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Jorge	  Melnick	  and	  Fernando	  Selman
European	  Southern	  Observatory	  

From	  30	  Doradus	  to	  Inifinity	  and	  Beyond
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Giant	  HII	  regions	  
(GEHRs),	  the	  largest	  
nebulae	  in	  late	  type	  
galaxies,	  are	  simple	  
starbursts.
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LMC
30 Doradus

M33 NGC 604
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The	  emission-‐line	  widths	  of	  Giant	  HII	  regions	  
correlate	  with	  their	  emission-‐line	  luminosiUes
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Chavez et al., 2012
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The	  Giant	  HII	  regions	  of	  Blue	  Compact	  Dwarf	  Galaxies	  (BCDGs)	  
completely	  dominate	  their	  luminosiUes	  at	  all	  wavelengths
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HST images 140pc

NGC 604
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And	  their	  strong	  narrow	  emission	  lines	  make	  them	  
detectable	  at	  distances	  relevant	  for	  cosmology
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Could	  HII	  Galaxies	  be	  
used	  to	  measure	  H0

	  ?
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Malcom	  Smith	  was	  finding	  dozens	  of	  HII	  Galaxies	  in	  his	  
objecUve	  prism	  survey	  with	  the	  Tololo	  CurUs-‐Schmidt	  
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Malcolm	  generously	  provided	  us	  with	  coordinates	  
and	  finding	  charts	  well	  ahead	  of	  publicaUon.
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We	  used	  the	  Echelle	  on	  the	  Tololo	  4m	  (now	  Blanco)	  
telescope	  to	  measure	  line	  widths
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Melnick+ 1988: SIT-Vidicon Echelle spectrograph at CTIO 4m telecope
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and...	  measured	  the	  Hubble	  constant!
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Melnick, Terlevich, & Moles, 1988

rms=0.75mag
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The	  holy-‐grail	  of	  contemporary	  cosmology	  is	  the	  equaUon	  
of	  state	  of	  dark-‐energy	  (p = wρ).	  For	  this,	  the	  ideal	  redshi`	  
range	  is	  z=2-‐3
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Plionis et al., 2011

SUll,	  (at	  z~3)	  we	  need	  to	  measure	  distances	  to	  	  Δμ~0.1	  mag!

w(z)=w0 + w1z(1+z)-1
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Ground-‐based	  and	  space	  surveys	  are	  finding	  numerous	  HII	  
galaxies	  at	  the	  opUmal	  redshi`s	  for	  probing	  Dark-‐Energy
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Papaderos et al., 

But	  HII	  galaxies	  are	  metal	  poor	  compared	  to	  local	  giant	  HII	  regions
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Using	  8m	  class	  telescopes	  it	  should	  be	  possible	  to	  
measure	  the	  line-‐widths	  of	  HII	  Galaxies	  to	  z=3.

This	  is	  a	  huge	  leap	  forward	  from	  the	  local	  calibrators,	  so
understanding	  the	  physics	  of	  the	  L-σ relaUon	  is	  criUcal	  if	  
we	  are	  to	  use	  it	  as	  a	  cosmological	  distance	  indicator
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30	  Doradus

Giant	  HII	  regions	  are	  powered	  by	  massive	  young	  
clusters	  (M>105Msun)	  that	  also	  sUr	  the	  gas	  to	  broaden	  
the	  nebular	  lines

MAD
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The	  IMF	  of	  30	  Dor,	  the	  best	  determined	  for	  any	  
cluster,	  is	  normal	  between	  3	  and	  100	  solar	  masses

05/08/13 19

HST: Hunter & Massey, 1998

NTT: Selman+ 1999

Slope=-‐2.17 ± 0.05
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But	  surprisingly	  the	  IMF	  of	  30	  Dor	  seems	  to	  stretch	  to	  much	  
larger	  masses	  than	  the	  standard	  limit	  of	  100Msun.
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MAD: Campbell et al., (2010)

Crowther et al., (2010)

SED	  fits	  to	  SINFONI,	  MAD,	  and	  HST	  data	  
revealed	  that	  several	  stars	  in	  the	  core	  of	  
30	  Doradus	  have	  Teff>50,000°K	  	  
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New	  Geneva	  isochrones	  indicate	  that	  
these	  stars	  have	  M>150M¤ 
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Crowther et al., (2010)
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Text
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It	  has	  recently	  been	  proposed	  that	  30	  Dor	  was	  
formed	  by	  the	  collision	  of	  two	  young	  clusters
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Sabbi+, 2011
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Indicated	  by	  two	  populaUons	  of	  slightly	  different	  ages
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Sabbi	  et	  al.
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But	  the	  ionizing	  clusters	  of	  Giant	  
HII	  regions	  may	  	  be	  dynamically	  
evolved	  for	  “natural”	  reasons

Selman+ 1999, a<0.4pc

Campbell+ 2012 a~0.025pc

ρ ≥
Mackee & Gilmore, 2002  a=0.32pc
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Mass	  segregaUon	  and	  core	  collapse	  
depend	  criUcally	  on	  the	  central	  density	  
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If a~0.03 30 Dor is a post-core collapse cluster. But 
this photometric measurement is very uncertain

Campbell+ 2012 a~0.025pc
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How$much$dust$does$this$reddening$implies?$

The	  exUncUon	  increases	  sharply	  in	  the	  
core.	  Where	  does	  the	  dust	  come	  from?
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Figure'13'from'Disks'in'the'Arches'Cluster—Survival'in'a'Starburst'Environment'

A.'Stolte'et'al.'2010'ApJ'718'810'doi:10.1088/0004H637X/718/2/810'

30#Doradus#point#from#SPT#inves6ga6on#by#Maercker,#M.#&#Burton,#M.#G.#2005,#A&A,#438,#663#

Disk distruction!
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Back	  to	  HII	  Galaxies
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Chavez et al., 

Recently	  we	  re-‐calibrated	  the	  
L-σ	  relaUon	  using	  128	  SDSS	  HII	  
Galaxies	  and	  echelle	  
spectrographs	  on	  VLT	  and	  
Subaru	  improving	  the	  scaler	  
to	  δμ	  =	  0.57mag
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	  And	  used	  the	  new	  calibraUon	  to	  derive	  a	  value	  of	  
H0=74.3±3.0	  km/s/Mpc	  for	  the	  Hubble	  constant.
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CONCLUDING	  REMARKS
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The	  story	  of	  the	  calibraUon	  of	  Giant	  HII	  galaxies	  as	  cosmological	  
probes	  has	  been	  for	  us	  (Roberto	  Terlevich	  and	  me)	  the	  story	  of	  our	  
relaUon	  with	  Cerro	  Tololo.

Tololo	  has	  been	  essenUal	  for	  the	  development	  of	  Astronomy	  in	  
Chile,	  and	  for	  my	  astronomical	  career	  in	  parUcular!	  
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THANK	  YOU	  TOLOLO!!!
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