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Motivation & Introduction 

1. Different baseline S/C attitudes result in different numbers and 
magnitudes of Communication Rolls away from that baseline. 

2. While the rolls themselves have a science impact, so too does the 
choice of baseline. 

3. This is an attempt to quantify the science impact of choosing one 
baseline over another, both with and without considering the 
communications rolls as well. 

4. So far:  
• Based on EPD and SWA Sun-facing fields-of-view. 
• Adopting a ‘minimum absolute roll on a given day’ roll 

strategy. 
5. In future this sort of analysis can be used to trade off different roll 

strategies. 
 
 



Quantifying Science Return from EPD 
and SWA 

1. Simple, reductive approach. Doesn’t encompass the subtleties of the 
instruments’ science, but is still useful for comparison. 

2. For EPD: 
• For what amount of time do the EPD sunward sensors see the 

interplanetary magnetic field direction? 
• Geometric best case: S/C Y held parallel to heliographic 

equator. 
3. For SWA: 

• For what amount of time do the SWA PAS & HIS sensors see 
enough of the solar wind beam? 

• Geometric best case: S/C Y held parallel to S/C velocity. 
4. General Method: Construct a probability distribution of the relevant 

quantify (IMF direction; location and angular size of solar wind 
distribution) for each day of the mission, integrate this over instrument 
FoVs in both rolled and unrolled states. 



Quantifying Science Return (EPD) 

1. Analytic Parker Spiral: 
• Function of heliospheric 

distance, heliographic 
latitude, solar wind speed 
(assumed 400 km/s) 

2. Variability based on data: 
• Gaussian fits to 

histograms of B field 
vectors binned by 
distance (0.2AU bins). 

• Helios for < 1AU 
• OMNI for ≥ 1AU 

3. We integrate these probability 
distributions over the EPD 
FoVs for every day of the 
mission and each attitude 
profile. 

 



Example:  
STEP Observation Chance vs Roll Angle 



Quantifying Science Return - SWA 

• We can quantify science loss for SWA by comparing the probabilities of 
SWA’s FoV encompassing the solar wind direction when the spacecraft 
has nominal pointing and when the spacecraft is in a rolled state. 

• These probabilities are different because although the solar wind flows 
radially away from the Sun, Solar Orbiter’s orbital velocity is such that 
a significant aberration can occur:   

SWA-PAS FoV 
Aberration Angle 

Radial Direction 

Aberrated Solar 
Wind Direction 



Quantifying Science Return - SWA 

• SWA also needs to observe a cone around the solar wind direction, the 
opening angle of which is related to solar wind ion temperature.  

• So the probability of the SWA making a good measurement is the 
probability of the entire viewing cone lying within the sensor FoV (i.e. 
not in the example below). 

SWA-PAS FoV 
Aberration Angle 

Viewing Cone 
Opening angle 

Required Viewing 
Cone 



Defining the Viewing Cone 

• The viewing cone position and 
extent within the SWA FoV is 
defined by the aberration angle 
and opening angle. 

• The aberration angle is simply 
tan-1(VSC/VSW) 

• Similarly, the opening angle is 
the angle associated with an ion 
velocity at which the phase 
space density of a Maxwellian of 
temperature, T, drops below the 
4σ level: 
 

 
• This is higher than the thermal 

Velocity, VTH 

VTH V3σ  V4σ 

(note for HIS we use 2*vth rather 
than assuming a Maxwellian) 

 



Creating The Probability Distribution 

• We need to create a probability 
distribution (PD) of viewing cone 
edge positions for each day of 
the mission (DOM). 

• First, a PD of aberration angles 
is calculated for each DOM from 
OMNI solar wind velocity data 
(2000-2012) and the spacecraft 
velocity on that day. 

• This is combined with a PD of 
opening angles calculated from 
OMNI Temperatures, scaled for 
heliocentric distance (cf. Marsch 
et al., 1982) to create a PD of 
viewing cone edges. 

• For any attitude profile, for each 
DOM, we can then integrate the 
PD over the SWA FoVs and 
calculate the probability of SWA 
seeing enough of the solar wind 
distribution for a good 
measurement. 



Example:  
Fastest Perihelion July 2017 Trajectory 

For Restricted PAS Field of View 



Example Results July 2017 EPD/STEP 

SC Y on Equator 
 
SC Y on Equator 
(With Rolls)  
 
SC Y on Velocity 
 
SC Y on Velocity 
(With Rolls) 
 



July 2017 EPD Results: 
Nominal Attitude 

• Discounting any 
communication 
rolls, adopting an 
attitude with SC Y 
fixed to the 
equator gives EPD-
HET 100 more 
days of time 
observing the IMF 
direction. 

• Conversely, Fixing 
Y to the SC-Earth 
plane loses more 
than 100 days. 

SC Y on Equator – SC Y on Velocity 
SC Y on Ecliptic – SC Y on Velocity 
SC Y on SC-Earth Plane – SC Y on Velocity 



July 2017 EPD Results: 
Minimum Absolute Roll 

• Comparing the 
results when 
taking into 
account comms 
rolls gives the 
same pattern 
 

• For EPD, 
adopting a 
baseline 
attitude with 
SC Y held // to 
the heliographic 
equator is the 
best option. 

SC Y on Equator – SC Y on Velocity 
SC Y on Ecliptic – SC Y on Velocity 
SC Y on SC-Earth Plane – SC Y on Velocity 



July 2017 SWA-PAS Results:  
Nominal Attitude 

Changing the 
baseline attitude 
doesn’t have as 
significant an effect 
on PAS as it does 
on EPD. 

Y on Velocity 
Y on Equator 
Y on Ecliptic 
Y on SC-Earth 

 



July 2017 SWA-PAS Results:  
Nominal Attitude 

• As expected, Y on 
Velocity is the best 
baseline 

• Y on SC-Earth plane 
is the worst. 

• Although the 
difference is only 11 
days observing time 
out of 3700. 

SC Y on Equator – SC Y on Velocity 
SC Y on Ecliptic – SC Y on Velocity 
SC Y on SC-Earth Plane – SC Y on Velocity 

 



July 2017 SWA-PAS Results:  
Minimum Absolute Roll 

• The situation 
changes slightly once 
you take 
communications rolls 
into account. 

• Now Y on Equator 
provides the worst 
science return. 

• Note this is assuming 
a minimum absolute 
roll, choosing a 
different roll strategy 
may mitigate this. 

• Even so, this still 
represents only a 
0.7% loss of 
observing time. 

SC Y on Equator – SC Y on Velocity 
SC Y on Ecliptic – SC Y on Velocity 
SC Y on SC-Earth Plane – SC Y on Velocity 



July 2017 SWA-HIS Results:  
Nominal Attitude (O6) 

• For HIS, the Y on 
SC_Earth plane 
case is significantly 
worse than the 
other three. 

Y on Velocity 
Y on Equator 
Y on Ecliptic 
Y on SC-Earth 



July 2017 SWA-HIS Results:  
Minimum Absolute Roll (O6) 

• For HIS, the Y on 
SC_Earth plane 
case is significantly 
worse than the 
other three. 

• This remains the 
case when when 
comms rolls are 
taken into account. 

Y on Velocity 
Y on Equator 
Y on Ecliptic 
Y on SC-Earth 



July 2017: SWA-HIS Results:  
Minimum Absolute Roll (O6) 

• This is more obvious 
when you examine 
the differences. 

• The SC-Earth Plane 
case results in ~100 
Days lost observation 
time for HIS. 

• The best choice of 
Attitude baseline isn’t 
straightforward 
however. 

• The Equator case is 
the best for low 
inclinations, the 
velocity later in the 
mission at high 
inclinations. 

SC Y on Equator – SC Y on Velocity 
SC Y on Ecliptic – SC Y on Velocity 
SC Y on SC-Earth Plane – SC Y on Velocity 



RPW Constraints 

• The above assumes no constraint from the RPW antenna. 
• Neither body mask currently includes the preamp. 
• The antenna itself isn’t as important from an 

interference point of view. 
• While there is degraded science performance 

(level TBC) from an illuminated preamp it isn’t an 
instrument health concern. 

• Will update the results to include an RPW preamp 
constraint once it is available. 



Conclusions 

1. Based on simple geometric arguments: 
a. SC Y parallel to Heliographic Equator is best for EPD, 
b. SC Y parallel to SC Velocity is best for SWA, 
c. SC Y parallel to SC-Earth plane is worst for both. 
d. EPD gains much more than SWA loses by adopting Equator 

Orientation. 
 
Under these assumptions fixing SC Y parallel the Heliospheric Equator 
gives the best science return. 
 
1. Next Steps: 

a. October 2018 trajectory 
b. Assess the effect of different roll strategies (e.g. roll & stay 

there for RSWs) 
c. Include RPW Constraints (antenna + preamp; preamp only) 
d. Any other constraints (SOLO-HI) to consider? 
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