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e Beam pattern depends on frequency.
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e The band-integrated beam:

B(6,9) = JT(v)B(8,9,v)S(v)dv,

-80 1

Power [dB]

04 04
225 GHz 280 GHz

—20 4

T(V): instrumental bandpass,

B(8,9,v): monochromatic beam,
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S(v): SED of observed sky component.

0 2 4 6 8 10 2 0 2 4 6 8 10 12
Angle [degree]
Nadia Dachlythra
November, 2024



e The ratio of the band-integrated beam transfer functions for four chromatic beams after applying
frequency-scaling matching the SEDs of Galactic synchrotron (green), planets (blue), dust (orange) and
B=1 (red) and the band-averaged beam (white).
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e Inputs:
o Sky simulations: CMB + Galactic dust + synchrotron (Gaussian or non-Gaussian foreground
models).

o Beam simulations: Generated with TICRA TOOLS assuming an idealized version of the SO
SAT optics (aperture + lenses + coatings).

e Beam-convolution:
o beamconv: time-domain beam convolution described in
o SAT-like scan strategy informed from the nominal observation schedule for 2024.
o 1 year of simulated scanning in the MF, UHF bands with 50 detector pairs, a Field-of-View of
35°, and sampling rate of 50 Hz.
o No HWP included.
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https://arxiv.org/abs/1809.05034
https://arxiv.org/abs/2012.10437

e Power spectra estimation:

O

NaMaster pseudo-C/estimator
described in Alonso et al. 2019.
Mask: apodized version of the
beamconv hits map (see Figure).
B-mode purification.

e Foreground component separation:

o
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BBPower [Azzoni et al. 2019, Abitbol et

al, 2021, Wolz et al. 2023].

Only the low-/B-mode spectra are
employed (30 </ < 300).

Best-fit values and uncertainty on:

{I", Alens’ sds’ Bd’ Gd’ Ad’ Bs’ GS, As}'

Stokes Q @ 280 GHz



https://arxiv.org/abs/1809.09603
https://arxiv.org/abs/2011.11575
https://arxiv.org/abs/2011.02449
https://arxiv.org/abs/2011.02449
https://arxiv.org/abs/2302.04276
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e \We use four different versions of the et - ge
simulated beams: | 5 |
o  Symmetric, co-polar beams. ! i
o  Symmetric beams with cross-polarization. | : : — : !
o Asymmetric beams with cross-polarization. " ds o i a;O'z * Adzs
o Asymmetric beams with cross-polarization : ! :
and wide sidelobes (6 _ =~ 12°). ] ] !
e Asymmetry has the strongest impact. -31 —3'/30 29 -25 15 10 05 1z 150 17
5 Qas s

Nadia Dachlythra
November, 2024



e We employ five monochromatic beam-convolved simulations of frequencies uniformly
spread across the MF and UHF bands (the LF beams are left for future work) and the
nominal SO SAT bandpasses shown in

e \We estimate the best-fit values for the tensor-to-scalar ratio, lensing amplitude and
foreground parameters, averaged over a set of ten different sky realizations and using
the covariance from

e We compare with the case where the bands are represented only by their center
frequency by estimating the difference between the parameters in the achromatic and
chromatic beam scenario in terms of each parameter 10 uncertainty.
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https://arxiv.org/abs/2011.02449
https://arxiv.org/abs/2302.04276

e The beam chromaticity bias on {Alens, I, €4 Bd, a,, Ad, BS, a, AS} is estimated as:

0.180, 0.020, 0.170, 0.090, 0.270, 0.770, 0.240, 0.010, 0.060, respectively.

e The greatest impact is for the dust spatial parameters.

e The r-tensor remains largely unaffected by beam chromaticity.

e The bias on all parameters remains well under 10.
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e \We employ PySM simulations of model Stokes Q
‘d0s0’ corresponding to a modified
black-body and a power-law SED for
Galactic dust and synchrotron, respectively.

27 GHz

e The figure shows difference maps of
simulations employing Gaussian and
non-Gaussian foreground models at 27 GHz -5 uK 5
and 280 GHz, after masking.

e The beam chromaticity bias on {A _ ., I, €,
By Oy Ay B, O, A} is estimated as:
0.140, 0.010, 0.010, 0.220, 0.470, 0.530,

0.150, 0.060, 0.020, respectively.
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e The center frequency and gain

: { MF1 MF2
requirements for the SO SATs have 08 081
been studied in Abitbol et al, 2021. %1 e
0.4 A 0.4
. 0.2 A 0.2 -
e The gain can be expressed as:
—_— E O.O L T T T 0'0 T T T T
g= J.AeffT(V)B(e’(P’V)dv’ = 60 80 100 120 100 120 140 160 180 200
T 1.0
Aeff: effective area of the telescope, aq ] UHFL og 4 UHF2
(v): instrumental bandpass. - -
0.4 4 0.4
e \We perturb the nominal bandpasses 021 0.21
adding an offset, c(v), and slope, BT: oor—— = O
rn — 150 175 200 225 250 275 300 240 260 280 300 320 340
T(V)pe - C(V)T(V)(V/VO)BT- Frequency (GHz)
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e \We now construct ten new bandpass versions for each of the ten sets of beamconv
maps studied before, assuming both Gaussian and non-Gaussian foregrounds.

e \We assess the coupling of beam chromaticity and bandpass uncertainty in terms of
the standard deviation of the best-fit values for each parameter, derived from
simulations of the same sky realization convolved with the same chromatic beams
but varying bandpasses.

e The additional uncertainty on the parameters {r A_ ¢, B, o,A, B, a,A}Is:

Gaussian foregrounds: 0.070, 0.010, 0.080, 0.080, 0.240, 0.40, 0.190, 0.020, 0.050.
Non-Gaussian foregrounds: 0.08c, 0.10, 0.080, 0.020, 0.290, 0.380, 0.010, 0.0050, 0.030.
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The impact of beam chromaticity is figostly pronounced on the dust spatial

parameters both when assuming Gaussian and non-Gaussi?n foregrounds.

Y

The tensor-to-scdl’ %atio, r, does not"appea"@bbe smmhcantly affected and the
bias on all parameters isWwe |

The coupling of bandpass fluctuati: b )3 1 chromaticity results in additional

uncertainty that is again most sigrifice t fig ML ‘arameters

\‘ o ( > \‘l\
In the future, we plan to add to thi€g »,v\ S¢e |ng up the complexity of the beams
and foreground models, and study \hc £ Jal | 1terp|ay between beam

chromaticity and HWP ’frequenc‘/ -dejs c..c]em syster‘\atlcs and most importantly...
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