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Mh‘e BeyondPlanck Gibbs sampler

Correlated noise, nc°'*
How we actually do it:

g < P(g |d, &ns Dvps @, 3, Cr)

— | d, g, &ns Abp, @, B, Cr)
* z:;z:z:;: | d, g, Neorr,  Avp, a,B,Co)
d, g, Neorrs ns a,p,Cr)
B < P(p d,g, Reorrs Ens Abp, Ce)
a «— Pla |d, g neor,En, Arp, S, Co)
Ce < P(Cr |d,g, Reorrs Ens Dop, @, )

Noise parameters, &, = {0y finee @}
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Data model

d; = gs°t + nfo" + n'"

Signal subtracted data:
£ — dt . gsgot — ngOI‘I‘ _|_ nzh/vn
Covariance matrices:

(nXY(nXV)T> = Nwny,, = 002

Fmiaier f a
(g™ (e®)T) = Ny, = og ( )
fknee
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Sampllng the correlated noise

-1 2 —-1/2
(an + Ncorr)nCorr :._I' N / Wy + Ncor/r W

wi ~ N(O O-) Maximum Likelihood Sampling terms

Solve in Fourier space:

/ 1/2W =W
corr _ n'"Ncorr W2
f 1 + an corr
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Sampling the correlated noise

(Nwh + Neg) nee™ = Nihd' + Nun*ws + Neo/r'ws

A X — b

Solve by iterative conjugate gradient (CG) method:
Costly, but doable, in terms of CPU-time! (seeKeihanenet. al. (2020) for details)

0.4  (See Galloway et. al. (2020) for details)
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Noise power spectrum sampling

Need to sample noise PSD parameters ( ¢, = {00, [kneer a} )

(Sampled independently for each ~ 1 hour pointing period (PID))

W e use the followingtrick to fix gy (so 0p is not sampled!)

o _ Var(ri-ri_1)
a5 x ,

— /
1; = d’ - ncorr
For the correlated noise parameters we sample from the likelihood

1 1
P(étn \ O.Olncorr) X \/lN | exp( > ( Corr)TNcorrncorr)
corr

where

Fourier f a
Neorr(§™) = (n€OTT(nc0r)T) 3 03( )

fknee
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Priors on frnee and a

Use values for frnee and a derived in the main Planck
LFI DPC analysis (Planck Collaboration Il. 2020)

___DPC\?2
—2InP(a) = (a : ) ,

Oq

DPC

2
1 nee —1 nee
—2In P(fknee) — ( 210k "Ero Ji ) + 2 lnfknee’

O-fknee

Oqg — 02, O-fknee =0.1.
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Example of full noise model
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i Evolution of noise parameters
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Evolution of noise parameters
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Evolution of noise parameters

0 GHz, 21S

0 10000 20000 30000
Pointing period (PID)

14

40000

Beyond
!' Al LY



Evolution of noise parameters
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Inter-radiometer correlations of noise parameters
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——Temperature sensors on the Planck Instrument
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Relating temperature
Sensors to noise properties ¥
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Inter-radiometer correlation of the correlated
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Inter-radiometer correlation of the correlated noise

Mean correlation between detectors
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Inter-radiometer correlation of the correlated noise
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44 GHz, 25M
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P(f) =
O-g Lt fk]r:ee

a

Temporal frequencies
0.1 -5 Hz,
corresponds roughly
to angular scales

of 1-60 degrees. Our
main science range!
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Summary

Gap - filling using CG is costly, but works great for
correlated noise sampling

Noise properties change significantly over time as the
LFI thermal environment changes

At times large correlations between the noise of the
different radiometers (mostly on long timescales)

Residual issues for 30 and 44 GHz. Breakdown of
1/f - model?
ngond
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