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Mid-­infrared	
  kinematic	
  evidence	
  for	
  outflows	
  in	
  ULIRGs	
  

Abundant	
   evidence	
   exists	
   for	
   the	
   presence	
   of	
   outflows	
   in	
   active	
   and	
   starburst	
  
galaxies.	
   Ultraluminous	
   infrared	
   galaxies	
   host	
   both	
   extreme	
   starbursts	
   and	
  
supermassive	
   black	
   holes	
   accreting	
   at	
   high	
   Eddington	
   rates.	
   Outflows	
   are	
   hence	
  
expected	
  to	
  be	
  ubiquitous	
  in	
  ULIRGs.	
  The	
  mid-­‐infrared	
  wavelength	
  range	
  is	
  home	
  
to	
   a	
   suite	
   of	
   strong	
   fine-­‐structure	
   lines	
   from	
   various	
   ionization	
   stages	
   of	
   neon,	
  
spanning	
  a	
  range	
  in	
   ionization	
  potentials	
  of	
  21	
  to	
  127eV,	
  relatively	
  unaffected	
  by	
  
extinction.	
   These	
   lines	
   can	
   be	
   exploited	
   to	
   probe	
   the	
   ionization	
   structure	
   and	
  
origin	
  of	
  the	
  outflowing	
  gas.	
  We	
  report	
  on	
  the	
  results	
  of	
  a	
  first	
  systematic	
  study	
  of	
  
the	
   line	
   profiles	
   of	
   the	
  mid-­‐infrared	
   fine-­‐structure	
   lines	
   of	
  Ne+,	
  Ne2+,	
  Ne4+	
   and	
  
Ne5+	
   gas	
   in	
   a	
   sample	
   of	
   320	
   ULIRGs,	
   HyLIRGs,	
   Seyferts,	
   LINERs,	
   QSOs	
   and	
  
starburst	
   galaxies	
   observed	
   in	
   by	
   Spitzer-­‐IRS.	
   The	
   sources	
   span	
   a	
   range	
   of	
   5	
  
decades	
   in	
   [NeV]	
   AGN	
   luminosity	
   and	
   6	
   decades	
   in	
   21cm	
   radio	
   luminosity.	
   Blue	
  
shifted	
  [Ne	
  III]	
  and/or	
  [Ne	
  V]	
  emission	
  (shifted	
  by	
  200	
  km/s	
  or	
  more)	
  is	
  found	
  for	
  
30%	
  of	
   the	
  ULIRG	
  sample.	
  The	
   incidence	
  of	
  blue	
   shifted	
   [Ne	
  V]	
   emission	
   is	
   even	
  
higher	
  (60%)	
  among	
  the	
  sources	
  with	
  a	
  [Ne	
  V]	
  detection.	
  A	
  comparison	
  of	
  the	
  line	
  
profiles	
  of	
  the	
  neon	
  lines	
  reveals	
  the	
  ionization	
  of	
  the	
  blue	
  shifted	
  gas	
  to	
  increase	
  
with	
   blue	
   shift,	
   implying	
   decelerating	
   outflows	
   in	
   a	
   stratified	
   medium,	
   photo-­‐
ionized	
  by	
  the	
  AGN.	
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IRS instrumental
resolution: 500 km/s
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No obvious correlation with interaction class



Blue shifted [Ne V] sources in fork diagram
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IRAS F00183-7111: young radio galaxy?
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NGC 3079
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[NeV] line is blue shifted
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Starburst-driven 
outflow ionized by 
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Future directions

• Include earlier interaction stages (I + II) in study 

• Compare to studies of:
- ionized gas in optical / UV
- neutral gas (Na I D) absorption lines
- molecular gas (Herschel: OH) absorption lines

• Check for presence of linear radio structures

• JWST



Conclusions
• Clearly blue shifted neon lines seen in 28/82 ULIRGs (30%)
• >90% of these are optically classified as  Seyferts/QSOs
• Absence of red shifted component  strong obscuration
  on counter outflow, even in mid-IR !
• FW20(Ne3,5) increases with L(Ne3,5), L(radio) and L(5.5µm)
• FW20(Ne3,5) correlated with VC20(Ne3,5)

•Subsample of 16 most blue shifted ULIRGs:
• Ionization increases with blue shift  stratified medium
• Interaction of young expanding radio jets with dense ISM
  may explain outflow kinematics in radio-loud ULIRGs
• The origin of the outflows in other ULIRGs remains
  speculative at this time (radiatively accelerated clouds, jets)
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