4 - A 5 > > et S =
R R I Ll = it VL Sl g BRI | i = —. SaTa < T -

) . -F‘ —‘PYv - j j‘”—‘ i"\ﬂ—-‘

Efficacy of the Variable-delay '

Polarization Modulator
| essons Learned from CLASS

Yunyang Li on behalf of the CLASS Collaboration



Forebaffle extension

Pulse Tube

Primary Mirror

" & 4 .
7 ’r“(.///f /
// 0.. vl
7 V4 vy
/‘ "/ .\‘.
Y4 /A Focal Plane
7 %
/ (4
. "/ / /'/ '
‘47 e // K
4 |K Lens
A,/ a4 /
& 73 {// ///' /‘./
By R N A
- ,1’%.,’ \.\ \\ y
- > '.."‘.\.‘\ .
» / » }
/ N,
‘ d
"|'

Yy~

w
I
/,

e v 4K Lens
_\AANA % Lyot Stop
Filters

Window

Variable-delay Polarization Modulator s I
(VPM)

Secondary Mirror



Variable-delay Polarization Modulation

—[\Linear sensitivﬁ Ciﬁr sensitivity

To Sky To Telescope
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* Front-end modulation with 2> 70 % linear polarization efficiency.
 Sensitive to circular polarization as well!

* Boresight rotation needed for polarization angle sampling.
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VPM Synchronous Signal (VSS)

VPM: Demodulation and Emission
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VPM: Results

Modulation reduces noise power at <10 mHz by over two
orders of magnitude compared to pair-differencing
unmodulated detectors.
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Mappings between Fourier & Harmonic modes

Continuous constant-elevation scans

* Both the Etarth’s rotation and telescope
scanning contribute to large angular scales

(Z > 20)

* Most of the largest angular scales (£ > 2)
comes from the scanning frequency and
its harmonics.

* Systematics at these frequencies are
more concerning than just I/f.
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Breakdown of the 40 GHz sensitivity
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* VPM significantly improves the map level 1/7
noise up to £ < 150.

* The largest angular scales (£ < 10) are limited
by systematics (filtering corrections primarily
associated with scan-synchronous noise).
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Summary

* VPM modulates linear (70% efficiency) and circular polarization.
* VPM increases low frequency mapping speed by over two orders of magnitude.
* VPM emission leaks into demodulated polarization signal
- Does not significantly contribute to |/f noise.
- Contributes part of scan synchronous noise (mostly canceled with pairs).

» After |/f noise is mitigated, residual scan synchronous noise is the primary challenge to
largest angular scale measurement.

- Paper in preparation on 2016-2023 data on characterization of possible sources.
- 2023-2024 higher elevation scans to probe ground pickup.
- New RHWP modulator just installed to investigate modulator systematics.

- Further study of atmospheric polarization.
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