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Hardware calibration requirements for the SNAP spectrometer 

 A.Ealet, G.Smadja
The spectrometer calibration is classically done in 3 steps:
· Flat field calibration
· Wavelength calibration

· Distortion calibration

These procedures are detailed in Chapitre 4 ... For each steps, we have computed a preliminary budget error and identified a set of requirements which should be put on the on board calibration  unit. 
1. Spectrograph requirements for the flatfielding stage
The request is an uniform illumination on entrance mirrors at all wavelengths. 
In order to perform the flat-field calibration of the instrument with the requested accuracy, the on-board calibration unit should contain one or more uniform sources which must fulfill the following set of requirements:
· Spatial uniformity (1) – At any wavelength within the useful spectral range of the spectrograph, the uniformity of the illumination provided by the on-board calibration unit shall be better than 1 % (1sigma, TBD) over the complete field of view of the spectrometer. 

· Spatial uniformity (2) – At any wavelength within the useful spectral range of the spectrograph, the uniformity of the illumination of the entrance plane of the spectrometer provided by the on-board calibration unit shall be mappable with a second degree polynomial, with an accuracy better than 0.2 % (1 sigma, TBD)

· Spectral smoothness – The spectral gradients in the spectrum provided by the on-board calibration unit at the entrance of the spectrometer for the flat-fielding of the instrument shall be less than 0.2 % percent per 100 nm (1 sigma). An averaging over an appropriate number of pixels along the different adjacent dispersion directions provides a reference level within the same wavelength interval.

· Photon rate – The number of photons per second provided per spaxel by the on-board calibration unit at the entrance of the instrument, when used for its flat-field calibration, shall be large enough to reach a signal to noise of 140 in one exposure of 12 s ( the standard minimum readout)  for all wavelengths within the useful wavelength range of the instrument. This allows to not saturating the detector.  This gives a flux of 5 108 photons/s on the detector

· Stability (1) – At any wavelength within the useful spectral range of the spectrometer and over its complete field of view, the spatial illumination of the entrance plane of the spectrometer provided by the on-board calibration unit shall be stable to better than TBD % over a duration of TBD months (1 sigma). ( define to minimizing the frequency of the observation of the standard spectrophotometric stars)
· Stability (2) – At any wavelength within the useful spectral range of the spectrometer, the average over the complete field of view of the spectrum of the illumination provided by the on-board calibration unit at the entrance of the spectrometer shall be stable to better than TBD % over a duration of TBD months (1 sigma). This requirement aims at controlling the degradation of the illumination over the duration of the mission. 
2. Pointed observations and  requirements
Observation of standard stars are needed at different positions to account for changes in the response of the instrument over its field of view, as well as for the non-uniformity of the illumination of the internal sources used for its flat-fielding; These observations are also used to correct distortion in the spatial direction (see section 4). This drive some extra requirements:
· Pointed observations: . Each star will be observed at different locations within the spectrometer field of view It will be necessary to use a small random dithering procedure to average out changes in the diffraction losses as a function of the centering of the star within a given slice. These observations will have to be repeated every TBD months. 

· Stars  to be defined … need some specification on the spectrum form … 
· The absolute spectrum of the standard stars – At any wavelength within the useful spectral range of the spectrometer the absolute spectrum of the spectrophotometric standard stars used for the spectrophotometric calibration of the instrument, shall be know to better than 1 % (1 sigma, TBD). 
· Spatial uniformity of the telescope – At any wavelength within the useful spectral range of the spectrometer and over its complete field of view, the radiometric response of the telescope shall be spatially uniform to better than 0.2 % (1 sigma). This part of the optical path is not included when using the internal sources for the flat-fielding of the instrument. It will not be calibrated and must therefore be controlled. 

· Telescope Stability – At any wavelength within the useful spectral range of the spectrograph and over its complete field of view, the radiometric response of the telescope shall be stable to better than TBD % (1 sigma) over TBD months. This requirement aims at minimizing the frequency of the observation of spectrophotometric standard stars. 

3. Wavelength calibration lamps requirements
The wavelength calibration of the spectrometer need dedicated line sources in the on-board calibration unit.. These sources will have enough lines, known very accurately. Note that it is not necessary for the "line" to be spectrally unresolved (it might even turn out to be advantageous to have slightly resolved lines to increase the accuracy of the determination of their centroids).  The requirements are:
· Spectral lines (1) – The line source(s) of the on-board calibration unit shall provide a minimum of 20 (TBD) well-separated, high-contrasts line over the complete useful wavelength range of the instrument (both visible and IR). 
· Spectral lines (2) – The line source(s) of the on-board calibration unit shall have peak intensities (inferred from their integrated flux and their FWHM assuming a simple Gaussian profile) differing by no more than a factor 5 (TBD). This requirement aims  to not saturate any  line (i.e. all lines can be used for the wavelength calibration). 
· Spatial uniformity – At any wavelength within the useful spectral range of the spectrograph, the uniformity of the illumination provided by the on-board calibration unit when using "line" sources shall be better than 10 % (1 sigma, TBD) over the complete field of view of the spectrometer. 
· Photon rate – The number of photons per second provided per spaxel by the on-board calibration unit at the entrance of the instrument should be > 20000 (TBD). This shall be possible without saturating the detector at any wavelength within the useful spectral range of the instrument. 
· Stability and knowledge of the position of the lines –  the intrinsic central wavelength of a  line shall be know to better than 1 nm  (1-sigma, TBD). This requirement is easily and automatically fulfilled for an emission-line source (classical Neon lamp as an example) but this may not be the case for other types of "line" sources. 
4. Requirements from the distortion correction.
The spatial distortion map is obtained with a set of several star exposures per slice for the spatial dimension and with the line lamps for the spectral one. The limits of the illuminated area for each slice will be obtained from the continuum lamp exposure, and will be defined by a reference level set at some fraction of the flatfield central level (see smoothness requirement on section 1). Figure 1 gives an example of the level of the distortion effect to be corrected. Each line is representative of one wavelength and each point is an illuminated slice image (20 slices) ,  each slice covering 20 pixels in the spatial dimension and 1 (2) in the dispersion direction for IR (visible).  
No special requirements are added from this stage as the needed images are already covered by the previous stages.
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Figure 1: iso lambda lines on the visible and IR detectors. Each line is obtained for one wavelength and each point is representative of one slice. There is a zoom in the dispersion direction. The shape of the full line on the detector should be well known and corrected.
5. Summary of the constraints on the on-board calibration unit 
The baseline for the calibration is to use the same on-board calibration unit as the imager. When discussing the flat-field calibration of the spectrometer, we have identified a very stringent requirement on the uniformity (less than 1 %) and smoothness of the illumination provided by the onboard calibration unit at the entrance of the spectrometer (0.2 %). But it is not yet clear if the current design of the on-board calibration unit meet this requirement.
The spectrograph is placed on the back side of the focal plane and the entrance pupil is in the middle of the focal plane.
The imager calibration unit should

· Ensure an illumination of the entrance of the spectrograph (which is not the case actually) but this can be possible by using a back illuminated shutter with fibers.
· Ensure than the imager lamps fulfill the requirements mentioned above.  A classical tungsten-filament lamp can be not stable enough (in the blue, this need  high filament temperatures and this may strongly degrade their stability and decrease their lifetime) and it will be necessary to use LEDs (Light Emitting Diodes. The final solution may be to use a combination of different lamps and LEDs. 
· Ensure that the ray tracing of photons of the beam light is the same as that from the telescope (to ensure same centroid the requirement of of the order of 10 arcmin). We recall than the spectrometer is  placed at a f ratio of 10 and can accept 9 thanks to the over sizing of the mirrors.
The need of "line" sources is clearly specific to the spectrometer and is not present for the imager. It will therefore be necessary to have dedicated sources for the wavelength calibration. We have identified a set of different possible solutions for these line sources: 

· Actual "emission-line" lamps – These lamps are classically used on the ground for the calibration of spectrometers. The difficulty is usually to have strong, unblended lines over the complete spectral range of the instrument. In particular, this is an issue at the blue and red wavelength ends. 

· "Fabry-Pérot  sources – A second possible solution is to use a classical continuum combined it with a Fabry-Pérot-type of filter (i.e. displaying regularly spaced transmission peaks). The difficulty in this case is to design such a Fabry-Perot filter over such a large wavelength range and to find a suitable continuum source (to have enough photons for every line, without saturating others). Note also that in this case the wavelength of the peaks will depend (slightly) on the temperature of the filter that will therefore have to be controlled and/or known. 
· LED – It has to be investigate if a set of LED could be used as single line sources. The temperature dependency has also to be well under control. 
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