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Example science requirements for IRIS

• IRIS is diffraction-limited near-infrared imager and 
integral field spectrograph designed for first light for 
TMT
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Discovering the Unexpected in 
Astronomical Survey Data

(Norris 2016)
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‘Central planning’ doesn’t have a great track record.
‘Careful planning’ by individuals in the community does.



An alternative approach, based on open parameter space and on 
some principles.

This is a principle I like. On the next slide, I’ll show you one I don’t.



Replace mirror area A ~D2, where 
D is the aperture of the mirror 

(forget about factors of 2 and pi). 
Then in natural seeing this thing 

will scale as:

But what if we’re 
working at the 

diffraction limit? 
Then…

Substituting into the equation at top 
right gives us…
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This “D to the Fourth Advantage” is 
why people love Adaptive Optics and 

space telescopes!





This whole approach makes me uncomfortable

❖ A figure-of-merit/information-theory based view of things, 
seems far too crude. Contrast the Shannon information 
content in a 1D spectrum and a 2D image… you learn 
different things.

❖ A frequently-noted “benefit” of track-2 instruments (AO-
based) is they tend to be fairly small. But the instruments are 
not small because of fundamental laws of optics, they’re 
small because of a compromised field of view. That is totally 
fine if you don’t need the field of view, but let’s make sure 
it’s a science-driven choice, not an engineering-driven choice.

❖ This whole line of thinking totally ignores the surface 
brightness of the night sky and a while host of other things.



The whole approach makes me uncomfortable

❖ It’s way too crude
❖ It encourages people to 

think more about 
engineering then science.

❖ It leaves important stuff out.



• For extragalactic astronomy the sky is typically way brighter than the objects you’re 
looking at. 
• For background limited observations going 1 mag deeper means 2.5x2.5=6.25x longer 
integration. 
• Also goes for making the sky brighter. A 2 mag difference in sky brightness means 
you need to integrate for 40x longer.



Go redder…



… and redder…



… it gets ridiculously bad.



The Cure?



Guiding Principles
❖ It’s an Ecosystem, Dummy

❖ Open up Parameter Space.

❖ Give The People What they Want

❖ Experience Matters!

❖ Respect the Laws of Optics

❖ Eat Your Own Dog Food

❖ Make Miracles Happen One at a Time



XKCD comic teaches us some physics



When you 
compress a beam 

you must also 
magnify.
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Implication: instruments for large telescopes will 
themselves be large. Why is anybody surprised?

Etendue conservation says things scale in proportion. 

Small instruments will be specialized instruments. 
Some will be be super exciting – all will have small 
fields of view (AO fed, in many case). Some will be 

relatively cheap but that doesn’t have to follow.





This is a big philosophical difference between 
the E-ELT project and the TMT project. 

TMT is the maximum size telescope that Jerry 
Nelson figured he knew how to build that could 

handle these issues in an open-loop kind of 
way.

(BTW, this is why I love it so)



WFOS: Big? Yes. Doable? Yes. Unique capabilities in the ELT era? YES.





Two things I’d like you to do

• 1. Think of what you’re doing now and figure out the
pain points. Imagine how TMT will let you move forward 
(without wild extrapolation of any kind regarding where 
the subject will be moving in 10 years time). You’ll see 
how we can move forward in practical ways.

• 2. Get freaking totally excited about the golden age of 
sensors that we’re about to embark upon, and think 
about what the implications are for doing really radical 
things in the future.

Because of the philosophical differences in the ELTs, IMHO it’s 
easier for the TMT community to make plans.





Pretty strong suggestion from Keck spectroscopy that they are a mixed bag…

Example: Ultra-diffuse galaxies are cool. To understand 
them I need some freaking AB=27 mag spectra of globular 

clusters in Coma



Look for revolutions here: 
Sensors and Cameras

T-CUP

MKID-IFS

CMOS

EMCCD



As readout noise disappears, and sensors become 
cheap, these sorts of concepts begin to make a lot 
of sense. A 3D problem becomes a 2D problem.



Opening up the time domain will open up huge new physics opportunities. Exploiting this in 
an astronomical context will require the huge light blast of next generation telescopes.





• The planned ELTs are not all equivalent. There are some 
fundamental differences aside from hemispheres. These 
design choices impact instrument choices.

• Natural seeing instruments are going to be big and expensive 
unless they’re specialized or compromised. We know know 
to build them  though... and they will be awesome.

• Half of big discoveries will be totally serendipitous and driven 
by people as much as hardware. The other half will be planned 
well in advance, so doing things like working on science case 
documents is not pointless.

• There’s plenty of room for innovation in instruments. On 
small scales, look to new types of sensors and to photonics for 
big  advances.

CONCLUSIONS


