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Outline

● Generation and validation of LSPE realistic simulations
- Using “Roma 1” scanning strategy simulator

● Template fitting description and validation
- first attempt to apply it to LSPE simulations

● Power spectrum extraction
- Using pseudo-Cl estimator



LSPE Simulator
Simulates the LSPE strategy and data taking and performs map-making.

Main options used for this exercise are:
 Single frequency full focal plane observation (from Svalbard)
 Frequencies 140 GHz, 220 GHz, 240 GHz
 Detectors (110, 108, 108)
 Net (11.047, 46.81, 97.49) uK sqrt(s)
 14 days of observation
 Stepping and spinning HWP 
 With and without 1/f noise (20 mHz)
 Telescope rotation speed 0.125 rpm
 Map making with different baselines

Starting from these parameters the code provides :
● Map of the observed sky 
● Map of the sky coverage (hits per pixel)
● Block diagonal noise covariance matrix.



LSPE maps
Input (units uK, FG only, no noise):

Output:



Validation
Comparing input and output maps to validate the simulator
Stepping HWP, 140 GHz

Spinning HWP, baseline 60s, 140 GHz

Spinning HWP, baseline 480s, 140 GHz

Spinning HWP, baseline 1440s, 140 GHz

Spinning HWP with baseline 480s seems to provide better reconstructed maps in polarization
In the more reasonable cases the level of residuals is negligible wrt the CMB signal.



Validation
Comparing input and output maps to validate the simulator at other frequencies.
Stepping HWP, 220 GHz

Spinning HWP, baseline 480 s, 220 GHz

Stepping HWP, 240 GHz

Spinning HWP, baseline 480 s, 240 GHz

Spinning HWP with baseline 480s seems to provide better reconstructed maps in polarization
However these residuals are negligible with respect to the CMB polarization signal



Noise covariance matrix
Histograms of the Noise Covariance Matrix: Stepping VS Spinning

Different impact on off-diagonal blocks.



Inverse condition numbers
Maps and histograms of the Inverse Condition Numbers



Impact of 1/f noise
We simulated 10 noise maps with 1/f effect and compared their mean APS with the average of 
APS from 100 white noise maps.

No significant differences are visible.
Spinning HWP is able to efficiently remove the 1/f noise contamination.



Template fitting
It is based on the fact that channels at frequencies higher (lower) than the 
cosmological ones may be used as templates for dust (synchrotron) emission.

The method was already used by WMAP team (Nside 8 and 16).
We have widely used it to build the large scales map at the basis of the  
polarization low-ell likelihood in Planck (Nside 16).

Within Planck, it is currently the only validated method that allows to build an 
accurate full spectra likelihood (TT, EE, BB, TE, TB, EB).
Moreover, since it is pixel based, it allows for testing also non rotational 
invariant models.

We are validating the method on LSPE data at higher resolution (Nside 64).
Such an increase of resolution needs a proper validation which has to be 
tuned to the LSPE characteristics using realistic simulations.



We start with a single foreground case (dust). We use 140 GHz 
map as the cosmological channel.

Where m is the (Q,U) map, X stands for 220 or 240 and α is the 
scaling coefficient for dust emission that is found by minimizing: 

Where C is the signal+noise covariance matrix.

We consider negligible the contribution to the covariance matrix of 
the error on alpha (to be tested).

Template fitting



Alternative template fitting
Since in LSPE we have two channels that can be used as tracers 
of dust we can consider a slightly different method.

Chi square minimization is used as above to estimate beta with the 
signal+noise covariance matrix that is now

This method is interesting because if the last term is negligible, the 
covariance matrix does not depend on beta saving a lot of 
computational time.

However we found that in the LSPE case the two dust frequencies 
are too close resulting in a large beta factor and making the last 
term even dominant in some cases.



Foreground simulations
Foreground maps have been generated in Roma1 using the recipe
described in Hervías-Caimapo, Bonaldi, Brown, MNRAS,462, 2016

Generated TQU foregrounds maps at 140, 220 and 240 GHz following the latest Planck 
results and considering the LSPE frequency extension bands

Maps contain both synchrotron and dust.

For the dust maps they have been generated with a fixed spectral index in all the pixels.



Starting from totally synthetic (under control) data, we started with a simple 
validation of the method.

Template fitting: validation

β = 0.4948

Numerical problems in 
the inversion of the 
covariance matrix

Needs further 
investigation

140 GHz 220 GHz

Residuals
Synchrotron?



Starting from totally synthetic (under control) data, we started with a simple 
validation of the method.

Template fitting: validation



Starting from maps derived by the scanning strategy simulator.
The input data for our exercise are:

 LSPE configuration with 140 GHz, 220 GHz and 240 GHz
 Foreground maps (dust+synchrotron) passed through the LSPE 

scanning strategy simulator
 MC of CMB with Planck best fit 2015 + r=0.03
 Noise generated from noise covariance matrix in pixel space
 FWHM = 84’, Nside 64

 
We also consider a mask covering the border pixels and the galactic 
plane (to be optimized as well).

Application to LSPE



Template fitting: LSPE

β = 0.5957 ± 0.0038

Χ2 reduced = 1.042

σ ~ 4

Significant contribution from noise, due to "noisy" 220 GHz channel.



Template fitting: LSPE
Spectra at 140 GHz without foregrounds:

Spectra of the cleaned map:

Significant contribution from noise, due to "noisy" 220 GHz channel.



Conclusions
 We have done several tests and statistical analyses of the 

simulations generated by LSPE scanning strategy simulator. 
Collaboration with Roma 1 has been useful to further improve 
the simulator.

 These realistic simulations can be used as a test lab for future 
component separation pipelines.
 

 We set up a code to apply the template fitting methodology to 
the simulator outputs.
 

 We made a first validation of the cleaning method by applying it 
to simple simulations. Needs to be refined.
 

 We then applied the method to realistic LSPE simulations. 
Future improvements of the technique to deal with noisy 
foreground channels for B-modes measurements.



 Repeat the exercise with simulations without synchrotron

 Include dust spectral index that varies in the map

 Use a likelihood pipeline to estimate the residual foreground 
contamination in terms of bias in cosmological parameters.
 

 Include STRIP realistic simulations to deal with synchrotron 
contamination

 Consider different LSPE focal planes including different bands 
(90, 270) checking for possible optimizations

Next steps
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