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Introduc<on
The	
   warm	
   ionised	
   medium	
   (WIM)	
   is	
   a	
   major	
  
component	
   of	
   the	
   ISM	
   of	
   star-­‐forming	
   galaxies.	
  
Extending	
   more	
   than	
   1	
   kpc	
   from	
   the	
   midplane,	
   it	
  
contains	
  ~90%	
  of	
  the	
  ionised	
  gas	
  (by	
  mass)	
  in	
  the	
  Milky	
  
Way.	
  It	
  traces	
  feedback	
  from	
  massive	
  stars:	
  supernovae	
  
drive	
  turbulence	
  which	
  establish	
  low-­‐density	
  pathways	
  
through	
  the	
  mul<-­‐phase	
  ISM,	
  allowing	
  ionising	
  photons	
  
from	
  O	
  stars	
  to	
  photoionise	
  the	
  WIM.

Here,	
  we	
  present	
  observa<ons	
  of	
  op<cal	
  emission	
  from	
  
the	
  WIM	
   in	
   the	
  Scutum-­‐Centaurus	
  Arm.	
  We	
  use	
   these	
  
data	
   to	
   diagnose	
   the	
   scale	
   height,	
   temperature,	
   and	
  
physical	
   condi<ons	
  of	
   the	
  WIM	
   in	
   this	
  environment	
   in	
  
the	
  inner	
  Galaxy.

Observa<ons
We	
   used	
   the	
   Wisconsin	
   H-­‐Alpha	
   Mapper	
   (WHAM)	
   to	
  
obtain	
  spectroscopic	
  maps	
  of	
  the	
  red	
  region	
  in	
  Fig.	
  1	
  in	
  
Hα	
  and	
  [S	
  II]	
  λ6713.

•12.5	
  km/s	
  spectral	
   resolu<on	
  over	
   -­‐120	
  km/s	
  <	
  vLSR	
   <	
  
+80	
  km/s

•Sensi<vity	
  of	
  ≈0.15	
  R

•1°	
  angular	
  resolu<on

Results
•Maps	
   (Fig.	
   2):	
   Emission	
   from	
   Scutum-­‐Centaurus	
   Arm	
  
clearly	
  detected	
  in	
  both	
  tracers.

•Scale	
  height	
   (Fig.	
  3):	
  We	
  measure	
  an	
  Hα	
  scale	
  height	
  
of	
  Hn^2	
  =	
  0.30	
  ±	
  0.02	
  kpc,	
  intermediate	
  between	
  that	
  in	
  
the	
  Perseus	
  Arm	
  (Haffner	
  et	
  al	
  1999)	
  and	
  inner	
  Galaxy	
  
(Madsen	
  &	
   Reynolds	
   2005).	
   Assuming	
   that	
   the	
   filling	
  
factor	
  does	
  not	
  change	
  with	
  height,	
  the	
  electron	
  scale	
  
height	
  in	
  the	
  arm	
  is	
  Hn	
  =	
  0.59	
  ±	
  0.04	
  kpc.	
  It	
  is	
  likely	
  that	
  
the	
   filling	
   frac<on	
   of	
   the	
  WIM	
   increases	
  with	
   height,	
  
sugges<ng	
  a	
  larger	
  Hn	
  (Gaensler	
  et	
  al	
  2008).

•Line	
  ra7os	
  (Fig.	
  4):	
  The	
  [S	
  II]/Hα	
  line	
  ra<o	
  is	
  highest	
  at	
  
low	
  Hα	
  intensi<es	
  (Fig.	
  4a)	
  and	
  large	
  heights	
  (Fig.	
  4b),	
  
as	
   is	
   well	
   known	
   (eg	
   Oxe	
   et	
   al	
   2002,	
   Madsen	
   et	
   al	
  
2006).	
  This	
  indicates	
  that	
  the	
  WIM	
  is	
  physically	
  dis<nct	
  
from	
   classical	
   H	
   II	
   regions	
  with	
   a	
   higher	
   temperature	
  
and	
  lower	
  sulfur	
  ionisa<on	
  state.

We	
   divide	
   out	
   the	
   height	
   dependence	
   of	
   this	
  
rela<onship	
   (Fig.	
   4c)	
   and	
   the	
   intensity	
   dependence	
  
(Fig.	
  4d).	
  We	
  find	
  that	
  a	
  sta<s<cally	
  significant	
  trend	
  
remains	
  with	
   the	
   height	
   dependence	
   removed,	
   but	
  
no	
   trend	
   remains	
   with	
   the	
   intensity	
   dependence	
  
removed.	
  We	
   thus	
  conclude	
   that	
   [S	
   II]/Hα	
  depends	
  
primarily	
  on	
  the	
  intensity	
  of	
  the	
  emiyng	
  region.	
  This	
  
suggests	
   that	
   the	
   local	
   density	
   determines	
   the	
  
temperature	
   and	
   ionisa<on	
   state	
   of	
   the	
   gas,	
   with	
  
height	
   (and	
   presumably	
   the	
   ionising	
   and	
   hea<ng	
  
radia<on	
  field)	
  a	
  secondary	
  effect	
  only.

Conclusions
•Hα	
   emission:	
   higher	
   midplane	
   density	
   and	
   lower	
  
scale	
  height	
  in	
  the	
  Scutum-­‐Centaurus	
  Arm	
  than	
  near	
  
the	
  Sun	
  or	
  in	
  the	
  Perseus	
  Arm.	
  This	
  suggests	
  that	
  the	
  
volume	
  filling	
  frac<on	
  increases	
  with	
  height.

•The	
  [S	
  II]/Hα	
  line	
  ra<o	
  follows	
  an	
  inverse	
  power	
  law	
  
rela<onship	
   with	
   Hα	
   intensity.	
   The	
   line	
   ra<o	
   is	
  
primarily	
   correlated	
   with	
   intensity;	
   there	
   is	
   no	
  
significant	
   correla<on	
   with	
   height	
   independent	
   of	
  
intensity.
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Fig.	
  1:	
  Region	
  of	
  the	
  Scutum-­‐Centaurus	
  Arm	
  covered	
  by	
  the	
  present	
  work	
  
(red)	
   and	
   the	
  Perseus	
  Arm	
  covered	
  previously	
   (blue),	
   superimposed	
  on	
  
an	
  ar<st’s	
  concep<on	
  of	
  the	
  Milky	
  Way	
  (R	
  Hurt).
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Fig.	
   2:	
  Maps	
  of	
  Hα	
   intensity	
   (top),	
   [S	
   II]	
   intensity	
   (middle),	
   and	
  the	
   line	
  
ra<o	
  Hα/[S	
  II]	
  (bo.om)	
  integrated	
  over	
  -­‐80	
  km/s	
  <	
  vLSR	
  <	
  -­‐40	
  km/s.

Fig.	
  4a:	
  The	
  line	
  ra<o	
  [S	
   II]/Hα	
  from	
  the	
  Scutum-­‐Centaurus	
  Arm	
  
as	
  a	
  func<on	
  of	
  Hα	
  intensity.	
  There	
  is	
  a	
  power	
   law	
  rela<onship,	
  
with	
   the	
   line	
   ra<o	
   highest	
   in	
   low-­‐intensity	
   regions.	
   At	
   high	
  
intensi<es	
  (IHα	
  >	
  100	
  R),	
  the	
  line	
  ra<o	
  is	
  H	
  II	
  region-­‐like	
  ([S	
  II]/Hα	
  
<	
  0.1).

Fig.	
  4b:	
  The	
  line	
  ra<o	
  [S	
  II]/Hα	
  from	
  the	
  Scutum-­‐Centaurus	
  Arm	
  
as	
  a	
  func<on	
  of	
  height	
  z.	
  The	
  line	
  ra<o	
  decreases	
  with	
  height.

Fig.	
   4c:	
   As	
   Fig.	
   4a	
   but	
   with	
   the	
   Hα	
   intensity	
   for	
   each	
   point	
  
divided	
  by	
  a	
  fit	
   to	
   IHα	
  as	
   a	
  func<on	
  of	
   |z|.	
  A	
  significant	
  residual	
  
trend	
  remains.

Fig.	
  4d:	
  As	
  Fig.	
  4b	
  but	
  with	
  [S	
  II]/Hα	
  for	
  each	
  point	
  divided	
  by	
  a	
  
fit	
  to	
  [S	
   II]/Hα	
  as	
  a	
  func<on	
  of	
   IHα.	
  No	
  significant	
   residual	
  trend	
  
remains.

Fig.	
   3:	
  Hα	
  intensity	
   (with,	
  red,	
  and	
  without,	
  black,	
  an	
  ex<nc<on	
  
correc<on	
   derived	
   from	
   H	
   I	
   spectra)	
   as	
   a	
   func<on	
   of	
   height	
   z	
  
above	
  the	
  midplane.
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