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Abstract
The Imaging Electron Spectrometer (IES) represents a compact, light-weight
spacecraft instrument capable of high resolution energetic particle measurements. Seven
IES units have been fabricated as part of scientific payload aboard satellite and rocket
missions. The IES has exhibited a number of dependencies on its operational mode and
environment. The instrument has demonstrated a baseline fluctuation as a function of
temperature, time constant of operation, and incident particle intensity resulting in
difficulties obtaining reliable and comprehensive measurements, In order to parameterize
these dependencies, I have supported extensive calibrations at NASA/Goddard Space Flight
Center and investigated thermal dependencies provided by lLos Alamos National

Laboratory’s. As part of my research, I have analyzed these calibrations and related them to

instrument performance. The results of these calibrations are provided, and the concept
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behind the instrument’s operational modes and electronic background is reviewed to better
understand the IES response to its environment and mode of operation. These results are
specifically applicable to characterizing IES#6, but the general concepts are applicable to all

IES instruments. !
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Chapter 1

IES Instrument Overview

1.1 IES Instrument Configuration

The Imaging Electron Spectrometer consists of three sets of three-element ion-
implanted Si detectors situated beneath a pinhole aperture. Figure 1.1a illustrates one of the
three IES sensor head segments containing three Si detection elements with the
corresponding shielding. Although the aperture above the elements allows a 100° field of
view, the Si elements are positioned behind the pinhole to provide a field of view of 20° per
element, as is illustrated in figure 1.1b, Therefore, with nine elements the collective IES
field of view is 180°. This allows the IES to correlate its measurements of energetic
particles with a trajectory denoted by the Si element used to detect it. The IES sensor head
with an exploded view of a segment such as the one depicted in figure 1.1a is illustrated in

figure 1.2,

Figure 1,1: (&) IES sensor and shielding configuration. (b) IES angular detection scheme.



Figure 1.2: IES sensor head configuration.

The first IES launched, IES# 3,
was part of scientific payload on a
sounding rocket mission designated
Pulsaur II, where a number of instrument
response  difficulties were initially
recognized. An IES modified with six
additional, small element, solid state
detectors was successfully launched on
the Polar spacecraft on February 24,

1996, It is also part of the Cluster

launch mission where four satellites, each containing an IES, IES# 1, 2, 4, & 5, were

launched out of Kourou, French Guiana. Cluster was launched on June 4, 1996, but due to

system errors, the Ariane-5 rocket transporting the satellites into orbit was self-detonated as

a result of veering off course. As a result a new Cluster launch mission was instituted to

replace the science lost by the Ariane-5 failure. This launch mission, designated Phoenix,

has only one satellite and is under way with an IES instrument (IES# 6) incorporated on its

payload.

1.2 IES Particle Detection Design

The IES utilizes a charge-sensitive detection scheme for measurement of energetic

particles. Si diodes are implemented in the IES with a characteristic conversion of 3.6 eV



per electron hole pair (EHP) generated.

This relationship between the energy of

radiation deposited within a solid state

device and the number of charge carriers

produced by this interaction makes

semiconductor diodes ideal for energetic

particle measurement. Figure 1.3 depicts

NN
X \ the sensor board outside the configuration
b
illustrated in figure 1.2. Three Si elements
\ are incorporated into one board such that a

Figure 1.3: IES sensor board layout. smaller Si element is in the center directly

beneath the pinhole aperture with two identical, larger elements mirrored on the sides of the
center element, In order to filter protons an%otons from corrupting the charged particle
measurements, a 152 pinch thick (1.39 g/em®) aluminized mylar foil is positioned in front
of the Si detectors (Personal Communication; Prof. Theodore Fritz, BU). Figure 1.4
illustrates the instruments response to protons from the calibrations performed at Goddard
Space Flight Center.

The electronic support provided for the Si detectors is an integrated circuit chip
(MXRP) developed at the Rutherford Appleton Laboratory (RAL) in the United Kingdom.
The MXRP features 16 channels of operation; only 9 channels are utilized for the IES.
Each channel is supported by a charge sensitive preamplifier for 1% stage amplification of
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Sticky Note
On RAPID the absorbing foil is 450 ug cm-2 (Si eq) or about 2 microns thickness, instead the ~4 microns used here.


Proton Threshold - LD 5 @ 100us

525 550 575 600 625 650 615 00 725
Incident Proton Energy(kev)

Figure 1.4: IES response to energetic protons
the detected signal and follow-on digitization electronics. The electronics supporting the
MXRP has been designed with the capability for operating with four possible accumulation
time settings predetermined to be 2 ps, 10 ps, 50 us, or 100 ps. The implications of these
time constants on instrument performance will be discussed later.

Each of the 16 channels of the MXRP has associated with it a voltage offset which
defines the baseline for that particular channel. This voltage offset is designated as a
“Pedestal”, and any signal accumulated by the instrument will be added to this pedestal to
produce an output voltage equal to the sum of the pedestal and signal voltages, However,
the pedestal varies from channel to channel and has dependencies upon the time constant
of operation, the temperature of the environment, and the incident particle beam intensity.
Calibration of the MXRP response to variations in these dependencies is critical to

understanding the data returned by the IES, and is supplied here.
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Sticky Note
Values finally used on RAPID are 2, 5, 15, and 50 usec.


1.3 MXRP System Design
The MXRP is an integrated chip developed at RAL with support for 16 data

channels. Figure 1.5 illustrates one channel along with a timing schematic., An electron
incident on the solid state device induces a small current to conduct through it by generating
EHP’s at a rate of 1 EHP per 3.6 eV deposited. This conductive current { produces a
voltage drop at node VI from 300 V to 300 V - (2 M{2 e i). This charge coupled across the
470 pF capacitor is Q=C{(i ® R), where R is the 2 MQ resistor, i is the current induced by the
energetic particle interaction with the Si element, and C is the 470 pF capacitor. In order to
maintain the virtual ground at the pre-amp input, a voltage is induced at the pre-amp output
equivalent to Q, calculated above, divided by the 0.2 pF feedback capacitor. Combining
terms yields:
Vou= (470 pF ¢i ¢ R)/(0.2 pF)=2350 e o R,

Charge is then accumulated on the C1 and C2 capacitors by enabling the S1 and S2
inverted switches, When S1 and S2 go low, background signal is accumulated in C1 and
C2, S1 is then set high to disable C1 from accumulating charge during signal integration, as
C2 continues to integrate. S2 is then set high once integration is completed to disable C2.
The signal is determined to be the charge accrued in C2 less the charge accrued in C1. The
two capacitors are discharged at the appropriate time onto the data lines through enabling

switches 83 and S4.



Figure 15: MXRP schematic and timing diagram,

1.4 Geometric Factor

The counting rate of the IES is dependent upon the geometrical dimensions of the
pinhole aperture with respect to the solid state devices used to detect the energetic particles,
as well as the dimensions of the solid state devices. Assuming an isotropic intensity, the
IES counting rate is Cg = GI,, where G is the geometric factor of the IES, /, is the isotropic
particle intensity, and Cp is the IES-measured counting rate. Thus, calculating the IES-
measured counting rate and the instrument’s geometric factor, the isotropic particle intensity

of the instrument’s environment can be calculated. Figure 1.6 depicts the incremental




Geometric Factor Analysis

Geometric Factor

Length Elements

3 —
Width Elements * R ﬁ

Figure 1.6: Analytical geometric factor analysis for center and side Si elements.
geometric factors for the center and side elements of one head segment (only one depicted

due to symmetry). The geometric factor for this sensor is derived by integrating the

expression || ﬁxi‘z_).‘.i_,.‘!f@dg (Sullivan, 1971). Where A, represents the area of the
r

detecting Si element, A, represents the area of the aperture, 8 represents the angle between
the incident particle path and the normal to the detecting plane, r represents the radial
distance of the particle path between the two defining aperture areas, and d<2 represents the
element of the solid angle. The result yields a geometric factor of 0.002228 cm>ester for the

center element, and 0.002195 cmester for each side element.



1.5 Data Handling

The MXRP chip produces a voltage signal which is proportional to the energy
deposited from the energetic particle. This signal is then amplified and digitized for data
handling. An 8-bit analog-to-digital converter (ADC) is utilized such that, in combination
with the differential amplifier, an 8-bit digital signal is assigned to a given energy range
where the ADC gives full-scale (i.e. Energy bin 28=256) for an input signal of
approximately 60 mV. The control logic assigns a 4-bit directional value to associate the
energy bin with the correct detecting element. The corresponding 12 bits serve as an input
vector for a bin definition look-up table (LUT) that provides an 8-bit address for the

appropriate counter to increment (i.e., increment the number of times a particular energy

Figure 1.7: Data handfing schematic for the TES (Wilken, 1997),




was recorded by a particular element). A 4-bit sector value is also generated to denote
where in space the instrument is directed. The appropriate counter to increment is then
selected by the 4-bit sector parameter and the 8-bit address generated from the LUT. Figure

1.7 illustrates this process.



Chapter 2

IES Operational Overview

2.1 Operational Modes

The IES utilizes an 8-bit ADC to assign 256 possible energy bins, ranging from bin

0 to 255, for particle detection, An incident particle with a defined energy will be converted

into an 8-bit digital signal based on its analog voltage produced by the MXRP chip. The

energy gain for the system has been measured to yield approximately 2.0 kev/channel. This

produces an energy scale ranging up to 2.0 keV/channel ¢ 256 channels = 512 keV.

Therefore, ideally an energetic particle with an energy between 510 keV to 512 keV will be

assigned a value of 255 by the ADC. However, the IES has been designed such that a

particle with energy greater than the upper scale range will simply be assigned 255 by the

ADC as well, This operational mode is defined as histogram mode, and table 2.1 illustrates

the sorting of particles through the IES system with P denoting the channel number position

of the pedestal, included in order to adjust for the baseline offset mentioned earlier.

hergy ;
.ower Limit (kev)  Upper Limit (kev)
0 0-2P 2-2P
1 2-2P 4-2P
254 508 - 2P 510-2P
255 510-2P Above 510 - 2P

Table 2.1: IES histogram bin definition,
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The IES will operate in 16-bin mode for most of its operation due to telemetry
bandwidth limitations. The 256 energy bins are compressed into 16 energy bins through
pedestal relations. Table 2.2 denotes how this conversion is done given the pedestal
centroid position, P, the full width at half maximum, FWHM, of the pedestal gaussian
distribution (S), and eight boundary offsets, B1 to B8, out of the 256 . The default values

for the selected boundaries B1 to B8 are provided in table 2.3, and are subject to possible

[) 3 ) »
()
0 0
1...(P-28-1) 1
(P-25)...(P-S-1) 2 0 “ .
(P-S)...(P-1) 3 1 0
P...(P+S-1) 4 2 1
P+S)...(P+28-1) 5 3 .
(P+28)...(P+B1-1) 6 4 2 0
(P+B1)...(P+B2-1) 7 5 3 0
(P+B2)...(P+B3-1) 8 6 4 0
(P+B3)...(P+B4-1) 9 7 5 0
(P+B4)...(P+B5-1) 10 8 6 1
(P+B5)...(P+B6-1) 11 9 6 1
(P+B6)...(P+B7-1) 12 10 7 1
(P+B7)...(P+B8-1) 13 11 7 1
(P+B8)...254 14
255 15

Table 2.2: IES data conversion table from histogram mode to 16-bin mode (As of 01/28/97) (Personal |
Communication; Mr, Rainer Rathje, IDA),

Table 2.3: Default boundary values for histogram mode compression (Personal Communication; Mr, Rainer
Rathje, IDA).
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modification prior to the launch of IES #6. The selection of these boundaries will be

discussed later in regards to the baseline fluctuations with particle intensity.

2.2 Integration Time Constant

The IES has the ability to accumulate sensor data before data processing for four
different integration times as mentioned earlier, i.e., 2us, 10us, 50us, 100us. This has been
incorporated in the design in order to allow for reliable operation in environments with
various particle intensity profiles. Pile-up is an effect recorded when during an
accumulation period, i.e., integrated time constant, more than one particle interacts with the
system. This has the effect of producing a data signal equivalent to the sum of the particles’
energies. This effect can be reduced by operating the instrument with a shorter
accumulation time per data sample. During periods of high particle intensity it is desirable
for the instrument to be in a mode with a smaller active time of accumulation per data
sample. This is incorporated into the system design in order to overcome problems of pile-
up and baseline fluctuations, which will be covered in later chapters.

For each accumulation period there is a fixed period of time to cycle through each of
the detector outputs for transcribing the accumulated channel response. This fixed period
becomes a “dead time” during which no further data accumulation can occur, The IES dead
time has been determined during the unit’s calibration to be 48 us. Knowing this parameter,
the percent live time (percent of time the instrument is accumulating data per an

accumulation and processing cycle) can be determined by:

12
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Integration Time
Integration Time + Dead Time

Live Time(%) = ( ]x 100

The percent live time for the IES is 4.00%, 17.24%, 51.02%, and 67.57% for the 2us, 10us,
50us, and 100ps integration time constants, respectively. Thus during instances of high
particle intensity, a lower time constant should be selected.

Figure 2.1 illustrates pile-up during calibration tests performed at Goddard Space
Flight Center. The top panel illustrates the pedestal centered at channel 28, a response due
to a beam of 100 keV electrons centered at channel 75, and a modest pulse pile-up centered
at channel 121. The pile-up pulse is the result of two 100 kev electrons interacting with the
IES during one integration cycle, This is easily determined by determining that the energy
of the pile-up pulse is twice that of the 100 kev pulse. Thus, the number of channels
between pile-up and pedestal is twice that of the 100 kev pulse and pedestal. The lower
panel illustrates the result if intensity is increased, with increased instances of pile-up
resulting in the observed histogram.

The IES time constant utilized is determined by ground command or through an
autoswitching algorithm. For a given period of time per satellite rotation, or spin cycle, the

total count rate, T, for pedestal and signal is summed and compared with a summed signal
T . . . o
countrate, S, When S 2 E for the default high flux ratio, H of 8, a shorter integration time

is selected to compensate for the high intensity particle environment by the on-board

software in the data processing unit (DPU). A longer integration time is selected to

13



. ) . . . T
compensate for the low intensity particle environment if § < I for the default low flux

ratio, L. of 64,

100keV @ 1.49 kHz

S

P R TS

Eﬂ%ﬁ@ B

swmm R
B i

; ﬁmﬂmm?

o s L 200 250 300
100keV @ 18.03 kHz

0 50 100 150 200 250 300
Channel #

Figure 2.1: Calibration graphs for look direction 5 at 10 s integration time. Data was taken
with 100 keV electrons at intensities of 1.49 kHz and 18.03 kHz,
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2.3 Sectored Data Format

Each look direction for the IES is sectored over a given spin period to provide the 3-
dimensional realization of the spatial particle environment. Table 2.4 provides the
organization of the 96 sectors which the IES senses for the Cluster and Phoenix satellites.
Look directions 1, 2, 3, 7, 8 , and 9 have half the sector resolution of look directions 3, 4,

and 5, This has been organized to redistribute the instrument memory resources for higher

resolution of energy measurements.

| o]

1 0 1 2 4 6

2 8 9 10 11 12 13 14 15

3 16 17 18 19 20 21 22 23

4 24125126(27128129130]31132133[34135[36]|37]38]39
5 40 141 142 143 (44 (45146 |47 148149 | 5015152535455
6 56 {57158 |59/60[6162]63]64i65|66]67)|68]|69]70]71
7 72 73 74 75 76 77 78 79

8 80 81 82 83 84 85 86 87

9 88 89 90 91 92 93 94 95

Table 2.4: Sectorization of spatial look directions for the IES (Personal Communication: Mr. Rainer Rathje,
IDA).

2.4 Operational Look-Up Table
The pedestal of the IES has been defined as the baseline for each channel of the

instrument energy response with respect to the detection of particles. This baseline voltage
has dependencies on the integrated time constant of operation, instrument temperature,
particle intensity profile, and is also distinctive to the detection element (look direction or

electronics channel). It is necessary to determine the position of the pedestal with respect to

15



all dependencies in order to accurately sort the data into the appropriate energy bins given in
tables 2.2 & 2.3. Based on the calibrations performed on the IES, three parameter look-up
tables have been created to trace the pedestal position fluctuations based on information
concerning look direction, time constant, and temperature of operation. These variations

are discussed in Chapter 3.

16



Chapter 3
IES Operational Dependencies

3.1 IES Temperature Dependency

The IES instrument has exhibited a dependency of its energetic particle
measurements on the temperature of the instrument’s operation. This has been analyzed
through the dependency of the pedestal to this effect. As temperature is increased, the
pedestal exhibits a shift to higher histogram channels, This corresponds to the energy
baseline shifting to a higher voltage offset. Also, the noise of the system, analyzed through
FWHM measurements, increases with temperature. Figure 3.1 illustrates the pedestal
position as a function of the operational time constant and temperature for look direction 1.
Table 3.1 conveys the calibration data taken at Los Alamos on September 24, 1996 of the

pedestal position as a function of time constant, temperature, and look direction for IES# 6.

Look Direction 1 Dependency on £120.00-25.00
Temperature and Time Constant 15.00-20.00
25.00
K 10.00-15.00
20004
M 5.00-10.00
15,0042
Pedestal Positlon 10,00
(ADC Channels)
0.00 9
30 29 50 10
10 1
0 10 -28 Time Constant
Temperature (Deg.C) (microseconds)

Figure 3.1: Temperature and time constant dependency of pedestal position for look direction I of IES# 6.

17



Look Direction @

-10 12.81 | 17.99 | 13.68 | 1041 11.69 | 830 | 210 5.21
0 1607 | 21.19 | 1666 | 1394 | 23.48 | 1507 | 1142 | 5.80 8.95
10 19.80 | 2442 | 1980 | 1751 | 26,70 | 1871 | 1441 | 9.59 | 12.38
20 2162 | 2633 | 21.42 | 1967 | 2836 | 20.56 | 15.83 | 11.96 | 14.64
30 23.14 | 2834 | 23.15 | 21.38 | 29,79 | 2236 | 17.62 | 13.64 | 1655

=20 670 | 12,09 | 7.88 470 | 15.17 596 | 2.87 | 0.00 028

-10 961 | 1491 | 1087 | 797 | 1798 | 920 | 526 | 051 2.64
0 1293 | 1856 | 1394 | 11.53 | 21.36 | 1262 | 8.80 354 | 643
10 1589 | 2095 | 16,54 | 1497 | 23.80 { 15.22 § 1098 | 644 | 932
20 18.08 | 2330 | 1835 | 17.24 | 25.56 | 17.54 | 1265 | 9.13 | 11.69
30 19.44 | 25.16 | 1997 | 19.66 | 27.24 | 1901 | 1416 | 10.80 | 13.31

20 532 | 1083 | 682 | 3.54 | 13.98 | 4.67 159 | 0.00 0.15

-10 806 | 1361 | 9.55 676 | 1693 | 750 | 3.80 | 030 1,59
0 11,66 | 1729 | 1251 { 1072 | 2040 { 1120 | 7.26 | 2.63 506
10 1411 | 19.46 | 1502 | 13.79 | 22.67 | 13.51 | 9.47 5.36 7.80
20 1535 | 21.00 { 1590 | 16.24 | 2390 | 1498 | 1033 | 7.19 9.54
30 18,08 | 2391 | 18.65 | 2020 | 2620 | 17.92 | 13.03 | 9.82 | 1220

Table 3.1: IES #6 temperature calibrations giving the ADC channel of the pedestal position for all
integration time constants (Personal Communication; Mr. Roy Cope, LANL).
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3.2 IES Integration Time Constant Dependency

The integration time constant represents another critical IES feature affecting the
pedestal of the IES. As table 3.1 illustrates, at a specific temperature the pedestal position
decreases in histogram channel numbers as the integration time constant is increased. The
FWHM of the pedestal approximately doubles when comparing the 10 ps to 100 ps
integration time constants. Figure 3.2 illustrates the effects of a 10 ps histogram compared
to a 100 ps histogram spectrum taken by the IES for 100 keV electrons incident at

comparable rates. The pedestal position for the 10ps histogram is centered about channel

100 keV electrons @ 1.49 kHz, 10us Time Constant

160 200 250 300
Channel #

100 keV electrons @ 1.40 kHz, 100us Time Constant

2 2
0 80 100 Chcll?r?el ¥ 00 50 300

Figure 3.2: 100 keV electrons incident at look direction 5 operated at 10us {top panel) integration
time, and 100us {bottom panel) integration time,
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28 with a FWHM of 3.48 channels, The 100 ps histogram depicts a pedestal centered about
channel 19 with a FWHM of 7.17 channels,

The shift in pedestal depicted in figure 3.2 is due to an increase in leakage currents
of the MXRP input protection diodes, the coupling capacitors, and any other board
leakages. As an example of this effect, the analysis of the contribution of the coupling
capacitors follows as a possible major contributor. Most capacitors have an insulation
resistance anywhere in the range of 10" Q to 10 Q. A 100 V voltage drop across the
coupling capacitors, due to an input signal from radiation incident on the Si detectors, may
produce a leakage current of 0.1 pA to 10 pA, The relation between current and charge,
i(t)=dq/dt, results in a loss of charge due to leakage of 0.01 fC to 1 fC if integrated over a
100 ps integration time. Given that there is 1.6x10°'? C of charge per electron, a signal loss
of 62.5 to 6250 electrons is measured from the solid state detector (Personal
Communication: Dr. Steve Thomas, RAL),

With a characteristic conversion of 3.6 eV per electron hole pair (EHP) generated
for Si detectors, the IES measures a degraded energy range of 3.6 eV/EHP ¢ 62.5 EHP =
225 €V to 3.6 eV/EHP o 6250 EHP = 22.5 keV for a 100 ps integration time. The energy
loss range for the 10 ps integration time can be similarly calculated to be 22.5 eV to 2.25
keV. Therefore, a larger loss of energy signal is expected during longer integration times
resulting in a shift of the spectrum as depicted in figure 3.2. These results show that a

decrease of the baseline is expected to range anywhere from 202.5 eV to 20.25 keV,
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depending on the insulation resistance’s of the coupling capacitors, when switching from 10
us to 100 ps integration time. The measured shift stated earlier agrees with this result, and
is shown to be approximately 9 channels, which with a measured 2.0 keV/channel gain
results in a shift of 18 keV.

The MXRP becomes more sensitive to low frequency interference, such as the
power supply noise and detector bias, with increase in integration time constant, This effect
is revealed by the increase in FWHM with an increase in integration time constant. Figure
3.3 summarizes the effect of the time constant on instrument response from calibration data
taken at Goddard Space Flight Center, and depicts a linear relationship between FWHM,

Pedestal Position, and time constant of operation.

Time Constant Analysis of Pedestal Pasition and FWHM

—O— Pedestal Position
—L{}—FWHM

Time Constant (us)

Figure 3.3: Pedestal position and FWHM dependency on the integration time constant for look
direction 5 of IES# 6 measured for 2, 10, and 100 us time constants,

3.3 IES Energy and Intensity Dependency

Particle beam tests of various energies and intensities performed at Goddard Space

Flight Center employing a Van de Graaf particle accelerator revealed a critical dependence

21



of the IES on its particle energy and intensity environment, The tests were performed by
varying the intensity of a mono-energetic particle beam incident on the IES, and recording
the resulting distribution in histogram mode. Table 3.2 lists the tests that were performed
on IES# 6 in October of 1996.

The intensity of the incident particle beam was measured by a monitor dropped in
front of the beam prior to the IES performing its data ran. The monitor was a detector with
a circular active area with a diameter of approximately 3.5 mm. The area of the monitor
was then measured to be 7 = 9,62 mm®, Since the aperture of the IES is approximately 2
mm?, the intensity incident on the IES would then be equivalent to the intensity measured

by the monitor divided by the conversion factor 9.62mn/2mm? ~ 481, However, the beam

of the Van de Graaf accelerator fluctuated approximately +10% with time, and
discrimination electronics produced an intensity reading higher than what was believed to
be the true intensity. A calculation of the intensity incident on the IES was then performed
by dividing the number of events the IES recorded by the total live time over the
accumulation period. The occurrence of pile-up was also taken into account by realizing
that one recorded event for the first pile-up was in reality two particles incident on the
instrument, one recorded event for the second pile-up was in reality three particles incident
on the instrument, and so on. Table 3.2 lists the calculation of the intensity for the IES

performed in this manner.
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The testing revealed that with increasing incident particle intensity of a mono-

energetic beam, the pedestal position of the IES linearly decreases in histogram channels.

200

A A A R

Table 3.2: Summary of Goddard Space Flight testing during October 1996 of IES# 6.
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Figure 3.4 illustrates the intensity and energy dependency of the IES from the data given in
table 3.2 for look direction 5 operating with a 10 ps integration time constant. The top
panel reveals a linear dependency of the IES pedestal position to incident particle intensities
for various mono-energetic particle beam tests. Linear characterization of the intensity
dependencies for all energy tests reveals a linear dependency for the pedestal position as a
function of particle energy (bottom panel). These dependencies are explained through the
AC coupling data accumulation the IES performs,

Events which occur during the IES integration time period are associated with an
amplitude which is proportional to the deposited energy of the incident radiation. Since this
is an AC coupled signal there is a negative exponential return to the baseline associated
§vith it, as illustrated in figure 3.5. The exponential decay time of the return signal is
typically much longer than the integration time period, and makes a small contribution to
the signal integrated over the time constant compared to the amplitude of the event
(Personal Communication; Dr. Steve Thomas, RAL).

Figure 3.5 illustrates the response of the IES to incident radiation. Tj; and Ty
represent the integration period and the 48 ps dead time for the first cycle, respectively. A
signal is coupled over the integration time period Tj;. Its measurement is the integration
over the entire signal which also has a negative contribution during its return decay time,
This negative effect is small if a small integration time is chosen compared to the time
constant associated with the exponential decay. The exponential decay time constant
should ideally be large enough to distribute its effect over as long a time scale as possible in
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order to minimize its impact on the sample period. However, as the rate is increased the
second dead time cycle, Ty, illustrates how the amplitude measurement may appear to shift
in energy when two return signals contribute to drive down the apparent baseline (Perry,

1996).

Measured Pedestal for IES# 6
Look Direction 5, 10us Time Constant

o ; —O0— 40keV
—d—60keV

—— 100keV

. —+—200keV

Intensity (kHz)

Characterized Pedestal JES# 6
Look Direction 5, 10us Time Constant

——ikHz
=== 2kHz.
—— 5kHz
—— {0kHz
e 20k Hz
—O—50kHz

Energy(keV)

Figure 3.4; IES# 6 dependency analysis for intensity (top panel) and energy (bottom panel) for look
direction 5 operated at 10us integration time constant.
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Figure 3.5: IES baseline response to incident particle radiation (Petry, 1996).

3.4 IES Gain Analysis

Throughout the dependencies referred to in this chapter, the IES gain has remained
relatively constant. This indicates the effects of the operating mode and environment on
instrument performance as uniform with respect to energy. Table 3.3 shows calculated
gains from the incident mono-energetic particle beam and pedestal. This is done such that
for a mono-energetic beam, E, accumulated in histogram channel, Cg, and a pedestal
accumulated in histogram channel, Cp, the Gain can be calculated as Gjgs = E/( Cr - Cp).
Low energy gains appear to be higher as a resuit of low end pedestal effects upon mono-
energetic beam peak determination. The high end pedestal counts are assimilated with the
low end beam counts to produce a mono-energetic beam centroid positioned lower in the

histogram spectrum. This effect would decrease Cg - Cp to render a higher apparent gain,
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7.17 2.15 0.34 2.10
12.08 2,13 0.66 2,10
19.18 2.15 1.35 2,10
o 2.63 2.11
- | 638 2.12
Table 3.3: IES# 6, look direction 5 gain analysis.
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Chapter Four

IES Historical Missions Review

4.1 Pulsaur II Mission

The IES was launched on a rocket mission designated Pulsating Aurora II
(PULSAUR II) on February 9, 1994 from the Andoya Rocket Range in Norway. The
PULSAUR II was a joint venture between NASA and the Norwegian Space Agency, and
was commissioned to obtain information about pulsating auroras, The mission comprised a
payload for measurements of electrons and ions as a function of energy and pitch angle,
optical emissions, X-rays, DC electric and AC electromagnetic fields, and electron densities
and temperatures (Young, 1996). Two IES units were launched, one utilizing a Hughins
chip in place of the MXRP, and one utilizing the MXRP chip operated only in the 100 ys
time constant (Levine, 1994). A thesis authored by Levine (1994) analyzed the
performance of both instrument versions. The Hughins version had no data retum as a
result of inappropriate electrical configuration aboard the rocket. However, the MXRP
version returned data which indicated for the first time that the functionality of the IES

described in chapter 3 was not clearly understood.

4.2 Polar Mission

The Polar spacecraft was developed under the NASA Global Geospace Science
(GGS) mission. Polar was launched on February 24, 1996 on a Delta II launch vehicle out

of Vandenberg Air Force Base. Polar is currently generating data which examines in part
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The IES on Polar is part of the Comprehensive Energetic Particle and Pitch Angle
Distribution (CEPPAD) experiment (Blake, et al., 1995). All aspects of the IES instrument
response and configuration aboard Polar are identical as to what has been mentioned thus
far, However, the addition of a small element Si detector of 0.68 mm? has been placed
along side each side element for the measurement of high particle fluxes in the
magnetosphere. Along with the IES, CEPPAD incorporates the High Sensitivity Telescope

instrument (HIST) (Contos, 1997), and the Imaging Proton Spectrometer instrument ars). L

Figure 4.2 illustrates the IES/HIST configuration for CEPPAD with the IES situated on top

of the configuration and HIST positioned below.
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A representation of two of Polar’s orbits is given in figure 4.3a. Shown is its orbital
path in the solar magnetic coordinate system from January 9, 1997, 15:12 universal time
(top panel), to January 11, 1997, 02:12 universal time (bottom panel). This provides Polar’s
position for the entire period of January 10,1997 when a coronal mass ejection (CME) from
the sun was encountered by Polar’s compliment of instruments. To better understand the
data returned by the IES, it is necessary to understand its orientation on Polar with respect to
its environment., Figure 4.3b displays the orientation of the IES aboard Polar with the
represented polar spin axis directed perpendicular to its orbital plane shown in figure 4.3a.
As a result of this orientation, look directions 1 and 9 have the smallest roll modulation due

to the spacecraft spin, and remain mostly aligned 90° with respect to the earth’s magnetic

field, B. Conversely look direction 5 has the largest roll modulation, and as a result

samples the largest range of pitch angles, angles between the particle velocity vector, ¥, and

-

the local magnetic field vector, B.

As mentioned earlier, the IES sorts the measurements accumulated over a spin into
16 sectors for each look direction. Therefore, each sector represents a spacecraft spin of
360°/16 = 22,5°, Taking into consideration the 9 look directions, which measure 180°, the
spatial sphere the IES measures divides into 144 elements, each 22,5° x 20°, Figure 4.4
illustrates the IES sectored data for look directions 1 through 5 for 250 keV electrons. The
lines crossing through the high intensity measurements recorded at approximately 07:00 UT

represent the alignment of the 90° vector to the magnetic field vector. This alternating
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Figure 4.3: (a) Polar’s orbital path during January 10, 1997 (Peredo, 1996). (b) The IES
orientation and sectorization layout for all look directions relative to Polar’s spin axis
(Henderson, 1996).

sector intensity for look direction 5 (top panel) represents the loss cone, cone represented by
the particle pitch angle for which low particle intensity is present, as it senses for particles
along the magnetic field line (minimum intensity), and perpendicular to the magnetic field
line (maximum intensity). Look direction 1 (bottom panel) only senses for particles
perpendicular to the field line, thus never displaying a diminished particle intensity as is
seen for magnetic field aligned sectors,

32

IE



Z(SM)

Z(SM)

POLAR orbit 1997 009 (01/09) 15:12 UT to 1997 D10 (01/10) 0B:54 UT

S AN S S R
8 } ﬁ'ﬁ‘a . af fﬁu”""ﬂz""-a@f’fﬂw 3
o ST
i 1gd | :
i 1 & 1
2f ] 2r E m ]
of 1 o \* ;
2 -2 \ ! L .
B 4 2 0 -2 —4 —6 -8 & 4 2 (] —2 —4 -6
#{3M) Y(SM)
POLAR orbit 1927 010 (01/10] 0B:54 UT to 1997 011 (01/11) 0212 UT
"l---urr'l-" L B | T T ] T LN B B N L LN RN A B BN B
ok I i P b
[ ’(! ] "’v. ]
. Fa ] g0 i
Ly 1 W2 . kY 1
i ! s :
[ 1 = 1
i b ] ]
zm __ _.
ot ' ' ] . R 1
L ¥4 ]
ey
—2\..1 1 " 1, . AN
6 4 2 © -2 -4 -6 -8 6 4 2 © -2 —4 -6
*{sM) Y(SM)

9 tefescopes
along spin axis







7011001 L0 10{Counts} Confours of i@l spins} Seelor vs Time

B
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Figure 4.5 illustrates, for look direction 5, the procedure followed for reducing the
IES data returned from orbit into meaningful scientific data without corruption due to
instrument dependencies on operational modes and particle environments, The top panel
represents spin averaged counts per energy channel for 16 spins, The most intense
horizontal line centered about energy channel 3 represents the pedestal. The pedestal is
observed to shift from the third energy channel to the second during high intensity radiation
apparent just after 06:00 UT and just prior to 09:00 UT. These energy channels are a linear
representation of the 16-bin mode data, The second panel from the top utilizes the
geometric factor of the instrument to normalize for detector and aperture area of the
instrument, and re-plots the top panel. Panel three normalizes panel two for instrument
passband energies, and panel four reduces panel three to per unit time in seconds, which for
Polar is represented by 6 seconds per spin, Panel five sums the data for 16 spins for sector 5
only, sectors labeled 1 to 16, and subtracted the pedestal. The data is then normalized by
the geometric factor, adjusted for instrument passband, and averaged per unit time of data
acquisition. Panel six illustrates the re-sampled data from panel five to adjust for the
instrument baseline offset, i.e. pedestal shift,

Figure 4.6 depicts the comprehensive CEPPAD analysis of the center elements after
data normalization for instrument dependencies. The first three panels from the top, look
directions 2, 5, and 8 respectively, illustrate the electron intensity distribution for energies

ranging from 30 to 400 keV during the January 10® CME event. The fourth panel
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illustrates the sectored data for look direction 5, and the bottom panel illustrates data from
the IPS.

Figure 4.3a illustrates Polar entering the radiation belts shortly prior to 06:00 UT,
proceeding out of the radiation belts and into the southern pole region shortly following
07:30 UT. Polar then reentered the day-side radiation belts at approximately 08:30 UT, and
exited at approximately 10:00 UT. These time frames correspond with the measured
increased intensity of energetic particles integrated over all look directions as is illustrated
in figure 4.6. This synopsis demonstrates the IES performance with regard to the predicted f

response within earth’s magnetospheric environment.
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Figure 4.5: Hlustration of normalization for IES dependencies on operational modes and particle environments
(Carter, 1997).
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4.3 Cluster Mission

The Cluster spacecraft was developed under the international venture known as
International Solar Terrestrial Physics (ISTP) program, Cluster represented four identical
spacecraft developed to examine the interaction between the Barth's magnetic field and
particles from the Sun. This multi-spacecraft configuration allowed a correlation of
measurements presented by the Cluster instrumentation over a spatial coordinate allowing
to separate from spatial and temporal effects. Cluster was launched on June 4, 1996 on an
Ariane-5 launch vehicle out of Kourou, French Guiana. The rocket was detonated
approximately 40 seconds after launch because of a malfunction in the attitude control
system (Young, 1996). Figure 4.7 depicts two of the four Cluster spacecraft mounted on
top of one another.

The IES on Cluster is part of the Research with Adaptive Particle Imaging Detectors
(RAPID) experiment (Wilken, et al., 1997). Along with the IES, RAPID incorporates the
Imaging Ion Mass Spectrometer (IIMS), which measures ion-distribution functions from 30-
1500 KeV/q with mass discrimination, Figure 4.8a illustrates one of the Cluster satellites
with it's payload, along with RAPID, and figure 4.8b depicts the RAPID instrument (IES
positioned along the right side, and the IIMS positioned on the left side of RAPID).

The functionality of the IES aboard RAPID is not dissimilar from that on CEPPAD.
Its methodology of energetic particle analysis remains its objective on Cluster as it has on
Polar. However, during the Integrated Systems Tests (IST’s) performed in Kourou,

French Guiana an excessive noise was detected for the 50 ps and 100 ps time constants,
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Figure 4.8: (a) Cluster spacecraft with instruments, RAPID
appears as ‘1’. (b) RAPID instrument
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A Eu-155 radioactive source was used to emit 43.47 keV, 86.60, keV, 105.36keV X-rays.
Figure 4.9 illustrates the IST for look direction 5 for all integration time constants. The
instrument noise progression for look direction 5 is apparent when all three source energies
are distinguishable for 2 ps and 10 ps time constants, while the 50 ps and 100 us time
constants are too noisy to distinguish any source line. The cause of the excessive noise was
later determined to be a result of poor filtration of the 5 V supply to the MXRP,

During periods of data readout a small current is induced based on the data output
from the ADC. Assuming an output of 00001111 from the ADC, a 2 mA current is induced
in the data lines. With the power supply and cable resistance adding to be roughly 0.1 Q, a
2mA (0.1 =200 pV voltage drop from the 5 V power supply is seen by the IES/MXRP.
Assuming a rough total decoupling capacitance of 25 UF on the IES board, a rise of 200uV
with a time constant of 0.1 £ ¢ 25 uF = 2.5 us occurs for the 5 V supply after data lines go
to 00000000. The MXRP is then designed to start the integration of charge 4 ps after data

read-out is completed. At the completion of the 4 ps the power supply will have risen

by 200uv(1 - e_;’_f” )=160uV . The power supply will rise the remaining 40 pV during the
integration of charge. Assuming the detector and board parasitic capacitance sum to
approximately 25 pF, a charge of 40 uV e 25 pF = 1 fC will be injected into the MXRP
inputs via C shown in figure 1.4, This is equivalent to injecting 1 fC/1.6x10""° C =~ 6250
electrons into the MXRP inputs, or detecting a 3.6 eV/EHP o 6250 electrons = 22.5 keV

particle (Personal Communication: Dr, Steve Thomas, RAL),



IST-IES# 4, Strip &, 2us

A v s

Alhaiainns ey

¢ 50 100 channel 190 200 250

Figure 4.9: Integrated System Test (IST) in Kourou, French Guiana of IES# 4 for all
integration times,
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The energy of the apparent detected particle varies with the data outputs during
ADC read-out, Therefore, the data itself will determine noise variation, Due to the more
random nature of the signal during longer time constants, the effect of the high frequency
noise worsens as the time constant of operation increases. An RC filter has been added to
the electronics of IES# 6 in order to negate the effect of high frequency noise coupling into
the IES coupling capacitor, Testing of IES #6 after the addition provided results of
decreased noise for all integration time constants. Section 4.4 provides the analysis of the

improved noise performance of the IES after the modification.

4.4 Phoenix Mission

The Phoenix mission was instituted after the Cluster failure on June 4, 1996,
Phoenix will comprise one cluster satellite with its full compliment of instrumentation.
Phoenix is currently scheduled to be launched on an Ariane-4 launch vehicle sometime in
December of 1997, IES# 6 has been implemented as the Phoenix, RAPID contribution. All
calibration prepared in this document has been done utilizing calibration testing of IES# 6 at
Goddard Space Flight Center.

Radioactive source tests were performed on the IES after redelivery from Inst. f.
Datenverarb. Anlagen (IDA) in Brauschweig, Germany with DPU modifications for bin
definition look up tables discussed in chapter two, and the addition of a high frequency
noise filter mentioned in the previous section. Two Gd-153 sources were implemented

utilizing the 42 keV, 100 keV, and 141 keV lines as a calibrated source. Figure 4.10
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displays the results for look direction 5 at all time constants for comparison with figure 4.9,
and reflects the improved instrument noise performance. With respect to the IST’s
performed in Kourou, noise performance improved from pedestal FWHM of 6.57 keV to
6.35 keV, 8.52 keV to 7.71 keV, 16,70 keV to 13.17 keV, and 34.94 keV to 19.42 keV for

the 2 ps, 10 ps, 50 ps, and 100 ps time constants respectively.
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Figure 4.10; Gd-153 tests at MPAE for IES# 4 for all integration times,




Chapter Five

IES Parameterization

5.1 Pedestal Centroid Position Characterization

Chapter three discussed the dependencies of the IES on the operating temperature,
the integration time constant of operation, and the intensity and energy of the incident
radiation, The calibration tests at Goddard Space Flight Center were performed at ambient
temperature. These tests, presented in figure 3.4, demonstrated a linear dependency of the
IES pedestal centroid position upon the intensity and energy of the incident mono-energetic
particle beam. This allows us to model the pedestal centroid position as a function of all
these dependencies with a best fit linearized model of the form y = mex + b. The slope, m,
represents the instrument response to it's environment, and is extracted from calibrations
performed at Goddard Space Flight Center. The combined effect of the intensity and energy
of the incident mono-energetic particle beam upon the measured pedestal centroid position
is accounted for by having x represent the mono-energetic particle beam intensity multiplied
by it’s energy. The pedestal response of the IES to no incident radiation is then accounted
for by having b represent the pedestal centroid position when x is zero. The result, y, is then
the predicted pedestal centroid position.

Figure 5.1 illustrates the measured pedestal position as a function of intensity (kHz)
and energy (keV) for look direction 5 at 2 ps, 10 ps, and 100 ps time constants, A best fit

linear model to the measured pedestal position yields the following sets of equations:
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Pyys=-0.00065967(1E) + P,

Py = -0.0040365(1E) + Py,

Proops = -0.0413240(1oE) + Py
Where 7 is the incident particle intensity in kHz, E is the incident particle intensity in keV,
and Py, is the measured pedestal position of the IES with no incident radiation, performed at
ambient temperature.

The slope from the above equations is plotted in figure 5.2 as a function of
integration time constant, and is depicted to have a linear relationship. Generating a best fit
linearized model for the slope yields Slope = -0.000414680X ¢ + 0.00014125, where Xrrc
is the operational integration time constant, Substituting Slope into the linearized model for
the pedestal position yields the following equation for a calculated pedestal position as a
function of the integration time constant and the incident mono-energetic particle beam
intensity and energy:

Py= = (-0.00041468 X rc + 0.00014125)(1#E) + Py,
The predicted pedestal position, P, is plotted beside the measured pedestal position in
figures 5.3, 5.4, and 5.5 for the 2 ps, 10 ps, and 100 s integration time constants

respectively. The results illustrate a good prediction of the instrument response to its

particle environment and operating parameters.



Measured Pedestal

Intenslty (kHz) x Energy (ke'V)
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Figure 5.4: Measured pedestal vs, Parameterized pedestal for 10 us integration time constant.
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Chapter Six

IES Simulation

6.1 Sim{llation Overview

In response to the dependencies encountered by the IES on its operating

environment and modes, RAL had produced an IES response simulation package,

performed in IDL code, to account for the instrument performance, Figure 6.1 illustrates

the command module for the simulation software. The following describes the input

parameters, labeled in figure 6.1, required by the simulation (Perry, 1996):

1.

Integration Time (us) - The integration time constant selected for instrument
operation. This represents the live time during one accumulation cycle.

Pedestal Width (Channel #) - The sigma (o = FWHM/2.35) of the pedestal with
no radiation incident on the instrument.

Binning Interval (sec,) - This parameter reflects the time period for which the
simulation will run, and may be selected to range between 0.01 to 10.0 sec.
Number of events (1/sec.) - Denotes the intensity seen by the instrument, The
total events is represented by the number of events multiplied by the binning
interval,

Number of Iterations - The number of times the software will repeat the

simulation, The output is the average of all iterations.
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6. Readout time (us) - The dead time for the IES during one accumulation cycle.
This value has been analyzed to be 48 us for IES #6.

7. AC time constant (us) - Time constant of the exponential decay associated with
the AC coupling of the sensor.

8. AC accuracy (£1.0) - Threshold for return current, modeled by the exponential
decay associated with the AC time constant in 7.

9. Pedestal Position (Channel #) - The pedestal centroid position as recorded with
no incident radijation.

10. Input Electron Distribution- File in simulation directory which consists of the
distribution of the incident radiation which is desired to simulate the instrument
response. File should consist of two columns, one for channel number, and one
for the associated counts.

11. Binning Table - File in simulation directory which consists of the energy
binning of the resultant output.

12. Results Save File - File in simulation directory which consists of the resultant
output from simulation.

The simulation converts the input electron distribution (10) into a normalized

3 £

probability distribution of the form P(x) = ’§ B In order to associate a time with the
i

alll

event, a random number list, R;(n), is generated where n represents the total number of
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Figure 6.1: Graph-i'éal user in“t:;faoe for IES simulation package.

events during the simulation. The time associated with the event is then calculated to be
H(n) = tyan + (tend- tsar)Ri(n). A second list of random numbers, ranging between 0 and 1, is
then generated to associate an amplitude with the event. The random number generated is

converted into an energy provided. A time line is generated over the binning interval,
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and the time of the event is then determined with respect to the time line. Should the event
fall within the integration period, its contribution is the difference between the positive
current of the signal to the negative current associated with the return to baseline signal, as
illustrated in figure 3,5. However, should the event fall during the dead time period, the
return to baseline current effect is subtracted from the following integration period. The
return to baseline current continues to effect subsequent integration periods until its value
falls below the AC accuracy (8). Pile-up is simulated when two events obtain a random
time number associated with the same integration time period. The pedestal is then
introduced by randomly selecting from a gaussian distribution, and by the input parameters
given in 2 and 9 above. It’s shifting effect is simulated through the negative effect of
having an integral return signal greater than an integral signal for a specific integration

period (Perry, 1996).

6.2 IES# 6 Simulation

Simulation of IES# 6, at 10 s integration time for look direction 5, was performed.
Figures 6.2 and 6.3 illustrate the input electron distribution and the resultant probability
distribution. The simulations were run with a 1 second binning interval and 45 iterations.
The pedestal was determined to be at channel 29.25 with a sigma of 1.46. A 48 us dead
time was chosen with an AC time constant and AC accuracy left in their default values,
1000 ps and 0.0001 respectively. The flat energy binning scheme was selected for a linear

energy scale. For the various intensity simulations, only the relative intensity was altered.
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Figures 6.4 to 6.10 illustrate the simulated IES response to the intensity provided in table
3.2 for look direction S5, 10 ps integration time, with a 100 keV mono-energetic beam
incident on the instrument. The results illustrate a good understanding of the IES response

to a known input electron distribution, '

100 keV Input Electron Distribution

R

i

0 50 100 150 200 250 300

Figure 6.2: Input electron distribution for a 100 keV particle beam given as an input to the RAL IES
simulation.
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Probability Distribution for 100 keV Input Electron Distribution
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Figure 6.3: Probability distribution for 100 keV input electron distribution,
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Figure 6.4: Simulated (dark) vs. Measured spectrum at 0,71 kHz intensity.
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100KeV o- @ 1.49 kHz
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Figure 6.5: Simulated (dark) vs, Measured spectrum at 1,49 kHz intensity.
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Figure 6.6: Simulated (dark) vs. Measured spectrum at 7,42 kHz intensity,
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100KeV e- @ 18.03 kHz
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Figure 6.7: Simulated (dark) vs. Measured spectrum at 18.03 kHz intensity.
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Figure 6.8; Simulated (dark) vs, Measured spectrum at 23,24 kHz intensity.
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100KeV o- @ 47.94 kHz
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Figure 6.7: Simulated (dark) vs. Measured spectrum at 47.94 kHz intensity.
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Conclusion

The IES represents an instrument utilizing solid state device technology capable of
performing high resolution energetic particle measurements. This represents a promising
technology for the fabrication of small, light weight systems with the ability to out perform
conventional spacecraft instrumentation. However, testing of the IES has revealed a need
for a better understanding of the various operational aspects of this system.

The IES has presented a number of unexpected system responses to its operational
mode and environment. The instrument baseline and noise response has been demonstrated
to fluctuate with the integration time constant of operation, the instrument temperature, the
intensity and energy of the incident radiation, and the look direction which is of interest.
Calibration of the IES has been performed to compensate for the effects of the numerous
dependencies of the instrument, and to better understand the data returned.

Characterization of the IES with calibrations performed at Goddard Space Flight
Center has been performed, and has proven a high level of understanding of the
instruments’ performance. Comparison of the parameterization equations and measured
instrument performance has been illustrated to show a good correlation. Also, simulation
software for the IES, produced by RAL, has been demonstrated to have a good
understanding of the instrument performance. It has been illustrated that with the present
understanding of the IES, reliable measurement can be extracted and accurately interpreted

from data returned from orbit,
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APPENDIX I: Goddard Space Flight Center Calibrations

June 26-30, 1995 - The IES sensor head incorporated with the CEPPAD stack was taken to

Goddard Space Flight Center for angular efficiency tests. The unit was supported with the
Hugins chip and electronics prepared by Geri Levine. Support for these calibrations were
provided from Boston University, Center for Space Physics by Prof. Theodore Fritz, Ms.
Gina Gugliotti, Ms. Dimple Patel, and by the author, On June 29" the IES noise response
had increased. During the examination of the unit improper biasing was applied, and
resulted in a total systems failure, It had been decided that this was unrecoverable, and to
end the calibrations for unit refurbishment at a later date.

August 21-25, 1995 - The IES sensor head incorporated with the CEPPAD stack had been
refurbished due to a system failure which occurred during the June 1995 calibrations. The
unit had been taken down to Goddard Space Flight Center for further angular efficiency
tests. Support for these calibrations were provided from Boston University, Center for
Space Physics by Prof. Theodore Fritz, and the author,

January 18-23, 1996 - IES# 4 had been tested utilizing Steve Brown's facility at Goddard
Space Flight Center. Berend Wilken, Wolfgang Gutler, & Reiner Rathje provided support
from Germany for the testing as well as the ground support equipment to the unit (flight
DPU and GSE). Rob Sheldon and the author had provided support from Boston University.
The testing included:

¢ Europium calibration.
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* Electron data runs over various intensities, energy, and look directions.

* Ion data runs over various intensities, energies, and angles.

The intensities for the electron data runs ranged from 100 Hz to 100 kHz using 200
and 400 keV electrons. All of the histogram mode data was taken at 10 ps integration time.
Look direction 5 was the primary source of testing, while look directions 4 & 6 had data
runs for 2 different intensities. Steve Brown's Van de Graff machine was used for these
tests, and all of the electron intensity testing was completed on Monday Jan 20%, 1996.

The following is a summation of the data analysis meeting held conceming the electron
intensity testing of the Rapid IES flight spare to be flown on CLUSTER:

1. In all instances within the data set, there is a pedestal dependency on the electron
intensity rate incident on the unit at 200 keV and 400 keV. The incident intensity had
been measured with a reading over a calculated area of a detector monitor before and
after a data run. As the monitor rate increased, the pedestal appears to shift down the
spectrum, and eventually shifts off the spectrum range and is binned into channel 0.
The intensities had ranged from 100 Hz to 100 kHz. It is worth noting that with
exceptions, the total counts recorded for a data run (Pedestal + (Pedestal + Signal))
remained relatively consistent. An increase in intensities decreased total pedestal
counts, but increased pedestal + signal counts to maintain a steady value for the total

counts accumulated throughout the spectrum.



2. The gain of the system is relatively constant despite the shift in pedestal. Gain

fluctuates about the 1.9 keV/Ch# margin with about a +0.1 ke V/Ch#.

. A peak broadening has been observed with increasing intensities, This is believed to be
the functionality inherent in the electronics of the RAL chip, but appears as though
requires a more comprehensive investigation to be able to understand this effect
electronically. As intensities increase beyond 10 kHz for 400 keV, and 3 kHz for 200
keV, arelatively fiat spectrum is observed with no distinguishable energy peaks.

. An observation during a data run of 1.6 MeV protons at 10 ps integration time produced
a blank spectrum of the incident look direction 5, but also affected its adjacent look
directions 4 & 6 in the same manner...it is noted that no pedestal was recorded in either
of the three look directions. However, at a 2 s integration time of 1.6 MeV protons,
the pedestal was accumulated in all three look directions. It was suggested by Berend
Wilken at the time of the data run that this could be a result of saturating the amplifier in
the RAL chip.

. Pile up was noticed for the 200 keV electrons at all the intensities which produced a
distinguishable spectrum. The pile up of the 400 keV runs were only noticeable when a
high enough intensity was used to shift the spectrum adequately enough to be able to
distinguish a 2-pulse pile up. Pile up has been recorded to be nominally 10% of original

energy distribution, but requires a further detailed analysis at this point. Low energy
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runs of 30, 40, and 60 keV electrons produced a spectrum containing up to a 3-pulse

pile up, but again requires further analysis.
September 30 - October 4, 1996 - IES # 6 had been taken down to Goddard Space Flight
Center for further IES intensity and energy calibrations utilizing Steve Brown’s facility.
Support for the calibrations were provided from Boston University by Dr. Rob Sheldon, Dr,
David Matthews, and the author, and from Los Alamos National Laboratory by Mr. Roy
Cope. The testing had produced calibrations of the IES# 6 for all measurable intensities and
energies, and has been utilized for the understanding provided in this document. A full

inventory of the calibrations performed is given in table 3.2,
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APPENDIX II: Integrated Systems Tests of IES

Integrated System Tests were performed on IES# 1, 2, 4, 5, and 6 at Centre National
d’Etudes Spatiales in Kourou, French Guiana, Along with support from MPAe and IDA,
support for the IST’s were also provided from Boston University by Prof. Theodore Fritz,
Mr, Anders Jorgensen, and the author. Previously, the IES had only been tested in Germany
utilizing the 2 ps integration time. The IST’s represented a full, end to end test of the IES
while integrated onto the Cluster satellites. Initially, the IST’s were to be performed solely
for the 2 ps integration time. However, during the IST for IES# 1, it was discovered that
high frequency noise was severely affecting the longer integration time periods as discussed
in section 4.3. A revised IST format was then introduced to analyze all integration time
constants, and the IST for IES# 1 was then to be redone. The new format of the IST's were

such that the center look directions, and the 2 us integration time constant were

interrogated for the longest period of time. The following is an example of an IST:

1 7 minutes 2 frames 2 frames
2 7 minutes 6 minutes i 6 minutes
3 7 minutes 2 frames 2 frames
4 7 minutes 2 frames 2 frames 2 frames
5 7 minutes 6 minutes 6 minutes 6 minutes
6 7 minutes 2 frames 2 frames 2 frames
7 7 minutes 2 frames 2 frames 2 frames
8 7 minutes 6 minutes 6 minutes 6 minutes
9 7 minutes 2 frames 2 frames 2 frames
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The time line for the IST’s performed on the Cluster/RAPID units and the associated

support from Boston University are the following:

S{MM/DD/Y?
Mr, Anders Jorgensen

1 6 09/27/95

2 1 09/11/95,02/17/96 | Prof, Theodore Fritz, Author
3 2 10/12/95 Author

4 5 09/28/95 Mr. Anders Jorgensen

S 4 02/19/96 Author

The IST’s had revealed that IES# 6 maintained a higher noise degradation over the other

units, and was decided to be replaced with IES# 4 on February 19, 1996.
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APPENDIX IIT; RAL Simulation Software Users Guide

POLAR  RAL CEPPAD IES SIMULATION SOFTWARE - Note No. 1

RAL CEPPAD 1ES SIMULATION SOFTWARE
v0.2.1 Alpha

Users Guide

Relense - Draft 0.1

CH.Perry@i ac.ak
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1. Introduction

This simolation is designed to help investigate the effect of election count rate and distribotion on the
measoied 1ES cntpat. The model is simple but acconnts for the thres main instamental factors that
affect the messammants, nacnely:-

¢ ACcoupling of the detector
¢ Daoty Cyle
*  Pile Up.

Thiy cbcoment |y intended as an overview 1o the operation and mse of the of the 1ES simolation
wftwans,

2. Simulation Overview

w

Tima

Ti = Inlegration Time W

Tr = Raadout Time N '
Tac = AC time conatant - b
A = Evantampiiude ' dA 1

dAx Pocastsl Shit .

Figurs | Stmplified vimw of IES rasponse Io weanrs. The shaded regions raprasent readour periods during which
the signal is not integroted. Tha solid line indicates the input signal. The expandad mgion sheows the shift in the
baseline (dA) just bufore un avent,

2.1 AC Coupling

The two main timing pedods are Ti, the integration time and Tr, the readoot titne. Events that occor
during the integration period (e.g. the evert bstwesn T1 and T2) have a cectain amplitode, A. Since
the sensor is AC conpled, over & paiiod of time, there must be an equivalent retorn signal. This is
expressed by an exponentisl decay with time constant TBGC. TEG is typieatly mmeh longec than the
integiation time and therefors the effect of the retwn signal on an individoal sample petiod is small
compared to the event amplitnde,

The measured wignal obtained for a particnlar sample pesdiod is the combination of the event signal
and the retoen signal (which iy of the opposite sign). For example, the level detected betwsen T1 and
‘T2 (Rgom 1} iz the combination of the signal doe to, A, and the retom sgnat beewesn T and T2. In
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this caw the contribution of the tetnrn signal depands on the position of the event within the sample
period. The obseived effect is 1o drive down the apparent measumment baseline resuiting in an onder
estimate of the actoal svent amplitnde by dA,

To minimize the impact of this effect, the integration time shonld be kept as short as possible relative
1o tha decay tions, TC. Ideally Ta¢ shouid be large encngh 1o spread the retum signal over as fong an
interval ay possible thos minimizing the impact on any individnal sample period. Thiv anly remains
troe whils TAG remains shocter than 1he average time between everts. Ay the event rawe rises sbove
this level the retomn signal fom near-by events become soper itiposed, Foc & conrant high avent cate
the resalt iy & oniform shift of the measowement baseline for ali events. Under mom realistic
conditions neither the count rate or the incident electmn spectmm will remain consant. Tt is themfors
nseful to pemamber that the centroid of the measured distribation is constant and co-located with the
mean pedestal sneigy at low (2em) count ratey. Detereination of the pecisstal shift at higher connt
ratescan be nved 10 calcalase the mean eneigy shift of the measnced spectium.

The sitoation iy further complicated by the biming of the data since this imposes westrictions on how
accorately it iv possible © deterrnine the shift. At high connt rmes the shit in the baseline can it
in such & farge shift that signals fall betow the nominal thieshold of the bowest ADC bin. In sch cases
the event will be assigned to the lowest bin thus overesticuating the troe signal level and madliing in
an oiclsrestimase in the baseline offset. This will also exhibit itself av an spwaid shift in the calenlated
centioid position. A similar situation can occor at the high eneigy end of the wcals msalting in 2
downward shift in the centroid position. At vety high comt mies the combination of these two effects,
together with pile ap of multiple evants make it virtoally impossible to determine the tue inpot
population.

2.2 Duty Cycle

Events that occar dving the readont time (s.g. the event between ‘T4 and TS) will mot be recorded by
the system. Thetsfove Tr vepresents the dead time of the system and the observed count rate shoald be
convected by tha Eacwor (Ti+ TrYTi. ‘To minimiza the impact of the duty cycle onthe system the ratio of
TiTr shonld be made as laige as possible. Mo that althongh the event is not recoded the AC
conpling effect described above muan %ill be acconnted for.

2.3 Pile-Up

Since the 1ES iy sampie and not event driven two or mom eventy that occer within the same
integmtion period {e.g. the events between T5 and T6) wiil be recorded as & single larger event. To
avoid event plle-op Ti tost be set sofficiently low that the probability of recsiving move than one
event doring an integration period is small. Typically Ti shoold be set to S 10% of the mean event
rate.

Pibs op corection = TBC
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3. Simulation operation

The whiwere consists of two parts, 1) The 1ES event simolation and 2) The cesalts plotter. Theso
commanicate with each other via & results file than contains & set of data sored in IDL “SAVE"
format.

3.1 IES event simulation

The smolation takes the input electron distribotion and generates a normalized, integrat probabiity
digtribotion:-

P(i) = Som(£G),=1.1) / Snm(E())

The valoe P(1) represents the probability of an event in or beiow channel *i™ and will varies from a
valpe of O at the lowest channel op 1o 1 at the maximom channel. To generate the list of events ned
by the simalation two sets of aniform random nombers am gonecated, The first wet iy oved 1o produce
the svent timing wheve 1(n) w tstart + (terxd-stat)*Refn). The second set ate nsed with the probability
distribotion 1o genecams an event ampiitndes (channel nombers) osing a(n) = PYRxm). Where Il is
the inverse of the pmbability fonction described above. ‘

A time line iy initialized cormsponding to the individual sample pedods (Ti+Tr) within the simplation
period Tp, The nomber of sample peciods is jmst ‘TpATi+Tr). For esch event the sample perdod in
which it fally is desermined. If 1he event falls within the integmtion part of the samnple pesiod its
amplitode is added to the coment ssmple. The AC coopling of the semor iy modeled with an
exponential decay with time constant, T, where the integml is eqoal 1o the event amplitnde. For events
falling within the imegration part of the sample peiod, the retam corent between the event time and
the end of that integration is subiracied from the sample. Events ccoorring daring the readont time
have no effect on that sample peiiod. For mbseqnen pericds the retarn corment doring Ti (v calealated
and sobtracted from the sample accomalation. This is continved ontil the retom corrent lovel falls
below a threshold defined by the sitnulation aconxacy. Moitiple events falling within the same sample
period are summed together to simolate the effect of pile-op.

Onceall svents have besn processed a pedenal signal is aided © each sample, The pedestal signal is
randotnly selected from & Ganssian distribotion with nver defined porition and wilth, The final
accomolated signal in each sample pesiod i binned to geneie the ontpat disribotion. The histogram
procednre nsee a binning t1able allowing the bin thresholds to be set to match those of the Instrument.
1€ maltiple imrztions have besn requested the sbove procedare is mpested and the average of the final
distribntions calcolaed. On completion, the simolation conwcts the resalting distibntion for the
sample period duty cyels and ontpots the inpnt, ontpat and event information to the resalts file.

3.2 Results Plotter

The resolty ploter reads the output file and displays the inpat distribotion (dashed line), ovtpmt
distribotion (solid line} and shows the location of the onshifted pedestal (dash-dot line). The
triangular mavkers on the top and bottom axis indicate the calcalated centroid of the distiibation
which for low connt rates shonid be coincident with the anshifed pedenat position. The lbwer panel
displays a tice slice of samples sccomalations (solid line) together with individual events (crovses).
Events that fall doring the madont period are plotted with negetive amplitndey 1o distingoish them
from those that are directly accamolated. A horizontal dotted line iy used to show the position of the
unshifted pedestal.
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4. Quick Guide to using the IES simulation

Change to the directory that containy the simulation software and swart IDL.

At the IDL prompt type :-
IDL» Arun sin

4.1 Using the Simulation

1)
2) 4b)
3a) 5)
3b) 5
4) 7)
8h)
2a)
%)
9a) ob)
Be)
108) 10b)
100}
11)
12)

Tha main 1ES somulation control panal. The nimbered conirols are dexcribad in tha rexr
Once the simnlation has stavted the display shown in Figure 2 shonld appear.

1} 1ntegration time. The part of a sampling inwerval doring which everts are recorde]. The length of
one sample period is the sum of the integration time and the madont time.
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2) Readout tlme. The part of the sampling period during which the signaly am being =ad by the DPU
and therefors the detector iv in-sensitive to new svents, Evants that occor doting the readant time may
still have an effect on subsequent sample periods doe to the AT coupling of the sensor,

3) AC Time Comstant. Thix defines the time scale over which the AC conpling opetates.

4) Pedestal Posttlon. The centiat (mean) channel nomber of the onshifted pedestal.

4b) Pedestal Width. The hal€-wickh st haif-amplitode (TBC) of the Ganssian pedestal distribation.

5) Binnlng Interval, The time for which the simolation will be ron { 0.01 10 10.01).

6) Number of events. This specifies the coont rate (nomber of eventy per secord) nsed by the
simulation, The total nomber of svems processed by the simolation per itertion iy this valoe
maltiplied by the binning interval. The disribotion of these events is diciated by the inpot disuibotion
fonction (ses B).,

7) Number of lterathons. The nomber of itemtions © be compleed. The resoltant ootput distribotion
fiom &ll the iterutions are averaged to gansiaie the finat resalt. The svent information contained in the
ontput file comes from the last iteration.

8) input Distribution. Fils from which the inpot electon distribation is read, This dats (s psed to
boikd the evert list and should consint of two colnmns containing the channel nomber (can be
fmctional) and the relative levsl.

9) Binnlng Table. Fils from which the biming information is read. The file contaimy two colpmns
containing the bin nomber (integer starting at zer) and the conesponding ADC chamel nixnber.
Events with an ADContyide the bin range am placed in the lowesthighest bin sccordingly.

10} Resuits Flle. The file 10 which the antpot specivom is written. The coment selection i shown in
the text field, Thiy can be modified or the Select (10b) botton can be nsed 1o bring op & file reqoester
from which an exiring file can be picked. The Piot (10c) battan brings np the plot inteiface that ceads
the resolis file (ses below).

t1) Runthe Simutatlon.

12) ExH the simulation. This will close the simuiation inteiface. It the plot inerface is ronning this
mast also be closed before the IDL prompt wiil appear,

Notes
Readont time, AC tite constant ad Accomcy can probably be left a1 their defaalt valoes.

The simulation is slow o its best to do a guick tun msing small binning intecvals and tow nomber of
iterations fitw, then increass them 1o improve the statisticy oncs the other pammatery are conectiy sal.
Increasing the binning interval is mowe conly in wermy of processing power and memory bot yon may
not have a choice when looking at low mtex.

Changes can’t be made onos the ¥imnistion has siarted and the only way to stop it prematorely isto
<CTRL & from the 1DL command line.

70



4.2 Using the Result Plotter

Once the sitnolstion has completed, the results can be plotied osing Plot botion next © the Results
Save fils entry. If them i & valid resuits file this will bring np the plot interface:-

This will bs set to the sama vatoe as on
the main contrcd inerface and shoald
only need 10 bs chaged 10 load &
previoosly sored resalt,

The Histogram Pbt displays the
simolawed specicom. For comparison, the
inpm spactim and pedemal ace alwo b
displayed.

Y and X axis licmity can be changed
ming these contiols or the whote panel
disabled.

The Time Slice plot displays the content
of the individoal sample periods. The
inpnt events am overlaid as a mfsvence.
Events that lie doting the meadon period
are et to a negative valoe,

The Y exis limits and the slice position
and width can be changed using these
controls or the whole panel disabled.

Use thess ‘tadic’ battons 1o select the
ootput device,

Select Plot to plot or Quit to qois.

The defanit devics, Win, ootpots to the coment window, New Win, crestes 2 new window, PS
prodoces (Plortait or (L)andscaps ootpat in the defanit IDL ocotpm file Gdl.ps), GIF generates a GIF
file catled iil_## gif where #itH is a sequence nombes warting at 000,

The inpat file is re-read each time & plot iy requested 30 there iy no need to goit and re-enter each time

& new simolation iz compless. 1f yon try 1o plot while the simolation is busy nothing wilt happen umil
the simulation is complete.
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