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LSST
low z resolution 

high spatial density

high resolution photo-z

full information

There is information in the large scale structure that we are 
missing with LSST and DESI (high resolution photo-z)
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DESI
high z resolution 

low spatial density



Narrow band filters
Prisms

superconducting detectors 
           MKIDs

There are a few technologies 
that could get us this missing information
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working towards understanding 
the technological issues and the 
scientific reach for high 
resolution photo-z surveys 
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during the workshop we concentrated on the 
potential science achievable with a low resolution 

survey.

Filters
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seems like we can not afford the inefficiency of filters



Quasiparticles are created when a 
photon hits a SC (Cooper pairs 
broken)

Nqp = ηhν/Δ  
Δ : Energy gap ~ 0.001 eV 
η: is an efficiency ~ 0.6 

Number of quasiparticles is proportional to photon energy!
~5000 quasiparticles for a visible photon 
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Microwave Kinetic Inductance Detectors 

Superconductor sensors with “easy” frequency multiplexing
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Each pixel is tuned to a different frequency. Photons each a pixel and 
move the resonance for that pixel. Digital FM radio. Large array of 
superconducting detectors are NOW possible. 
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100k channel low resolution spectroscopic instrument.



Marsden et al 
2013.

This paper 
discusses what is 
possible with an 
MKID base 
survey. Some 
aspects of the 
science with 
MKIDs after 
LSST are 
presented.

There is still a lot 
of work to do in 
this area.
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Critical: Scalable electronics 
being developed at FNAL and 
UCSB together.

DAQ crate concept. Each 
crate with 10 systems reads 
10K pix. Successfully tested 
in telescope.

one of the critical needs was electronics 



Update from Ben Mazin to the CPAD 2016



Update from Ben Mazin to the CPAD 2016



20K pixel array (10 feed lines!!)

arXiv:1610.00725
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Started R&D effort for simple MKIDs (small number of 
resonators) to understand some of the fab issues. 
 [ JE (FNAL), A. Miceli (ANL), E.Shirikoff (UChicago) ]
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also made some MKIDs with 5 
resonators to check any effect 
of coupling. 

using ALD to control 
the fabrication of the 
film.
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Qi~105

We are just starting the 
characterization of these 
devices and the comparison 
with the simulations.

All devices in the wafer 
should look the same (ALD).

They should also look like 
the simulation.
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σ/Tc~2%
σ/Tc~0.03%

ALD

Coiffard et al, arXiv:1510.01876

sub-stoichiometric TiNALD - 20nm film

This is just starting…



19

1)modify resonator-transmission line coupling in order to reduce parameter scatter due to pixel-
to-pixel interactions. 

2)Variation in capacitor and inductor size, which will verify the expected scaling of noise and 
optical response and allow for optimization of the sensitivity of future pixels. 

3)Test devices featuring long linear inductors and very low detector coupling Qs, designed to 
explore spatial variation in response and intrinsic time-constant when measured with a 
scanning and chopped laser source. 

4)Test devices fabricated on intermediate dielectric layers designed to quantify resolution 
limitations associated with the generation of above-gap substrate photons. 

5)Variation in packaging and readout wiring to explore the role of box lid coupling and amplifier 
interactions on device performance. 

Other things we want to try:



Conclusion

• MKIDs with high resolution R~100, could be 
very interesting for next cosmic surveys. 

• 20k MKID exists (Mazin et al) 

• R&D going on to push this technology to the 
maximum potential (increasing R).
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