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ASPIICS

Formation Fiying Coronagraph

‘“Association of Spacecrafts for Polarimetric and Imaging
Investigation of the Corona of the Sun”

- 2 Years formation flying ESA mission (2017-19) supported by a large consortium
from EU (Proba-3 mission)

- Long time sequences of Coronagraphic observations (W-L and line emissions)
above the solar limb bridging what has been done at ground- based using Total
Eclipses and Lyot coronagraphs and what has been done in Space using externally-
occulted coronagraphs

-ROB and CSL are now the main Labs concerned (Phase C started in 2014 under the
Pl-ship of A. Zhukov at ROB) following the original Phase B study (2012) from the LAS.
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PROBA-3 Coronagraph System (ASPIICS) will be the first
space coronagraph using

artificial eclipses

to cover the range of radial distances between 1.08 and
3 solar radii where the magnetic field plays a crucial

role in the coronal dynamics, thus providing
continuous observational conditions very close to
those during a total solar eclipse, but without the
effects of the Earth’s atmosphere and during several
hours for each orbit. It is a “dream mission” for an
eclipse observer!




Scientific Priority:

Role of W-L and Line Emission Structures in
Dynamical Coronal Processes and Eruptions;
Origin of CMEs

Magnetic field variations are central!



_ Pucs\Q\\
Formation Flying Coronagraph

- Advanced linear Polarimetry of the W-L corona: Why ? How?

- Analysis of the « cool » corona magnetic fields and eruptive
phenomena using Hanle effect on the D3 line of Hel

- The « new » design of the Imager/Polarimeter of Aspiics
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Interpretation of the
axi-symmetric W-L
linear polarization
IS rather easy
(Baumbach; Allen; VdH; Saito
etc.),
providing
‘ no heterogeneity
exists and the Thomson
scattering origin is
assumed (electrons at rest)
Polarization is
strictly tangential
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Thermal electron
velocities are ¢/50
but sometimes much
higher velocities exist
at times of
type IV Radio-bursts...

from Koutchmy (1995)



W-L polarization analysis confirms the assumption of
Thomson scattering in the corona from total eclipses

Tangential Polarization
ratio with 2% steps

Isopleths of linear polarization ratio assuming it is radially symmetric
Ecl. Corona of 2006/ IAP experiment with 4 LP at 45°



iIsopleths are separated by a 1%

Results using the 5 sec exposures in positive;

polarisation ratio
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Direction of polarization and the sky background (long exposure- blue channel)



The F- corona- Constant in time, unpolarized and homogeneous

-10.6 -10.3 -9.74 -9 -8.03 -6.85 -5.46 -3.84 -2.03

Koutchmy and Lamy 1985 IUA Coll. 10



Everything much more complicated after
removing the unpolarized F- corona
taking into account the overlaps of structures

rom J. Durst (A&A 1982
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Also: Abnormal Polarization was theoretically
considered by M. M. Molodensky in SP 73

(semin

al paper)

Quasi-linear transient structure:
polarization? What is the 3D structure»

> Obs

Inverse Compton effect in the solar corona
from Koutchmy & Nikoghossian 2002
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ASPIICS will observe
. _ 2 i during the Years of the
AlA 193 e i next Solar Minimum
Polar regions will be covered
by CH with Polar Plumes
rising over: Polar Magnetic Field?
Source(s) of the Fast Wind?

W-L JML 11 July 2010 20h06

Banaszkiewicz,. Axford & McKenzie

Mikic etal. 12



Attempt to measure the angular deviations using the method of 3 L-P at 60°

Most recent CCD
Polarization Analysis
(here from Lasco C2
SoHO observations-
A. Llebaria et al 2014)
convincingly shows

the precision obtained
using 3 Linear

Polarizers at 60°

is largely insufficient
(dispersion typically +/- 3%)
for considering
structures
and details.

The precision should be
greatly improved

An imaging polarimeter
IS needed as it was
proposed for ASPIICS.

-5°
deviation
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Targets for the polarimeter

emission lines)

A
100 - photosphere
m Typical Intensities in
10-1 ' Coronagraphic Studies
L}
\
10~ 24 ; D
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10 -3+ i Fin & Ha lld v
I : /.1 nm passband 3 The “cool”
d | Corona
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|
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& Enhancements

IFull Moon
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10-71 Equatorial Regions Corona:
monochromatic
emission lines
‘o'.- F
K- corona W-L W-L scattering by e-
10-94 Polar Regions
T
Earthshine
10-104= '
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lllustrated example of simultaneous observation of
the cool and the less cool corona (ecl 2001)

Ecl 2001 Angola
D. Crussaire et al

Partial eclipse
Color CCD
Image
Ha and D3 Hel
emission
dominates in
prominences

Hel D3 line (587.6 nm)
eclipse filtergram (from a sequence of 24)
D3 Hel off- band filter % Off band filter of 1 nm FWHM
FWHM 1 nm . .
Transm(D3) # 1/30 N\ Note the W-L corona of intensity
close to the D3 cool emission
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Use of the Hel D3 “broad” filter in Aspiics:

- no line brightening effect in the D3 line (like Ha shows);
- « less cool» (24 eV) than Ha (> CH revealed > TR);

- Ideally sensitive to the magnetic Hanle effect in the inner
corona (maximum sensitivity is 7 G instead of 70 G for Lya)

- W-L corona simultaneously observed using a 0.5 or a 1nm
passband filter



Example taken from C2- Lasco (SoHO) observations
in the “orange” channel

The “first” SoHO mission

slow CME WLy
of Aug. 21, 1996 Lasco C1 FeXIV -~ “Cool” coronal
& C2 W-L orange " g ,-,&,r.;m" Hel D3 emissions
- .SoHO‘ g ____ revealed in ejecta
- during a slow
Ef”“ e CME event:
RS TReT helical structure
mzrmqam.mmwmaxmuscomamumm
{904 A) image.
"Ro) | Lata(™) | < P> (%) | < Ao > (%) | < V> (kma™)
{peetiminury) | (prelmioury)
EiT ' 1.76 a4 043
EIT ! &g 1.5 “r 0.50
EIT:$ 144 bt ) 1.30
C2: By | (236265 | 1949 [ 040
C2: 8 § (2430 | pray [ 15 + 385
C2: By § PAS 24 55 50 + 20
C2: Es | paaty | paan [ BiS
C2: By | 339 laa) ? 5 & 1% 17
C2: By § (A48 2.5 24 108 & &




Slow CME observed using
the Orange Filter with C2 Lasco
21 Aug. 1996

Ejectgy
D3 emission

From Boulade et al. 1997
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The eruptive
prominence is
an important part
of the CME event

Polar crown filament eruption on 14 June 1999 visible in
SOHO/EIT He II 304 A line (top row) and the following CME ob-
served with LASCO C2 (bottom row).
The magnetic

context dynamics
: Is at the origin
ol .. of the eruption

. Mm

h
L ]
. -
LN

I Both the magnitude
and the direction
of the field are

The observed filament height above the chromosphere #,

pteenentacima s neve Nagded parameters

i Sket.Ch afthe:3-D geomeu}' (,)fa ,magn ?t?c ﬁu'\ rope with circles correspond to the filaments which safely passed the west
a coronal cavify and a prominence inside in equilibrium (left) and limb, The red circles cormespond to the filaments which disappeared
from the disk The straight green hine corresponding to an equality

during eruption (right).
g ( gh) of these quantities 1s the stability boundary:
19

from: Filippov and Koutchmy (2008) Ann. Geophys.
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Magnetic Fields
of 0.5to 10 Gauss
strength
should be
Measured in the
Inner corona.:

It IS the range
of fields ideally
covered by the
Hanle effect
on the D3 Hel line
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Hanle effect will permit measuring the weak magnetic field in

“high” prominences of low intensity imbedded inside the corona

using the D3 Hel emission line of coronal level.

90° Scattering

B=0 gauss

Resonant
Scattering

Maximum linear Note: some depolarization will

Polarization be produced when integrating
along the LOS and over the
extension of the Solar disk,
including the limb- darkening
effect

Magnetic Depolarization
and Rotation of the
pofarization vector

The 90° scattering case in the absence (top panel)
and in the presence (bottom panels) of a deterministic magnetic

field.
adapted from Trujilio Bueno ef al 2005

21



D3 Hel line Coronagraphic Observations of the Hanlé Effect at Pic du Midi Observatory

0 25000 50000 75000

60001,

Line Intensity
4000 |- { in Millionths of <Bsun> -

L 4

} ol
ool ¥ {} ; } ASPI\ICS 3
180!
. : §{{{§ p -
uO 0!50 ‘:’ 1"50 &

Average height variation of D 3 line intensity I,; in different
points of various prominences

C 25?00 50000 75000

0.06

0.04

0.02

1 1 1
050 1 1’50

0.00
0

Average height variation of the degree of polarization; the solid
curve corresponds to the maximum theoretical polarization (pure
resonance scattering); the dotted curve is the same with all ordinates
divided by 2.5

100

50

IASPIICS

1 L L oy
1000 3000 5000 7000 9000

Histogram of the D 3 line intensity I, as observed in various
points of quiescent prominences. Intensity unit is 10~% A of the con-
tinuous photospheric spectrum

T | T T

100}~

—

Polarization Ratio

50}

ASPIICS

4

] 1 1
0.010 0.025 0.040 0055

Histogram of the degree of polarization, p, for quiescent promi-
nences

T T T

1 T

100} 1
Rotation of the Polarization Vector

Histogram of the deviation ¢ of the polarization direction in
quiescent prominences; ¢ is measured counter-clockwise starting
from the tangent to the solar limb

from Leroy, Ratier and Bommier, A&A (1978)

Using the
spaceborne
Aspiics

Imaging Polarimeter

It is possible to go
much further out
towards
higher altitude
and towards
lower-emission
prominences
and “ejecta”
(cool coronal
emissions)
and measure their
Magnetic field
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SECCHI (Stereo mission) C1 coronagraph
Howard et al. 2007

Examples of existing e

DOUBLET-1,

: : =,

Imaging Polarimeters

(Tl 7 A
%

BAFFLES

BAFFLES

FIELDLENS,
OCCUTER,
LIGHT TRAP

Note the rotating polarizer

An Imaging Polarimeter(IMPOL) for multi-wavelength
observations

A. N. Ramaprakash!, Ranjan Gupta’, A. K. Sen?, and S. N. Tandon'

! Inter-University Centre for Astronomy and Astrophysics, Post Bag 4, Ganeshkhind, Pune - 411 007, INDIA
2 Center for Plasma Physics, Sapta Shwahid Marg, Dispur, Guwahati - 781 006, INDIA

Focal plan Assembly;
note the rotatable 1/2 wave plate

I

JeLescorr I(a) = %4-[90052(0—2&)
1 ( I(a) = -I—;'i + I sin®(0 — 2a)
{ Iup & I, are the intensities in unpolarized and po-
can { larized condition respectively in the incoming beam; 8 & a
| FIELD FLATE |

Rl are the position angles of the polarization vector and the
! 3205 mm o E2Smm B15mm | half-wave plate fast-axis respectively with reference to the
axis of the Wollaston prism.

Schematic of the IMPOL optical layout



ASPIICS with the improved polarimetric channel inserted
(See the Technical Note PROBA-3/ASPIICS Polarization Analysis,1July 2014)

Detector

Polarimetric
Lyot Stop package

10 & 02

Options: the ¥2 wave rotating plate could be replaced by a combination of
a fixed Y2 wave plate with an Achr.LCVR (option studied by S. Fineschi et al.
to be space qualified for an orbital mission)
permitting as well the analysis the 530.3nm line of FeXIV (and of Ha of HI ’2?)



Hollow-Core Motor (1 of 2) The rotating device used in several
Space experiments like Stereo A and B
Requirement ‘ Hollow-Cora Motor (in COR- 1) ; HMI of SDO etc.

2500085 - 101

Position Repeatability = 30 arc-sec to be adapted for rotating the %2 wave plate
Time for 180° Move 0.6 sec

Operating Temperature Oto 40°C

Survival Temperature -20to 55° C

Expected Operations 557,440

Heritage
Motor/Encoder Based on SXI Filterwheel

Bearing Arrangement from MDI, Solar B

Hollow Core Motor Section

Achromatic Liquid Crystals Variable

Retarder (ALCVR)

Dimensions (mm) 61(1)*40(w)*78(h)
Mass (g) 191
Clear Aperture (mm) 25

Liquid Crystals control

Wave Square
. Frequency (kHz) 2.0
The new generation modulator Voltage (V) +15/~ 15V (p-p)
Rotating the I- polarization plane e @one i) |
i | Heater
Developped py the_ Italian group Power (i) o
(S . F' nes h | el al) Features: Calibration aspects:

- No rotating/moving parts; - Temperature stabilized to operational temp. +/- 1°C or

- Low DC Voltage; in alternative a temperature calibration of the device can

- Resp. time 200 ms be used.

Vel



A demonstration Mock-up
tested at IAP
with example of
Linear Polarization
Analysis in 6 directions,
using a rotating
2 wave plate

= rotatmg

'u'}} \\ l/lz’l:,tzv l} :

¥

relay :1

Un message issue de I'expérience de LASCO:
« toute redondance est bonne a prendre

et parfois indispensable.»
from A. Llebaria, pers. comm.. 2 July 2014

307/ 15°

60°/ 30°

90°/ 45°

120°/ 60°

150°/ 75°




Conclusions

-Improving the polarimetry capability of Aspiics will result in reaching
the basic scientific requirement regarding the physics of CMEs;

- The use of a rotating %2 wave optical quality plate or a LCVR on
axis will permit:

I/ an excellent precision in linear polarization analysis (W-L)
i/ important new diagnostics of the coronal plasma, including the
strength and the direction of the magnetic field at coronal

heights.

lii/ a greatly improved overall capability of the mission, including
the use of several channels and filters.

What about the ground-based support?



AsPICS R

Thank You !
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From Wang et al. 2007

no free magnetic energy...)

-—
)
o]

(

PFSS model

27/11/2014 Match using the




