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Planck	  basic	  features	  
Third	  genera4on	  of	  CMB	  experiments.	  	  
Wide	  frequency	  coverage	  to	  dis4nguish	  CMB	  from	  foreground	  emissions:	  

•  LFI	  from	  30	  to	  70	  GHz,	  12	  radiometers	  
•  HFI	  from	  100	  to	  857	  GHz,	  52	  bolometers	  

High	  angular	  resolu4on,	  about	  few	  arcmin	  
Extreme	  sensi4vity	  for	  both	  temperature	  and	  polarisa4on	  
L2	  orbit	  provides	  stable	  condi4ons	  throughout	  the	  mission	  
Full	  sky	  coverage	  in	  ~6	  months	  of	  observa4ons	  
	  
Launched	  on	  May	  14th,	  2009,	  Planck	  has	  collected	  29	  months	  of	  data	  with	  both	  
instruments	  
HFI	  ended	  its	  opera4ons	  last	  January	  
LFI	  is	  s4ll	  ac4ve:	  42	  months	  (7	  all	  sky	  surveys)	  of	  observa4ons	  already	  carried	  out,	  and	  
will	  complete	  8	  all	  sky	  surveys	  
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Planck	  performance	  summary	  

The Planck Collaboration, A&A 536, A1, 2011 
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COBE - 1989 
4-years data 



G. Polenta  
MAGIC AGN WG Meeting, 13 Feb 2013 

COBE - 1989 
4-years data 

WMAP - 2001 
7-years data 



G. Polenta  
MAGIC AGN WG Meeting, 13 Feb 2013 

COBE - 1989 

WMAP - 2001 
7-years data 
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4-years data 
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Planck	  schedule	  and	  scien4fic	  programme	  
•  January	   2011:	   Early	   Release	   Compact	   Source	   Catalogue	   which	   includes	   9	   single	  

frequency	  source	  catalogues,	  galaxy	  cluster	  catalogue,	  cold	  clump	  catalogue	  

•  A	  set	  of	  26	  papers	  (A&A	  special	  issue	  536,	  2011)	  have	  been	  published	  concerning	  
mission	  status,	  instrument	  performance,	  data	  processing,	  ERCSC	  produc4on,	  early	  
scien4fic	  results	  on	  clusters	  of	  galaxies	   (also	  XMM	  follow	  up),	  galac4c	  and	  extra-‐
galac4c	  sources,	  diffuse	  Galac4c	  emission,	  CIB,	  Cold	  Clumpss,	  molecular	  clouds.	  

•  A	   joint	   Planck-‐Swib-‐Fermi	   paper	   on	   simultaneous	   observa4ons	   of	   blazars	   led	   by	  
ASDC	  (Giommi,	  et	  al,	  2012,	  A&A,	  541,	  A160)	  

•  Throughout	   2012,	   Intermediate	   papers	   on	   clusters	   of	   galaxies	   (9	   papers),	   extra-‐
galac4c	  sources	  (1),	  Galac4c	  Microwave	  Haze	  (1),	  and	  diffuse	  Galac4c	  emission	  (1)	  

•  March	  2013:	  first	  data	  release	  including	  all-‐sky	  maps	  from	  the	  nominal	  mission	  (15	  
months)	  and	  first	  cosmology	  results,	  47th	  ESLAB	  symposium,	  2-‐5	  April	  2013,	  ESTEC	  

•  Early	   2014:	   second	   data	   release	   including	   data	   and	   results	   from	   the	   extended	  
mission	  	  
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The	  microwave	  emission	  seen	  by	  Planck	  is	  the	  sum	  of	  several	  components	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

Frequency	  coverage	  
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Frequency	  coverage	  
Different	   sources	   have	   different	  
spectral	  behaviour:	  
• CMB	  
• Diffuse	   synchrotron	   emission	   from	  
the	  Milky	  Way	  
• Free-‐free	  
• Interstellar	  dust	  
• Extragalac4c	  sources	  
• Clusters	  of	  galaxies	  
Planck	   frequency	   bands	   cover	   a	  
broad	  range	  around	  the	  peak	  of	  CMB	  
spectrum,	   allowing	   for	   a	   good	  
separa4on	   of	   CMB	   signal	   from	  
foreground	  emissions.	  
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The	  Planck	  Early	  Release	  Compact	  Source	  Catalogue	  
	  

Released	  on	   Jan	   2011,	   includes	   10	  months	   of	   data,	   from	  Aug	  2009	   to	  
June	  2010,	  i.e.	  one	  complete	  sky	  survey	  +	  60%	  of	  the	  second	  survey	  
Nine	  catalogues,	  one	  for	  each	  Planck	  band,	  for	  a	  total	  of	  ~15000	  sources	  
Only	  high	  significance	  detec4ons:	  based	  on	  10σ	  flux	  density	   limit	  with	  
also	  some	  fainter	  sources	  at	  high	  galac4c	  la4tude	  
Reliability	  >	  90%	  from	  MC	  analysis	  
	  
	  

The	  Planck	  Collabora4on,	  A&A,	  536:A7,	  2011	  
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ERCSC	   is	   available	   from	   ESA	   Planck	   Legacy	   Archive,	   IPAC	   website,	   IA2	  
(VO),	  and	  ASDC	  interac4ve	  version	  hkp://www.asdc.asi.it/planck/ERCSC/	  



G. Polenta  
MAGIC AGN WG Meeting, 13 Feb 2013 



G. Polenta  
MAGIC AGN WG Meeting, 13 Feb 2013 



G. Polenta  
MAGIC AGN WG Meeting, 13 Feb 2013 



G. Polenta  
MAGIC AGN WG Meeting, 13 Feb 2013 

ERCSC:	  two	  popula4ons	  of	  extragalac4c	  sources	  
For	   each	   source	   we	   have	   fiked	   a	  
single	  power	  law	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  using	  only	  
adjacent	  frequencies.	  
Flat	   spectrum	   at	   30GHz	   shibing	   to	  
-‐0.5	   at	   143GHz,	   consistent	   with	  
synchrotron	   emission	   from	   radio	  
loud	  AGN.	  
At	   143	   and	   217GHz	   appear	   also	  
sources	  with	  thermal	  dust	  emission,	  
that	  dominate	  from	  353GHz.	  
	  

Sν ∝ να
|b|>30o 
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ERCSC:	  two	  popula4ons	  of	  extragalac4c	  sources	  
Updated	   in	   A&A,	   550:A133,	   2013,	   including	   sky	   coverage	   informa4on	  
and	  spectral	  indices	  from	  different	  frequency	  ranges.	  
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ERCSC:	  two	  popula4ons	  of	  extragalac4c	  sources	  
Updated	   in	   A&A,	   550:A133,	   2013,	   including	   sky	   coverage	   informa4on	  
and	  spectral	  indices	  from	  different	  frequency	  ranges.	  

For	   a	   complete	   sample,	  we	  
find	   the	   same	   number	   of	  
dusty	   and	   synchrotron	  
sources	  at	  ~300GHz.	  
The	   channel	   at	   217GHz	   is	  
s4ll	   dominated	   by	   sources	  
with	  synchrotron	  spectrum.	  
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ERCSC:	  number	  counts	  
The	  Planck	  Collabora4on,	  A&A,	  536:A13,	  2011	  

Euclidean	   number	   counts	   at	  
30,	  44,	  and	  70GHz.	  
Red:	  Planck	  
Gray	  squares:	  WMAP5	  
Gray	  diamonds:	  PACO	  
Gray	  box	  at	  30GHz:	  DASI	  
Gray	  dashed	  box:	  VSA	  
Gray	  dahsed	   lines:	  15GHz	  9C	  
sources	  extrapola4on	  
Solid	  black	  line:	  De	  Zoo	  et	  al	  
2005	  model	  
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ERCSC:	  number	  counts	  
The	  Planck	  Collabora4on,	  A&A,	  536:A13,	  2011	  

Euclidean	   number	   counts	   at	  
100,	  143,	  and	  217GHz.	  
Red:	   Planck,	   sources	   with	  
30GHz	  counterpart	  
Blue:	   Planck	   number	   counts	  
aber	  dusty	  sources	  removal	  
Gray	  squares:	  SPT	  
Gray	  stars:	  ACT	  
Solid	  black	   line:	  De	   Zoo	  et	   al	  
2005	   model	   overes4mates	  
number	  counts	  above	  100GHz	  
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ERCSC:	  number	  counts	  
Updated	  in	  A&A,	  550:133,	  2013,	  separa4ng	  dusty	  and	  synchrotron	  sources	  
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Planck, Swift, and Fermi simultaneous 
observations of X and γ-ray selected blazars 

P. Giommi & G. Polenta 
ASI Science Data Center 

On behalf of all the co-authors 
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Blazars	  are	  highly	  variable	  sources,	  in	  order	  to	  compare	  data	  with	  model	  
predic4ons	  it	  is	  important	  to	  have	  simultaneous	  data.	  Moreover,	  blazars	  
emit	   non-‐thermal	   radia4on	   from	   radio	   to	   γ-‐ray,	   therefore	   mul4-‐
frequency	  observa4ons	  are	  needed.	  
	  

Having	   Planck,	   Swib,	   and	   Fermi	   simultaneously	   in	   orbit	   is	   a	   huge	  
opportunity	   for	   studying	   blazar	   proper4es.	   This	   has	   been	   possible	  
thanks	   to	   a	   dedicated	  MoU	   between	   the	   three	   teams	   to	   share	   data,	  
exper4se,	  and	  observa4on	  4me	  (Swib).	  
	  

In	  fact,	  while	  Planck	  is	  doing	  its	  own	  scan	  of	  the	  sky	  and	  Fermi	  observes	  
the	  en4re	   sky	  every	  day,	   Swib	  has	   to	  point	   at	   a	   given	   source	  when	   is	  
within	  the	  Planck	  field	  of	  view.	  We	  have	  now	  collected	  ~200	  Swib	  ToO	  
observa4ons	  of	  ~5	  ks	  each,	  for	  a	  total	  of	  ~1	  Ms	  of	  observa4on	  4me.	  
	  

These	   data	   are	   complemented	   by	   ground-‐based	   radio	   and	   op4cal	  
follow-‐up	   programs:	   APEX,	   ATCA,	   Effelsberg,	   IRAM,	   Medicina,	  
Metsahovi,	  OVRO,	  RATAN,	  UMRAO,	  VLA,	  KVA,	  and	  Xinglong.	  
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Sample selec4on	  
In	  order	  to	  minimize	  selec4on	  bias	   in	  the	   interpreta4on	  of	  the	  results,	  
we	   have	   adopted	   different	   criteria	   to	   select	   the	   list	   of	   sources	   to	   be	  
observed:	  
•  γ-‐ray	  flux	  limited	  sample:	  Fermi-‐LAT	  3-‐month	  Bright	  Source	  List,	  |b|

>10°,	  TS>100,	  S5GHz>1Jy,	  for	  a	  total	  of	  50	  sources	  
•  hard	   X-‐ray	   flux	   limited	   sample:	   Swib-‐BAT	   54-‐month	   source	   catalog,	  

S15-‐150KeV	  >	  10-‐11	  erg	  cm-‐2	  s-‐1,	  S5GHz>100	  mJy,	   for	  a	   total	  of	  34	  
sources	  

•  sob	   X-‐ray	   flux	   limited	   sample:	   Rosat/RASS	   Bright	   Source	   Catalog	  
(1RXS),	   count	   rate	   >	   0.3	   cts/s	   in	   the	   0.1-‐2	   KeV	   energy	   band,	  
S5GHz>200mJy,	  for	  a	  total	  of	  43	  sources	  

The	  total	  is	  105	  sources	  (some	  are	  present	  in	  more	  than	  one	  sample),	  to	  
be	  compared	  with	  the	  104	  sources	  in	  the	  radio	  flux	  limited	  sample	  used	  
in	  the	  companion	  paper	  The	  Planck	  collabora4on,	  A&A,	  536:A14,	  2011.	  
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Spectral Energy Distribu4ons	  
We	  have	  used	  the	  ASDC	  SED	  builder	  tool	  (publicly	  available	  from	  ASDC	  
website	  hkp://tools.asdc.asi.it/SED/)	  to	  build	  the	  SED	  for	  all	  the	  sources	  
in	  our	  sample.	  
In	  all	  the	  SEDs	  
•  simultaneous	  data	  are	  shown	  in	  red	  
•  quasi-‐simultaneous	   data	   (e.g.,	   Fermi	   2m,	   ERCSC,	   non-‐simultaneous	  

dedicated	  ground-‐based	  follow	  up)	  are	  shown	  in	  green	  
•  Fermi	  27m	  data	  are	  shown	  in	  blue	  
•  Archival	  data	  are	  shown	  in	  light	  gray	  
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Thermal	  signatures	  in	  the	  SEDs	  
In	   addi4on	   to	   the	   non-‐thermal	   emission	   coming	   from	   the	   jet,	   blazars	  
show	  also	  thermal	  emission	  coming	  from	  the	  accre4on	  into	  the	  central	  
black	  hole	  and	  from	  the	  host	  galaxy.	  
In	   order	   to	   properly	   analyze	   our	   SEDs,	   we	   have	   to	   account	   for	   these	  
emissions.	  This	  is	  done	  by	  using	  two	  templates,	  one	  for	  the	  host	  galaxy	  
(Scarpa	  et	  al,	  2000)	  and	  one	  for	  the	  accre4on	  coming	  from	  Vanden	  Berk	  
et	  al,	  2001,	  built	  from	  the	  average	  of	  over	  2200	  op4cal	  spectra	  of	  radio	  
quiet	  QSOs	  from	  the	  SDSS	  (Op4cal	  Blue	  Bump).	  
The	  posi4on	  of	  the	  OBB	   is	  adjusted	  by	  fiong	  the	  parameter	  αR-‐O(TH)	   to	  
the	  SEDs	  (only	  for	  FSRQ,	  for	  BL	  Lac	  we	  set	  upper	  limits).	  
The	  X-‐ray	  thermal	  emission	  (and	  confidence	  intervals)	  is	  es4mated	  from	  
the	  BB	  using	  the	  rela4onship	  given	  by	  Grupe	  et	  al,	  2010:	  	  

! 

"UV #X (Radio#quietQSO ) = 0.114 *Log(L
2500Å

) #1.177
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Host galaxy template 

Opt Blue Bump template Predicted X-ray th. 
emission 

MKN501 

MKN421 

BL Lac 3C273 
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Our	   results	   confirm	  αLF~0	   and	  αHF~-‐0.65,	   with	   a	   break	   at	   ν~70GHz,	   in	  
good	  agreement	  with	  those	  obtained	  for	  the	  ERCSC.	  
FSRQs	  are	  slightly	  steeper	  than	  BL	  Lacs:	  αHF~-‐0.7	  vs	  αHF~-‐0.5,	  this	  seems	  
to	   be	   correlated	   with	   the	   posi4on	   of	   the	   synchrotron	   peak,	   which	   is	  
higher	  for	  BL	  Lacs	  than	  for	  FSRQs.	  

Radio	  spectral	  slope	  
Using	  Planck	  data	  together	  with	  the	  ground-‐based	  follow-‐up,	  we	  probes	  
the	  spectral	  shape	  from	  ~1GHz	  to	  ~1THz.	  
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Correla4on between	  fluxes	  in	  different	  bands	  
Several	   papers	   report	   a	   posi4ve	   correla4on	   between	   radio	   and	   γ-‐ray	  
fluxes,	   though	  with	  a	   large	   scaker	  which	   is	  usually	  explained	  with	   the	  
lack	  of	  simultaneity	  in	  the	  data.	  
Moreover,	  samples	  used	  for	  this	  analysis	  are	  generally	  biased	  as	  they	  do	  
not	  include	  upper	  limits	  for	  unseen	  sources	  in	  one	  of	  the	  two	  bands,	  but	  
they	  only	  include	  sources	  that	  are	  bright	  in	  both	  frequency	  bands.	  
Here	   we	   use	   for	   the	   first	   4me	   simultaneous	   data	   also	   taking	   into	  
account	   upper	   limits,	   in	   order	   to	   test	   for	   correla4on	   using	   all	   the	  
sources	  in	  our	  samples.	  	  
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Microwave	  vs	  γ-‐ray	  
Despite	  the	  use	  of	  simultaneous	  data,	  there	  is	  a	  
clear	  trend	  but	  no	  significant	  correla4on	  (unless	  
for	   the	   radio	   sample).	   However	   there	   are	   too	  
many	   upper	   limits	   in	   the	   simultaneous	   data	  	  
(especially	  BL	   Lacs	   in	   Swib-‐BAT	  and	  Rosat/RASS	  
samples).	  

The	   correla4on	   improves	   when	   increasing	   the	  
integra4on	   period	   of	   the	   Fermi	   data.	  Note	   that	  
the	   ERCSC	   period	   fully	   overlaps	   with	   the	   γ-‐ray	  
27m	  integra4on.	  

No	  major	  differences	  using	  radio	  flux	  densi4es	  at	  
frequencies	  other	  than	  143GHz.	  

	  

 



G. Polenta  
MAGIC AGN WG Meeting, 13 Feb 2013 

Stronger	   correla4ons	   are	   found	   on	   the	   same	   dataset	   when	   analysed	  
using	  luminosity	  instead	  of	  flux	  (Leon-‐Tavares	  et	  al,	  ApJ,	  754:23,	  2012).	  
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Sugges4ons	  for:	  

l  the	   presence	   of	   mul4ple	   synchrotron	   components	   at	   radio	   frequencies	   while	  
simultaneous	  γ-‐ray	  flux	  represents	  the	  emission	  of	  a	  single	  dominant	  component	  

l  different	  dynamical	  4me	  scales	  between	  radio	  and	  γ-‐ray	  

3C454.3 
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Sugges4ons	  for:	  

l  the	   presence	   of	   mul4ple	   synchrotron	   components	   at	   radio	   frequencies	   while	  
simultaneous	  γ-‐ray	  flux	  represents	  the	  emission	  of	  a	  single	  dominant	  component.	  

l  different	  dynamical	  4me	  scales	  between	  radio	  and	  γ-‐ray	  

 

PKS1222+21 
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Sugges4ons	  for:	  

l  the	   presence	   of	   mul4ple	   synchrotron	   components	   at	   radio	   frequencies	   while	  
simultaneous	  γ-‐ray	  flux	  represents	  the	  emission	  of	  a	  single	  dominant	  component.	  

l  different	  dynamical	  4me	  scales	  between	  radio	  and	  γ-‐ray	  

 

BLLac 
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Synchrotron and	  IC	  peak	  distribu4ons	  
We	   have	   es4mated	   the	   posi4on	   of	   both	   Synchrotron	   and	   IC	   peaks	  
accoun4ng	  for	  thermal	  emission	  as	  described	  in	  the	  previous	  slides.	  

FSRQs	   show	   the	   same	   synchrotron	  
peak	  distribu4on	  for	  all	  the	  samples	  
with	   an	   average	   of	   <Log(νp)>~13.1, 
while	   BL	   Lacs	   are	   very	   spread	  
depending	  on	  the	  selec4on	  method.	  
This	   is	   true	   also	   for	   the	   IC	   peak	  
distribu4on	   although	   with	   more	  
scaker,	  where	  we	  found	  an	  average	  
of	   <Log(νp)>~22for	   FSRQs,	   and	   a	  
wide	  spread	  for	  BL	  Lacs.	  
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The	  Blazar	  Sequence	  
Fossa4	   et	   al	   1998:	   strong	   an4-‐correla4on	   between	   the	   posi4on	   of	  
synchrotron	  peak	  and	  the	  	  peak	  power.	  
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The	   dashed	   line	   represents	   the	   luminosity	  
above	   which	   the	   op4cal	   non-‐thermal	  
emission	   is	   10	   4mes	   larger	   than	   the	   host	  
galaxy,	  and	  the	  area	  above	  this	  line	  cannot	  
be	  populated	  by	  BL	  Lacs	  because	  it	  doesn’t	  
allow	  the	  es4ma4on	  of	  the	  redshib.	  

A	   few	   BL	   Lacs	   are	   above	   the	   dashed	   line	  
because	   their	   redshib	   has	   been	   es4mated	  
from	  emission	  lines	  in	  their	  op4cal	  spectra,	  
with	  equivalent	  width	  is	  less	  then	  5Å.	  

We	   do	   not	   see	   any	   an4-‐correla4on	  
suppor4ng	  the	  Blazar	  Sequence.	  Moreover,	  
by	   applying	   similar	   selec4on	   criteria	   as	   in	  
Fossa4	   et	   al	   we	   reproduce	   the	   blazar	  
sequence,	  sugges4ng	  that	  this	  is	  a	  selec4on	  
effect.	  
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This	   interpreta4on	   of	   the	   blazar	   sequence	   is	   consistent	   with	   results	  
obtained	   from	   MC	   simula4ons	   of	   X	   and	   radio	   selected	   samples	   of	  
blazars	  in	  a	  simplified	  scenario	  (Giommi	  et	  al,	  MNRAS,	  420:2899,	  2012).	  

FSRQ = open squares 
BLLac = open circles 
Red = radio sample 
Green = X-ray sample 
 
Filled circles are BLLac 
objects with featureless 
optical spectra, that are 
likely to appear without 
measured redshift in a 
real survey. 
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What’s	  next	  
We	  have	  just	  started	  exploi4ng	  Planck	  AGN	  data.	  
We	  have	  produced	  a	  blazar	  catalogue	  that	  will	  be	  published	  soon.	  
The	  first	  Planck	  catalogue,	  based	  on	  the	  15	  month	  nominal	  mission,	  will	  
be	  released	  next	  March.	  
Planck	  HFI	  has	  collected	  29	  months	  of	  data	  and	  LFI	  has	  already	  reached	  
42	   months	   of	   observa4ons,	   therefore	   we	   expect	   significant	  
improvements	  for	  the	  second	  data	  release	  in	  2014.	  
Moreover,	  variability	  has	  not	  been	  considered	  so	  far.	  
Finally,	   Planck	   is	   sensi4ve	   to	   polariza4on,	   and	   this	   will	   provide	  
addi4onal	  interes4ng	  informa4on.	  



G. Polenta  
MAGIC AGN WG Meeting, 13 Feb 2013 

The	   scien#fic	   results	   that	   have	   been	   presented	   are	   a	   product	   of	   the	   Planck	  
Collabora#on,	  including	  individuals	  from	  more	  than	  100	  scien#fic	  ins#tutes	  in	  Europe,	  
the	  USA	  and	  Canada	  

Planck is a project of the 
European Space Agency (ESA) 
with instruments provided by 
two scientific Consortia funded 
by ESA member states (in 
particular the lead countries: 
F r a n c e a n d I t a l y ) w i t h 
contributions from NASA (USA), 
and te lescope re f lec to rs 
provided in a collaboration 
between ESA and a scientific 
Consortium led and funded by 
Denmark. 
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Planck	  è	   in	   funzione,	   ed	  entrambi	   gli	   strumen4	   stanno	   funzionando	   come	  o	  meglio	  
delle	   aspeka4ve.	   I	   risulta4	   preliminari	   mostrano	   le	   grandi	   potenzialità	   di	   questa	  
missione,	  che	  fornirà	  da4	  di	  ines4mabile	  valore	  per	  la	  cosmologia	  e	  l’astrofisica	  negli	  
anni	  a	  venire.	  

• G. Polenta  
• Univ. Tor Vergata, 25 Nov 2010 

www.esa.int/planck	  


