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Session items:
• Instrument baseline
• Telescope
• Detectors
• Open issues

Session target: define a baseline instrument configuration
compatible with our tight budget requirements. 
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1.5m (1.2m) 
Gregorian telescope

0.5m focal plane, 
3200 single polarization
single frequency KIDs, 
planar‐lens‐coupled to 

telescope

2 V‐grooves, 
innermost

surface @100K

TM data‐rate
42.1 GB/day (1.5m)

Polarised survey 
sensitivity: 
2.3µK.arcmin









As for all instruments, there are issues:

• Background on the detectors – from the 100K (or 60K) 
environment. Mitigation:
– Cold cryostat around focal plane
– Low emissivity of 100K (60K) environment

• Heat load on the 0.1K and 1K cryostat stages. 
Mitigation:
– Low emissivity of the 100K (60K) environment
– Connect black shield around focal plane to 4K and improve
sidelobe rejection (larger flat lenses)

• Need for accurate analysis (view factors, emissivity of 
V‐grooves, emissivity of telescope shields, edge taper
of flat lenses / detector). 

• Coordinated effort of a group including
optics/cryo/system experts. 



Issues with this
configuration

• Detector sensitivity depends on the radiative background 
on the detectors. Two sources: the telescope/sky and the 
surrounding environment.

• For this reason we need a cryostat around the focal plane, 
with an innermost shield black (to absorb straylight) and 
cold (to limit the background) and an appropriate stack of 
low‐pass filters.

• For a 100K temperature of the telescope, the innermost
shield must be at 1K, otherwise its background dominates
over the background from the telescope and the sky. 

• However, a black shield with these dimensions absorbs
radiation from the telescope environment at 100K. To avoid
unacceptable load on the cryogenic system (0.2mW heat
lift @ 1K), the environment must be low emissivity (only
reflecting/diffusing shields, shiny inner surface of the 
innermost V‐groove).

• An alternative is to rise the temperature of the innermost
shield from 1K to 4K, where the heat lift of the cryogenic
system is 30mW. But this requires also to improve the edge
taper of the planar‐lens coupling to the detectors, 
otherwise the 4K background dominates over the 
background from the sky and the telescope. The flat lenses
should be larger diameter, and the number of detectors will
be reduced (as well as the survey sensitivity). 

• A combination of the two mitigations might still work. 
• To be investigated in detail, better specifying the view

factors, the telescope environment, the optical coupling. 









140, 220, 340, 480 GHz Al LEKID arrays
Resonances in the fewx100MHz range
Optimized for balloon with 240K 
telescope (photon noise limited)
Collaboration with ASU (Mauskopf)

KIDs development in Italy – to be 
tested in forthcoming OLIMPO flight



Issues with KIDs
• Long wavelengths ? (high TRL at f>110 GHz, Al 
LEKID). Mitigation: a credible development
plan for f < 110GHz european LEKIDs

• Low‐f noise ? Action: laboratory
measurements of noise at 10‐100 mHz. 
Mitigation: frequency modulation / self 
calibration

• Readout ? Well developed in Europe and USA.
– Space‐qualification ? Development plan.
– Power ? Study ASICs based readout to substitute
FPGAs



Alternative European detectors
Large‐area TES spiderweb (multimode, LSPE) 
developed in Genoa (see talk by F. Gatti), 
working single‐mode down to 30 GHz

CEB detectors (see talk by L. Kuzmin) with 
high sensitivity, frequency selective, high 
cosmic rays immunity





Focal plane layout
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1.5 m Aperture Gregorian, Optimized Dragone, with Aspherics

Fields at:
‐5.5 deg
‐3.5 deg
‐2.0 deg
0    deg
2.0 deg
3.5 deg
5.5 deg

The primary 
mirror is the 
aperture stop

• Baffles are 
necessary 

• Note 
compactness 
of system

• Need GRASP 
including 
baffles

Image of 
Primary



Cold Stop Enforced (for most of the rays)

Fields at:
‐5.5 deg
‐3.0 deg
0    deg
3.0 deg
5.5 deg

Vignetting: Some rays are 
limited by the stop, some 
by the primary.



Conic, Non‐telecentric, Focal Surface: 
What if we tilt the arrays?

Chief rays for 7 
field angles.

5 3 2 0 ‐2 ‐3 ‐5

10 
deg

Angle of incidence 
(AOI)

Defocus



Results

Field 
(degrees)

Freq.  
(GHz)

AOI  
(deg)

Defocus (cm) Strehl
at 

focus

Strehl average 
delta 

strehl/cm4'' 3''
4''   
outer 4''  inner 3''  outer 3''  inner

‐5 60 30.9 3.150 2.347 0.89 0.81 0.72 0.85 0.78 0.03

‐3 150 25.9 2.419 1.803 0.93 0.57 0.60 0.70 0.740 0.13

‐2 300 23.3 2.031 1.514 0.90 0.22 0.40 0.35 0.62 0.28

0 600 17.9 1.214 0.904 0.90 0.28 0.23 0.45 0.38 0.53

2 300 8.6 0.216 0.161 0.71 0.70 0.71 0.70 0.71 0.025

3 150 11.5 0.231 0.172 0.81 0.80 0.81 0.81 0.81 0.01

5 60 17.39 1.136 0.846 0.86 0.88 0.83 0.87 0.84 0.02

Need to steer the beams



Or – Use a Lens? 
Alumina lens ~60 cm diameter
n=3.1
Flat focal plane
Fields shown = +‐5 deg
Telecentric within 10 deg
F#= ~1.8
Strehl ratios similar to F#=2 
(requires more detailed study)

~60 cm diameter



Broadband ARC – Laser Ablation

Matsumura et al. 2016







Optics Summary

• So far: 1.5 m; Should we look at 1.2 m? 

• Low T baffles/stop
– Baffles: OK
– Stop: questionable
– Do more detailed GRASP for polarization and far sidelobes

• Focal Plane: 
– Steer the beam
– Use lens?


