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Complementary documentation to the RPC-User Guide

Table 1: List of relevant documents for each sensor in addition to the RPC User Guide

List of key-documentation (filenames)

Brief description

ICA

ICA_EAICD.PDF
ICA_USER_GUIDE.PDF

Detailed description of the RPC-ICA instrument and data archiving
RPC-ICA User Guide

IES

10991-IES-EAICD-*.PDF
FLUX_CALCULATION.PDF

MOMENTS_CALCULATION.PDF

RPC_IES_UG.PDF

Detailed description of the RPC-IES instrument and data archiving
Description of Level 3 flux data and the process used to convert Level
2 counts to flux.

Description of Level 5 moments data and the process used to convert
Level 3 flux to moments.

RPC-IES User Guide

LAP

RO-IRFU-LAP-EAICD-*.PDF
RO-IRFU-LAP-UG.PDF

Detailed description of the RPC-LAP instrument and data archiving
RPC-LAP User Guide

MAG

RO_IGEP_TR0009_EAICD.PDF
RO_IGEP_TR0028_CALPROC.PDF
RO_IGEP_TR0074_RPCMAG_USERGUIDE.PDF

Detailed description of the RPC-MAG instrument and data archiving
Calibration procedure
RPC-MAG User Guide

MIP
RPC-MIP-UG-LPC2E_V*.PDF RPC-MIP User Guide
MIP-LAP
RPCMIP_RPCLAP_CROSSCAL_REPORT.PDF RPCMIP/RPCLAP Cross-Calibration Report
PIU

ILLUMINATION_UG.PDF

\ Detailed description of the illumination maps and their use
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Chapter 1

Brief overview of the sensors

The Rosetta Plasma Consortium (RPC) includes five sensors: the lon and Electron Sensor (IES;
Burch et al., 2007), the lon Composition Analyser (ICA; Nilsson et al.,|[2007), the Langmuir Probe
(LAP; Eriksson et al., [2007), the Mutual Impedance Probe (MIP; Trotignon et al., 2007) and the
Magnetometer (MAG; Glassmeier, K.-H. et al., 2007). The joint Plasma Interface Unit (PIU; Carr
et al., 2007) acted as instrument control, spacecraft interface, and power management unit.

Comet
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Figure 1.1: Mounting of the RPC sensors on the Rosetta spacecraft. The two LAP probes are
seen at the boom tips (updated from Eriksson et al., 2007, courtesy of F. Johansson).
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1.1 The lon Composition Analyzer (RPC-ICA)

RPC-ICA is an ion spectrometer with limited mass resolving capabilities operating in an energy
from a few eV up to 40 keV. The instrument has a limited three-dimensional field of view covering
approximately 2 = sr. RPC-ICA can distinguish between H*, He*, He?*, and heavy ions of
cometary origin with a mass corresponding to water group ions and above. RPC-ICA is described
in the instrument paper (Nilsson et al., 2007), though the information in that paper is somewhat
outdated. The most important aspects not covered by the instrument paper are:

» The lower energy limit of RPC-ICA is a few eV, not 25 eV as stated in the instrument paper,
see also Nilsson et al. (2015a,b) and Odelstad et al. (2017).

» A new way of operating the instrument was introduced during the mission, where RPC-ICA
provided two-dimensional data in a restricted energy range of a few eV up to about 100
eV with a temporal resolution of 1 s or 4 s. These modes are described in more detail in
Stenberg Wieser et al. (2017).

+ In the first few months of the active mission, ICA suffered shut-offs due to high instrument
temperature events, which led the team to strongly restrict the operation time of the in-
strument. Furthermore, RPC-ICA suffered from data corruption leading to lost data and
therefore intermittent data coverage. Both these aspects improved with time, so the later in
the mission, the less data gaps and better coverage (Nilsson et al., 2015b, 2017).

« For low instrument temperatures, the energy scale may drift (Nilsson et al., 2017).

RPC-ICA has basically only one operational mode. It scans energy and angular space and
records detection of ions of different masses. What is called a mode on ICA only relates to the
on-board binning of the ion data, which is done in order to reduce the telemetry rate. The data
binning is automatically adjusted so that data production stays within available telemetry limits.
The data binning in burst mode could be chosen to prioritise mass or angular resolution. Once it
was found out that the data corruption giving rise to data loss did not occur for the high angular
resolution mode, this was mostly used from summer 2015 onward. The instrument modes of
RPC-ICA are described in Table 3 of the RPC-ICA User Guide and in Tables 3 to 5 in the instru-
ment paper (Nilsson et al., [2007).

Independent of the instrument mode, RPC-ICA could also be run using different on-board
tables, known internally as different software versions. Of these two stand out, software versions
7 and 8. These two software versions use repeating patterns in the energy table reaching only
up to about 100 eV, and fixed elevation values, to achieve two-dimensional data with 32 and 8
energy steps, respectively. This corresponds to 4 s and 1 s temporal resolutions as compared
to the standard full energy range 3D distribution in 192 s. Therefore software versions 7 and 8
are necessary to use when studying fast variations in the relatively low energy cometary plasma,
whereas they cannot be used to study solar wind dynamics because of the limited energy and
angular range. The high time resolution modes were described in Stenberg Wieser et al. (2017).
An overview of the full energy and angular range data from the full mission was given in Nilsson
et al. (2017). The high time resolution data was regularly used from June 2015 and onward. The
ICA mode is a variable in the PSA data, and varies all the time depending on the efficiency of
onboard lossless compression and available telemetry. Apart from modes prioritizing mass res-
olution being used up to May 2015 and thereafter mostly modes prioritizing angular resolution,
the use of different modes was just determined by available telemetry, and is not related to any
particular mission phases or science goals.

Working with the data is described in more detail in the RPC-ICA User Guide.

>
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1.2 The lon and Electron Sensor (RPC-IES)

The IES for Rosetta is designed to measure the ion and electron flux as function of energy and
direction (Burch et al., [2007). The instrument is an electrostatic analyzer (ESA), featuring elec-
trostatic angular deflection to obtain a field of view of 90° x 360°. The instrument objective is to
obtain ion and electron distribution functions over the energy range extending from 4.32 eV-q™
up to 17.67 keV-q'. The angular resolution for electrons is 5° x 22.5° (16 azimuthal and 16
polar-angle sectors). For ions, the angular resolution is 5° x 45° (16 azimuthal and 8 polar-angle
sectors) with additional segmentation to 5° x 5° in the 45° polar-angle sector most likely to contain
the solar wind (giving a total of 16 polar-angle sectors for ions). The back-to-back top hat geo-
metry of the IES electrostatic analyser allows it to analyse both electrons and positive ions with a
single entrance aperture. The IES top hat analysers have toroidal geometry with a smaller radius
of curvature in the deflection plane than in the orthogonal plane. This toroidal feature results in a
flat deflection plate geometry at the poles of the analysers and has the advantage that the focal
point is located outside the analysers rather than within them, as is the case with spherical top
hat analysers. Particles within a narrow 8% energy pass band will pass through the analysers
and be focused onto the electron and ion microchannel plates (MCPs), which produce charge
pulses on 16 discrete anodes, which define the azimuth acceptance angles. In addition, the IES
entrance aperture contains electrostatic deflection electrodes, which expand its elevation angle
field of view to £48°. With the typical top hat polar-angle field of view of 360°, the IES acquires a
total solid angle of 47 sin(48°) ~ 2.97 = steradians.

Operation of IES is controlled by its on-board software in conjunction with sets of (selectable)
look up tables. A table in one set determines the sequence of voltages applied to the electro-
static analyzer, thereby selecting the energy/charge of electrons and ions entering the sensor.
Likewise, a table in another set determines the sequence of voltages applied to the deflector
plates, thereby defining the acceptance angle of the particles. In the typical operating mode, for
each deflector voltage chosen the ESA is stepped over its range, the deflector voltage is stepped
to its next value, and so on. A complete 2-voltage sequence thus determines a complete meas-
urement cycle. Several versions of each table are stored in the instrument so different operating
modes can be easily chosen. In addition, new tables can be uploaded if desired.

During a measurement cycle the instrument obtains a full measurement of ion and electron
flux within 16 azimuthal bins, 16 elevation bins and 128 energy bins, for a total of 65536 val-
ues (2x16x16x128) per measurement. To fit within the data volume allocated to IES, blocks
of adjacent angle/energy bins are summed together. The details of this summation are mode-
dependent, but this collapse and the 128 or 1024 s accumulation time are the only differences
between |IES operations in different modes.

During a measurement cycle, the RPC-IES instrument obtains a full measurement of ion and
electron counts by sweeping the electrostatic analyzers through 128 energy steps. Within each
energy step, the deflectors sweep through 16 elevation steps, and at each step, counts from 16
anodes are recorded simultaneously from the ion and electron detectors. The complete cycle
duration takes one of four values — 128 s, 256 s, 512 s or 1024 s with the integration time at each
step varying with the cycle duration increases. Additional contingency modes with 96 energy
steps were developed and tested in flight, but were not used for acquiring science data.

To fit within the data rates allocated to the instrument, even though data are always acquired
over the complete measurement cycle, the range of energy steps for which the counts are re-
turned may be limited. Additionally, counts acquired at discrete adjacent energy steps, elevation
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steps and azimuths are summed together and telemetered. The Mode ID of the cycle determ-
ines cycle duration, accumulation time, energy range and collapse, elevation range, and azimuth
range, and collapse. Mode IDs have three non-zero characters and are specified for each cycle
within the data files. Details for each mode are listed as tables in DOCUMENT/IES_MODES dir-
ectory and CALIB directory which are located in any data IES folder in the RPC-IES folder. The
tables list all modes used in flight including modes that were used only for commissioning and
special in flight tests. Mode tables were updated during the cruise phase as well as comet phase
as needs were realized. The last sets of tables were uplinked on 29 April 2015.

In Level 2 products, cycles with Mode IDs that have four non-zero characters may appear.
These infrequently appearing cycles are called transition cycles and are not listed explicitly in
mode tables. A transition cycle mode is constructed in-flight when IES switches from a longer
duration mode to a shorter mode. It is identified by a four character mode ID. It has the duration
of the preceding longer cycle and collapse properties of the following shorter cycle.

Details of IES can be found in the Instrument paper by Burch et al. (2007) and in the EAICD.

1.3 The Langmuir Probe (RPC-LAP)

The purpose of the dual Langmuir probe instrument LAP is the measurement of the plasma
density, electron temperature, ion flow speed, spacecraft potential and wave electric field in the
plasma around comet 67P and the other targets of the Rosetta mission (Eriksson et al., 2007).
Not all these quantities can be accessed at the same time, depending on instrument settings as
well as on the plasma parameters.

LAP uses two spherical Langmuir probes (diameter 50 mm) mounted at the tips of the two
solid booms protruding non symmetrically from the spacecraft (Figure [1.1). Details of the boom
mounting, including coordinates, can be found in the LAP instrument description (Eriksson et al.,
2007), together with other technical documentation. The fundamental principle of a Langmuir
probe is that the more charged particles there are in the plasma, the more can the probe collect,
so the current flowing to the probe is proportional to the plasma density. However, as the probe
currents also depend on the energy distribution in the plasma, on the applied bias voltage and on
the spacecraft potential (which in turn depends on the density), the interpretation of the data is
not always straightforward. It is the prime intention of the LAP sections of this document to guide
a prospective user in the art of selecting the most suitable data set for the purpose at hand.

Figure shows the mounting of the LAP probes as well as the other RPC sensors on
Rosetta and the coordinate axes of the spacecraft coordinate system. The nominal nucleus dir-
ection is indicated. To keep the solar panels orthogonal to the Sun, the solar direction is almost
always perpendicular to the spacecraft Y axis but may vary in the X-Z plane. This means that
LAP2 can sometimes come into shadow behind the spacecraft body or the high gain antenna,
and LAP1 behind the solar panels.

The LAP electronics, located inside the RPC common electronics box inside the spacecraft
body, can either apply a voltage to each of the probes and measure the resulting current due to
plasma particles hitting the probes (or photo- and secondary electrons leaving it), or send a bias
current to the probe and measure its voltage. In bias voltage mode, the voltage can be stepped
over some range from —30 to +-30 V in what is known as a probe bias sweep, usually done in a few
seconds at intervals which are multiples of 32 s (160 s being the most common). Between these
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sweeps, the probes are kept at constant bias voltage, sampling the current at various rates. In
an ideal case, the plasma density, electron temperature, ion flow speed, spacecraft potential and
photo-electron emission can all be derived from the bias sweeps, and then the current sampled
between sweeps can be used to monitor variations of the plasma density at high time resolu-
tion (Eriksson et al., 2017; Johansson et al.,|2017). The range of currents that can be measured
is usually =10 pA. A low gain range was sometimes used close to perihelion, spanning 200 pA.

The other bias mode, in which a bias current is sent to a probe and its voltage is measured,
can be used to monitor the spacecraft potential at high time resolution (Odelstad et al., 2015|
2017). The spacecraft potential depends on the plasma density and can thus be used as a dens-
ity proxy, with calibration to density values from other sources, like bias voltage sweeps on the
other probe or (more typically) the mutual impedance probe instrument RPC-MIP (Engelhardt
et al., [2018b; Odelstad et al., 2015). When both probes are in this mode, the difference of their
voltages equals the line integral of the electric field between them, so division by the interprobe
distance of 5 m gives this component of the electric field. At lowest frequencies, this will be dom-
inated by spurious fields induced by the spacecraft-plasma interaction. There is no firm frequency
limit always applicable, but at least for floating probes (zero bias current) in the relatively dense
plasma around perihelion the signal appears dominated by the real electric field in the plasma
down to surprisingly (given the asymmetry of the boom mounting) low frequencies, below 1 Hz
(André et al., 2017; Karlsson et al., 2017). There are no bias current sweeps implemented in
the flight software, but the bias currents to the probes were a few times stepped by time-tagged
commands.

The LAP electronics allow sampling of all signals at rates up to 18.75 kHz. Due to telemetry
(TM) limitations, such high frequency (HF) sampling is available only in short snapshots. Low fre-
quency (LF) sampling can be (almost) continuous, at down-sampled from 57.8 Hz to fit TM avail-
ability. LAP has two TM modes: normal mode (NM, 55 bits's™') and burst mode (BM, 2.2 kbit-s™).
Resolution is always 16 bits in HF, but some of the LF data at 57.8 Hz have 20 bit resolution. The
LAP probes could be operated independently of each other, with the limitation that simultaneous
sweeps were not possible. LAP2 could be handed over to MIP for its Long Debye Length mode
(LDL), useful for MIP measurements in the plasma density range 50-300 cm—3.

1.4 The Mutual Impedance Probe (RPC-MIP)

The purpose of the Mutual Impedance Probe (RPC-MIP) onboard Rosetta is to measure in situ
the plasma density (Trotignon et al., 2007).

RPC-MIP is an active electric sensor that measures the transfer impedance between a trans-
mitter (monopole or dipole) and a receiving dipole. The instrument operates at different time
resolutions and in different frequency bands comprised in the [7-3500] kHz frequency range.
RPC-MIP was operated either in passive mode, i.e., with transmitter(s) off thus acting as a pass-
ive electric antenna, or in active mode with transmitter(s) actually stimulates the surrounding
plasma. In active mode, different electrodes can be used as a transmitter: 1) two dedicated
electrodes on the RPC-MIP bar can be used independently (as monopoles) or conjointly (as a
dipole), such operational modes are called SDL (Short Debye Length), 2) the RPC-LAP probe
LAP2 can also serves as a monopole transmitter, in such a case the operational modes are then
called LDL (Long Debye Length). This latter mode of operations, while preventing RPC-LAP to
fully operate, enables to trigger the plasma from a farther distance from the receivers in order to
scan larger spatial scales and therefore access plasma densities lower than those measurable
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in SDL mode. Reception is always performed by the two receiving dipoles at the edges of the
RPC-MIP bar mounted on the upper spacecraft boom.

Measuring the transmission properties of the electric field in the plasma better constrains bulk
plasma parameters. From the on-ground analysis of the mutual impedance frequency spectra ac-
quired on-board and depending on plasma conditions (among which the plasma Debye length),
one may retrieve plasma bulk properties, such as the electron plasma density and potentially the
electron temperature. Given the characteristic plasma conditions encountered by Rosetta and
the design of the MIP sensor, while the electron density can be derived from the characteristic
features of the RPC-MIP electric spectra (in particular the identification of the electron plasma
frequency, upon considerations on the instrument response and hypotheses on the shape of the
electron velocity distribution function), it is less straightforward to derive the electron temperature
from the MIP active spectra only.

The RPC-MIP instrument can operate in active mode (when transmitting) or in passive mode
(no transmission):

* in active mode, a sinusoidal signal is transmitted through one or two electrodes at a given
frequency while the potential difference is acquired simultaneously on the dedicated re-
ceiving electrodes pair and Fourier transformed at the same frequency as the transmission
(through a DFT). Several different transmitting frequencies are then scanned following a
frequency table, previously chosen by telecommand. The resulting electric spectra (amp-
litude and phase) are then fully or partly transferred to data packets. Several transmitting
configurations have been implemented:

— dipole transmission in phase on both RPC-MIP transmitters
— dipole transmission in phase opposition on both RPC-MIP transmitters
— monopole transmission on one of the RPC-MIP transmitters

— monopole transmission on RPC-LAP probe LAP2

Active mode with transmitting RPC-MIP electrodes are referred as SDL (Short Debye
Length) modes. Active mode with RPC-LAP probe LAP2 transmission are designated as
LDL (Long Debye Length). In SDL mode, the physical length of the RPC-MIP bar prevents
from measuring plasma density in plasmas with Debye lengths larger than ~ 50 cm. The
LDL mode has been designed to overshoot this limit and access smaller densities.

* in passive mode, no signal is injected and the measured potential difference is processed
on-board by a FFT, then obtaining an amplitude spectrum over the whole bandwidth at a 7
kHz frequency resolution. As in active mode, full or part of the information is transmitted to
data packets.

Active and passive sub-modes have been designed to adapt on allowed resources or sci-
entific strategies. They result in transferring full or part of the acquired spectra in the telemetry
packets and are combined to construct an RPC-MIP sequence with a fixed duration of 32 s (PIU
cycle) and a data volume depending on the telemetry mode. A complete description of RPC-MIP
sequences, modes and sub-modes is given in the RPC-MIP User Guide.

The frequency range of the RPC-MIP instrument depends on the operating mode. In LDL,
spectra are acquired over the [7 - 168] kHz interval while in SDL, spectra can be acquired on
several frequency tables, the larger frequency range being [28 - 3472] kHz. The frequency table
is selected by telecommand. This results in a working frequency range that can vary with time
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(i.e., when changing operating parameters). To prevent users from having a precise knowledge of
the instrument operating concepts and parameters, RPC-MIP spectra are always given with the
corresponding frequency values in the data files available at PSA. The available frequency tables
in the different modes (passive, active: SDL and LDL) are given in the RPC-MIP User Guide.

As different sub-modes can be combined in different ways to construct fixed-length sequences
of 32 s, idle periods can exist within a RPC-MIP sequence. This leads to an irregular time
resolution that depends on telemetry mode and RPC-MIP operational parameters. Typical values
for time resolution for different sub-modes are given in Table [1.1]:

Table 1.1: RPC-MIP operational sub-modes and associated time resolution.

normal TM rate [s] | burst TM rate [s]
survey full | 32 ~ 4.4
LDL full ~ 10.6 ~ 2.6
passive full | 32 ~ 4.4

All the RPC-MIP operational parameters are described in the RPC-MIP User Guide and can
also be found in dedicated files of the PSA archive.

RPC-MIP is fully described in the instrument paper (Trotignon et al., 2007). Working with data
is described in details in the RPC-MIP User Guide.

1.5 The Magnetometer (RPC-MAG)

The purpose of the magnetometer is the measurement of the interplanetary magnetic field close
to different targets visited by the Rosetta spacecraft.

To measure the magnetic field, a system of two ultra light tri-axial fluxgate magnetometers
(about 28 grams each) is used: the outboard (OB) sensor mounted close to the tip of the about
1.55 m long spacecraft boom pointing away from the spacecraft and the inboard (IB) sensor on
the same boom about 15 cm closer to the spacecraft body (see Figure[1.1). The OB position on
the boom is at 1.48 m, the IB position is at 1.33 m distance from the spacecraft.

In order to provide an exact timing, 6 A/D converters (one for each of the six sensor channels)
are used synchronously. The A/D converters have a resolution of 20 bits each. MAG can be
operated with a maximum temporal resolution of about 20 vectors-s™ outboard and 1 vector-s™
inboard. The raw vectors are transmitted from MAG to PIU with this constant vector rate. PIU is
under-sampling and filtering the raw vectors according to the current mode which is set according
to the actual telemetry budget available.

RPC-MAG can be characterised by the following features:

Fluxgate-Magnetometer with a resolution of 31 pT
* Measurement Range: +16384 nT
» 2 Sensors: Outboard (OB) / Inboard (IB)

6x20 Bit ADCs

10
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» Measuring B-Field in 3 components with a maximum vector rate of 20 Hz.

» The temperature at Outboard and Inboard sensors is monitored in MAG housekeeping
data.

» The instrument delivers time series of the 3 dimensional magnetic field components.

The magnetometer is a simple instrument in terms of modes. There are two sensors, the
inboard sensor IB and the outboard sensor OB, which are sampled with different sample rates.

All possible operational modes are listed in section 3.4 of the RPC-MAG User Guide. Al-
though there are 6 science modes we only used the NORMAL mode (SID2) and the BURST
mode (SID3) during the scientific phases of the mission. This means that the data of the OB
sensor are available at a vector rate of 1 Hz (normal mode) or 20 Hz (burst mode). Accordingly,
the IB data are sampled at 1/32 Hz and 1 Hz, respectively.

The modes are reflected in the filenames of our data products. Thus a “M2” in the filename
means NORMAL mode data and “M3” designates BURST mode data. There is always one data
file per sensor per day per mode (if data are available). This means that data files can contain
data gaps if mode switches have occurred. If, e.g., the instrument was in NORMAL mode from
07:00—-09:00 and from 13:00—24:00 and in BURST mode from 04:00-07:00 and from 09:00—-13:00
then the NORMAL mode file contains a gap from 09:00-13:00, whereas the BURST mode file
has a gap from 07:00-09:00. All data are there, but they are written to different files in order to
avoid mixing different sampling rates and getting wrong results in spectral analyses.

The OB sensor is always sampled with the higher sample rate as this sensor is located further
out and should be the one suffering less spacecraft noise.

More details of the RPC-MAG instrument can be found in the Instrument Paper in Glassmeier,
K.-H. et al. (2007) and information on how to use (or not) the magnetometer data is described in
details in the RPC-MAG User Guide.

1.6 The Plasma Interface Unit (RPC-PIU)

The RPC consortium approach was chosen to simplify the technical interfaces between the five
RPC sensors and the spacecraft whilst also minimising the overall mass and power resources.
The Plasma Interface Unit (RPC-PIU) provides power-conversion and data-processing functions
which are shared by all of the five sensors (Carr et al., 2007). PIU also provides a single-point
interface to the spacecraft such that, with regard to telemetry and tele-commanding, the RPC is
operated as a single instrument with multiple sub-instruments, each of which can be separately
powered, controlled, and operated in numerous sensor-specific modes.

Technical Overview

The Block diagram of the PIU is shown in Figure 4 from Carr et al. (2007). Spacecraft-provided
primary power (nominally +28 V) is converted to regulated secondary voltages as required by
the sensor units. Per sensor, each voltage line is individually controlled on/off by a switch
which senses the current-draw and switches off the entire sensor unit in case of over-current.
The switches are also controlled by telecommand. Thus by controlling the power-status of the
sensors, the overall power consumption of the RPC can be adjusted to meet operational and

11
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scientific needs.

The PIU processor receives telecommands from the spacecraft on-board data-handling sys-
tem and — depending on the destination ‘application ID’ in the packet header — either forwards the
commands onto the relevant sensor for further processing, or executes the commands within the
PIU. Command acknowledgements are returned to the spacecraft. The packet-services protocol
is implemented within the PIU, including the patching of instrument (or PIU) onboard software.
Telemetry data (housekeeping and science) received from the sensor units is assembled and
formatted into packets and transmitted to the spacecraft at a 32 s cadence.

Due to the centralisation of these essential services the PIU design criterion was to avoid
any single-point failure-mode propagating to (or from) more than one sensor unit. This required
duplication of the power conversion and data-processing units, but not the power switches. At
the commissioning of RPC the redundant power converter was tested and found to be non-
operational. Consequently, the main power converter (and main data-processor) was used
throughout the mission, and this failure had no operational impact.

More details on the PIU design and the consortium approach may be found in the RPC in-
strument paper (Carr et al., [2007).

lllumination maps on the cometary surface

RPC-PIU provides a quite uncommon dataset: the illumination maps. Over the two-year es-
cort phase, the images from the navigation camera NAVCAM have been used to create a shape
model of 67P, i.e., a polyhedron of which the shape is the closest one of 67P shape. From this
shape model, the RPC-PIU team has been able to reproduce the conditions of illumination, met
at 67P because a continuous visual monitoring of the comet was not possible. This tool allows
to visualise for example which part of the comet was illuminated at a given time of observation.
This dataset is of particular interest when the neutral density is not available as it shows which
parts of the comet are active and quantitative information on the percentage of the area which is
illuminated is provided. There is no current publications about the generation of this dataset but
a few papers have used them.

Further information on the shape model, illumination maps (format, filename) and data products

is provided in Section [2.9/and the lllumination map User Guide (located in the NAVCAM directory
of the PSA).

12



Chapter 2

Description of the data present in the PSA

The full RPC-IES dataset is available here:
ftp://psa.esac.esa.int/pub/mirror/INTERNATIONAL-ROSETTA-MISSION/RPCIES/

The full RPC-ICA dataset is available here:
ftp://psa.esac.esa.int/pub/mirror/INTERNATIONAL-ROSETTA-MISSION/RPCICA/

The full RPC-LAP dataset is available here:
ftp://psa.esac.esa.int/pub/mirror/INTERNATIONAL-ROSETTA-MISSION/RPCLAP/

The full RPC-MAG dataset is available here:
ftp://psa.esac.esa.int/pub/mirror/INTERNATIONAL-ROSETTA-MISSION/RPCMAG/

The full RPC-MIP dataset is available here:
ftp: //psa. esac.esa. int/pub/mirror/INTERNATIONAL-ROSETTA—MISSION/RPCMIP/

The full RPC-PIU illumination map dataset is available here:
ftp://psa.esac.esa.int/pub/mirror/INTERNATIONAL-ROSETTA-MISSION/NAVCAM/

2.1 lon energy spectra (RPC-IES and RPC-ICA)

RPC-IES: the range and the resolution of ion data acquired by the RPC-IES instrument are de-
scribed below. The actual range and the resolution of the data within the data files listed in this
section are mode-dependent and may be restricted due the telemetry limitations as described in
Section [1.2] Further details can be found in the EAICD and the instrument paper (Burch et al.,
2007). Note that the ion energy is also influenced by the spacecraft potential; negative values for
the latter yield a shift towards higher energies for the positive ions.

Overview of RPC-IES ion spectrometer:

« Energy range: 4.32 eV-q' to 17.67 keV-q"' using 124 steps with 4 additional steps for
flyback

« Energy resolution (AE/E): 8% at each step

« Elevation range: -45° to +45° from midpoint to midpoint (or -48° to +48° from the minimum
of the first bin to maximum of the last bin) over 16 bins (cf. CALIB/ELEVATION_ANGLES.TAB)

« Elevation resolution: 5° nominal, more likely 6° (cf. CALIB/ELEVATION_ANGLES.TAB)
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Table 2.1: List of IES deliverables from ion data.

lon energy distribution

Name Unit Sensor | Level | Brief description
IES lon | counts IES/ION | L2 Raw ion counts
counts (ions) PSA folder:
RO-{TT}-RPCIES-2-{pppp}-V{v}.0
Data files:
RPCIES{YYYYDQY}_ION_V{v}.TAB
IES lon Dif- | ions- IES/ION | L3 Calibrated differential energy flux of ions
ferential En- | m2-s'-sr'- PSA folder:
ergy Flux (eV-eV') RO-{TT}-RPCIES-3-{pppp}-V{v}.0
Data files:
RPCIES{YYYYDQY}_L3ION_FLUX_V{v}.TAB
Uncertainty | ions- IES/ION | L3 Uncertainty in the calculation of differential en-
in ion dif- | m2-s-sr - ergy flux of ions
ferential (eV-eV) PSA folder:
energy flux RO-{TT}-RPCIES-3-{pppp}-V{v}.0
Data files:
RPCIES{YYYYDQY}_L3ION_FXUN_V{v}.TAB

» Azimuthal range: 0° to 360° using 16 anodes read simultaneously
(cf. CALIB/AZIMUTHAL_ANGLES.TAB)

» Azimuthal resolution: 5° for fine anodes (3 to 11) and 45° for coarse anodes (0 to 2 and 12
to 15) (cf. CALIB/AZIMUTHAL_ANGLES.TAB)

Some of these values may differ from those listed in Burch et al. (2007). The values listed
here are based on the instrument as built.

RPC-ICA: measures ions in the energy range from a few eV up to 40 keV per charge (eV-q™).
RPC-ICA can distinguish ions of a mass per charge of 1, 2, 4, 8 and 16 and above. The energy
resolution (AE/E) is 7%. The angular resolution is 22.5° x 5°. ICA has a 360° field of view in
its central plane, and electrostatic deflection provides angular coverage of about £45° out of that
plane in 16 steps of about 5.6°. The 3D temporal resolution of RPC-ICA is 192 s. The instrument
can also be used to obtained 2D data with an energy range up to about 100 eV with 1 sor 4 s
resolution.
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Table 2.3: List of ICA deliverables

lon energy distribution

Name Unit Sensor | Level | Brief description
ICA raw counts per ICA L2 Raw energy spectrograms for different mass channels, and angular directions.
data acquisition Time resolution: 1, 4 or 192 s.
period PSA folder: RAW
Data files: RPCICA{YYYYMMDD}T{hh}_{xxx}_L2.TAB
where xxx is a running number increasing if there are several data files for the same
hour, usually due to a change of software version.
ICA dif- | ions.cm?-s-sr'-eV! | ICA L3 Calibrated energy spectrograms for different mass channels, and angular directions.
ferential Time resolution: 1, 4 or 192 s.
flux PSA folder: CALIBRATED
Data files: RPCICA{YYYYMMDD}T{hh}_{xxx}_L3.TAB
ICA cleaned | ions-cm2-s™'-sr'-eV" | ICA L4 Calibrated energy spectrograms for different mass channels, and angular directions.
differen- Corrected for cross talk, different on-board noise reduction settings.
tial energy Time resolution: 1,4 or 192 s.
spectra PSA folder: L4 CORR
Data files: RPCICA{YYYYMMDD}T{hh}_{xxx}_L4.TAB
ICA mass | ions.cm?-s'-sr'-eV' | ICA L4 Calibrated energy spectrograms for different physical ion mass ranges, and angular
separated directions. A conservative approach was used, so if there was any uncertainty in the
data ion mass, the corresponding data was removed.

Time resolution: 1, 4 or 192 s.

PSA folder: L4 PHYS-MASS

Data files RPCICA{YYYYMMDD}T{hh} {xxx}_L4 {I}.TAB

Index {l} indicates the ion mass, H, He2, He or HVY (for heavy or cometary ions).

VSd 3H1 NI IN3S34d VIVAd 3H1 40 NOILdIHdOS3Ad ¢ 431dVHO
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2.2 Electron energy spectra (RPC-IES)

The range and the resolution of electron data acquired by the IES instrument are described be-
low. The actual range and the resolution of the data within the data files listed in this section are
mode-dependent and may be restricted due the telemetry limitations as described in Section
Further details can be found in the EAICD and the instrument paper (Burch et al., [2007). Note
that the electron energy is also influenced by the spacecraft potential; negative values for the
latter yield a shift towards lower energies for the electrons. Correction for the spacecraft potential
on both the electron energy and energy flux is described in Section [3.2.3]

Overview of RPC-IES electron spectrometer:

- Energy range: 4.32 eV-q"' to 17.67 keV-q' using 124 steps with 4 additional steps for
flyback

« Energy resolution (AE/FE): 8% at each step

« Elevation range: from -48° (minimum elevation of the first bin) to +48° (maximum elevation
of the last bin) using 16 steps (cf. CALIB/ELEVATION_ANGLES.TAB)

« Elevation resolution: 5° nominal, more likely 6° (cf. CALIB/ELEVATION_ANGLES.TAB)

» Azimuthal range: 0° to 360° using 16 anodes read simultaneously
(cf. CALIB/AZIMUTHAL_ANGLES.TAB)

 Azimuthal resolution: 22.5° (cf. CALIB/AZIMUTHAL_ANGLES.TAB)

Some of these values may differ from those listed in Burch et al. (2007). The values listed
here are based on the instrument as built.

2.3 Plasma number density (RPC-LAP, RPC-MIP, RPC-ICA and
RPC-IES)

This section summarises and clarifies the measurements from the different plasma instruments.
Each RPC instrument probes different plasma populations (e.g., cold/warm electrons, energetic
electrons, cometary ions, solar wind ions) which are associated with different energy ranges. The
goal is to identify which sensor (or combination of sensors) is the most suitable for a given data
period.

Below is a brief summary of the pros and cons of the different sensors:

« RPC-MIP: it provides the electron number density by identifying the plasma resonance
frequency f, in the mutual impedance spectrum, i.e., the response of the plasma to a weak
transmitted electric signal. As f, depends on no other plasma parameter than the number
density, this method is considered to provide the most accurate RPC density estimate, for
the density range in which MIP can operate. These are limitation at both high and low
number density. When the Debye length gets smaller or close to the distance between the
transmitters and the receivers, the RPC-MIP experiment becomes blind to the plasma. For
instance, in the case of 7 eV electrons and in LDL mode, this lower threshold is ~ 50 cm—3.
The operating frequency range of the instrument is also limited (see Section [1.4). For
instance, in LDL mode limited to [7; 168] kHz, plasma densities higher than ~ 350 cm~3
cannot be detected.
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Table 2.5: List of IES deliverables from electron data

Electron energy distribution

Name Unit Sensor | Level | Brief description
IES Electron | counts IES/ELC | L2 Raw electron counts
counts (electrons) PSA folder:
RO-{TT}-RPCIES-2-{pppp}-V{Vv}
Data files:
RPCIES{YYYYDQY}_ELC_V{v}.TAB
IES Electron | electrons: | IES/ELC | L3 Calibrated differential energy flux of electrons
Differential | m2-s'-sr- (not corrected for the spacecraft potential)
Energy Flux | (eV-eV™') PSA folder:
RO-{TT}-RPCIES-3-{pppp}-V{Vv}
Data files:
RPCIES{YYYYDQY}_L3ELC_FLUX_V{v}.TAB
Uncertainty | electrons: | IES/ELC | L3 Uncertainty in the calculation of differential
in electron | m2-s-gr - energy flux of ions
differential (eV-eV') PSA folder:
energy flux RO-{TT}-RPCIES-3-{pppp}-V{v}
Data files:
RPCIES{YYYYDQY}_L3ELC_FXUN_V{v}.TAB

— Major strength: Absolute number density values; not sensitive to Vs¢
— Major limitation: Operational over a range of n. (both lower and upper bounded)

* RPC-LAP: it has several methods to derive the number electron density. Only the bias
voltage sweeps provide an absolute value, based on the collection of electrons, as elec-
tron temperature can be independently measured if in a suitable range (eV). Continuous
sampling of probe current or voltage between sweeps needs absolute calibration by sweeps
or MIP on case by case basis to bring uncertainty down to a factor-of-two level. The space-
craft potential Vso can be determined also in very tenuous plasmas, but needs calibration
to other density measurements to provide absolute values.

— Major strength: Wide dynamic range, from a few to ten of thousands of cm~3 by
various methods

— Major limitation: Uncertainties in the absolute values (growing large outside the 10-
1000 cm~3 range)

« RPC-MIP/LAP: it provides the plasma number density by cross-calibrating the RPC-LAP
ion current and floating potential measurements to the RPC-MIP plasma densities. This
dataset overcomes the instrumental and/or operational limits of RPC-MIP and RPC-LAP
and enables reaching a much higher time resolution (up to 17 ms, corresponding to RPC-
LAP ion current or floating potential measurements) than densities derived from RPC-MIP
mutual impedance spectra (up to 2.5 s) or from RPC-LAP |-V sweeps (64 s). This RPCMI-
P/RPCLAP dataset is obtained through a dedicated procedure described in the RPCMI-
P/RPCLAP cross-calibration report.

— Major strength: High time resolution density measurements (17 ms)
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— Major limitation: Measurements obtained by making assumptions on the plasma
behavior

* RPC-LAP/MIP two products are available. See Section2.3.1|and [2.3.4]

« RPC-ICA: It is possible to calculate the different moments of the ion distribution function
(esp., number density, moment of order 0) from ICA observations for velocities above about
4 eV kinetic drift energy. As the instrument is not boom-mounted like LAP and MIP, the
negative (typically —10——20 V) spacecraft potential Vg complicates the observations of
low energy ions, in particular concerning the direction which may be strongly affected by
the spacecraft potential. ICA number densities are best in tenuous plasmas like the solar
wind, provided that a directed ion stream falls within the instrument field of view (FoV). This
is often but not always the case, as the spacecraft itself blocked the Sun or the comet a few
times.

— Major strength: Number density estimates at low density; best for cometary or solar
wind ions at large cometocentric distances.

— Major limitation: Field of view and V¢ issues

« RPC-IES: It is possible to calculate the different moments of the electron and ion distribution
functions (esp., number density, moment of order 0) from the electron or ion sensor. For
L5 dataset, the method to derive the different moments (e.g., number density, velocity, and
temperature) is a simple numerical integration of the distribution function probed by IES
(refer to the documentation in the IES dataset). The ion sensor has FoV issues (see Fig.
often stronger than ICA as the Sun and nucleus often are at the edge of the FoV. When
the spacecraft potential Vs is low (in absolute value), i.e., in tenuous plasmas like the solar
wind, the IES electron sensor should be able to acquire the full plasma density. When Vs
is more negative (during most of the escort phase), electrons at low energy cannot reach
IES so the electron number density is underestimated and uncertainty grows large. Here
the moments have been derived from electron differential energy fluxes not corrected to the
spacecraft potential

— Major strength: Number density estimates at low electron density (assuming low
magnitude for the spacecraft potential)

— Major limitation: Field of view and Vs¢ issues, limitation on the detection of low
energy ions/electrons. Different electron populations (solar wind, cometary, etc.) are
not separated in the moments data files.

Fig. [2.1]and [2.2 provide a rough overview between instruments in terms of the working range
or where most of observations have been made. For instance:

* RPC-MIP: the electron number density from RPC-MIP results from the full escort phase
analysis, on the basis of two different operational modes: SDL and LDL. In SDL, RPC-MIP
accesses the plasma (electron) density in the range [10-10°] cm~3, in the limit of T..[eV] <
0.05 n, [cm~3]. In LDL, the instrument access the plasma (electron) density in the range
[1-850] cm~3 in the limit of T..[eV] < 0.15n.[cm~3]. These instrumental limits are indicated

in Fig. 22

« RPC-LAP The large magenta box in Fig. [2.2 corresponds to the data in the NPL.TAB files,
with limits derived from comparison to MIP for densities above 10 cm~2 and to solar wind
statistics at lower values. The two small boxes refer to the plasma density derived from
probe bias sweeps in the ASW.TAB files, with the upper box corresponding to a nominal
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T, = 5 eV assumption and the lower box to 7, = 0.1 eV used in case cold electrons are
detected.

» RPC-IES: The limits are instrumental. The lower bound is estimated from the noise, de-
pending on the MCP efficiency, and the upper bound from the maximum count-rate that the
system can deliver. Moreover, there is a strong limitation due to the spacecraft potential
which limits the detection of low energy electrons.

* RPC-ICA is directly constrained from the instrument performance and gives the limits at
which ICA is reliable. The spacecraft potential affects however the energy and flux of (low
energy) cometary ions (though not their detection).

The spacecraft potential has been over-plotted to highlight the associated limits of some in-
struments (e.g., RPC-IES and RPC-ICA). Indeed, during the escort phase, most of the time, the
spacecraft potential was negative. A negative spacecraft potential: 1) repels and prevents elec-
trons of energy E lower than |¢Vs¢| to reach the instrument, 2) accelerates ions and provides an

additional kinetic energy to the ions of the order of |¢Vsc|.

We would also like to point out that the definition of energy is not the same for ions and
electrons:
« for ions, “energy” mainly corresponds to the mean kinetic energy from the mean velocity
vector, or bulk velocity

« for electrons, “energy” mainly corresponds to the mean thermal energy or the dispersion
around the mean velocity vector.
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Figure 2.1: (Red) ICA: limits are based on the instrument abilities (lowest reliable count on the
lower side, risk of saturation on the upper side), though ICA never reached saturation. (Blue)
IES: limits have been derived from the instrumental performance. A typical value of the spacecraft
potential has been over-plotted in grey (-20 V) but it is not representative of its variability or largest
value throughout the mission.
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Figure 2.2: (Blue) IES: limits have been derived from instrumental performance. (Green) MIP:
limits from the limits of detection of the instruments stated above in section (Magenta) LAP:
The small LAP parallelograms refer to the plasma density from the probe sweeps given in the
ASW.TAB files. The upper one refers to the nominal case when no cold e~ are detected and we
then use T, = 5 eV. The lower refers to when cold e~ are detected, in which case we use T, = 5
eV. The density ranges for these boxes are set by the range of the LAP current measurement.
The large box corresponds the plasma number density based on V¢ in the NPL.TAB files. For
any temperature within a box, the resulting density is good to within 50%. A typical value of
the spacecraft potential has been over-plotted in grey (-20 V) but it is not representative of its
variability or largest value throughout the mission.

2.3.1 List of dataset

Table 2.7: List of available dataset regarding the plasma (positive ion or electron) number density,
along with H~ number density.

Name | Unit | Sensor | Level | Brief description
Solar wind number density
ICA Solar | cm~3 | ICA L5 0" order moment. May be strongly affected by
wind ion instrument field of view for HT, He™ and He?*.
densities Delivered for active mission as part of enhanced
archive effort (currently not ingested in PSA).
PSA folder:
RO-C-RPCICA-5-EXT2-MOMENT-V1.0
Data files:
RPCICA{YYYYMMDD}T{hh}_000_L5 MOM.xxx
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IES Solar | cm=3 | IES/ION | L5 Solar wind proton, alpha, and He™ densities
Wind lon PSA folder:
densities RO-{TT}-RPCIES-5-{pppp}-V{v}.0
Data files:
RPCIES{YYYYDQY}_L5ION_MOM_V{v}.TAB
Cometary ion density
ICA Comet- | cm—3 | ICA L5 0™ order moment from ions fo energies <60 eV.
ary lon Affected by the limited instrument field-of-view.
density Strongly affected by spacecraft potential for low en-
ergy population. Typically only a small fraction of
the total low energy density is seen (see RPC ex-
ample case). Delivered for active mission as part
of enhanced archive effort (currently not ingested in
PSA).
PSA folder:
RO-C-RPCICA-5-EXT2-MOMENT-V1.0
Data files:
RPCICA{YYYYMMDD}T{hh}_000_L5 MOM.xxx
Negative ion density
IES Neg- | cm™3 | IES/ELC | L5 Densities of H- resulting from charge exchange in
ative lon the coma
densities PSA folder:
RO-{TT}-RPCIES-5-{pppp}-V{v}.0
Data files:
RPCIES{YYYYDQY}_L5ELC_MOM_V{v}.TAB
Electron number density
MIP density | cm™3 | MIP L5 Electron number density, derived from RPC-MIP
(RPCMIP) spectra analysis.
PSA folder:
RO-C-RPCMIP-5-{pppp}-V{v}
Data files:
RPCMIPS5D{mo}{YYMMDDmm}{xxxxx}. TAB
where {mo} describes the mode/sub-mode and
{xxxxx}, the duration in minutes (see RPC-MIP User
Guide for details)
LAP density | cm—3 | LAP L5 Electron number density derived from electron cur-
(N_E_FIX_ rent in LAP sweeps assuming 7, = 5 eV.
T_E) PSA folder:
RO-C-RPCLAP-5-{pppp}-DERIV2-Vv.0
Dataset files:
LAP_{YYYYMMDD}_{hhmmss}_{xxx}_ASW.TAB
where {xxx} is the corresponding LAP operational
mode.
IES Electron | cm~2 | IES/ELC | L5 Mixed population electron density
density PSA folder:

RO-{TT}-RPCIES-5-{pppp}-V{v}.0
Dataset files:
RPCIES{YYYYDOY}_ L5ELC_MOM_V{v}.TAB
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Cross-calibrated plasma number density

MIP-LAP
plasma
density
(RPCMI-
P/RPCLAP)

cm—3

MIP, LAP

L5

High time resolution (up to 17 ms) electron num-
ber density, derived on selected periods from the
cross-calibration of RPCMIP electron density and
RPCLAP floating potential or ion current (see RP-
CMIP/RPCLAP cross-calibration report).

PSA folder:
RO-C-RPCMIP_RPCLAP-5-{pppp}-V{v}

Data files:
RPCMIPLAPS5{YYMMDDhh}{xxxxx}.TAB

LAP-MIP
electron
density
(N_ED)

cm—?

LAP, MIP

L5

Electron number density derived from spacecraft
potential proxy Vsc at low time resolution (32-160 s)
calibrated to RPCMIP data when available, other-
wise RPCLAP.

PSA folder:
RO-C-RPCLAP-5-{pppp}-DERIV2-V{v}.0

Data files:
LAP_{YYYYMMDD} {hhmmss} {xxx} NED.TAB

LAP-MIP
electron
density
(N_EL)

LAP, MIP

L5

Electron number density (16 ms to a few seconds).
In 2014 and during the nightside excursion, a joint
dataset of MIP and LAP densities is used for cross-
calibration purposes — combining the MIP dataset
with scaled LAP densities allowing T_E estimate to
vary or alternatively, compensating for the density
depletion in the sheath of the spacecraft —, other-
wise it is “purely” calibrated with MIP densities. The
width of the calibration window is 3-5 days for N_EL
(to be compared to 20 s for the MIP-LAP electron
density).

PSA folder:

RO-C-RPCLAP-5-{pppp}-NPL-V{v}.0

Data files:

LAP_{YYYYMMDD} {hhmmss}_{xxx}_NEL.TAB

2.3.2 Cross-calibrated products

As part of cross-calibration activities mainly MIP-LAP, measurements of the same physical quant-
ity (e.g., plasma number density) from different instruments have been combined together to gen-
erate additional science product. Moreover, it provided the opportunity to assess the reliability of
the different dataset, depending on the plasma conditions.

A first example is given by Fig. 2.3 showing the comparison between RPCMIP and RPCLAP
for the plasma number density. A second example is shown in Fig. [2.6|and compared with other

dataset.
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Figure 2.3: Example of RPCMIP/RPCLAP cross-calibrated densities over 20 minutes for 30 July
2016, from top to bottom: (i) RPC-LAP MIP floating potential used as input to the cross-calibration
procedure, (i) RPC-MIP plasma density (Level 3) used as input to the cross-calibration procedure
and resulting RPCMIP/RPCLAP cross-calibrated plasma densities with associated uncertainties
(Level 5).

Another cross-calibration product is RPCLAP-RPCMIP and a comparison of this product with
the other dataset is provided in Section. [2.3.4]and details are given in Table [2.7]
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2.3.3 Which solar wind nhumber density should be used?
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Figure 2.4: Proton (upper panel), alpha (middle panel) and He* (lower panel) number density
from RPC-ICA and RPC-IES the 19" of February 2016

The user may consider combining RPC-ICA and RPC-IES for the solar wind Comparison has
been done between |IES and ICA for the solar wind (see Fig. and [2.7). IES and ICA both
provide ion data, with to some extent complementary fields of view. In Fig. we show the
solar wind proton density from both instruments and in Fig. the speed of the solar wind
protons. The densities from the two instruments show similar statistical characteristics but are
not always the same for a given time. This is an effect of the different field of view of the two
instruments. The moment data sets can be joined in a simple way by choosing the moments
from the instrument indicating the highest density. One should however note that IES does not
have mass-discrimination and may mistake pick-up cometary ions for solar wind ions. These
frequently overlap in energy range, but usually not in flow direction. The relation between the
ICA density and the solar wind density from the OMNI database is discussed in the RPC-ICA
User Guide. In short, the upper envelope agrees very well, but there is a considerable scatter
towards lower density for ICA. This is a combination of the limited field of view, enhancement and
rarefaction of the solar wind caused by the observed deflection, as well as charge-exchange loss
of protons.
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Figure 2.5: Upper panel: Solar wind proton density from both instruments. Lower panel: a prelim-
inary merged data set where ICA data has been interpolated to the times of IES measurements
and the data with the highest density has been used in the merged dataset. The combined
dataset is preliminary and is not part of the current delivery.

2.3.4 Which cometary plasma number density should be used?

Plasma density for a given time interval of the order of hours or shorter: First check if
your interval of interest is available in the cross-calibrated MIP-LAP dataset in the MIP archive.
If so, this will provide high-time resolution (16 ms to a few seconds) data of high quality. If there
are no such data, use if available the LAP-MIP density data products N_ED (time resolution 32 s
to few minutes) or N_EL (16 ms to a few seconds). Note that N_EL is N_ED with a high time res-
olution cross-calibration of LAP ion current to densities (mostly, MIP). In parallel, check also for
MIP-only densities, keeping in mind that MIP has upper/lower boundaries in retrievable densities
that depend on operational mode, which might result in some bias if used blindly.

Plasma density for intervals of days or more: The most consistent dataset for long term
studies is the low time resolution LAP-MIP cross calibrated data product known as N_ED, avail-
able in the NED.TAB files in the LAP data. This is the dataset with a high dynamic range and the
broadest coverage over all the mission. The homogeneity of this dataset is particularly important
for statistical studies. The N_ED time resolution varies between 32 s and a few minutes and the
accuracy of any individual data point is less than in the MIP densities, but the wider dynamic
range means less of systematic bias towards high or low densities.
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High dynamic range density data: The dataset with the largest dynamic range is LAP-MIP
N_EL which is based on the N_ED with a better time resolution (which improves the range) and a
cross-calibration using ion currents (which improves the performance for the very lower densities).

High time resolution density data: If you need better time resolution than about a second,
LAP needs to be in burst mode (BM). Data are available either as MIP-LAP cross-calibrated data
in the MIP dataset, or as the cross-calibrated LAP-MIP data product N_EL in the NEL.TAB files of
the LAP archive If you need better time resolution than about a second, LAP needs to be in burst
mode (BM). Data are available either as MIP-LAP cross-calibrated data in the MIP dataset, or as
the cross-calibrated LAP-MIP data product N_EL in the NEL.TAB files of the LAP archive. The
former is detailed in the RPCMIP/RPCLAP Cross-Calibration Report. The latter uses a calibration
to available MIP data over a period of days, and to the LAP N_E_FIX_T_E data product if MIP
data are not sufficient.
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Figure 2.6: Plasma (electron or ion) number densities from RPC-MIP, RPC-LAP, RPC-ICA, RPC-
IES and cross-calibrations between MIP and LAP the 1°! of August 2015 (upper panel), the 19"
of February 2016 (middle panel), and the 3" of July 2016 (bottom panel). The ion number density
from RPC-ICA has been derived from cometary ions at energies between a few eVs (not 0) and
60 eV.
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Table 2.8: Hierarchy between the dataset available for the cometary plasma number density

What is the user interested in?

Which product should the user use?

High time (down to 16 ms) total plasma dens-
ity

MIP-LAP plasma density

If not available, LAP-MIP electron density
(N_EL)

If neither, MIP electron density

Statistical study (large time coverage) of total
plasma density

LAP-MIP electron density (N_ED)

High dynamic range total plasma density

LAP-MIP electron density (N_EL)
and if not available, N_ED

Study of a specific day, medium time resolu-
tion of the total plasma density

MIP-LAP plasma density

If not available, LAP-MIP (N_EL or N_ED,
down to 32-second time resolution)

If neither, MIP

Positive ion density of the solar wind

ICA or IES solar wind number density (to
check both)

2.4 Plasma (ion and electron) velocity and speed (RPC-ICA,
RPC-LAP/MIP and RPC-IES)

* RPC-ICA: The numerically integrated first order moment is delivered as a velocity. This
works generally very well for solar wind ions, when the ion beam is within the field of view of
the instrument. Lower energy (cometary) ions can be significantly affected by the spacecraft
potential as well, which may make the direction unreliable.

— Major strength: Direct estimate of the numerically integrated velocity of observed
ions. Good dynamic range from several km-s~! to several 100 km-s~*.

— Major limitation: Angular coverage, in particular at low energy. Low energy ions

affected by spacecraft potential.

« RPC-LAP:V_ION_EFF_XCAL inthe LAP_{YYYYMMDD} {hhmmss} XXX_ASW.TAB files
is an estimate of the cometary ion effective speed from the ion slope and the RPCMIP
density estimates. It is derived from the slope of the LAP sweeps in the ion saturation
region. The slope is proportional to density and inversely proportional to ion momentum,
so by assuming all ions are H;O™ (mass 19 u) and with use of a simultaneous MIP density,
it is possible to derive an effective flow speed. For a plasma with a distribution of ion
energies, as should most often be the case, V_ION_EFF_XCAL is not the arithmetic mean
but a harmonic mean (the inverse of the mean of inverses) and so is weighted toward the
lowest energies.

— Major strength: Availability over large part of the mission.

— Major limitation: At large velocities or low densities the error in the fit procedure
becomes very large, ions are water ions

* RPC-IES:

— Major strength: Availability over large part of the mission.
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— Major limitation: for electrons, population is a mixture of solar wind, cometary, sec-
ondaries, affected by S/C potential. For ions, includes only solar wind. For both,
sometimes affected by limited FOV.
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241

List of dataset

Table 2.10: List of available dataset regarding the plasma (ion or electron) velocity and speed

Name Unit Sensor | Level | Brief description
Solar wind velocity
ICA Solar | km-s~! | ICA L5 1%t order moment, integrated over the field-of-view
wind  velo- and energy range of the instrument for H*, He™
city and He?*.
PSA folder:
RO-C-RPCICA-5-EXT2-MOMENT-V1.0
Data files:
RPCICA{YYYYMMDD}T{hh}_000_L5_MOM.xxx
IES Solar | km-s~! | IES/ION | L5 Solar wind H*, He™ and He?* velocities in CSEQ
wind velo- coordinates
city PSA folder:
RO-{TT}-RPCIES-5-{pppp}-V{v}.0
Data files:
RPCIES{YYYYDQY}_L5ION_MOM_V{v}.TAB
Cometary ion velocity
ICA Comet- | km-s~! | ICA L5 1%t order moment, integrated over the field-of-view
ary ion velo- and energy range of the instrument.
city PSA folder:
RO-C-RPCICA-5-EXT2-MOMENT-V1.0
Data files:
RPCICA{YYYYMMDD}T{hh}_000_L5 MOM.xxx
LAP-MIP km-s~! | LAP, MIP | L5 Effective ion speed derived from RPCLAP sweeps
effective ion and simultaneous RPCMIP density assuming
speed m;/q = 19 u-q~! weighted towards low energies.
(V_ION_EFF PSA folder:
_XCAL) RO-C-RPCLAP-5-{pppp}-DERIV2-Vv.0
Data files:
LAP_{YYYYMMDD} {hhmmss} {xxx}_ASW.TAB
Negative ion velocity
IES Negat- | km's~! | IES/ELC | L5 H~ (from charge exchange in the coma) velocity in
ive ion velo- CSEQ coordinates
city PSA folder:
RO-{TT}-RPCIES-5-{pppp}-V{v}.0
Data files:
RPCIES{YYYYDQY}_ L5ELC_MOM_V{v}.TAB
Electron velocity
IES Electron | km's™! | IES/ELC | L5 15t order moment. Mixed population electron velo-
velocity city.
PSA folder:
RO-{TT}-RPCIES-5-{pppp}-V{v}.0
Data files:
RPCIES{YYYYDQY}_L5ELC_MOM_V{v}.TAB
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2.4.2 Which solar wind velocity should be used?
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Figure 2.7: Same as Fig. [2.5/for the Solar wind proton speed.

Further comparison has been done between ICA and IES. As shown by Fig. [2.7, the speed
determined from IES and ICA agree quite well, but the direction does not. The ICA derived
velocity agrees well with the deflection reported in Behar et al. (2017) and Nilsson et al. (2017)
which were derived from the same data but with different data processing. The reason for the
discrepancy between the solar wind ion flow direction as determined by IES and ICA is not yet

identified.
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Figure 2.8: Proton velocity from RPC-ICA and RPC-IES the 19" of February 2016
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Figure 2.9: Alpha velocity from RPC-ICA and RPC-IES the 19" of February 2016
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