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Summary of discussions regarding SCUBA-2 spectrometer design 
  

23 August 2002, Hilton Waikoloa 
Attendees: Gary Davis, Brad Gom, Wayne Holland, David Naylor, Ian Robson 

 
16 Sept 2002 University of Cardiff 

Attendees: Peter Ade, Matt Griffin, David Naylor, Ian Schofield, Bruce Swinyard, Joe Taylor 
 
During the SPIE Instrumentation in Astronomy conference in Hawaii and a recent SPIRE meeting 

in Cardiff there has been a broad discussion of the issues which impact the choice of spectrometer to be 
built for the SCUBA-2 array camera. This note summarizes these discussions. 

  
Grating Spectrometer (cooled) 
- poor throughput 
- inherently large grating size 
- not well matched to the SCUBA-2 detectors (which must handle the relatively high radiant load 

from the full 850 and 450 µm bands and are thus far from optimum) 
- one spatial and one spectral dimension on the SCUBA-2 arrays would require non-standard 

operating and analysis modes 
- poor instrumental line shape function (in particular scattering from bright emission lines) results 

in poor photometric accuracy 
 
Internal FP  
- serious concern about placing active components within SCUBA-2 cryostat 
- the only available space in the cryostat is immediately inside the entrance window 
- possible issues due to fast optics beam at entrance window (walk-off of multiply reflected 

beams) 
- a single FP can only operate in one band at a time (dual FPs would need to be placed after 

dichroic; not enough space) 
- must be manually removed from SCUBA-2 when not in use; risky and time consuming 
- attractive only from a raw sensitivity standpoint, but, as above, not well matched to the 

SCUBA-2 detectors (which must handle the relatively high radiant load from the full 850 and 
450 µm bands and are thus far from optimum) 

- the potential for additional sources of emission and/or failures coupled with the increased 
complexity from mechanical, optical and cryogenic standpoints, rules out this option 

 
External FP (cooled) 
- high throughput 
- emissivity of the two windows of the cryostat that houses the FP(s) may negate sensitivity 

advantage.  
- limited space between entrance window of the SCUBA-2 cryostat and the first mirror (~0.5m) 
- possible issues due to fast optical beam at entrance window (walk-off of multiply reflected 

beams) 
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- potential to locate instrument in beam next to main telescope bearing 
- size of optics will be limited by Peter Ade’s reflectors which in turn drives the cryostat design 
- only one wavelength can be observed at a time (no simultaneous 850/450 µm spectral mapping) 
- the FP has the worst instrumental line shape function of the three proposed spectrometers 
- wavelength and intensity calibration non-trivial  
- stitching together spectra to provide broad spectral coverage is fraught with difficulty and would 

render the FP useful only for line emission observations (eg. hot cores) 
- high FP resolution not necessarily an advantage over SCUBA-2 / HARP combination 
- the FP solution is complex from mechanical, optical and cryogenic standpoints but spectral 

analysis (software) is relatively straightforward 
 
FTS 
- high throughput 
- Mach-Zehnder design similar to both SPIRE and Dr Naylor’s current JCMT FTS 
- size of optics will be limited by Peter Ade’s beamdividers 
- potential to locate instrument in beam next to main telescope bearing, or at current Nasmyth 

level 
- both 850 and 450 µm bands can be observed simultaneously 
- the radiant loading from using an FTS with a cold calibration load in the second input port is not 

much greater than the SCUBA-2 system on its own (see the loading analysis below); this, in 
some sense, makes the FTS solution an optimal one  

- the FTS has the best  instrumental line shape function of any spectrometer 
- intrinsic wavelength calibration  
- intensity calibration relatively easy 
- the FTS solution is straightforward from both mechanical and optical standpoints (although a 

cryogenic calibration reference will be required for the second input port), but there will be a 
significant software component since the spectral analysis requires phase correction and Fourier 
transformation of each pixel’s interferogram.  

- Dr Naylor’s group has over 40 years combined experience in the use of FTS on Mauna Kea. 
Moreover, Dr Naylor has recently assumed the Canadian lead on ESA’s Herschel/SPIRE 
project; one of his tasks is to develop the data processing pipeline for the SPIRE FTS. There is 
significant synergy between an FTS for SCUBA-2, the SPIRE project and ongoing JCMT FTS 
work.  

 
Science related issues 

Grating 
- only useful as a "high-Z engine". But needs sensitive detectors. SCUBA-2 detectors are required 

to handle the radiant load from the full 850 and 450 µm bands and are therefore far from 
optimum for the reduced load provided by a grating instrument. Other instruments currently 
under development will fill this niche (e.g. ZEUS, Z-Spec). 

FP 
- essentially the same science goals as SPIFI; photo-dissociation regions, extended line sources 

(mostly 450 µm), hot dense cores, galactic cores, etc which in general populate a small subset of 
an array. 

- radiant loading renders the FP not useful for high-Z observations 
- 450 µm window requires grade 1 weather 
- continuum measurements not practical 
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FTS 
- primarily a galactic spectrometer (eg. spectral index mapping of molecular clouds) but also 

bright nearby galaxies 
- simultaneous broadband, intermediate resolution measurements across both 850 and 450 um 

bands 
- promises to obtain more useful data from more pixels 
- will produce useful 850 µm data in grade 3 weather 
- camera pixels not processed by the FTS will be used to correct for changes in atmospheric 

transmission reducing the multiplex disadvantage 
- radiant loading renders the FTS not useful for high-Z observations 
- relatively easy continuum measurements 
- readily adjustable resolution 
 

Spectrometer Loading and Noise Analysis 
 
Four options were initially considered for the SCUBA-2 Spectrometer: a grating, a cold FP inside 

the main cryostat, a cold FP in an external cryostat, and a warm FTS. The consensus from discussions 
held during recent SPIE and SPIRE meetings was that the grating and internal FP options were 
impractical. Concern was also expressed about how the warm FTS would affect the power loading and 
photon noise at the detector level. For this calculation, the FTS and FP spectrometers were added to the 
existing Mathcad 850 µm SCUBA-2 noise model (version 3.1) provided by Wayne Holland. Output 
from the Mathcad calculations are linked here 

SCUBA-2_noise_anal
ysis.pdf SCUBA-2 system without spectrometer 

SCUBA-2_noise_anal
ysis_FP.pdf SCUBA-2 including FP 

SCUBA-2_noise_anal
ysis_FTS_80K.pdf SCUBA-2 including FTS with 80K calibration load 

SCUBA-2_noise_anal
ysis_FTS_280K.pdf SCUBA-2 including FTS with 280K calibration load 

 
The table below lists the expected loading and overall noise levels (detector phonon NEP, and 

system + atmosphere photon NEP) for the 850 µm band under 0.5 mm and 1 mm precipitable water 
vapour, at one airmass.  
 

System 
Transmission

Total Loading 
(pW)

Overall NEP
(10-17 W/ sqrt Hz)

Total Loading 
(pW)

Overall NEP
(10-17 W/ sqrt Hz)

no spectrometer 52% 7.7 6.9 9.5 7.5
external cold FP 0.0002% 1.9 3.4 1.9 3.4
FTS w/ LN2 BB 23% 11.5 8.5 12.3 8.7
FTS w/ warm BB 23% 25.3 14.3 26.1 14.4

0.5mm PWV 1mm PWV
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Since the SCUBA-2 detectors will be designed for optimal performance with the loading from the 
full bandpass of the 850 and 450 µm filters, the potential performance gain due to the greatly reduced 
loading of the FP option will not be realized (i.e. a cold FP system would be detector noise limited, even 
if the FP was not inside the main cryostat). The FTS system with a 73K blackbody, on the other hand, 
does not raise the loading excessively, and, because of contingencies built into the detector design, even 
an FTS with ambient blackbody would fall within the designed detector loading capability of 30 pW 
under good weather conditions. While an ambient blackbody provides additional loading, at the level of 
the contingency, it will be useful for the testing phase of the SCUBA-2. 

 
Summary 

 
1) Cold FP inside the main cryostat is rejected on grounds of risk to the whole system 
2) Cold external FP significantly de-loads the detectors, but this gain cannot be realized because 

the detectors are designed for a much higher background loading and themselves become the 
limiting components. 

3) FTS loading is not excessive, and the resulting photon NEP is expected to be reasonably well 
matched to the designed detector NEP 

4) FTS efficiency of 43.7% is very similar to a dual FP system (such as SPIFI which achieves 
efficiencies between 36% and 64%) 

5) An FTS plays to the proven strengths of the Lethbridge team and exploits the synergy with the 
SPIRE project 

6) An FTS, with its broad spectral coverage, played a key role in troubleshooting and 
commissioning SCUBA; having one available during the commissioning of SCUBA-2 would be 
a big asset. 
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