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Overview	  
1. Why	  search	  for	  these	  signatures?	  
2.  Types	  of	  star-‐planet	  interacQons	  
3.  Evidence	  of	  star-‐planet	  interacQons	  (SPIs)	  
4.  Pre-‐transit	  absorpQon:	  physical	  scenarios	  
5.  Specific	  examples	  
6.  Current	  and	  future	  work	  
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Hot	  planets	  
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HD	  189733	  



Atmospheric	  transmission	  spectra	  

Image	  courtesy	  of	  Exoclimes	  2012	  
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Why	  bother	  with	  pre-‐transit	  signals?	  

1.  InteresQng	  and	  novel	  
astrophysics	  

	  
2.  Probing	  stellar	  winds	  

3.  PainQng	  a	  complete	  
picture	  of	  exoplanets	  

4.  Constraining	  exoplanetary	  
magne;c	  fields	  
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Types	  of	  interacQons	  

•  Tidal	  interacQons	  
•  Direct	  magneQc	  interacQons	  
•  AccreQon	  and	  ouZlows	  
– Wind-‐wind	  
– Wind-‐magnetosphere	  
– AccreQon	  flows	  	  
– PhotoevaporaQve	  ouZlows	  
	  

Bow	  shocks	  ,	  pre-‐
transit	  absorpBon	  

Hot	  spots,	  pre-‐transit	  absorpBon?	  

Blue-‐shiDed	  absorpBon,	  
pre-‐transit	  absorpBon	  

No	  broadband	  detecBons!	  (Turner	  et	  al.	  2013,	  2014)	  	  
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Evidence	  of	  star-‐planet	  interacQons	  

Poppenhaeger	  &	  Wolk	  2014	  

Shkolnik	  et	  al.	  2008	  

Pilli^eri	  et	  al.	  2015	   7	  

HD	  179949	  

Flares!	  



Pre-‐transit	  absorpQon	  scenarios	  

Matsakos	  et	  al.	  2015	   8	  



• FossaQ	  et	  al.	  2010:	  NUV	  flux	  
in	  WASP-‐12b	  	  
• Modeled	  by	  Llama	  et	  al.	  2011	  
as	  a	  bow	  shock	  

Pre-‐transit	  detecQons:	  specific	  cases	  
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• Ben-‐Jaffel	  &	  Ballester	  (2013)	  
and	  Bourrier	  et	  al.	  (2013):	  C	  II	  
and	  Si	  II	  in	  HD	  189733	  b	  
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• Ehrenreich	  et	  al.	  2015:	  
Lyman-‐α absorpQon	  in	  GJ	  
436	  b	  	  
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BoOom	  line:	  Pre-‐transit	  absorpBon	  must	  be	  
common	  around	  very	  hot	  planets,	  UV	  

observaBons	  are	  expensive	  

PotenBal	  soluBon:	  Search	  for	  these	  signatures	  
in	  the	  opBcal	  
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OpQcal	  pre-‐transit	  absorpQon:	  HD	  189733	  b	  
•  Need	  a	  few	  things:	  

1.  Very	  high	  signal-‐to-‐noise	  
2.  Large	  wavelength	  coverage	  
3.  High	  observaQon	  cadence	  
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Transmission	  spectra	  
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AbsorpQon	  Qme-‐series	  

(1)	  

(2)	  

(3)	  
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Geometric	  bow	  shock	  model	  

Model	  cartoon:	  

To	  observer	  

ϑsh	  rm	  

α	  
n	  
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Model	  results	  

n=5.4x104	  cm-‐3,	  α=400,	  rm=12.75	  Rp,	  ϑsh=15o	  	  

Pw	  =	  PB	  à	  Beq	  =	  28	  G	  	  

(1)	  

(3)	  
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Follow	  up	  observaQons:	  a	  second	  
transit	  

•  If	  magneQc	  field	  strength	  is	  that	  strong,	  signal	  
should	  be	  somewhat	  consistent*	  	  

•  New	  observaQons	  fill	  in	  phase	  gaps	  of	  
previous	  data	  

•  IdenQcal	  observing	  strategy	  and	  instrument	  
setup	  

•  ~4.5	  hours	  pre-‐transit	  through	  ~1	  hour	  post-‐
transit	  
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Transmission	  spectra	  
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August	  2015	  transit	  
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(1)	  
(2)	  

(3)	  

(4)	  



Clumpy	  accreQon?	  

•  Structure	  is	  different	  
from	  2013	  

•  Bow	  shock	  model	  
doesn’t	  work	  

•  Two	  disQnct	  events	  =	  
two	  transits?	  
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Pilli^eri	  et	  al.	  2015	  



AccreQon	  clump	  model	  

Model	  cartoon:	  

To	  observer	  

ϑcl	  

n1,r1,l1,t1	  
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n2,r2,l2,t2	  
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AlternaBves	  to	  pre-‐transit	  material?	  
	  
	  

Yes!	  Varying	  levels	  of	  acBvity	  in	  the	  Balmer	  
lines.	  
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Stellar	  variability	  
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Stellar	  variability	  
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•  CorrelaQons	  are	  
fairly	  weak,	  no	  
strong	  relaQonships	  



Stellar	  acQvity	  contaminaQon	  
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•  Vary	  surface	  coverage	  of	  acQve	  regions	  (fact)	  and	  strength	  of	  acQve	  
region	  emission	  (A0)	  	  

•  Levels	  of	  pre-‐
transit	  absorpQon	  
easily	  reproduced	  
by	  stellar	  acQvity!	  



Conclusions	  	  
•  New	  data	  probably	  not	  consistent	  with	  model	  
from	  previous	  observaQons	  
– More	  transits	  

•  Pre-‐transit	  signal	  is	  consistently	  detected	  but	  
variable	  
– VariaQons	  in	  stellar	  wind?	  Need	  to	  explore	  other	  
physical	  scenarios	  

•  Atmospheric	  signal	  is	  variable,	  much	  stronger	  in	  
2015	  data	  
– Similar	  to	  absorpQon	  measured	  by	  Jensen	  et	  al.	  2012	  

•  Need	  to	  carefully	  consider	  stellar	  variability!	  
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Future	  work	  
•  Follow-‐up	  current	  detecQons	  
– Variability,	  true	  structure	  of	  pre-‐transit	  material	  
– Stellar	  wind	  variability?	  

•  Search	  for	  pre-‐transit	  absorpQon	  around	  new	  
hot	  planets	  
– Hydra	  WIYN	  
– Narrowband	  Hα	  filter	  photometry?	  

•  Use	  observaQons	  to	  inform	  models	  of	  star-‐
planet	  interacQons	  	  
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