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« Main characteristics can be outlined:

1. Regular passages through the South Atlantic Anomaly (SAA)
due to the PICARD orbit

2. Orbital period around the Earth of about 100 min

3. Presence of CCD persistence with a 2-min aliasing due to
routine interruptions for the radius program



« South Atlantic Anomaly (SAA)
— PICARD: low-altitude, Sun-synchronous orbit

— Onboard instruments exposed to several minutes of strong
radiations
— Represents about 7% of measurements which are unexploitable




 Orbital period around the Earth of about 100 min

— Visible on the low-degree oscillations
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* Presence of CDD persistence
— Most problematic source of noise for helioseismic analysis

— Photometric level at a given minute depends on what
measurement was done 1 minute before: radius, dark currents

— Origin not properly understood yet: filter wheel likely the cause
— Affects 10% of the measurements
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* Presence of CDD persistence

— Different photometric levels are thus introduced after dark
currents and radius measurement at different wavelengths
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Determination of the measurements taken in the SAA through
the geolocalization of the spacecraft

Ad-hoc correction of the CDD persistence

High-pass filtering of the light curves by fitting Legendre
polynomials

Gap-filling (< 5 min) using a linear prediction



« Simultaneous high-pass filtering and persistence
correction
1.  Non-remanent points high-pass filtered using Legendre polynomials

2. Same filter used to correct each category of persistence, with
corresponding mean value, y(x = 0)

Raw light curve: non-
remanent points in red Example of 50- day light curve of

o I=15, m=11: Raw and Corrected
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» Duty cycle during the first 500 days of the mission

Evolution of daily HMP Duty Cycle

200 300
doy after 2010,/09/22




Full continuum images at 535.7 nm, 256”2 pixels
209 days (2011 Apr 16 — 2011 Nov 10): Duty cycle 74.4%
I-v diagram up to I=100 from the 209-day dataset

PCRDZ200s « Temporal aliasing above 4500 pHz:
signature of a cycle with a 2-min sampling

corresponding to the astrometric program
sequences

~
N
I
3
~
>
(3]
c
o
=]
o
o
-
L

(] 20 40 60 80 100
Anqular degree |




* Full continuum images at 535.7 nm, 256”2 pixels
« 209 days (2011 Apr 16 — 2011 Nov 10): Duty cycle 74.4%
* |-v diagram up to =100 from the 209-day dataset

PCRDZ200s « Temporal aliasing above 4500 pHz:
signature of a cycle with a 2-min sampling
corresponding to the astrometric program
sequences

« m-v diagram for |1=90 for 2 consecutive
orders (with leakage from other degrees)

»
o
o
o

~
N
I
3
~
>
(3]
c
o
=]
o
o
-
L

S-like lines

Differential rotation

3000 3100 3200 3300 3400
Frequency (uHz)

20 40 60 80 100
Anqular degree |




0 Ee————

1000 2000 3000 4000 5000
Frequency (uHz)

1=10

0 e E———

1000 2000 3000 4000 5000
Frequency (uHz)

1

0

1000 2000 3000 4000 5000
Frequency (uHz)

hn--... ___________

1000 2000 3000 4000 5000
Frequency (uHz)




» |solate individual mode (I, m) with spatial filters: spherical harmonics
« Observing only 72 the Sun: correlations between different (I, m) modes

» Imperfect isolation of the individual modes: leakage matrix

« Fora given (I,m) mode, its power spectrum (y, ,,) corresponds to the
sum over sevral modes (X ,,):

(£,0"
y {,m (V) E C'm ,m'
Jm

@M oniribution from each one of the modes (I',m’ ) to a given mode (I,m)

« 2 types of leakage:
m-leakage: correlation between different m-components with equal |
|-leakage: correlation between different degrees |



« Fit all the multiplets m (21+1) of a given degree | simultaneously

 Mode component described by an asymmetric Lorentzian profile:

4@, 02
(L, /2 +(v-v, )

for each m-component (2|+1) represented by:

M,.0)

« Central frequency v, ,

N

SODISM, 1=35, n=11 at 2910.6 uHz

4
Vn,(‘,m = Vn,f + 2 Cli(l’l, K)PI (m)
=

where v_,, the unperturbed central frequency of the multiplet

nl
Pl(m), Clebsch-Gordon polynomials (P'(1)=1)
a(n,1)’ s, shift in frequency induced

mainly by the internal rotation.
9 a(n,) s are fitted




« Rotation-corrected, m-averaged spectrum of I=50, n=10 (dotted line)

centered on zero
» First spatial leaks Al= =3 visible

» Clear leakage asymmetry:
= Such asymmetry mentioned by
Korzennik (1998) in MDI intensity
data but remained unexplained.

= Hill & Howe (1998) discussed “too -s0 0
that an error in the image radius
can lead to a leakage asymmetry around the target mode.

= A proper understanding of all the instrumental effects on the
geometry of SODISM images is required to build a proper
leakage matrix.



* Modes up to I=100 fitted between 2200 and 4000 uHz

» ~ 800 modes successfully fitted
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Regularized Least-Square inversion: splittings 1=1-99 (9 a-coefficients)
Tachocline: Steep gradient at base of the convection zone 0.7R®

Inferred rotation rate similar to one
previously obtained from velocity data

- radial gradient close to the surface

- latitudinal differential rotation through
convection zone

- radiative interior roughly rigid (43515 nHz)

Preliminary results very encouraging
Currently working to:
- extend peak-fitting analysis towards higher |

- increase the number of fitted a-coefficients



HMI onboard SDO, launched in Feb. 2010 (NASA mission)

Record both velocity and intensity images (4096”2 pixels)

HMI continuum images at 607 nm reduced to 256”2 pixels (as HMP)

Same 209-day period (2001/04/16-2011/11/10)

Duty cycle 98.0% (At=45s) (PICARD for same period, 74.4%, At=60s)

HMI data processed through the same pipeline as SODISM images



PICARD/SODISM HMI Int
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SODISM
HMI Int.
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PICARD (black), HMI Int (red)

Splitting coefficients and errors
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* Internal rotation rate as a function of the fractional solar radius
= From radiative interior up to photosphere
= Latitudes of 0°, 15°, 30°, 45°, 60°, and 75°

« SODISM and HMI Int. compatible
within 1o for all latitudes and depths

« Main differences found very close to

surface
» higher | modes needed to increase
resolution
» local maximum found at 0.93Ro at
equator (0°) in SODISM data
(Corbard et al. 2013) less
pronounced in HMI Int. data

HMI Int.: Black solid lines (with 10 errors)

SODISM: Red dashed lines




« Solar frequencies vary with solar activity:
Higher activity == Larger frequencies

SODISM, 2011-2012 :
03 , - Related to changes in the outer

02 | layers of the Sun

s

- Close temporal and spatial
correlation with the surface magnetic
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1. Calibration of SODISM helioseismology data is a difficult task
> Low orbit, interruptions, instrumental problems: CCD persistence, ...

2. First helioseismic analysis of the medium-I HMP continuum SODISM data
» Oscillation mode parameters for a wide range of eigenmodes
» Results consistent with what know from previous studies in velocity

3. First comparison with HMI continuum intensity data
» Shows we reached a first satisfactory level of calibration
» Results compatible within 10




