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How to Cheaply Forecast Planetary 
Conditions to Prioritize Follow-up!



Kaltenegger	
  &	
  Traub	
  (2009)	
  

“Major	
  Spectroscopic	
  Features	
  and	
  Signal-­‐to-­‐Noise	
  
of	
  a	
  Transi9ng	
  Earth	
  for	
  a	
  Total	
  Co-­‐added	
  

Observa9on	
  Time	
  of	
  200	
  hr,	
  for	
  a	
  6.5	
  m	
  Space-­‐
Based	
  Telescope	
  for	
  the	
  Sun	
  and	
  M	
  stars”	
  

“Major	
  Spectroscopic	
  Features	
  and	
  Signal-­‐to-­‐Noise	
  
of	
  a	
  Transi9ng	
  Earth	
  for	
  a	
  Total	
  Co-­‐added	
  

Observa9on	
  Time	
  of	
  200	
  hr,	
  for	
  a	
  6.5	
  m	
  Space-­‐
Based	
  Telescope	
  for	
  the	
  Sun	
  and	
  M	
  stars”	
  

…assuming	
  every	
  transit	
  is	
  observed,	
  200	
  hours	
  of	
  transit	
  data	
  for	
  a	
  single	
  
planet	
  in	
  the	
  habitable	
  zone	
  of	
  an	
  M3V	
  star	
  (period	
  of	
  25	
  days)	
  will	
  require	
  a	
  

4.9	
  year	
  baseline	
  

(For M dwarf context, see Muirhead talk next!)!



Even modest eccentricities can sterilize the 
surface of M dwarf planets!



Barnes	
  et	
  al.	
  (2013)	
  

Even modest eccentricities can sterilize the 
surface of M dwarf planets!

Habitable	
  
zones	
  

esKmates	
  

0.25	
  M!	
  

Orbital	
  
parameter	
  
space	
  in	
  
which	
  H2O	
  
oceans	
  

evaporate	
  



There is a growing body of evidence for links 
between dynamical history and inexpensive 

observables!



cheap*!

1.   Is	
  there	
  another	
  transi.ng	
  planet?	
  
	
   	
   	
   	
  Cost:	
  ~Free	
  

If you could pick two other pieces of information 
to have in hand, what would they be?!

>!

*requiring	
  1	
  hr	
  of	
  follow-­‐up	
  or	
  less	
  on	
  few	
  m	
  ground-­‐based	
  telescope	
  
Ricker	
  et	
  al.	
  (2014)	
  

Average	
  of	
  
1.5	
  planets/
detected	
  
system!	
  
	
  
(B.	
  Montet,	
  
private	
  
comm.	
  re:	
  K2	
  
yields	
  for	
  M	
  
dwarfs)	
  



Limbach & 
Turner (2014)!

cheap*!

1.   Is	
  there	
  another	
  transi.ng	
  planet?	
  
	
   	
   	
   	
  Cost:	
  ~Free	
  

If you could pick two other pieces of information 
to have in hand, what would they be?!

>!



cheap*!
If you could pick two other pieces of information 

to have in hand, what would they be?!

>!

Morton & 
Winn (2014)!

1.   Is	
  there	
  another	
  transi.ng	
  planet?	
  
	
   	
   	
   	
  Cost:	
  ~Free	
  

Obliquity [deg between orbital & stellar spin axes]	


	



Singles	
  likelier	
  to	
  
be	
  misaligned	
  

MulKples	
  likelier	
  to	
  be	
  	
  
aligned	
  with	
  host	
  star	
  



cheap*!

2.   Is	
  the	
  host	
  star	
  rela.vely	
  metal-­‐poor	
  ([Fe/H]<0)? 	
  
	
  Cost:	
  <1	
  hr	
  with	
  an	
  NIR	
  spectrograph	
  

If you could pick two other pieces of information 
to have in hand, what would they be?!

>!

Newton et al. (2014)!



2.   Is	
  the	
  host	
  star	
  rela.vely	
  metal-­‐poor	
  ([Fe/H]<0)? 	
  
	
  Cost:	
  <1	
  hr	
  with	
  an	
  NIR	
  spectrograph	
  

[Fe/H]	
  <	
  0	
  
[Fe/H]	
  >	
  0	
  

cheap*!
If you could pick two other pieces of information 

to have in hand, what would they be?!

>!
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Modestly	
  dis.nct	
  

 Ballard & Johnson (2014)!

cheap*!

2.   Is	
  the	
  host	
  star	
  rela.vely	
  metal-­‐poor	
  ([Fe/H]<0)? 	
  
	
  Cost:	
  <1	
  hr	
  with	
  an	
  NIR	
  spectrograph	
  

If you could pick two other pieces of information 
to have in hand, what would they be?!

>!

Stars	
  with	
  mulKple	
  transiKng	
  planets	
  metal-­‐poor	
  
compared	
  to	
  singles,	
  with	
  modest	
  confidence	
  



Summary!

•  Risk	
  assessment	
  for	
  M	
  dwarf	
  atmospheres	
  3ed	
  
to	
  dynamical	
  history	
  of	
  system	
  

	
  
•  Fingerprints	
  of	
  dynamical	
  history	
  exist,	
  and	
  
are	
  rela9vely	
  inexpensive	
  to	
  gather:	
  
– Existence	
  of	
  another	
  transi9ng	
  planet	
  
– Lower	
  host	
  star	
  metallicity	
  	
  
–  (Age	
  of	
  M	
  dwarf	
  system,	
  probed	
  by	
  galac9c	
  height	
  
and	
  rota9onal	
  modula9on)	
  


