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Characterizing the Local Interstellar Medium:   

 ARA&A review: Frisch, Redfield, & Slavin (2011) 

 
 
Characterizing Planetary Atmospheres (and Exospheres) 

 First Hα detection in an exoplanetary atmosphere: Jensen, Redfield, 
Endl, Cochran, Koesterke, & Barman (2011) 

  
 
Astrospheres to Estimate Planetary Atmosphere Evolution: 

 Measuring stellar mass loss rates for exoplanet host stars: 13 orbits for 4 
targets in Cycle 19 on Hubble Space Telescope (Redfield, Wood, Müller, 
Linsky, Frisch, Gry, Jensen, Lehner, Knutson, Walkowicz) 

 



Lallement, Welsh, et al. (2003) 

Our Galactic Interstellar Community 
Local Bubble 

R ~ 100 pc; ne ~ 10-3 cm-3; T ~ 106 K 
 
Absence of cold material (extinction, NaI spectra) 
Soft X-rays (0.25 keV) 
Highly ionized absorption and emission lines 

 (e.g., OVI, OVII, OVIII) 

LISM 

R ~ 1-10 pc; n ~ 0.2 cm-3; T ~ 7000 K 
 
Neutral particles Ulysses, IBEX (Möbius et al. 2004) 
Backscattered Lyman-α emission 
UV/Optical absorption line spectroscopy of  neutral 

 and singly ionized elements (e,g., HI, NI, OI, 
 SiII, FeII; Redfield & Linsky 2002, 2004a) 

 

Cold Dense Gas 

R~1.4 pc; nH ~ 30 cm-3; T ~ 20 K 
 
Spectroscopy of neutral ions (e.g., NaI) 
Leo Cold Cloud (Peek et al. 2011) 
Molecules, e.g., H2, CO 



Redfield & Linsky (2000) 

Our Galactic Interstellar Neighborhood 



Kinematics of the Local ISM 

Redfield (2009) Redfield & Linsky (2004a) 



Frisch, Redfield, & Slavin (2011) 

Kinematics of the LIC 

Redfield (2009) 



Kinematics of the Local ISM 

Redfield & Linsky (2008) 



Is the Sun inside the LIC? 

Redfield & Linsky (2008) 
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Fig. 22.— Parameters of the NISHe flow that yield χ2 values below the limit of 8.7 (inside the blue contour and including the

darker contours), shown in cuts through the two-parameter sub-spaces of the 4D parameter space. The best-fit solution is indicated by the black

cross-hairs, while the solution obtained by Witte (2004) is marked with the smaller errorobar cross. The yellow and orange points are the

solutions obtained separately for the 2009 and 2010 seasons. The larger error bar cross (only fragments visible in some of the panels)

marks the LIC flow vector from Redfield & Linsky (2008). The χ2 values for the contours are indicated in the upper left panel;

the values for the two lightest contours, from which the darker one makes the background in v vs β, T vs β, and β vs λ panels,

are 30 and 87. Note that the boundaries of the two lightest panels are very approximate because of the sparse coverage of theses

regions of the 4D χ2 space.
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Möbius et al.  (2011) Bzowski et al. (2011) 

Is the Sun inside the LIC?  Yes 



Global LISM Morphology 
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Redfield & Linsky (2011) 
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(Barm
an 2007) 

Transmission Model 

•  Early models (Seager & Sasselov 2000, Brown 2001, Hubbard et al. 2001) 
•  Most gases in molecular form except He and alkali metals 
•  Strongest features are narrow lines of NaI and KI 
•  Volatile elements (e.g., Mg, Ca, Ti) have condensed into grains 

(Li	
  I)	
  
(Cs	
  I)	
  

(Rb	
  I)	
  
(Ca	
  I)	
  



HD149026	
  
HD147506	
  

HD189733	
  

HD209458	
  

Observations 
 
•  9.2m Hobby-Eberly Telescope (HET) 
•  High Resolution Spectrograph (R ~ 60,000) 
•  Observations taken between 2006 and 2010 
•  Queue-based scheduling allowed for multiple transits and 

random collection of out-of-transit observations 
•  Substantial optical coverage (5000-9000 Å) 
•  6-11 transits observed along with 2.5-5x number of out-

of-transit visits 



NaI Transmission Spectra 

(Jensen et al. 2011) 



Na and K Results 

(Jensen et al. 2011) 

 

•  New reduction and analysis 
pipeline reproduce HD189733b 
NaI detection (Redfield et al. 
2008; Huitson et al. 2011) 

•  Confirm HD209458b NaI detection 
(Charbonneau et al. 2002; Snellen 
et al. 2008) 

•  Low significance absorption for 
HD149026b, but seen in both NaI 
lines 

•  No KI absorption detected for any 
of our targets (see Sing et al. 
2010; Colón et al. 2010) 



HD209458b: Active Atmospheric Loss  

Ekenbäck et al. (2010) Vidal-Madjar et al. (2003) 



 
•  Strong absorption in HD189733b correlated with transit (1.55% across 

absorption feature ±25 km/s or ~1.1 Å) 

•  Chromospheric variability detected for HD189733 (Fares et al. 2010; 
Lecavieler des Etangs et al. 2010); in-transit absorption significant at 4.6σ 

•  Symmetric feature seen in HD209458b correlated with phases near transit 
 

(Jensen et al. in prep) 
Hα Transmission Spectra 
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(Opportunity 2006) 

Mars and Habitability 
(Mars Global Surveyor 2000) 

Dry Present 
 

Wet Past 
 



Müller (2004) 

 
Most neutrals stream into Solar System unperturbed, 
except neutral hydrogen, which due to charge 
exchange reactions, is heated and decelerated 
forming “Hydrogen Wall” (log NH (cm-2) ~ 14.5). 
 

The Hydrogen Wall 



Detection of Astrospheres 

Wood, Redfield, & Linsky (2003) 



Wood et al. (2001) 

Sensitive to solar-like Mass Loss 



Mass Loss as a Function of Age 

Wood et al. (2005) 



Zank &
 Frisch (1999) Increase the density of the surrounding  

LISM by only a factor of 50 (nH from 
0.2 to 10 cm-3) and the termination 
shock shrinks from 100 AU to 10 AU. 

 

How large of a density increase is needed to 
significantly alter the structure of the 

heliosphere? 

NH(LISM) = 10 cm-3 

NH(LISM) = 0.2 cm-3 M
üller (2004) 

Must Understand Local ISM 



Mass Loss and Planetary Atmospheres 

 

Half of all known exoplanets are within 50 pc: These will 
be the most extensively observed systems   

 
Astrospheres are detectable toward nearby stars : Need to 

be able to characterize the local interstellar environment 
 
Mass Loss Varies with Activity: A saturation level appears at 

the highest activity levels.  
  

Activity Varies with Age: Consistent with a high solar mass 
loss at the time of loss of Martian atmosphere (solar wind 
sputtering; Lammer et al. 2003) 
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