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Minutes of the 2nd SALT Science Working Group meeting

7 February, 2000
University of Canterbury, Christchurch, New Zealand

D.A.H. Buckley
17 May 2000

The second meeting of the SSWG took place on Monday, 7th February 2000, in
Room 315 of the Dept. of Mathematics, Statistics and Computer Science at the
University of Canterbury.

1. Participants
Those in attendance were:

David Buckley SSWG Chairperson
Peter Cottrell NZ SALT Board member (ex officio)
Richard Griffiths Carnegie Mellon University SSWG representative
John Hearshaw University of Canterbury (ex-officio)
Janusz Kaluzny Poland SSWG representative
Glen Mackie New Zealand SSWG representative
Kobus Meiring SALT Project Manager (ex officio)
Ken Nordsieck Wisconsin SSWG representative
Darragh O'Donoghue South Africa SSWG representative
Larry Ramsey HET SSWG representative
Ron Reynolds Wisconsin SSWG representative
Marek Sarna Poland SALT Board member (ex officio)
Bob Stobie SALT Board Chairperson (ex officio)
Romek Tylenda Poland SALT Board member (ex officio)
Ted Williams Rutgers SSWG representative

Apart from 9 representatives on the SSWG, there were also 6 ex-officio
participants present, invited to attend following the meeting of the Interim SALT
Board (on 5, 6 February, 2000).



David Buckley Page 2 17-05-2000

2. Project Scientists report on VPH gratings
David Buckley gave a short presentation on Volume Phase Holographic  (VPH)
gratings, covering the principles and their potential use in astronomical
spectrographs. He also gave a brief review of the VPH Workshop he attended in
October 1999 in North Carolina, where the future strategies for procurement of
large format VPH gratings (e.g. suited to SALT instruments) was discussed.

Current problems regarding VPH gratings include:
- Only two manufacturers identified (KOSI and Ralcon, both in the USA).
- Current sizes are limited (75 ¥ 100 mm), but plans for developments of

larger collimator are in the pipeline (e.g. NSF/NOAO sponsored
development at KOSI).

- Cryogenic behaviour of VPH (warping of the dichromated gelatin layer).
- Uniformity of the planes of refraction.
- Flatness of the optical 'flats' after cementing (residual sphericity).
- p-plane polarization losses at high angles/high R.
- Non-sinusoidal losses for thin, low R gratings.
- Sensitivity departures from theory.
- Field effects  (off-axis blaze shifts).
- Scattered light effects.

One other major issue is the mechanical implications of an articulated
spectrograph camera, required for VPH gratings which operate under the Bragg
condition (angles of incidence and refraction equal).

Some of these problems will need to be addressed in the future before
committing to a VPH approach in future instruments.  Most of those present felt
that the outlook was optimistic. Finally, it was proposed that the current VPH
'interest group' could become a funded 'consortium', which might fast-track the
development of larger format gratings. The potential demand for these is quite
high, estimated at  ~122 over the next 2-3 years.

The discussion concluded with a mention of planned instrumentation using VPH
gratings (e.g. the AAO 'ATLAS' instrument).

3. Outside involvement in SALT instrumentation
The question was also asked by David Buckley whether non-SALT institutions
could be involved in SALT instrument development.

Larry Ramsey was of the opinion that this was premature given that the nature
of the SALT instrumentation was yet to be defined. It was felt that as far as
possible, SALT instruments should be built by members of the SALT
consortium, but that did not preclude an instrument PI involving outside parties,
if necessary. For the time being, however, it was felt that all avenues should be
pursued to involve SALT partner institutions in instruments.
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4. The SALT Spherical Aberration Corrector
Darragh O'Donoghue  discussed the optical design work he has been doing for
the SALT Spherical Aberration Corrector (SAC).

He revisited the 2-mirror design, which required mirrors up to 720 mm in
diameter, and both mirror were 8th order aspheres. The FoV was 4 arcmin. 2-
mirror plus lens designs were also investigated, which required either CaF2 or
NaCl (low Abbe V number). Losses (air-glass interfaces, assuming Solgel
coatings) were comparable to the 4-mirror design.

Darragh then presented the new 4-mirror design, which will make use of the
LLNL overcoated silver for better response in the UV. The system is basically a
Gregorian-inverse Cassegrain system, with a convex M4 mirror which corrects
the field curvature and astigmatism from the concave mirrors. The on-axis
vignetting is determined by the size of M4, with a smaller diameter giving better
on-axis performance, but worse off-axis vignetting.  Current design has 80%
throughput on-axis, and 60% at 3.5' off-axis. The optics have diameters < 500
mm diameter, and with an overall length similar to the HET SAC design (1.8-m).

Darragh also mentioned the possibility of producing a good imaging system,
with plate scale suited to modern CCDs, using additional lenses (2 or 3
groups?). This would deliver an f/2 beam, with a flat focal surface. This could
form part of an acquisition system, and with a suitable high-quality CCD, could
be a science grade imager.

Regarding the fibre-feed system, Darragh commented that the telecentric angle
variation with field could be corrected by a field lens, giving a curved field. This
would necessitate positioning fibre probes in X, Y & Z, but not tip and tilt.

The SAC design (for a 9.2-m pupil) has been sent to several potential vendors in
order to get a budget estimate for construction. The results were:

Vendor Price Comment
Vendor A £270K 0.25" FWHM
Vendor B $500K l/20, could be cheaper if relaxed
Vendor C $300K

Darragh has also been investigating larger pupil designs. The 11-m solution
gives a 120-mm diameter science FoV (8 arcmin diameter), with slightly worse
image quality compared to the 9.2-m solution.  It was pointed out that the 9.2-m
pupil is at least totally filled for some of the time (~10 mins), when nearly centred
on the array. This has implication for radial velocity precision, which benefits
from a filled, non-varying, pupil (notwithstanding central obstruction changes).

The largest pupil which just inscribes the top hexagon has a diameter of 10.17-
m. Larger pupils than this may lead to increased thermal radiation contamination
(compromising IR observations), requiring some redesign of the structure (e.g.
top hexagon). This issue will be investigated. The properties (e.g. vignetting,
spot size) of the 10.17-m pupil solution will be intermediate between the 9.2 and
11-m solutions.
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Some discussion followed on deliverable image quality and issues of
tolerancing. The former (image size) is crucially dependent on the entire error
budget for the telescope. At present the poor imaging performance of the HET,
thought to be due to thermal seeing problems, makes it difficult to ascertain
whether the PFIP and tracker are performing to specification.  Some tolerancing
analysis was done for both the new SALT SAC design and the HET SAC
design. Results show that the alignment of the SAC with the optical axis is
crucial to the image quality. This is particularly the case for the M2 mirror, and
tip/tilt and decentring in general for all the mirrors is the critical issue (e.g.
compared to de-spacing).

It was considered that there would be a distinct advantage in having the
manufacturer do the whole mounting of the SAC optics, and preferably some
sort of test of the assembled system. Some of the manufacturers have already
expressed a desire to do this.

Ken Nordsieck mentioned the desirability of knowing what the total effective
collecting area of the telescope would be for the different pupil sizes of the SAC,
and as a function of tracker position, including effects like obscuration by the top
hex.

5. SALT Science Requirements
Discussion took place on the latest draft (#5) of the SALT Observatory Science
Requirements document, the top-level user specifications for SALT.  The draft
incorporated changes suggested by Larry Ramsey (HET Project Scientist) in
light of the experiences with the 'as-built' HET. Also certain parts of the
document had been formatted more consistently following comments from the
SALT Project Team. Following on their suggestions, and particularly the
comments from Gerard Swart (SALT System Engineer), solutions for the
specifications were removed, and emphasis put on the values of final
deliverable parameters.  These will be translated into a list of technical
specifications, and a proper error budget determined by the System Engineer.

5.1 General

Following from the presentation on the SAC design, it was agreed to adopt
Darragh's new 4-mirror SAC as the baseline design, with a 9.2-m pupil as the
minimum and a goal for an 11-m pupil, if it can be achieved without significant
negative effects.

The new Lawrence Livermore (LLNL) coatings will likely be adopted as part of
the baseline SAC design, provided that they achieve a minimum set of
specifications to be determined. Issues which still need to be addressed
concerning these coatings include:

• 'true', i.e. measured, reflectance over the wavelength domain l = 300-
2500 nm,

• effect of non-normal incidence, i.e. angles of incidence required by the
SAC design.
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• Polarization properties of the coatings (for angles of incidence up to
~25°

• Attempt at comparison of 'as delivered' coatings (Denton FS99 vs.
LLNL)

The baseline design has the primary mirror coated with Aluminium.

5.2 Changes to Science Requirements document

Discussions over the following sections resulted in the following changes or
additions:

2. "…prime focus imaging spectroscopy…"
2.1 Minimum FoV of 4 arcmin with a goal of 8 arcmin.
2.3 Every opportunity will be made to allow an upgrade path for the

phasing of the primary mirror array.
2.9 High throughput down to the atmospheric cut-off. A requirement

for capability to 340 nm, with a goal of 320 nm.
3.1.1 Change temperature gradients to 1.5°/hr (normal) and 2.0°/hr

(marginal). The instrument room should have no more than an
10° change in temperature over the entire year. Instruments will
be housed in meet coolers, with a stability <2°/year.

3.1.3 Latest technologies to be utilized in keeping mirrors clean.
3.2.1 Revised both Requirement and Goals to reflect latest SAC

design:
Requirement: <0.5″ (EE(50) for < 0.5 arcmin field angle)

<0.7″ (EE(50) for 2 arcmin field angle)
Goal: <0.4″ (EE(50) for < 0.5 arcmin field angle)

<0.7″ (EE(50) for < 4 arcmin field angle)
3.2.2 Baseline design to have a flat focal plane. Any prime focus

instrument should be coupled to the direct beam. Other prime
focus focal stations may be accessed using 45° flat mirrors (e.g.
acquistion/guider instrument, fibre feed). These focal stations
represent the interface with the telescope. Their specifications
will need to be included in the Prime Focus Instrument Platform
(PFIP) definition.

 The current central obstruction has a radius of 1.3-m, implying
any PFIP instrumentation needs to be kept within a cylindrical
volume of ~2.6-m diameter, and extending some 2-m from the
mounting ring (1.5-m diameter) of the tracker hexapod.

Any telecentric correction for fibres will need to be addressed in
the Fibre Instrument Feed. This may be achieved mechanically
(tilting fibres), or possibly optically (field curvature to remove
telecentric field effects).

Remove specification for distance of instrument mounting plate.
3.2.6 Any CCAS tower will minimize the amount of light scattering.
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3.3 Instrument payloads which are currently part of the baseline
design (minimum spec) are:
acquisition/guiding system 50 kg
fibre instrument feed 50 kg
prime focus science instrument 200 kg

Total instrument complement: minimum of 300 kg
goal of 400 kg

These instruments are defined as anything that is situated
behind a focal plane.  The PFIP specification document should
include revised mass, moment and volume specifications.  The
current mass limits should be revisited if it proves possible to
increase the tracker payload masses.

Items considered part of the PFIP must include
• Acquisition camera
• Guide camera
• Moving baffle
• SAC
• Calibration masks, lamps, and associated fibre-feeds.

3.4 Change to read "a volume of 2.5-m diameter, ~2-m from the
hexapod ring, and ~1-m above the focal plane mount point". The
PFIP specification document should include such details.

3.4.9 Remove this section and incorporate precise flat-fielding
requirements in Section 3.2.4 (moving baffle requirement).

3.4.10 A new section should stipulate that the tracker will provide all
power requirements (AC & DC), pneumatics, glycol cooling lines
and cabling. This must be included in the PFIP interface
document.

3.5.3.8 Revise basement instrument room dimension to 14-m diameter
and 2.5-m ceiling height.

3.6 An engineering data logger should record all system parameters
during operations for fault diagnostics.

3.6.2.1 GPS time, with suitable precision, should be available, with
displays at various remote locations, and ported to all locations
of potential instrument. Some instruments may require time
stamped data to an absolute time precision of microseconds.

3.6.2.2 A high fidelity audio monitoring system in the dome to alert
operators of potential problems through unusual noise
behaviour (e.g. motors, clutches, etc).

3.6.3 Internet access to operator and instrument consoles, for
eavesdropping purposes, should be available. This would not be
for actual remote commands, at least in baseline design.

3.7.2 Emergency shut-down system must exist. This is really part of
the Operations Requirements.

3.8.2 The acquisition/guiding system should be capable of recording
atmospheric transparency.
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3.8.4 Delete this section, since it is really not a top-level observatory
requirement.

The above changes will be incorporated into the next version of the Science
Requirments document for final approval. Some items (e.g. in sections 3.6,
3.7) may be more relevant for the Operation Requirements document.

6. Reports from SALT Partners

6.1 Penn State (Larry Ramsey)

Larry reported that Penn State were appointing a new instrumentalist,
specializing in IR and A-O. There was no intention to build a SALT instrument,
but there was the possibility of being involved in instrument collaborations. Two
new generation HET instruments are currently being considered for
implementation in the next 5 years:
i.) A prime focus IR spectrograph, with R ~ 500 to 20,000, covering the

wavelength domain 900-2500 nm using IR grism technology. Total cost
estimated at ~$2M. Possibility of  bringing it to SALT for ~ a few months a
year.  Most competitive for R > 5000.

ii.) A 'dispersive interferometer', capable of R ~ 50,000 to 200,000 and with
stability of  a Fourier Transform Spectrometer (FTS), but better
throughput. Will be built at LLNL. A possible low-cost (~0.5$M) prototype
might be available for SALT. This would ideally be suited to planet
searches, QSO absorption line studies, and would be fed by a fibre. A
velocity precision of 5 m/s is easily achievable, with potentially an order of
magnitude improvement on this!

The latter is probably the most realistic option for SALT, since the costs are low,
and Penn State might be interested in pushing this.

Ken Nordsieck raised the issues of provision for other, smaller, instruments
being accommodated by the PFIP.

6.2 New Zealand (Glen Mackie)

Glen reported that in July 1999 the University of Canterbury contributed
NZ$100K to fund both a feasibility study for New Zealand's involvement in SALT
and provision of ~NZ$20K seed money for their high dispersion spectrograph,
HERCULES.

The final feasibility report, authored by Professor Mike Bessell (MSSSO) and
Peter Gillingham (AAO) was released in Jan 2000 (and tabled at the meeting of
the Interim SALT Board).

As representative on the SSWG, Glen distributed a questionnaire to the NZ
astronomical community to assess their interest in SALT and gauge which type
of instrument would be of greatest interest. Some 10 replies were received (~
2/3 of the total), and the overwhelming interest amongst this present group is for
high dispersion spectroscopy, and particularly an 'HRS-like' instrument.
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6.3 The HERCULES spectrograph (John Hearnshaw)

Professor John Hearnshaw (University of Canterbury) then gave a brief
presentation on the spectrograph (HERCULES) he is having built at the
University of Canterbury.

It will operate on the Mount John University Observatory 1.0-m McLellan
telescope (f/13.5; 15″/mm plate scale), fed by optical fibres. Its basic parameters
are:
i.) R = 35,000 or 70,000
ii.) Wavelength coverage 380-880 nm (continuous)
iii.) Echelle (R2) orders n = 65 to 150
iv.) Use of 50 or 100 micron optical fibres (Ceramoptic 'wet' fibres - high UV).

The instrument capital costs are estimated at ~NZ$250K, with labour costs of
~NZ$550K (i.e. total of NZ$800K = US$400K).  The instrument is simple and
cheap!) compared to the HRS or MRS instruments on the HET.

A novel aspect of the instrument is that it sits in an evacuated cylinder. This is to
achieve excellent velocity stability. As an example, a 1 millibar atmospheric
pressure change can translate to an 80 m/sec shift in radial velocities.

6.4 University of Wisconsin (Ken Nordsieck)

Ken Nordsieck gave an overview of the University of Wisconsin astronomy
group, including the Space Astronomy Lab. The total complement is 13 faculty
staff.

Wisconsin have a 27% share in the 4-m WIYN telescope and have been
involved in software for the controller system and remote monitoring.

The Space Astronomy Lab has a $1M per year budget, and is involved in both
sounding rocket experiments and ground-based instruments. There are ~10
permanent technical staff. A recent instrument is the Ha mapper (WHAM) of
Ron Reynolds.

There are a broad range of interests, and all desire to use SALT, with the
following specific science drivers:

i.) open cluster kinematics Matt Bershady
ii.) faint emission line imaging spectroscopy Ron Reynolds
iii.) high resolution LMC survey spectropolarimetry Ken Nordsieck
iv.) Magellanic cloud abundances Jay Gallagher
v.) QSO absorption line spectroscopy Blair Savage
vi.) Galaxy evolution at z = 0.5 Matt Bershady

Much of current interest in a SALT instrument are concentrated in an efficient
prime focus imaging spectrograph (named the 'PFIS'), which can take
advantage of the improved UV performance.
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Wisconsin have committed their $50K 'first installment' and a figure of not less
than $1M in total, with a goal of $6M. There is strong interest in a major
instrumentation contribution to SALT. This could involve any or all of the
following:

• Prime focus instrument
• Fibre feed subsystem
• Software control system

Ken expressed some concern that the total instrument budget for SALT was too
low. Generally astronomical instrument costs scale with telescope aperture, and
8-m class telescope instruments typically cost $3M to $5M.

In developing ideas for SALT instruments, the question to be asked is how to
multiplex both spatial and spectral information ? This is equivalent to mapping a
3D datacube onto a 2D detector with a limited number of pixels.

Wisconsin has suggested a reassessment of instrument roles, with respect to
the HET.  The proposed approach is for the prime focus instrument to maximize
the spatial coverage, while the fibre-fed spectrographs maximize the spectral
coverage.  An MRS-like instrument would give maximum wavelength coverage
at low-medium resolving powers, allowing some multiple fibres, until the detector
is filled. Use of IFUs instead of star/sky fibres could be an advantage (some
spatial sampling at higher R / wider l-coverage).

The PFIS Concept
The PFIS would fill the role which the LRS does on HET, but with greatly
enhanced capabilities. It would allow low-medium (R < 10,000) resolution
spectroscopy, without cross-dispersion.

Suggested features:
ATLAS style spectrograph utilizing VPH gratings
R = 600 - 6000
Polarimetric capability (fi cannot have fold mirror before focal plane)
Fabry-Perot capability
Use of microshutters for MOS

Trade-offs:
Single/dual beam ?  A potential weight problem with two beams/cameras.
Near IR capability: would be unique, but requires an interchangeable
camera/detector (CCD / IR array).

Feasibility study issues:
Detector: size, weight, with Cryotiger
Optics: single beam/camera ? Full field possible ? Size & weight.
Mechanical: suggest Al skin / Invar tubes

envelope constraints
weight per beam
weight/cost of articulation
weight/cost of dispersers, filter wheels, etc.

Control: CCD controller
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instrument controller
weight & power (UW rocket experience)

Polarimetry: rule of thumb: can take out instrumental polarization to
~10% of telescope polarization, expected to be ~0.15% (Al
primary) , giving 0.015% instrumental pol.

Spectropolarimetry:
Fabry-Perot imaging polarimetry

The above would give SALT some unique capabilities in the area of high
dispersion (Fabry-Perot), high precision polarimetry and spectropolarimetry.

First-Light and commissioning:
The possibilities include

• A 'full-up' PFIS completed for science first-light
• Imaging mode only (no slit mech., dispersors, etc.)
• A de-scoped detector, with a smaller FoV (4 arcmin)

6.5 Rutgers University (Ted Williams)

Ted Williams summarized the major science interests at Rutgers, which he
mentioned were complementary to New Zealand' s interests. These include F-P
imaging of both extragalactic objects and star clusters.

Rutgers are currently involved in the RASI Fabry-Perot instrument. The
instrument operates in the region 470-870 nm, employing 18 interference filters.
Other orders need to be blocked in the high-resolution mode.

A problem with F-P instruments is to cover a wide wavelength range at high
resolution without requiring large numbers of filters. A low resolution etalon can
be used to tune the gap to give ~ 5-15Å resolution.  It can then be used as an
order blocker for higher orders instead of using interference filters.

6.6 Additional comments from Ron Reynolds (Wisconsin)

Ron Reynolds presented some ideas on F-P instrumentation for SALT, following
on from Ted's comments.  These ideas have arisen from discussion between
Ted and Ron in November 1999.

Currently the largest diameter etalons are 150 mm. Typical large F-P etalons
currently in use are 85 mm diameter, with plates flat to l/200. With F-P
spectrometers 100¥ more light at a given resolution compared to grating
spectrographs.

Exciting possibilities exist in combining large etalons with large aperture, as in
SALT. Science interests with such an instrument include interstellar gas,
Magellanic Clouds and Stream, high velocity clouds. Again, unique science
programs will be possible.
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6.7 Carnegie Mellon University (Richard Griffiths)

Richard Griffiths reported that the major science interests lay in distant galaxies
and QSOs. An LRS-like instrument, or PFIS, would ideally match the CMU
science goals.

CMU has no infrastructure to participate in building a SALT instrument. The
most likely involvement would come from a collaboration, with CMU's
contribution being software, controls or robotics.

6.8 Poland (Janusz Kaluzny)

Janusz Kaluzny reported on the results of a questionnaire issued to the Polish
astronomical community. 17 replies were received, with science interests
concentrated in the following areas:
• Hot stars
• Cool stars
• Local group galaxy studies

For instruments, the following numbers of people expressed interest in using
HET-like spectrographs:
• Low resolution 12 people
• Medium resolution 9 people
• High resolution 11 people

Only 2 people mentioned the need for a large field (~10 arcmin).

There was no current interest in Poland building SALT instruments. Presently
there is little capability in Poland (2 people already committed to other projects).
It might be possible for a Polish Co-I to be involved in an instrument sub-system.

6.9 South Africa (Darragh O'Donoghue)

Darragh summarized results of a follow-up survey of South African potential
SALT users.
Most interest is in low to medium resolution spectroscopy. Most are happy with
the proposed wavelength coverage. 60% of respondents are interested in a
near-IR capability while 20% were interested in UV capability. A majority would
not be satisfied with an LRS clone for SALT, feeling that it needs higher spectral
resolution, near IR capability and polarimetric capability.

Some discussion was had concerning the interest and capability of South Africa
(and assumed to imply SAAO) in building a SALT instrument. Darragh
mentioned that SAAO may find it attractive to develop detectors for SALT
instruments (CCDs), since the technical section at SAAO will be eventually
responsible for the operation and maintenance of such instruments/detectors.
Other potential instrument involvement at SAAO could be in a fibre-fed
spectrograph, given the recent experience with a simple fibre-fed spectrograph
(GIRAFFE).
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7. Concluding Remarks
It has become apparent that the current instrument priorities are as follows:

1. Low/Medium dispersion Prime Focus instrument (e.g. PFIS).
2. MRS-like instrument.
3. HRS-like instrument

In the final analysis it is unlikely that all three instruments, if the same scope as
the HET instruments, could be affordable with the current SALT instrument
budget ($4.8M).
However, it may be possible to afford 2 first-light instruments. This would
presumably be a PFIS-type instrument and a fibre-fed spectrograph. It is
conceivable, given the presentations given at this meeting on HERCULES, that
a simpler and cheaper (compared to the HET fibre fed instruments) medium to
high resolution (R ~ 20,000 - 100,000) spectrograph might be affordable.

It was agreed that before the next SSWG meeting, the Project Scientist will
produce terms of reference for a basic instrument concept document. Those
groups or potential PIs interested in proposing a SALT instrument should
present these concept proposals at the next SSWG meeting.


