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Previous Whitepapers
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Workshops & Whitepapers
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● Cosmic Visions Dark Energy
○ Panel(s) met from 2015-1028 to examine broad questions about future Dark Energy projects
○ Multiple workshops: UChicago 2016, LBL 2017
○ Reports: [1604.07626] Cosmic Visions Dark Energy: Science [1604.07821] Cosmic Visions Dark Energy: Tech

nology Small Projects Portfolio

● LSST Next Generation Workshop 2019
○ [1905.04669] Report on LSST Next-generation Instrumentation Workshop, April 11, 12 2019. 

● Astro2020 Decadal Survey
○ White-papers: [1907.08945] Next Generation LSST Science [1907.10487] Future Uses of the LSST Facility: In

put from the LSST Project Science Team

● 2022 Snowmass & P5
○ White-papers: [2203.07220] Snowmass2021 Cosmic Frontier White Paper: Rubin Observatory after LSST [2209.086

54] Report of the Topical Group on Dark Energy and Cosmic Acceleration: Complementarity of Probes and New
 Facilities for Snowmass 2021

○ Report:  [2209.08049] Snowmass2021 Cosmic Frontier: Report of the CF04 Topical Group on Dark Energy and
 Cosmic Acceleration in the Modern Universe

https://www.lsst.org/scientists/glossary-acronyms
https://indico.fnal.gov/event/24602/
https://arxiv.org/abs/1604.07626
https://arxiv.org/abs/1604.07821
https://arxiv.org/abs/1604.07821
https://arxiv.org/pdf/1802.07216
https://arxiv.org/abs/1905.04669
https://arxiv.org/abs/1907.08945
https://arxiv.org/abs/1907.10487
https://arxiv.org/abs/1907.10487
https://arxiv.org/abs/2203.07220
https://arxiv.org/abs/2209.08654
https://arxiv.org/abs/2209.08654
https://arxiv.org/abs/2209.08654
https://arxiv.org/abs/2209.08049
https://arxiv.org/abs/2209.08049
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Review of Future Technical Directions for Rubin

4

● Replace Si CCD Focal Plane with IR image sensors
● Replace Si CCD Focal Plane with single-photon wavelength measuring sensors such 

as MKIDS 
● Replace Imager with Multi-Object Spectrograph, Fiber fed (or Grism)
● Addition of Narrow and Medium Band Filters

https://www.lsst.org/scientists/glossary-acronyms
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IR Sensor Focal Plane
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● Extend survey coverage into the IR?
● State of the art HxRG HgCdTe sensors are of order 1M$ each
● Lack of a cold stop in the LSST Optical design limits wavelengths to less than 1.8 

micron
○ For longer wavelengths, a combination of a Cold stop, cooled Focal Plane window and Cryostat are 

needed, to prevent thermal IR loading
○ Rubin’s optical design has a prime-focus configuration with no collimation and no stops

NIRI 

https://www.lsst.org/scientists/glossary-acronyms
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IR Sensor Focal Plane (cont)
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● Y, J, H band with InGaAs (to 1.7 micron) or Ge CCD 
● See WINTER, 1sq.deg. InGaAs camera on Palomar 1m

○ IR time-domain wide field instrument 
○ AP1020 sensors, 1920x1080 with 15 micron pixels
○ Designed for -40C operation, with 120-370 e-/sec/pix dark current and 50-70 e- RN
○ QE between 6-10%
○ J-band depth of 18.5

● Decadal survey paper comments:
○ LSST Camera lens have AR coating designed for 1100nm, would

require recoating
○ Guess-timated ~100M$

● Is there a path to an InGaAs NIR Focal Plane?
○ Evaluation of possible depth with optimistic sensor development
○ Key parameters: Temperature, RN, Dark Current, QE, Fill Factor
○ Evaluate further sensor development and costs WINTER InGaAs sensor

https://www.lsst.org/scientists/glossary-acronyms
https://arxiv.org/pdf/2512.16753
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MKIDS Focal Plane
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● Kinetic Inductance detector
● Ultimate Photon Detector:

○ Wide-field Mosaic with small Plate Scale 
○ Measure wavelength of every individual photon
○ Record photon time to 1 millisecond

● MKIDS have promise of measuring both wavelength and time, but 
○ Talk in 2019 workshop pointed to current Energy resolution of R~10 projecting to R~50
○ See Zobrist et.al 2022 which reached  R~20
○ MEC at SUBARU has 20k 150 micron pixels, operating at 90mK, with R~ 5-7
○ XKID at Magellan 
○ Both MEC and XKID are used with AO systems

● See comment above about Cold Stops…

https://www.lsst.org/scientists/glossary-acronyms
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.017701
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Silicon CMOS and Single Photon sensors
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● Fast, very low-noise, CMOS sensors or Cameras are now commercially available.
● Hamamatsu qCMOS

○ RN less than 1e- at 120 frames/sec
○ Thin Silicon, so NIR QE is poor
○ Full well of 7ke-

● Teledyne CIS
○ RN of 2e- at 8 frames/sec
○ (10 micron thick Silicon)
○ 3-side buttable

● Lincoln Labs SiSeRO & LBL/FNAL Skipper CCDs
○ Aiming for single-photon sensitivity
○ Effective read-out rate is optimized for spectroscopy

https://www.lsst.org/scientists/glossary-acronyms
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Conversion to a Multi-Object Spectrograph
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● Take advantage of Rubin’s large aperture and convert to a fiber-fed MOS
● Rubin’s optical system presents challenges:

○ Fast beam with F# 1.23 is a poor match to typical fiber NA (of 0.2) 
■ We have an LDRD project underway to evaluate the NA of conical fiber tips to improve 

throughput at F#1.2, as a technology demonstrator
■ Move to high NA fiber

○ Rubin’s optical system is somewhat non-telecentric (6 deg at the edge of the FoV), so fibers would have 
to match that to optimize throughput

○ Relatively short focal length allows less room for ~5-10k fiber positioners and would require smaller 
patrol radius and smaller diameter fibers

○ Atmospheric Dispersion Corrector would be required
● Spectroscopy would yield Rubin’s most distinctive feature: fast survey capability

https://www.lsst.org/scientists/glossary-acronyms
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Ground-Layer AO
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● Rubin’s secondary mirror is nearly conjugate to the primary, so a tip/tilt secondary 
could correct common-mode turbulence 
○ Correct with a Fast Active secondary mirror

■ M2 is 3.4m and 2700kg, so would require a lighter-weight cell and a counterweight
○ Use the LSSTCam Guider at 9Hz to isolate ground layer from common mode Image motion

■ Rubin study using the Guider to measure tomographic seeing, Jackie Zhang at RCW
■ Near-term goal to quantify possible gains from both Guiding and a GLAO

https://www.lsst.org/scientists/glossary-acronyms
https://docs.google.com/presentation/d/1tMOEZOeobyYTEy1ITldLTUpKktUQ7QM__PqfKISu9wY/edit?pli=1&slide=id.g34506dc0dbf_2_110#slide=id.g34506dc0dbf_2_110
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Continued LSST-style Surveying
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● How do various measurements scale with Time?
●  See 2019 Decadal survey paper:

● Also concludes that DETF Figure of Merit would continue to improve as 1/Time, as 
would completeness of Hazardous Asteroid detection

https://www.lsst.org/scientists/glossary-acronyms
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Narrow & Medium Band & Offset Filters
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● Offset: new set of Filters offset by ½ of the band pass
● Narrow or Medium Band: add multiple narrower filters for more color information
● See HSC Niji project, or J-PAS or PAU

J-PAS
PAU

https://www.lsst.org/scientists/glossary-acronyms
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LSSTCam Filters and Filter Exchange System
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● Filters (ugrizy) are 80cm Diameter
● Camera holds 5 Filters at any time, in the Carousel around the cryostat
● Exchange takes 90 seconds + up to 30 seconds to Rotate the Camera

https://www.lsst.org/scientists/glossary-acronyms
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Narrow Band Filters
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● Fast Rubin Beam F# 1.23 limits minimum bandpass achievable
● Beam angle-of-incidence is 14-23 degrees
● From Stubb’s slides 2019
● Estimate is that 15-20nm minimum bandpass is achievable

https://www.lsst.org/scientists/glossary-acronyms
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Narrow Band Filters (cont)
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● LSST Filters cost roughly 1M$ during construction (2014-2021)
● Filters are spherical, so blanks must be figured
● Coating was done by Materion, who built coating chamber to accommodate 80cm 

filters
● Consider 30 Filters, each 25nm bandpass, to cover entire Si CCD wavelength range

○ At 1M$ or more each, Quadrant Filters similar to those built for HSC Niji, could be considered
○ Development to coat a single glass blank
○ 4 bandpasses per Filter would reduce cost by a factor
○ Reduce observing inefficiency from Filter exchanges
○ Some loss from mixed throughput from large beam 

(~12cm diameter) at the Filters

See Miyatake’s talk

https://www.lsst.org/scientists/glossary-acronyms
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My Biased Conclusions
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● Augmenting Rubin’s Filter set is the most doable, and likely the most interesting, 

change to Rubin’s instrument & capability.

● Other technical directions either require significant R&D, or are prohibitively 

expensive, for the 2036 time-frame.

● Narrow or Medium Band Filters for F#1.2 require a real design to confirm bandpass 

and throughput

https://www.lsst.org/scientists/glossary-acronyms
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