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 CMB-S4 will require hundreds of
optical elements for all of its
Instruments

* Highly transparent optics are
required to collect more photons
and mitigate instrument systematics

e S4 will require >100 alumina filters
alone
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Alumina Optics

* Alumina has great optical properties
at millimeter wavelengths

* Low transmission at IR frequencies
makes alumina a good filter

e Current experiments like SPT-3G
and BICEP3 use alumina lenses

* Existing AR coating methods are
lossy and can suffer from
cryomechanical failures

.y

SP-3G Lens

A. Nadolski et al. (2018)
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Metamaterial AR Coatings
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 Alumina is a much harder material L
than silicon so applying this " Erequency (GHz) 00 20 30
technology to alumina filters is difficult
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Alumina Metamaterial AR
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Future Steps

e CMB-54 has three observing bands.
Development of AR coatings effective in
the other two bands is a priority

* To accommodate the large number of
optics needed for CMB-S4, we need to
Increase our production rate

* Building another saw system will allow

us to parallelize production _ _
Simulation of prototype

UHF coating
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Conclusion

« The ACDM model is incredibly accurate at
describing our universe, but there is still
much we do not know

e Precision measurement of the CMB reveals
a tremendous amount about the universe

« CMB-S4 will be the most sensitive CMB
Instruments ever deployed and highly
transparent optics are needed to ensure
that sensitivity

 Metamaterial AR coatings for alumina
optics solves retlection problems for
critical optical elements

e Expanding metamaterial AR coating
technologies in alumina to other frequency
bands and increasing AR coating
throughput will be essential for CMB-54
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