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•  The	
  sky	
  emission,	
  at	
  a	
  given	
  frequency,	
  is	
  a	
  superposi(on	
  of	
  emissions	
  from	
  
different	
  sources	
  
–  Different	
  emission	
  processes	
  (thermal,	
  synchrotron,	
  Bremsstrahlung,	
  …)	
  
–  Different	
  media/objects	
  (Milky	
  way	
  ISM,	
  CMB,	
  clusters	
  of	
  galaxies)	
  
–  Has	
  always	
  been	
  a	
  worry	
  for	
  CMB	
  observa(ons	
  

•  The	
  sky	
  in	
  color	
  

WMAP	
  observa(ons	
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The	
  sky	
  in	
  color	
  

Planck	
  observa(ons	
  



A	
  mul(-­‐component	
  model	
  of	
  sky	
  emission	
  

•  The	
  ul(mate	
  objec(ve	
  of	
  all	
  of	
  our	
  observa(ons!	
  
–  Our	
  understanding	
  of	
  any	
  emission	
  is	
  summarised	
  in	
  a	
  model	
  
–  The	
  model	
  can	
  be	
  physical,	
  descrip(ve,	
  parametric…	
  

•  The	
  Planck	
  Sky	
  Model	
  (PSM)	
  is	
  a	
  global	
  model	
  of	
  mul(-­‐component	
  sky	
  
emission,	
  in	
  intensity	
  and	
  polarisa(on,	
  over	
  the	
  frequency	
  range	
  ≈	
  3GHz	
  to	
  
≈	
  3THz,	
  currently	
  being	
  developed	
  in	
  the	
  Planck	
  collabora(on.	
  

•  It	
  comprises	
  
–  An	
  underlying	
  cosmological	
  model	
  (standard	
  Big-­‐Bang	
  scenario)	
  with	
  associated	
  cosmological	
  

parameters	
  H0,	
  ΩM,	
  ΩB,	
  ΩDE,	
  ns,	
  …	
  
–  A	
  model	
  of	
  CMB	
  emission	
  and	
  growth	
  of	
  structure	
  (density	
  contrast	
  in	
  the	
  linear	
  regime);	
  
–  A	
  model	
  of	
  Sunyaev-­‐Zel’dovich	
  emission	
  from	
  the	
  hot	
  gas	
  in	
  clusters	
  of	
  galaxies;	
  
–  Models	
  for	
  the	
  emission	
  of	
  the	
  galac(c	
  ISM:	
  Synchrotron,	
  Dust	
  (thermal	
  and	
  spinning),	
  Free-­‐

free,	
  some	
  molecular	
  lines	
  (CO);	
  
–  A	
  model	
  for	
  some	
  galac(c	
  compact	
  sources	
  (ultra-­‐compact	
  H-­‐II	
  regions)	
  
–  Models	
  for	
  (extragalac(c)	
  emission	
  from	
  compact	
  sources	
  (IR	
  galaxies	
  and	
  CIB,	
  radio	
  galaxies).	
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Observa(on	
  1	
  
(ν1,	
  θ1,	
  σ21,	
  …)	
  

Observa(on	
  2	
  
(ν2,	
  θ2,	
  σ22,	
  …)	
  

Observa(on	
  n	
  
(νn,	
  θn,	
  σ2n,	
  …)	
  

MULTIFREQUENCY	
  OBSERVATIONS	
  

CMB	
  
(ClTT,	
  ClTE,	
  ClEE,	
  ClBB,	
  fNG,	
  …)	
  

Clusters	
  
(dN/dMdz,	
  fg,	
  …)	
  

Galaxy	
  
(νn,	
  θn,	
  σ2n,	
  …)	
  

MULTICOMPONENT	
  SKY	
  MODEL	
  

Cosmological	
  framework:	
  H0,	
  ΩM,	
  ΩB,	
  ΩDE,	
  ns,	
  …	
  

Apply	
  component	
  separa(on	
  

Interpret	
  the	
  observa(ons	
  

…	
  

…	
  

Make	
  simula(ons	
  

Develop	
  component	
  separa(on	
  methods	
  and	
  test	
  them	
  

Comparison:	
  model	
  
valida(on	
  and/or	
  	
  
data	
  interpreta(on	
  



The	
  PSM	
  in	
  prac(ce	
  

•  DATA	
  
–  Maps	
  of	
  observed	
  or	
  simulated	
  diffuse	
  components	
  (CMB,	
  synchrotron	
  intensity,	
  

synchrotron	
  spectral	
  index,	
  CO-­‐line	
  emission…)	
  
–  Constraints	
  on	
  model	
  parameters	
  (e.g.	
  cosmological	
  parameters	
  and	
  errors)	
  
–  Catalogues	
  of	
  known	
  clusters	
  of	
  galaxies	
  
–  Catalogues	
  of	
  know	
  point	
  sources	
  

•  SOFTWARE	
  
–  Implements	
  the	
  model	
  in	
  a	
  (hopefully)	
  user-­‐friendly	
  way	
  
–  Input:	
  choice	
  for	
  global	
  parameters	
  (e.g.	
  cosmological	
  parameters,	
  choice	
  among	
  

alternate	
  op(ons	
  for	
  modelling	
  each	
  component)	
  in	
  the	
  form	
  of	
  a	
  configura(on	
  file	
  
–  Output:	
  maps	
  and	
  catalogues	
  of	
  modelled	
  (simulated	
  or	
  predicted	
  )	
  sky	
  emission	
  for	
  

each	
  component	
  
–  Output:	
  sky	
  emission	
  in	
  user-­‐defined	
  frequency	
  channels	
  (total	
  emission,	
  and	
  emission	
  

per	
  component,	
  in	
  intensity	
  and	
  polarisa(on)	
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The	
  PSM	
  in	
  prac(ce	
  

•  More	
  than	
  a	
  simula(on	
  tool,	
  the	
  PSM	
  sooware	
  is	
  a	
  framework	
  for	
  
inves(ga(ng	
  mul(-­‐component	
  sky	
  emission	
  
–  Parametric	
  
–  Easy	
  to	
  add	
  emissions,	
  change	
  their	
  proper(es	
  (e.g.	
  emission	
  law)	
  
–  Easy	
  to	
  change	
  templates	
  describing	
  galac(c	
  components	
  

•  Today:	
  ~53.000	
  lines	
  of	
  code	
  in	
  the	
  PSM	
  release	
  version	
  1.7.7
(excluding	
  comment	
  lines)	
  
–  IDL:	
  code	
  ~33.000	
  
–  C:	
  CLASS	
  sooware,	
  ~17.000	
  
–  F90:	
  ilens	
  sooware,	
  ~2.300	
  

•  Input	
  parameters	
  passed	
  via	
  a	
  single	
  configura(on	
  file	
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Flexible,	
  Evolu(ve	
  
(price	
  to	
  pay:	
  somewhat	
  complex	
  sooware)	
  	
  



PSM	
  outputs	
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The	
  parametric	
  
model	
  for	
  all	
  	
  
components	
  

The	
  cosmological	
  
background	
  



PSM	
  outputs	
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Maps	
  and/or	
  catalogues	
  
of	
  band-­‐integrated	
  
emission	
  for	
  all	
  components	
  



PSM	
  outputs	
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For	
  traceability	
  

Output	
  observaUons	
  
-­‐ 	
  Band-­‐integrated	
  
-­‐ 	
  Beam-­‐smoothed	
  
-­‐ 	
  Re-­‐pixelised	
  
-­‐ 	
  Polarised	
  or	
  not	
  
-­‐ 	
  Instrumental	
  noise	
  included	
  



The	
  PSM	
  website	
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A	
  website	
  with	
  the	
  official	
  release	
  of	
  the	
  
Planck	
  final	
  PSM	
  product	
  is	
  foreseen	
  at	
  ESA	
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arXiv:1207.3675	
  

A	
  model	
  that	
  does	
  not	
  use	
  yet	
  Planck	
  observaUons	
  



Cosmological	
  background	
  

•  GENERAL	
  PHILOSOPHY	
  
–  It	
  should	
  be	
  possible	
  to	
  model	
  all	
  the	
  “cosmological”	
  emissions	
  in	
  a	
  coherent	
  way	
  

–  CMB	
  anisotropies,	
  SZ	
  effect,	
  LSS	
  should	
  all	
  use	
  the	
  same	
  cosmological	
  background	
  

–  It	
  should	
  be	
  possible	
  to	
  generate	
  cosmological	
  components	
  compa(ble	
  with	
  
observa(ons,	
  within	
  errors:	
  constrained	
  random	
  genera(on.	
  

•  IMPLEMENTATION	
  
–  Cosmological	
  parameters	
  are	
  set	
  by	
  the	
  user	
  

–  CLASS	
  and/or	
  CAMB	
  are	
  run	
  to	
  compute	
  CMB	
  Cl	
  (and	
  mawer	
  power	
  spectra)	
  

–  These	
  outputs	
  are	
  wriwen	
  in	
  the	
  output	
  directory.	
  

–  Output:	
  sky	
  emission	
  in	
  user-­‐defined	
  frequency	
  channels	
  (total	
  emission,	
  and	
  emission	
  
per	
  component,	
  in	
  intensity	
  and	
  polarisa(on)	
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Polarisa(on:	
  CMB	
  
•  CMB	
  

–  CMB	
  Cls	
  from	
  CLASS	
  or	
  CAMB	
  (interfaced),	
  or	
  current	
  best	
  fit	
  (read	
  from	
  file);	
  

–  Accurate	
  lensing	
  with	
  ilens	
  [basak,	
  Prunet,	
  Benabed]	
  (alterna(vely,	
  CMB	
  from	
  lensed	
  Cls)	
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Polarisa(on:	
  point	
  sources	
  

•  POINT	
  SOURCES	
  
–  Polarisa(on	
  direc(on	
  at	
  random	
  between	
  0	
  and	
  π;	
  

–  Infrared	
  sources:	
  degree	
  of	
  polarisa(on	
  random,	
  with	
  average	
  polarisa(on	
  set	
  among	
  
the	
  input	
  parameters	
  (1%	
  on	
  average	
  by	
  default);	
  

–  Radio	
  sources:	
  degree	
  of	
  polarisa(on	
  randomly	
  drawn	
  according	
  to	
  the	
  distribu(on	
  
observed	
  for	
  steep-­‐spectrum	
  and	
  for	
  flat-­‐spectrum	
  sources	
  (average	
  about	
  6%)	
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G.	
  De	
  Zo^,	
  J.	
  Gonzalez-­‐Nuevo	
  



Polarisa(on:	
  synchrotron	
  
•  GALACTIC	
  SYNCHROTRON	
  

–  Electron	
  energy	
  spectral	
  index	
  p	
  implies	
  	
  
•  Synchrotron	
  spectral	
  index	
  β	
  =	
  -­‐(p+3)/2	
  
•  polarisa(on	
  frac(on	
  3(p+1)/(3p+7)	
  

–  p	
  =	
  3	
  implies	
  intrinsic	
  polarisa(on	
  of	
  75%	
  

–  p	
  =	
  1	
  implies	
  polarisa(on	
  of	
  60%	
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Average	
  18%	
  

Synchrotron	
  at	
  23	
  GHz	
  

M.-­‐A.	
  Miville	
  Deschênes	
  



Synchrotron	
  frequency	
  scaling	
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•  SAME	
  EMISSION	
  LAW	
  FOR	
  POLARISATION	
  AND	
  TEMPERATURE	
  
–  This	
  cannot	
  be	
  strictly	
  true	
  

•  ONE	
  SINGLE	
  EMISSION	
  LAW	
  PER	
  PIXEL	
  
–  Power	
  law	
  or	
  curved	
  powerlaw	
  (electron	
  ageing)	
  
–  Could	
  be	
  a	
  superposi(on	
  of	
  power	
  laws	
  



Synchrotron	
  frequency	
  scaling	
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•  SAME	
  EMISSION	
  LAW	
  FOR	
  POLARISATION	
  AND	
  TEMPERATURE	
  
–  This	
  cannot	
  be	
  strictly	
  true	
  

•  ONE	
  SINGLE	
  EMISSION	
  LAW	
  PER	
  PIXEL	
  
–  Power	
  law	
  or	
  curved	
  powerlaw	
  (electron	
  ageing)	
  
–  Could	
  be	
  a	
  superposi(on	
  of	
  power	
  laws	
  



Polarisa(on:	
  dust	
  

•  GALACTIC	
  DUST	
  
–  Data	
  is	
  scarce…	
  

–  Archeops;	
  BICEP;	
  QUAD	
  	
  

•  FREQUENCY	
  SCALING:	
  two	
  modified	
  blackbodies	
  (T	
  varies)	
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Intrinsic	
  polarisa(on	
  
[default	
  15%]	
   Geometric	
  depolarisa(on	
  

[assumes	
  a	
  3D	
  model]	
  

Polarisa(on	
  angle	
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Dust	
  at	
  200	
  GHz	
  



Polarisa(on:	
  comparison	
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Generally	
  good	
  	
  
Agreement	
  with	
  
WMAP.	
  



Comments	
  and	
  Summary	
  

•  HOW	
  REPRESENTATIVE	
  IS	
  THE	
  MODEL	
  
–  It	
  depends	
  on	
  the	
  parameters	
  –	
  there	
  is	
  not	
  a	
  single	
  Planck	
  Sky	
  Model	
  

–  Polarised	
  power	
  spectra	
  are	
  in	
  rough	
  agreement	
  with	
  exis(ng	
  observa(ons,	
  but	
  that’s	
  
only	
  the	
  first	
  order.	
  

–  The	
  default	
  model	
  may	
  be	
  too	
  simple:	
  one	
  single	
  synchrotron	
  component,	
  a	
  very	
  simple	
  
dust	
  component.	
  Does	
  that	
  hold	
  down	
  to	
  rela(ve	
  precisions	
  of	
  10-­‐5	
  in	
  power?	
  

•  A	
  FRAMEWORK	
  FOR	
  INVESTIGATING	
  THE	
  MULTI-­‐COMPONENT	
  SKY	
  
–  Parametric	
  

–  Meant	
  to	
  be	
  global	
  and	
  coherent	
  
–  Inves(gate	
  impact	
  of	
  changing	
  the	
  parameters,	
  adding	
  new	
  components…	
  

•  MODEL	
  AVAILABLE	
  (as	
  much	
  as	
  possible)	
  
–  Use	
  it,	
  give	
  feedback	
  

–  Collaborators	
  welcome	
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