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COURSE QUTLI NE

[T = # of lectures: lecture # s
{} = reading assignnments (chapters)
M = MLean
W = Val ker
S = Schroeder
K = Kitchin
G = Gay

1. Course Overview [3 lectures: 1-3] {M1.1-12, 2.1-2.3, 4, 9.6; W1, 2, Ap.B; S 17}

Properties of light and light collection
For egrounds and backgrounds
Large tel escopes - overview

Fl ux, magnitudes, surface-brightness
Magni t ude systens and zeropoints

Statistics of distributions (nmean, node, nedian, & higher nmonents)
Noi se: distribution shape, sources
Errors: randomvs systenatic; precision vs accuracy;

error propogation; logarithmc derivatives

2. Digital detectors - CCDs and IR Arrays [2 |l ectures: 4-5]
{M1.3-1.9, 5.1, 5.5, 7-9, 11; WS8; handout}

How t hey work and why they are needed

Properties: QE gain, read-noise, non-linearity, CTE
dark-current, diffusion, fill-factor

Phot on propagati on techni que

S/'N cal cul ation and regi nes

3. Tel escopes and Optics [4 lectures: 6-9] {M3, 6.1-6.3; W3; S 2, 4, 6-9}

Sinpl e optics
Optical tel escope designs

Pupils and the field I ens
Lens design
Optical aberrations

W YN
SALT

4. Cbserving [1 lecture: 10] {W?2}
The sky: coordinates
Cat al ogues, resources
Proposal s
Bef ore observing (targets, airmass, exposures)
I nstrument setup (configuration, focus, calibration)
At night (focus, conditions)

5. Prelimnary data processing [2 lectures: 11-12] {M 9-11; handout}



Overscan correction
Bi as correction
Dark current correction

Field-flattening (inmaging & spectroscopy)
Frame- conbi nati on (i magi ng & spectroscopy)
o S/'N optinization

Mdterm[in class: 13]

6. Imaging Caneras [1 lectures: 14] {M4.1, 5.1, 7, 11.6-11.7}
Di rect imaging
Shutters
Drift-scanning
Filters & characterization
7. Imaging anal ysis: Detection & Photonetry [4 |ectures: 15-18]
Qui ck | ook: inexam ne
Source detection
Sky estinmation
Centering
Aperture photonetry
Curve of growth
Phot onetric calibration
Stellar vs extended source nethods
Stellar photonetry: profile-fitting / DAOphot
Surface photonetry:
o Extended-source photonetry: chall enges
o | sophotes
o Profile deconposition and the Sersic fcn.
o0 Star-gal axy deconposition
o Monents, eta, and total magnitudes
0 Source Extractor
8. Special Topic: presented by Joss Bl and-Hawt horn [1 | ecture:
9. Spectroscopy-1l: G ating-dispersed spectrographs & anal ysis

[6 | ectures: 20-25]

19] {handout}

{M4.2, 5.2, 6; W5, S 12, 13, 15; K 4; G 3, 12; handout}

Basi ¢ design and concepts

o Demagnification

0 Ananor phi sm

o Spectral resolution

Grating: types, properties, efficiencies
Di chroi cs and doubl e spectrographs

Thr oughput i ssues

Fi bers and fiber-fed spectrographs

Grating-di spersed spectrograph types:

0 Spectroneters

o Long-slit spectrographs

o Multi-object spectrographs (slits vs fibers)
o Echel | e spectrographs

Specific exanples in detail
o W YN Bench
0 SALT/ RSS

Not es about observing:

0 spectroscopi ¢ observi ng consi derations
o S/'N for spectroscopi c observations

At mospheri ¢ di spersion



Qui ck-1 ook: spl ot

Basi ¢ processing (bias, flats)
Wavel engt h cal i bration

Sky subtraction

Fl ux calibration

Echel | e fornat

Li ne-strengths and equi val ent wi dt hs
Vel oci netry and cross-correl ation

10. 3D Spectroscopy: Challenges & Current instrunments [2 |ectures: 26-27] {handout}

Fundanent al consi derations for sanpling the data cube
Fi gures of nerit

The detector limt-1: three into two di nensions

The detector limt-I1: read-noise

Approaches and exanpl es of avail able instrunments
o Grating-dispersed spectrographs
o Interferoneters

Exi sting instrunents, sorted by paraneter sanpling
o Summary of sanpl ed paraneter space

Exanpl es of data and sci ence product:
o Extra-gal actic science at high-spectral resolution
and | ow surface-bri ght ness.

11. Spectroscopy-I1: Interferonmetry [2 lectures: 28-29] {M5.4; W5; S 13; K4; G2, 1
2; handout}

Fabry- Perot spectroscopy

o i magi ng

o spectral (WHAM

Fouri er - Transf or m spectroscopy
Spati al - Het er odyne spect roscopy

12. Future 3D instruments [1 lecture: 30] {M 14; handout}

Ground- based instruments on 10mtel escopes

Ground- based i nstrunments on 30-100m t el escopes:

0 AO-driven designs

o Specific exanples of TMI and ELT instrunentation
Space-based instrunments: JWST

o Foregrounds revisted

o Pl anned instruments

Unexpl ored options: sone exanpl es

Fi nal [take hone]



