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Warm	  Neptune	  
	  
Minimum	  detectable	  
abundances	  

– 1 –

CH4 CO CO2

SNR 3.3 µm 8 µm 2.3 µm 4.6 µm 2.8 µm 4.3 µm 15 µm

10 / R=100 10�7 10�6 10�3 10�5 10�6 10�7 10�6

5 / R=50 10�6 10�5 10�3 10�4 10�6 10�7 10�5

NH3 HCN

SNR 2.2 µm 3 µm 6.1 µm 10.5 µm 3 µm 7 µm 14 µm

10 / R=100 10�5 10�6 10�6 10�6 10�6 10�5 10�6

5 / R=50 10�4 10�5 10�5 10�5 10�6 10�4 10�5

C2H6 H2S C2H2

SNR 3.3 µm 12.2 µm 2.6 µm 4.25 µm 8 µm 3 µm 7.5 µm 13.7 µm

10 / R=100 10�5 10�5 10�5 10�4 10�3 10�7 10�4 10�6

5 / R=50 10�4 10�5 10�4 10�3 - 10�6 10�3 10�5

PH3 H2O

SNR 4.3 µm 10 µm 2.8 µm 5 - 8 µm 11 - 16 µm

10 / R=100 10�7 10�6 10�6 10�5 10�4

5 / R=50 10�6 10�5 10�5 10�5 10�4

Table 1: Warm Neptune: Minimum detectable abundance at fixed SNR=5, 10.
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Table 1: Warm Neptune: Minimum detectable abundance at fixed SNR=5, 10.
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Chemical	  Census	  
Exploring	  the	  exoplanetary	  chemical	  diversity	  



Chemical	  Census	  
Exploring	  the	  exoplanetary	  chemical	  diversity	  

•  ~130	  targets	  
•  Observed	  “quickly”	  to	  get	  ~SNR	  5	  
•  Low	  resoluGons:	  	  	  

– R=50	  1-‐5µm	  
– R=30	  5-‐16µm	  



Origin	  
Understanding	  the	  origin	  of	  exoplanetary	  diversity	  



Origin	  
Understanding	  the	  origin	  of	  exoplanetary	  diversity	  

•  ~50/60	  targets	  
•  SNR~10	  
•  BeOer	  resoluGon	  

– R=100	  1-‐5µm	  
– R=30	  5-‐16µm	  



Currently	  available	  Planets	  -‐	  CC	  
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Number	  of	  planets	  per	  type	  

Hot	  Jupiter	  

Warm	  Neptune	  

Hot	  Neptune	  

Warm	  Jupiter	  

Eccentric	  Jupiter	  

Warm	  Super-‐Earth	  

Hot	  Super-‐Earth	  

SuperHot	  Jupiter	  

Temperate	  Jupiter	  

Temperate	  Neptune	  
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Molecules	  tested	  

Planet	   Molecules	  considered	  

Hot	  Jupiter	   CH4,	  CO,	  CO2,	  NH3,	  H2O,	  C2H2,	  C2H6,	  HCN,	  H2S,	  PH3	  

Hot	  super-‐Earth	   H2O,	  CO	  and	  CO2	  

Warm	  Neptune	   CH4,	  CO,	  CO2,	  NH3,	  H2O,	  C2H2,	  C2H6,	  HCN,	  H2S,	  PH3	  

Temperate	  Jupiter	   H2O,	  CH4,	  CO2,	  C2H2	  and	  C2H6	  

Temperate	  super-‐
Earth	  

H2O,	  CO2,	  NH3	  and	  O3	  
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Warm	  Neptune	  



Fixed SNR tests 

•  Instrument	  independent	  

•  Fix	  SNR	  =	  5,	  10	  (and	  20)	  

•  Mixing	  raGos:	  1e-‐3	  to	  1e-‐7	  
	  

Chemical	  Census:	  SNR	  5,	  R=50	  (1-‐5µm)	   Deep	  Survey:	  SNR	  10,	  R=100	  (1-‐5µm)	  

e.g.:	  Warm	  Neptune,	  CH4	  @	  1e-‐6	  

•  Check	  for	  deviaGon	  from	  conGnuum	  in	  every	  WL	  bin	  

•  DetecGon	  if	  deviaGon	  ≥	  3	  sigma	  



Fixed SNR tests 

•  Instrument	  independent	  

•  Fix	  SNR	  =	  5,	  10	  (and	  20)	  

•  Mixing	  raGos:	  1e-‐3	  to	  1e-‐7	  
	  

Chemical	  Census:	  SNR	  5,	  R=50	  (1-‐5µm)	   Deep	  Survey:	  SNR	  10,	  R=100	  (1-‐5µm)	  

e.g.:	  Warm	  Neptune,	  CH4	  @	  1e-‐6	  

•  Check	  for	  deviaGon	  from	  conGnuum	  in	  every	  WL	  bin	  

•  DetecGon	  if	  deviaGon	  ≥	  3	  sigma	  

✔	   ✗	   ✔	   ✔	  
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Warm	  Neptune	  
	  
Minimum	  detectable	  
abundances	  
	  
R=50/100	  @	  λ1-‐5	  µm	  
R=30	  @λ>5	  µm	  

– 1 –

CH4 CO CO2

SNR 3.3 µm 8 µm 2.3 µm 4.6 µm 2.8 µm 4.3 µm 15 µm

10 / R=100 10�7 10�6 10�3 10�5 10�6 10�7 10�6

5 / R=50 10�6 10�5 10�3 10�4 10�6 10�7 10�5

NH3 HCN

SNR 2.2 µm 3 µm 6.1 µm 10.5 µm 3 µm 7 µm 14 µm

10 / R=100 10�5 10�6 10�6 10�6 10�6 10�5 10�6

5 / R=50 10�4 10�5 10�5 10�5 10�6 10�4 10�5

C2H6 H2S C2H2

SNR 3.3 µm 12.2 µm 2.6 µm 4.25 µm 8 µm 3 µm 7.5 µm 13.7 µm

10 / R=100 10�5 10�5 10�5 10�4 10�3 10�7 10�4 10�6

5 / R=50 10�4 10�5 10�4 10�3 - 10�6 10�3 10�5

PH3 H2O

SNR 4.3 µm 10 µm 2.8 µm 5 - 8 µm 11 - 16 µm

10 / R=100 10�7 10�6 10�6 10�5 10�4

5 / R=50 10�6 10�5 10�5 10�5 10�4

Table 1: Warm Neptune: Minimum detectable abundance at fixed SNR=5, 10.



Warm	  Neptune,	  R=50	  @	  λ1-‐5	  µm,	  R30	  @	  λ5-‐16	  µm	  



Warm	  Neptune,	  R=100	  @	  λ1-‐5	  µm,	  R30	  @	  λ5-‐16	  µm	  



PRIMARY	  -‐	  Warm	  Neptune,	  R=50	  @	  λ1-‐5	  µm,	  R30	  @	  λ5-‐16	  µm	  
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Hot	  Jupiter	  
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Hot	  &	  
temperate	  	  
super-‐Earth	  



Tessenyi	  et	  al.,	  2013	  

temperate	  Jupiter	  
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Hot	  Jupiter	  
	  
Minimum	  detectable	  
abundances	  
	  
R=50/100/300	  @	  λ1-‐5	  µm	  
R=30	  @λ>5	  µm	  



Hot	  Jupiter,	  R=50	  @	  λ1-‐5	  µm,	  R30	  @	  λ5-‐16	  µm	  



Hot	  Jupiter,	  R=100	  @	  λ1-‐5	  µm,	  R30	  @	  λ5-‐16	  µm	  
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Hot	  super-‐Earth	  
	  
Minimum	  detectable	  
abundances	  
	  
R=50/100	  @	  λ1-‐5	  µm	  
R=30	  @λ>5	  µm	  
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Temperate	  super-‐Earth	  
	  
Minimum	  detectable	  abundances	  
	  
R=20	  @λ>5	  µm	  

Temperate	  Jupiter	  
	  
Minimum	  detectable	  abundances	  
	  
R=30	  @λ>5	  µm	  



Warm Neptune in wet atmosphere 
H2O	  @	  1e-‐6	  	  CH4	  @	  1e-‐4	   H2O	  @	  1e-‐4	  	  CH4	  @	  1e-‐6	  

H2O	  @	  1e-‐6	  	  CO2	  @	  1e-‐4	   H2O	  @	  1e-‐4	  	  CO2	  @	  1e-‐6	  



Warm Neptune in wet atmosphere 



Warm Neptune in wet atmosphere 



Likelihood ratio test: 
Warm Neptune with CH4 



Likelihood ratio test: 
Warm Neptune with CH4 



LR compared to individual bin detection 
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SNR	  5	  typically	  enough	  for	  detecGon!	  





Alternative thermal profile 



Alternative thermal profile 



Results with EChO 

Warm	  Neptune	  with	  C2H2	  in	  the	  atmosphere	  (mixing	  raGo=10-‐4)	  
1	  transit	  



Results with EChO 

Hot	  Jupiter	  with	  C2H2	  in	  the	  atmosphere	  (mixing	  raGo=10-‐4)	  
1	  transit	  



Warm	  Neptune,	  NH3	  at	  1e-‐4	  @	  SNR	  =	  5	  

Between	  10	  
and	  11µm,	  
mulGple	  bins	  





Detectability – separated from instrument 

3	  sigma!	  



	  

Key Molecules 
(transmission) 


