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ABSTRACT

The SPIRE instrument on board the Herschel satellite
contains an imaging Fourier Transform Spectrometer.
This instrument simultaneously covers the 194-672 um
wavelength range, with an unvignetted field of view of
2.6’, and pixel FWHM of ~16” (short wavelengths) and
~35” (long wavelengths). It will be possible to operate
in a raster mode, and so cover large areas of sky. The
data produced will be either low spectral resolution con-
tinuum measurements or have higher spectral resolution
to observe lines. We describe the instrument characteris-
tics and the software requirements for scientific analysis
of the resulting 3D spectral data cubes.
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1. INTRODUCTION

SPIRE, the Spectral and Photometric Imaging Receiver,
is an imaging photometer and spectrometer (Griffin et al.,
2006) for ESAs Herschel Space Observatory, due for
launch in 2008. It contains an imaging Fourier Trans-
form Spectrometer (iFTS), which provides medium spec-
tral resolution over a broad range.

2. INSTRUMENT CHARACTERISTICS

The full spectral range is covered by 2 spider-web
bolometer detector arrays operating at ~300 mK: the
spectrometer short wavelength array (SSW) covering
194-324 pm and the spectrometer long wavelength array
(SLW) covering 316-672 um. Measured pixel full width
at half maxima (FWHM) are 16”-18” for SSW and 31”—
40” for SLW.
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Figure 1. The layout of the SPIRE iFTS detector arrays.
SSW pixels are shown as filled circles and SLW as empty
circles. The 2.6” unvignetted field of view is also shown.

The footprint of the unvignetted field of view on the de-
tector array has a diameter of 2.6’ and contains 19 & 7
pixels for SSW and SLW respectively. The detectors are
hexagonally packed with a spacing of ~2 beam widths
(32.5” for SSW and 50.5” for SLW). The layout of the ar-
rays is shown in Fig. 1. An internal Beam Steering Mirror
(BSM) can be used to ‘jiggle’ the field of view to increase
the spatial sampling.

Each pixel of the SPIRE iFTS will simultaneously ob-
serve the entire spectral range in its sub-band, 51.5—
30.9 cm~*! for SSW (194-324 ym) and 31.6-14.9 cm !
for SLW (316-672 um). The spectral resolution is con-
stant in wavenumber (and frequency), while the resolving
power changes linearly as R = /Ao up to 1300,

e HIGH Resolution: Ag =0.04 cm™! (1.2 GHz)
e MEDIUM Resolution: Ac =0.25 cm™! (7.5 GHz)
e LOW Resolution: Ac = 1.0 cm-! (30 GHz)

The spectral range complements the other instruments on
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Figure 2. A simulation of a line spectrum for the SPIRE iFTS using high spectral resolution mode. The data from SSW
are shown in red and from SLW are shown in blue. The instrumental line shape of a sinc function can clearly be seen.

board Herschel, overlapping with the Photodetector Ar-
ray Camera and Spectrometer (PACS; 55-210 pum) at the
short wavelength end, with very similar spectral resolu-
tion. The range covered by the Heterodyne Instrument
for the Far Infrared (HIFI) overlaps much of the SPIRE
range but with much higher spectral resolution.

3. ANALYSIS OF SPECTRA AND SPECTRAL
IMAGES

The spectral response function of a FTS is a sinc function
and will present itself in the data when observing spec-
trally unresolved features (e.g. Fig. 2). This well defined
function must be taken into account during extraction of
spectral line information in order to achieve the best spec-
tral resolution.

To extend the area of sky covered, multiple fields of view
can be observed using a raster mode. This will produce
large spectral cubes for analysis. The spatial sampling of
each field of view in the raster is determined by the num-
ber of ‘jiggles’ of the BSM. The final spatial sampling can
be sparse (2 beam spacing), intermediate (1 beam spac-
ing) or full Nyquist (1/2 beam spacing).

The data from the SPIRE iFTS will follow the format of
Herschel spectral cube products. We plan to produce a
Virtual Observatory compatible cube using the character-
isation standard. This will be the first implementation of
VO spectral cube data in a space project.

Individual spectra measured by the SPIRE iFTS will re-
quire specialised spectral analysis tools including,

e Combine data from all three Herschel instruments
(esp. SPIRE and PACS)

e Combine repeated data from identical/different pix-
els with different signal-to-noise ratios

e Convert the inherently linear SPIRE wavenumber
scale into wavelength, frequency, velocity

e Allow for simultaneous processing for the entire
spectral range with varying beam sizes

e Allow for blended line profiles

The data produced will always be in the form of 3D spec-
tral data cubes, with axes RA, Dec and wavenumber.
Spectral analysis tools for the SPIRE iFTS will be im-
plemented within the Herschel Common Science System
(HCSS) software. They will allow for,

e Resampling of spectral cubes to a regular grid of
spatial positions

e Line extraction for a spectral cube (position, ampli-
tude, flux)

e Continuum fitting (e.g. polynomial, multiple black
body function) after masking out lines

e Model fitting both for continuum and line emission

e Convolution of cubes to different beam sizes (e.g.
to compare SSW, SLW and with PACS and other
instruments)

o Convolution of higher resolution spectra (e.g. HIFI,
or model spectra) to the SPIRE iFTS resolution

e Interactive or automated data analysis

These functions will be presented as a VO enabled tool
for cube manipulation.
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