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SOLAR ORBITER

Solar Orbiter:
Exploring the Sun-Heliosphere Connection

e First medium-class mission of ESA’'s Cosmic Vision
2015-2025 programme, implemented jointly with NASA.

* Dedicated payload of 10 remote-sensing and in-situ
Instruments measuring from the photosphere into the

solar wind.
Talk Outline:

» History

» Scilentific objectives

» Mission overview

» Spacecraft and payload
» Mission synergies
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Mission Proposal in Response to the ESA
Call for
Mission Proposals for Two Flexi-Missions
(F2 and F3)
Submitted January 27, 2000

Solar Orbiter
High-Resolution Mission to the
Sun and Inner Heliosphere

Assessment Study Report
July 2000 SCI(2000)6

Study team members:

E. Marsch, Max-Planck-Institut fir Aeronomie, Katlenburg-Lindau, D
E. Antonucci, Osservatorio Astronomico di Torino, Pino Torinese, |
P. Bochsler, University of Bern, Switzerland, CH
J.-L. Bougeret, Observatoire de Paris, Meudon, F
R. Harrison, Rutherford Appleton Laboratory, Chilton, UK
R. Schwenn, Max-Planck-Institut flir Aeronomie, Katlenburg-Lindau, D
J.-C. Vial, Institut d'Astrophysique Spatiale, Université de Paris-Sud, F

ESA study scientists:
B. Fleck, ESA/GSFC, Greenbelt, Maryland, USA
Launch 2007 R. Marsden, ESA/ESTEC, Noordwijk, The Netherlands, NL
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2011 Telluride, USA
2012 Brugge, Belgium
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SOLAR ORBITER

Solar Orbiter status

e Solar Orbiter was approved on 4 October 2011 and assigned a budget
within ESA’s Cosmic Vision 2015-2025 science programme.

* |tis now In Phase C that started end of 2012.

e Solar Orbiter is an ESA-led mission with strong NASA participation for
provision of launcher and payload elements.
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* The system-level Principle Design Review (PDR) was completed
successfully in March 2012, and instrument PDRs are all completed.

* Work progress is compatible with schedule for October 2018 launch.
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How does the Sun create and control the
heliosphere? Four key science guestions:

Q1) What drives the solar wind, and where does the
coronal magnetic field originate from?

Q2) How do solar transients drive heliospheric variability?

Q3) How do solar eruptions produce energetic particle
radiation that fills the heliosphere?

Q4) How does the solar dynamo work and drive
connections between the Sun and the heliosphere?
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Why and how does the solar magnetic field
change with time?

Background
Sunspot number
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Total heliospheric flux
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Why does the solar corona emit solar wind, drive
transient ejections, and show magnetic activity?

\

\

SOHO movie of the so-called Halloween storm in October 2003



SOLAR ORBITER

f

Z ) P

How does the Sun sustain and shape the Heliosphere?

a Ulysses First Orbit b  Ulysses Second Orbit C Ulysses Third Orbit
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Mission Overview

High-latitude

Observations ﬁ

Peyihelion
Obgervations

High-latitude
Observations

October 2018

Launch date:
Cruise phase: Zﬁ%ars_

Nominal mission: 73’@3,"5;;;'.*_,' e
tended mission: 3 yearsﬁz‘ < b « i
Orbit: 0.28 - 0.32 AU (,perlhehon) :

0.74 -- 0.91 AU (aphellon) N

Wal X-band, rate 150 kb ) .
Spacecraft: 3-axis stablllzed, Su.-n-pq|ﬂ_‘t-,gg_;%_ﬂ;ﬁ.:--

Out-of-ecliptic view: 4
Multiple gravity assists with Venus. to mcue _,
inclination out of the ecliptic to 25°- (no .
mission), 34° (extended m|SS|on)

Reduced relative rotation: : i,
Continuous observation of .o’lwﬁ@ structures on
, ellosphere for nost a -

——complete solar rotation . R
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Mission Profile

Lauinch

Gravity Assist 2 Earth

\

Cravity Assist 3 Earth

Gravity Assist 4 Venus
Ciravity Assist 5 Vienus
Lravity Assist b Venus
Lravity Assist 7 Venus
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How does the Sun create and control the Heliosphere?

Q1) What drives the solar wind, and where does the
coronal magnetic field originate from?

Q2) How do solar transients drive heliospheric variability?

Q3) How do solar eruptions produce energetic particle
radiation that fills the heliosphere?

Q4) How does the solar dynamo work and drive
connections between the Sun and the heliosphere?
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ldentifying the sources of the solar wind and of the
heliospheric magnetic field

Disentangling space-time structures:

- requires viewing a given active region
for more than its growth time (~ 10 days)
- Implies going closer to the Sun

AlA 171 = 2011/02/01 - 00:00: 24 £
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Where does the slow solar wind come from?

Bulk Flow Speed vs Carrington Longitude
—_— e

800

5Qﬁ/s)
o
S
|
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O
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100 200 300 400

CR2053 Carrington Longitude (deg )

There are multiple sources of slow solar wind — active regions are one source.

ldentifying reliably the source traits in the solar wind by the time it gets to 1 AU
IS extremely challenging, and can only be carried out on a statistical basis.
Understanding the detailed origin can only be achieved by getting closer.
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How do fast solar wind streams originate in coronal
magnetic field structures?

Tu, Zhou, Marsch et al., Science 2005
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Correlating the remote-
sensing spectroscopic

with the In-situ composition
measurements of the
same ions Is fundamental
for establishing the sun-
heliosphere connections.

TA005918_SPICE

X i
-------
H AN e

WICSIACE

F :%WICS/ACE

]~ SPICE

%WICS/ACE
2002327
E" Qwet Sun/Slow Wind

SWA/HIS

5 10
M/q

20

2000315 n ' 2000178
pgronal Hole » (I?,ME
1 5 10 20
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How does the Sun create and control the Heliosphere?

Q1) What drives the solar wind, and where does the coronal
magnetic field originate from?

Q2) How do solar transients drive heliospheric variability?

Q3) How do solar eruptions produce energetic particle
radiation that fills the heliosphere?

Q4) How does the solar dynamo work and drive
connections between the Sun and the heliosphere?
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BRIGHT LOOP
(STREAMER/CORONAL
MATERIAL)

BRIGHT CORE __
- (FILAMENT, PROMINENCE)

DARK, LOW-DENSITY
CAVITY (MAGNETIC
FLUX ROPE)

How do CMEs evolve through the corona and inner heliosphere?
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How does the Sun create and control the Heliosphere?

Q1) What drives the solar wind, and where does the coronal
magnetic field originate from?

Q2) How do solar transients drive heliospheric variability?

Q3) How do solar eruptions produce energetic particle
radiation that fills the heliosphere?

Q4) How does the solar dynamo work and drive
connections between the Sun and the heliosphere?
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radio burst
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How do solar eruptions (flares and CMES) pr’oddce”

energetic particles and radiation?

SOLAR FLARE / i
"\ ;I - R %

ACE data:
8.5 MeV/n O at 1 AU

O intensity (particles/cm2 sr MeV/n)

112 114 116 118 120
Day of 2002

FIELD LINES



SOLAR ORBITER

_. -_ / k;

How does the Sun create and control the Heliosphere?

Q1) What drives the solar wind, and where does the coronal
magnetic field originate from?

Q2) How do solar transients drive heliospheric variability?

Q3) How do solar eruptions produce energetic particle
radiation that fills the heliosphere?

Q4) How does the solar dynamo work and drive
connections between the Sun and the heliosphere?
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Probing the solar dynamo at the solar poles

Rotation

Local helioseismology: near-polar regions

A Solar Orbiter

Base of
convection zone

-
l#

Equator

GONG/SDO

D,

- SEmme— | g T v : s
e Stereoscopic helioseismology: deep solar interior

26 28 30 32 33
Rotation Period (days)

Solar Orbiter will use local helioseismology to determine the unknown
properties (flows and fields) of the solar interior below the poles.
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Angle from Limb: 35 vs. 7°

1 Wil 3 il v
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Solar Orbiter will provide low-noise, high-spatial-resolution and full-vector measurements
of the solar magnetic field near the poles. The Hinode 7° aspect angle only allows
gualitative results to be obtained, but at 35° the Solar Orbiter measurements will be far
Improved. Also granulation tracking will then be possible and following large-scale flows.
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Simulated view of the ultraviolet corona from 35° heliolatitude.
Solar Orbiter’s remote-sensing Instruments and out-of-ecliptic
vantage point will enable the first simultaneous measurements of
the polar magnetic field and the associated structures in a polar
coronal hole. (Courtesy EUI consortium.)
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SO/PHI

delivers in a 2-D field of view on the visible solar surface information on
— temperature => photometry (intensity imaging)

— gas flows/motions => spectroscopy (differential imaging)

— magnetic fields => polarimetry (differential imaging)

Sunrise field of view: 40 arcsec x 40 arcsec

SUNRISE/IMaX

Granulation in continuum Line-of-sight velocity Longitudinal magnetic field
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Paxload: IN-Situ Instruments “

. : J. Rodriguez- Composition, timing and distribution functions of
EPD |Energetic Particle Detector Pacheco(E) ™™= energetic particles
|
T. Horbury pes|High-precision measurements of the heliospheric
MAG |Magnetometer (UK) -74+m magnetic field
RPW |Radio & Plasma Waves M. Maksimovic Electr_om_agnetlc a_md e_Iectrostatlc_ waves, magnetic and
(F) electric fields at high time resolution
. C. Owen Sampling protons, electrons and heavy ions in the
N\ 7
SWA |Solar Wind Analyser (UK) rA_I_m solar wind

EUI Extreme Ultraviolet Imager P. Rochus Hllgh-resolutlon and full-disk EUV imaging of the on-
(B) disk solar corona

METIS |Coronagraph (EI) Antonuce Visible and (E)UV imaging of the off-disk corona

PH| Polarimetric & Helioseismic |S. Solanki — High-resolution vector magnetic field, line-of-sight
Imager (D) velocity in photosphere, visible imaging

SoloHI [Heliospheric Imager (RU.::)ward Wide-field visible imaging of the solar corona and wind

SPICE Spectral Imaging of the European- EUV spectroscopy of the solar disk and near-Sun solar
Coronal Environment led corona
Spectrometer/Telecope for |S. Krucker : .

STIX Imaging X.rays (CH) u Imaging spectroscopy of solar X-ray emission
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4 In-situ Instruments

EPD-EPT

-- Detectors for energetic and solar wind particles:
electrons (1eV - 20 MeV), protons (0.2 keV - 100
MeV), heavy ions (SWA, EPD)

-- Magnetometers (DC — 64 Hz) : DC magnetic field
(MAG)

-- Radio & plasma wave detectors: AC electric and
magnetic fields (DC to 20 MHz / 0.1 Hz to 500 kHz)
(RPW)

RPW-Search Coil

RPW-ANTenna |
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6 Remote-sensing instruments

Imagers / polarimeter / coronograph
(EUI, SOLOHI, PHI, METIS)
Bandwidths: Visible, UV, EUV

Spectral Imagers / Spectrometers

(SPICE, STIX)

Bandwidths: EUV and x-ray

‘.' ’
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e
.-/’_--’
o8 1 - e
.
= rd
e .
uf . ey - . :

EUI 3-telescope
Imager

METIS 2-channel

SOLOHi 1-telescope SPICE Spectral

Coronograph

STIX X-Ray Imager

- Assembly
Focal Plane Eng[a"mfg Igferrm \ .
AHE’SSQ%V Light Trap Elewf&'g? 2 (3) \ )
' / Telescope ; f

 , Al Aperture

Interior Baffle

radaor [RMANEANARE ="

. Front Bafe S
z Assembly \ £
g\ S i i /
Door Baffle Cover
Deployment : 4 gy Door Assembly -

Mechanism

SIM
Structure

Filter Door

PHI 2-telescope
Imager /
Polarimeter
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Instrument locations on spacecraft

Radio & Flasma Waves ]-—.________.
EPD : 10 units o { Haliasphens |
i - nergetic Faricles ' Selar Vind
SWA 4 Un!tS | HighEnergy, ¢, p* ] et d [ H:aavry'lclpzs ]
MAG: 3 units e | .
RPW: 5 units rMagneﬂc ] . p N
Fiald — e,
etk N A | : [ Spectra
! x l_ Imaging 3
Energetic Particlas - o
{ Suprathermal ] \[ Inﬁraﬁg?nyg

; ' \l LY Imaging |
| Radio & Plasma Wavas | "’r ! J I e ]
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[ Polarimetric
Imaging
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Energetic Particles
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EUI

has three channels:

« EUV full-sun (FSI) and high-resolution (HRIg ) iImagers
* Ly-a high-resolution (HRI,,,) imager

Dual FSI FSI 304 A: He II 0.08 MK FSI-304
FSI 174 A: Fe IX-X 1MK FSI-174
EUV HRI HRI 174 A: Fe IX-X 1MK HRI-174
Lv o HRI HRI 1216 A: H LY oL, 10-80 kK upper chromosphere HRI'LY ol
Channel Parameter Values
Passbands 174 nm & 30.4 nm
ES] FOV 3.8 arcdeg (< 2 Sun ©)
Resolution (2 px) 9 arcsec (<> 1800 km, 3k? px)
Cadence 600 s
Passbands 17.4 nm
HRI FOV 0.28 arcdeg (< 15% Sun ©)
ol Resolution (2 px) 1 arcsec (< 200 km, 2k? px)
Cadence o L
Passband 121.6 nm
HRI FOV 0.28 arcdeg (& 15% Sun ©)
LA Resolution (2 px) 1 arcsec (<> 200 km, 2k2 px)
Cadence = ls




SOLAR ORBITER

STIX

« Timing

Energy range 4 — 150 keV  Linkage E
Energy resolution 1 keVat 5KkeV Wg 10°1
15 keV at 150 keV o
17p)
Effective area 6 cm? g
N
Finest angular resolution 7 arcsec ? 10°+
Field of View 2° =
43]
Time resolution >0.1s A
s 10°F
>
1070 Ll
1 10 100
_ energy [keV]
Electron acceleration < S
in flares:
STIX
Non-thermal Thermal
bremsstrahlung bremsstrahlung

with energies >5keV T ~10-40 MK
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In-Ssitu Instruments

EPD-EPT/HET

}

'SWA-PAS <

,

EPD-SIS / 4
EPD-EPT/HET |

.
A

SWA-HIS
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INn-si1tu boom-mounted Instruments

RPW-ANT
L GA -
MAGIBS - 2>is

RPW-SCM  \"\_ P e =
MAGOBS - ‘ | /1

EPD-STE <y %

RPW-ANT

~ RPW-ANT
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Innovations and new technologies in space

The space environment and mission profile drive new

®* Spacecraft design:

—Maximal solar flux at 0.28 AU is 17,5 kWm-=

—Heat shield required (13 solar constants)

—Thermoelastic distorsions of S/C and instruments

—Poynting stability and coalignement of optical instruments

—Solid state mass memory; payload data generation rate 120kbps
—On board data processing units

* Instrument design:

—Optical entrance windows and filters: Heat rejection windows for PHI,
X-ray entrance window for STIX, and heat rejecting mirror for SPICE
—Liquid crystal variable retarders for PHI polarization, and solid crystal
etalon for PHI filtergraph

—New photon detectors (APS, back-illuminated CMOS)

—New wave antenna deployment mechanism
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ESA technology image (May 2014): Solar Orbiter's essential sunshield is
lowered into Europe’'s largest vacuum chamber for its trial by sunlight.
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Synergies between Solar Orbiter
and other observatories

Solar Orbiter:
+ unique orbit (solar distance, inclination, longitude)
+ comprehensive payload suite
- limited telemetry due to orbital characteristics

Solar Probe Plus:
+ unique orbit (minimal perihelion < 10 Rs)
- payload mass constrained by orbital characteristics,
mostly In-situ instrumentation

Near-Earth assets:
+ much higher data return (SDO, ATST)
- limited to Sun-Earth line

JSTVBIVISP

— Depending on orbit, Solar Orbiter remote-sensing data
can be complemented either by high-res/high-cadence co-
spatial data from other observatories or data with
additional spatial coverage, e.qg. for helioseismology
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Conclusions

Solar Orbiter will answer the question:
How does the Sun create and control the
Heliosphere?

e |tis the first medium-class mission of ESA’ s Cosmic
Vision 2015-2025 science programme.

* As ajoint ESA/NASA project, it Is the logical next step
In heliophysics after Helios, Ulysses, and SOHO.

* |t will reveal, with its 10 dedicated remote-sensing and
IN-situ instruments measuring from the photosphere
Into the solar wind, the detailed temporal and spatial
connections between sun and heliosphere.
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