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Mo2va2on	
  
•  Most	
  recent	
  work	
  in	
  massive	
  star	
  formaRon,	
  
especially	
  the	
  larger	
  surveys,	
  has	
  focused	
  on	
  
the	
  earliest	
  phases	
  
–  (RMS,	
  ATLASGAL,	
  BGPS,	
  CHaMP,	
  MALT90…)	
  

•  There	
  are	
  ~200,000	
  OB-­‐stars	
  in	
  the	
  Galaxy	
  
(Reed,	
  2006)	
  that	
  can	
  create	
  HII	
  regions	
  
– Where	
  are	
  they?	
  
– We	
  need	
  a	
  complete	
  catalog	
  to	
  trace	
  
GalacRc	
  structure	
  and	
  global	
  massive	
  
star	
  formaRon	
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WISE	
  Can	
  detect	
  all	
  Galac2c	
  HII	
  regions	
  

F24µm	
  ≈	
  30	
  F21cm	
  
With	
  WISE	
  we	
  can	
  make	
  a	
  complete	
  
catalog	
  of	
  GalacRc	
  HII	
  Regions!	
  



Loren	
  Anderson	
  –	
  WISE@5	
  -­‐	
  February	
  12,	
  2015	
  

HII	
  Region	
  Detec2on	
  
•  8.0/12	
  µm:	
  Mainly	
  PAH	
  emission;	
  traces	
  
photodissociaRon	
  regions	
  around	
  HII	
  regions	
  

•  24/22	
  µm:	
  Hot	
  (~100	
  K)	
  small	
  grain	
  emission;	
  
traces	
  massive	
  stars	
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WISE	
  HII	
  Region	
  Detec2on	
  
Red:	
  previously	
  known	
  as	
  HII	
  regions	
  
Cyan:	
  HII	
  region	
  candidates	
  with	
  radio	
  conRnuum	
  
Yellow:	
  HII	
  region	
  candidates	
  without	
  radio	
  conRnuum	
  

For	
  enRre	
  Galaxy	
  |b|	
  <	
  9o,	
  found	
  	
  ~8400	
  objects	
  



Example	
  Sources	
  (from	
  Spitzer	
  –	
  sorry!)	
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Correla2ons	
  
•  12	
  radio	
  recombinaRon	
  line	
  surveys	
  to	
  provide	
  
velociRes	
  &	
  distances	
  

•  4	
  IR/mm/submm	
  surveys,	
  10	
  molecular	
  line	
  
surveys	
  and	
  40	
  distance	
  works	
  (mostly	
  maser	
  
parallax),	
  also	
  to	
  provide	
  velociRes	
  &	
  
distances	
  

•  Most	
  sources	
  (the	
  radio-­‐quiet)	
  do	
  not	
  have	
  a	
  
posiRonal	
  correlaRon	
  with	
  above	
  works	
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The	
  WISE	
  Catalog	
  of	
  Galac2c	
  HII	
  Regions	
  

~8400	
  objects	
  
~1400	
  1700	
  previously	
  known	
  from	
  ionized	
  gas	
  spectroscopic	
  
observaRons;	
  ~600	
  associated	
  with	
  these	
  known	
  regions	
  
~2000	
  1700	
  candidates	
  with	
  detected	
  radio	
  conRnuum	
  
~4000	
  objects	
  that	
  look	
  like	
  HII	
  regions,	
  but	
  do	
  not	
  have	
  
radio	
  conRnuum	
  emission	
  

Anderson	
  et	
  al.,	
  2014	
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  Catalog	
  of	
  Galac2c	
  HII	
  Regions	
  

Anderson	
  et	
  al.,	
  2015	
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Longitude-­‐Velocity	
  Diagram	
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Science	
  with	
  the	
  WISE	
  Catalog	
  
1)  Surveys	
  for	
  new	
  (distant)	
  GalacRc	
  HII	
  Regions	
  
2)  The	
  z-­‐distribuRon	
  and	
  Sun’s	
  height	
  
3)  The	
  clustering	
  of	
  GalacRc	
  HII	
  regions	
  
4)  The	
  HII	
  region	
  luminosity	
  funcRon	
  
5)  The	
  GalacRc	
  star	
  formaRon	
  rate	
  from	
  

extragalacRc	
  star	
  formaRon	
  relaRons	
  



La2tude	
  Range	
  Essen2al	
  for	
  Distant	
  Sources	
  

Loren	
  Anderson	
  -­‐	
  BU	
  -­‐	
  December	
  10,	
  2012	
   Anderson+,	
  in	
  prep.	
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The	
  Outer	
  Scutum-­‐Centaurus	
  Arm	
  

Dame	
  (2012)	
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The	
  WISE	
  Extension	
  of	
  the	
  HRDS	
  
The	
  HII	
  Region	
  Discovery	
  Survey	
  observed	
  448	
  
GalacRc	
  HII	
  regions	
  in	
  radio	
  recombinaRon	
  lines	
  
(RRLs)	
  with	
  the	
  GBT	
  (Bania+	
  2010;	
  Anderson+	
  
2012)	
  

	
  Targets	
  from	
  Spitzer;	
  l=343o	
  to	
  65o,	
  |b|<	
  1o	
  	
  
The	
  WISE	
  catalog	
  allows	
  us	
  to	
  extend	
  this	
  in	
  
both	
  longitude	
  and	
  laRtude	
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The	
  WISE	
  Extension	
  of	
  the	
  HRDS	
  
We	
  repeated	
  the	
  HRDS	
  to	
  discover	
  302	
  new	
  
GalacRc	
  HII	
  regions	
  from	
  l=340o	
  to	
  270o,	
  |b|	
  <	
  8o	
  
(Anderson+	
  in	
  prep.)	
  
	
  
	
  

Color	
  scale:	
  HI	
  integrated	
  to	
  trace	
  the	
  OSC	
  
Points:	
  OSC	
  HII	
  region	
  candidates	
  

Red:	
  OSC;	
  Green:	
  HRDS;	
  Blue:	
  Outer	
  Galaxy	
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The	
  WISE	
  Extension	
  into	
  the	
  OSC	
  
64	
  candidates	
  in	
  the	
  l,	
  b	
  range	
  of	
  the	
  OSC.	
  	
  Three-­‐
pronged	
  approach:	
  
-­‐	
  	
  5	
  detecRons	
  of	
  OSC	
  HII	
  regions	
  in	
  RRLs	
  
-­‐	
  	
  38	
  VLA	
  radio	
  conRnuum	
  detecRons	
  (GHz)	
  
-­‐  3	
  (+2	
  possible	
  low	
  SNR)	
  GBT	
  detecRons	
  in	
  NH3	
  
and	
  H2O	
  masers	
  

These	
  regions	
  are	
  17kpc	
  from	
  the	
  GalacRc	
  center,	
  
24	
  kpc	
  from	
  the	
  Sun	
  
	
  
Based	
  on	
  the	
  HII	
  Region	
  luminosiRes	
  of	
  the	
  OSC	
  HII	
  
regions,	
  this	
  may	
  be	
  everything!	
  



The	
  Most	
  Distant	
  Galac2c	
  HII	
  Region	
  (?)	
  

Distance	
  =	
  24	
  kpc	
  
RGal	
  =	
  17	
  kpc	
  
	
  

Loren	
  Anderson	
  –	
  AAS	
  Longbeach	
  -­‐	
  January	
  10,	
  2012	
  

Anderson+,	
  in	
  prep.	
  
Armentrout+,	
  in	
  prep.	
  

WISE	
  12+22um	
   VLA	
  9	
  GHz	
  

GBT	
  9GHz	
  RRLs	
  

unWISE	
  (Lang,	
  2014)	
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The	
  Outer	
  Scutum-­‐Centaurus	
  Arm	
  

Dame	
  (2012)	
  



Loren	
  Anderson	
  –	
  WISE@5	
  -­‐	
  February	
  12,	
  2015	
  

Longitude-­‐Velocity	
  Diagram	
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Longitude-­‐Velocity	
  Diagram	
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Complete	
  Sample	
  for	
  O-­‐stars…	
  kind	
  of	
  

SimulaRon	
  (red)	
  
Data	
  (blue)	
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Sgr	
  A*	
  is	
  not	
  at	
  b=0!	
  

Goodman	
  et	
  al.,	
  2014	
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The	
  Sun’s	
  Height	
  

Assume:	
  GalacRc	
  mid-­‐plane	
  within	
  
Solar	
  circle	
  can	
  be	
  defined	
  by	
  HII	
  
regions	
  
Change	
  the	
  Sun’s	
  height	
  in	
  
repeated	
  trials	
  unRl	
  above	
  figure	
  
peaks	
  at	
  b=0o.	
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The	
  Galac2c	
  Warp	
  
	
  ESO	
  510-­‐G13	
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astro.phys.wvu.edu/wise/	
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astro.phys.wvu.edu/wise/	
  



Loren	
  Anderson	
  –	
  WISE@5	
  -­‐	
  February	
  12,	
  2015	
  

astro.phys.wvu.edu/wise/	
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Future	
  
1)  Southern	
  spectroscopic	
  survey	
  with	
  the	
  ATCA	
  

to	
  complete	
  distribuRon	
  Galaxy-­‐wide	
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Summary	
  
1)  WISE	
  can	
  detect	
  all	
  GalacRc	
  HII	
  regions	
  
2)  LocaRng	
  sources	
  with	
  WISE,	
  we	
  have	
  

detected	
  the	
  most	
  distant	
  GalacRc	
  HII	
  
regions	
  

3)  Our	
  sample	
  is	
  complete	
  for	
  all	
  O-­‐stars	
  (in	
  the	
  
first	
  quadrant)	
  

4)  The	
  Sun	
  may	
  only	
  be	
  a	
  few	
  pc	
  above	
  the	
  true	
  
plane	
  (defined	
  by	
  Sgr	
  A*)	
  

5)  We	
  can	
  trace	
  the	
  warp	
  with	
  HII	
  regions	
  
6)  Check	
  out	
  the	
  web	
  site!	
  astro.phys.wvu.edu/

wise	
  


