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Herschel	
  M33	
  Open	
  Time	
  Key	
  Project	
  

•  PI:	
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  (IRAM)	
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  Quintana-­‐Lacaci,	
  Manuel	
  
Gonzalez,	
  Simon	
  Verley,	
  Erik	
  Rosolowsky,	
  Mederic	
  Boquiem,	
  Albrecht	
  
Sievers,	
  Monica	
  Relano,	
  Marcus	
  Albrecht,	
  Thomas	
  Nikola,	
  Christof	
  
Buchbender,	
  Pierre	
  Gra:er,	
  Sibylle	
  Anderl,	
  Stavros	
  Arkas	
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M33	
  (NGC	
  598)	
  SA(s)cd	
  
•  Local	
  Group	
  galaxy	
  
•  Late	
  type,	
  no	
  ring,	
  no	
  bar	
  
•  Nearest	
  late-­‐type	
  spiral	
  

galaxy:	
  	
  840kpc,	
  12”	
  =	
  50pc	
  
•  Low	
  inclina:on	
  of	
  56	
  deg	
  	
  
•  Gas	
  rich	
  
•  Blue	
  Disk	
  –	
  Ac:ve	
  Star	
  

Forma:on	
  	
  
•  Several	
  giant	
  HII	
  regions	
  
•  Generally	
  unperturbed	
  

morphology	
  
•  Exists	
  a	
  giant	
  HI	
  bridge	
  

connec:ng	
  	
  M31	
  and	
  M33	
  	
  
•  About	
  half	
  solar	
  metallicity,	
  

with	
  large	
  varia:ons	
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M33	
  metalicity	
  with	
  radius	
  	
  
Log(O/H)+12	
  	
  vs.	
  Solar	
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Open	
  Time	
  Key	
  Project	
  Overview	
  

•  191	
  Hours	
  of	
  Observing	
  	
  :me	
  
•  Map	
  the	
  en:re	
  Galaxy:	
  

–  6hrs:	
  PACS	
  (75,	
  100,	
  170um)	
  
&	
  SPIRE	
  (250,	
  350,	
  500um)	
  
photometry	
  70'x70’	
  	
  (done)	
  

•  Observe	
  Strip	
  along	
  major	
  axis	
  
out	
  to	
  8kpc:	
  	
  	
  
–  PACS	
  spectroscopy,	
  42	
  hrs:	
  

[CII]	
  158,	
  [OI]	
  63,145,	
  [NII]	
  
122,205	
  	
  (1	
  hr	
  done)	
  

–  HIFI	
  spectroscopy,	
  143	
  hrs:	
  
[CII]	
  158um	
  (1	
  hr	
  done)	
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  um	
  
SPIRE	
  Map	
  



Science	
  Goals	
  
•  Study	
  the	
  phases	
  of	
  the	
  

ISM:	
  molecular,	
  atomic,	
  
ionized	
  	
  

•  Energy	
  balance	
  of	
  the	
  
ISM:	
  	
  cooling	
  &	
  hea:ng	
  
mechanisms	
  

•  Use	
  ex:nc:on-­‐free	
  
tracers	
  of	
  star	
  forma:on	
  
and	
  dust:	
  TIR	
  
con:nuum,	
  [NII],	
  [CII],	
  
etc.	
  	
  

•  Study	
  Triggering	
  and	
  
Forma:on	
  of	
  molecular	
  
clouds:	
  	
  	
  HII,	
  HI,	
  H2,	
  and	
  
their	
  interface	
  regions	
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M33	
  	
  H-­‐alpha	
  



Dust	
  Components	
  with	
  Radius	
  

•  	
  24mm	
  –	
  500mm	
  
•  two	
  grey-­‐body	
  components	
  needed	
  
•  cold	
  component:	
  dust	
  temperatures	
  drop	
  from	
  

24K	
  in	
  inner	
  parts	
  to	
  13K	
  in	
  the	
  outer	
  regions.	
  
•  The	
  warm	
  component	
  is	
  not	
  well	
  	
  constrained	
  

–  1	
  <	
  b	
  <	
  2	
  provide	
  reasonably	
  well	
  fits	
  

Kramer,	
  Xilouris	
  et	
  al.	
  2010	
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Warm	
  and	
  Cold	
  dust	
  traces	
  SF	
  and	
  Arms,	
  
respec:vely	
  

•  Two-­‐component	
  grey-­‐body	
  fit	
  
to	
  24,	
  100,	
  160,	
  250,	
  350,	
  
500um	
  data	
  sets	
  

•  Preliminary	
  results:	
  
–  Cold	
  dust	
  traces	
  spiral	
  arms.	
  
–  Warm	
  dust	
  traces	
  bright	
  HII	
  	
  	
  	
  	
  	
  	
  

regions.	
  
–  Caveat:	
  due	
  to	
  the	
  degeneracy	
  

of	
  fits	
  at	
  individual	
  	
  posi:ons,	
  
the	
  warm	
  component	
  is	
  osen	
  
ill-­‐defined	
  

Xilouris,	
  Tabatabaei	
  et	
  al.	
  2010	
  
in	
  prep.	
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100um	
  and	
  160um	
  Trace	
  SF	
  well	
  	
  
•  H-­‐alpha	
  emission	
  is	
  used	
  to	
  

indicate	
  SFR	
  and	
  Iden:fy	
  
regions	
  

•  The	
  SFR	
  are	
  ploted	
  against	
  
corresponding	
  100,	
  160	
  um	
  
fluxes	
  

•  These	
  are	
  compared	
  with	
  
global	
  values	
  for	
  a	
  variety	
  of	
  
galaxy	
  types	
  	
  

•  Empirical	
  laws	
  derived:	
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• 	
  The	
  Individual	
  M33	
  SF	
  regions	
  exhibit	
  similar	
  scaling	
  as	
  en:re	
  galaxies	
  
	
  	
  	
  	
  Including	
  a	
  local	
  volume	
  limited	
  sample	
  (LVL)	
  and	
  Sarbursts	
  (SB).	
  	
  
• 	
  100mm	
  and	
  160mm	
  fluxes	
  are	
  see	
  as	
  linear	
  es:mators	
  	
  of	
  the	
  SFR	
  
	
  	
  	
  (Boquien	
  et	
  al.	
  2010).	
  250mm	
  fluxes	
  as	
  well	
  (Verley	
  et	
  al.	
  2010).	
  	
  
• 	
  Only	
  25%	
  of	
  total	
  160mm	
  flux	
  iden:fied	
  in	
  179	
  sources,	
  indica:ng	
  large-­‐	
  
	
  	
  	
  scale	
  diffuse	
  non-­‐ionizing	
  emission.	
  



Spectral	
  Analyses	
  on	
  Preliminary	
  Data	
  
(most	
  Herschel	
  Data	
  is	
  coming	
  Jan	
  2011)	
  	
  	
  

•  Mapped	
  one	
  HII	
  region	
  in	
  
[CII]	
  and	
  [OI]	
  	
  

•  12”	
  and	
  5”	
  resolu:on	
  
•  50	
  pc	
  and	
  20	
  pc	
  resolu:on	
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[CII]	
  =	
  
Colored	
  
contours	
  
[OI]	
  =	
  White	
  
contours	
  

250	
  um	
  
Spire	
  
map	
  



Compare:	
  Fine	
  structure	
  Lines,	
  CO,	
  
Mid-­‐IR	
  Con:nuum	
  and	
  HI	
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CO	
  
(2-­‐1)	
  
IRAM/
HERA	
  

OI	
  63	
  um	
  

• 	
  1’	
  :cs	
  –	
  12”	
  =	
  50	
  pc	
  
• 	
  CII	
  and	
  OI	
  and	
  24um	
  
	
  	
  are	
  coincident	
  with	
  HII	
  
	
  	
  region	
  
• 	
  All	
  are	
  located	
  Slightly	
  	
  	
  
	
  	
  South	
  of	
  CO	
  Peak	
  
• 	
  HI	
  evidences	
  a	
  hole	
  

Mookerjea	
  et	
  al.	
  in	
  prepara:on,	
  2011.	
  



Veloci:es	
  indicate	
  gas	
  associa:on	
  

•  HI	
  evidences	
  a	
  
broader	
  origin	
  

•  CO	
  is	
  
systema:cally	
  
displaced	
  2	
  km/s	
  
from	
  [CII]	
  158um	
  

•  This	
  velocity	
  
displacement	
  is	
  
being	
  inves:gated	
  
on	
  a	
  fine	
  spa:al	
  
scale	
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CII	
  and	
  Star	
  forma:on	
  

•  CII	
  to	
  SF	
  correla:on	
  
changes	
  from	
  inner	
  
(red	
  points)	
  HII	
  region	
  
to	
  outer	
  (green	
  
points)	
  to	
  background	
  
(black	
  points)	
  

•  Good	
  correla:on	
  
obtains	
  with	
  
significant	
  flux	
  within	
  
50	
  pc	
  regions	
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Mookerjea	
  et	
  al.	
  in	
  prepara:on,	
  2011.	
  



Summary	
  for	
  M33	
  

•  With	
  preliminary	
  data	
  we	
  have	
  launched	
  
•  Dust	
  inves:ga:ons	
  
– Warm,	
  cold	
  and	
  	
  
–  very	
  very	
  cold	
  (not	
  presented	
  here	
  -­‐	
  Quintana-­‐Lacaci’s	
  (in	
  
prep.)	
  

•  SFR	
  Studies	
  
–  	
  HII	
  hea:ng	
  molecular	
  vs.	
  atomic	
  cooling,	
  HI	
  environment	
  

studies	
  
–  Dust	
  cross	
  sec:on	
  study	
  (not	
  presented	
  here	
  -­‐	
  Braine	
  et	
  al.	
  
in	
  prep)	
  

We	
  have	
  shown	
  the	
  value	
  of	
  these	
  maps	
  and	
  now	
  we	
  
prepare	
  to	
  do	
  the	
  whole	
  strip	
  with	
  PACs	
  [CII]	
  and	
  [OI]	
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Part	
  II	
  	
  
Things	
  that	
  worked	
  for	
  Herschel	
  

Thoughts	
  for	
  SOFIA	
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Herschel	
  Things	
  That	
  worked	
  

•  A	
  Science	
  Center	
  that	
  sent	
  its	
  instrument	
  
“Liaisons”	
  to	
  spend	
  :me	
  with	
  the	
  instrument	
  
development	
  teams	
  
– Months	
  working	
  with	
  the	
  instrument	
  teams	
  on	
  
specific	
  tasks	
  

– Got	
  to	
  know	
  the	
  personnel	
  
– Produced	
  good	
  communica:ons	
  to	
  help	
  solve	
  
problems	
  quickly	
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Herschel	
  Things	
  That	
  worked	
  

•  Once	
  calls	
  for	
  substan:al	
  observing	
  :me	
  were	
  
issued	
  –	
  relentless	
  workshops	
  on	
  observa:on	
  
planning	
  were	
  held	
  	
  
– A	
  proac:ve	
  community	
  outreach	
  staff	
  (newsleters,	
  
mailings)	
  

–  	
  A	
  help	
  desk	
  with	
  fast	
  turnaround	
  linked	
  to	
  one	
  in	
  
Europe	
  

•  Once	
  results	
  were	
  expected	
  	
  for	
  substan:al	
  data	
  
return	
  –	
  relentless	
  workshops	
  on	
  data	
  reduc:on	
  
were	
  held	
  
–  The	
  same	
  two	
  sub-­‐bullets	
  as	
  above	
  	
  

1	
  Dec	
  2010,	
  SOFIA	
  Telecon	
  
Steve	
  Lord,	
  NASA	
  Herschel	
  Science	
  Center	
  	
  

lord@ipac.caltech.edu	
  



Development	
  Cycle	
  Controlled	
  by	
  JIRA	
  

•  JIRA	
  is	
  a	
  development	
  system	
  that	
  has	
  allowed	
  about	
  200	
  Herschel	
  
scien:sts	
  and	
  developers	
  to	
  work	
  together	
  in	
  a	
  distributed	
  manner	
  to	
  track	
  
problems	
  and	
  fixes	
  and	
  needs	
  and	
  solu:ons	
  in	
  the	
  Herschel	
  System.	
  It	
  has	
  
organized	
  and	
  made	
  visible	
  work	
  problems	
  and	
  progress	
  

•  It	
  would	
  also	
  be	
  appropriate	
  to	
  any	
  size	
  projects	
  
•  JIRA	
  organizes	
  problems	
  and	
  solu:on	
  by	
  types,	
  and	
  groups,	
  by	
  reporter	
  

and	
  assignee,	
  and	
  allows	
  for	
  conversa:on,	
  atachment	
  and	
  :me	
  tracking.	
  	
  
•  JIRA	
  works	
  very	
  very	
  well	
  
•  See	
  screen	
  shots	
  atached	
  

•  JIRA’s	
  name	
  derives	
  from	
  Gojira	
  is	
  Japanese	
  and	
  roughly	
  translated	
  as	
  "gorilla	
  the	
  size	
  of	
  a	
  whale"!	
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HSPOT	
  

•  HSPOT	
  is	
  the	
  only	
  way	
  to	
  plan	
  observa:ons	
  for	
  
Herschel.	
  It	
  serves	
  to	
  unite	
  many	
  aspects	
  of	
  
the	
  project	
  
– AOT	
  defini:ons	
  and	
  usage	
  
– AOR	
  defini:on,	
  limits,	
  visualiza:on	
  
– AOR	
  instan:a:on	
  to	
  command	
  code	
  
– AOR	
  :me	
  es:mates	
  (instrument	
  sensi:vi:es)	
  
– Normal	
  and	
  unusual	
  schedule	
  requirements	
  
– See	
  screen	
  shot:	
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AORs	
  for	
  a	
  Proposal	
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Visualizing	
  for	
  a	
  program	
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Aside	
  –	
  my	
  major	
  contribu:on	
  to	
  
Herschel	
  

•  The	
  produc:on	
  of	
  a	
  simple	
  single	
  sideband	
  
spectrum	
  of	
  all	
  HIFI	
  spectroscopic	
  surveys	
  is	
  
done	
  through	
  itera:ve	
  deconvolu:on.	
  

•  At	
  IPAC	
  we	
  took	
  the	
  exis:ng	
  method	
  
(developed	
  by	
  Schilke	
  and	
  Comito)	
  and	
  put	
  it	
  
into	
  the	
  Herschel	
  Data	
  deduc:on	
  environment	
  
(JAVA)	
  –	
  that	
  is	
  –	
  we	
  made	
  it	
  a	
  normal	
  
Herschel	
  Tool	
  	
  

•  The	
  next	
  slide	
  shows	
  an	
  example	
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LSB	
  	
  	
  	
  +	
  	
  	
  USB	
  	
  =	
  	
  DSB	
  

•  Lower sideband spectrum is reversed and added  
•  Two frequency scales result in the DSB result 
•  The lines may blend but they can be recovered   
(deconvolved)    
•  The continuum levels add (double) in the DSB  
•  The continuum slope is flattened but may be 
recovered (deconvolved)  
• The noise adds in quadrature , increasing as sqrt(2)    

LO	
  



The	
  Solu:on	
  of	
  the	
  Problem	
  	
  

•  Start	
  with	
  a	
  guess	
  of	
  the	
  answer	
  –	
  a	
  model	
  with	
  no	
  
assump:ons	
  for	
  the	
  SSB	
  spectrum	
  –	
  flat	
  

•  "Observe	
  it"	
  –	
  using	
  knowledge	
  of	
  the	
  instrument	
  
•  compare	
  the	
  observa:ons	
  of	
  the	
  model	
  with	
  the	
  real	
  

observa:ons	
  	
  

•  compute	
  a	
  chi	
  square	
  and	
  a	
  delta	
  (differen:al)	
  chi-­‐square)	
  	
  
•  each	
  model	
  "spectral	
  channel"	
  was	
  in	
  part	
  responsible	
  for	
  

some	
  of	
  the	
  chi	
  square	
  change	
  	
  
•  follow	
  the	
  slope	
  of	
  the	
  chi	
  square	
  downward	
  	
  
•  always	
  move	
  at	
  right	
  angles	
  –	
  thus	
  Conjugate	
  Gradient	
  

Method	
  
•  Stop	
  when	
  asymptote	
  is	
  reached	
  



An	
  example	
  with	
  simulated	
  data	
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The	
  Molecule	
  Factory	
  of	
  the	
  Orion	
  Bar	
  
was	
  deconvolved	
  with	
  this	
  sosware	
  

•  Press	
  release	
  -­‐	
  Bergin	
  et	
  al.	
  2010	
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Other	
  Herschel	
  Project	
  Efforts	
  

•  HIPE	
  –	
  Herschel	
  Interac:ve	
  Processing	
  
environment	
  
– Distributed	
  
–  JAVA	
  /	
  Jython	
  environment	
  
– Used	
  in	
  the	
  piplines	
  and	
  to	
  some	
  extent	
  beyond	
  
(Level	
  2)	
  in	
  reducing/Analyzing	
  data	
  

–  Is	
  cumbersome	
  but	
  gets	
  the	
  job	
  done.	
  

–  I	
  don’t	
  imagine	
  another	
  observatory	
  will	
  use	
  it	
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For	
  SOFIA	
  -­‐	
  ATRAN	
  

•  I	
  developed	
  ATRAN	
  in	
  1991.	
  It	
  has	
  been	
  improved	
  and	
  is	
  in	
  wide	
  use	
  	
  
•  Since	
  SOFIA	
  is	
  ge[ng	
  SPOT,	
  I	
  have	
  been	
  asked	
  to	
  install	
  an	
  ATRAN	
  

server	
  for	
  this	
  effort	
  which	
  I	
  will	
  do.	
  
•  	
  ATRAN:	
  

–  Models	
  the	
  Earth	
  Atmosphere	
  Transmitance	
  from	
  0.8	
  um	
  to	
  1	
  mm	
  
–  It	
  uses	
  approximately	
  400,000	
  transi:on	
  from	
  7	
  different	
  molecular	
  

species	
  (a	
  subset	
  of	
  the	
  HITRAN	
  database)	
  	
  
–  	
  Allows	
  for	
  “Tank”	
  measurement	
  or	
  differing	
  Atmosphere	
  distribu:on	
  

(O3,	
  H2O,	
  etc.)	
  	
  
–  Compute	
  the	
  transmitance	
  spectrum	
  rapidly	
  using	
  knowledge	
  of	
  “line	
  

density	
  per	
  wave	
  number”	
  and	
  whne	
  to	
  stop	
  looking	
  at	
  faint	
  lines	
  or	
  
wings.	
  	
  

–  It	
  is	
  working	
  at	
  about	
  100	
  installa:ons.	
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Example	
  ATRAN	
  output	
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Possible	
  Improvement	
  to	
  ATRAN	
  

•  Updated	
  Line	
  List	
  	
  
•  Include	
  more	
  species	
  
•  Double	
  Precession	
  
•  Modern	
  Language	
  
•  Line	
  Width	
  improvements?	
  Possible?	
  	
  
•  So-­‐called	
  “dry	
  con:nuum”	
  improvements?	
  
Possible?	
  

•  More	
  (expect	
  lists	
  from	
  SOFIA	
  Ames	
  and	
  DSI)	
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