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1. What Limits Performance of  
    Single-Dish Telescopes?
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Submillimeter SD Telescope TNG

•Building The Next Generation large single dish telescopes with 
high accuracy is the most challenging task.

3



Millimetric Adaptive OpticsMAO /174

Plots of the historic cost equation  - not to be taken seriously!

• Cost ∝ D2.5 / λmin
0.5

• Telescope ONLY 
perhaps 50% of project?
(25% for instruments, 
25% for infrastructure,
management, etc)

• Ignores added costs 
for higher sites.

• Assumes “non-political”
procurement process.

• Normalized by assuming that a 25m diameter with a 25um surface costs 50?M.
AtLAST workshop. hargravepc@cardiff.ac.uk
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Cost scaling law

∝D2.45

National foundation is weakly limited 

Technology to break size limitation is more 
meaningful than technology to cost reduction

In optical telescope, innovations happened in
• mount  type(Equatorial to Alt-Az mount)
• F-ratio (3 to �1)
• Mirror configuration (monolithic to 

segment or multiple mirror)

Kurita-san’s viewgraph (LST WG)

Telescope aperture (m)
1.0 3.1 10 31

Te
le

sc
op

e 
co

st
 (U

S$
)

Need something that triggers “innovation”

1M
10

M
10

0M
1B

10
B

Belle & Meinel 2004



Millimetric Adaptive OpticsMAO /17

What Limits Telescope Efficiency?
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• Temperature 
fluctuation in 
upper atmosphere 
crucially affects.

•Doesn’t matter. Optics? •Wind load and 
temperature variation 
crucially affect. Radome 
is too expensive.

Can correct?•Yes. AO is 
operational at 
many telescopes.

•No AO is available.

Atmosphere? •Doesn’t matter.

Enclosure:  arguments

AtLAST workshop. hargravepc@cardiff.ac.uk

• Cost probably scales at nearly D3, so becomes prohibitive at large sizes.

• Note that LMT/GMT 50m was originally to be in a radome, then a JCMT-style 
enclosure, but ended up open.

• Unless you go the whole way and use some sort of membrane, you don’t get rid of all
the wind forces or all direct heating by sun and cooling to sky.  In fact the presence of 
the building may make these effects more complicated, e.g. thermal step function 
when you open the doors.  Certainly harder to model the enclosed case.

• Weather protection is certainly important on sites where there is snow and ice, but 
those will also be a problem for a building.  With good design it may actually be easier 
to get back into operation after a snow fall with an open design than with an enclosure.  
Should consider active de-icing system.

• Suggest we assume open-air design.  Look for site with shelter from winds?  
(In northern Chile these are from the west under good observing conditions.)

Pete Hargrave+ (AtLAST Optics WG)
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What is adaptive optics (AO)?
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UK Astronomy Technology Centre (https://www.youtube.com/watch?v=gDGvNyVApgg)

https://www.youtube.com/watch?v=gDGvNyVApgg
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Time/spatial-scale of Mirror Deformation
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NRO 45m “pointing” PSD (Smith et al. 2000)
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  * Time-scale ~ 10 Hz  (≪ Opt/NIR) 
                                      (≫ Holography etc.) 
  * Spatial-scale ~ 1 m  (≫ Opt/NIR)
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What is Technical Issue with AO?

•Yes. There are low-cost 
sensors with large-format 
array detectors (e.g. SH 
sensor)
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Wavefront 
  sensor?

•No. Building a large-
format array itself is a 
challenging task. 

•Yes. Wavefront 
computation?

• The optical/NIR 
technique can be 
applied.

•Yes. Wavefront 
control?

•Active surface control.  
Large strokes will be 
an issue.

Wavefront 
reference?

• Yes, natural and 
laser guide stars are 
available.

•No.

Adaptive optics tutorial at CTIO (http://www.ctio.noao.edu/~atokovin/tutorial/)
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Millimetric Adaptive Optics: Concept
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Wavefront 
  sensor?

•No. Building a large-
format array itself is a 
challenging task. 

Wavefront 
reference?

•No.

Aperture Plane Interferometry
Interferometry with phase references 

placed across the aperture
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2. Millimetric Adaptive Optics 
   (MAO)
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Detecting wavefront slope

•Interferometer is a wavefront sensor that measures the time difference of detections of 
incident electromagnetic wave between two receivers. •A phase shift of a complex correlation coefficient exactly means the time difference of 
wavefront arrival between two receiver elements, which is accordingly converted to the 
local deformation of optics (primary mirror). •Phase measurement is much easier than amplitude measurement because a single 
degree of freedom is required for phase measurement.
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How Does MAO Work?
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How Does MAO Work?
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Microwave Wavefront Sensor at the 45 m

•Top-level science requirement: High-accuracy 
phase measurement with σ(θ) = 1 deg r.m.s. 
at 20 GHz, corresponding to 40 μm r.m.s. •H22 receiver •N-element (N ≧ 5) 20 GHz transmitters on the 
surface of the 45 m primary •Accelerometers
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Project Plan
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2017

2018

2019

2016

2015

Brainstorming…

Step to Future  
SD Telescopes

Conceptual Design

Budget

Correlator R&D

Transmitter R&D

Commissioning
Wavefront Sensing Experiment

NAOJ Joint Research & Development: ¥4M 
JSPS Challenging Research (Pioneering): ¥20M
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Summary
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•We propose Millimetric Adaptive Optics. •We initiate development of a microwave wavefront sensor 
based on “Aperture Plane Interferometry.” •Demonstration at the 45m telescope is being planed. •MAO is applicable to and benefits  
EVERY existing / future SD telescopes in the world.


