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Who we are

Back off, man... I’'m a scientist.
Deborah Malone

Adaptive Optics
Scientist

Accidentally ended up
in Astronomy because
she was bored one
day.

Trust me I'm an
engineer

Emily Ronson

Mechanical Engineer

%

Dang it Jim, I'm an astronomer not a doctor!

Meryem Dag

PhD Candidate in
Astronomy and Space
Instrumentation

Electronics Engineer
but loves the stars just
a little more than
circuits.

Jurgen Schmoll

Senior Optical
Engineer

Loves playing with
telescopes since 1980

Senior Mechanical
Engineer

Victim of Tolerance
Stackups
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What is Astronomical Instrumentation?

e The tools and devices used by astronomers to observe outer space.

e Telescopes, Detectors, Spectrographs, Photometers/Imagers, Adaptive Optics.

e These need to work together to collect data to advance our understanding of the
universe.

e Telescopes collect the light from astronomical objects.

e Some of the light to sent to the adaptive optics system to correct turbulence
caused by the atmosphere.

e The remainder of the light is then sent to a spectrograph or imager, and the
resulting data recorded on the detector.

e This data is then processed by software.



Types of Instruments

Spectrographs Imagers
Used to determine composition, Doppler Direct images of the sky, maps structures,
effect, temperatures, redshift, etc. monitoring brightness changes, etc

http://spiff.rit.edu/richmond/asras/chemcomp_i/chemcomp_i.html https://www.flickr.com/photos/nasawebbtelescope/albums/72177720300469752/



Types of Spectrographs

Spectrograph Spectrograph
IMAGE SLICER Input Output
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Datacube
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Credit: M. Westmoquette, adapted from Allington-Smith et al. 1998

Slices a 2D field into narrow
strips, rearranges them to be
fed into a spectrograph.

High resolution, high
efficiency.

Requires complex optics.

Best used for high resolution
spectroscopy of smaller
objects, stars, AGN, etc.



Types of Spectrographs

Spectrograph FIBRE-FED

Input

Light on the focal plane is
transmitted via fibres to the
spectrograph.

Datacube

Can observe many objects at
once.

Spectrograph
Output Light lost in fibre, limited

resolution.
— Best for large surveys /
multiple objects.

Credit: M. Westmoquette, adapted from Allington-Smith et al. 1998




Types of Spectrographs

Spectrograph Spectrograph
MICROLENS ARRAY
> G Many lenslets focus light into
N\ a2
@S Pupil many spots, forming a

N Q:’W Imagery pseudo-slit.
S )

Can be compact, more light
throughput than fibres.

Complex to calibrate.

Good for extended objects,
galaxies, nebulae, etc.

Credit: M. Westmoquette, adapted from Allington-Smith et al. 1998



Types of Spectrographs

IMAGE SLICER

Slices a 2D field into narrow
strips, rearranges them to be
fed into a spectrograph.

High resolution, high
efficiency.

Requires complex optics.
Best used for high resolution

spectroscopy of smaller
objects, stars, AGN, etc.

FIBRE-FED

Light on the focal plane is
transmitter via fibres to the
spectrograph.

Can observe many objects at
once.

Light lost in fibre, limited
resolution.

Best for large surveys /
multiple objects.

MICROLENS ARRAY

Many lenslets focus light into
many spots, forming a
pseudo-silit.

Can be compact, more light
throughput than fibres.

Complex to calibrate.

Good for extended objects,
galaxies, nebulae, etc.



Types of Imagers

VISIBLE

Detects light in the
400-700 nm range using
CCD/CMOS sensors

High resolution and
well-developed technology

Affected by weather, light
pollution

VISIBLE

Helix Nebula -

“ .. INFRARED

Image credit: Space Telescope Science Institute



Types of Imagers
TR VseLE
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INFRARED

Detects heat and light beyond
visible (700nm to 1mm)

Sees through dust; good for
cool objects. Can visualise
star-forming regions,
proto-planetary disks etc.

Needs cooling; atmospheric
absorption. So not good for
humid environments

Visible 'i ; “‘*33’ ,.Ji

A (Infraf'é&_;

NASA, ESA, and the Hubble Heritage Team (STScl/AURA)



Types of Imagers

UV / X-RAY ETC

Captures high-energy
photons (shorter than 400 nm)

Reveals energetic processes
(e.g., black holes, hot stars)

Requires space-based
platforms, as the atmosphere
blocks the UV and X-rays.

Image Credit (right) X-ray: NASA/CXC/SAO; Infrared: NASA/ESA/CSA/STScl/D. Milisavljevic (Purdue Univ.), I. De Looze (UGent), T. Temim (Princeton Univ.); Image Processing:
NASA/CXC/SAO/J. Major, J. Schmidt and K. Arcand Image credit (left):NASA/CXC



Types of Imagers

VISIBLE INFRARED UV / X-RAY ETC

Detects light in the Detects heat and light beyond Captures high-energy
400-700 nm range using visible (700nm to 1mm) photons (shorter than 400 nm)
CCD/CMQOS sensors

Sees through dust; good for Reveals energetic processes
High resolution and cool objects. Can visualise (e.g., black holes, hot stars)
well-developed technology star-forming regions,

proto-planetary disks etc. Requires space-based
Affected by weather, light platforms, as the atmosphere
pollution Needs cooling; atmospheric blocks the UV and X-rays.

absorption. So not good for
humid environments
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Imaging through the Atmosphere

Atmospheric turbulence is bad for
astronomy because it:

Blurs images and reduces resolution.

Absorbs wavelengths including most
UV, some infrared and all the X-rays
Adds background signal from light
pollution

Refraction of the wavelengths alters
the apparent position of the objects.
Weather conditions limit seeing time

"Airglow Over the Indian Ocean". NASA Earth Observatory. 2020-10-08. Retrieved 2025-06-03.



https://earthobservatory.nasa.gov/images/147367/airglow-over-the-indian-ocean

Adaptive Optics

SCAO

Uses one deformable mirror
and one guide star.

Simple and high correction
near guide star

Can only manage a very
small corrected field

Can’t be used when no bright
guide star near target

Single Conjugated AO

Reference Star %

High
Altitude

Layer
Ground

Telescope

Ground Conj. DM

WFC

On axis WFS

https://www.eso.org/sci/facilities/develop/ao/ao_modes/.html

r0 = 10.5cm, AO = OFF

50 100 150

r0 =10.5cm, AO = ON




Adaptive Optics

Laser Tomography AO
. LTAO

Laser Guide ‘

\ /
St 0 .
. Uses multiple laser guide

stars to model turbulence

High . .
Altitude ‘ & ‘ along line of sight
Ground Enables correction without a
=R - nearby natural guide star

Telescope

Still limited to single-object
correction and a small field of
view.

Ground conj. DM

WFS [i 3

Camera

WFC
% : Can’t be used for wide-field
T s IMAging or extended sources
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https://www.eso.org/sci/facilities/develop/ao/ao_modes/.html



Multi-Conjugate Adaptive Optics

Reference S ik *
Stars
High
Altitude
Layer
= Ground
Telescope

to Science Camera

©E Marchetti ¢ ESO / 2004

MCAO

Uses multiple deformable
mirrors conjugate to different
altitudes

Corrects over a wide field of
i\

Complex and expensive

https://www.eso.org/sci/facilities/develop/ao/ao_modes/.html



Adaptive Optics

SCAO

Uses one deformable mirror
and one guide star.

Simple and high correction
near guide star

Can only manage a very
small corrected field

Can’t be used when no bright
guide star near target

LTAO

Uses multiple laser guide
stars to model turbulence
along line of sight

Enables correction without a
nearby natural guide star

Still limited to single-object
correction and a small field of
view.

Can’t be used for wide-field
imaging or extended sources

MCAO

Uses multiple deformable
mirrors conjugate to different
altitudes

Corrects over a wide field of
view

Complex and expensive






‘Game

How to Play e A

_ Divide into e 3-5 people.
Follow the steps- in-your Work'sheet to
“then pick the speC|f|cat|on of your
mstrument e

Go wild and choose*the_ ir'ts_tr’u'mentef

your dreams. Then work through the
sheet again to decide what you would el

‘be prepared to compromlse to make |t
more feaS|bIe | A

. Step'“1': Pick an observetion target
& Step 2" P’ick a'n‘d I‘nstru"ment type -
- choose your observation target and | -.ﬁéee% ?en\évziwyerz‘felc?er?teé?)cetg:tdnoegcc)ilto ,
eene iDE ey | S il
: v"'-S-tep 4: Resolution 'r'equired'?"
'_»- Step S: Slze of the. telescope
-Step6 Telescope Iocatlon’? |

: Step 7 Do you need adaptlve optlcs



- Game
Decide on your an‘swé’rs for your dream telescbpe as
a group and when you are ready complete the |

- Google form W|th your dream deS|gn The QR Code
and short code are'to the rlght and on your bk oy

~ worksheet.
You‘WiII present you"'r'vahS\'Ner’s' for y'o.Ur dreérh'deSign ‘
and comment on how you would make it feasnble [ SCAN M E

_the next sectlon

,- https://forms.gle/gDjJEFXNMTwVaNVq7



Your time starts now...

10:00

SCAN ME



http://www.youtube.com/watch?v=lMVv3qz-rHs

Feasible option
Take a look baok o’ver your instrument would you fund it?
- What could you compromlse on your deS|gn to make is feaS|bIe here are some

cnterla to get you started

- -Reduce the cost

- Reduce the compIeX|ty o
- Alter the requrrements (o} make it bundable (physmally and Ioglstlcally) e. g is

: there already a teIescope you could use for th|s mstrument’?

Fill-in your worksheet wrth your or|g|nal and feaS|bIe desrgn optlons to submit to
theJudges | . i



Here are your results

Drumroll please...



