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Line Intensity Mapping (LIM)

E OChSZ Recombination PrO bes:
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Cosmic Dawn
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Line intensity mapping - Map
total emission of a redshifted

_ —0 atomic/molecular line, e.g. CO
Z and CJ[ll] at mm-wavelength

Astro2020 LIM
white paper,
1903.04496

* Large redshift range z > 3 that is relatively unexplored: provides information on

expansion history of universe, reionization, star-formation, ++
 LIM is efficient: we measure all sources and do not need to threshold on galaxies
 Multiple lines available across radio, millimeter, IR
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LIM Cosmology Cases

Science case
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Snowmass white paper on LIM, Karkare, et al. (2203.07258)
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» Significant improvement possible relative to Planck due to more
modes and breaking of parameter degeneracies in CMB data



Many Lines, Many Experiments... ...
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LIM with Millimeter-Wavelength Tracers
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On-Chip Spectrometers

Couple antenna to an RF filter-bank to
achieve tunable narrow-band response,
filling the atmospheric frequency
“*windows” used for ground-based
observations

Couple a microwave kinetic indutance
detector (MKID) to each filter channel

Demonstrated in few-pixel field tests (e.qg.
SuperSpec, DESHIMA), but not in
monolithic arrays needed for future surveys

Development of on-chip mm spectrometers
for large-scale structure surveys endorsed
by DOE Basic Research Needs Study on
HEP Detector Research and Development
(2020)
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SPT-SLIM: South Pole Telescope Summertime Line
Intensity Mapper

Argonne: Harvard / CfA: McGill: U. Chicago:

T. Cecill G. Keating M. Dobbs K. Karkare

C. Chang M. Rouble R. McGeehan

Z. Pan Fermilab: J. McMahon
A. Anderson U. Arizona: E. Shirokoff

Cardiff: B. Benson D. Kim

P. Barry S. Simon D. Marrone Three-Speed Logic

G. Robson M. Hollister G. Smecher
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SPT-SLIM Experimental Concept

- SPT optics include mount point for optional receiver, used
South Pole Telescope is 10-m CMB telescope . .
observing at 90/150/220 GHz during both by Event Horizon Telescope (EHT) during 2017-present

austral winter and summer SPT-SLIM - Replace EHT cryostat with on-chip
spectrometers and observe for one summer season

Photo: A. Bender Event Horizon Telescope /
SPT-SLIM location 4 VLBI
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!

VLB
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9 Figure: J. Kim, et al. 1805.09346



Detector Architecture

* Millimeter-wave (~150 GHz) light from telescope is
coupled via feedhorn to orthomode transducer

(OMT).

 Narrow-band filters channelize the broadband power
feeding lumped-element kinetic inductance detector

(leKID).

 Power breaks Cooper pairs in Al inductor and LC
resonator is coupled to microwave (~2GHz) feed line.

* |nverted microstrip design reduces microwave losses.
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Detector Architecture

* Millimeter-wave (~150 GHz) light from telescope is
coupled via feedhorn to orthomode transducer

(OMT).

* Narrow-band filters channelize the broadband power
feeding lumped-element kinetic inductance detector
(leKID).

 Power breaks Cooper pairs in Al inductor and LC
resonator is coupled to microwave (~2GHz) feed line.

* |nverted microstrip design reduces microwave losses.
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Focal Plane and Prototypes

Power Transmission

Baseline 18 dual-pol pixels with R~300 = 8640 detectors (240
detectors / pixel)

Use 118-186 GHz atmospheric window, sensitive to CO(2-1), CO(3-2),
CO(4-3)in0.5<z< 2.1

Filter banks are much larger than 1 pixel, so array them around perimeter
on segments of 3x 4-inch wafers and read out KIDs from perimeter

Oversampling of millimeter-wave spectrum boosts total optical
efficiency of system

G. Robson++ (2111.04632)
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SPT-SLIM Cryostat

* Very compact design required to fit in SPT receiver cabin

 Use 2-stage ADR backed by PTC operated at 100mK—
design that requires strict control of thermal loading

12



SPT-SLIM Cryostat
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* Very compact deSign required to fit in SPT receiver cabin

 Use 2-stage ADR backed by PTC operated at 100mK—
design that requires strict control of thermal loading

12



Daewook Kim, Trenton Brendel,
Hill Tailor, Dan Marrone

Optical Design
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Next-Generation
Microwave Readouts

 Adapting “ICE” platform developed by McGill for
readout of TESs in SPT-3G and radio receivers in
CHIME

 Maintain legacy motherboards while swapping RF
mezzanine based on the AD9082 chip:

 4x DACs (12 GSPS) and 2x ADCs (6 GSPS) per
board, supporting 2048x multiplexing at
baseband

 Enables reuse of full software stack developed for
SPT-3G TESs: major reduction in effort!

 Upgrade path with RFSoC FPGAs: McGill spin-off
company called t0 developing board for KIDs and
quantum readout and controls using adapted RF-
ICE firmware

* FNAL has also developed prototype KlDs readout
firmware for RFSoC demo board (ZCU111)
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Forecast and Experimental Outlook

* Conservatively expect 50-75% total observing efficiency for ~4 weeks, so >300 hours on-
target time Is realistic

 Raw sensitivity of SPT-SLIM could be sufficient for a first detection of the CO power spectra
(0.5 < z < 3) with high significance in a single summer season

with Karto Keating, Kirit Karkare
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Conclusions

 SPT-SLIM is funded by internal Fermilab LDRD
funds and NSF, and target deployment to South
Pole Is 2023-2024 austral summer

 Demonstration of scaling the on- chip spectrometer
technology from single pixels to’a full array

. ngh S|gn|f|cance clei\ectlon of CO power spectrum
IS possible even wfchxa smali chnoloc '
demonstrator -*




