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Choquet  et al. 2016
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Pueyo 2016 “introduce an analytical expansion that 
quantifies the propagation of the astrophysical signal 
through KLIP, even the presence of self-subtraction.”
=> we can predict the effect of over and self subtraction on a 
given model

“Moreover we show that when the astrophysical signal is 
small, this expansion only depends on A(x) in a linear 
fashion. ” 

That means that for faint planet 
FM(  PSF) =  FM( PSF)𝞪 𝞪
Þ search in the whole reduce image is fast: only position 

parameters need to be explored .
Forward Model Matched Filter algorithm (Ruffio+ 2017)
Much increased astrometry of the object : Wang et al 2017
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Planets are “easy” because 
1. we have the PSF => the shape of the object before reduction is already known
2. only 3 parameter : 2 of position (x,y) and 1 of flux / spectra (which we can assume scale linearly)

Disks are harder 
1. “Note however that in practice Forward Modeling with disks is complicated by the fact that the [linear mode 

equation] cannot be simplified using a simple PSF as the astrophysical model: every hypothetical disk morphology 
must be explored. “

2. Easily ~10 parameter to debris disks and none of them scale linearly

You have to know the resulting model to measure the FM of the model => MCMC approaches to explore hundreds of 
thousands of models with slightly different parameters are well suited for this problem. 

=> Cannot be used for disk detection, only for characterization 
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Figure 7. Bright HR 4796 A-like disk, ADI reduction (KL# 10). SPF is recovered but important self-subtraction e↵ects
leave noticeable residuals.
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DiskFM : a way to quickly explore thousands of model in a few hours 
Þ we can show that in most case we recover the parameter of the disks we injected
Þ If we can model the resulting disk we will in most case do a parametric analysis => this is not a loss of time since 

the MCMC analysis will be done anyway

.
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leave noticeable residuals.
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Reduction KL # R1[au] R2[au] βout i[°] PA[°] dx[au] dy[au] N[ADU] g1 g2 α
3 70.1 +/-0.6 89 +6/-4 13 + /-3 88.5 +/- 0.2 47.7 +/- 0.1 1 +5/-4 0.7 +/-0.4 17 +/-3 80 +7/-14 -8 +3 / -6 69 +/- 7

10 69.2 +/-0.6 89 +5/-3 10 + /-2 88.3 +/- 0.1 47.7 +/- 0.1 -4 +/-4 0.6 +/-0.4 17 +/-3 70 +/- 3 -8 +5 / -7 64 +/- 3
20 69.2 +/-0.6 89 +5/-3 10 +2 /-3 88.3 +/- 0.1 47.7 +/- 0.1 -3 +/-4 0.6 +/-0.4 17 +/-3 71 +/- 3 -9 +5 / -7 64 +/- 3
5 NC NC NC NC NC NC NC NC NC NC NC

15 69 +/- 3 81 +12/-7 NC 89 +3/-1 47.6+0.6/-0.5 NC 2 +/-2 15 +8/6 NC NC NC
25 70 +/- 2 84 NC/-7 NC 89 +2/-1 47.6 +/-0.4 NC 2 +/-2 16 +8/7 NC NC NC

70.0 90.0 12.4 88.3 47.6 -2.0 0.94 20 70 -20 66

Reduction KL # R1[au] R2[au] βout i[°] PA[°] dx[au] dy[au] N[ADU] g1 g2 α
3 69.9 +/-0.2 90 +/-2 11.6 +/-0.9 88.38+/-0.06 47.64+/-0.03 -1 +/-2 0.74 +/-0.14 64 +/- 4 70 +2/-3 -7  NC/-3 69 +/- 7
10 69.7 +/-0.2 90 +2/-1 10.9 +/-0.8 88.36+/-0.03 47.64+/-0.02 -2 +1/-2 0.72 +/-0.12 66 +/- 4 68 +/-1 -14  +/-3 66 +/- 1
20 69.7 +/-0.2 89 +/-1 10.5+0.8/-0.988.38+/-0.03 47.64+/-0.02 -1 +2/-1 0.75 +/-0.13 65 +/- 4 68 +/-1 -16  +/-3 66 +/- 1
5 70.4 +/- 0.4 85 +5/-3 15 +/-3 88.4+/-0.1 47.61+/-0.06 -1 +/-3 0.5 +/-0.2 68 +/- 10 69 +4/-5 -6  NC/-2 61 +/- 4
15 70.0 +/-0.7 84 +8/-4 15 +6/-7 88.3+/-0.1 47.61+/-0.08 -1 +4/-5 1.0 +/-0.4 70 +/- 20 68 +4/-5 -7  NC/-2 68 +5/- 4
25 70.1 +/-0.6 84 +6/-3 14 +5/-6 88.3+/-0.1 47.61+/-0.08 -3 +/-4 0.8 +/-0.3 71 +19/-18 64 +/-5 -8  NC/-4 70 +5/- 4

70.0 90.0 12.4 88.3 47.6 -2.0 0.94 70 70 -20 66

Reduction KL # R1[au] R2[au] βout i[°] PA[°] dx[au] dy[au] N[ADU] g1 g2 α
3 70.0 +/- 0.5 93 NC/-5 11 +/-2 77.0 +/- 0.3 26.6 +/- 0.2 -2 +/-1 0.8 +/- 0.4 21 +/- 3 66 +6/-7 -11 NC/-7 55 +/- 6

10 70.1 +/- 0.4 91 +7 /-4 12 +/-2 76.8 +/- 0.2 26.7 +/- 0.1 -1.8 +/-0.5 1.0 +/- 0.3 21 +/- 2 71 +/- 4 -20 +/-7 64 +/- 3
20 70.0 +/- 0.4 89 +6 /-3 12 +/-2 76.8 +/- 0.2 26.7 +/- 0.1 -1.7 +/-0.5 1.1 +/- 0.3 21 +/- 3 71 +/- 4 -18 +6/-7 62 +/- 3
5 67 +3 /-5 80 -6/NC NC 72 +/-2 26 +/ 2 NC NC 7 +4/-2 83 +/-8 NC 96 NC/-8
15 67 +3/-4 83 +11/-7 16 +/-9 75 +/-1 25 +/ 1 -3 +5/-4 3 +3/-4 9 +5/-4 83 +/-7 NC 94 NC/-8
25 67 +/- 3 86 +9/-7 13 +9/-7 75 +/-1 25 +/ 1 -3 +5/-4 3 +/-4 10 +6/-4 76 +/-7 NC 94 NC/-7

70.0 90.0 12.4 76.8 26.64 -2.0 0.94 20 70 -20 66+A22:O29

Reduction KL # R1[au] R2[au] βout i[°] PA[°] dx[au] dy[au] N[ADU] g1 g2 α
3 70.0 +/- 0.2 93 +/-4 12.0 +/- 0.9 76.9 +/- 0.1 26.67+/-0.07 -1.9 +/-0.3 0.8 +/- 0.1 72 +4/-5 70 +/-2 -14 +/-4 62 +/- 2
10 69.9 +/- 0.1 98 +2/-3 11.08+/- 0.5 76.80+/-0.06 26.67+/-0.04 -2.0 +/-0.2 0.8 +/- 0.1 73 +/-2 70 +/-1 -17 +/-2 64 +/- 1
20 69.7+/-0.1 98 +1/-3 11.08+/- 0.4 76.81+/-0.06 26.71+/-0.04 -2.0 +/-0.2 0.8 +/- 0.1 73 +/-2 68 +/-1 -17 +/-2 62 +/- 1
5 70.7+0.4/-0.5 80 +4/-1 22.0 +6/- 9 76.0 +/- 0.2 26.4+/-0.2 -2.2 +/-0.7 0.75 +/- 0.25 76 +15/-20 65 +/-3 -10 NC/-6 76 +/- 4

15 70.3+0.5/-0.7 81 +7/-3 21 +6 /-9 76.2 +/- 0.3 26.5+/-0.2 -2.3 +/-0.9 1.2 +/- 0.4 72 +17/-22 72 +/-2 -22 +/-9 79 +/- 3
25 70.3+0.6/-0.7 83 +8/-4 20 +6 /-8 76.2 +/- 0.3 26.5+/-0.2 -2.2 +/-0.9 1.1 +/- 0.4 71 +17/-20 71 +/-2 -22 +/-9 80 +/- 3

70.0 90.0 12.4 76.8 26.64 -2.0 0.94 70 70 -20 66

Reduction KL # R1[au] R2[au] βin βout i[°] PA[°] dx[au] dy[au] N[ADU]
1 NC NC NC NC NC NC NC NC NC x <1σ

3 ND ND ND ND ND ND ND ND ND 1σ < x < 2σ
5 ND ND ND ND ND ND ND ND ND 2σ < x < 3σ
5 44 +1/-2 52 +2/-1 -8 +1/-2 8 +7/-4 32 +1/-1 98 +2/-3 0.2 +/-0.3 0.7 +/-0.4 98 +11/-13 x > 3σ
15 42 +/-1 52 +/-1 -13 +3/-5 5 +3/-2 31 +/-1 104 +/-2 0.0 +/-0.3 1.1 +/-0.3 103 +11/-12 No converge
25 43 +/-1 51 +/-1 -12 +2/-4 6 +4/-3 30 +/-1 104 +2/-2 -0.3 +/-0.3 1.1 +/-0.3 107 +11/-13 No detection

45.0 52 -7 12.3 30.0 101.0 -0.9 1.37 100
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L. M. Stapper & C. Ginski: Iterative Angular Differential Imaging (IADI): An exploration of recovering disk structures in
scattered light with an iterative ADI approach

Fig. 1: A flowchart depicting the different steps in the IADI reduction process. 0. Copy of the original data set, which
is used after every iteration. 1. The original data set minus the final result from step 5. If this is the first iteration,
the data sets of step 0 and 1 are identical. Even after some iterations, some disk signal is left in this data set after
subtracting the final result. This is shown as the grey dotted ellipses. 2. Take the median of the data set (cIADI) or
construct the PSF with principal components after taking the mean of the data set (PCA-IADI). 3. Subtract the found
PSF from each image in the original data set copied in step 0. 4. Derotate the data set such that the science object has
the sameorientation in all images. 5. Take the median of all derotated images to combine them and get thefinal result.
6. Feedback all positive signal of the final result from step 5 to step 1 and then repeat the process.

or cIADI) or via PCA (PCA-IADI) is subtracted from the
original data set, see column 3 in Figure 1.1

After PSF subtraction, the images are rotated back,
such that the science object in each image has the same
orientation, see column 4 in Figure1. Then the images are
combined by taking the median, see column 5 in Figure 1.
Now ideally all signal coming from the scienceobject is re-
covered. However this is rarely thecase, hence the iterative
natureof IADI. As thebottom row of Figure2 shows, with
classical ADI large parts of the disk is missing due to self-
subtraction. Hence, in the final step all the positive signal
is fed back by subtracting this from theoriginal data set in
column 0 and the process is repeated. In this way, column
1 contains less disk signal, so less signal of the disk will be
in the recovered PSF and consequently less of the disk is
subtracted in the final step. After many iterations, more
of the disk is recovered (see the bottom row of Figure 2).
Asymmetry in thedisk plays an important role in IADI (as

1 We note that we in both cases use the full science data set
for the median combination as well as the PCA, i.e. we did not
implement an "exclusion angle" as is donein somecases to limit
self-subtraction (e.g. LOCI, pyKLIP).

it already does in standard ADI). Themoreasymmetric the
disk is, thefaster theprocesswill convergeto a final image.

3. Model reduction

3.1. Model setup

To test IADI, a model of a disk in scattered light is made.
This model is 400⇥400 pixels, each pixel having a physical
sizeof 1⇥1au. Multiplerings are implemented, inspired by
observations of disks (e.g. HD 97048 Ginski et al. 2016, RX
J 1615deBoer et al. 2016and TW Hydraevan Boekel et al.
2017), see panel a) in Figure 2. A specific inclination and
rotation isachieved by usingthewarpAffine function from
OpenCV (Bradski 2000). Youngplanet formingdisksarestill
gas-rich and dust particles arestratified dueto gas pressure
along the vertical axis. Thus flaring is implemented in the
model via an offset of theringswith respect to thecenter of
thering (seethedetailed discussion in deBoer et al. 2016).
For our disk model we are using the power law profile for
thescattering surfaceheight H and the separation r found
by (Ginski et al. 2016) for thedisk around HD 97048. This
profile describes the found flaring reasonably well up to a
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