EGURSsrby

Dust impact detections by a set of
Faraday cups in the lunar
environments

Oleksii Kononov, Jifi Pavlii, Libor Nouzak, Jana Safrankova, Zdenék Némecek,
and Lubomir Prech

Charles University, Faculty of Mathematics and Physics, Prague, Czech Republic

EGU 2020



Content:;

Basic information about th&pektrR project
Purpose and functions BMSW

BMSW laboratory data

Space data analysis and simulated response

How can we do this better (in space)



Basic information about th8pektrR project

Bright Solar Wind Monitor BMSWthe instrument flown as a part of the PLASMA&omplex onboard
the RussiarspektrRradioastronomicatpacecraft. Th&pektrR project was launched intéarth
orbit on 18 July 2014t 6:31 Moscow time on ZenitBM from the Baikonur space launtrcility.
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The primary goal of th8pektrR mission was to study structure and dynamics of radio source
inside and outside of our Milky Way galaxy. A secondary BMSV instrument was also for instat
onboardSpektrR within thePlazmaF experiment, which aimed to measure the directions and
intensity of the solar wind.

The BMSW instrument is mounted on the solar panel and consist of 6 Faraday cups (FCs),
them pointing towards the Sun, 3 of them inclined by 30 degrees in complemental directions
BMSW orientation with respect to the Sun varies b§, bait it is known with 1precision most of

the time. On 11 January 2019, the spacecraft stopped responding to ground control. | ol
As a result of long exploitation of the Bright Monitor of the Solar Wind (BMSW) on board the e
SpektrR spacecraft, studies have been conducted that confirm that this type of instrument is BMSW is mounteld on the solar
panel.

capable of observing dust impact on its sensors. 2
© Kononoy Paloukdl , Safr ank oRFae AllgBtsresatved |,



Purpose and functionBMSW

TheBMSW instrument was specially designed for reaching the highest time resolution in measurements of the solar wind paramete
ion flux vector, bulk velocityemperatureanddensityin the energy range from 100 eV to &\ Based on the analysis of operation of
various instruments fosolarwind study (in particular, different types of analyzers), it was decided that Faraday cups are the most suita
sensors for such an instrument.

The BMSW instrument includes six sensors (Faraday cups) whidividesl intotwo groups:

A Three Faraday cups for determination of the speed and temperatdRC1, FC2, FC3
A Three declined Faraday cups for determination of the velocity direction and der$i94, FCF®

However, ooledoeisimpagetdgdust, generated plasma cloud is separated due to strong electric fipldt¥m) between
the collector and the suppressor grid and electrons are detected. Diaphragm diameter (A in figure below) is about 20msidokiog
towards the Sun and about 30mm for the inclined ones respectively. Whole detection aBell & Weups is abouB1A | and the FOV
is 77 and 100 respectively. Eacb o | | ecaptcdance & abo@0 pF,whichallowsdetectionof charges as low gs 1 C

L PA J
| L
12.4
. &
12.4
[ i
o «-300V
% a¥ “——ov

Céu ppressor grid A\
collector Intense electric field

\ 2= between the suppressor
grid and the collector

Bright Monitor of the Solar Wind (BMSW) Schematic diagram of the Faraday cup sensor



DustData Analysiand Simulated Response

Amplifier response (simulation)

Dust of both interstellar and interplanetary origins was reported in niafgjtu 02
experiments devoted to dust detection during past tens of years. Most of such observations 00
are based on impact ionization occurring when hypervelocity grairg@®km/s hit a 0z
surface being vaporized together with a portion of the surface material and generating
transient plasma cloud. These ejected charged patrticles couttbteeted using fast and
sensitive current measurement apparatus. We hagarched for such events in BMSW data
records. We have identified a large amount of events of expected properties.
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In the figure above, there is a simulated amplifier
response on a unit charge. The impact ionization
process itself is so fast that only amplitude of a pul.
is relevant. The shape is given by the amplifier
| response only, impact itself happens at several ord
. . 4, . 1\ . | . 1 ofmagnitude shortertime scales. It is important the
o B e el ™ 40 different charge only scales amplitude of the peak,

not its width (duration).
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Two examples of impact candidatesthe most distinctive negative (left) and a positive one
(right). Top panel for negative peak shows real data while at the bottom general trend is
subtracted and signals from all cups are depicted. Besides negative charge events (i.e., the
cups observe negative peak first, which corresponds to impact plasma ions being repelled
from the collector while the electrons return back immediately), we observed also the
opposite ones. We apply following criteria to identify impact candidates:
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BMSW laboratoryglata

We have done tests of similar cups and amplifiers in laboratory using IMPACT linear electrostatic dust accelerator\arsigy 0hi
Colorado, which allowed us determining basic capabilities of our cup. However, test conditions have not been entirelg #getsase in

space (pressur e, noi se, dust materi al , data acquisition spe
Pelletron accelerator ) ’
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The facility, where charged micreand submicrorsized iron grains are accelerated by B1® potentialdifference of dust accelerator.
- positive All dust impacts produced during the experimental run are
| depicted in the accelerator plot with red squares (left). Signals
produced by hypervelocity dust impacts on the collector of

i T z . | Faraday cup are recorded (right). They can be divided into twa
1012 d‘;%;ifgz“i;?;f;iif(‘nzgzl‘:ixkgvg s ] ; groups: positive end negative (with respect to the polarity of
%Zh::ﬁg%}\;m; - ! detected signal). The groups are denoted in the accelerator pls
L imitof CSA — | —— by colors; the positive group with blue color and the negative ¢
1ok " me ] with green. Note here that the sampling rate in this experimen
T 2 much larger than in the space experiment.
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Laboratory experiments will be further used for detector
calibration.

Nouzaket al. (2020) 5



How can we do this better (igpace)

We suggest to employ digital filters for the new device and to increase the sampling rate (256 Hz) arghohping after fikering.
Analyzing the data from BMSW, we came to the conclusion that there is no need to broadcast the entisgehdsita stream sireon
averagel0 dust particles per day are recorded in outer space . Only a fraction of a second for each event shall be stored.

The signal source is FC, then the signal is amplifiedjlfed and digitalized at 256 Hz. Besides applying a-bidhr digtal filter we will
sideloop data into FIFO register that gives us some time to decide, whether we want to store the raw data burst or not avisdyae!
the signals from all cups, sampled at 256 Hz, while looking for the events similar to the simulated response. Howeesidchean be
made based on both raw data as well as filtered data (or a combination of belimiting factor is just time (vs register sjzé/Ne can
then select dust impact candidates, if only one sole cup sees the peak and others remain within noise. We expect fupheretsiag
and interdata comparison to be performed on ground.
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The decision algorithm

1) We know the expected waveform

Amplifier response (simulation)
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Simulated amp. response curve

2) We have impact identification criteria.

e Peak is verymgarrow (approx 100

e Peak amplitude is significant (wel/l beyond noi s

e Peak is monopolar (either positive or negati ve)

e Peak is detected by a single cup ot her cup si(
3) We can find impact candidates in static data, but can we do that in a real time conditions?

Algorithm has several limitations

e Speed: Size of shift register defines the ti me

e Precision: Too many false candidates wil/l overh

e Complexity: The algorithm must fit in the remai

=> that‘ll be my job in following months, stay tuned



Conclusions

The Bright Monitor of the Solar Wind (BMSW) was designed fosflegliency (30ms) measurements of the
moments of ion energy distribution by Faraday cups in the solar wind. The studies conducted using the
instrument orboard theSpektrR spacecraft demonstrated that it is possible to detect hypervelocity impacts of
dust grains by such instruments. Our further analysis shows that BMSW is capakégwfimst detection as
proved in space as well as in laboratory.

The novel design of an instrument for LeRasursl mission will analyze plasma environment at altitudes from

65 to 150 km above lunar surface. However, the main problem of the reliable dust impact detection remains
temporal resolution of a device. On the other hand, new device will process data at much higher sampling rate
for the purpose of digital filtering. Our simple identification algorithm can decide which raw data shall be stored
and we will receive impact waveforms in about ten times higher resolution.

In addition, we will calibrate detectors and their front electronics using a dust accelerator to find the
relationship between the impact parameters and the pulse height.

Thank you for your attention!



