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Measure with lower noise
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CMB R&D A

Lower noise by using more sensors at a time to sample the CMB sky
e Challenge: Enormous cryogenic focal planes £
o0 Reduce wire counts/complexity from room temperature to 0.1K ch
e R&D paths
o 4K
m ADCs, DACs, ASICs ~10,000
m Low-power optical digital links V(4536 lfg) | 1.3-m
o 300K ' 1 S L LSRN

m Low-noise custom front ends

m Compact, low-power electronics
e MHz
e GHz

“Simplified” wiring in Simons  Simons Observatory cryogenic
Observatory = mega-camera with ~40,000 3
superconducting sensors



Cosmology scientific direction in the 2020s and 30s

More cosmological volume to constrain inflation and dark energy. Higher, more precise redshifts
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Images from Rubin, DESI, PUMA collabs, and NIST, ANL
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Spectroscopy with R~3000
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Cosmic Frontier R&D roadmap (from HEP Detector R&D BRN)

| Science Goal | Measurement | Technical Requirement (TR) | PRD | —— Ge CCDs
For Optical /IR spectroscopy
Fully sample the 500M Galaxy TR 4.1: Sensitivity at wavelengths | |
epoch of late-time spectra (R~3000) beyond the 1eV Silicon cutoff. 7,11, 26
cosmic acceleration to z<4 TR 4.2: Ten-fold increase in multi-
plexing relative to current experiments
PistinEiEh batwsen Multiple Intensity For 21—cm'IntenSity Mapping: _—— SMuRF and o
single we. altifeld mapping surveys to TR 4.3: Ifmo;second timing /?/2,/ accelerator timing
Pt Ty mesasing | ToasurEHux from SyRCITDI MLl SErosnn 73, 26 SUCCeSsSors
I 2.9B galaxies TR 4.4: Direct digitization and
ML to z<6 real-time calibration
For mm-wave Intensity Mapping:
TR 4.5: On-chip mm spectrometers
with R>200 7,8,26 1+ DMF
TR 4.6: Fabrication and readout of /
1M detectors —

Southern Spectroscopic Survey

Mm-wave Survey

Facilities

21 am intensity Mapping Small Demo 21 cm intensity Mapping Full Scale

Direct Detect DE/ Primordial GW??

-3
% PRD 7: Extend wavelength range; develop new single-photon counters
% PRD 8: Advance high-density spectroscopy & polarimetry to extract all photon properties
2 PRD 11: Develop new optical coupling paradigms for enhanced/dynamic light collection
g 4 PRD 13: Enable the use of quantum ensembles and sensor networks for fundamental physics
£2
Sc
3
T
PRD 21: Achieve on-detector, real-time, continuous data processing and transmission
g
g PRD 22: Develop technologies for autonomous detector systems
Ay =
v @ PRD 23: Develop timing distribution with picosecond synchronization 5
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