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This note describes the first generation SPIRE beam calibration products. These products are
released for general use in data analysis and interpretation. It should be noted that alternative
reductions of the data on which these empirical models are based may alter the fundamental beam
parameters obtained in the output map.
This release contains three different products:
• Empirical model
• Raw empirical model data
• Theoretical model
The empirical model is based on in-flight data of a bright source, and hence represents a real-world
model. The raw empirical data is simply the raw data set from which the empirical model was
derived. With this a user can replicate any custom processing that they might wish to perform on
their own data, to obtain a representative beam model for their data. The last product is a
theoretically derived model of the beam. This model is useful when the outer regions of the beam
are important to the user.

Empirical	
  Model	
  
This product consists of two sets of three beam maps, one for each waveband. The product is
derived from SPIRE scan-map data of Neptune, performed using a custom ‘fine-scan’ observing
mode with the nominal source brightness setting.
In this mode each bolometer is scanned across the peak of the point source with the telescope
moving along one of the spacecraft axes, i.e. +z axis, –zaxis, +y axis, and –y axis. Therefore, these
maps comprise data from four separate observations. As a result of this observing mode, the
derived beam maps are the averaged response of all bolometers in a single given detector array to a
point source. The data were reduced using the standard HIPE scan-map pipeline and the naïve
map-maker. A linear baseline subtraction method was used to minimise the influence of the bright
Neptune source.
During the course of this observation Neptune had a disc diameter of approximately 2 arcsec and
moved by an angular distance of less than 1 arcsec. Consequently these factors have a negligible
impact on the validity of Neptune as a point source model.
The beam maps for all three bands are displayed in log scaling in Figure 1. While these maps are
the combination of the four individual observations, a correction has been applied for the small
movement of Neptune between observations. The four individual maps are also available should
the user want to investigate the beam stability within these observations.

Figure 1: Log scale images for the empirical SPIRE beam model at 250, 350, and 500 µm from left
to right respectively. The top row uses a 1 arcsec pixel scale for all maps, and the bottom row uses
the nominal SPIRE map pixel scales of 6, 10, and 14 arcsec from left to right respectively.
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When a 2D asymmetric Gaussian is fit to the data, the basic beam parameters vary as a function of
pixel scale, with the full-width half-maxima (FWHM) and beam areas increasing with pixel scale
(see Figure 2). This is as expected, because as the pixel scale is increased, the peak of the beam is
suppressed. Therefore, when the data are mapped, the width of the beam appears to increase. In
addition, the fidelity of the surface brightness reconstruction becomes less reliable at larger pixel
scales, particularly with respect to the Airy ring pattern at higher radii from the source peak.
Since the flux calibration is performed on the timeline data, the beam area corresponding to the
highest resolution pixel scale must be used. This means that the beam area obtained from the 1
arcsec pixel scale maps in bold in Table 1 must be used when converting from flux density per
beam (Jy/beam) to surface brightness (e.g. Jy/pixel, MJy/str). Using a different beam area, as
measured from a source in a map with a larger pixel scale will result in a systematic flux calibration
error.
However, in cases where an accurate model of the beam is required, such as for the purposes of

point source extraction, beam fitting etc., the appropriate beam model parameters for a map with
a given pixel scale should be used. If the user wishes to bin their map to a different pixel scale,
then they should also create a new custom beam model which will represent a point source within a
map with that given pixel.
The basic beam parameters of a 2D asymmetric Gaussian fit to the data are shown in Table 1 for
maps with 1 arcsec pixel scales, and Table 2 for nominal SPIRE resolutions maps (6, 10, 14 arcsec
per pixel at 250, 350, and 500 µm) respectively.
Band

Major axis FWHM Minor axis FWHM
(arcsec)
(arcsec)

Ellipticity

Beam area
(arcsec2)

PSW (250 µm)

18.3

17.0

8.1%

423

PMW (350 µm)

24.7

23.2

6.6%

751

PLW (500 µm)

37.0

33.4

10.9%

1587

Table 1: Basic Gaussian parameters for empirical beam model data as determined for maps with a
1 arcsec pixel scale. All errors are less than 1%.

Band

Major axis FWHM Minor axis FWHM
(arcsec)
(arcsec)

Ellipticity

Beam area
(arcsec2)

PSW (250 µm)

18.7

17.5

7.4%

447

PMW (350 µm)

25.6

24.2

6.1%

816

PLW (500 µm)

38.2

34.6

10.1%

1711

Table 2: Basic Gaussian parameters for empirical beam model data as determined for maps with
the nominal SPIRE pixels scales of 6, 10, and 14 arcsec pixel scale. All errors are less than 1%.
The product maps are ~10 arcmin x 30 arcmin in scale and include the same extensions and header
information as the nominal maps output from HIPE. There are two versions of each map, one high
resolution with a 1 arcsec pixel scale, and another with the nominal SPIRE output map resolution of
6, 10, or 14 arcsec per pixel. The data have also been normalised to give maps with a peak flux of
unity in all three bands.
Each map constitutes an averaging in the map over all of the individual bolometers crossing the
source, and represents the realistic point source response function of the system, including all
scanning artefacts. Note that the ellipticity seen in the maps is not a function of scanning direction,
but is constant with position angle. When using these beam models it is advised that the user
rotates the beam map so that it matches the position angle of the user's data. The position angle of
HIPE maps can be found in the primary FITS header and is specified by the 'posangle' keyword.
This beam model is suitable for use with any SPIRE scanning observation configurations, e.g. fast
and slow scanning rates, parallel, and nominal and bright source modes.

Figure 2: Variation in beam area, major and minor FWHM parameters from top to bottom
respectively, as a function of map pixel scale. The variation is given for all three bands from 250 to
500 µm from left to right. The data are fit with a second order polynomial, and the derived fit is
displayed on each plot.
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This product is the raw data set from which the Empirical Model above was derived. It has been
made available so that users who wish to apply a custom data processing steps can also apply this
processing to the beam model data, thereby obtaining a model representative of the beam within
their reduced maps.

	
  
Theoretical	
  Model	
  
The theoretical model data set is determined by optical modelling. This modelling is based on
computations of the response function of the end-to-end optical train of the Herschel observatory
and SPIRE Photometer at individual in-band wavelengths, then summing the monochromatic
response with specific weights. The simulated source is a coherent point source with continuum
Rayleigh-Jeans (RJ) spectrum, representative of most bright point sources with brightness
temperature.
The optical model contains the reconstructed wave-front error distribution of the telescope taken
from ground measurements, taking into account the dominant impact of the flight environmental
conditions (gravity release, cryo-vacuum operation), as well as the detailed pupil obscuration from
the full observatory geometry. The full SPIRE instrument optical model including the entire
Photometer train up to focal plane is also implemented (see Figure 3).

Figure 3: View of the model geometry (left) and reconstructed telescope pupil optical path
difference map from environmental ground measurements by Herschel Observatory industrial
contractors (right)
The model also includes the induced effect of typical detector by including further pupil apodisation
with spectrally-varying edge taper (and associated spectral shift of the diffraction focus) within each
band, which has been characterised during SPIRE ground calibration.
The full band response is then obtained by spectral weighting of the set of individual responses.
The weights are obtained by product of the RJ source spectrum with the instrument spectral
response in each band (ISRF), the spectral in-band etendue AΩ and finally the spectral in-band
coupling, all of them derived from flight model instrument level ground calibration.
The derived beam models can be considered as ‘static’ noise-free point source reference maps
complementary to the empirical models which, being flight measured and pipeline generated,
include the additional effects among others of electronics detection, scanning, processing and map
reconstruction and general additional background noise from sky and observatory.
As an indication, the theoretical beam models, illustrated below (Figure 4), are all given at a 0.6”
sampling over a 6 arcmin x 6 arcmin angular extent.

Figure 4: Theoretical Photometer beams for all 3 bands. Top row is given in linear scale, bottom
row is in log scale. Sampling is 0.6” over ~6 arcmin extent in all bands.
This product provides significantly higher detail at greater radius but was initially released only at 6
arcmin x 6 arcmin scale. Larger angular extent, i.e. up to ~12arcmin in size, beam models at the
standard SPIRE Photometer maps sampling of 6/10/14arcsec respectively are now the official
released data for the theoretical models. They are illustrated in Figure 5 below, in the spacecraft
coordinate system i.e. Y/Z; rotation via the user’s defined pos angle will transfer into the relevant
sky coordinate systems.

Figure 5: Presently released theoretical Photometer beams for all 3 bands. Top row is given in linear
scale, bottom row is in log scale. Sampling is band dependent (6/10/14”) over ~12 arcmin extent.

	
  
	
  
Caveats	
  
1. These products represent the beam model averaged across all bolometers in a single array.
Variations of up to 5% may occur across the various individual bolometer beams.
2. These beam products represent the measurement of a source with a ν2 spectral index. A
different source spectral index will produce slightly different beam parameters.

Accessing	
  the	
  Calibration	
  Products	
  
The beam calibration products described in this note can be accessed via the following ftp site:
ftp://ftp.sciops.esa.int/pub/hsc-calibration/SPIRE/
The simple beam product FITS images, binned to the nominal SPIRE pixel scale, will also be
available in Versions 6.0 and higher of the Herschel processing software HIPE. Due to the size of
the raw data product, however, this will remain available via this ftp site only for the time being.

