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Southern African Large Telescope

26-m diameter
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The Arecibo Concept:

‘A: —>;A' Star moves E to W on sky

i i i N Centre of curvature at
Fixed elevation spherical 4 ——  adius of brima
mirror telescope with . mirr?)r Yy
tracking on focal surface ;s

Spherical focal
surface: 1/2 of




SALT Tracking Principle

Tracker off-centre

and pupil partially on primary mirror
array. At worst extreme, still a ~7 metre
telescope.

With tracker and 11-m pupil centred on
primary mirror array and central
obstruction (from SAC optics), equivalent
to a 8.5 metre telescope.

Pupil is always under-filled and
constantly varies with time




SALT characteristics

Effective Collecting Area (Telescope Azimuth = 180deg)
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Annulus of visibility ; I // \
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SALT Track Surface
‘r [,,1-10*

Surface defined as total track Time
time when first acquired (l.e. at  (S€c)

a specific H.A.) and with no &’
azimuth move.
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Completed Telescope

Dome
Shutter

Tracker & Payload
— 2 FIRST-LIGHT INSTRUMENTS

— ACQUISITION, GUIDANCE & FOCUS
CAMERAS

— CALIBRATION SYSTEM

— ATMOSPHERIC DISPERSION
CORRECTOR

— MOVING EXIT PUPIL BAFFLE

Structure
— TUBE
— BASE WEDGE
— MIRROR TRUSS
acility Building
— CAT-WALK FOR TRACKER ACCESS
— AIR CONDITIONING DUCTS
— VENTILATION LOUVRES

Primary Mirror Array
— EDGE SENSORS
— ACTUATORS
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Design innovations for SALT
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Because of the valuable Iessons lear from" H?E T, plus sys_
engineering approach andi improvenfents made pOSSIb|
technological advances and sou1=c|ng products globally, SAL
benefited and is expected to haye "¢ JoTmans
My
' IP / -

‘Improved optical des1gn (the Spherical Ab FN Corrector) by Da‘ragh O Q noghue
sLarger effectiVe collecting-area by increasm‘oll size (1/1'-m dlameter)
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*More efficient protected silver-aluminium multi yer coatmgs (LENL) fo hirrors offer

// d /’// e
*Holistic mtegrated payload design, mgreased mass bydget (~1000 kg) d dse.of
carbon composites. 5

*Prime focus instruments (e.g. W|S},4)nS|n s PFIS) planned from thé out t bnd/lth

largermass/volume envelope. / S

-Different primary mirror segment alignment system (e.g- Shack- Har nann c/era) and
the use of capacitive edge sensors on the mirror segments ‘will glv -

/

*Use of natural\ entilation (e.g. louvres) and aggresswe ude to heat sources'will
lead to -

\
‘Used grap%rogrammmg language Lab 0 do all telescope control (rapid
prototyping\& elopment, quick to debuglféasy to integrate, good graphics)




Facility Instruments are all
mounted on Prime Focus Payload

Payload structure (rotating & non-rotating components) made of carbon
composite

Dome crane

Robert Stobie
Spectrograph
(RSS)

Instrument rotator
ring

Hexapod legs

Access platform



Telescope Completion Experience:

SALT took ~1 year longer to build than initially estimated (original project
completion date was 17 Dec 04, i.e. <5 years from hiring Project Team to
completion of commissioning). Reasons were:

» Difficulty multi-tasking of dependent jobs

— Intertwined and mutually dependent tasks

« Competition for people/resources/telescope time

— Highlighted too few people in some critical areas (e.g. engineering and design effort for
Payload subsystems)

» Lots of parallel tasks to be done and not always enough people/time to do
them




Reality of Commissioning / Completion

* Underestimate of time to complete complex/first-time systems

— Including the Prime Focus Payload
— Science instruments (both took ~1 year longer than CDR estimates)
— Not enough time for integration and thorough testing
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WELL JUST TRAVEL

DONE IN THIRTY N

AvS? FASTER THAN LIGHT § 2| excuse me ?ﬂ-‘w 05
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ABSOLUTELY. AND DISCOVER A FLEXIBLE.

DOORLJAY IMN TIME.

9114 |e5 & 2002 United Footure Syndicate. ne.
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« With all segments installed

* With SALTICAM and filter set
No active optics (edge sensors)
No guiding or autofocus
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Focus gradient
Rho dependency

Field dependency of
aberrations

Diagnosing cause has
been a long (~2 yr)
process

(see SPIE7018-40 for all
the gorey details)

Recent results point to
SAC interface problem




Good images over a 1.5 -2 arcmin
FoV

e.g. good fit with a Moffat function
EE50 = 0.85 arcsec

mrpS200704300044.fits[1] @ (1102.46, 113.85): FNHN=3.02, e=0.18, pa=52
= L I L L O e s e e

Enclosed flux

Radius






SALT First-Generation Science Instruments

Instruments chosen to give SALT a wide range of capabilities
Ensure competitiveness

Take advantage of SALT design and modus operandii
Budgeted for 4 “first generation” instruments

First two completed & installed, third being built

First two (‘first light’) instruments:
— SALTICAM: a UV-VIS CCD camera

— Robert Stobie Spectrograph (RSS): an imaging spectrograph with
many different modes




SALTICAM:

E‘bf/ UV-Vis imager
s d) (built at SAAO)

An efficient “video” (~10 Hz) camera
over entire science FoV (8 arcmin).

Efficient in the UV/blue (capable down
to atmospheric cutoff at 320nm (sun-
burn territory!).

Capable of broad and intermediate-
band imaging and high time-
resolution (to ~50 ms) photometry.

Fulfills role as both an acquisition
camera and science image. First

Cryostat &

Filter jukebox

& .
v . . e

detector —_

. o P
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First Science: Observing magnetic cataclysmic
variables with SALT + SALTICAM

Mass Donor

Mass J ransfer
~ Stream

« Strongly magnetic white dwarf
inhibits accretion disc formation

* Instead, magnetic field
channels accretion directly to
magnetic poles of white dwarf

« White dwarf magnetic field is
huge: 10-200 Megagauss

Magnetic
White Dwarf
Primary Star




SALTICAM Frame Transfer Mask in Slot Mode

Image/store area
""""" Split

Serial Readout Registers







SALT First- Science

An example: a light curve of an eclipsing magnetic CV (Polar)
taken with SALTICAM

SDS5015543+002807 2005 Sep & Eclipse
(Sech

(J 100 204 S0 440

White

Spot 1 Each data point a 0.1 sec exposure

oy

Ballistic Ingress/Egress = 1.2 to 1.5 sec

Stream




Observations of
Asteroids

» Looking for Near Earth Objects
— Potential threats!
* Deriving spin periods

« AV =20.5 asteroid with a 12.76
min spin period (60 sec
exposures)
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The Robert Stobie Spectrograph (RSS)
(built at Wisconsin, Rutgers & SAAO)

An efficient and versatile Imaging Spectrograph
« capable of UV spectroscopy

high time resolution ablility

polarimetry capability

Fabry Perot imaging (many narrow filters)
multiple object spectroscopy

- Can observe ~100 objects at once

Named in memory of Bob Stobie,
previous SAAO Director.

Univer=zity of Hisconzin —— Modizon SAL FFIS webcam 2065-B2-25 16:30:04 (USH Central T1rr»-l ﬁn



Optics

Fold/ Dichroic ~ NIR Beam (future)
Fold 5 o wwa B
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Visible Camera /
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How VPH Gratings Work

VPH Gratings. From Barden, et al, 2000, PASP

tings
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High Efficiency with Volume Phase Holographic
Gratings

Resolution vs wavelength for 1.2 arcsec slit

6000 ;— ; D |
E | 3000 Umm |/ 1800 I/mm |
- Constant <7
3 t - Vi
- Efficiency
- Contours
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Mechanisms

Polarizing 6-Grating Magazine

Beamsplitter

(shde)
\

2 Fabry- Perot \

Etalons (slides) \ - Q’

3 CCD s

40-Slitmask
Magazine

Detector |



» Passed pre-ship & pre-installation testing,
excepting:

— Some camera roll flexure (fixed)

— Some grating rotation flexure (fixed)
But, not exhaustive mechanism exercising
Throughput not directly measured

* Installed on telescope Oct 2005

— Long-slit mode, start polarimetry comm.
— F-P tests, MOS tests

— on-sky throughput tests

Significant throughput underperformance,
particularly in the blue (<400 nm)

Interference filter ghosts
Also some problems with slit-mask mechanism

* Took off telescope Nov 2006

— Removed optics and sent back to US for
diagnosis & repair




1.0
UV (<400 nm) precipitous 0.8 A
drop-off
« Other throughput ‘dips’ it
« Ghost seen in F-P =
interference filters
— Image of pupil 04
— Worse at ~550 nm * x EG21 Sltless Spec
% & 47 Tuc|maging
0.2 4 % & E£EG21Imaging Burst
7 o A Mar 06 Imaging Burst
&l — FERLD Min
0.0 T T T T T

800



N -
& A Cause of UV drop-off
\\/
L\’( 100% - e
S-AYFT s
Cause found by process of elimination el A
+ Laser (375 & 650 nm) and diodes used to measure all o - L ------ Coll Trip
major optical components in situ £ Rl s
— Effect seen in all lens groups with multiplets 40% i ——— Cam Trip
— Assembled lens groups removed & returned to B
us o
— Disassembled & measured with monochromator : y--:'-‘r'-ﬂf" , , ,
200 300 400 500 600 700
* No coatings or lens materials were in common
— CaF2, fused silica, NaCl (but uncoated and i Fluid + Material Experiments
inside elements) 104 . )
— MgF2, Solgel+ MgF2, multi-layers
0.8 1 New Fluid
—— Polyurethane Tubing
06 —SylGard 184
R N - T RTV Sealant 730
—— Sulfuric Anodizing
0.41 —Brass
------ Plastic Syringe
0.2 1 —Viton
Polyurethane bladde1r
O T T T T

200 300 400 500 600 700
Wavelength (nm)




RSS Long-Slit commissioning:
1. Anatomy of “The Bird”: a triple galaxy collision

 A-O images from
the VLT

« Spectroscopy
from SALT

— Kinematics point to
a 3-galaxy collision
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IRAS 19115—-2124
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Anatomy of “The Bird”: a triple galaxy collision
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Anatomy of “The Bird”: a triple galaxy collision
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2. Galaxy Mergers and Dark Matter Halos:
Polar Ring Galaxy: AM 1934-563

E _‘ .|. I!_I'a' klné’t T |‘ T ||-r_| J ; | .I_L i T ; |. i | i . I_-_
- RSS spectroscopy of a s e SANEERE S ‘ 2
Irr/Polar Ring Galaxy 50 FFARNSRTIT i S 3

* Kinematics of i = : * e g
components differ B H’ﬁ Fad A GG 400092 | k_
 “Solid body” rotation N LR S T SRR AR
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2. Polar Ring Galaxy: AM 1934-563

200

* The results show that 200
then polar ring rotates
slower than the galaxy =~
at similar distances
from the center.

* This indicates that the
halo DM is more
concentrated toward
the galaxy than toward
the ring, and does not
have a spherical shape

150

100

AV (km s—

R (arcsec)



3. SALT Observation of GRB 060605

{ec.,0): 21:28:34 6,-06:03:36.7

SALT Observations ~8 hours
After alert

« MSSSO obs. atV ~15

« SAAO obs. atV ~ 20

2128500



GRB 060605

| Ly' o
Ly a forest

2000
Wavelength (&)

4000



Spectroscopy of a Reflection Nebula
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RSS Commissioning: MOS laser cut slit-masks

Image Display - example.fits - 0%
_File View Go Graphics PFIS

=2 4 » =

Open o0 oreal Cut Levels
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] 20:34:35. 703, +28:17 44 15 2000 ]



MOS Test Run Spectra

Position
Reference

NGC6822 — Oct 20




Commissioning RSS Fabry-Perot mode

08
=

3 resolution modes:

* low (R = 320-770) ‘tuneable filter’ (full field)

« medium (R =1250 — 1650 ) bullseye 3.8’ — 3.3’
* high (R ~9,000) bullseye ~1’

transmission
0.6

0.4

0.2

High R modes in dual etalon mode |
Tests began Sep-Oct 2006 LUV

o b A HAL BN I ASTANY S WL W) A A WA WL .S L SA W . AW AW = S L
6300 B4 BBOO 6700 8800

wavelength

Filter R=1000 etalon R =9,000 etalon
'-'.:,.'3\1.:,.;];x.:yl,j\;..'lr,j .//:,\r1;1.

6530 6535



Fabry-Perot Commissioning

NGC 1535: Planetary Nebula in H-alpha

NGC 1365



Fabry-Perot Commissioning Observations

oo 1400 1500 1600 1700 1400 1900

H-alpha image Velocity Map




Spectropolarimetry Tests

SN2006mq
20061107

 Began in Oct 2006, just weeks before
RSS was removed
* Observed several types of objects
— Supernovae
— Star forming regions 4% -
— Reflection nebula *
— Magnetic CVs

Flux

PA (deg) (cor)

-40 ¥ L] L] L] L]
4000 5000 6000 7000 8000 9000 10000

Wavelength (Ang)




SALT High Resolution Spectrograph

sources (<2 arcsec) plus background (fibre pairs)

Under construction at Centre for Advanced
Instrumentation, Durham University (UK)

« Started in late 2007, completion early
2010

« Based on University of Canterbury CDR
level design

* Design is dual beam (370-550 nm & 550 —
890 nm) white-pupil R4 duplex echelle, with
VPHG, giving R = 16,000 to 65,000
(depending on image slicer).

SALT will utilize fibre-fed high-resolution spectroscopy of point

Transmission

. Resolving
Fibre mode Power (\/5)) (SPC + SLT + TEL)
480nm 650nm
Low 16,000 13.4% 17.4%
Medium ~37,000 9.4% 12.1%
High ~65,000 6.0% 7.7%




SALT High Resolution Spectrograph

 Vacuum enclosed

* Thermally stabilized

Echelle grating

Collimator



, FINAL REMARKS |
/ / = SR DR A\ \ \ \ \
/ ///’/ - 5 \
Telfescope & Instrument commlssmnlng ongomg and expected to be
concluded in 2009 It S e | | il
« Two major technical hUrdIes have beeh ’/ i e

1 ) |r\nage quality (now dlagnosed and about to /be sdlved)
2 ) spect{ograph throughput (s“olv;e/df

Commissioning sc1encehasstill beén4oossmle and on-going |
SALTICAM science prograis, at ~50-75% level / // / /

N RO 7

RSS optics expected to be reinstalled in late 2008 and instrument
Klly tested on &ound before reinstalling on tercope in mid-2009

SALT and its First Generation ir mstrﬁment have dlverS|ty of modes
and some rarelunlque opportunities (some excellenit fér CVs, etc.)

* RSS Near IR arm iS now fundeg'and wﬂlﬁe the next instrument
installed, after HRS. -

Consortium now considering Second Generation instruments




