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Why should we worry about?

CO might be a problem as it is for 
PLANCK !!
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CO in Planck
- Three main contributions from the (1-0), (2-1) and (3-2) 12CO transitions 
on the 115, 230, 345 GHz
- Additional contribution from the 13CO lines

K. km/s

(1-0) transition
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CO in Planck
- Difficult to estimate the exact CO contribution: need 
very precise bandpass measurements per detector

- Major contaminant for dust at 100 GHz in the Galactic 
plane

- CO clumps and maybe diffuse emission at high-galactic 
latitudes (understanding limited by sensitivity)

- Affects polarization via bandpass mismatch leakage

But:
CO science can be done with PLANCK !!!
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High galactic latitude

We observe faint clumps and also diffuse emission on 
about 1-2 % of the high galactic latitude sky

(170, -40)
0 300 μK
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Planck threshold for CO emergence

Expected	  threshold:	  NCO	  =	  3	  x	  1012	  cm-‐2	  (HST	  visible	  absorpAon)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ➭W(CO1-‐0)	  =	  3	  x	  10-‐3	  K	  km	  s-‐1	  (low	  density	  gas)
for	  NH	  <	  2	  x	  1020	  cm-‐2	  (threshold	  for	  H2	  	  emergence)	  ➭	  τ353	  <	  2	  x	  10-‐6
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Lessons from PLANCK
➡CO at high galactic latitudes shows a power-law 
distribution of size and flux over hundreds of Planck 
identified patches

➡For these patches we find:
FCO α ICO  x θ2 α θ1.9-2.5 ;

➡ICO α θ-0.1 

➡Cannot rule out the presence of weak diffuse 
extended emission below the Planck detection threshold

➡Foreground science affected by CO emission

➡CO bandpass mismatch is very difficult to correct for
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And CO polarisation
Golreich-Kylafis effect
Non-thermal populations of 
magnetic levels enhanced by
➡low gas density (levels 
populated by radiation, not 
collisions)
➡anisotropic mm/submm 
radiation (optical depth about 
1)
➡linewings only

CO (2-1) Girart + 2004,  Crutcher 2012 ARAA

Up to 10 % in star forming regions
However, never measured in diffuse gas
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What to do?
Data analysis easy option:

Filter out CO transition lines from start in the 
instrumental side - is this possible ? 

More realistic option:
keep CO transition lines in the bandpass
➡multiple frequency bands around main CO line 
transitions
➡carefully measure bandpass, oversampling on 
molecular lines
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Conclusions
Molecular lines and in particular CO are important 
foreground emissions in temperature

High galactic emission from CO has been observed with 
Planck on about 1% of the sky: mainly compact clouds but 
we can not exclude below detection threshold diffuse 
emission

CO emission is polarised up to 10 % on star forming regions 
in the linewings: theory predict polarisation enhanced for 
low column density but not measured yet

Best to avoid CO if possible, if not carefully measure 
bandpasses - this was a major problem for Planck
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