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Digging the contrast

Exoplanet imaging:
• Current facilities: C ∼ 10−6

→ Young giant gaseous planets
• Bright residuals (AO, non-common path

aberrations) are well understood
Reach fainter errors ⇒ Wind-Driven Halo
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Wind-driven halo (WDH)
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• AO Control
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SPHERE Archives

SPHERE-IRDIS H-band: SHINE GTO
789 observations/74k frames
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Very diverse images
⇒ Need for a robust WDH characterization pipeline
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WDH characterization Pipeline
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WDH proxy
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Proxy signature of WDH
Based on WDH geometry:

• 2 minima & 2 maxima
• Regular separation of π

2 → σ∆θ ∼ 0

Increased robustness

• Slice away from center and outer edge
• Gaussian smoothing

⇒ validation with simulations
work in progress
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WDH occurence rate 1/2

WDH angular proxy: threshold to classify WDH vs no WDH
Visual inspection of random sampling of 100 cubes → ROC curve to find the optimal
threshold
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⇒ WDH criteria: 2 minima & 2 maxima & σ∆θ < 16.9◦
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WDH occurence rate 2/2

Apply criteria to the full GTO sample
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⇒ WDH occurence rate: ∼ 33%

• Seems conservative (random sample
occurence rate ∼ 70%)

• But in accordance with previous studies
(Cantalloube et al., 2020)
AO Freq 300 600 1200 1380

WDH Occ. 75% 47% 38% 23%

Origin
Correlations with:

• AO telemetry
• In situ meteorological data
• Reanalysis meteorological data
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Jet stream importance 1/3

Key finding of Cantalloube et al. (2018), Madurowicz et al. (2018): WDH is correlated with
the jet stream
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Jet stream importance 2/3
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Jet stream importance 3/3
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WDH strength & turbulence coherence time

06:50 08:00Time
20

40

60

80

W
DH

 st
re

ng
th

 [%
]

3

4

5

0
[m

s]

Single observation time series

2 4 6 8 10 12 14
0 [ms]

20

40

60

80

W
DH

 st
re

ng
th

 [%
]

Full dataset scatter plot
Raw data
Binned mean ± std

0 10 20 30 40
Count

1.0

0.8

0.6

0.4

0.2

0.0

0.2

0.4

Co
rre

la
tio

n 
co

ef
fic

ie
nt

Distribution of
Spearman corr.

Median: -0.68

13



WDH strength & turbulence coherence time

06:50 08:00Time
20

40

60

80

W
DH

 st
re

ng
th

 [%
]

3

4

5

0
[m

s]

Single observation time series

2 4 6 8 10 12 14
0 [ms]

20

40

60

80

W
DH

 st
re

ng
th

 [%
]

Full dataset scatter plot
Raw data
Binned mean ± std

0 10 20 30 40
Count

1.0

0.8

0.6

0.4

0.2

0.0

0.2

0.4

Co
rre

la
tio

n 
co

ef
fic

ie
nt

Distribution of
Spearman corr.

Median: -0.68

13



WDH strength & turbulence coherence time

06:50 08:00Time
20

40

60

80

W
DH

 st
re

ng
th

 [%
]

3

4

5

0
[m

s]

Single observation time series

2 4 6 8 10 12 14
0 [ms]

20

40

60

80

W
DH

 st
re

ng
th

 [%
]

Full dataset scatter plot
Raw data
Binned mean ± std

0 10 20 30 40
Count

1.0

0.8

0.6

0.4

0.2

0.0

0.2

0.4

Co
rre

la
tio

n 
co

ef
fic

ie
nt

Distribution of
Spearman corr.

Median: -0.68

13



Takeaways
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Work done

• Robust characterization pipeline on GTO-Hband
• WDH occ. rate ∼ 33% • Jet stream led WDH

Potential usages

• Scheduling • Post-processing optimization
• AO control optimization

Next

• Validation on simulations HCIPy Por et al. (2018)
• Correlate other metrics • Extend the analysis

Large HCI dataset→ what else could we explore ?
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Dépendances physique des paramètres du WDH
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Cantalloube et al. (2020, 2018)
• vitesse de vent effective

veff =

(∫ +∞
0 C2

n(z)v(z)5/3dz∫ +∞
0 C2

n(z)v(z)dz

)3/5

• Paramètre de Fried r0 ∝ λ5/6

• Temps de cohérence de l’atmosphère
τ0 = 0.314 r0

veff
• Direction du WDH suit celle du vent effectif
• Force du WDH ∝ veff ,λ−2,∆tOA

• Asymétrie du WDH ∝ zfλ
veff∆tOA
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