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• The obvious
• Carbon Monoxide, a molecule that is abundant in the interstellar medium
• Observable in our galaxy, but also in other galaxies, up to high redshift!

• The rotational emission lines
• Main "ladder"  12C16O J=1-0, J=1-2, etc... n = 𝑛 × 115.27 GHz
• Isotopologues 13C16O, 12C17O , 12C18O  at slightly ≠ frequencies (109.78 − 112.36 GHz)

• The astrophysical relevance
• One of the main cooling lines of the ISM (together with C-II)
• Bright, and hence easily observable
• A tracer of molecular gas

• The Nuisance
• One more source of foreground emission for CMB observations !

What is CO ?



• Planck collaboration paper : 

Why CO revisited ???

... etc ...
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Why revisit the CO ???
• Type 1

Exploit differences in the spectral transmission of a given CO line among the 
bolometers (or pairs) of the same frequency channel. Multi-component fit for in 
each channel (100, 217, 353 GHz) independently.
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x = As + n

= 2.16 x101-1 – 0.80 x101-1 + 1.59 x101-1 – 1.95 x101-1

s =  [AtA]-1 At x
Assuming same noise level s in all four pairs

The noise level in the CO map is about 3.41 s
i.e. 6.8 times that of the 100 GHz channel (which is s/2)



Why revisit the CO ???
• Noisy Type-1 maps
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Why revisit the CO ???
• Artefacts in Type-1 J=3-2 map



• Type-2
Assume J=3-2 CO emission is negligible and fit for dust, free-free, CO and CMB across 
frequencies using additional 70, 143 and 353 GHz channels. 
Done for 15' maps
only J=1-0 and J=2-1

Why revisit the CO ???

CMB

free-free, b=-2.15

dust, T=17K
b=1.6

CO excess
in 100 GHz
HFI channel

Less noisy than Type-1 (full use of 
channel sensitivity + smoothing to 15')

Potential foreground contamination

Total signal



• Contamination by thermal SZ effect in Type-2 maps

Why revisit the CO ???
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• Contamination by other compact sources in Type-2 maps

Why revisit the CO ???
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• Type-3 (Commander)

- Original Type 3 map at nside = 256 not available on the PLA
- Superseded by the subsequent Commander map from Planck Collaboration X. 2016
- Global multicomponent fit, 7.5' resolution, J=2-1 line only (line ratio assumed a priori)

Main limitations : - One single CO map J=2-1, fixed line ratios
- More noisy than Type-2 and also has residual foreground contamination

Why revisit the CO ???



Why revisit the CO ???
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Methodology

• Start from existing Planck products and post-process them to provide 
improved final data products
• Guidelines:
• Trust Type 1 maps more regarding contamination and calibration (3 lines)
• Exploit the correlation between the 3 CO lines to reduce noise
• Also use the Type 2 maps for enhanced S/N, but

• Avoid propagating ISM contamination and CO calibration errors when significant
• Mask / subtract contamination from strong clusters and point sources

• Use priors on the line ratio but only where the S/N is very low
• Validate final products by comparison with independent observations (direct 

CO line from Dame et al. 2001 and 2022)



A GNILC post-processing pipeline for CO

x = As+ n
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is a linear combination whitening the noise Then

with know noise covariance Rn
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GNILC: Remazeilles, Delabrouille, Cardoso, 2011



x = As+ n
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and

with know noise covariance Rn
<latexit sha1_base64="UYWMktNCst8G7+80ikg1GVi/RRc=">AAACA3icbZBPS8MwGMbT+W/Of1VvegkOwdNoRdDj0IvHKW4O1lLSNN3C0qQkqTBKwYtfxYsHRbz6Jbz5bUy3HnTzgcCP531f8r5PmDKqtON8W7Wl5ZXVtfp6Y2Nza3vH3t3rKZFJTLpYMCH7IVKEUU66mmpG+qkkKAkZuQ/HV2X9/oFIRQW/05OU+AkachpTjLSxAvsg9xKkR2Gc3xZFkHuhYFFpQF4EdtNpOVPBRXAraIJKncD+8iKBs4RwjRlSauA6qfZzJDXFjBQNL1MkRXiMhmRgkKOEKD+f3lDAY+NEMBbSPK7h1P09kaNEqUkSms5yPzVfK83/aoNMxxd+TnmaacLx7KM4Y1ALWAYCIyoJ1mxiAGFJza4Qj5BEWJvYGiYEd/7kReidtlzDN2fN9mUVRx0cgiNwAlxwDtrgGnRAF2DwCJ7BK3iznqwX6936mLXWrGpmH/yR9fkD4naYSw==</latexit><latexit sha1_base64="UYWMktNCst8G7+80ikg1GVi/RRc=">AAACA3icbZBPS8MwGMbT+W/Of1VvegkOwdNoRdDj0IvHKW4O1lLSNN3C0qQkqTBKwYtfxYsHRbz6Jbz5bUy3HnTzgcCP531f8r5PmDKqtON8W7Wl5ZXVtfp6Y2Nza3vH3t3rKZFJTLpYMCH7IVKEUU66mmpG+qkkKAkZuQ/HV2X9/oFIRQW/05OU+AkachpTjLSxAvsg9xKkR2Gc3xZFkHuhYFFpQF4EdtNpOVPBRXAraIJKncD+8iKBs4RwjRlSauA6qfZzJDXFjBQNL1MkRXiMhmRgkKOEKD+f3lDAY+NEMBbSPK7h1P09kaNEqUkSms5yPzVfK83/aoNMxxd+TnmaacLx7KM4Y1ALWAYCIyoJ1mxiAGFJza4Qj5BEWJvYGiYEd/7kReidtlzDN2fN9mUVRx0cgiNwAlxwDtrgGnRAF2DwCJ7BK3iznqwX6936mLXWrGpmH/yR9fkD4naYSw==</latexit><latexit sha1_base64="UYWMktNCst8G7+80ikg1GVi/RRc=">AAACA3icbZBPS8MwGMbT+W/Of1VvegkOwdNoRdDj0IvHKW4O1lLSNN3C0qQkqTBKwYtfxYsHRbz6Jbz5bUy3HnTzgcCP531f8r5PmDKqtON8W7Wl5ZXVtfp6Y2Nza3vH3t3rKZFJTLpYMCH7IVKEUU66mmpG+qkkKAkZuQ/HV2X9/oFIRQW/05OU+AkachpTjLSxAvsg9xKkR2Gc3xZFkHuhYFFpQF4EdtNpOVPBRXAraIJKncD+8iKBs4RwjRlSauA6qfZzJDXFjBQNL1MkRXiMhmRgkKOEKD+f3lDAY+NEMBbSPK7h1P09kaNEqUkSms5yPzVfK83/aoNMxxd+TnmaacLx7KM4Y1ALWAYCIyoJ1mxiAGFJza4Qj5BEWJvYGiYEd/7kReidtlzDN2fN9mUVRx0cgiNwAlxwDtrgGnRAF2DwCJ7BK3iznqwX6936mLXWrGpmH/yR9fkD4naYSw==</latexit>
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A GNILC post-processing pipeline for CO

Rx0 = Pt
<latexit sha1_base64="EsljZwEP3hiquCE4wOvk4/IUh9g=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0VwVRIp6EYounFZxT6gScNkMmmHTh7MTMQS8iNu/BU3LhRx4Ub8GydtEG09MHA451zm3uMljAppml9aZWl5ZXWtuq5vbG5t7xi7ex0RpxyTNo5ZzHseEoTRiLQllYz0Ek5Q6DHS9caXhd+9I1zQOLqVk4Q4IRpGNKAYSSW5RiOzQyRHXpDd5Lmb2V7M/EKA9wM74TQkOTyH+k+oNZB5Dl2jZtbNKeAisUpSAyVarvFh+zFOQxJJzJAQfctMpJMhLilmJNftVJAE4TEakr6iEQqJcLLpdTk8UooPg5irF0k4VX9PZCgUYhJ6KllsKea9QvzP66cyOHMyGiWpJBGefRSkDMoYFlVBn3KCJZsogjCnaleIR4gjLFWhuirBmj95kXRO6pbi141a86KsowoOwCE4BhY4BU1wBVqgDTB4AE/gBbxqj9qz9qa9z6IVrZzZB3+gfX4DdiGitw==</latexit><latexit sha1_base64="EsljZwEP3hiquCE4wOvk4/IUh9g=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0VwVRIp6EYounFZxT6gScNkMmmHTh7MTMQS8iNu/BU3LhRx4Ub8GydtEG09MHA451zm3uMljAppml9aZWl5ZXWtuq5vbG5t7xi7ex0RpxyTNo5ZzHseEoTRiLQllYz0Ek5Q6DHS9caXhd+9I1zQOLqVk4Q4IRpGNKAYSSW5RiOzQyRHXpDd5Lmb2V7M/EKA9wM74TQkOTyH+k+oNZB5Dl2jZtbNKeAisUpSAyVarvFh+zFOQxJJzJAQfctMpJMhLilmJNftVJAE4TEakr6iEQqJcLLpdTk8UooPg5irF0k4VX9PZCgUYhJ6KllsKea9QvzP66cyOHMyGiWpJBGefRSkDMoYFlVBn3KCJZsogjCnaleIR4gjLFWhuirBmj95kXRO6pbi141a86KsowoOwCE4BhY4BU1wBVqgDTB4AE/gBbxqj9qz9qa9z6IVrZzZB3+gfX4DdiGitw==</latexit><latexit sha1_base64="EsljZwEP3hiquCE4wOvk4/IUh9g=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0VwVRIp6EYounFZxT6gScNkMmmHTh7MTMQS8iNu/BU3LhRx4Ub8GydtEG09MHA451zm3uMljAppml9aZWl5ZXWtuq5vbG5t7xi7ex0RpxyTNo5ZzHseEoTRiLQllYz0Ek5Q6DHS9caXhd+9I1zQOLqVk4Q4IRpGNKAYSSW5RiOzQyRHXpDd5Lmb2V7M/EKA9wM74TQkOTyH+k+oNZB5Dl2jZtbNKeAisUpSAyVarvFh+zFOQxJJzJAQfctMpJMhLilmJNftVJAE4TEakr6iEQqJcLLpdTk8UooPg5irF0k4VX9PZCgUYhJ6KllsKea9QvzP66cyOHMyGiWpJBGefRSkDMoYFlVBn3KCJZsogjCnaleIR4gjLFWhuirBmj95kXRO6pbi141a86KsowoOwCE4BhY4BU1wBVqgDTB4AE/gBbxqj9qz9qa9z6IVrZzZB3+gfX4DdiGitw==</latexit>

P
<latexit sha1_base64="gP2r6z5ZQqHbLC4K125qcUM0d/U=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnetEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+y/32BJXmsXw00wT9iA4lDzmjxkp+1ouoGQVh1pjNSL9SdWvuHGSVeAWpQoFGv/LVG8QsjVAaJqjWXc9NjJ9RZTgTOCv3Uo0JZWM6xK6lkkao/WweekbOrTIgYazsk4bM1d8bGY20nkaBncwz6mUvF//zuqkJb/yMyyQ1KNniUJgKYmKSN0AGXCEzYmoJZYrbrISNqKLM2J7KtgRv+curpHVZ8yx/uKrWb4s6SnAKZ3ABHlxDHe6hAU1g8ATP8ApvzsR5cd6dj8XomlPsnMAfOJ8/5kaSKg==</latexit><latexit sha1_base64="gP2r6z5ZQqHbLC4K125qcUM0d/U=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnetEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+y/32BJXmsXw00wT9iA4lDzmjxkp+1ouoGQVh1pjNSL9SdWvuHGSVeAWpQoFGv/LVG8QsjVAaJqjWXc9NjJ9RZTgTOCv3Uo0JZWM6xK6lkkao/WweekbOrTIgYazsk4bM1d8bGY20nkaBncwz6mUvF//zuqkJb/yMyyQ1KNniUJgKYmKSN0AGXCEzYmoJZYrbrISNqKLM2J7KtgRv+curpHVZ8yx/uKrWb4s6SnAKZ3ABHlxDHe6hAU1g8ATP8ApvzsR5cd6dj8XomlPsnMAfOJ8/5kaSKg==</latexit><latexit sha1_base64="gP2r6z5ZQqHbLC4K125qcUM0d/U=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnetEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+y/32BJXmsXw00wT9iA4lDzmjxkp+1ouoGQVh1pjNSL9SdWvuHGSVeAWpQoFGv/LVG8QsjVAaJqjWXc9NjJ9RZTgTOCv3Uo0JZWM6xK6lkkao/WweekbOrTIgYazsk4bM1d8bGY20nkaBncwz6mUvF//zuqkJb/yMyyQ1KNniUJgKYmKSN0AGXCEzYmoJZYrbrISNqKLM2J7KtgRv+curpHVZ8yx/uKrWb4s6SnAKZ3ABHlxDHe6hAU1g8ATP8ApvzsR5cd6dj8XomlPsnMAfOJ8/5kaSKg==</latexit>

�1+1
<latexit sha1_base64="JMlcEnAWmMvlSEglcTyfHAScTbI=">AAAB+3icbVDLSsNAFL3xWesr1qWb0SIIQklE0GXRjcsK9gFNCJPJpB06mYSZiVhCf8WNC0Xc+iPu/BunbRbaeuDC4ZxzmTsnzDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJpLQtsk5anshVhRzgRta6Y57WWS4iTktBuObqd+95FKxVLxoMcZ9RM8ECxmBGsjBXbN4yYc4cBF3vG5GeQGdt1pODOgZeKWpA4lWoH95UUpyRMqNOFYqb7rZNovsNSMcDqpermiGSYjPKB9QwVOqPKL2e0TdGqUCMWpNCM0mqm/NwqcKDVOQpNMsB6qRW8q/uf1cx1f+wUTWa6pIPOH4pwjnaJpEShikhLNx4ZgIpm5FZEhlphoU1fVlOAufnmZdC4aruH3l/XmTVlHBY7gBM7AhStowh20oA0EnuAZXuHNmlgv1rv1MY+uWOXOIfyB9fkD6J+SYg==</latexit><latexit sha1_base64="JMlcEnAWmMvlSEglcTyfHAScTbI=">AAAB+3icbVDLSsNAFL3xWesr1qWb0SIIQklE0GXRjcsK9gFNCJPJpB06mYSZiVhCf8WNC0Xc+iPu/BunbRbaeuDC4ZxzmTsnzDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJpLQtsk5anshVhRzgRta6Y57WWS4iTktBuObqd+95FKxVLxoMcZ9RM8ECxmBGsjBXbN4yYc4cBF3vG5GeQGdt1pODOgZeKWpA4lWoH95UUpyRMqNOFYqb7rZNovsNSMcDqpermiGSYjPKB9QwVOqPKL2e0TdGqUCMWpNCM0mqm/NwqcKDVOQpNMsB6qRW8q/uf1cx1f+wUTWa6pIPOH4pwjnaJpEShikhLNx4ZgIpm5FZEhlphoU1fVlOAufnmZdC4aruH3l/XmTVlHBY7gBM7AhStowh20oA0EnuAZXuHNmlgv1rv1MY+uWOXOIfyB9fkD6J+SYg==</latexit><latexit sha1_base64="JMlcEnAWmMvlSEglcTyfHAScTbI=">AAAB+3icbVDLSsNAFL3xWesr1qWb0SIIQklE0GXRjcsK9gFNCJPJpB06mYSZiVhCf8WNC0Xc+iPu/BunbRbaeuDC4ZxzmTsnzDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJpLQtsk5anshVhRzgRta6Y57WWS4iTktBuObqd+95FKxVLxoMcZ9RM8ECxmBGsjBXbN4yYc4cBF3vG5GeQGdt1pODOgZeKWpA4lWoH95UUpyRMqNOFYqb7rZNovsNSMcDqpermiGSYjPKB9QwVOqPKL2e0TdGqUCMWpNCM0mqm/NwqcKDVOQpNMsB6qRW8q/uf1cx1f+wUTWa6pIPOH4pwjnaJpEShikhLNx4ZgIpm5FZEhlphoU1fVlOAufnmZdC4aruH3l/XmTVlHBY7gBM7AhStowh20oA0EnuAZXuHNmlgv1rv1MY+uWOXOIfyB9fkD6J+SYg==</latexit>

�n+1
<latexit sha1_base64="ChU2dWtPwPAq69ZEciyc3L1WywM=">AAAB+3icbVDLSsNAFL3xWesr1qWb0SIIQklE0GXRjcsK9gFNCJPJpB06mYSZiVhCf8WNC0Xc+iPu/BunbRbaeuDC4ZxzmTsnzDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJpLQtsk5anshVhRzgRta6Y57WWS4iTktBuObqd+95FKxVLxoMcZ9RM8ECxmBGsjBXbN4yYc4UAg7/jcDHIDu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PYJOjVKhOJUmhEazdTfGwVOlBonoUkmWA/VojcV//P6uY6v/YKJLNdUkPlDcc6RTtG0CBQxSYnmY0MwkczcisgQS0y0qatqSnAXv7xMOhcN1/D7y3rzpqyjAkdwAmfgwhU04Q5a0AYCT/AMr/BmTawX6936mEdXrHLnEP7A+vwBR0eSnw==</latexit><latexit sha1_base64="ChU2dWtPwPAq69ZEciyc3L1WywM=">AAAB+3icbVDLSsNAFL3xWesr1qWb0SIIQklE0GXRjcsK9gFNCJPJpB06mYSZiVhCf8WNC0Xc+iPu/BunbRbaeuDC4ZxzmTsnzDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJpLQtsk5anshVhRzgRta6Y57WWS4iTktBuObqd+95FKxVLxoMcZ9RM8ECxmBGsjBXbN4yYc4UAg7/jcDHIDu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PYJOjVKhOJUmhEazdTfGwVOlBonoUkmWA/VojcV//P6uY6v/YKJLNdUkPlDcc6RTtG0CBQxSYnmY0MwkczcisgQS0y0qatqSnAXv7xMOhcN1/D7y3rzpqyjAkdwAmfgwhU04Q5a0AYCT/AMr/BmTawX6936mEdXrHLnEP7A+vwBR0eSnw==</latexit><latexit sha1_base64="ChU2dWtPwPAq69ZEciyc3L1WywM=">AAAB+3icbVDLSsNAFL3xWesr1qWb0SIIQklE0GXRjcsK9gFNCJPJpB06mYSZiVhCf8WNC0Xc+iPu/BunbRbaeuDC4ZxzmTsnzDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJpLQtsk5anshVhRzgRta6Y57WWS4iTktBuObqd+95FKxVLxoMcZ9RM8ECxmBGsjBXbN4yYc4UAg7/jcDHIDu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PYJOjVKhOJUmhEazdTfGwVOlBonoUkmWA/VojcV//P6uY6v/YKJLNdUkPlDcc6RTtG0CBQxSYnmY0MwkczcisgQS0y0qatqSnAXv7xMOhcN1/D7y3rzpqyjAkdwAmfgwhU04Q5a0AYCT/AMr/BmTawX6936mEdXrHLnEP7A+vwBR0eSnw==</latexit>

0

0



A GNILC post-processing pipeline for CO

Rx0 = Pt
<latexit sha1_base64="EsljZwEP3hiquCE4wOvk4/IUh9g=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0VwVRIp6EYounFZxT6gScNkMmmHTh7MTMQS8iNu/BU3LhRx4Ub8GydtEG09MHA451zm3uMljAppml9aZWl5ZXWtuq5vbG5t7xi7ex0RpxyTNo5ZzHseEoTRiLQllYz0Ek5Q6DHS9caXhd+9I1zQOLqVk4Q4IRpGNKAYSSW5RiOzQyRHXpDd5Lmb2V7M/EKA9wM74TQkOTyH+k+oNZB5Dl2jZtbNKeAisUpSAyVarvFh+zFOQxJJzJAQfctMpJMhLilmJNftVJAE4TEakr6iEQqJcLLpdTk8UooPg5irF0k4VX9PZCgUYhJ6KllsKea9QvzP66cyOHMyGiWpJBGefRSkDMoYFlVBn3KCJZsogjCnaleIR4gjLFWhuirBmj95kXRO6pbi141a86KsowoOwCE4BhY4BU1wBVqgDTB4AE/gBbxqj9qz9qa9z6IVrZzZB3+gfX4DdiGitw==</latexit><latexit sha1_base64="EsljZwEP3hiquCE4wOvk4/IUh9g=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0VwVRIp6EYounFZxT6gScNkMmmHTh7MTMQS8iNu/BU3LhRx4Ub8GydtEG09MHA451zm3uMljAppml9aZWl5ZXWtuq5vbG5t7xi7ex0RpxyTNo5ZzHseEoTRiLQllYz0Ek5Q6DHS9caXhd+9I1zQOLqVk4Q4IRpGNKAYSSW5RiOzQyRHXpDd5Lmb2V7M/EKA9wM74TQkOTyH+k+oNZB5Dl2jZtbNKeAisUpSAyVarvFh+zFOQxJJzJAQfctMpJMhLilmJNftVJAE4TEakr6iEQqJcLLpdTk8UooPg5irF0k4VX9PZCgUYhJ6KllsKea9QvzP66cyOHMyGiWpJBGefRSkDMoYFlVBn3KCJZsogjCnaleIR4gjLFWhuirBmj95kXRO6pbi141a86KsowoOwCE4BhY4BU1wBVqgDTB4AE/gBbxqj9qz9qa9z6IVrZzZB3+gfX4DdiGitw==</latexit><latexit sha1_base64="EsljZwEP3hiquCE4wOvk4/IUh9g=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0VwVRIp6EYounFZxT6gScNkMmmHTh7MTMQS8iNu/BU3LhRx4Ub8GydtEG09MHA451zm3uMljAppml9aZWl5ZXWtuq5vbG5t7xi7ex0RpxyTNo5ZzHseEoTRiLQllYz0Ek5Q6DHS9caXhd+9I1zQOLqVk4Q4IRpGNKAYSSW5RiOzQyRHXpDd5Lmb2V7M/EKA9wM74TQkOTyH+k+oNZB5Dl2jZtbNKeAisUpSAyVarvFh+zFOQxJJzJAQfctMpJMhLilmJNftVJAE4TEakr6iEQqJcLLpdTk8UooPg5irF0k4VX9PZCgUYhJ6KllsKea9QvzP66cyOHMyGiWpJBGefRSkDMoYFlVBn3KCJZsogjCnaleIR4gjLFWhuirBmj95kXRO6pbi141a86KsowoOwCE4BhY4BU1wBVqgDTB4AE/gBbxqj9qz9qa9z6IVrZzZB3+gfX4DdiGitw==</latexit>

P
<latexit sha1_base64="gP2r6z5ZQqHbLC4K125qcUM0d/U=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnetEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+y/32BJXmsXw00wT9iA4lDzmjxkp+1ouoGQVh1pjNSL9SdWvuHGSVeAWpQoFGv/LVG8QsjVAaJqjWXc9NjJ9RZTgTOCv3Uo0JZWM6xK6lkkao/WweekbOrTIgYazsk4bM1d8bGY20nkaBncwz6mUvF//zuqkJb/yMyyQ1KNniUJgKYmKSN0AGXCEzYmoJZYrbrISNqKLM2J7KtgRv+curpHVZ8yx/uKrWb4s6SnAKZ3ABHlxDHe6hAU1g8ATP8ApvzsR5cd6dj8XomlPsnMAfOJ8/5kaSKg==</latexit><latexit sha1_base64="gP2r6z5ZQqHbLC4K125qcUM0d/U=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnetEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+y/32BJXmsXw00wT9iA4lDzmjxkp+1ouoGQVh1pjNSL9SdWvuHGSVeAWpQoFGv/LVG8QsjVAaJqjWXc9NjJ9RZTgTOCv3Uo0JZWM6xK6lkkao/WweekbOrTIgYazsk4bM1d8bGY20nkaBncwz6mUvF//zuqkJb/yMyyQ1KNniUJgKYmKSN0AGXCEzYmoJZYrbrISNqKLM2J7KtgRv+curpHVZ8yx/uKrWb4s6SnAKZ3ABHlxDHe6hAU1g8ATP8ApvzsR5cd6dj8XomlPsnMAfOJ8/5kaSKg==</latexit><latexit sha1_base64="gP2r6z5ZQqHbLC4K125qcUM0d/U=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnetEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+y/32BJXmsXw00wT9iA4lDzmjxkp+1ouoGQVh1pjNSL9SdWvuHGSVeAWpQoFGv/LVG8QsjVAaJqjWXc9NjJ9RZTgTOCv3Uo0JZWM6xK6lkkao/WweekbOrTIgYazsk4bM1d8bGY20nkaBncwz6mUvF//zuqkJb/yMyyQ1KNniUJgKYmKSN0AGXCEzYmoJZYrbrISNqKLM2J7KtgRv+curpHVZ8yx/uKrWb4s6SnAKZ3ABHlxDHe6hAU1g8ATP8ApvzsR5cd6dj8XomlPsnMAfOJ8/5kaSKg==</latexit>

�1+1
<latexit sha1_base64="JMlcEnAWmMvlSEglcTyfHAScTbI=">AAAB+3icbVDLSsNAFL3xWesr1qWb0SIIQklE0GXRjcsK9gFNCJPJpB06mYSZiVhCf8WNC0Xc+iPu/BunbRbaeuDC4ZxzmTsnzDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJpLQtsk5anshVhRzgRta6Y57WWS4iTktBuObqd+95FKxVLxoMcZ9RM8ECxmBGsjBXbN4yYc4cBF3vG5GeQGdt1pODOgZeKWpA4lWoH95UUpyRMqNOFYqb7rZNovsNSMcDqpermiGSYjPKB9QwVOqPKL2e0TdGqUCMWpNCM0mqm/NwqcKDVOQpNMsB6qRW8q/uf1cx1f+wUTWa6pIPOH4pwjnaJpEShikhLNx4ZgIpm5FZEhlphoU1fVlOAufnmZdC4aruH3l/XmTVlHBY7gBM7AhStowh20oA0EnuAZXuHNmlgv1rv1MY+uWOXOIfyB9fkD6J+SYg==</latexit><latexit sha1_base64="JMlcEnAWmMvlSEglcTyfHAScTbI=">AAAB+3icbVDLSsNAFL3xWesr1qWb0SIIQklE0GXRjcsK9gFNCJPJpB06mYSZiVhCf8WNC0Xc+iPu/BunbRbaeuDC4ZxzmTsnzDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJpLQtsk5anshVhRzgRta6Y57WWS4iTktBuObqd+95FKxVLxoMcZ9RM8ECxmBGsjBXbN4yYc4cBF3vG5GeQGdt1pODOgZeKWpA4lWoH95UUpyRMqNOFYqb7rZNovsNSMcDqpermiGSYjPKB9QwVOqPKL2e0TdGqUCMWpNCM0mqm/NwqcKDVOQpNMsB6qRW8q/uf1cx1f+wUTWa6pIPOH4pwjnaJpEShikhLNx4ZgIpm5FZEhlphoU1fVlOAufnmZdC4aruH3l/XmTVlHBY7gBM7AhStowh20oA0EnuAZXuHNmlgv1rv1MY+uWOXOIfyB9fkD6J+SYg==</latexit><latexit sha1_base64="JMlcEnAWmMvlSEglcTyfHAScTbI=">AAAB+3icbVDLSsNAFL3xWesr1qWb0SIIQklE0GXRjcsK9gFNCJPJpB06mYSZiVhCf8WNC0Xc+iPu/BunbRbaeuDC4ZxzmTsnzDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJpLQtsk5anshVhRzgRta6Y57WWS4iTktBuObqd+95FKxVLxoMcZ9RM8ECxmBGsjBXbN4yYc4cBF3vG5GeQGdt1pODOgZeKWpA4lWoH95UUpyRMqNOFYqb7rZNovsNSMcDqpermiGSYjPKB9QwVOqPKL2e0TdGqUCMWpNCM0mqm/NwqcKDVOQpNMsB6qRW8q/uf1cx1f+wUTWa6pIPOH4pwjnaJpEShikhLNx4ZgIpm5FZEhlphoU1fVlOAufnmZdC4aruH3l/XmTVlHBY7gBM7AhStowh20oA0EnuAZXuHNmlgv1rv1MY+uWOXOIfyB9fkD6J+SYg==</latexit>

�n+1
<latexit sha1_base64="ChU2dWtPwPAq69ZEciyc3L1WywM=">AAAB+3icbVDLSsNAFL3xWesr1qWb0SIIQklE0GXRjcsK9gFNCJPJpB06mYSZiVhCf8WNC0Xc+iPu/BunbRbaeuDC4ZxzmTsnzDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJpLQtsk5anshVhRzgRta6Y57WWS4iTktBuObqd+95FKxVLxoMcZ9RM8ECxmBGsjBXbN4yYc4UAg7/jcDHIDu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PYJOjVKhOJUmhEazdTfGwVOlBonoUkmWA/VojcV//P6uY6v/YKJLNdUkPlDcc6RTtG0CBQxSYnmY0MwkczcisgQS0y0qatqSnAXv7xMOhcN1/D7y3rzpqyjAkdwAmfgwhU04Q5a0AYCT/AMr/BmTawX6936mEdXrHLnEP7A+vwBR0eSnw==</latexit><latexit sha1_base64="ChU2dWtPwPAq69ZEciyc3L1WywM=">AAAB+3icbVDLSsNAFL3xWesr1qWb0SIIQklE0GXRjcsK9gFNCJPJpB06mYSZiVhCf8WNC0Xc+iPu/BunbRbaeuDC4ZxzmTsnzDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJpLQtsk5anshVhRzgRta6Y57WWS4iTktBuObqd+95FKxVLxoMcZ9RM8ECxmBGsjBXbN4yYc4UAg7/jcDHIDu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PYJOjVKhOJUmhEazdTfGwVOlBonoUkmWA/VojcV//P6uY6v/YKJLNdUkPlDcc6RTtG0CBQxSYnmY0MwkczcisgQS0y0qatqSnAXv7xMOhcN1/D7y3rzpqyjAkdwAmfgwhU04Q5a0AYCT/AMr/BmTawX6936mEdXrHLnEP7A+vwBR0eSnw==</latexit><latexit sha1_base64="ChU2dWtPwPAq69ZEciyc3L1WywM=">AAAB+3icbVDLSsNAFL3xWesr1qWb0SIIQklE0GXRjcsK9gFNCJPJpB06mYSZiVhCf8WNC0Xc+iPu/BunbRbaeuDC4ZxzmTsnzDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJpLQtsk5anshVhRzgRta6Y57WWS4iTktBuObqd+95FKxVLxoMcZ9RM8ECxmBGsjBXbN4yYc4UAg7/jcDHIDu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PYJOjVKhOJUmhEazdTfGwVOlBonoUkmWA/VojcV//P6uY6v/YKJLNdUkPlDcc6RTtG0CBQxSYnmY0MwkczcisgQS0y0qatqSnAXv7xMOhcN1/D7y3rzpqyjAkdwAmfgwhU04Q5a0AYCT/AMr/BmTawX6936mEdXrHLnEP7A+vwBR0eSnw==</latexit>

0

0
Project       on the "component subspace" spanned by the (few) 
eigenvectors corresponding to eigenvalues       that are significant,
to get an estimate       of      

x0
<latexit sha1_base64="NPYsvz41Bhhv3CgODzKvbbh1cmo=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3Wzi7kYsoX/CiwdFvPp3vPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RYq/10300Uj7BXrrhVdyayDF4OFchV75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixKGmE2s9m+07IiXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQkv/YzLJDUo2fyjMBXExGR6POlzhcyIsQXKFLe7EjakijJjIyrZELzFk5eheVb1LN+eV2pXeRxFOIJjOAUPLqAGN1CHBjAQ8Ayv8OY8OC/Ou/Mxby04+cwh/JHz+QNCdJAZ</latexit><latexit sha1_base64="NPYsvz41Bhhv3CgODzKvbbh1cmo=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3Wzi7kYsoX/CiwdFvPp3vPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RYq/10300Uj7BXrrhVdyayDF4OFchV75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixKGmE2s9m+07IiXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQkv/YzLJDUo2fyjMBXExGR6POlzhcyIsQXKFLe7EjakijJjIyrZELzFk5eheVb1LN+eV2pXeRxFOIJjOAUPLqAGN1CHBjAQ8Ayv8OY8OC/Ou/Mxby04+cwh/JHz+QNCdJAZ</latexit><latexit sha1_base64="NPYsvz41Bhhv3CgODzKvbbh1cmo=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3Wzi7kYsoX/CiwdFvPp3vPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RYq/10300Uj7BXrrhVdyayDF4OFchV75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixKGmE2s9m+07IiXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQkv/YzLJDUo2fyjMBXExGR6POlzhcyIsQXKFLe7EjakijJjIyrZELzFk5eheVb1LN+eV2pXeRxFOIJjOAUPLqAGN1CHBjAQ8Ayv8OY8OC/Ou/Mxby04+cwh/JHz+QNCdJAZ</latexit>

�i
<latexit sha1_base64="oP1Ycs6x5CAUT2vnE9fwrql0E8c=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDPqjWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufcdv7+sNW6KOspwAqdwDj5cQQPuoAktoCDhGV7hDWn0gt7RxyJaQsXMMfwB+vwBu7GQWQ==</latexit><latexit sha1_base64="oP1Ycs6x5CAUT2vnE9fwrql0E8c=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDPqjWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufcdv7+sNW6KOspwAqdwDj5cQQPuoAktoCDhGV7hDWn0gt7RxyJaQsXMMfwB+vwBu7GQWQ==</latexit><latexit sha1_base64="oP1Ycs6x5CAUT2vnE9fwrql0E8c=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDPqjWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufcdv7+sNW6KOspwAqdwDj5cQQPuoAktoCDhGV7hDWn0gt7RxyJaQsXMMfwB+vwBu7GQWQ==</latexit>

Get back to original space :  

bx0
<latexit sha1_base64="yAd/OoDZurYFO7LzlbnevxRj49Q=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQZdFNy4r2As0sUwmJ+3QmSTMTNQSunLjq7hxoYhbn8Gdb+Ok7UJbfxj4+M85zDl/kHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmKTRowhPZDogCzmJoaKY5tFMJRAQcWsHgsqi37kAqlsQ3epiCL0gvZhGjRBurax949yyEPtE494KEh4LoPn4Y3XqpZAK6dsWpOmPheXCnUEFT1bv2lxcmNBMQa8qJUh3XSbWfE6kZ5TAqe5mClNAB6UHHYEwEKD8fnzHCR8YJcZRI82KNx+7viZwIpYYiMJ3Fmmq2Vpj/1TqZjs79nMVppiGmk4+ijGOd4CITHDIJVPOhAUIlM7ti2ieSUG2SK5sQ3NmT56F5UnUNX59WahfTOEpoHx2iY+SiM1RDV6iOGoiiR/SMXtGb9WS9WO/Wx6R1wZrO7KE/sj5/AKt9mT0=</latexit><latexit sha1_base64="yAd/OoDZurYFO7LzlbnevxRj49Q=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQZdFNy4r2As0sUwmJ+3QmSTMTNQSunLjq7hxoYhbn8Gdb+Ok7UJbfxj4+M85zDl/kHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmKTRowhPZDogCzmJoaKY5tFMJRAQcWsHgsqi37kAqlsQ3epiCL0gvZhGjRBurax949yyEPtE494KEh4LoPn4Y3XqpZAK6dsWpOmPheXCnUEFT1bv2lxcmNBMQa8qJUh3XSbWfE6kZ5TAqe5mClNAB6UHHYEwEKD8fnzHCR8YJcZRI82KNx+7viZwIpYYiMJ3Fmmq2Vpj/1TqZjs79nMVppiGmk4+ijGOd4CITHDIJVPOhAUIlM7ti2ieSUG2SK5sQ3NmT56F5UnUNX59WahfTOEpoHx2iY+SiM1RDV6iOGoiiR/SMXtGb9WS9WO/Wx6R1wZrO7KE/sj5/AKt9mT0=</latexit><latexit sha1_base64="yAd/OoDZurYFO7LzlbnevxRj49Q=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQZdFNy4r2As0sUwmJ+3QmSTMTNQSunLjq7hxoYhbn8Gdb+Ok7UJbfxj4+M85zDl/kHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmKTRowhPZDogCzmJoaKY5tFMJRAQcWsHgsqi37kAqlsQ3epiCL0gvZhGjRBurax949yyEPtE494KEh4LoPn4Y3XqpZAK6dsWpOmPheXCnUEFT1bv2lxcmNBMQa8qJUh3XSbWfE6kZ5TAqe5mClNAB6UHHYEwEKD8fnzHCR8YJcZRI82KNx+7viZwIpYYiMJ3Fmmq2Vpj/1TqZjs79nMVppiGmk4+ijGOd4CITHDIJVPOhAUIlM7ti2ieSUG2SK5sQ3NmT56F5UnUNX59WahfTOEpoHx2iY+SiM1RDV6iOGoiiR/SMXtGb9WS9WO/Wx6R1wZrO7KE/sj5/AKt9mT0=</latexit>

x0
<latexit sha1_base64="NPYsvz41Bhhv3CgODzKvbbh1cmo=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3Wzi7kYsoX/CiwdFvPp3vPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RYq/10300Uj7BXrrhVdyayDF4OFchV75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixKGmE2s9m+07IiXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQkv/YzLJDUo2fyjMBXExGR6POlzhcyIsQXKFLe7EjakijJjIyrZELzFk5eheVb1LN+eV2pXeRxFOIJjOAUPLqAGN1CHBjAQ8Ayv8OY8OC/Ou/Mxby04+cwh/JHz+QNCdJAZ</latexit><latexit sha1_base64="NPYsvz41Bhhv3CgODzKvbbh1cmo=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3Wzi7kYsoX/CiwdFvPp3vPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RYq/10300Uj7BXrrhVdyayDF4OFchV75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixKGmE2s9m+07IiXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQkv/YzLJDUo2fyjMBXExGR6POlzhcyIsQXKFLe7EjakijJjIyrZELzFk5eheVb1LN+eV2pXeRxFOIJjOAUPLqAGN1CHBjAQ8Ayv8OY8OC/Ou/Mxby04+cwh/JHz+QNCdJAZ</latexit><latexit sha1_base64="NPYsvz41Bhhv3CgODzKvbbh1cmo=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3Wzi7kYsoX/CiwdFvPp3vPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RYq/10300Uj7BXrrhVdyayDF4OFchV75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixKGmE2s9m+07IiXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQkv/YzLJDUo2fyjMBXExGR6POlzhcyIsQXKFLe7EjakijJjIyrZELzFk5eheVb1LN+eV2pXeRxFOIJjOAUPLqAGN1CHBjAQ8Ayv8OY8OC/Ou/Mxby04+cwh/JHz+QNCdJAZ</latexit>

significant :       >> 1�i
<latexit sha1_base64="oP1Ycs6x5CAUT2vnE9fwrql0E8c=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDPqjWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufcdv7+sNW6KOspwAqdwDj5cQQPuoAktoCDhGV7hDWn0gt7RxyJaQsXMMfwB+vwBu7GQWQ==</latexit><latexit sha1_base64="oP1Ycs6x5CAUT2vnE9fwrql0E8c=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDPqjWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufcdv7+sNW6KOspwAqdwDj5cQQPuoAktoCDhGV7hDWn0gt7RxyJaQsXMMfwB+vwBu7GQWQ==</latexit><latexit sha1_base64="oP1Ycs6x5CAUT2vnE9fwrql0E8c=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDPqjWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufcdv7+sNW6KOspwAqdwDj5cQQPuoAktoCDhGV7hDWn0gt7RxyJaQsXMMfwB+vwBu7GQWQ==</latexit>

negligible :       << 1�i
<latexit sha1_base64="oP1Ycs6x5CAUT2vnE9fwrql0E8c=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDPqjWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufcdv7+sNW6KOspwAqdwDj5cQQPuoAktoCDhGV7hDWn0gt7RxyJaQsXMMfwB+vwBu7GQWQ==</latexit><latexit sha1_base64="oP1Ycs6x5CAUT2vnE9fwrql0E8c=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDPqjWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufcdv7+sNW6KOspwAqdwDj5cQQPuoAktoCDhGV7hDWn0gt7RxyJaQsXMMfwB+vwBu7GQWQ==</latexit><latexit sha1_base64="oP1Ycs6x5CAUT2vnE9fwrql0E8c=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDPqjWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufcdv7+sNW6KOspwAqdwDj5cQQPuoAktoCDhGV7hDWn0gt7RxyJaQsXMMfwB+vwBu7GQWQ==</latexit>

bx = R1/2
n bx0

<latexit sha1_base64="RjzIpZBHYib2CeU3nZKzPEXoRjY="></latexit><latexit sha1_base64="RjzIpZBHYib2CeU3nZKzPEXoRjY="></latexit><latexit sha1_base64="RjzIpZBHYib2CeU3nZKzPEXoRjY="></latexit>

. We are done !  



A GNILC post-processing pipeline for CO

Important details 

• Mask clusters and point sources in Type 2 maps and fill gaps
• Mask very strong regions of emission and fill gaps, keep the difference 

(reinjected in the final maps)
• Reduce artefacts by working at Nside = 1024 and apodised 10' beam

• We use 5 input maps (3 x Type-1 and 2 x Type-2) and work in needlet
domains (localize both in harmonic and in pixel space)
• Where GNILC finds no significant component, keep one direction, set by a 

prior on the line ratio (i.e. the matrix A, calibrated on Dame 2001): xGNILC
• Filter out systematics in the J=3-2 map as a last cleaning step



Results

J=1-0
xGNILC

J=1-0
Type-1



Results J=1-0
xGNILC

J=1-0
Type-1

J=1-0
Dame et al. 2001



Comparison with Type-1 for J=1-0

J=1-0
T2 vs. T1 masked (2%)

x20

J=1-0
xGNILC vs. T1

Type-2

Type-1

xGNILC

Type-1

x100



Results J=2-1
xGNILC

J=2-1
Type-1

Difference
Type-1 - xGNILC



Results J=3-2
xGNILC

J=3-2
Type-1

Difference
Type-1 - xGNILC



Results J=1-0
xGNILC

Dame et al.
2022

IRAS (IRIS)

Clear detection of
high galactic latitude clouds

Confirmed by comparison 
with Dame+ 2022

Do not seem to be due to
confusion with dust



Results J=1-0
xGNILC

J=1-0
Type-1

Clear detection of
high galactic latitude clouds

Confirmed by comparison 
with Dame+ 2022

Do not seem to be due to
confusion with dust

Some faint clouds are
real and hard to see in the 
original Planck maps.

J=1-0
Type-2



Summary

New low-noise, low contamination CO maps from Planck 

• Publication ready, to be posted on arXiv and submitted to A&A in the 
coming days (probably this week)

• Data will be available online (PLA and/or NERSC and/or LAMBDA)

• Implementation of new CO models in PSM and PySM scheduled for 
next releases


