Non linearity in CCD detection

Intermission on the way to Picard Sodism L1 products

J-F. Hochedez
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1. Successive restorative steps of
Instrumental correction

Fromthe LevelO to Levell,,, data products
The unwanted components in the signal of a pixel
Putthe corrections insequence!



From the Level O to Level,1data producs

A Instrumental corrections:

I Condition thescientific objectives
A Especially in the fields of metrology/astrometry whaecuracy and/or precision prevail

I Bringinstrumental diagnostics

A To convert_evel (= formatted & informed TMinto
Level 1 producté= corrected for instrumental flaws),
we must:

1. Elaborate acorrection method

2. Compute itscalibration elements
A E.g. the parameters of a ndimearity function

3. Processhe data products provided by the previous correction stage

C The above cycle actually appliesm Level ]1to Levell,,, i.e.several times!
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What are we talking about?

List of instrumental effects in the Picard Sodism solar space telescop:

Additive
A Offset

A Dark signal

I Hot pixels
A Cosmic ray hits
A Ghost images

Multiplicative
A Optical flatfield

I incl. vignetting
A Detector flatfield
A Non linearity of the detection

Convolutive

A PSF

I Scattered light

I Kinematic blur

i hLJGAOFEt 6 SNNF G
A Persistence / hysteresis
A CCD charge transfer efficiency

Other
A Distortion(anamorphosiy
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Componentsn the pixel signal

Signal due to cosmic ray hits

Signal due to parasitreflections= ghost(s)
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Scientific signal (wanted!)
=G[DN/e] 3 FlatFieldx,y,t, previousimage) [e-/ph] 2 Non Lin Functiorfs [ph_in)3 ExptiméXx,y) [s]

Persistence

Dark signa(CO) generated in the C@Dage zon& L %0 I hoAp)kéd® & L % Y

Dark signa(CO) generated in the C@R2mory zone® a %0 T Rof[EID@ a ¥ W

Offset

0 DN NB: Convolution by the PSF core not listed here
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Put the corrections In the right sequence!

ActKS O2NNBOGAZ2Yya 2dzaAKG (RReferteddbdlieBce A Y

1.

2.

A They must proceed frorhack to front 3
1. DN or ADW.4

2. Detected e¥ 4,

3. Detected photong/ 5.

4. Incident photons¥a 6.

5. etc. 1.

8.

A Typically, one cannot address optical effects with  o.

data that are still tainted by detection flaws. 10.
11.

I In principle.
I Might be OK for the spadework

Offset
Cosmic ray hits

Dark signal and hot
pixels

Non linearity
Detector flatfield
Persistence
Ghost

PSF (aberrations and
scattered light)

Optical flatfield
Distortion
X

Sublevels L}, , after each
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2. Non Linearity due to shutter kinematics

Evidencing the problem
Observational campaigns of exposure time variations

Modeling the shutter kinematics
a.  Parameterized modelization
b.  Inversion of the geometrical configuration



Non linearity seen during
exposure time variation campaigns

O Comparing normalization by 'tps_pose' {dot) and by 'exposure' (dash)
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Chronology of commanded exposure times

1.5 T

1.3 SEC-L

0_0 1 1 1 1 I 1 1 1 1
0 5 10
chronology

14 stages, from #0 to #13
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Exposure time variation campaign
March 22., 2011 @535D
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Flux imager
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Optical scheme

JFH Solar Metrology: Needs & Methods Il

11



