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Beams and neutrino science

I B(eam)asics 7°>(n) = [ di’'B(n,7/)T(7') + noise Beam deconvolved power spectra = C; + B2

I Mean beam (e.g. DSR S4 forecast)
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Figure 75.  Impact of changes to the noise level, beam size, and sky fraction on forecasted 1 constraints
on Ne with Y, bPxed by BBN consistency. Changes tof sy are taken here at bxed map depth. The forecasts
shown in this bgure have less detailed modeling of atmospheric &€ects and foreground cleaning than those
shown elsewhere. The results should therefore be taken as a guide to how various experimental design choices
impact the constraining power for light relics, but the specibc values of the constraints should be taken to
be accurate only at the level of about 10%.

I Standard model N fraction from decoupling details, e. g. 1606.06986




ACT/SPT-3G beams

| Roughly a Central Gaussian with ~ 1/ #> sidelobe

1.1

Beam Response B,
o =

© o

:

o
©
)

0.7 1
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' Fig. 2.8 Window functions for the mean  instantaneous beam of each array and band in each season. The window functions used for
2800 3200 interpretation of the survey maps are slightly modibed to account for residual pointing variance in the observations contributing to each
map. The window function errors shown in the bottom panel are strongly correlated between multipoles.

SPT Beams calibrated using brightest QSOs and dedicated planetary obs. Dutcher et al. 2021, arxiv:
2101.01684, techniques of Schaffer et al. 2011, Story et al. 2013, Crites et al. 2015

Beam error driven by residual atmospheric noise in planetary flux, fitting noise, CMB fluctuations, + others!
FWHM of ~1.00 at 150 Ghz (~target for S4-LATS), 3% uncertainty



Beam uncertainty as a nuisance parameter

| Beam parameters can be treated as other parameters for Fisher forecasting purposes

ANtheor 263 eor
O — oty g2 4 N, — ey — {1 = Bf } Cpheory

I Beam expanded in terms of eigen-modes of beam covariance:
IB, = af] Sy 1t #B #B . #
i
| Fisher analysis with beam uncertainty folded in N
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use — v 4 ! afB Forecasts done with modified Fisher module from DRAFT tool, S. Raghunathan
af af T w2 https://github.com/sriniraghunathan/cmbs4 fisher forecasting

| =
| Explore SPT/ACTPol type beams, with better uncertainties


https://github.com/sriniraghunathan/cmbs4_fisher_forecasting

Seasonal/detector/field driven beam variations

ACT Beam Eigenmodes (s:13, azpal, b:150, £:D5)

ACT Beam Eigenmodes (s:14, a:pa2, b:150, £:D56)
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Normalized beam eigenmode, absolute value

[y

Q
N
I

[any

Q
w
I

[y

[any

[any

[any

[any
Q
©

SPT-3G 150GHz beam eigenmodes compared to ACT
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Eigenmode Plot by N. G-Wald, F. Cyr-Racine
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Ongoing efforts have noticeably different eigenmodes:
(3G vs. ACTPol)

Preliminary beams provided for analysis
by SPT-3G collaboration




Seasonal/detector/field driven beam variations- effecton N e
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Hypothetical S4 with 3G/ACTPol-'likeO beams
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Spectra of point-source beam calibrators
from Ade et al. 2013, A&A V571, 2014
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Impact of non-thermal point-source beam calibrators
Preliminary results
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I Next step - fold into cosmological parameter sensitivity forecasting
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Take-aways and next steps!

I Moderate (factor of 3-10) improvement in beam calibration needed to meet hot relic science goals

I More realistic follow-up: Use DRAFT tool to run full sky cut, secondary, point source, parameter
forecasts, OobserveO with different beams used sampling from existing eigenmodes with varying
prior

I Explore additional effects - Non-thermal source calibration, Jitter-convolved beams, temperature-
polarization leakage



Other science targets (inflation, primordial power spectrum)
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SPT-3G beam calibration
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Dutcher et al. 2021 (2019 data)

Roughly a Central Gaussian with ~1/ 62 sidelobe

Beams calibrated using brightest QSOs in the 1500 deg?
field and five dedicated Mars observations (2018),
convolved with pointing jitter. Dutcher et al. 2021, arxiv:
2101.01684, applying stitching technique of Schaffer et
al. 2011, Story et al. 2013, Crites et al. 2015

Beam error driven by residual atmospheric noise in

planetary flux, fitting noise, CMB fluctuations, + others!
FWHM of 1.00 at 90 Ghz, 1.40 at 150 Ghz, 1.20 at 220 Ghz
(~target for S4-LATS), 1.5% uncertainty
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Beams and neutrino science

' Mean beam !y from arXiv:1907.04473
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Figure 75.

impact the constraining power for light relics, but the specibc values of the constraints should be taken to

be accurate only at the level of about 10%.

I Standard model @ - N fraction from decoupling details, e. g. 1606.06986

Impact of changes to the noise level, beam size, and sky fraction on forecasted 1L constraints
on Ne with Y, Pxed by BBN consistency. Changes tof s, are taken here at bxed map depth. The forecasts
shown in this bgure have less detailed modeling of atmospheric &€ects and foreground cleaning than those
shown elsewhere. The results should therefore be taken as a guide to how various experimental design choices
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SPT-3G beam calibration
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Dutcher et al. 2021 (2019 data)

Roughly a Central Gaussian with ~1/ 62 sidelobe

Beams calibrated using brightest QSOs in the 1500 deg?
field and five dedicated Mars observations (2018),
convolved with pointing jitter. Dutcher et al. 2021, arxiv:
2101.01684, applying stitching technique of Schaffer et
al. 2011, Story et al. 2013, Crites et al. 2015

Beam error driven by residual atmospheric noise in

planetary flux, fitting noise, CMB fluctuations, + others!
FWHM of 1.00 at 90 Ghz, 1.40 at 150 Ghz, 1.20 at 220 Ghz
(~target for S4-LATS), 1.5% uncertainty
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ACTPol beam calibration
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Fig. LN The average 98 GHz (cyan) and 150 GHz (black)
beam probles in Ogain above isotropicO @/ " g ). The forward
gains are 74.5 and 78.4 dBi respectively. The two dashed
curves on the bottom show the scattering beam due to the
surface roughness. For reference, the blue dash-dot line, bset
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Roughly a Central Gaussian with ~ 1/ 63sidelobe

Observations of Uranus, Saturn
Aiola et al. 2020, JCAP 12/2020, Choi et al. 2020, JCAP
12/2020, Louis + 2016, Hasselfield 2013

FWHM of 1.40 at 140 Ghz (~target for S4-LATS)
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Past collaboration work

I Calabrese, van Engelen Green, Meyers 5/2017
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