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Fig. 6. Prediction of the emissivity spectral index deduced from the
TLS model using the standard parameters (see Table 4), as a function
of wavelength and temperature, with overplotted contours.

temperature going from 10 to 55 K for most [A, lc] couples. The
β variations are more pronounced as A increases. The behavior
of β with temperature does not change for lc ≥ 30 nm, regard-
less of the A value. In that case, the DCD part has reached the
asymptotic behavior in λ−2, and only the TLS effects can in-
duce a decrease in β with Td. Low values of lc associated with
low values of A produce the highest β values, which can reach
β = 3.4–3.5 at low temperatures in the three wavelength ranges.
The DCD asymptotic behavior in λ−4 has not been reached in
Fig. 7, since the TLS effects never vanish completely and lc val-
ues around 0.1 nm would be required, which is not realistic since
the interatomic distance is #0.2–0.3 nm range. High values of A
induce low values of β at high temperatures. The value of β can
be as low as 0.55 between 550 µm and 2 mm, for temperatures
higher than 25 K, in case of A = 10 and lc = 1 nm. The same
values of A and lc, however, reproduce β # 1.4, for Td = 55 K in
the range 100–550 µm.

5.2. Dust emissivity

One of the most important aspects of a given FIR/mm dust emis-
sion model is to predict the dust emissivity and its variations with
wavelength and temperature. This point is pivotal both for infer-
ring gas masses and for separating foreground emission from the
cosmic microwave background (CMB). Here, we quantify how
adopting the predictions of the TLS model affects the dust mass
determination obtained from FIR and submm measurements.
The reference emissivity value is 1 × 10−25 cm2/H at 250 µm
in the solar neighborhood (Boulanger et al. 1996). This value
has been derived for a dust temperature of 17.5 K. Besides vari-
ations with wavelength, the TLS model predicts variations with
temperature. We impose the model to recover the Galactic emis-
sivity reference at 250 µm from Boulanger et al. (1996), for a
temperature of 17.5 K. Emissivity predictions have been inte-
grated for different temperatures in the IRAS, Herschel PACS
and SPIRE, Planck HFI and LFI channels. The color correction
has then been applied to each instrument. Values of the predicted
emissivities are given in Table 5. Figure 8 shows the emissivity
predictions for temperatures between 5 K and 100 K, overlaid Ta
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à	
   TheoreMcal	
   studies	
   indicate	
   that	
   simple	
   extrapolaMon	
   of	
  
dust	
   spectrum	
   from	
   FIR	
   to	
   mm	
   wavelengths	
   -­‐	
   like	
   that	
  
preformed	
   in	
   silicate-­‐carbon	
   dust	
   models	
   (Draine	
   &	
   Li	
   2007,	
  
Compiègne	
  et	
  al.	
  2011)	
  –	
  may	
  not	
  work:	
  

	
   TLS	
   model	
   of	
   Meny	
   et	
   al.	
   (2007)	
   predicts	
   variaMon	
   of	
  
	
   emissivity	
   spectral	
   index	
   β	
   with	
   frequency	
   and	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  temperature	
  

à	
  ObservaMons	
  also	
  show	
  that	
  β	
  seems	
  to	
  vary	
  with	
  frequency	
  
and	
  also	
  with	
  environment,	
  with	
  a	
  fla]ening	
  of	
   the	
   spectrum	
  
relaMve	
   to	
   the	
  best	
   single	
  modified	
  black-­‐body	
  fit	
   (Reach	
   et	
   al.	
  
1995,	
   Finkbeiner	
  et	
   al.	
   1999,	
  Galliano	
  et	
   al.	
   2005,	
  Paladini	
   et	
   al.	
   2007,	
  
Planck	
  coll.	
  2011	
  A17&A19)	
  

à	
   Another	
   descripMon	
   is	
   given	
   by	
   Draine	
   &	
   Hensley	
   (2012):	
   SED	
   fla]ening	
   a]ributed	
   to	
  
magneMc	
  dipole	
  emission	
  from	
  a	
  disMnct	
  new	
  grain	
  populaMon	
  

à	
   Characterising	
   the	
   dust	
   emission	
   at	
   mm	
   wavelengths	
   is	
   also	
   important	
   for	
   GalacMc	
  
component	
   separaMon,	
   in	
   parMcular	
   to	
   constrain	
   the	
   high	
   frequency	
   end	
   of	
   the	
   AME	
  
spectrum	
  

Paradis	
  et	
  al.	
  2011	
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Aims	
  of	
  the	
  present	
  work	
  

à	
  Study	
  the	
  emissivity	
  spectral	
  index	
  β	
  of	
  the	
  interstellar	
  dust	
  emission	
  in	
  the	
  HFI	
  
frequency	
  range,	
  in	
  the	
  GalacMc	
  plane	
  -­‐	
  complements	
  similar	
  Planck	
  studies	
  of	
  the	
  
high-­‐laMtude	
  cirrus	
  and	
  nearby	
  molecular	
  clouds	
  (in	
  prep.)	
  

	
  
	
  
à	
  Test	
  predicMons	
  from	
  dust	
  models	
  (e.g.	
  Draine	
  &	
  Li	
  2007,	
  Compiègne	
  et	
  al.	
  2011,	
  
Meny	
  et	
  al.	
  2007,	
  Draine	
  &	
  Hensley	
  2012)	
  and	
  interpret	
  them	
  in	
  the	
  context	
  of	
  grain	
  
evoluMon,	
  from	
  atomic	
  to	
  molecular	
  dominated	
  regions	
  	
  
	
  
à	
  Separate	
  dust	
  emission	
  from	
  the	
  other	
  emission	
  components	
  present	
  at	
  these	
  
frequencies,	
  namely	
  CMB	
  and	
  free-­‐free	
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Data	
  analysis	
  

In	
  the	
  thin	
  Galac4c	
  disk	
  (|b|	
  <	
  1°)	
  at	
  100	
  GHz	
  
CMB	
  (r.m.s.	
  fluctuaMons	
  ~	
  90	
  μKCMB	
  at	
  scales	
  of	
  15’)	
  is	
  ~	
  5	
  %	
  total	
  emission	
  

	
  
Free-­‐free	
  from	
  ionised	
  layer	
  is	
  20-­‐40	
  %	
  of	
  the	
  total	
  emission	
  -­‐	
  subtracted	
  using	
  

free-­‐free	
  map	
  derived	
  from	
  Radio	
  RecombinaMon	
  Line	
  data	
  (Alves	
  et	
  al.	
  2010,	
  2012)	
  
	
  

àGalacMc	
  plane	
  region	
  l=20°	
  -­‐	
  44°,	
  |b|	
  ≤	
  4°	
  
à	
  Common	
  resoluMon	
  of	
  15’	
  

	
  
	
  

Outside	
  the	
  thin	
  Galac4c	
  disk,	
  CMB	
  is	
  10	
  x	
  brighter	
  than	
  the	
  free-­‐free	
  emission	
  

MJy/sr	
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Data	
  analysis	
  

HII	
  region	
  
G24.5+0.0	
  

Diffuse	
  region	
  
G40.5+0.0	
  

Ø  Pixel-­‐by-­‐pixel	
  spectral	
  fit	
  to	
  IRAS	
  
100	
  μm	
  along	
  with	
  the	
  Planck	
  
HFI	
  bands	
  

	
  
Ø  Fit	
  for	
  τ353,	
  TD,	
  βFIR	
  and	
  βmm	
  with	
  

ν0=353	
  GHz	
  

Ø  Subtract	
  CO	
  contribuMon	
  at	
  100,	
  
217	
  and	
  353	
  GHz	
  using	
  the	
  
Planck	
  MILCA	
  CO	
  products	
  
(Planck	
  results	
  2013	
  XIII)	
  

HII	
  region	
  
βFIR	
  	
  =	
  1.8	
  ±	
  0.1	
  
βmm	
  =	
  1.7	
  ±	
  0.1	
  
TD	
  	
  	
  	
  =	
  22	
  ±	
  1	
  K	
  
τ353	
  	
  =	
  13	
  x	
  10-­‐4	
  

Diffuse	
  region	
  
βFIR	
  	
  =	
  1.8	
  ±	
  0.1	
  
βmm	
  =	
  1.6	
  ±	
  0.1	
  
TD	
  	
  	
  	
  =	
  18	
  ±	
  1	
  K	
  
τ353	
  	
  =	
  5	
  x	
  10-­‐4	
  

	
  	
  O:	
  Total	
  –	
  CO	
  
☐:	
  Total	
  –	
  CO	
  -­‐	
  FF	
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Results	
  from	
  spectral	
  fits	
  

Whole	
  24°	
  x	
  8°	
  region	
  (Full	
  line)	
  
βFIR	
  	
  =	
  1.73	
  ±	
  0.08	
  
βmm	
  =	
  1.54	
  ±	
  0.12	
  

Thin	
  Galac4c	
  disk,	
  |b|	
  <	
  1°	
  
τ353	
  ≥	
  4	
  x	
  10-­‐4	
  (Dashed	
  line)	
  
βFIR	
  	
  =	
  1.83	
  ±	
  0.07	
  
βmm	
  =	
  1.59	
  ±	
  0.06	
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βmm	
  dependence	
  on	
  τ353	
  and	
  on	
  TD	
  	
  

Linear	
  correla4on	
  between	
  βmm	
  and	
  τ353	
  (τ353	
  ≥	
  4	
  x	
  10-­‐4)	
  
Sca]er	
  at	
  low	
  τ353	
  values	
  due	
  to	
  CMB	
  
	
  
SimulaMons	
  show	
  that	
  this	
  is	
  a	
  robust	
  result,	
  but	
  
what	
  does	
  it	
  mean?	
  Since	
  no	
  model	
  predicts	
  it	
  
	
  
On	
  the	
  other	
  hand,	
  the	
  expected	
  dependence	
  of	
  β	
  with	
  
TD	
  is	
  not	
  observed	
  –	
  which	
  is	
  a	
  predicMon	
  of	
  the	
  TLS	
  
model	
  of	
  Meny	
  et	
  al.	
  (2007)	
  

βFIR	
   βmm	
  

τ353	
  ≥	
  4x10-­‐4	
  
or	
  |b|<1°	
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βmm	
  –	
  τ353	
  correla4on:	
  Physical	
  interpreta4on	
  	
  

Evolu4on	
  of	
  βmm	
  with	
  the	
  frac4on	
  of	
  molecular	
  gas	
  
along	
  the	
  l.o.s.:	
  

	
  
fH2=2NH2/NH

tot	
  

with	
  NH2	
  =	
  XCO	
  ICO	
  and	
  XCO	
  typical	
  value	
  of	
  
2.0	
  x	
  1020	
  cm-­‐2(K.km/s)-­‐1	
  (Bola]o	
  et	
  al.	
  2013)	
  

	
  

Assume	
  that	
  the	
  opacity	
  per	
  unit	
  gas	
  column	
  density	
  of	
  
the	
  molecular	
  gas	
  is	
  twice	
  that	
  of	
  the	
  atomic,	
  	
  

NHI/τ353	
  =	
  8	
  x	
  10-­‐27	
  cm2	
  H-­‐1	
  (Planck	
  coll.	
  2013,	
  in	
  prep.)	
  
è	
  Dust	
  evoluMon	
  due	
  to	
  grain	
  coagulaMon	
  (Stepnik	
  et	
  al.	
  

2003,	
  Planck	
  coll.	
  2011	
  A24,	
  MarMn	
  et	
  al.	
  2012)	
  
	
  

Fit	
  to	
  the	
  l=20°	
  -­‐	
  44°	
  at	
  b=0°	
  
XCO	
  =	
  1.6	
  x	
  1020	
  cm-­‐2(K.km/s)-­‐1	
  	
  

	
  
	
  

βmm	
  is	
  correlated	
  with	
  fH2	
  
Atomic	
  medium:	
  βmm	
  ≈	
  1.52	
  

Molecular	
  medium:	
  βmm	
  ≈	
  1.65	
  
	
  
	
  

Does	
  this	
  fit	
  with	
  the	
  exisMng	
  silicate-­‐carbon	
  models?	
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Comparison	
  with	
  dust	
  models	
  

Silicate-­‐Carbon	
  models:	
  
Two	
  grain	
  populaMons,	
  silicates	
  and	
  carbon	
  grains	
  	
  

G0	
   TD	
  [K]	
   βFIR	
   βmm	
  

1	
   21.8	
   1.65	
   1.43	
  

2	
   24.1	
   1.70	
   1.43	
  

4	
   26.7	
   1.73	
   1.43	
  

Draine	
  &	
  Li	
  (2007)	
  
	
  

Silicates	
  α	
  ν1.6	
  and	
  graphites	
  α	
  ν2.0	
  
	
  

Compiègne	
  et	
  al.	
  (2011)	
  
	
  

Silicates	
  α	
  ν1.6	
  and	
  amorphous	
  carbon	
  α	
  ν1.6	
  
	
  

G0	
   TD	
  [K]	
   βFIR	
   βmm	
  

1	
   20.1	
   1.58	
   1.48	
  

2	
   22.4	
   1.62	
   1.47	
  

4	
   25.0	
   1.64	
   1.46	
  

Both	
  models	
  predict	
  a	
  lower	
  βmm	
  compared	
  to	
  βFIR	
  
	
  

However,	
  none	
  of	
  them	
  is	
  able	
  to	
  reproduce	
  the	
  
values	
  measured	
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Magne4c	
  nanopar4cles	
  of	
  Draine	
  &	
  Hensley	
  (2012)	
  

Iron	
  missing	
  in	
  the	
  gas	
  phase	
  is	
  locked	
  up	
  in	
  solid	
  grains	
  either	
  as	
  inclusions	
  in	
  larger	
  grains,	
  
TD	
  ≈	
  18	
  K,	
  or	
  as	
  free-­‐flyers,	
  TD	
  ≈	
  40	
  K.	
  
Their	
  emission,	
  at	
  the	
  relevant	
  frequency	
  range,	
  can	
  be	
  approximated	
  by	
  a	
  black-­‐body.	
  

HII	
  region	
  
G24.5+0.0	
  

Diffuse	
  region	
  
G40.5+0.0	
  

Ra4o:	
  emission	
  by	
  the	
  iron	
  nanoparMcles/
emission	
  by	
  modified	
  black-­‐body	
  at	
  100	
  
GHz	
  
	
  
RaMo	
  ≈	
  60	
  %	
  -­‐	
  obtained	
  by	
  Draine	
  &	
  
Hensley	
  for	
  the	
  diffuse	
  GalacMc	
  emission,	
  
if	
  100	
  %	
  of	
  iron	
  is	
  in	
  a=	
  0.01	
  μm	
  parMcles	
  
of	
  metallic	
  Fe	
  at	
  T	
  =	
  18	
  K	
  	
  

HII	
  region	
  à	
  17	
  %	
  
Diffuse	
  region	
  à	
  57	
  %	
  
Whole	
  24°	
  x	
  8°	
  region	
  à	
  66	
  %	
  

Modified	
  black-­‐body	
  
fit	
  –	
  single	
  β	
  from	
  
3000	
  to	
  353	
  GHz	
  

Black-­‐body	
  at	
  the	
  
same	
  temperature	
  

Comparison	
  with	
  dust	
  models	
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Impact	
  on	
  Galac4c	
  component	
  separa4on	
  
Average	
  SED	
  l=20°	
  -­‐	
  44°,	
  b=0°	
  
	
  
408	
  MHz	
  (Haslam	
  et	
  al.	
  1982)	
  	
  
1.4	
  GHz	
  (Reich	
  et	
  al.	
  1982)	
  
2.3	
  GHz	
  (Jonas	
  et	
  al.	
  1998)	
  
WMAP	
  9-­‐yr	
  (Benne]	
  et	
  al.	
  2013)	
  
Planck	
  LFI	
  
Planck	
  HFI	
  
DIRBE	
  (Hauser	
  et	
  al.	
  1998)	
  
1.4	
  GHz	
  RRL	
  Free-­‐free	
  map	
  (Alves	
  et	
  al.	
  2012)	
  

Free-­‐free	
  

Synchrotron	
  

Full	
  line	
  –	
  Dust+FF+Synch	
  
Dot-­‐Dash	
  –	
  Dust	
  
	
  
Mod.	
  Black-­‐body	
  2	
  β	
  
Mod.	
  Black-­‐body	
  1	
  β	
  
Magne4c	
  dipole	
  emission	
  

Model	
  /	
  Freq	
  [GHz]	
   28.5	
   70.3	
  

Mod.	
  Black-­‐body	
  2	
  β	
   51	
  ±	
  5	
   36	
  ±	
  6	
  

Mod.	
  Black-­‐body	
  1	
  β	
   51	
  ±	
  5	
   36	
  ±	
  6	
  

Mag.	
  Dipole	
  emission	
   46	
  ±	
  5	
   0	
  ±	
  6	
  

AME/Total	
  Emission	
  (%)	
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Conclusions	
  

Planck	
  offers	
  the	
  opportunity	
  to	
  study	
  the	
  dust	
  spectrum	
  from	
  FIR	
  to	
  mm	
  wavelengths	
  
across	
  the	
  whole	
  sky	
  

à	
   The	
  spectral	
   index	
  of	
   the	
  dust	
  opacity	
   in	
   the	
  GalacMc	
  plane	
  decreases	
   from	
  FIR	
   to	
  mm	
  
wavelengths:	
  βFIR	
  =	
  1.83	
  ±	
  0.07	
  and	
  βmm	
  =	
  1.59	
  ±	
  0.06	
  	
  

à	
  βmm	
  does	
  not	
  seem	
  to	
  vary	
  with	
  temperature,	
  as	
  opposed	
  to	
  βFIR	
  –	
  does	
  not	
  agree	
  with	
  
predicMons	
  from	
  TLS	
  model	
  of	
  Meny	
  et	
  al.	
  (2007)	
  	
  

à	
  βmm	
  is	
  correlated	
  with	
  the	
  dust	
  opMcal	
  depth,	
  which	
  we	
  interpret	
  as	
  an	
  evoluMon	
  of	
  the	
  
opacity	
  spectral	
  index	
  with	
  the	
  fracMon	
  of	
  molecular	
  gas	
  along	
  the	
  l.o.s.	
  -­‐	
  βmm	
  ≈	
  1.52	
  in	
  the	
  
atomic	
  medium	
  and	
  βmm	
  ≈	
  1.65	
  in	
  molecular	
  medium	
  

à	
  Both	
  the	
  silicate-­‐carbon	
  models	
  of	
  Draine	
  &	
  Li	
  (2007)	
  and	
  Compiègne	
  et	
  al.	
  (2011)	
  predict	
  
a	
  too	
  flat	
  SED	
  in	
  the	
  mm	
  

à	
   The	
  magneMc	
   dipole	
   emission	
  model	
   by	
  Draine	
  &	
  Hensley	
   (2012)	
   can	
   also	
   explain	
   the	
  
observed	
  βmm	
  (but	
  it	
  is	
  not	
  favoured	
  by	
  the	
  polarisaMon	
  results,	
  see	
  poster	
  by	
  T.	
  Ghosh)	
  

These	
  results	
  are	
  key	
  for	
  Galac4c	
  component	
  separa4on	
  

à	
  Dust	
  emission	
  has	
  an	
  impact	
  on	
  the	
  high-­‐frequency	
  spectral	
  shape	
  of	
  the	
  AME	
  -­‐	
  the	
  AME	
  
fracMon	
  at	
  its	
  peak	
  is	
  essenMally	
  unchanged	
  

à	
  The	
  esMmaMon	
  of	
  the	
  free-­‐free	
  emission	
  from	
  microwave	
  CMB	
  data	
  depends	
  criMcally	
  on	
  
the	
  dust	
  emission	
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Varying	
  the	
  calibraMon	
  of	
  CO	
  and	
  RRL	
  
data	
  by	
  10	
  %	
  

Fixing	
  the	
  dust	
  temperature	
  to	
  20	
  K	
  
across	
  the	
  whole	
  region	
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SubtracMng	
  SMICA	
  CMB	
  map:	
  	
  

Dust+CO+RRL	
  Dust+CMB	
  

Test	
  with	
  simulaMons:	
  	
  


