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Superconducting microwave resonator and
RF readout development
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SLAC Microresonator RF (SMuRF) Electronics:

S u Pe rCO n d u Cti ng m i A tone-tracking readout system for superconducting microwave resonator

arrays
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We describe the newest generation of the SLAC Microresonator RF (SMuRF) electronics, a warm digital control

and readout system for microwave-frequency resonator-based cryogenic detector and multiplexer systems such as mi-

ARt crowave SQUID multiplexers (umux) or microwave kinetic inductance detectors (MKIDs). Ultra-sensitive measure-
° ments in particle physics and astronomy increasingly rely on large arrays of cryogenic sensors, which in turn necessitate

Cls: highly multiplexed readout and accompanying room-temperature electronics. Microwave-frequency resonators are a
popular tool for cryogenic multiplexing, with the potential to multiplex thousands of detector channels on one readout
line. The SMuRF system provides the capability for reading out up to 3328 channels across a 4-8 GHz bandwidth.
Notably, the SMuRF system is unique in its implementation of a closed-loop tone-tracking algorithm that minimizes
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BICEP/Keck is a highly successful small-aperture
program targetmg inflationary gravitational waves...
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BICEP3 is a fantastic small-aperture polarimeter!
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Why bother W|th large-scale polarlzatlon7

10!

SW

(a) Temperature

.

, '4oustic

4

freionization

(b) Polarization

10 100 1000

Hu & Okamoto 2003

Cross-
Dark Matter

checks and
systematics

Galactic (Early) Dark
Energy

science and
foregrounds




Cosmology in Low-{ E-modes
__ Early dark energy .
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fsy from Pole is not huge but not a showstopper...
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BICEP3 can quickly reach Planck-like
sensitivities

Knox bars for fsky = 0.15, time = 0.50 year
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E-modes observed at high signal-to-noise!

95 GHz U signal
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Over 8000 sq deg < 20uK-arcmin with 4
months of (mostly summer) integration!



Preliminary sensitivity

EE errors relative to Planck
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* Very few (n=45) sims
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not totally final
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What’s next! Component separation

BICEP3 95GHz (T) Planck 353GHz (T)
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Single-frequency measurements and very inhomogenous dust
field mean we can’t do usual BK multicomponent analysis...



What’s next? Dataset combination

95 GHz T signal
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Map space! Power spectrum space!
Likelihood only? Non-trivial covariances
over these areas...
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Outlook

* Low-{ EE (and TE) science has lots to offer

* Large-scale E-mode studies can leverage instruments optimized for
inflationary B-mode searches to great effect

* New analysis questions allow us to stress-test existing pipelines

* Data on disk look very promising! Stay tuned!



