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The COMAP TOD Pipeline
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Pipeline Summary

Goal
● Remove correlated noise and systematics in 

the time domain.

● Output should be close to white noise.
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Pipeline Summary

Goal
● Remove correlated noise and systematics in 

the time domain.

● Output should be close to white noise.

Pipeline is performed on 5 minute scans.

(4096 channels, ~15’000 time samples)

5 minute 
CES scans
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A look at raw data

In time:
(3 channels)

In frequency:
(avg. over time)
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1. Normalization

Goal: Make freq. channels comparable

● Per frequency, divide the data by its (running) mean, and subtract 1.

● fknee of running mean = 0.01Hz (1.7 minutes).
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1. Normalization
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2. Pointing template removal

Goal: Remove atmosphere and ground
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2. Pointing template removal

Goal: Remove atmosphere and ground

Atmosphere Ground sidelobe
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2. Pointing template removal

Atmosphere Ground sidelobe

For every frequency, fit and subtract this model

Goal: Remove atmosphere and ground
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3. Gain and continuum removal

Goal: Remove 1/f amplifier gain and continuum
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3. Gain and continuum removal

Gain modelling

● After normalization, the 1/f gain fluctuations are constant across frequency.
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3. Gain and continuum removal

Gain modelling

● After normalization, the 1/f gain fluctuations are constant across frequency.

● For each time sample, we simply subtract the mean across frequency.
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3. Gain and continuum removal

TOD power spectrum before/after:
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3. Gain and continuum removal

Continuum modelling

● We also want to remove any continuum from the TOD (atmosphere, CMB, foregrounds…)
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● After normalization, a temperature continuum will take the form (linear approx.):
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3. Gain and continuum removal

Continuum modelling

● We also want to remove any continuum from the TOD (atmosphere, CMB, foregrounds…)

● After normalization, a temperature continuum will take the form (linear approx.):

System temperature:
Found through calibration
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3. Gain and continuum removal

Joint fit of gain and continuum fluctuations per time sample



Jonas G. S. LundeCOMAP Data Pipeline

3. Gain and continuum removal

Joint fit of gain and continuum fluctuations per time sample

Gain 
fluctuations

Continuum 
amplitude

Continuum 
slope
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3. Gain and continuum removal

Quick diversion:
Application in continuum science
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3. Gain and continuum removal

Alternative applications to galactic science

● For the CO science, we want to remove gain and continuum.
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3. Gain and continuum removal

Alternative applications to galactic science

● For the CO science, we want to remove gain and continuum.

● However, the method also allows for the separation of gain and continuum.
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3. Gain and continuum removal

Example applied to our galactic science data

OLD CONTINUUM PIPELINE
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3. Gain and continuum removal

Example applied to our galactic science data

NEW CONTINUUM PIPELINE

LDN 1582
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3. Gain and continuum removal

Diversion over:
Back to the pipeline
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3. Gain and continuum removal

TOD power spectrum before/after:

For most scans this 
works incredibly well!
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3. Gain and continuum removal

TOD power spectrum before/after:

For some scans there is 
still excess correlation on 
long time scales.
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3. Gain and continuum removal

TOD power spectrum before/after:

For some scans there is still 
excess correlation on long 
time scales.

- Standing waves
- Residual atmosphere
- Weather
- Ground?
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4. PCA (principal component analysis) filter

Goal: Remove misc systematics - Anything 
coherent in both time and frequency
(which the CO signal is not)
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4. PCA (principal component analysis) filter

● Perform a PCA on the data matrix          , and subtract the largest eigenmodes.
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4. PCA (principal component analysis) filter

● Perform a PCA on the data matrix          , and subtract the largest eigenmodes.

● Corresponds to finding the outer product of       and        which explains as much of the variance 

in          as possible:
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4. PCA (principal component analysis) filter

minimize:

● Perform a PCA on the data matrix          , and subtract the largest eigenmodes.

● Corresponds to finding the outer product of       and        which explains as much of the variance 

in          as possible:
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4. PCA (principal component analysis) filter

minimize:

● Perform a PCA on the data matrix          , and subtract the largest eigenmodes.

● Corresponds to finding the outer product of       and        which explains as much of the variance 

in          as possible:

● Rinse and repeat until the components are only noise (typically 0-3 times).
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4. PCA (principal component analysis) filter

What does a typical PCA component look like? (standing wave)
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4. PCA (principal component analysis) filter

What does a typical PCA component look like? (weather)
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4. PCA (principal component analysis) filter

TOD power spectrum
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4. PCA (principal component analysis) filter

TOD power spectrum
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5. Calibration

● Every hour, the FOV of the telescope is blocked, and a 

calibration of gain and system temperature is performed.



Jonas G. S. LundeCOMAP Data Pipeline

5. Calibration

● Every hour, the FOV of the telescope is blocked, and a 

calibration of gain and system temperature is performed.

<- 10 seconds ->

<- 1 hour ->
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5. Calibration

● Every hour, the FOV of the telescope is blocked, and a 

calibration of gain and system temperature is performed.

<- 10 seconds ->

<- 1 hour ->
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5. Calibration

Gain

System
temperature
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Downsampling and mapmaking

Downsampling
● Downsampling from 4096 to 256 frequency channels (1.95MHz to 31.25MHz).

Mapmaking
● Heavy TOD processing means we can use a simple binned mapmaker.
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Data Selection
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Frequency Masking

● For each scan we mask out “badly behaving” 

channels.

● Mostly looking at excess correlation 

between channels.
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Frequency Masking

● For each scan we mask out “badly behaving” 

channels.

● Mostly looking at excess correlation 

between channels.

Correlation matrix between channels:
(before masking)
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Frequency Masking

● For each scan we mask out “badly behaving” 

channels.

● Mostly looking at excess correlation 

between channels.

● ~25% of channels masked.

Correlation matrix between channels:
(after masking)
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White noise consistency

53

Histogram of TOD vs. expected white noise distribution
(single scan):
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White noise consistency

Chi2 test on the prev. histogram
giving us another histogram…
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White noise consistency

Chi2 test on the prev. histogram
giving us another histogram…

rejected
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Frequency masking (=> 75%)

Data-derived statistics: (=> 40%)

● Chi2 on data histogram

● Chi2 on 1D azimuth map

● Chi2 on PS from very low-res map.

● Pipeline parameters outside reasonable ranges

● …

Non-data cuts: (=> 25%)

● Outside elevation range

● Sidelobe hits sun or moon

● …

Data selection

Disclaimer: Season 1 values.
Will improve in season 2!
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Conclusion

57

● COMAP employs a TOD pipeline, performing all cleaning in the time domain.

● Systematics targeted by the pipeline include

1/f gain, continuum (CMB, foregrounds, atmosphere), weather, standing waves.

● The output data is largely found to be consistent with white noise.

● However, tests are performed on various statistics, and bad scans are removed.
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Pipeline transfer function



Gain and continuum removed    Only gain removed

Frequency-averaged maps (highlights continuum), 
demonstrating how adding continuum subtraction removed 
the CMB and some point sources.



Largest singular value in a random gaussian matrix



Data model
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timefrequency





Amplifier
1/f noise





CO, white noise, 
atmosphere, 
foregrounds 











Continuum signal



Continuum signal
CO (etc…)




