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at that point we said, let’s not concentrate 
in the technology, and focus on what 

would be the goal of 4 very ambitious low 
resolution spectroscopic surveys.



 seems like the “conclusion” was that we really need to 
push for the near-IR



PAUCam

40 narrow band filters

Type-1: filters

big efficiency loss



some us us even considered what would 
take to make DECam a 40 filter instrument.

Type-1: filters



Type-1



Type-2 : all the colors at the same time

Primus



GigaZ/MegaZ 
• Marsden et al 2013 
• LOI ESO 2014 (Oxford,Fermilab,UCSB)

Type-2 : all the colors at the same time

superconducting focal plane using the 
MKIDs developed by UCSB (B.Mazin et 

al), more later.



it also looks from this plot, that we can not pay the 
price of a filter based survey (inefficiency).



Two features to workout on PRIMS technology-1
(text by Guantung Zhu)

we would want to increase this resolution



(text by Guantung Zhu)

Two features to workout on PRIMS technology -2



Si CCD → 1.1 um 
 RD : Ge CCD → 1.6 um 

(*)MKID → 1.4 um 

(*)maybe a  bit more 

going deeper with something like primus is not impossible



3412 objects
can this be done a at larger scale?



limitation of Si semiconductor detectors…

For visible or near-IR photon, 
you get a single e-hole pair.  

Energy gap ~ 1eV
No information about incident 
photon energy



superconductors overcome this limitation

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 



Microwave Kinetic Inductance Detectors 

Superconductor sensors with “easy” frequency 
multiplexing



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. 



MKIDs also give you the arrival 
time for the object with usec 
resolution.

Imaging with this time resolution 
allows for tip/tilt corrections offline, 
and also usec astronomy.
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Make large pixels, and use mask to select a galaxy for each pixel. 100,000 
spectroscopic channels in 1 square deg. is possible (20x DESI). 
Resolution R~100.  White paper to Snowmass 2013. Large project after 
LSST. (See comment from P5)

GigaZ/MegaZ :  Photo-z machine
• Marsden et al 2013
• LOI ESO 2014 (Oxford,Fermilab,UCSB)
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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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Mazin at al 2013.(arXiv:1306.4674)
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 lab data the UCSB group has done 
huge progress. Now we 
need to invest more 
resources to make then 
viable for Dark Energy.

rate issues

yield issues

noise



R&D steps
• HW R&D: 

• Frontend DAQ (Gustavo Cancelo, FNAL): 
Scalable 10k prototype currently in fabrication. need to keep support for 
this group if we want to have 100k readout system.  
• Backend DAQ : big deal (lots of data) room for contributions  
• sensor performance (Ben Mazin, UCSB): 

  lot’s of progress needed to get to R~80 
not enough people working on this right now 

• Science Case for Low resolution spectroscopy in cosmology: 
• Need to calculate scientific reach of a large MKID based survey: 

Proposing two 2-day workshops to do this. Identify the areas where low-
res can have an impact, forecast how this could be realized with MKIDs.
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slide from 2015



R&D steps
• HW R&D: 

• Frontend DAQ (Gustavo Cancelo, FNAL): 
Scalable 10k prototype currently in fabrication. need to keep support for 
this group if we want to have 100k readout system.  
• Backend DAQ : big deal (lots of data) room for contributions  
• sensor performance (Ben Mazin, UCSB): 

  lot’s of progress needed to get to R~80 
not enough people working on this right now 

• Science Case for Low resolution spectroscopy in cosmology: 
• Need to calculate scientific reach of a large MKID based survey: 

Proposing two 2-day workshops to do this. Identify the areas where low-
res can have an impact, forecast how this could be realized with MKIDs.

😀

progress on this…

need this



25

Critical: Scalable electronics 
being developed at FNAL and 
UCSB together.

DAQ crate concept. Each 
crate with 10 systems reads 
10K pix.
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B. Mazin et al. 
still making progress



MKIDs prototype instrument

10/28/1428

Cabling + 
cold 
electronics

300k

40k

3k

Focal plane

Magnetic 
shield

slide from 2015
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prototype instrument at FNAL
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ANL-A. Miceli, UChicago - E.Shirikoff, FNAL J.E.
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ANL-A. Miceli, UChicago - E.Shirikoff, FNAL J.E.

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) Hybrid designs designed to couple quasiparticles generated in a large absorber to an extremely small volume inductive sensor, 
decoupling detector properties from absorber properties. 

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

we are not out of ideas (at least Erik is not)

… not funded (a year ago)



comments
• Hopefully we are making progress on understanding the science 

potential of a low resolution spectroscopy survey (meeting in 
Feb-2016 and this meeting). 

• We need R&D on the instrument side to make this happen 
(primus-like or MKIDs). 

• A push from this community on the value of the science will 
make this R&D go faster.
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Another low resolution spectroscopy example : PRIMUS

This is data, not simulation. 
Primus with R~100 gets in 
real 5% failure rate in the 
best 50% sample, and 8% 
failure in the rest.

failure rate in redshift measurements with low-res spectra





Marsden et al 2013


