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FIGURE CAPTIONS
Figure 1. The SSJ/3 instrument and associated electronic
(7) boards. The rectangular slits are entrance apertures
for electrons. Behind the small circular hole is
a UV detector that causes the channeltron acceleration
voltage to be turned off when viewing the sun.
Figure 2. Detailed phtotgraph of the SSJ/3 head assembly board.
(18) a %" block is also shown for comparison. The
narrowly separated plates select the high-energy
electrons. The widely separated plates select the
lower energy electrons.
Figure 3. Detailed schematic sketch of a detector assembly.
(19) Also given are the relevant dimensions for each
set of plates.
Figure 4. Schematic of the electronic logic used in SSJ/3.
(20)
Figure 5. Comparison between measured and Monte-Carlo results
(21) for a normally incident beam. Energies are off-set
for ease of display.
Figure 6. Angular response of the high-energy plates in the
(22) R-plane (a).
Figure 7. Angular response of the low energy plates in the
(23) R-plane (a).
Figure 8. Angular response of the high-energy plates in the
(24) plane parallel to the plates (B).
Fi%urf 9. Angular response of the low energy plates in the
25 .
plane parallel to the plates (B).
Figure 10. Theoretical response of the high-energy plates to
(26) an i1sotropic inecident flux, , Use Table 2 for
channel 8 mid-point energy. Final normalization
is also shown.
Figure 11, Theoretical response of the low energy plates to
(27) an it pie jincident flux. Use Table 2 for
channel 9 mid-point energy. Final normalization

is also shown.
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I. INTRODUCTION

The calibration of the SSJ/3 sensor was carried out
using both experimental and theoretical techniques. Experi-
mental measurements were compared with predictions from a

Monte Carlo particle tracing code and from analytic approxi-

mations.
In Section II instrument design is discussed. Section III

described techniques used in calibration while Section IV

describes the logic used to obtain the final normalization 1
values.
1
E|




II. INSTRUMENT DESIGN

Introduction. The SSJ/3 instrument package is shown in

Figures 1 and 2. Figure 1 shows the instrument case and the
associated electronic boards. The apertures on the case are
directly in front of the particle collimators that are shown

in the bottom of Figure 2. Behind the collimators are curved
cylindrical plates. The plate separation and the applied
voltage determine the energy band of the transmitted electrons.
The electrons, after passing through the exit collimator, are
detected by the C-shaped Channeltron Electron Multiplier

detectors that are also shown in Figure 2.

Head Assembly. Electrostatic analyzers (ESA's) select

charged particles by applying a voltage between two con-

centric plates. The SSJ/3 instrument uses two sets of

cylindrical concentric plates as shown in Figure 2. Charged

particles of the proper sign and energy have trajectories

that are almost parallel to the plate surfaces. Particles of

greater or lesser energy impinge on the plate surfaces. The

mean energy E can be easily derived by requiring a balance

between electrostatic and centrifugal accelerations. For

plates of radii r; and r, (r,>r;) and an applied voltage :
difference of V, E is given by |

* eV 1
N I TYCZYATD) v “

If V is fixed then the detected energy is determined by the
ratio of rp to r;. This explains the larger plate separation,
AR, for the lower energy detector assembly as tabulated in

Figure 3. The sector angle of the plates and their separations,

together with aperture and exit slits, determine the
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transmission efficiency. Additional baffles are placed in the
aperture assembly to eliminate sunlight (UV) scatter into the
detectors.

Behind the exit aperture, the two channeltrons are
mounted as shown in the lower righthand corner of Figure 2.
Electrons impinging on the cone-shaped area produce
secondaries which cascade through the channeltron producing a
detectable pulse at the end. This pulse is then processed by
the instrument's internal electronics. Channeltron operating
lifetime is extended by shutting off the accelerating potential
whenever the instrument is looking at the sun. This is done
by a small phototransistor mounted adjacent to the instrument
apertures. See Figure 1. In Figure 3 is a schematic
representation of the SSJ/3 head assemblies and gives the

relevant dimensional values.

Electronic Logic. Figure 4 shows the electronic logic.

The channeltron outputs (DET L and DET H) are amplified and
then counted in nine-bit logarithmic counters. A complete
16-channel energy spectrum is read out every second. Appendix
A describes in detail the conversion of the logarithmic
counter to decimal form. The same programmable power supply
is used for biasing both sets of plates. The voltage dif-

ference for each set of plates is obtained by applying *V/2

to each plate.




III. TECHNIQUES USED IN CALIBRATION

Experimental. Experimental calibrations were made using

accelerated electrons from a Tritium source. After acceleration
by an applied voltage, the beam was collimated so that a mono-
energetic, unidirectional source was incident on the instrument
apertures. A turntable enclosed in a vacuum system provided
mobility for angular response measurements. The beam was

found to have an energy dispersion which was negligible in
comparison with the instrument's response. By changing the

applied voltage various energies could be selected.

Theoretical Approximations. Geometric considerations

lead to the following results: 1) If a and b are the heights
of the entrance and exit apertures of the collimator and £ is
the separation then between them such that £ >> a + b, then
the angular resolution, AB, is to a good approximation given
by ABAas (a + b)/¢ . This approximation works well for the
direction parallel to the plates, but not for the orthogonal

2

component. 2) The geometric factor (cm“-sec) for a long

rectangular collimator is approximated by

c = Al x A,

2

Ay = area of collimator entrance aperture
Ao = area of collimator exit aperture
2 = distance between apertures

This formula provides a rapid means of obtaining a '"ballpark"
estimate for the geometric factor of a rectangular collimator.
We used, however, the exact expression given in Appendix B in

deriving our final results.

Monte Carlo Program. In Appendix C is a listing of the

Monte Carlo computer code used to analyze instrument response.

The basic idea is to trace electrons through the instrument to

determine if they hit the channeltron. In this manner the
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effect of design can immediately be recognized.

Input data includes aperture geometry, plate radii, arc
length of plates, plate voltage, channeltron size, and the
position of the aperture and channeltrons relative to the
plates. A retarding potential can also be inputed which
impedes secondary electrons produced in the plates from
hitting the channeltrons. Provision has also been made to
examine elastic scattering off the plate surfaces. This
feature will not be used.

Let us now consider an isotropic flux, J, incident on the
outside aperture. The number of incident particles per unit

area is given by
dN = J sinb cos6 d6 (1)

or if R is a random number over the interval 0-1 then the

relation
® = Leos~1(1-2 R) (2)

generates the appropriate angular distribution of incident
particles.

5 particles through the

As a test we generated 6 x 10
high-energy collimator using equation (2). The theoretically
calculated geometric factor for this collimator (1.8 cm high
x 0.2 cm wide x 1.15 cm long) is 0.0622 cm?2/sr (Appendix B).
The '""measured" geometrical factor using particle tracing was ‘
found to be 0.0624 cmz/sr which agrees with the theoretical ;‘
value to within 0.32%. This result confirms that the computer
code was properly simulating an incident isotropic flux

through the collimator.

T T TR et s e o g . —




IV. RESULTS

The Method. Instrument calibcration is determined by
comparing the predicted (Monte Carlo) response curves with
the measured ones. First, we look at the energy resolution
for a normally incident beam. Then angular response is
examined in directions parallel and perpendicular to the
plates. After showing substantial agreement with experimental
data, the Monte Carlo code is used to calculate the final
normalizations for an incident, isotropic flux. Comparisons
are made with results from approximate analytic techniques.
Channeltron detection efficiency as a function of incident
electron energy is also discussed and included.

Throughout this section we use energy channels 8 and 9
to determine the response properties of the two head

assemblies.

Energy Resolution. In Figure 5 the Monte-Carlo and

experimental results are shown for a normally incident

electron beam. The beam energy was systematically scanned
across the channel to obtain the energy response curve. It
is seen from Figure 5 that the Monte Carlo and experimental

results are in excellent agreement.

E Angular Response. Figure 6 shows the angular response

(o) of the high energy plates in the plane perpendicular

to the plates (R-plane). In this case the measured resolution
is somewhat wider than that predicted by Monte Carlo. This
effect is probably due to scattering off the plate surface.

Figure 7 shows a similar response curve for the low-energy

TRy

plates. Observe that there are fewer measured particles

than predicted at large positive angles. This effect is
probably from fringe electric field resulting from larger
platec separation. See Figure 2. The triangular shape of the

theoretical response curve indicates that the front collimator

10

|
|
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is the dominant determinant of the angular response.

Now we look at the angular response (B ) in the plane
parallel to the plate surfaces. All angular response curves
are determined at the central (peak) channel energy. Figure
8 shows the appropriate curves for the high energy (narrowly
separated) plates. Note that while the resolution is in
excellent agreement, there is a systematic shift of about
2.5%°, Because the resolution is about 8.0°, we do not
consider this error as being serious. Figure 9 shows similar
curves for the low energy (widely separated) plates. Here
there is also a systematic shift of about 1.25°. Note that
for both angular scans the measured resolutions for the
low energy plates are less than the predicted ones. This is
opposite to what one would normally expect and indicates a 4

slight systematic error.

Final Normalizations. The final normalizations were

determined using the Monte Carlo program. As described
previously, an isotropic flux is taken incident on the front
aperture. One thousand electrons are traced through the ;
plates at each energy. Figure 10 and 11 show the results for :
channels 8 and 9 respectively. The ordinate represents the
percentage of electrons that are detected after leaving the
collimator (i.e. the transmission efficiency through the plates).
The integral of this curve times the aperture G-factor gives

the final normalizations.

For an incident flux J the count rate (CR) is given by
JG = CR

where G is the normalization factor in cmz/sr/ev. The G-

factor can be approximated by

11




G =AQ AE

A = area of entrance aperture
2 = acceptance solid-angle
E = energy bandwidth

Dividing by the center energy E we have

H=G/E=AQ AE .
E

Now since A, Qand A E/E are constant for each set of plates,
then this one number H characterizes the normalization for

all channels. For the high-energy (narrowly separated plates)
channels H = 1.30 x 10-4 cm2/sr. For the low-energy (widely-
separated plates) H = 4.3 x 10-° cmz/sr.

We now compare this result with an approximate analytic
approach. In this approach it is assumed that the energy and
angular response curves are independent gaussian distributions.
The final normalization is the integral product of these
distributions. The result is

H = 1.20 A€ R, AalB

o
where A is the aperture area, Ry, is the channeltron detection
efficiency (at E ¥ 1 keV, € = 1), R, is AE/E, Aa and AB
are the FWHM (full-width half maximum) of the angular response
curves.

Using the measured results tabulated in Table 1, this

3 cmz/sr for the high

approximation gives us H = 6.8 x 10
energy plates and H = 5.55 x 10°3 cm?/sr for the low energy
plates. Note, however, that energy and angular resolutions
are not independent for this particular electrostatic
analyzer, contrary to the assumptions in the approximate

approach.

12




A wide collimator allows more electrons at various
energies to reach the channeltrons. A narrow collimator
allows fewer electrons to reach the detectors over a
narrower energy bandwidth. This effect is seen by comparing
Figure 5 with Figures 10 and 11. The energy resolution of
the high-energy plates is 2.3 times greater for an isotropic
flux than for a normally incident flux. For the low energy
plates it is 1.5 times greater. We interpret this difference
to be due to the collimator in front of the high energy plates
having a G-factor 16 times that of the one in front of the
low-energy plates. It is for this reason we consider the
Monte Carlo normalization as more closely reflecting realistic
fluxes.

The final normalizatin values for each energy channel
as given in Table 2. Dividing the count rate by the approx-
imate normalization gives the equivalent flux in electrons
per cm?/sr/ev/sec. The channeltron efficiencies were
obtained from Archuleter and DeForest (1971). For 1 keV<
E < 50 MeV, €=1.0 - 2.0/(3.0 + 6.5/(E - 0.5) + 30.0/

(E - 0.5)3) where E is expressed in keV. For 10 ev<E<70 eV

€ was taken to be
€ = 0.10 EO-515 (E in ev)

Note that the midpoint energies in Figures 10 and 11 ar
not the same as in Table 2, which are the final calibrated
values. This does not affect H, however, which is energy-
independent. The stated errors in Table 2 for the various
energy channels are a best estimate from electronic and

experimental uncertainties.

13
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TABLE 1

Measured Energy and Angular Resolutions With a

Monoenergetic and Unidirectional Electron Beam

Channels Channels 9-16

Ao 1.6+0.2° ST 72
AB 8.0+0.8° .75+0.08°

AE/E(RO) : . .2+0.4%

G (Aperture) 6. 32210 Scn’ -5x .929x10 Sem’-sr




TABLE 2

S§SJ/3 Normalizations

H = 1.30x10'4cm2-sr
G = HEe
- Channel Center Channeltron Normal;zation (G)
Number Energy (eV) Efficiency € HEe (cm™-sr-eV)
1 20,000+3% 0.405 1.05x10°
2 13,700£3% 0.43 7.66x10" "
3 8,990+3% 0.48 5.59x10 1
4 5.500+3% 0.56 4.00x10"
5 3.790£35% 0.66 3.25x107 !
6 2,290£3% 0.83 2.47x10°}
7 1,590%5% 0.94 1.94x10" "
8 1,060%6% 0.99 1.36x10" "
H = 4.3x10 2cm?-sr
9 1,045+3% 1.00 4.49x10" 2
10 661+3% 1.00 2.84x1072
11 434+3% 1.00 1.86x10°2
g 12 264+3% 1.00 1.13x10°2
' 13 183+3% 1.00 7.86x10" 3
14 110£35% 1.00 4.73x10°3
15 77+5% 1.00 3. 3ix10""
16 51£6% .76 1.67x10"3
‘ 15




ACKNOWLEDGEMENTS

We would like to express our appreciation to
Dr. Davis Nelson of Aerospace Corporation who sub-
stantially contributed to many of the design features.

In addition we would like to express our gratitude

to the Space Physics Laboratory at Aerospace Corporation

for the use of their calibration facilities.







Fig.

18




VTR TN : - - e o . . —
e 2 e ” = - . .

8¢°0 60| DIQ 3u0) “s10}23}3Q
tybiay ainjiady

ﬂHann/ 090 o8’
\ 020 02’0 Yipim 3injiady

I NNNAY' |

o O€l 009 21y 2ipid - °8
§ 00'€ 1001 SnIpoy 2iDId UD3W - N
SL0 G2'o uo1}pindag 3aibld - ¥V
11D13Q 40423430 622 65'% AR i
10 G20 ‘dy #1x3 04 ¥S3 - O
_ Gl 9¢'0 vS3 o4 adodsa|al - g
wd 88l ITER M| yibua adods3sal - vy
9
vs3 vs3
graci R\ KBiau3 mon Kb6iau3z ybiHy
%

19

-

*|D31juap! $3inyaado 334yl : JION

AT8WN3SSY VS3 €/rSS




|

o HOLINOW \&

39VLT0A 31Vd

A% 0Z -1
|
-
. ¥31NNOD “anv -
—I3538 %] 900 s C/
1n0 1111
<*viva H 93¥ (2)n3d
Y s 118°] 141HS
EYCLLLEL 20
-|lz/ne
wowus |81 kuind 1 Ko
—mr—"10 N ¥3dd31s
R 3JOVII0A 3LV
%7012 43¥ 3 S o33 ll_ .
ZHY O| /- bme
[T D
¥31NN0D anv
13538 L2 J 3y4 -7
, \
- oms oSL+ ”.A.
Sl ot
"LINON dW3L i
'TINOW 330/NO SHOLiNON
—r
OLINOW 5d ey
A1ddns 31gvsia ¥3amod
A+ ¥3MOd YOSN3S ¥V10S
139 A82+ )
ABZ+ )
330/N0 53mod

WYHOVIQ %2018 €/1SS




(A3) AOH3N3
002lI 0GlI1 0]0]]] 0SO0l 000l 0s6 006 oG8
N1 T O ( v T | T 0
/
\, :
\ 4 o2
\
\, /
\ /
\
\ i Jov
v | n
%1'9 2\ %b'9 —=f e %€ b
\ /
\ ‘| 09
| i
\ /
\ °|
\ ¥ o8
J )
\
S .
\
- 001
v/: 6 u_wzz<xuV

AVLN3WIY3dX3

Wv38 J1L3943INIONOW ANV LNIAIONI ATIVINYON

3SNOdS3Y A9Y3N3

(%) 3SNOJS3Y 3AILVI3Y

21




0'2- 0
—-102
X
m
r
-
-10v -
m
m
!
=
| (2} o~
09 = ~
.
o
<
108 '
- 00l

oSE’l= DV 04VI JLNOW
o8'l= DV 3¥NSVIN —Xx——

8 T3INNVHI 40 (P) NOILNTO0S3Y YVINONY
€/rSS




Q3Y¥NSVIW LOFol'E= DV viva X
04VI 31NOW -.S'b = DV 04VI 3LNOW

6 TINNVHO AOY3N3
¢€/MSS 40 (P) NOILNT0S3Y ¥VINONV

< (%) AON3121443 3AILVI3Y




— (‘6ap) ¢
8 9 b 2 0 e b- 9- 8-
0

oz
2
m
r
>
4

Hot
m
m
= -
w o

Hoo @
(@]
<
9

—408 |

/
6L =8V <7 .20308:8V
(074VI Ezo_\:\ s /8um:m<u§ 1
i Lol 8 TINNVHD
.,M 8 T3INNYHI 40 (§) NOILNT10S3Y HVINONV

€/rSS




I 43 040 2 Rl i Wi Ao 4 A B s B i 5 B

o
N

o
o]

o
@
«— (%) AON3IJ1443 3AILVI3Y

'

Sy X=-X~

00'€ = §V 0THVD ILNOW —e—o
o800FSL b=V  QIYNSVIN --——~—

6 T3INNVHO A9Y3N3
€/rSS 40 (&) NOILN10S3Y HYINONY




o1 81y

-— (A3)3
0.2! o€zl 0611 0511 oIl 0.0l 0£0I
T T T T “T~ T . 0
-0
-80
421 =
$ =
|
491
402
s~ wd, OlxOE'1=H
%66 = 3/3V Jb2

A9Y3N3 HOV3 ¥04 @30vyl S371211dVvd 000!

WVY904d 0TdVI JLNOW - 8 TINNVHO
XN74 LN3AIONI J1d0H10SI - 3SNOdS3Yd ADY3N3




I1T "814

— (A9)3 .
0011 090! 020! 086 ov6 006 ..
T T T T T T -0
W
0P q
T
Ho0'8
m
*
oz ¥
Joai

Js- _wd_ OIxEb =H

%26=3/3V
A9Y3N3 HOV3 ¥04 d32vyl S371311¥vd 000!l

WYY90dd O1dVI 3LNOW - 6 TTINNVHD
XN14 LN3AIONI J1d0YLOSI - ISNOJS3H AOHIN3




APPENDIX A

ELECTROSTATIC ANALYZER (ESA)
§SJ/3 OR GFE3

Summary of Characteristics

Particles Detected Electrons

Detectors Used 2 Channeltron Electron Multipliers for
each of the two sets of ESA plates

Method of Energy Analysis Voltage Stepping on ESA plates
Number of Energy Bins 8 for each set of ESA plates; total of 16
Energy Bins Large Plates Small Plates
20.000 keV 1.000 keV
13.037 .652
8.498 .425
5.539 2T
3.611 .181
2.354 .118
1.534 .077
1.000 .050
Acceptance Angles Large ESA: 1.6° FWHM across the apertures
8.0° FWHM along the apertures
Small ESA: 3.7° FWHM across the apertures
4.8° FWHM along the apertures
Normalization Constants Large ESA: 1.30x10 *cn?-ster.

Small ESA: 4.3x10 >cm’-ster.
AE Large ESA: 4.0%
: Small ESA: 2% 1
Data Rate One complete Spectrum per second
Dwell Time at Each Energy 98 ms.
Level '
Digital Data Format (9 bits per channel) x (16 channels) =

144 bits

Note: Each 9 bits in every channel are in logarithmic form, the five
least significant bits being the mantissa and the remaining four
the exponent. This number is converted to decimal form
according to the following relationship:

N = 2Y¥(x+32) - 33

28




»~LSB
where; 000000000

y X

Data Readout The first bit to be read out is the
least significant bit (LSB) of the
highest channel followed by the next
to the highest one etc., i.e.:

/—YYX_VYVX_\ 1st bit out

000000000000000000
13.037 20keV
....144 bits

read out in one group
at the end of each second

Analog Monitors Plate voltages: 5.0 volts to .25v

Power supply : 2.5v

Temperature : 2.5v at room temperature
Size 5.50in X 3.39in X 5.10in
Weight 3.046 1bs

Power Dissipation .125 watts




(i)

APPENDIX B

The G-factor for a rectangular shaped collimator can
be calculated exactly (Rothwell and Moomey, 1972).
With the front and rear apertures having the dimensions

(al, bl) and (a bz) respectively one can define

2 s
= 1 i
o 1(a1+az) a;, a, width
= 1 .
B = %(b;+b,) b,, b, height

§ = %(bl-bz)

If the collimator has a length L then

[L2+a2+52 L2+Y2+32
2 .
L™ 1n

L2+a2+82 L2+Y2+62

G =
+ F(G,B) 5 F(Y!‘S) 3 F(aia) = F(Y:B)

F(a,B) + F(B,a)
B
ZB(L2+or.2)l/2 tan-l[- 5 9% ]
(L +a")™

This expression is consistent with that given by Willis and
Thomas (1972) and by Sullivan (1971) (with a corrected
typographical error).

where F(a,B)

F(a,B)




APPENDIX C

Listing of computer code that was used for the Monte-Carlo computations.

oo

OO0O0O0 Q0 (e NrNe! o0 OO0 (@]

PROGRAM ESAPLTS(INFUT,CUTPUT)

OIMENSION BAT(24) 4EFF(200),EE(200),EG(200) ,AMAT (10,10),S

+UM1(10)

OIMENSION THH(100),AX(100),THM(100)
COMMON/FAL1/EFF 956G yDELE 9yNSHyGINT

R2 (X) =A*X+B

FAXy Vo AL)=2,N* Y*SQRT (AL ¥ 2+ X*¥2) *ATAN(Y/SQRT(AL**2+X**2))

N5=60
N7=NE/6
N9=5
N14=30
N12=N11/72
AMF=1,€6E=-27
n0vVMP=¢,538% 07
AME=Q,41E-31
QO0MFE=1,7582E 11
AA=180.7/2.141596
CNNTA=0,0
ELEC=8FELECTRON
CONTINLUE
CALL RANSET(TIME(CUM))
CMNTA=0,0
IF II=14 DC BACKGROUND CALCULLTION EASE ON "™LINE OF SIGHT™
TJ.NE. 0y, AUTOMATICALLY ASSUMES PARAMETERS FOR L FRANKS
+SA
IJ=2y, SIMULATES ELECTRCN GUN SCAN OF FRANKS ESA AS SHOWN IN
+IG. 2 CF
HIS PAFER
IT=1, COES LINFE OF SIGHT BACKGROUNO CALCULATIGN
K1=0, NO ELASTIC SCATTERING OFF CF ESA PLATES
Ki=1, MORE THAN 1 SCATTERING OFF OF ESA PLATES PE& ELECTROMN
+S DPEFINED
BY K2 (INMER PLATE)
K1=2, 1/K2X100 PER CENT SCATTERING OFF OF ESA PLATES (INNEF
+LATES)
K1=3, SCATTERING OFF OF OUTER ESA FLATE AS DEFINED BY K3

m

K1=4,SCATTERING OFF OF OUTER E£SA PLATE AS DEFINED 3Y 1/K9X100

K1=5,SCATTERING OFF OF B80TH PLATES,K2 TIMES INNER PLATE,KS
+IMES CFF
ATE

K1=€,CATTERING OFF OF BOTH PLATES1/K2 INNERy1/K9 TIMES OUTER

+PLATE

IF IK=0 INCIDENT FLUX IS ISOTROPIC
Ik=1 INCICENT FLUX AT INCIDENY ANGLE ANGE
IF IK=2 SCAN IN R-PLANE IN STEPS OF ANGE DEGREES
IF IK=3 SCAN IN Z-PLANE IN STEPS OF ANGE DEGREES
NOTE=-= IF IK GE 2 INPUT DATA PACK CHANGES

READ 4,IT4TJyK1y)K29K99ANGA;ANG2y ANGDyIKyANGE

FORMAT(5I5,3FT .2y 15,F7:2)

PFINT 1900, IK,ANGE

19CC FORMAT (1XyI5,F7.2)

T

10
11
11
12
13
14
1¢
1€
17
18
19
20
21
22
23
24
25
26
B ¢
28
29
30
31
32
32
39
32
34
35
36
37
37
38
39
3a
0
1
42
42
L3
iy
Lt
45
LE
L7
48
49
50
g1
52
53
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10

12

16
18
17

19

21
23

IF(K1.EQ.0) K7=1
IF(K1.20.1) K7=1
IF(K1.EQ.2) K7=1
IF(K1.EQ.3) K7=2
IF(K1.EQ.l) K7=3
IF(K1.EQS) KT7=2
IF(K1.EQ.6) K7=3
IF(K1.,EQ.0) K8=1
IF(K1.EQ.1) KB8=2
IF(K1.,EQ.2) K8=3
IF(K1.,EQ.3) K8=1
IF(K1.EQ.L) K8=1
IF(K1.EQ.5) KB8=2
ITF(K1.EQ.6) K8=3
TF(K1.EQ.7) K7=2
IF(K1.EQ.7) KB8=3
IF(KL1.EQ.8) K7=3
IF(K1.,E0.,8) K&=2
PREAD 3, (DAT(I),I=1,24)
FORMAT((12A6))
READ2,PART,POST
FORPMAT(A3,F3,.,0)
PRINT &, DAT(I),I=1,24)
FORMAT(1t1,12A671285)
IF(II.ZQs1) FRINT 10
FORMAT(1X,*3ACKSKOUND CALCULAT ION*)
IF(IK.EQel) PRINT 12,ANGE
FORMATU(L1X,* CONST. ANGLE SORT JANGLE=*,F7,2y* C[EG.™)
IF(PART.EQ.E LEC) AMP=AME
IF(PARTLEQ.ELECY QOVMF ==-QO0OME
PRINT &,PART

£ FCRMAT(IX,*TRACING*,3X,A8/)

IF(PARTEQ.ELEC.ANCsIJJNEL () POST=160,
IF(IJ.NELO0) PRINT 16
FOFMAT(1X,* FRANKS ESA *)
IF(IJ.EQ.2) FRINT 18
FORMAT (1 X,*ELECTRON GUN FLUX=2,0E G6 ELEC/CMSG/SEC*)
IF(KL1NEsO) FRINT 17,K1,K2,K9
FORMAT(1X,*ELASTIU SCATTERING OFF OF ESA PLATES )
+¥K1=%,]15,
A = K2=%,15/71X,*IF K1=1 K2 SCATTERINGS PER FART,, IFK1=2
+ EVERY OT
BHEP K2 PART, MAY SCATTER*,*KCS=%*,15)
IF(K1.NZ,0) PRINT 21,ANG2
IF(K1.NE.O) PRINT 19, ANGA
IF(K1 ,NEsO) PRINT 23 ,ANGD
FORMAT (1Xy* MAX SCATTERING ANGLE OFF OF OUTER PLATE=*,F7,.
+2,* DEG*)
FOPMAT(1X,* MAX SCATTERING ANGLE OFF OF INNER PLATE=®,F7,
+2 4% DEG*)
FOCMAT (1Xy*MAX, ANGLE FOF INELASTIC SCATTERINS CFF OF OU
+TEF FLATE
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C SET
)

i1

13

1%

C R2A=

A=%,F7,.2)
-UF APERTURE AND CALCULATE ITS G=-FACTOR

READ 8,A1,R1,A2,82,AL1,AL2, AL3,VOLT1,K>5

FORMAT(7F7e3492F7.3)

PPINT 11,A1,81,A2,E2 JAL1,AL2,AL3 yVOLT1,R5,POST
FORMAT(IX,*APERTUREDIMENSIONS*/1X,*FPONT WIDTH=*,F7.3,4* C
+M¥* L,3X 5 *FR

1ONTHT=*,F7.3y* CM*,3X, *BACK WIDTH=*,F 7.3,* CM*,3X,*3ACK
*+HT=*,F7,.,3
29*CM* /71X y*LENGTH OF APER.=*,F7.3,* CM* 43X, *UIST G6THN APE
+R AND FLA

JTES=*3F7.35% CM*/71X, *DIST BTHWN PLATES AND CHANN.=*,F7,3,*
& CH¥,3X,*
48IAS VOLTAGE IN FRCNT OF DETECTe=*yF7.1,* VOLTS*/1X,*CHAN
+NELTRCMN R

1ADIUS=%,F7,29y% CM*¥,* POST ACCELERATION=*,FB8,0,*VOLTS?*/)
ALFHA=(AL1+A2) /2.0

BETA=(81+4B2)/72.0

GAM=(A1-A2)/72.0

DELTA=(B1-B2) /2.0

G1=AL14*2*% ALOG((AL1* *2+ALPHA** 2+DFLTA**2) % (AL1**2+GAM**2+
+BETA**2)/

1(ALLI**2+ALPHA**2+BETA**2) /7 (AL1**Z +GAM**2+DEL TA**2))
62=F(ALPHA,BETA'AL1"F(BETA’ALFHA,ALI)fF(GAM,DELTA,ALi)*F
+(DELTA,GA
i1My,AL1)-F (ALPHA 4DELTA ,AL1) ~F(DELTA,ALPHA,AL1)=-F(GAMy3ETA,A
+L1Y=-F (PET

2A,GAM,AL1)
6G=G1+4G2
PRINT 13,5

FORMAT( 1X4y*G-FACTCR FOR APERTULRE=*,E1(Ce49* CMSO=-SR*/)
PRPINT 15
FOPMAT{1X,*ESA PLATE ODIMENSIONS*)
RAPIUS AT APERTURE

C R2B=RALIUS AT EXIT

7

S

PEAD 74,R14R2A9yR2B 4y THE,VOLTyH,TOT,4RA

FOFMAT(LF7439y E10e2y F7e39E10e449F742)

PFINT 9,R1,R2A,R28,THE,VOLT,H, TOTHR9

FORMAT(1Xy,*ZERO POTENTIAL RADIUS=*,F7.3,*CM*,3X,*RADIUS A
+T FOTENTI
1AL V AT APERTURE=*,F7,3,% CM*, Ix,*RPADIUS AT POTENTIAL V A
+T EXIT=*,

2F7 «39* CM*/3Xy*MAXs ANGLE OF PLATES=*yF7.29* DEGS*y3X,4*V0
+LT AGE ON

3 PLATES=%*,1PE10,2y* VOLTS* /3Xy*PLATE HEIGHT=*,0PF7.2,*
+CM*y, * N

LUMBER (CF PARTICLES TRACED FOR EACH ENEFGY=*,1FE10.2/71X,*0
4ISTANCE O

5F CHANNELTRON FROM CENTER OF ESA AXIS=*,1PE10.2,% CM*/)
IF(PARTCQ.ELEC) VCLT ==VOLT

THE=THE/AA

REST AVAILABLE
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2

2L

€
29

14
C USING MKS SYSTEM=-=-ENERGY IN JOULES
EE(1)=VOLT/2,.,0/AL0G(R3I/’rk1)*1,6E-19

(o]
-

H=H*1,0E=-02
ANGR=ANGA/ZAA
ANGC=ANG2/AA
ANGD=ANGN/AA

ANGF=ANGEZ AA
F1=P1%*1,0E-02
R2A=R2A*{,0E~-02
R2B=P2R*1{,(E~02
FE=RG*1,0£-02
R9=R3%#1 ,3E-02
A=R2A

A= (R23=-R2A) /THE

WIC1=AES(R2A-R1)
Rrk=(R1+4R28)/7 2.0
A1=A1*1,(E-D02
81=81*1,(E-02
A2=A2*1.0E=-02
32=B2*%1.,JE-22
AL1=AL1*1.,0E~-02
AL2=AL2*1.0E~02
AL3=AL3%1,0E-02
RBE=RR=-81/2.0
R7=RR=-£2/2.0
RB8=RR+A2/2.,0

IF(TIJJNE.O) RBE=1.,24E-01

IF(IJ.NE.0) R7=RH

IF(IJ.NE.O) RE=RE+A2
IF(TJ.EQ.2) THY=-5,07AA

DELY=1.,07A4

THH=THY=-CELY
THX=THE/2.0
R3=P2(THX)
GO TC 14

IF(IK.GE«2) READ 28,VOLT
IF{IK.GEs2) PRINT 29, VvOLT

FOPMAT(1PE10,. 2)

FORMAT(1Xy* VOLTAGE ON PLATES=*,1PE10.2,* VOLTS*)

IF(PART EQ.ELEC)
CONTINUE

EE(1)=ABS(EE(1))

CONST=QOVMP*vOLT
Zp=EE(1)/1.56c-19

PEINT 31,4

VCLT ==-VOLT

FORMAT (IXy*MEAN ENERGY=%,1PE1 Cs 2, *EV*)
IF(IK.LT.2) GO TO 3

THH(1)==ANGZ*N12

CO 33 I=1,N11

THH(I+1)=THH(I) +ANGE

THM(IN=THH(I) *AA
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O

3€
36

22
25

37

AX(I)=0.0
CCNTINUE
THM(N11+1)=THH(N11¢+1) *AA
GO TC 36
COMTINUE
DELE=0.,005*€EE(1)
EE(1) =0.,9%EE(1)
DO 35 K=1,4N5
EE(K+1)=EE(K)+DELE
CONTINUE
CONTINUE
DO 22 J=1,10
DO 22 K=1,110
AMAT(K,J)=0,0
CONTINUE
CONTIMNUE
THW=THR+CELY
THR==-L,0/AA
DO 600 K=i1,N€
K13=1
CONTINUE
Kir=0
NL4=0
N6 =0
K6=10
CNT=00(
COUNT=0,.0
CNTA=0.0

DELT=TIME INTERVAL FOR EACH STEP

38
40

GC TC 40
IF(IK«CE.2) GO TC 202
CONTINUE
K3=n
N3=0
K11=0
K12=0
EX=EE (K)
IF(IK.GE.2) EE(K) =EA*1, €E
V=SART(2.*EZ(K) /7AMF)

C PULL OUT DEFOREST CARDS

R=R6+A1#RANF {DUM)
Z1=81*FANF(OUM)

C CHCOSE T1 SUCH THAT FOR J(FLUX)

+C0S(T1)

C TIMESys SIN FOR SOLID ANGLE

T1=ACOS(1.0-2.0*RANF(DUM))/
T2=6.2831*RANF (DUM)
IF(IK.EQse1) T1=ANGE
IF(IK.EQ.1) T2=0.0
IF(IK.EQe2) T1=THH(K13)
IF(IK.EQ.2) T2=0,0

19°
161
192
133
134
1365
19¢
197
198
139
200
201
202
203
204
2068
20¢€
207
203
2C9
210
211
212
213
214
215
21E€
2117
218
219
220
221
222
223
224
225
226
=1¢ 227
2268
229
230
231
= CONST., T1 IS PICKED SIN(T1* 232
232
COS FOR PROJECTED AREA 233
2. C 234
235
236
2317
238
239
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27

20

28

1700

1800

IF(IK.EQe3) T1=THH(K13)
IF(IK.EQe3) T2=1.5707
IF(TIJeENL2) T1=A3S (T HW)
IF(TIJeEQe2. ANDTHWGE,Ca C) T2=180.,7AA
IF(IJeEQ2AND+THW . T,.0.0) T2=0.0
Y1=0
VR=V*SIN(T1) *CGOS(T2)
VTT=v*COS(T1)
VZ=V*SIN(TL)*SIN(T2)
DT=AL1/VTT
R=RK+VR*DT
21=214+vZ*DT
IF(Z1.6T.B2.0ReZ1,LT.0.0) GO TO 38
IF(R.GT«RB«0R«RLTR7) GO TO 38
CNTA=CNTA+1,.0
DT=AL2/VTT
R=F+VR*DT
21=21+VZ*DT7
IF(ReGEeR28,0ReReLEsR1) GO TO 202
ANGM=VTT*R
TT1=0.0
R3=R2(TT1)
CONTT=CONST/ZALOG(R3/R1)
CONSS=CONST
IF(ITez041) CONSS=C.0
DELTT=CONTT/(R1+R3)*2
DFLTT=3. (E-N1*V/DELTT
DELT=3.1416*THE*(R1#¢R3)/72.,/V/2.0E 02
IF(DELTTLLELDELT) CELT=DELTT
GO T0O 20
CONTINLUE
IF(K12.GT«0,0R«K11.6GT0) R=R+yR*DZLT
G070 28
CONTINUE
R3=RP2(TT1)
CONS2=(VTT**#2=-CONSS/Z/ALCG(FR3/R1)) /R
R=R+VR*CELT+CONS2*0ELT**2/2.0
VE=YR+ CONS2*DzLT
CONTINUE
VTIT=ANGM/R
TT41=TT1+JTT*DELT/R
21=21+ DELT*VZ
IF (Z1.LE«D:.0.0ReZ1+GEsH) GCTO 212
IF(TT1.GE.THE) G0 YO 400
IF(R.GTsR1.ANDs ReLT.RP3Y GO TO 1700
GO TO 1800
CONTIMNUE
Ki1=¢0
K12=0
GO Y0 20
CONT INUE
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c K1=1,2=--===SCATTER OFF OF INNER SURFACE ONLY 291

c K1=3 44=~==SCATTER OFF OF OUTER SURFACE ONLY 292

IF(R.GE«R3) GO TO 1300 293

IF(R.LE.RL) 50 TO 1400 29k

GO TO 202 29%

130C CONTINUE 29¢€

IF(K11.GT,0) GO TO 27 297

K11=K11+1 295

GO TO (202,1100,1200) 4K7 293

140C CCNTINUE 300

e IF(K12.GT,0) GO TO 27 301
K12=K12+1 302

GO TO (202,300,1000) K8 303

i 90C CONTINUE 304
| N3=N3+1 30¢
3 IF(N3.3T.K9) G0 TO 2¢2 306
: VD=ABS (VR) 307
THF=ATANIVD/VTT) 308

IF (ABS(THF) +GT .ANGC) GO TQ 1500 309

VE==9VR 310

3 GO TO 27 311
1 1000 CONTINUE 312
: VD=A3S(V2) 313
THE=ATAN(VD/VTT) 314

NE=NE+1 3165

IF(A2S(THP) «+GT<ANGC) GO TO 1500 316

VE==YR 317

50 To 231 318

r 110C CONTINUE 319
; V0=22S(VR) 320
; K3=K3+1 321
: IF(K3.5T.K2) G0 TO 2C2 322
: THP= ATAN(YR/VTTY 323
IFC(ARS(THP) «GT.ANGC) GG TQ 202 324

: IF(A3S(THP) +GT+ANGE) GC TOQ 1600 325
g VF=-YyR 326
L G0 TO 27 327
. 1200 CONTINUE 328
; VO=ABS(VR) 329
; K=Kl +1 330
| THP= ATAN(VYR/VTT) 331
IF(ARS(THP) «GT,ANGC) GO YO 202 332

IF(ARS(THP) 6T +ANGB) GO TO 1600 333

VR==YyR 334

60 TO 200 335

1500 CONTINLE 336

EX=EX  *(1,0-RANF(DUM))**(1,0/1,35) 537

VA=SQRT (2.C*EX/AMP) 33¢

VR=VA*SIN(THP) 335

VT T=VA*CCS(THP) 340

IF(K8.,EQ.3) GO TO 201 341




GO T0 27 32

1600 CONTINUE 343
EX=EX * (1., 0-RANF(DUM))**(1,071.35) 344
VA=SQRT(2,0*EX/7AMP) 345
VR==VvA*SINITHP) JLE
VIT=VA*COS(TH®P) 347
IF(K7.EQ.3) GO TO 200 348

S0 To 27 349

200 CCNTINMNE 350
TAB=MCD (KL, K2] 351
IF(IAB.EQ.0) K4=0 352
Ka=K4 3%3
IF(IAB.EQ.,0) GO TO 27 35

GO TO 202 35%

201 GCONTINUE 356
IAC=MCC (NH,K3) 357
IF(IAC.EQ.0) N6=0 358
NL=NE 359
IF(IAC.EQ.0) GO TO 27 3567

2re2 CCNTINUE 351
CNT=CNT+1 362
IF{(CNT.GE.TOT) G50 TO 500 353

GO TO 40 3o4

&l CONTINUE 3RE
C SET UP MATRIX AT EXIT APERTURE OF FLATES 356
DO &20 N=1,4N9 367
IF(Z14GE«(N=1)*H/ NG, ANDsZ1 LT N*H/NI9) N1=N Jns

2r CONTINUE 359
DO 6430 N=14NS 37¢
RRR1=R1+ (N=-1)*WID1/N9 371
RRFE2=R14N*WIC1/N9 372

&3 CCNTINUE 37¢
AMAT(N1,y N2) =AMAT(N14N2)¢1,0 37%

C ©OC WE HIT THE CHANNELTRON? 376
Rr#=(P1+Kk2B)72.,0 377

C FULL DEFOREST ESA CARDS 378
DIS2=AL3 378
DT=DIS2/\TT 387
XX=0,0 361
IXX=VTT 382
VT=VOoLT1 383
D7TT=0.,1%0T 384
TT=C.0 3865
ACC=QCvyMP*yT/DIS2 38€

L6C  CONTINUE 337
TT=TT4CTT 338
XX=XX+VXX*DTT=-ACO*¥DTT**2/2,.C 389
VXX=¢XX=-ACC*DTT 390

C ODCES LOW-ENERGY ELECTRON STOP 391
IF(VYXX.LE.O0.,0) GO TO 202 392

38

e s

T .
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i aae

IF(XXsLTe0DIS2) S0 TO 4LEQ
R=F4+VP*TT

21=21+\2*T7

IF(IJJNELD) PE=1,77E-03
IF(IJeNELO) RY9==RSE
R&=A3S(RR=R3=R)

C PULL OUT CEFOREST CARDS

i

a¢

507

IF(RP LT e(RR=A2/2:0) e OReR4GT +(RR+A2/2.,0)) GO TO 202
IF(Z1.6T.B82.0ReZ1.LT+(e0) GO TO 202
PLUA=SCRT (R4**2¢(Z21-102/2,.,0-R5B) **2)
RLB=SQRT(RI*¥ 2+ (Z21=132/2 L +R5) **2)
IF(REA,GT«R5.,ANDREB,GT.P¥) GO0 TO 202
IF(IKeGFe2) AXI(K13) =AX(K13) +1.0
COUNT=COUNT#1
GO T0 202
CONTINUE
EFF(K)=COUNT/CNT
IFIIK.GS42) AX(K13)=AX(K13) 7/CNT
FG(K)=fE(K)/1,EE-10
CNMTA=CNNTA+CNTA
PFINT S(74EGI{K) yCNTA,CNNTA
FORPMAT(1X,* AT ENZRGY = *,1PE10.2,% EV NUMBER OQF PA
+RTICLES
1 THROUCH APERTURE= *,0FF10.,2, ®* RUNNING TOTAL= *,0FPF103.2)
IF(IT.EQ.1) GO TO €30
£Y99=EG(K)/71.0% 03
cFI=1.0
TEMP=EGS (K)
EG(K)=EG(K) -VT +POST
IF(PARTWEQ.ELEC e AND ¢ EG(K) ¢GEe 1s CE 03¢ ANDEG(K) 4 LE«5. 0L O
+6)
1 FFI=1.0=(2.0/(3,0+6.5/(E33 =0.5)+30.7(E99 =-0.5)**3))
IFIPART <EQeELECANDs tG(K) e GE+1 Ce0eANDSEG(K) e LE«70e¢) EFI=0
+,10*EG(K)
1**J.,c15
IF(PAFT ¢EQeELECANDGEG(K) e GFE 4200, ANDeIJoNEL0) EFI=E,19G/EG
+(K)** 0,41
A7
IF(PARTFEQsELECWANCe ZG(K) ¢ LTo2C0 e ANDeIJeNESO)EFI=5,9Z=0L*
+CG(K) **1,
A38
EG(K) =TEMP
IF(IK.GEs2) AX(K13 =AX(K13)*EFI
IF(IK.GCe2) GO TO 4417
EFF(K)=EFF(K)*EFI
IFCIJ.CEQ.2) EFF(K)I=EFF(K)*¥2,0E 06
IF( MCD(KyNZ) .NE«C ) GO TO 440
E1=EFE (K=N7+1)/1.6E-19
E2=FEE(K)/1.,5E-13
ANT=M7
DO L35 N=1,NS

393
334
395
33¢
397
398
339
170
401
<02
473
LOL
<05
«16
L7
Log
Le9
L10
L11
12
L13
L1k
14
L1F
L1€
17
418
18
42C
L21
421
L22
423
423
L24
42%
L2¢
L2&
L27
L27
L28
429
L30
431
432
433
L3L
L3E
L3R
437
k3>
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SUML (N)=0.0 439
DO 435 I=1,N9 L4 0
SUMLENY=SUML (N +AMAT ( T ,N) Ll 1
435 CONTINUE 44?2
ANB=N7*TOT 443
PRINT 433,E1,E2, ((AMAT(NL1yN2) 3N2=1,H9) yN1=1,NG) , (SUML (L),  LuL
+N=1,4NS), Lyl
1ANS L6465 4
L33 FOFMAT (1X,*EFFICIENCY MATRIX FOR EXIT APERTURE OF ESA FLA k&6
+TES FRCM LLE
1ENERGY=* j4PE10.,2 ¥ EV* ,*TO% y 1PE 10 ,2,*EV*/0PSF10,2/5F10.2/5 447
+F10.2/5F1 k47 .
2042/5F10.2/1Xy*TOTALS*/5F10.2,*PARTICLES TRACED=*,1PE1C0¢2  Ub&&
/) Lu e
DO 438 I=1,10 TS
DO 438 N=1,10 4S5¢
AMAT (I4N)=0.0 451 A
438 CONTINUE 452
440 CONTINUE 453
IF(IK.GS,2) K13=K13+1 L5L
IF(IKeGEe2+ANDs K13, LToN11) GO TO 37 455 1
IFC(IK.GE.2) GO TO 610 L5E
GO TO 600 557
600 CONTINUE 458 3
caLL SIme 459 ;
51C  CCONTINUE 460 ‘
IF(IK.ECs3) PPINT 613 461
613 FCRMAT(1X,*ANGULAR SCAN IN Z-FL ANE*) 452
IF(IK.EN.2) PRINT 609 Le3 )
609 FCPMAT(1X,* BIGULAR SCAN IN R=FLANE*) 464 1
IFCIKeGZ42) PRINT 611y (THM(K)AX(K)gK=1,N11) 465
£11  FORMAT((1P12E 10.2)) 46F
IF(IK.GSZ,2) GO TO 24 457 1
630 CONTINUE L&A 1
THR=THKR*AA 469
IF(IJ.EQ.2) PRINT 740, THR 470
740 FOPMAT(1X,*ELECTRONS FROM GUN INCIDENT ON APERTURE AT AN 471
+ANGLE CF 471
740 A *FT7e2y" DEG*) 472
PRINT S1 W73
51 FOPMAT(1X,*EFFICIENY OF CHANNELTRON TO SEE FARTICLES*) 474
PRINT 55,(EG(K) ,EFF(K) ,K=1,N5) L75
55  FOPMAT(1X,*ENERGY-EFFICIENCY*/ (1P10E12.2)) 476
G1=G*GINT 477
PRINT 63,GINT,G1 478
53 FOPMAT(1Xy* INTEGRAL OF CHANNes EFFIC.=*1PE10sk,* EV*,3X,* 479
+NORMALIZA L79
1TION FACTOR FOR ENTIPE ESA=*,1PE10.4,* CMSC-SK-EV*) 480
HH=G1/5A L81
PRINT 67,HH 452
€7 FORMAT (1X,*DEFOREST H-FACTOR=*,1PE10.4y* CMSO=SR*) LE3
GO TO 1 48k
END WRE




SUBROUTINE SIMFE
DIMENSION EFFC200) ,EG(Z00)
COMMCON/F1/EFF =G 9 0ELE9NS 4y GINT

C SIMPSON RULE

10

20

DEL=0SLE/1.6E-13
N6=NG=-3

N?7=N5=-2

SUM1=0.0

DO 10 J=3yN6y2
SUMI=SUMI+EFF(J)

CONTINUE
SuUM2=0.0

DO 20 J=2,4N7,2
SUM2=SUM2+EFF ()
CONTINUE
GINT=(EFF(1) +EFF (N5-1) ¢4 ,0*SUM2+ 2,0*SUM1) *DEL /3.0
RETURN

END

466
L8?7
488
«89
49t
691
492
493
494
495
49€
L97
498
499
500
501
£ce2
503

BEST_AVAILABLE COPY
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