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1. Background

The Electron Spectrometer (ELS) is the electron instrument for the Analyzer of Space Plasmas
and Energetic Atoms (ASPERA-3) experiment flown on the Mars Express spacecraft. SwRI is
responsible for the design and fabrication of the ELS instrument. The ELS calibration is
performed by MSSL; however, SwRI characterized the ELS instrument to ensure that it
performed correctly.

The ELS instrument was complete in its flight configuration for this characterization. The ELS
housing was blackened and contained active MCPs in a chevron configuration. The ELS
deflection system selectively determines particles that make a signal on the MCP sensor. The
output from the MCPs activates anodes. The signals from each anode are amplified and
shaped. The resulting output is sent to the data processing unit (DPU) for accumulation. The
MCP signal is controlled by an MCP bias voltage, which is set by the DPU. The ESA deflection
voltage and protection grid voltage, also supplied by the DPU, control the particle selection.

ELS characterization consists of four types of scans, three of them with an electron beam and
one with a nuclear source. For tests with the electron beam, a narrow ESA deflection sweep is
used to highlight the instrument response. The first test is a scan through the MCP bias voltages
and is used to determine the MCP operating level for ELS. The second scan is through the
azimuth. The azimuth test is meant to test the azimuthal response of ELS and relative
intensities of the electron beam response on each anode. The third scan is in elevation and is
meant to check both the elevation and voltage (energy) responses of ELS. The fourth test is
performed with the nuclear source and checks both the inner anode stability and response to an
absolute electron flux.

While under all test scans, all anode outputs are monitored to check for instrument crosstalk
and to examine the instrument background. Instrument background is expected to be higher in
these tests than in space because adequate outgassing is not achievable with these tests due
to the shortness of their duration. However, background values are expected to decrease
throughout these tests.

ELS output pulses are a positive +5V out, 250-nanosec wide square wave pulse. The output
signals from each sector should be the same. Differences in signal quantity reflect slight
differences in machining, alignment, and copper black coating of ELS and time differences in
the stability of the electron beam. Differences in each sector should be revealed during a full
calibration at MSSL and may not be evident from this characterization.

2. Characterization at SwWRI

Prior to the characterization procedure, high voltage tests of the MCP and deflection system
were conducted. The goal of the high voltage test is to prove that the MCP and the ELS
instrument can withstand the high voltage required to operate the MCP. High voltage tests are
also conducted to ensure that there will be no breakdown of high voltage within the instrument.
These tests were performed at room temperature as well as at temperature extremes (hot and
cold) required for ELS operation.

During all characterization tests, all ELS anodes were monitored. Monitoring ELS anodes
allowed confirmation there was no crosstalk between anodes. Bench tests were performed prior
to characterization, but this used regular signals. Laboratory test signals, due to their irregular
nature, did highlight a special situation that was repaired before characterization could begin.



Laboratory characterization checks different instrument parameters to a standard set forth by
the instrument specification (document number 02853-ELS_SPEC-01). For this, comparison to
modeling of the ELS instrument was performed. Modeling of ELS was within tolerance error
requirements and a combination of model results, characterization results, and calibration were
used to determine the final ELS determination of flux values.

2.1 Theoretical Modeling

The ELS instrument is the electron half of a Tophat For All Species (TFAS). Sablik et al.’
published TFAS characteristics, and specific ELS characteristics were determined from the
TFAS design. ELS model results consist of many parameters that could not be checked in the
laboratory, but acted as design aids in developing the ELS geometry.

The three main characteristics are the azimuthal, energy, and elevation responses. The
azimuthal response was tuned so that electrons are focused in azimuth angle. The sharp
azimuthal response is shown in Figure 1 and indicates a narrow azimuthal angle spread of the
input electrons from a parallel electron beam.
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Figure 1. Theoretical ELS Azimuthal Response.
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Figure 2 shows the theoretical ELS energy response from electrons. The ELS energy response
curve is characterized by its resolution parameter. For ELS, this is projected to be 8.24%
(AE/E). The modeling showed that the ELS geometric factor was 5.88 x 10 cm? sr. The
instrument sensitivity is also generated from this curve. The sensitivity relates the energy of the
source electrons to the voltage on the ELS deflection plate. This parameter determines how the
instrument will step in voltage in order to obtain an energy spectrum.
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Figure 2. Theoretical ELS Energy Response.



In elevation angle, Figure 3 shows the ELS elevation response. The ELS modeling shows slight
asymmetry in elevation angle. This fact has been taken into account when determining the
geometric factor.
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Figure 3. Theoretical ELS Elevation Response.



Although instrument characteristics may be well defined, the question remains as to whether the
instrument can detect the expected electron plasma at Mars. ELS instrument characteristics
were used in a simulation in order to determine if ELS will have the sensitivity and resolution
required to perform measurements at Mars. An expected Mars electron distribution was used to
simulate the Martian environment and the modeled ELS was used to generate simulated
telemetry. The simulated telemetry was used with the instrument reconstruction formula in order
to provide simulated measurements, proving that the modeled ELS is able to detect the
expected electron plasma. These results are summarized in Figure 4. Characterization and
calibration were performed in order to determine the differences between the "as built" ELS and
the “modeled” ELS.
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Figure 4. Simulated Response of Modeled ELS Measuring Expected Mars lonospheric Electron Plasma.

2.2 ELS Characterization

ELS Characterization consists of four types of scans. Three scans are performed using a
photoelectron gun while one uses a Ni-63 nuclear electron source. The three electron gun test
types are MCP voltage scans, azimuth scans, and elevation scans. For the characterization,
instrument count rates should be at manufacturers specification levels (about 30/s for ELS) for
an accurate test. Count rates at higher values indicate that the instrument has not outgassed
sufficiently. For this characterization, it is not necessary to be at the proper background levels.



These characterization tests can proceed as long as a signal of the electron beam is detectable.
Proper outgassing is not achieved until the instrument has been in space for about a month.

2.2.1 ELS MCP Voltage Scans

An ELS MCP Voltage scan was performed in order to determine the operational voltage for the
ELS MCP. If the MCP voltage is too low, an accurate representation of the instrument counts is
not achieved; this means too many counts are below the instrument's counting threshold. If the
MCP voltage is too high, an accurate representation of the instrument counts is again not
achieved; there are too many self-generated noise pulses included in the MCP signal resulting
in MCP noise being registered as counts. A balance between these is achieved by operating the
instrument at or just above the lowest point at which the counts versus MCP voltage slope
reduces. An example of an MCP scan from the ELS characterization is shown in Figure 5. From
this curve, the ELS MCP voltage is about 2200V.
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Figure 5. ELS MCP Voltage Scan using Electron Gun.

2.2.2 Azimuth Scans

The azimuth scan tests the azimuth acceptance, the relative intensity of each anode, the
background of each anode, and the crosstalk between anodes. The MCP voltage is set to
operational levels and the electron beam is centered at zero elevation. The detector is then
revolved in azimuth. These results are shown in Figure 6 as a time progression of rotation. Here



it can bee seen that when the beam is located in each sector, there is no crosstalk into other
ELS sectors.
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Figure 6. ELS Azimuth Scan using Electron Gun.

One observes that the vertical position of the beam does not change as the detector rotates in
azimuth. This is an indication that the beam appears at a constant energy at all azimuths. The
amount of signal in adjacent azimuth channels is more of an indicator of the spreading property
of the electron beam that the instrument spread; however, the theoretical azimuthal distribution
(Figure 1) does show that there is a non-zero azimuth value 7° away from the central peak. This
indicates a low, non-zero value of flux should be observed at some azimuths away from the
central peaks. This was observed during the characterization.

2.2.3 Elevation Scans

The elevation scans test the elevation acceptance, the relative intensity of each anode, the
energy response of ELS, the background of each anode, and the crosstalk between anodes.
Elevation scans are produced by a combination of scanning both the instrument elevation and
the instrument deflection voltage at a constant beam energy. These scans are performed on
each anode and the results are similar to those obtained from theory (see Figures 2 and 3).
Elevation scan results are summarized in section 2.4.



2.3 Ni-63 Tests

A Nickel-63 (Ni-63) nuclear source was used to generate electrons. For each anode, the Ni-63
source was set at its azimuth center. The source was wider than the ELS elevation and covered
the full elevation area. Plate voltages were scanned for 8 hours. These Ni-63 tests were used to
normalize amplitudes as a function of energy. Ni-63 test results are summarized as relative
efficiency tables in section 4.

2.4  Characterization Summary

Results of the ELS characterization provided values to compare against and verify theory. They
produced a set of expected values for instrument characteristics and estimated anode
variations. Sector voltage variations (Figure 7), sector resolution (Figure 8), and sector k-factor
(Figure 9) showed slight variation from theory. These values should be regarded as only
approximations allowing for estimates before going into a calibration facility. The
characterization facility did not have the resolution and accuracy required to perform the ELS
calibration. Thus, ELS calibration was performed at Mullard Space Science Laboratory (MSSL).
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Figure 7. ELS Sector Deflection Voltage Variation Showing Width of the Measured Voltage Response.



9.0

ELS Sector Resolution

As Determined in the SwRI Characterization Facility
Resolution Hand Estimated on August 22, 2001
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Figure 8. ELS Sector Resolution Determined from the Energy Response.
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3. MSSL Calibration of ELS

SwRI facilities did not have the measurement resolution required for ELS calibration. ELS
exceeded the pointing and position resolution requirements of the facility at SwRI. In addition,
the photoelectron gun used in SwRI’s calibration facility is not able to maintain flux at low beam
energies, and the facility is not magnetically shielded. Both the physics of photon interaction and
electron-magnetic field interaction prevent maintaining the flux at the low energies required for
ELS measurement. In order to achieve the needed calibration requirements, the ELS calibration
was performed at MSSL. See DOCUMENT: MSSL/MEX/017, Dated Mar 18" 2002.

4. ELS Calibration

ELS calibration parameters are refined in several stages. The first stage encompasses the initial
SwRI results of Characterization. The MSSL Calibration results refine these values in the
second stage. The third stage applies science offsets to the parameters for each sector. The
fourth stage updates the MSSL calibration from refined fitting to the MSSL calibration, relative
sector variations from SwRI Ni-63 data and inclusion of physical blockage parameters. A fifth
stage will include the absolute efficiency curve, but a scientifically valid estimation to use for all
sectors is 0.95.

Development of ELS Flight Unit Calibration Tables

o Determine MCP Transparency: M = 58% (quoted by manufacture)
e Determine Grid Transparency: Gt = 81.0% * 1.8% (see SwRI Document ES-SGT-10-03561)

L Determine Active Anode Area Ratio: A, = 0.87 + 0.01 (Manufactured / Theory)

o Determine ELS Sensitivity: Sg = % (also called K-factor) - see Table
p

. : AE
) Determine ELS Resolution: Rg = £ see Table

e Determine Scaling Factors for Each ELS Anode: Sg. - see Procedure* (below) and Table

* Determine ELS MCP Efficiency: &
— determine Ni-63 efficiency difference e (relative) - see Table
— determine Bordoni efficiency £, (absolute) - Estimated ~0.95

counts - Sg

True Differential Number FluxperEnergyChannel}:)erﬁ.node:j=PCF Mo G Ar AL R E (ool 60)
5F My - Gy - Ap - At-Rg - E, - (€4 / €&

— where  PGF = Physical Geometric Factor for an ELS Anode, 5. 88 x 107+ cm? sr
At = Accumulation Time for an ELS Energy Step, 2.8125 x 107 sec

10



*Procedure Dr. J. David Winningham used to generate Science Scaling Factors (Sg) for ELS:

It was recognized that the position for mounting the ELS on the Mars Express spacecraft
caused some of its sectors to be partially blocked. In response, a set of Science Scaling Factors
for ELS was specified for the purpose of describing an external influence (e.g. the blocking of
sectors by the spacecraft) on ELS. Initially, the Science Scaling Factors were defined to be
fractional amounts of electron flux transmission reaching the instrument; a value of 1.0 meant
total transmission (no external blockage of the FOV by the spacecraft) and a value of 0.0 meant
that the sector transmission is totally blocked by the spacecraft.

The ELS Science Scaling Factors were defined by the ELS PI, Dr. J. David Winningham, in a
series of two analysis periods. The initial factors were set to 1.0 for each of the 16 ELS sectors,
indicating 100% flux transmission. Adjustments to the ELS Science Scaling Factors acted to
multiply on the previous set of ELS Science Scaling Factors which were in use at that time.

The first time period that Dr. Winningham examined was 9 July 2003, when the Mars Express
spacecraft was in the solar wind. From 1900 UT through 2000 UT, Mars Express changed
pointing direction. Dr. Winningham examined the ELS spectra from each sector and matched
their flux amplitude with the corresponding ELS sector based on symmetry about the radial Sun
vector. This determined the first set of ELS Science Scaling Factors.

In mid-July of 2004, the second set of ELS Science Scaling Factors was determined by Dr.
Winningham using a similar method. At this time, the Mars Express spacecraft was orbiting
Mars. Two types of spectra were examined, solar wind spectra and tail spectra. The solar wind
spectra were examined first and provided multipliers on the ELS Science Scaling Factors.
These time periods were from 4 July 2004 (02:28:00) and 21 May 2004 (19:40:00). The tail
spectra examined provided multipliers on those determined from the solar wind spectra and
were from 20 May 2004 (01:20:57, 01:21:57, 01:22:57, 01:22:39, 01:23:07, 01:23:48, 01:24:28,
01:25:04, 01:26:04, 01:20:55) and 13 June 2004 (23:28:02). During this process, contours of
energy flux were examined and the flux amplitudes at the energy peaks were selected to be
identical. Adjustments were chosen to tweak amplitudes such that the flux values at the peak for
each sector were the same.

After Dr. Winningham's analysis, some of the ELS Science Scaling Factors exceeded values of
1.0 and others were amplitudes not as expected. This is because he did a scientific evaluation
of the entire distribution, matching and adjusting the amplitudes of each sector in energy flux at
the distribution peak around the observation plane.

During both time periods, the ASPERA-3 scanner was in its launch position. In the launch
position, ELS sectors 0, 14, and 15 completely overlook the spacecraft, sector 12 partly
overlooks the spacecraft, sector 13 views the Mars Express solar array rotating arm, and sector
1 contains a sun sensor in its FOV. The ASPERA-3 scanner remained in the launch position
until its activation 20 January 2006.

11



ELS Flight Unit Calibration Table

ELS | Sensitivity | Resolution | Scaling Factor Relative Efficiency
Anode | Sg= \% Rp = ;c—E S¢ £
214185086 + 602449769 " V, + 17943536-11 * V,"2 + -27964596-14 * V"3 + 2543964e-17 * V.4
0 | 7167 | 865%2 | 2632867 +-13950100-20 * V,**5 + 45328080-24 * V"6 + -80241426-28 * V,"*7 + 5054283e-32 * V'8
16608586-6 + -65221666-9 * V, + 36910546-11 * V.2 + 107373713 * V"3 + 1839852616 * V,""4
1 | 7452 | 83%4e2 | 1.000000 +-19776136-19 * V"5 + 13692806-22 * V,""6 + -6096699¢-26 * V,"*7 + 1685387:29 * V"8
+-26308856-33 * V.9 + 1771363-37 * V.10
202193566 + 595505360 " V, + 1876866611 ° V"2 + -37365886-14 - V.3 + 5172668e-17 * V.4
2 | 7141 | 833te2 | 0635386 +-5034701-20 * V,*'5 + 33638076-23 * V"6 + -14888986-26 * V,"*7 + 4137518e:30 * V,"'8
+-65046636-34 * V.9 + 4399947038 * V.10
16504608-6 + -49549256-9 * V, + 1526991e-11 * V.2 + -25168406-14 * V"3 + 2433297617 * V.4
3| 116 | 85792 | 0712443 +-14201926-20 * V.5 + 49151426-24 * V,**6 + -92752830-28 * V"7 + 7345362¢-32 * V.8
17314126-6 + 53803268-9 * V, + 1709947611 * V.2 + -28843326-14 * V"3 + 2826155617 * V"4
2| | RIS ] ARl +-16584316-20 * V,**5 + 57354190-24 * V"6 + -10764400-27 * V,"*7 + 8447731632 V'8
181169166 + -52304116-9* V, + 15848960-11 * V.2 + -26296860-14 * V"3 + 2573125617 * V.4
S| e | 8480e2 | 0896400 + 1519547620 * V.5 + 53065968-24 * V,"*6 + -10067486-27 * V,"*7 + 7984914832 * V"8
99841876-7 + 201803910V, + 3170430812 V.2 + 15894556-14 * V.3 + -3484247e-17 * V"4
6 | 7262 | sisde2 | 1370552 +41560256-20 * V,**5 + -29516696-23 * V.6 + 12836190-26," V7 + -3351854e-30 * V,"'8
+ 48216326-34 * V9 + -29331046-38 * V.10
15930666-6 + -29643376.9 * V, + 3217016612 * V.2 + 92413506-15 * V"3 + 3138800617 * V.4
7 | 7266 | 78%e2 | 0928571 +41373796-20 * V,**5 + -30447856-23 * V"6 + 1346434026 * V"7 + -35523306-30 * V,"'8
+51512350-34 * V"9 + -31563806-38 * V.10
200741466 + 312515169 V, + 4329302612 * V.2 + 4317461e-14 * V"3 + 9923385617 * V,*4
8 | 7275 | 781202 | 065921 + 1177737619 * V,**5 + -82803586-23 * V.6 + 35738416-26 * V"7 + -9293869-30 * V,"'8
+ 13353336-33 * V"9 + -81311896-38 * V.10
20629096-6 + 483506969 " V, + 1427184e-11 " V.2 + -22603506-14 * V"3 + 2111004e-17 * V"4
o Bl Rt i + -11947700-20 * V"5 + 40240740-24 * V.6 + 7416131628 * V"7 + 57547560:32 * V"8
2180664e-6 + 629620269 " V, + 18910708-11 ° V,*2 + -3064724-14 * V"3 + 29488 11e-17 * V4
10| 7262 | 80%e2 | 0807453 + -1724577-20 * V"5 + 59979646-24 * V.6 + -11381826-27 * V,"*7 + 9060635-32 * V,"'8
16031396-6 + 85343626-10 - V, + 86678496-12 * V.2 + 4394307-14 * V,"3 + -8845054e-17* V.4
11 | 7255 | sase2 | 1000000 +98300946-20 * V,**5 + -66192586-23 * V,"6 + 2766078626 * V7 + -7009821:30 * V,"'8
+ 9858768-34 * V,"*9 + 5896570638 * V10
202612866 +-36244186-9 " V, + 1755003e-12 * V,2 + 23854976-14 - V"3 + -6688306e-17 * V4
12 | 7255 | 8207e2 | 0988789 + 85543366-20 * V, "5 + -62806546-23 * V,"6 + 27953816-26 * V,**7 + -7448619-30 * V"8
+ 10923526-33 * V"9 + 6770721638 * V.10
426429426 + 212122268 " V. + 8360316611 * V.2 + 1760020613 * V"3 + 2193857616 * V"4
13 | 7271 | 73532 | 1461922 +-16904306-19 * V,*'5 + 81240866-23 * V,"6 +-23687356-26 * V,**7 + 3831171e:30 * V,"'8
+-2635711e:34 * V"9
187197566 + 271409169 V, + 164037112 * V"2 + 3116431e-14 * V.3 + 7626180617 * V.4
14 | 7253 | 73%e2 | 0928571 +92869056-20 * V,**5 + -66362386-23 * V,6 + 2903883626 * V,**7 + -7657761e:30 * V,"'8
+ 1174668-33 * V™9 + -69281456-38 * V.10
1714980e-6 + -7089766e-9 * V. + 3259217e-11 * V_.**2 + -8410868e-14 * V.**3 + 1347052e-16 * V.4
15 | 7188 | 8843e2 | 2146711 +-1391524-19 * V"5 + 9397261:23 * V,6 + -41140306-26 * V"7 + 1123462:29 * V,"'8

+-1737531e-33 * V.**0 + 1161350e-37 * V_**10

Note that V. is the voltage across the deflection plates when ELS measures energy E,

12
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1. Installation

The ELS Flight Unit was installed in the calibration chamber on November 23 2001. Photographs of
the set-up inside the chamber are shown in Figures 1.1 and 1.2. The configuration is as for previous
testsat MSSL but with anew line driver system inserted between EL S and the counters outside the
chamber. The line drivers are inside the grey box below ELS. A channeltron for independent
monitoring of the beam intensity is mounted adjacent to the EL S aperture on the | eft.

Figure 1.2: ELSFU mounted insidethe MSSL calibration chamber on November 23" 2001.
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Figure 1.3: Block diagram of the calibration configuration
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A block diagram demonstrating the set-up is shown in Figure 1.3. A more detailed diagram of the line
driver configuration is shown in Figure 1.4.




Mars Express ASPERA ELS FU Calibration Report Vol 1 MSSL/MEX/017

x 16 Channels

& Feed through from
Instrument
37TW

RS422 Rx/TX

PSU
+5V

37W

b F

37W « ﬂ

RS422 M u

Receiver

MOCAD Line Driver Diagram

Connect
Directly to Receiver 37\\/

E

=2

37TW

MRH
23/11/2001

37TW

—{H

PC
Counter

MOCAD
PSU's

S ﬁ
37W FuD
F 37W
D muol
37W
A
37W
F
| I
37TW 37W
M P M
37W
F
RS422
Transmitter

M
16 x Twisted Pairs

37TW

T

I

x 16 Channels

& 37Way Feed through
from Instrument

External to Chamber

Internal to Chamber

Figure 1.4: Block diagram of the MSSL linedrivers

2. Power-up December 3" 2001
EL S was powered on according to the files described in Tables 2.1 and 2.2.

Filename AF2100B.PAC/PDT
Date Dec 3" 2001

Beam Energy (eV) Beam off

MCP Level (DAC Valts) 2.6/35/step 0.1
MCP Leve (Actual Volts) 1200/ 2100/ step 60
Sweep Level (DAC Valts) 0

Acquisition Length (seconds) 10

No. of Acquisitions at each level 15

Table 2.1: Power-on file AF2100B
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Filename AF2340B.PAC/PDT
Date Dec 3 2001

Beam Energy (eV) Beam off

MCP Level (DAC Valts) 3.6/3.9/step0.1
MCP Level (Actual Volts) 2160/ 2340/ step 60
Sweep Level (DAC Valts) 0

Acquisition L ength (seconds) 10

No. of Acquisitions at each level 15

Table 2.2: Power-on file AF2340B

The background count-rates recorded on EL S during the power-up are presented in Figure 2.1.
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MCP Level (V)

Figure 2.1: EL Sbackground count-rates during power-up on December 3" 2001

The power-up procedure for al subsequent turn-onsis given in Appendix A.

3. Power-up December 4™ 2001
The format of the power-up file on December 4™ 2001 is shown in Tables 3.1 to 3.3.

Filename AFON235D.PAC/PDT
Date Dec 4" 2001

Beam Energy (eV) Beam off

MCP Level (DAC Volts) 0/3.5/step 0.5

MCP Level (Actual Volts) 0/2100/ step 300
Sweep Level (DAC Volts) 0

Acquisition L ength (seconds) 3

No. of Acquisitions at each level 5

Table 2.2: Power-on file AFON235D.PAC Part 1
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Filename AFON235D.PAC/PDT
Date Dec 4" 2001

Beam Energy (eV) Beam off

MCP Level (DAC Valts) 3.6/3.9/step0.1
MCP Level (Actual Volts) 2160/ 2340/ step 60
Sweep Level (DAC Valts) 0

Acquisition L ength (seconds) 10

No. of Acquisitions at each level 5

Table 2.2: Power-on file AFON235D.PAC Part 2

Filename AFON235D.PAC/PDT
Date Dec 4" 2001

Beam Energy (eV) Beam off

MCP Level (DAC Valts) 3.93

MCP Level (Actual Volts) 2358

Sweep Level (DAC Valts) 0

Acquisition L ength (seconds) 10

No. of Acquisitions at each level 5

Table 2.2: Power-on file AFON235D.PAC Part 3

All subsequent power-ups used the same file format e.g. AFON235E.PAC on December 5" 2001. The
background count-rates recorded on ELS during the power-up on December 4™ are presented in Figure

50
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2400

Figure 3.1: EL S background count-rates during power-up on December 4™ 2001

4. Power-up December 5 2001

The power-up file was AFON235E.PAC. The background count-rates recorded on EL S during the
power-up are presented in Figure 4.1.
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Counts/s
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Figure4.1: EL S background count-rates during power-up on December 5" 2001

5. Power-up December 6" 2001
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The power-up file was AFON235F.PAC. The background count-rates recorded on EL S during the
power-up are presented in Figure 5.1.
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Figure5.1: EL S background count-rates during power-up on December 6 2001
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6. Power-up December 7" 2001

The power-up file was AFON235G.PAC. The background count-rates recorded on EL S during the
power-up are presented in Figure 6.1.
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Figure 6.1: EL S background count-rates during power-up on December 7" 2001

7. Power-up December 10" 2001

The power-up file was AFON235H.PAC. The background count-rates recorded on EL S during the
power-up are presented in Figure 7.1.
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Figure 7.1: EL S background count-rates during power-up on December 10™ 2001



Mars Express ASPERA ELS FU Calibration Report Vol 1 MSSL/MEX/017

8. Power-up December 17" 2001

The power-up file was AFON235J.PAC. The background count-rates recorded on EL S during the

power-up are presented in Figure 8.1.
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Figure 8.1: EL Sbackground count-rates during power-up on December 17" 2001

9. Deadtime calculation
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An experiment to measure the detector deadtime was performed on December 10" 2001. Datawas
collected for Anode 9 in a 1keV electron beam. A range of electron beam intensities was obtained by
stopping down the electron gun UV exciting source by means of neutral density filters (see Table 9.1).

Single filters (rather than combinations of filters) were used for each experiment.

The basic equation for deadtime (“Nuclear Electronics’, P.W. Nicholson, pub. Wiley) is:

Rin - Rout = RinRout (1.1)
where Ry, = Input countrate
Rout = Counts which the detector actually outputs
t = Deadtime
Table9.1: Summary of filtersused in deadtime tests

Filename Filter Nominal OD | OD at | =253.7nm’ Transmission at
| =253.7nm
DED3 2.0 2.13 .00748
DED5 1.0 0.833 0.147
DEDG6 0.5 0.427 0.374
DEDS8 0.1 0.162 0.689
DED9 0 (no filter) 0.0 1.00

" According to MSSL report, “ Cluster and Cassini Dead Times’, Dave Walton, 1% July 1997

Equation 1.1 can be rearranged to give:
Rin = Rou/(1-Rout ) (1.2
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or:
VRou = (URp)+ t (1.3

We can replace Ry, by Rint, where Ry is areference value of Ry, (the input countrate with no filter)
and t isthe transmission factor of the neutral density filter. Rearranging Equation 1.2 then gives:

I:Qout/t = 'RinoRoutt + RinO (14)

Equation 1.4 is of the form y=mx + ¢ so plotting R./t versus Ry should give a straight line with
gradient —R; ot and intercept on the y-axis Rin.

A beam of energy 1keV directly facing Anode 9 was used for this test. Elevation angle and sweep
voltage were set at the peak of the distributions for this beam energy (see Calibration Report VVolume
2) of 0° and 137.1V respectively. The datais plotted in Figure 9.1.
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35,000 oS

30,000 -
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20,000
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15,000

10,000

5,000

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000
R out (cts/s)

Figure 9.1: EL S deadtime test data December 10" 2001

The dataisfitted to a straight line of gradient 1.38 and intercept on the y-axis of 36,207. Thisgivesa
value for the instrument deadtime of 38.0 ns.

If we consider the two possible extremes in possible gradient for the graph represented by (a) the 2
right-most points and (b) the 2 left-most points, we obtain values for the deadtime of 48.5 s and 22.6
ns respectively. The region of the plot with least gradient actually corresponds best to the count-rate

regime during EL S calibration (i.e. up to ~5,000 cts /sec per anode) so avalue of 22.6 mswill be used
to correct the raw ELS datain all subsequent analysis.
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Figure 9.2: CEM counts versusfilter transmission
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Figure 9.3: EL S counts versusfilter transmission
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10.Beam characterization

10.1 Beam energy 1.0 keV

Following completion of EL S testing, the beam was characterized using a CEM mounted on an X-Y
table. The format of the PACIDERM file used to record the profile of the 1keV beam isgivenin Table
10.1.1.

Filename AFBP1KOA.PAC/PDT
Date Jan 10" 2002

Beam Energy (eV) 1.0keV

CEM Leve (Valts) 2,400

X dimension (mm) 0/140/ step 10

Y dimension (mm) 0/140/ step 10
Acquisition L ength (seconds) 1

No. of Acquisitions at each point 5

Table 10.1.1: Beam characterization file AFBP1K 0A.PAC
The data recorded in AFBP1KOA.PDT is plotted in Figure 10.1.1.

A higher resolution grid of measurements was recorded in the 1.0 keV beam. The fileis described in
Table 10.1.2. The datais plotted in Figure 10.1.2.

Filename AFBP1KO0B.PAC/PDT
Date Jan 10"/11" 2002
Beam Energy (eV) 1.0keV

CEM Level (Volts) 2,400

X dimension (mm) 0/140/ step 2

Y dimension (mm) 0/140/ step 2
Acquisition L ength (seconds) 1

No. of Acquisitions at each point 5

Table 10.1.2: Higher resolution beam characterization file AFBP1K 0B.PAC
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Counts s™

Program dscemprofl.pro
afbplk0a.pdt, 10/01/02,

DSCEM@2400, 1kV,aperture 0.3mm ?, FILTER = 1.0, 140x140 step 1Q
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Figure 10.1.1: Beam profileat 1.0 keV beam energy (AFBP1KO0A.PDT)
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Program dscemprofl.pro
afbp1kOb.pdt, 10/01/02,

DSCEM@2400, 1kV,aperture 0.3mm ?, FILTER = 0.03, 140x140 step.d
1.0=1
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Figure 10.1.2: Higher resolution beam profileat 1.0 keV beam energy (AFBP1K0B.PDT)

10.2 Beam Energy 3.0 keV

Beam characterization was performed at 3.0 keV using afile with the same format as
AFBP1KOA.PAC. The datais plotted in Figure 10.2.1.
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Counts s™

Program dscemprofl.pro
afbp3k0a.pdt, 10/01/02,

DSCEM@2400, 3kV,aperture 0.3mm ?, FILTER = 1.0, 140x140 step 1Q
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Figure 10.2.1: Beam profile at 3.0 keV beam energy (AFBP3KO0A.PDT)
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10.3 Beam Energy 10.0 keV

Beam characterization was performed at 10.0 keV using afile with the same format as
AFBP1KOA.PAC. Thedatais plotted in Figure 10.3.1.

Program dscemprofl.pro =71

afbplOka.pdt, 10/01/02,

DSCEM@2400, 10kV,aperture 0.3mm ?, FILTER = 1.0, 140x140 steg°]
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Figure 10.3.1: Beam profileat 10.0 keV beam energy (AFBP10KA.PDT)
The same file was repeated but with Filter = 0.03 (Figure 10.3.2).
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Counts s™

Program dscemprofl.pro

afbp10kb.pdt, 11/01/02,

DSCEM@2400, 10kV,aperture 0.3mm ?, FILTER = 0.03, 140x140 step
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Figure 10.3.2: Beam profileat 10.0 keV beam energy (AFBP10KB.PDT)
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10.4 Beam Energy 30 eV

Beam characterization was performed at 30 €V using afile with the same format as AFBP1KOA.PAC.
The datais plotted in Figure 10.4.1.

Program dscemprofl.pro =7r
afbp030a.pdt, 10/01/02, 000
DSCEM@2400, 30eV,aperture 0.3mm ?, FILTER = 1.0, 140x140 step |
dummy =2
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Figure 10.4.1: Beam profileat 30 €V beam energy (AFBPO30A.PDT)
The same file was repeated but with Filter = 0.03 (Figure 10.4.2).
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Program dscemprofl.pro ==7f
afbp030b.pdt, 11/01/02,
2000
DSCEM@2400, 30eV,aperture 0.3mm ?, FILTER = 0.03, 140x140 step [10mm
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Figure 10.4.2: Beam profileat 30 eV beam energy (AFBP0O30B.PDT)
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Counts s™

10.5 Beam Energy 100 eV

Beam characterization was performed at 100 eV using a file with the same format as
AFBP1KOA.PAC. Thedatais plotted in Figure 10.5.1.
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Program dscemprofl.pro =eoor
afbp100a.pdt, 10/01/02,
DSCEM@2400, 100eV,aperture 0.3mm ?, FILTER = 1.0, 140x140 st€f [10mm
dummy
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Figure 10.5.1: Beam profileat 100 eV beam energy (AFBP100A.PDT)
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Appendix A

Power On Procedure
Following isthe procedure for power-up of Mars Express EL S during calibration activitiesat MSSL.
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Date:
Time:
Personnel:
Step Activity Check
No.
Turn on UV lamp (ensure shutter is closed) and CEM.
1 | Ensurethat chamber pressure interlock is connected.
2 | Check that &l cables are connected to the IRF Interface Box etc.
3 | Power on motor driver box, CEM rack, Anode 15 etc.
4 | Power on PC and beam.
5 | Confirm that chamber pressure isless than 2 x 10° mbar. Record pressure.
6 Confirm that all power rails on the IRF Interface Box (11B) i.e. +5V, -5V, +12V,
-12V, +30V, are disabled.
7 | Select desired sweep range on |1B (High/L ow).
8 | Confirm that ELSisin safe state (run PACIDERM file FUOFF.PAC)
9 | Power on meters.
10 | Switch on IRF power supply (-5V, +30V, +5V, +12V, -12V, Enable, Range)
11 | Enable +5V, -5V on thelIB.
12 | Enable +12V, -12V onthellB.
13 | Enable +30V on thelIB.
14 | Confirm the power rail currents are as below:
Power Rail Expected Current (mA) Measured Current (mA)
+5V 10.9-129
-5V 149-17.7
+12V 20.1-58.3
-12v 1.9-24

+30V 0.09 - 0.50
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15 | Record CEM counts/second
16 | Confirm that MCP HV monitor = 0.00V.
17 | Confirm that Sweep HV monitor = 0.00V.
18 | Power on line driver power supply (+5V, ~66mA)
19 | Power on MCPsvia PACIDERM file AFON235x.PAC. Record filename.
Confirm that MCP monitor values are as below:
DAC Expected MCP | Expected actual Measured Measured EL S
Intended HV Monitor voltage on MCP HV Counts (per 10
Value (V) Value (V) MCPs (V) Monitor seconds over all
Value (V) anodes)

0.0 0.00 0

0.5 0.45 300

1.0 0.90 600

15 1.35 900

2.0 1.80 1,200

25 2.25 1,500

3.0 2.70 1,800

35 3.15 2,100

3.6 3.24 2,160

3.7 3.33 2,220

3.8 3.42 2,280

3.93 3.54 2,358
20 | Confirm that Sweep monitor value = 0.9 x set DAC level.

Note: For high range, actual Sweep Voltage = 560 x set DAC level.
For low range, actual Sweep Voltage = 4.198 x set DAC level.
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Power Off Procedure
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Following is the procedure for power-off of Mars Express EL S during calibration activitiesat MSSL.

Date:
Time:
Personnel:
Step Activity Check
No.
1 | Replacethe UV shutter.
2 | Turn off the beam HV supply.
3 | Turnoff the UV.
4 | Power off MCPsvia PACIDERM file AFMCPOFA .PAC.
5 | Confirm that MCP HV monitor = 0.00V.
6 | Confirm that Sweep HV monitor = 0.00V.
7 | Power off line driver power supply.
8 | Disable +30V onthelIB.
9 Disable +12V, -12V on the lIB.
10 | Disable +5V, -5V onthellB.
11 | Switch off IRF power supply.
12 | Switch off multimeters.
13 | Record the setting for the CEM.
14 | Power off motor driver and CEM.
15 | Record chamber pressure.




