .0000

= -Channel values were read from Pulse Height Analyzer
-Normalizing factor was 1,1158E-04
-Beam current = 4.0E-08 Amps
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o TABLE V
Tabular Data for Figyure 3.3

N Degree Channel Normalized Value
117
0

e
Ly -
-~
e
.t~

N EWN=OWD~NONEWN
- =AW ENNOVNEN
O=aOEFEFNIONOVMWON
W=ONENANOWNa I

e & 3 8 ¢ 06 ¢ 5 & % & 0 s 8 o
OCOCRaNWWER FW=O000
~N NN E =ONEOCOFNOm
MWO OOV JN N & D OW OW
OENE LN INW YN0

[}
.
P P PR P Y

~Channel values were read from Pulse Height Analyzer
A ~-Normalizing Pactcr was 3.9502E-04
ﬁ&f ~Beam current = 4.0E-08 Aaps
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2 TABLE VI

i Tabular Data for Fijure 3.8

o

Doy Degree Channel Normalized Value
N

x 117

- = NIDI & NIV D

Qe adONEFNONNNWO ]

W =20NENNOCWUINIL N0

e 6 5 &6 5 & 2 ¢ o & 8 8 2 b
OO0 Rt = OOOO N
NNOOOOWENEQOUI=ON O
SNV IR EOCON D OW
OUADWRAVWN2VLWNOO

bk b b b
VEWN-«OVDNOMNEWNI=

o -Channel Values were read from the Pulse Height Analyzer
-Normalizing factor was 2.48E-04
-Beam current = 4.0E-08 Amps
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