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Design of the full-sky scanning strategy and systematic effect control in a cosmic microwave
PRI DREEB  background probe
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The quest for primordial B-mode polarization signatures in the Cosmic Microwave Background (CMB) is one of the
most ambitious endeavors in contemporary cosmology. Such a discovery would serve as a smoking gun for primordial
gravitational waves produced by tensor perturbations in the universe's nascent moments, and would allow the precise
determination of the tensor-to-scalar ratio, » —a crucial parameter for distinguishing between competing inflationary
models. This in-depth investigation requires unparalleled precision in mapping the large-scale angular scales of the
CMB, necessitating full-sky observations from space-based platforms free from the distortions of the Earth's
atmosphere.

Given that the expected B-mode signatures are approximately three to four orders of magnitude fainter than the CMB
temperature anisotropies, the search for their detection requires the implementation of well-designed in-flight calibration
and systematic effects mitigation strategies. Our investigation begins with a comprehensive analysis of scanning strategy
parameter optimizations, examining their influence on three critical areas: the efficiency of in-flight calibration
procedures, the suppression of inherent systematic effects, and the development of robust null-test methods for
characterizing systematic effects.

The next generation of space-based observatories, exemplified by LiteBIRD, which incorporates Half-Wave Plate
(HWP) modulation technology, heralds a paradigm shift in polarization measurements. This advanced approach enables
single-detector observations, bypassing the traditional need for differential detection by orthogonal pairing employed in
previous experimental configurations, and thereby eliminating the systematic complexities associated with it. While the
HWP modulation mechanism is exceptionally effective in suppressing various systematic effects, residual perturbations
remain. Through sophisticated analytical frameworks for the mapping process, emphasizing signals of spin
corresponding to specific axiality, we systematically evaluate the suppression of these systematic effects and elucidate
optimal scanning strategy characteristics within the multi-dimensional parameter space of spacecraft scan
configurations, culminating in an optimized scanning strategy design for comprehensive full-sky polarization surveys.

In addition, we explore the effectiveness of optimal scanning strategies in mitigating systematic effects through
extensive simulation studies, including benchmark systematic effects both with and without the implementation of the
HWP. Using the spin-based mapping formalism, we evaluate the performance of the HWP. The HWP-enabled
configuration emerges as an effective solution in polarization reconstruction, with negligible residual systematic effects.
Conversely, the configuration without HWP exhibits significant systematic effects that affect the estimation of r,
although the application of mitigation techniques we develop effectively reduces systematic uncertainties and improves

the estimation of 7.
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