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Outline

! Solar Orbiter (SO) Mission
! Energetic Particle Detector (EPD) Suite on SO
! Questions that will be addressed by SO/EPD:

! Acceleration
! Seed Particle
! Transport

! SO-SIS instrument and data products
! EPD data
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Solar Orbiter Mission
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• A joint ESA-NASA mission to be launched in February 2020
• The spacecraft will take a unique combination of measurements: in situ

measurements will be used alongside remote sensing close to the Sun to relate 
these measurements back to their source regions and structures on the Sun's 
surface. 

• Solar Orbiter will set about answering four top-level science questions:

- What drives the solar wind and where does the coronal magnetic field 
originate from?

- How do solar transients drive heliospheric variability?
- How do solar eruptions produce energetic particle radiation that fills 

the heliosphere?
- How does the solar dynamo work and drive connections between the 

Sun and the heliosphere?
Müller et al. (2013)



Mission Design
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• NASA-provided launcher

• First perihelion is reached 
1.5 years after launch

• Operating orbit has a 168 
days period

• Resonant orbit with Venus

• Minimum perihelion at 0.28 
AU

• 7 years nominal mission at 
25° inclination
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Solar Orbiter Spacecraft
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10 instrument suite: 4 in-situ; 6 remote

SWA-HIS

EPD-SIS

SoloHI

MAG-IBS

RPW-ANT

- SPICE
- STIX
- EUI
- METIS

- PHI

EPD



Solar Orbiter: Energetic Particle Science Question 
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How do solar eruptions produce energetic 
particle radiation that fills the heliosphere?

1) How and where are energetic particles 
accelerated at the Sun?

2) How are energetic particles released from 
their sources and distributed in space and 
time?

3) What are the seed populations for energetic 
particles?

1) Acceleration

2) Transport

3) Injection/Seed population

1) Acceleration

2) Injection/Seed population

3) Transport



Adapted from Marty Lee, ApJS, 158, 2005

Acceleration site

At flare 
site?

(rapid)

Near 
shock?

(slower)
If at shock, 
how far 
from Sun?
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1. Shock Acceleration
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Evidence for Shock Acceleration
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2. Flare Acceleration

11/45

– 4 –

e.g. Steinacker et al. 1988). The energy loss rate at low energies (for both electrons and ions) is dominated
by Coulomb collisions with background particles (mainly electrons).2 At higher energies (not relevant for
the discussion here) inelastic interactions (synchrotron, inverse Compton and bremsstrahlung) for electrons
and (nuclear line excitation, neutron and pion productions) for ions become important.

Thick−target footpoints

Escaping particles

Looptop source

site emission

Turbulence acceleration
region, Coronal X−rayReconnection

Energy
outflows

SEPs

Fig. 1.— Left: A schematic representation of the reconnecting field (solid green) forming closed coronal loops
and open field lines presumably extending into higher corona and the solar wind. The red foam represents
turbulence. Acceleration probably takes place in the outflow regions above and below the X-point. Particles
(temporarily) trapped here produce the radiation seen above the closed loops and particle escaping these
regions up and down (blue arrows) are observed at one AU as SEPs and produce the nonthermal radiation
(mainly at the two foot points; blue ovals), respectively. (From Liu et al. 2013) Right: A similar schematic
joining the flare site field lines to the CME, the shock and beyond (from Lee, 2005). The rectangles define
the boundary of the acceleration sites and represent the leaky box.

The final coefficient in Equation (1), namely the energy dependence of the escape time, has a more
complicated relation to the transport coefficients and the crossing time τcross ≡ L/v, where L = V/Ā is the
average size of the acceleration site. If there is a weak or no trapping of the particles in the acceleration
site; i.e. when magnetic field lines are nearly uniform and we are dealing with the weak diffusion limit with
scattering time τsc " τcross (or mean free path λsc " L), then the particles free stream and escape within

2Coulomb collision also cause pitch angle scattering, and therefore spatial diffusion along the field lines, with a rate that is
comparable to energy loss rate at nonrelativistic energies but decreases as 1/(γ2 − 1). They also cause energy diffusion which
is negligible in the cold target case (E " kT ), but can be comparable to the energy loss rate for a hot target as E approaches
kT (see Petrosian & Kang 2015), where T is the background plasma temperature.

Drake et al. 2012 Liu et al. 2013 
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Old new

Life is more complicated:
Flares can contribute to shock-accelerated 
particles.
Composition helps to understand how

But it does not solve all problems!

CME-driven shocks play an important 
role in accelerating particles
But…. 



Adapted from Marty Lee, ApJS, 158, 2005

What is being accelerated - seed 
population?

Material in 
coronal 
loops? (high 
T, Fe-rich?)

Ions 
encountering 
shock? Bulk solar wind?

“Flare” particles? 

Suprathermal ions? --
what properties? 
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What is being accelerated?
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• Solar Wind & SEP have different composition

Mewaldt et al. 2001 
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Heavy ion enhancements seen 
in solar energetic particles 
(Mason et al., 2004).
Could be due to wave-particle 
interactions.

But not these!?!

Mason et al., 2004
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3He During Quiet-times
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The mystery of huge heavy ion (Fe) variations in intensity

Mason et al., AIP CP781, 2005

Peak intensities in shock 
events vary over a range of 
~104
• not explained by CME 

speed
• not explained by shock 

acceleration models
• not explained by solar 

wind number density 
which does not change 
nearly as much

Many researchers have 
suggested important role of 
suprathermal seed population
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Adapted from Marty Lee, ApJS, 158, 2005

Transport to 1 AU

Along IMF
Scatter free?

Some Scattering?  (l > 0.3 AU)

Lots of Scattering? (l < 0.1 AU)
Scattering l dependent on time

And location?
19/45



Need Solar Orbiter, 
PSP to disentangle 
transport effects 
from injection 
effects.

Wibberenz & Cane, 2006

Illustration of the effect of 
transport on particles
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Transport effects
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• Common energy organizes better than velocity
- Maybe rigidity is better

Mason et al. 2012 



Blue: 1AU
Red: Ulysses (see above)
How does the Sun fill the 
heliosphere with energetic particles?

Note how the decay phases are all 
very similar.

This indicates that a large 'reservoir' 
of energetic particles that fills the 
heliosphere is being depleted at the 
same rate everywhere.

How is it filled?
Why does it empty in lockstep?
Measurements close to Sun!

McKibben et al., 2003
22/45



Outstanding Question
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Injection (seed population 
important)

Acceleration (various 
processes)

Transport (which smears out signatures)
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EPD is a suite of four sensors that measures 
suprathermal to high-energy particles:

• STEP (Suprathermal Electrons and Proton)
• EPT (Electron-Proton Telescope)
• SIS (Suprathermal Ion Spectrograph)
• HET (High-Energy Telescope)



SupraThermal Electron and Proton (STEP)
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• S/C mounted
– STEP will measure e- [0.002-0.1MeV] and p+ [0.003-

0.1MeV]

• Instrument Heritage: 
– STEP has heritage of STEREO/STE



Electron Proton Telescope (EPT)
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• Measures electrons and protons
– EPT will measure e- [0.02-0.7 MeV], p+ [0.02-7 MeV]
– Four view directions (in and out of orbital plane) with 

two units
– EPT  and HET sensors share the same Electronic Box

• Instrument Heritage: 
– EPT has direct heritage from STEREO/SEPT



High-Energy Telecope (HET)
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• Measures e- [0.3-20MeV], p+ [10-100MeV] 
and ions [50-200MeV/nuc **Z-dependent]

– Two view directions (in and out of orbital plane) 
with two units

– EPT and HET sensors share the same 
Electronics Box

• Instrument Heritage: 
– HET has heritage from the MSL/RAD instrument



Integrated Control Unit (ICU)
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• Provides a single point of connection 
between the S/C and all the EPD sensors
– Power I/F
– Data I/F
– Cold redundant configuration

• Heritage
– ICU has heritage from SOHO/COSTEP CDPU

ICU emulator ICU prototype LVPS prototype



Suprathermal Ion Spectrograph (SIS)
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• SIS is a Time-of-Flight by 
Energy high-resolution ion 
mass spectrometer

• Two identical telescopes 
measure the ion mass and 
energy

• Same measurement technique 
as was used on ACE/ULEIS
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SIS-Flight Model
He histograms with 
TOF-1

m/sigma-m:

A telescope:  73.6

B telescope:  74.5

• SIS Flight Model
• FM met and exceeded all the L1 requirements:

• Energy resolution (<5%)
• Energy range (0.05 – 10 MeV/nuc)
• Mass resolution (m/dm > 50)
• Etc.
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SIS Data Products
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• Energy Range
- 50 keV/nuc – 10 MeV/nuc

• Three science data products
- Matrix rates for 12 major elements 
- (H, 3He, 4He, C, N, etc)
- Pulsed Height Analyzer Events
- Helium Histogram *New*

• Time Cadences
- Nominal 30 s
- Burst 3 s
- Quick look 30 minutes

• Two look directions *New*
- Sunward 30º off the deck; Anti-sunward 20º 

off the deck
- Each has an iris mechanism to control 

aperture from 100% to 1%
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SIS Matrix Rate Box
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Energy box #

Elo
Incident
energy

(MeV/nucleon)

Ehi
Incident
energy

(MeV/nucleon)

Eaverage
(MeV/nucleon)

0 0.0141 0.0200 0.0171
1 0.0200 0.0283 0.0241
2 0.0283 0.0400 0.0341
3 0.0400 0.0566 0.0613
4 0.0566 0.0800 0.0683
5 0.0800 0.1131 0.0966
6 0.1131 0.1600 0.1366
7 0.1600 0.2263 0.1931
8 0.2263 0.3200 0.2731
9 0.3200 0.4525 0.3863
10 0.4525 0.6400 0.5463
11 0.6400 0.9051 0.7725
12 0.9051 1.2800 1.0925
13 1.2800 1.8102 1.5451
14 1.8102 2.5600 2.1851
15 2.5600 3.6204 3.0902
16 3.6204 5.1200 4.3702
17 5.1200 7.2408 6.1804
18 7.2408 10.2400 8.7404
19 10.2400 14.4815 12.3608
20 14.4815 20.4800 17.4807



Helium Mass Histogram
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• Since the PHA telemetry is limited, 
this limits the timing resolution for 
3He/4He ratio measurements. 

• To help avoid this, He mass 
histograms are formed in the 
instrument allowing analysis of all 
the PHA events, not just the 
telemetered ones.  

• The He mass histogram is:
• mass range 2.0 - 6.0 AMU; 
• energy range 0.5 - 2.0 MeV/nuc



Launch: February 9 (10), 2020
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Solar Orbiter

PSP

Stereo A
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Energetic particle
Intensities very 
Low right now

Solar Orbiter

PSP

Stereo A
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 SO/EPD/SIS A+B:   4/23/2020 (114)  0:00 to  4/26/2020 (117)  0:00
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SIS He histogram

24 hour sum over
Weak CIR

Most ions are near
0.5 MeV/nucleon

m/sigma-m = 
3.959/0.0424 = 
93.4 consistent
With prelaunch
Values and science
Requirement
(poor statistics)
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Level 3 products are 
Higher level data, such
As plots

These will be developed
by the EPD team in the 
Future

Example of plot from 
ACE/ULEIS posted at
ACE Science Center –
4 day plots for entire
Mission

Shows impulsive, CME 
Related events during
Period of high solar
Activity

Similar plot planned 
For SO/EPD/SIS
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PSP CIR He spectra

Cohen et al, 
ApJ. V246, 2020.  



Solar Orbiter Current Status
• The mission just transitioned from 

Commissioning to Cruise Phrase 
operation

• All in-situ instruments will be 
taking continuous measurement  

• Remote Checkout Windows 
- June 2020
- Feb, Mar, Sep 2021

• Venus Gravity Assist #1
- Dec 2020

• Go Solar Orbiter !
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