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Executive Summary 
 
The Solar Orbiter mission will address four top level scientific objectives: 
 

1. How and where do the solar wind plasma and magnetic field originate in the corona 
2. How do solar transients drive heliospheric variability? 
3. How do solar eruptions produce energetic particle radiation that fills the heliosphere? 
4. How does the solar dynamo work and drive the connections between the Sun and 

heliosphere? 
 
In order to answer these questions, the spacecraft embarks a suite of in-situ (IS) and remote 
sensing (RS) instruments that are designed to be able to be jointly operated, and even 
autonomously communicate with each-other via the service 20. Indeed, previous missions have 
shown that the Sun (imaged by the RS instruments) and its heliosphere (mainly sampled by the 
IS instruments) must be considered as an integrated system instead of separate entities. Many 
of the advances expected from Solar Orbiter rely on this synergistic approach between the IS 
and RS measurements.  
 
Due to its comprehensive payload and unique mission profile, Solar Orbiter is very different from 
previous solar and heliospheric missions. Being a deep space mission the large average 
distance of the probe to the Earth imply that the telemetry budget is very constrained compared 
to that of recent missions around Earth or near Earth orbits. This constraint affects both IS and 
RS instruments, but most RS instruments are inherently capable of producing several orders of 
magnitude more data than can be transferred to the ground. For this reason, the observations of 
the RS instruments have been limited from the early studies of the mission concept to three 10-
day windows per 6 month orbit, centered on the vantage points that make the mission unique:  
the perihelia down to 0.28 A.U. and the highest solar latitudes up to 34°. 
 
This approach indeed maximizes the scientific return of the mission during these unique 
moments, but this also implies that at present, the connection between the RS and the IS 
observations is effective during 1/6th of the mission duration. In order to increase the duration of 
the joint observations, the RSWG investigated the possibility for the RS instruments to dedicate 
a fraction of their telemetry allocation to perform synoptic ‘out-of-RS windows’ observations that 
would provide the contextual information necessary to enable connection science during the 
whole orbits, while maintaining a low-resources / low-impact profile in order not to violate the 
EMC requirements of the IS instruments. It is the purpose of this document to describe these 
possible observations. 



1. Introduction 

1.1 Applicable & Reference Documents 
 

AD# Applicable document title Document ID Issue 

1 Solar orbiter Experiment Interface Document Part A SOL-EST-RCD-0050  5.0 

2 Solar Orbiter Low-Latency Data: Concept and 
Implementation 

SOL-SGS-TN-0003_LLdata 1.2 

3 Solar Orbiter Science Management Plan SOL-EST-PL-00880 2.2 

4 Solar Orbiter Mission Planning Concept SOL-ESC-TN-12000_MPC 1.6 

 

1.2 Scope 
The scope of this document is to describe potential scenarios of RS observations outside the 
nominal RS windows. It describes the context, the scientific rationale, and provides sample 
observing programs. 

1.3 Conventions 
We use the following conventions throughout the document: 

1 kbit = 1000 bits 
1 Mbit = 106 bits 

2. Programmatic Context 
Solar Orbiter is scheduled to be launched in February 2020 and its science phase will start in 
early 2021, in the rising phase of Solar Cycle 25. At that time, the Parker Solar Probe (PSP, 
launched in August 2018) will have been in operation for 2.5 years, with a perihelion at 0.13 AU. 
The two missions are highly complementary, with PSP probing the base of the solar wind in the 
ecliptic plane with its in-situ instruments (and sideways-facing white light imager) and Solar 
Orbiter making comprehensive in-situ and remote sensing observations further downstream 
(perihelion at 0.28 A.U.) and out of the ecliptic (up to 34° of heliographic inclination). 
 
At that time, STEREO-A will have passed the L5 Lagrangian point, and no longer offering far-
side imaging. However, SOHO, Hinode, and (less likely) SDO may no longer be operational; 
and a solar-dedicated Small Explorer Mission, of yet unknown payload will be nearing final 
integration (with launch in 2022). A NOAA mission to L1 to replace the SOHO coronagraph 
observations is anticipated to be in development (for a 2024 launch). Therefore, Solar Orbiter 



will have to rely on its own instrumentation to continuously image the source regions of the solar 
wind when above the far side of the Sun as seen from Earth. 
 
In this context, the RSWG proposes to enhance the unique, irreplaceable, Solar Orbiter science 
by taking stock of the anticipated context of supporting observatories and scientific advances by 
fine-tuning its observing strategy. To that end, we distilled the multitude of Solar Orbiter 
advantages into the essence of the mission: 
 

1. The Connection Science enabled by the joint operation of the RS and IS payloads 
together, and the 

2. The first ever out-of-ecliptic imaging enabled by the unique orbit characteristics 
 

It should be apparent that we can maximize the scientific return from these two core assets by 
extending the capability of observing the Sun, while measuring the heliospheric physical 
conditions, along most of the spacecraft orbits. At present, Connection Science is achieved 
when the RS and IS operate in tandem and out-of-ecliptic imaging is performed when Solar 
Orbiter reaches maximum heliographic latitudes. 
 
As we argue in this document, the extension of RS operations outside of the nominal RS 
windows -which is feasible within the existing spacecraft and operational constraints- is a not to 
be missed opportunity to enhance the scientific value of the mission in cooperation with most (if 
not all) of the telescopes (space or ground-based) likely to be operating at the time. In addition, 
it will greatly enhance the societal utility of Solar Orbiter by offering observations of unique value 
to space weather research. In other words, the proposed plan not only optimizes the return on 
the considerable investment made by the space and funding agencies but also increases the 
programmatic value of the Solar Orbiter mission within the ESA and NASA research portfolios. 

3. Scientific Rationale  

3.1 Solar Orbiter standalone science 

3.1.1. Connection Science  
Solar Orbiter’s overarching goal and most important strength is its unique ability to marry remote 
sensing observations of the solar atmosphere with in situ sampling of the solar wind plasma and 
heliospheric magnetic field in order to identify the chain of physical processes that lead to the 
creation of the heliosphere and govern its evolution on all spatial and temporal scales. The latter 
point is crucial – the variability occurs on time scales extending from sub-second to hours, days, 
weeks and longer. Understanding the origins and implications of this variability thus requires 
maximising opportunities for joint remote sensing and in situ observations to allow multiple 
scales to be probed. 
  



We know that the polar fields are a critical element to understanding the solar cycle and the 
global field reversal. Throughout the cycle the magnetic field is carried out by the solar wind into 
the heliosphere, and with it the extension of the polarity inversion line that delineates the 
boundary between positive and negative magnetic flux on the solar surface, creating the 
heliospheric current sheet (HCS). The structure of the HCS is related to the global magnetic 
field of the Sun and the multipoles that are dominating it in the different phases of the solar 
cycle. It is important not only from the perspective of determining the polarity of the field as it 
passes over the Earth, but it also plays a key role in modulating the flux of cosmic rays 
throughout the heliosphere. Observations suggest that the HCS, and its surrounding plasma 
sheet (HPS), display high levels of variability and are persistently displaced Southward (e.g. 
Luhman et al., 1988; Mursala & Zieger, 2001; Zhao et al., 2005). What drives the variability and 
southward displacement, and the nature and relationship of the HCS and HPS to coronal 
structure and dynamics is currently unknown but can be uniquely studied with Solar Orbiter 
through the combination of remote sensing and in situ measurements. As highlighted in section 
1.1.3.2.2 of the SAP, remote sensing observations are crucial to achieving this science 
objective, and their availability throughout the whole orbit, particularly when SO is behind the 
Sun and context remote sensing observations from the Sun-Earth line are not available, will 
greatly increase our ability to understand how changes in the HCS and HPS are connected to 
coronal changes. Similarly, as SO increases in inclination in the later stages of the mission, the 
potential to monitor coronal changes as SO crosses the HCS will provide unique insights. For 
example, the testing of solar wind conditions in relation to the structure of the convoluted solar 
maximum HCS will be enabled by the combination of in situ sampling of its plasma and first ever 
wide field RS imaging from outside the ecliptic. 
  
Closely related is the distribution and disconnection of open magnetic flux (SAP 1.1.3.3) and its 
disconnection from the Sun (SAP 1.1.3.2). Recent work by Linker at al. (2017) indicates that a 
significant fraction of open magnetic flux may originate at the boundaries of coronal holes rather 
than in coronal holes themselves, while Owens, Crooker and Lockwood (2011) suggest that 
disconnection occurs most favourably when the HCS is highly inclined to the equator. 
Supporting remote sensing context observations throughout the orbit will greatly enhance the 
prospect of making the link between changes in open magnetic flux as measured in situ with 
changes related to the large scale magnetic and coronal structures on the Sun. Again in the 
later mission stages when SO is at higher inclinations, the ability to observe how changes in 
coronal structure correlate with changes in open magnetic flux will greatly enhance our ability to 
understand changes in the global field and their relationship to the solar dynamo. 
  
As Solar Orbiter completes its orbit the IS instruments will continuously monitor changes in the 
properties of the fast and slow solar wind, including the presence of waves, turbulence and 
small-scale structure. The context afforded by the RS instruments allows the connection of 
these variations to solar conditions and structures – streamers, pseudo-streamers, coronal 
holes and boundaries (SAP 1.1.2.2, 1.1.2.4, 1.1.2.5, 1.1.2.6, 1.1.2.7, 1.2.2.3) to be made over 
extended intervals of time. The RS windows will already provide huge opportunities for the 
detailed study of these phenomena. In addition, the availability of low-cadence (15 minutes to 1 
hour) synoptic wide field images of the solar surface and corona, in combination with full-Sun 



magnetograms and spectroscopic abundance determinations, will be hugely beneficial in 
allowing the origin of variations over the timescale of a solar rotation and longer to be 
understood.  
  
The mechanisms by which solar energetic particles are accelerated remain one of the major 
unsolved questions in solar physics. Multi-spacecraft observations in recent years have 
highlighted that the longitudinal extent of SEP events can be 360 degrees, and that in some 
cases the inferred particle release sites are seemingly well correlated with the global waves and 
shocks seen to propagate across the solar disk in some solar eruptions. Since SO will launch 
during a period of low solar activity these events will likely be relatively rare and may well occur 
outside of the RS windows. SOHO EIT famously identified ‘EIT’ waves propagating across the 
solar disk in association with eruptions at ~15 minute cadence, so equivalent cadence with EUI 
FSI will be enormously beneficial in allowing SO to quantify the relationship between CME 
driven shocks and SEP event origins. Simultaneous coronagraphic observations will allow the 
determination of the direction of propagation and comparison with the in-situ measurements of 
the corresponding solar wind disturbances. 

3.1.2. Other Solar Orbiter scientific goals 
The orbit of Solar Orbiter is particularly designed for remote sensing observations of the polar 
regions which are of essential importance for understanding the progression of the solar cycle 
and, hence, of the underlying dynamo mechanisms. The associated over-arching Solar Orbiter 
science goal is inferred from both theoretical considerations and observations (Cameron & 
Schüssler 2015, Petrie 2015). 
 
Studying the solar dynamo actions and the dynamics of the polar magnetic fields requires 
probing the solar interior with helioseismic techniques and tracking the surface magnetic field 
structures in order to characterize the large-scale solar flow fields and their interaction with 
small-scale motions (Sections 4.1 and 4.2 of the SAP). Löptien et al. 2015 has compiled a 
detailed summary of helioseismology science goals which can be carried out with Solar Orbiter.  
 
Particularly long-standing scientific key questions that require magnetic field measurements 
over long periods and from outside the ecliptic plane are the contribution of local dynamo 
actions to the global solar magnetic field (SAP Section 4.4; see also Buehler et al. 2013, 
Kitiashvili et al. 2015) and the role of the magnetic helicity as a conserved and invariant quantity 
(Brandenburg et al. 2017) for the phenomena and principles (e.g. polarity laws) related to the 
solar dynamo. 
 
Closely related to the solar dynamo is the behaviour of magneto-convective solar surface 
phenomena (SAP Section 4.3), the structure of the global solar field and its temporal variation. 
Ideally, the latter requires permanent remote sensing observations of the entire solar surface. 
Solar Orbiter will make a big step forward into this direction which, after the successful 
observations obtained by the STEREO mission, can be now extended also to photospheric 
structures and magnetic fields. Synoptic field maps, which are required for a large variety of 
connection science questions (see Sections 3.1.1 and 3.2), will be considerably improved by 



adopting measurements from two vantage points. However, also magneto-convective 
phenomena such as the formation and evolution of active regions (see e.g.  van Driel-Gesztelyi 
& May 2015, Ugarte-Urra et al. 2015) require observation periods containing several solar 
rotations and are particularly suitable for Solar Orbiter because of the extended visibility of 
actives regions during co-rotation phases. 

3.2 Solar Orbiter Science Synergies with other assets 
The thorough payload complement and unique mission profile make Solar Orbiter a cornerstone 
for solar and heliospheric system science. Offering novel views outside the ecliptic and off the 
sun-earth line but restricted to about 20% duty cycle for remote sensing, Solar Orbiter can 
greatly augment the science of space- and ground-based instruments and benefit from their 
observations.  
The Solar Orbiter scientific synergies with the Parker Solar Probe (PSP) mission (Fox et al. 
2016) are particularly strong. Both are encounter missions with close perihelia and low duty 
cycles. PSP carries a small payload complement with a heliospheric imager as its sole 
telescope. It also spends about half of its science operation over the far side (relative to Earth) 
of the Sun. Hence, imaging from Solar Orbiter will likely be the only way to obtain the conditions 
of the solar photosphere and low atmosphere underneath PSP during those times. Quadrature 
observations with PSP will greatly aid in understanding the evolution and structure of the large 
scale solar magnetic field  (and of transients, such as CMEs) as discussed in other sections. 
When combined with near-Earth space assets, Solar Orbiter adds crucial vantage points (for 
magnetography and EUV loop imaging, for example) at the same or even higher spatial 
resolution and could enable stereoscopic spectroscopy, if Hinode or another disk spectrometer 
are operating at the time. As an added benefit, the near-Earth telescopes allow unique cross-
calibration opportunities to improve the quality of the SO data products. The forthcoming 
PROBA-3 mission can also give a crucial contribution to observations performed by multiview 
vantage points. 
 
Ground-based observatories (GBOs) augment significantly the science return from Solar Orbiter 
due to their complementarity. The deployment of meter-class solar optical telescopes, such as 
the Swedish Solar Telescope (SST), the German Gregor Telescope, and the Goode Solar 
Telescope (GST). The 4m Daniel K. Inoue Solar Telescope (DKIST) will be operational in 2020 
followed by the similarly-sized European Solar Telescope (EST). Since these instruments will 
have a spatial resolution comparable to that of the imagers of Solar Orbiter, coordinated SO-
GBO observations will provide a clearer transition between the magnetic field measured by PHI 
in the photosphere and the transition-region and coronal plasma sensed by EUI and SPICE and 
consequently enhance our ability to connect the solar surface state to the measurements made 
by the coronagraph, heliospheric imager and in situ instruments. 
 
In addition, the GBOs observe different parts of the solar spectrum. Hence, combined 
observations will significantly extend the capabilities of the remote sensing instruments, beyond 
what Solar Orbiter can do on its own. This is particularly true for determining height variations of 
the physical properties in the photosphere and in the lower chromosphere. 



Stereoscopy is a further benefit of joint SO-GBO observations, particularly for Solar Orbiter-Sun-
Earth angles below 30 degrees. it will help determine the true geometric heights at which the 
coronal plasma is sensed on the solar disc or at which the magnetic field is measured. The 
latter will be crucial for more accurate magnetic field extrapolations, which again will be of great 
benefit for uncovering the true connection between the magnetic field measured at the solar 
surface and the measurements made in situ. 
 
In summary, there exist strong science synergies between SO and almost every ground-based 
or space mission in operation during the SO science phase. Many of these synergies rely on 
specific spatial configurations (e.g. far-side or off-ecliptic imaging, quadratures or small-angle 
stereoscopy) that do not necessarily fall within the limited duration of the RS windows. Thus, 
extending SO remote sensing coverage outside of the nominal windows will significantly 
enhance the science output of Solar Orbiter. 

3.3 Space Weather Monitoring 
Solar Orbiter provides an exceptional viewpoint of the Sun and its environment away from the 
Sun-Earth line along with a specially selected suite of instruments, many of which have never 
been located away from the Earth before. This capability is one of the unique strengths of Solar 
Orbiter and the combination of remote sensing and in-situ instruments will ensure significant 
advances in our understanding of how the Sun and heliosphere evolve on all spatial and 
temporal scales. In particular, the ability of Solar Orbiter to observe the Sun-Earth line and those 
regions of the Sun not observed by existing spacecraft will provide a new insight into space 
weather and how outflows from the Sun affect the near-Earth environment. 
 
Space weather is an all-encompassing term covering any phenomenon originating at the Sun 
which affects the near-Earth environment. This therefore includes the impact of the solar wind, 
which is flowing out continuously from the Sun. The ability of Solar Orbiter to directly probe the 
region close to the Sun using in-situ instrument suite while simultaneously imaging the source 
regions with the in-situ instruments will ensure a new understanding of how the solar wind is 
accelerated and evolves as it propagates into the heliosphere. However, space weather also 
includes the effect of transient events such as solar flares, coronal mass ejections (CMEs) and 
solar energetic particles. As transient events, these phenomena are much more difficult to 
predict and can result in geomagnetic storms that can adversely affect the near-Earth 
environment. Although Solar Orbiter will provide an opportunity to observe the Sun from 
different locations using a variety of instruments and passbands that have not previously been 
flown in space, its ability to observe the onset and evolution of transient events is limited by the 
three remote sensing observing windows per orbit.  
 
The effects of solar transients on the heliosphere and near-Earth environment are addressed by 
two of the four primary objectives of Solar Orbiter; Objective 2 “How do solar transients drive 
heliospheric variability?” and objective 3 “How do solar eruptions produce energetic particle 
radiation that fills the heliosphere?”. Although both objectives can be investigated by the 
combination of remote sensing and in-situ instruments during the remote sensing windows, the 



random nature of these events means that some will occur outside of the remote sensing 
windows. While these will be observed by the in-situ instruments, without context remote 
sensing data it will be impossible to fully understand the nature, scale and evolution of the 
transient events without context remote sensing images. As an example, the very low temporal 
cadence images proposed by EUI are also of a comparable cadence to those used (very 
effectively) by the EIT instrument on the SOHO spacecraft to identify and track CMEs and 
identify global “EIT waves”. The low temporal cadence means that these images will have a 
negligible impact on the allocated telemetry, thus providing the opportunity to greatly extend the 
scientific potential of remote sensing instruments such as EUI without adversely affecting the 
total telemetry budget. 
 
Context remote sensing observations outside the remote sensing windows will also be vital to 
provide identification of long-lasting features such as active regions that appear on the far-side 
of the Sun to the Earth. As well as aiding in the identification of suitable targets for focused 
observation during the remote sensing windows, this would enable identification of active 
regions most likely to erupt and produce geo-effective phenomena. This would provide vital 
additional information that could help to mitigate against the effects of those eruptions and offer 
a unique opportunity to enhance our space weather capabilities and protections. 

4. Operational constraints 

4.1 Telemetry, Housekeeping Telemetry 
The total telemetry volume is a severe constraint for the Solar Orbiter mission, in particular for 
the remote sensing instruments, whose allocated telemetry bandwidth as listed in the EID-A 
(see Table 2 below) is applicable only during the 3x10 days remote sensing windows. The 
remote sensing (RS) data collected during the 3x10 days is stored in the SSMM and brought 
down to the ground over the whole orbit, as ground contacts are available. The limited storage 
capacity of the SSMM is therefore a second bottleneck in maximising the science return of the 
mission. In practice, the telemetry return is highly dependent on the eventual orbit. Also, the PHI 
and EUI instruments have large internal memories, capable of storing more data than their 
respective SSMM storage allocations. 
 
Unless explicitly stated otherwise, we assume in the present document that the proposed 
Synoptic Observations of the RS instruments, outside of RS-periods, do not lead to an 
increased total telemetry demand. This implies that whatever data volume is generated outside 
the remote sensing windows is subtracted from the available data volume during the remote 
sensing windows. Note that with the present proposal, as the data production will be more 
equally distributed along the orbit (and not just peaking in the RS windows), the SSMM storage 
bottleneck will become less restricting. 
 
 



  Nominal rate [bit.s-1] Over the full orbit  
[Mbit, 30d out of 168d] 

EUI 20500 53136 

PHI 20500 53136 

SPICE 17500 45360 

SoloHI 20500 53136 

Metis 10500 27216 

STIX 700 1814.4 

 Table 2: EID-A bandwidths for each RS instrument and integrated over an 168d orbit.  
  

  Nominal 
Rate  
[bit s-1] 

Reduced 
Rate 
[bit s-1] 

During RS-
windows 
[Mbit, 30d] 

Outside RS-
windows 
[Mbit, 138d] 

Over the  
full orbit  
[Mbit, 168d] 

EUI 500 50 1296 596 1892 

PHI 500 50 1296 596 1892 

SPICE 450 38 1167 453 1620 

SoloHI 500 50 1296 596 1892 

Metis 200 50 519 800 1319 

STIX 50 20 52 238 290 

 Table 3: Housekeeping bandwidths for each RS instrument and integrated over an 168d 
orbit. The nominal housekeeping rate is the housekeeping rate foreseen early in the 
mission. The “reduced rate” is a minimal housekeeping rate adequate once sufficient 
confidence/understanding has been built up. 
 
At the other hand, keeping remote sensing instruments on outside remote sensing windows 
implies that these instruments also produce housekeeping data. Integrated over a full orbit, 
these housekeeping data add up to a serious fraction of the proposed synoptic observations. 
Also this housekeeping data needs to be subtracted from the nominal EID-A data volume and 
can thus not be spent on other (science) data. At the same time, instruments like EUI and PHI, 
were going to be on and thus generating housekeeping data anyway to make use of their large 
internal memory to circumvent the limitations of the SSMM. In Table 3 below we list the required 



bandwidths for housekeeping telemetry expected during the Remote Sensing Synoptic 
observations. 
 
The SOC is responsible for coordinating the telemetry return of the instruments, in a fair and 
efficient way, taking into account the planned observations, the expected performance of the 
available telemetry passes and the filling of the SSMM. During the planning process, the SOC 
communicates about the available telemetry for each instrument, in the form of ‘telemetry 
corridors’. These are graphs that indicate at each moment in time the maximum and minimum1 
new data volume that should be produced.  When making these telemetry corridors, the SOC 
puts a certain telemetry bandwidth apart, the “low latency bandwidths” to guarantee the transfer 
to the ground in the first available pass of data urgently needed for planning purposes. The 
onboard processes are organized such that the low latency bandwidth does not need to be 
monitored by SOC: there is always enough space in the SSMM and there is always enough 
telemetry to bring that data to the ground. 
 
It is important to note that the “low latency bandwidths” are also available outside the RS 
windows, both for in-situ and RS instruments. Therefore, as long as the RS-synoptic 
observations stay within the low latency bandwidth, no special configuration or monitoring by 
SOC of the onboard data streams is required. In Table 4 below, we list the low latency 
bandwidths for each RS instrument. 
 

  Nominal 
Rate  
[MB/day] 

Nominal 
Rate  
[bit.s-1] 

During RS-
windows 
[Mbit, 30d] 

Outside RS-
windows 
[Mbit, 138d] 

Over the  
full orbit  
[Mbit, 168d] 

EUI 1.5 138.89 360 1656  2016 

PHI 1.05 97.09 max. 251 max. 1157 max. 1408 

SPICE 1.0 92.59 240 1104 1344 

SoloHI 1.0 92.59 240 1104 1344 

Metis 1.0 92.59 max 240  max 1104 max 1344 

STIX 0.54 50, 30 
(in,out of  
RSW) 

130 358 488 

 Table 4: Low latency bandwidths (see Table 2 in AD [2]) 

                                                 
1 Minimum data volume as to secure that there is always sufficient data onboard to use every bit of 
telemetry. 



4.2 EMC 
The observation programs chosen by each instrument (see section 5) in the out of RSWs are 
simple studies, and as EMC-low as can be predicted at this stage. We appreciate that some 
instrument activities are EMC noisy and these will be avoided. In case a non-EMC quiet 
instrument activity cannot be avoided, it will be restricted to the daily preferred-noisy windows. 
The table below highlights the modes for each remote sensing instrument, and comments on 
any EMC issues. 
 

  Observations EMC issues 

EUI Beacon data 
Synoptic data 
If applicable: Sample HRI data 

In all cases, the motors will not be 
used (wavelength selected once at 
the beginning of the observations). 
The switch on/off sequence will not 
occur at these times. The heaters, 
if required, are the most likely 
candidate for EMC issues. 

PHI LL data only  
QL: full disk continuum and magnetogram 
thumbnail 
Calibration: snapshot of calibration products  

The focussing motors and the 
heaters will be the main potential 
EMC issue. 

SPICE Two modes are proposed. Mode 2 is 
preferable: 
1. Raster once per day to create FIP (and 
eventually velocity) maps. 
2. Same as 1 and, occasionally, a focus 
adjustment or slit change would be made in 
addition.  

Focus motor adjustments and slit 
changes would require short 
duration EMC noisy operations (< 1 
minute). 

SoloHI Regular set of horizontal strips to build J-
maps 
Compressed sample of detectors or regions 
of interest 

The survival heater, if required, is 
the only EMC issue, and is not 
needed if the instrument is on. 

Metis VL images for tB and pB + UV images 
8 VL light curves (1 per each detector sector) 

The switch on/off sequence will not 
be used during this, so there should 
be no EMC issues.  

STIX Light curves for each energy band 
Flare information data 
Energy calibration data 

No EMC issues.  

 Table 5: EMC issues out of remote sensing windows for each RS instrument.  



4.3 Power    
The Solar Orbiter platform is designed to operate all instruments simultaneously within the 
remote sensing windows. At least the high- and low-latitude remote sensing windows are not 
specifically favourable for power production by the solar panels, as compared to other orbit 
phases.  In addition, the proposed observation programs (section 5) are typically simplified 
instrument operations requiring less power than the full nominal power usage in remote sensing 
windows. We believe therefore that the extra power consumption by operating the remote 
sensing instruments outside the remote sensing windows is not a prime concern. 
During operations, the MOC will provide a power envelope to the SOC for the instruments. From 
the above, we expect that the proposed synoptic observations will easily fit within this envelope 
at all times. However, if this is not the case, and power would effectively be a constraint, then 
we will address it by further downscaling the selected observation programs. Obviously, the total 
power consumption will need to be further carefully analysed once the final details of the 
instrument operations are identified. 

4.4 Operational stability   
In order to minimise the additional workload on the SOC and MOC, we are proposing 
observations programs during the RS-windows that are as simple and static as possible (see 
section 5 for details). In particular, the proposed RS-observations out of the RS-windows will 
always assume nominal sun-center pointing. 
 
The nominal approach will be to define these observations programs by a pre-agreed IOR that 
spans a Short Term Planning Cycle (STP, about a week) and repeat it as much as possible for 
each STP after STP. Adaptations of the weekly IOR will sometimes be unavoidable as one has 
to take into account  the reserved/blocked activities/slots for MOC (defined in the PTEL2), which 
may vary from STP to STP. Yet, a weekly reference offers enough flexibility to the instrument 
teams to define e.g. weekly calibration needs within the reference IOR (see e.g. SPICE in 
section 5.2). 
In addition, such an approach also provides natural re-entry points in case an instrument has an 
unexpected drop-out of the planning. 
 
The provision of observation programs by instrument teams via IORs will follow the nominal 
route defined in the MPC [4]: instrument teams send IORs to the SOC, which consolidates this 
into a POR and delivers it to the MOC, with the rules (and delivery rules) defined in the MPC [4]. 
In this way, the SOC is the only interface for the MOC. 

                                                 
2 PTEL: Planning Timeline Events  



5. Observing programs 

5.1 Synoptic programs 
In the following, we describe one synoptic program per remote sensing instrument. The 
programs are as resource neutral and EMC quiet as possible. These programs could be 
adapted based on the measured in-flight performance (e.g. during commissioning). These 
programs require no additional telemetry, fit within the daily low latency allocation, and are 
designed to be very repetitive.  

5.1.1 EUI 

Instrument/sensor, Proposal out-of-RSW synoptic observation: 
EUI/FSI, non-stop highly compressed 17nm full disc observations at 15 min cadence 

Scientific Rationale: 
Connection science: These images show the global structure of the corona, including coronal 
holes and active regions, and will be essential during back-side transits of the Sun to know 
what solar driver is influencing the inner heliosphere. Better ability to identify drivers of 
accelerated particles such as global shocks and CMEs. 
Space Weather: These images constitute a full flare & CME-watch as needed by Space 
Weather Monitoring. Better ability to identify drivers of accelerated particles such as global 
shocks and CMEs. 

Telemetry impact: 
The expected daily data production is 11 Mbit/day, which is within the low latency-bandwidth 
(12 Mbit/day). This data production is based on the assumption of 4x4 rebinned and strongly 
compressed images (down to 0.12bits per pixel). It also includes a reduced telemetry rate of 
0.05 kbit/s. 
 
In what follows we will assume the full low latency-bandwidth is used. Summing up this 12 
Mbit/day during all out-of-RS window periods (~138 per orbit) results in a data volume of 1656 
(LL) + 596 (HK) Mbit (see Table 4 and Table 3 respectively) which is 4.1% of the 53136 Mbit 
telemetry allocation for EUI per orbit. The EUI team believes this is an acceptable cost. 

 

EMC noise information: 
At the basis of the currently available information we expect these observations to be EMC 
quiet. Note that no mechanism is operated and 1 camera is read-out only four times per hour. 

Power: 
We expect 16W power consumption with little or no fluctuations. 

Operational stability: 
These observations can be run at any time without further configuration or interruptions. 

 
 
 



5.1.2 SPICE 

Instrument/sensor, Proposal out-of-RSW synoptic observation: 
Two modes of operations are proposed for SPICE. Mode 2 is preferable. 

1. Sun center raster once per day to create FIP (and eventually velocity) maps. 
2. Sun center raster once per day to create FIP (and eventually velocity) maps. 

Occasionally a focus adjustment would be made in addition. 

Scientific Rationale: 
SPICE will provide daily First Ionization Potential maps of the FOV. Similar measures are 
done by the in-situ instruments, meaning that SPICE provides a daily tracer for the sources of 
the solar wind.  It would be possible to test ballistic or other models for the winds and particles 
paths over different timescales. Doing this for the whole orbit will highly enhance the science 
return for the connection. At large distances from the Sun the coverage of the surface will 
increase, allowing a higher chance to observe an eruption. In this case, these data could 
contribute to Space Weather forecasts. Additional occasional support to the connection 
science will be provided to SPP in particular orbits configuration. 

Telemetry impact: 
The SPICE data will fit the LL allocation and no extra science telemetry per orbit is required, 
Additional HK data is required while SPICE is in OPERATE mode (the same rate as required 
inside RS windows), but this is only needed for ~2 hours per day. The extra HK will be part of 
the normal Solid State Mass Memory (SSMM) data allocation. 

Power: 
Mode 1 and 2: OPERATE (Ready) mode will require 25.5W (< 300W allocation) during the 
observations.  When not observing, the state can be changed to STANDBY (Stable), reducing 
the power to 17.1W.  Mode 2: To optimise the observations, occasionally the focus motor 
operation may be required as well, needing 29.1W for a short duration (< 1 minute). 

Operational stability: 
No decision-making should be needed by MOC during satellite passes.  Approximately 120 
telecommands per week would be needed in the timeline to optimize the observations. These 
could be passed, for instance, within STP IORs.  
Occasionally SPICE would collect calibration data (darks etc.) instead of science, with no 
changes in resources required. The need for additional operational changes along the orbit 
will be tested during commissioning and check-out windows (detector temperature, other 
calibrations data). These may require different commanding for different parts of the orbit.  
MOC/SOC intervention is not anticipated. 

EMC noise information (to be assessed after commissioning) 
Given the current information, for Mode 1 the SPICE activity will be EMC quiet.  However, any 
focus motor adjustments would require short duration EMC noisy operation, which could be 
scheduled during ‘preferred-noisy’ windows (Mode 2).   

 



5.1.3 STIX 

Instrument/sensor, Proposal out-of-RSW synoptic observation: 
STIX to operate in nominal mode, with only selected quicklook and housekeeping data sent to 
ground as part of the low-latency data stream. 
  
The foreseen data products are: GOES-like time profiles in the thermal and non-thermal 
range, and quantitative information on flare activity such as flare temperature, emission 
measure, non-thermal energy content, and location. 

Scientific Rationale: 
To monitor flaring activity provides essential context observations for in-situ instruments 
outside the science windows. In particular, these observations will allow us to trace impulsive 
electron events seen by EPD and RPW back to the Sun revealing the magnetic connection of 
SO with the Sun. 
 
The same data sets will also represent a valuable and unique resource for Space Weather 
monitoring. 

Telemetry impact: 
The total required telemetry is 0.07 kb.s-1 (or less for a reduced time resolution). 
This includes the above-mentioned data products and fits within low-latency. 
Stored imaging data for selected events can optionally be included during subsequent RS 
windows without affecting the overall data allocation. 

Power: 
Nominal power consumption around 7 W. 
During flaring times the power is expected to increase to 8 W. 

Operational stability: 
STIX observations are operationally stable 

EMC noise information (to be assessed after commissioning) 
STIX successfully passed all EMC tests. 



5.1.4 METIS 

Instrument/sensor, Proposal out-of-RSW synoptic observation: 
Synoptic mode - long-term evolution of the coronal configuration: 
  
Syn-A: Orbital phase: distance S/C-Sun > 0.45 AU (~110 days) 
Images: 4x[VL tB (total Brightness) + UV]  sets of images/day. 
Maximum duration of acquisition per set of images:  30 min 
Binning: 4x4, Repetition interval: 6h, CME flag: OFF 
1 VL + 1 UV CR/SEP Log Matrix per day 
8 light curves, 1 for each sector of the VL detector 
Data volume: ~5.4Mb (VL)+1.2Mb (UV)+0.5Mb (2 CR/SEP Log Matrix)+0.37Mb (8 light curves)/day ~ 7.5Mb/day 
Syn-B:Orbital phase: distance S/C-Sun ≤ 0.45 AU (<30 days) 
Images: 1x[VL pB (polarized Brightness, consisting of 4 VL frames) + UV] set of images/day. 
Maximum duration of acquisition per set of images: 30 min 
Binning: 4x4, Repetition interval: 24h, CME flag: OFF 
1 VL + 1 UV CR/SEP Log Matrix per day 
8 light curves, 1 for each sector of the VL detector 
Data volume: ~5.4Mb (VL)+0.3Mb (UV)+0.5Mbit (2 CR/SEP Log Matrix)+0.37Mb (8 light curves)/day  ~ 
6.6Mb/day 

Scientific Rationale: 
Synoptic program runs outside RSWs, to monitor nearly continuously over the orbital period 
the evolution of the large-scale corona, in particular of the magnetic field configuration, and of 
the coronal wind, in conjunction with the observations dedicated to this high priority science 
objectives inside the RSWs. 
This plan responds to the following Solar Orbiter Science Cases: 

- Connection Science with other S/Cs (PSP, Stereo, Bepi Colombo, Proba 3) 
- Large scale nearly continuum context monitoring for Space Weather enabling science (after Stereo and 
SOHO/LASCO, which are already well beyond their nominal phase, Metis could be the only coronagraph to 
monitor the extended corona in the next decade) 
-  Connection Science with Solar Orbiter in-situ instruments, providing context of the inner heliosphere and 
increased science return. 

Telemetry impact: 
Expected data volume: 1818 (1018.8 for synoptic data & 799.2 for HK) Mbit per orbit, ~6.7% 
of the total data volume per orbit (27216 Mbit). 

Power: 
Power consumption: 28W max - No operating mechanisms. 

Stability: 
Metis requires Sun-center pointing during the out-of-RS windows phases of the orbit. 

EMC noise information (to be assessed after commissioning) 
EMC tests on ground have so far shown that, when operating, Metis is EMC quiet. TBC by 
further S/C on ground EMC tests and during commissioning. 



5.1.5 SOLOHI 

Instrument/sensor, Proposal out-of-RSW synoptic observation: 
SoloHI: (a) Swaths along & perpendicular to the ecliptic to generate J-maps (synoptic maps) 
of the corona at a 20-30 minute cadence. (b) Images in coordination with PSP, comets, 
STEREO and SOHO quadratures 

Scientific Rationale: 
These data provide a view to the large-scale structures emanating from the Sun and crossing 
the SolO path.  The structures could be transient such as CMEs, shocks or CIRs, or 
quiescent such as streamers and could have an input to Space Weather monitoring and 
forecasting.  

Telemetry impact: 
The SoloHI data being proposed is the same LL data stream being planned during RS 
windows.  It is 1 MB per day or 150 MB for the extra 5 months of the non-RS windows. 

Power: 
No extra power consumption is anticipated.  No mechanisms are operated.  Since the 
instrument is powered on the power fluctuations caused by the heater cycling are within the 
EID-A EMC requirements.  Note that if the instrument is off the survival heaters operate and 
due to their thermostatic control will cycle on/off at unknown times. 

Operational stability: 
The exposure times would probably change as a function of radial distance, but this would be 
part of the SoloHI schedules that would be uploaded monthly. SoloHI does anticipate 
performing calibration activities and detector bake-out once per orbit, which would interrupt 
the generation of the maps. 

EMC noise information (to be assessed after commissioning) 
SoloHI believes that the proposed activities are EMC quiet. However, if on-orbit tests prove 
otherwise, then we would be reluctant to propose them for routine operations. 

  
 
 
 
 
 
 
 



5.1.6 PHI 

Instrument/sensor, Proposal out-of-RSW synoptic observation: 
Basic Low-latency Mode: Synoptic observations of the full-disk magnetic fields, using FDT in 
the PHI_synoptic mode 

Scientific Rationale: 
Improve synoptic maps of the global solar magnetic fields and provide magnetic context to 
other instruments aboard SolO 

Telemetry impact: 
Only I_C and B_LOS, 1kx1k requires 3% of TM allocation; as part of low-latency data 

Power:  
14.6W (observational idle, assuming 4W heater power, depending on solar distance) 
30.7W (during acquisition, 4 x 1min per day) 
22.8W (during processing, approx. 4 x 30-60min per day) 

Operational stability: 
PHI requires thermal stability during observations, i.e. heater operations several hours 
(depending on orbit position) before and during observations. 

EMC noise information (to be assessed after commissioning) 
Synoptic obs. require periodic (after every change of tbc AU solar distance) refocusing of the 
FDT, i.e. mechanism movements of ~5min duration 

  

5.2 Calibration activities 
Some out-of-RSW calibration activities are foreseen by the RS instruments to take advantage of 
unique calibration opportunities (i.e. the visibility of bright UV stars, or planetary transits, or inter-
calibration with Earth-orbiting assets during conjunction) outside the Commissioning phase. 
These observations are not covered by the present document. They will be included in the SAP 
as calibration observations required for the normal exploitation of the RS instruments. 
  
Some of the proposed out-of-RSW observations may however require dedicated calibration 
activities. As of today, SPICE is the only instrument to foresee the collection of calibration data 
on a regular basis in support to its proposed out-of-RSW observations. 
  



The main reason for these activities is due to the changes in instrument temperature with 
distance from the sun. These variations will be much larger than inside the nominal RS 
windows, and so will have a greater effect on the final product. In particular, the temperatures of 
detectors will affect their dark current performances, and for SPICE, the temperature of the 
optics will affect the wavelength calibration. Also, having the detector powered for a longer 
period of time than initially planned may result in faster degradation, which will need to be 
monitored. 
  
For SPICE, the specific proposal is to make regular measurements of both dark current and full 
UV spectra in the two wavelength bands. The necessary frequency of these measurements is 
not yet known, but is estimated to be every 1-2 weeks. This interval may be adjusted once the 
data from the first orbit has been assessed.  
  
The calibration measurements will replace the out-of-RSW scientific product on one day per 
interval, which will be done using normal timeline planning (no ground intervention will be 
needed).  For example, the following plan would be created if an interval of 1 week was chosen: 

- Days 1-6: Regular scientific measurements, as proposed 
- Day 7: Calibration measurements 

 These measurements would be repeated throughout the orbit, when RS windows are not 
scheduled. This approach is in line with the target of operational stability as described in section 
4.4. 
 

Instr. Main product Max. telemetry 
(LL + HK) 

(% of alloc.) 

Operational stability EMC Power 
(W) 

EUI 15 minutes Full Sun 4.2 Stable Quiet 16 

PHI Daily Full Sun BLOS 
+ IC 

3.3 Stable 
(internal thermal 

stabilization 
required) 

Mostly 
quiet 

(focusing) 

15-23 

METIS 30 min. visible light 6.9 Pointing constraints Quiet 28 

SoloHI 30 min. Equat & Lat. 
subfields 

3.2 Stable Quiet Nominal 

SPICE Daily FIP map 3.4 Stable Mostly 
quiet 

(focusing) 

36 

STIX Nominal 33 Stable Quiet 8 
 
Table 6: Main characteristics of the synoptic RS programs. To calculate the % of 
allocated telemetry, we have used the information in Table 2/column 3 (total allocation), 
Table 3/column 5 (HK) and Table 4/column 5 (LL). 



5.3. Summary 
Table 6 gives a summary of the main characteristics of the proposed synoptic programs. The 
telemetry column lists the total of the low latency and housekeeping data values in fraction of 
each instrument’s nominal allocation. They represent the maximum that each instrument would 
dedicate to these out of RS window observations. Most instruments are operationally stable / 
robust. METIS has constraints on its pointing. The majority of foreseen operations is EMC quiet. 
The EMC noisy operation will be occasional (frequency TBD) focusing mechanisms in PHI and 
SPICE. EMC-noisy operations can be performed during already planned EMC-noisy activities. 
 

6. Discussion 
The present document demonstrates that the science return of Solar Orbiter can be further 
optimized (section 3), within the applicable mission constraints (see section 4), via limited 
activities of the remote sensing instruments (section 5) outside the nominal remote-sensing 
windows. 
 
The proposed observations are synoptic in nature and are designed to fit within the existing 
resources. Mechanism usage is limited to the absolute minimum (only occasional refocusing if 
needed) to ensure EMC silence. Being synoptic, these programs should have minimal impact 
on SOC / MOC (TBC). They can be thought of ‘RS instrument working as IS’. 
 
This document version is intended as a starting point for further discussion. If the principle of 
these observations is agreed upon by the SWT, the next step is the refinement of the proposed 
programs before they become part of the normal mission planning process. In particular, the 
following open questions need to be addressed: 
 

● When should the out-of-RS observations start? To optimize the science opportunities 
during the Parker Solar Probe mission lifetime these programs should ideally start 
already in the cruise phase. However, the MPC [4, section 4.3] does not foresee any 
science activities (outside agreed checkout windows and/or special calibrations/pointing) 
during the cruise phase. MOC will therefore not be able to support any additional 
checkout windows, or any special calibrations/pointings on top of what is documented in 
the MPC. Therefore, only observing programs can be run that are consistent with this 
boundary condition. Telemetry may also be limited during the cruise phase, and the in-
flight behavior of some of the RS instruments may not be fully characterized before the 
first perihelia. 

● Should the out-of-RS observations be run all the time? In some orbit phases (e.g. 
oppositions or quadratures with the Earth or other missions) this will be more important 
than in others. 

● Should the observation programs be bundled in a SOOP? While these synoptic 
observations should be handled on-board as low-latency, they do not necessarily have 
to be handled as such by the processing pipelines. 



● Should all instruments will be on at the same time? We understand that this may not be 
possible. We have to wait and analyze the in-flight EMC results before deciding the 
extent to which the RS instruments can operate outside the nominal RS windows. 
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