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Why HATS-6b?
HATS-6 b

  

Star:
          0.57 MꙨ 
          0.57 RꙨ

          3724 K
          0.2
          M-dwarf
 
Planet:
          0.319 MJ

          0.998 RJ
          700 K
          0.2
          Warm Saturn

[Fe/H]

[Fe/H]



Sven Kiefer Are we a unique species? - 30.07.24 5

Why HATS-6b? M-dwarfs are active
➔ Stellar irradiation
➔ Stellar energetic Particles (SEPs)HATS-6 b

  

Star:
          0.57 MꙨ 
          0.57 RꙨ

          3724 K
          0.2
          M-dwarf
 
Planet:
          0.319 MJ

          0.998 RJ
          700 K
          0.2
          Warm Saturn

[Fe/H]

[Fe/H]



Sven Kiefer Are we a unique species? - 30.07.24 6

Why HATS-6b? M-dwarfs are active
➔ Stellar irradiation
➔ Stellar energetic Particles (SEPs)

M-dwarfs are small
➔ Large transit depths (3.2%)
➔ Questions about formation

HATS-6 b
  

Star:
          0.57 MꙨ 
          0.57 RꙨ

          3724 K
          0.2
          M-dwarf
 
Planet:
          0.319 MJ

          0.998 RJ
          700 K
          0.2
          Warm Saturn

[Fe/H]

[Fe/H]



Sven Kiefer Are we a unique species? - 30.07.24 7

Why HATS-6b? M-dwarfs are active
➔ Stellar irradiation
➔ Stellar energetic Particles (SEPs)

M-dwarfs are small
➔ Large transit depths (3.2%)
➔ Questions about formation

HATS-6b is temperate
➔ Effective Temperature ~700 K
➔ Global cloud coverage
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How we model the atmosphere
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How we model the atmosphere

Image credit: N. Bach-Møller

Post Processing
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Clouds in 3D
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Clouds in 3D
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Clouds in 3D
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Clouds in 3D – Kinetic cloud formation 
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Image altered from Helling (2018)

Clouds in 3D – Kinetic cloud formation 
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Nucleation

Image altered from Helling (2018)

Clouds in 3D – Kinetic cloud formation 
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Nucleation

Bulk growth

Image altered from Helling (2018)

Clouds in 3D – Kinetic cloud formation 
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Nucleation

Bulk growth

Evaporation

Image altered from Helling (2018)

Clouds in 3D – Kinetic cloud formation 
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Clouds in 3D – Kinetic cloud formation 
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Clouds in 3D – Kinetic cloud formation 
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Clouds in 3D – Kinetic cloud formation 
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Clouds in 3D
Clouds
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Clouds in 3D
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How we model the atmosphere

Image credit: N. Bach-Møller

Post Processing
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How we model the atmosphere

Image credit: N. Bach-Møller
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Kinetic gas-phase chemistry
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CH4NH3

Kinetic gas-phase chemistry

Thermal chemistry
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CH4NH3

Kinetic gas-phase chemistry

Thermal chemistry
+ XUV photo-chemistry
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CH4NH3

Kinetic gas-phase chemistry

Thermal chemistry
+ XUV photo-chemistry

+ Stellar energetic particles
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What can we observe?
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Is it observable?
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Is it observable?
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Is it observable?
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Observing HATS-6b
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Observing HATS-6b
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Observing HATS-6b
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Summary

This project has received funding from the European Union’s 
Horizon 2020 research and innovation programme under the 
Marie Sklodowska-Curie grant agreement no. 860470.

sven.kiefer@kuleuven.be
Kiefersv.github.io

@ExoSvenK

CH4 and clouds might be 
observed in HATS-6b

Clouds impact the climate
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Additional Slides



Sven Kiefer KU Leuven Seminar - 02.05.24 48

Clouds on Earth

Top Image: Aerosols Department Of Physics And Astronomy Uppsala
Bottom Image: BBC science focus, Alexandra Franklin-Cheung
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Image altered from Helling (2018)

Kinetic Chemistry

Cloud formation

For this study:
→ Elements: N, C, H, O
→ Additional: Ti, Si
→ 69 species
→ 780 reactions
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Nucleation

Image altered from Helling (2018)

Kinetic Chemistry
(TiO2)2

(TiO2)3

(TiO2)5

Kinetic nucleation

Cloud formation

Nucleation:
→ Species: TiO2[s]
→ Maximum size: (TiO2)15
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Nucleation

Bulk growth

Image altered from Helling (2018)

Kinetic Chemistry
(TiO2)2

(TiO2)3

(TiO2)5

Kinetic nucleation

Bulk growth

Cloud formation

 TiO2 FeO NaCl 
 Al2O3 Fe2O3 KCl
 SiO FeS MnO
 SiO2 Fe2SiO4 Na2S
 Mg2SiO4 Fe MnO
 MgSiO3 CaTiO3 CaSiO3

Cloud material
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Nucleation

Bulk growth

Evaporation

Image altered from Helling (2018)

Kinetic Chemistry
(TiO2)2

(TiO2)3

(TiO2)5

Kinetic nucleation

Bulk growth

Cloud formation

Cloud material
 TiO2 FeO NaCl 
 Al2O3 Fe2O3 KCl
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 Mg2SiO4 Fe MnO
 MgSiO3 CaTiO3 CaSiO3
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Kinetic Chemistry
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Bulk growth Cloud material

Cloud formation
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Clouds in 3D
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Clouds in 3D
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HATS-6b
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Chemistry
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Chemistry
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HATS-6b
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HATS-6b
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Observing HATS-6b

53 7

CH4 CH4 HCN


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61

