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1. Introduction

We study here the continuum information present in the 3x3 raster maps performed on AGB
and post-AGB stars in the framework of the HIFI calibration source monitoring programme.

2. Method and sample

As in other continuum studies presented elsewhere, some post-processing is performed on
the raster maps. For this we used HIPE version 12.0.2360.
* For bands 2a and 5a/5b, undo the Sideband Ratio correction
* For HEB bands apply the ESW (Electrical Standing Wave) correction
* For all bands run the mkRms task to extract median (considered the measure of the
continuum level) and RMS in each WBS sub-band, at each LOF

The list of considered obsids is taken from the monitoring programme conducted on AGB
and post-AGV sources essentially in CO lines. It consists of 239 obsids, shared over 10
sources (NGC6302 appears twice as it was observed at two slightly different positions), and
up to 6 LO settings (CO 6-5, 8-7, 10-9, 13-12, 16-15 and [CII] in a handful of targets).

3. Results

For each target, epoch and line, we extract the continua at the central raster position, but also
fit a 2D Gaussian to the 9 raster points to extract the intensity peak corrected from pointing
error.

Appendix A compiles all summary plots for each target. The plot contains the following
panels:

* The upper left panel corresponds to the SPIRE spectrum. For all sources but three,
the point source correction is used. For NGC6302, NGC7027, IRC+10216 and
CRL2688, the semi-extended source correction is applied, with Gaussian source sizes
of 16, 107, 8 and 5” resp. This size is then further used for the conversion of HIFI
intensities into Jy (although HIFI used a top hat source morphology assumption).
Finally, no SPIRE spectrum was found for Ep Aqr. On top of this spectrum, HIFI
continuum estimates are plotted in coloured dots (cyan: central pixel, magenta: 2D
Gaussian fit peak), based on the averaged peak fluxes observed over the various
epochs (H and V are both considered here, but not averaged). Finally, note that all
SPIRE spectra have been reprocessed with HIPE 11.1 to benefit from the best SNR
on those faint continuum sources

* The rest of the upper panels, and the first 2-3 middle panels correspond to the
continua measured for the first epoch at each of the 9 raster positions for each line.
The error bars correspond to the noise rms at this position.

* The rightmost middle panel corresponds to the offsets of the fitted peak from the 2D
Gaussian fit — each colour corresponds to a line. Filled squares are for H, open
squares are for V.

* The lower row displays the continuum light curves of the central raster position (full
lines) and 2D Gaussian fit peak (dashed lines) for each transition. The two leftmost
panels are for H, the two rightmost are for V. Each polarization has two panels, the



first limited to the first three CO transitions (CO 6-5, 8-7, 10-9) and the second
displaying the HEB lines (CO 13-12, 16-15 and [CII] when available).

For some targets, the presence of broad lines in the IF can lead to an over-estimate of the
continua and corresponding noise rms (i.e. the mkRms task does not mask the lines
optimally). In those cases, the continua and noise rms are computed based only on those sub-
bands known to be featureless.

It is clear from these plots that the sample sources are in a quite low continuum regime (<30
Jy —or 70 mK — at 690 GHz, < 200 Jy — or 400 mK — at 1500 GHz), as is evidenced by the
SPIRE spectra. At such low level, the noise rms achieved on single raster positions is quite
high and sometimes larger than the continuum levels themselves. The average SSB noise rms
level (1-sigma) achieved per raster pixel (for one polarization only), and expressed in Jy, is
given in Table 1. This is clear also when looking at the continua series over the 9 raster
positions, where very few cases exhibit a clear peaky pattern.

Line CO6-5 | CO87 [CO10-9 | CO13-12 | CO16-15 | [CII]
LO freq. (GHz) 687 928 1158 1494 1838 1898
1-sigma rms (Jy) 3.6 5.8 31 32 32 148

Table 1: Average SSB noise rms level (1-sigma) achieved per raster pixel for one
polarization only. The conversion to Jy assumes here a point-like source

The following table gives an overview of the typical peak continuum levels observed here,
corresponding to the central raster position (in flux density) — tables 3, 4 and 5 will show how
peak intensities do change when applying the 2D Gaussian fit. The continuum levels are here
computed as the weighted mean of all individual continuum levels at the available epochs. H
and V are treated as independent samples, i.e. no H/V average is performed. The error bars
correspond to the standard deviation around the mean, i.e. is a measure of the scatter. SPIRE
approximate continuum levels at the corresponding frequencies are also given, together with
the noise expected from HSpot (derived wusing the SPIRE wuseful script
“Spectrometer NoiseEstimate.py”). It is noticeable that the first 2-3 first frequency points are
in usually quite decent agreement with the SPIRE spectrum, with the exception of NGC6302.

Source Instr. | 687 GHz 928 GHz 1158 GHz 1494 GHz 1838 GHz | 1898 GHz
IRC10216* | HIFI 154+1.7 | 23.7+6.9 64 £38 67 +49 -68 £20 N/A
SPIRE | 14+0.5 34+£0.8 54+£0.7 99 + 0.8 N/A N/A
CRL618 HIFI 145+3.0 | 23+3.1 50+7 114 + 31 81 £ 81 N/A
SPIRE | 14+0.5 28 £ 0.8 45+0.7 86 £0.8 N/A N/A
CRL2688* | HIFI 30£2.8 63 +4 124 £ 11 156 + 49 172 £ 62 N/A
SPIRE | 30+0.5 71 £0.8 118 £0.7 223 £0.8 N/A N/A
NGC6302* | HIFI 18+2.6 29+3.5 64 + 13 83+ 8 244 £12 | 213£18
SPIRE | 22+0.5 49+ 0.8 89 +£0.7 175+£0.8 N/A N/A
NGC6302 | HIFI 14+2 38+4.5 58+£17 44 + 37 152 £27 62 £ 82
Xcal* SPIRE | 21+£0.5 46 + 0.8 84 +£0.7 160 £ 0.8 N/A N/A
Ep Aqr HIFI -1.7+£62 | 34+£7.6 6.5+ N/A N/A N/A N/A
SPIRE N/A N/A N/A N/A N/A N/A
VY CMa HIFI 46+4.1 | 174+£39 | 265+13 40 + 44 16 £ N/A N/A
SPIRE 7+0.5 18 £0.8 30£0.7 58 £0.8 N/A N/A
NGC7027* | HIFI 7.7+£35 | 153+54 | 209+11 28 +£28 34+49 185+ 17
SPIRE | 9.2+0.5 | 16.5+0.8 27+0.7 50+£0.8 N/A N/A
R Dor HIFI 22+26 | 53+47 | 98+11.3 0.6+29 57+47 N/A
SPIRE | 29+0.5 6+0.8 8.5+0.7 13+£0.8 N/A N/A
O Ceti HIFI 24+£37 | 6.2+£3.1 4.6+6.4 12+ 58 137+ 114 N/A
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| SPIRE [ 1.9+0.15 | 4+025 | 7+025 | 10x03 | NA | NA

Table 2: (Weighted-)averaged continuum level over all epochs derived from the central
raster position, compared to the flux estimated in the SPIRE spectra. Sources followed by an
* use a semi-extended source correction

4. Continuum reproducibility

Although there are only few sources exhibiting continuum levels above the 3-sigma noise
level of the observation, most targets show decent reproducibility between the relatively low
continuum levels measured over the epochs. Beside, many of those low levels are also
compatible, within the noise, with the SPIRE data. This is, however, limited to the first three
CO transitions (i.e. limited to SIS bands) as the data quality in the transitions probed by the
HEB bands is usually too poor.

The following tables extends table 2 with the averaged peak intensity retrieved from the 2D
Gaussian fit, as well as the average noise over the sample (both H and V being treated as
independent samples) for those transitions considered “trustful”. The “light curves™ used to
derive those are compiled on Fig. 1. There is a clear improvement in the 2D-Gaussian fitted
peaks, with a noticeably reduced scatter, even for sources with continua as weak as a couple
of Jy —see e.g. R Dor. This also means that the overall continuum structure in the 3x3 data
(i.e. with points at even lower levels) must make some sense. Finally, the 2D-Gaussian
correction also reconciles H and V better.

We note that the intrinsic assumption here is that the continuum in these sources is not be
variable within the achieved noise. This is something that maybe needs confirmation by
inspecting the SPIRE continuum at various epochs (when available) — actually we know this
is not true for IRC+10216 (about 12% at 250 microns, Groenewegen et al. 2012).

Continuum at 687 GHz (near CO 6-5)

Source Raster peak StdDev 2D Gauss. peak | StdDev | 1-sigma noise
IRC10216 154 1.7 16.4 1.3 4.3
CRL618 14.5 3.0 15.7 2.4 3.6
CRL2688 29.9 2.7 30.3 2.5 3.6
NGC6302 17.9 2.6 17.9 2.3 2.1
NGC6302 14 2 15.8 1 2.2
Xcal

Ep Aqr -1.7 6.2 2.4 3.3 1.9
VY CMa 4.6 4.1 6.7 2.8 2.0
NGC7027 7.7 3.5 9.9 2.5 3.1
R Dor 2.2 2.6 3.6 1.8 1.8
O Ceti 2.4 3.7 4.2 2.5 2.4

Table 3: (Weighted-)averaged continuum level over all epochs derived from the central
raster position, and from the 2D Gaussian fit, for the CO 6-5 data. All fluxes are in Jy.

Continuum at 928 GHz (near CO 8-7)

Source Raster peak StdDev 2D Gauss. peak | StdDev | 1-sigma noise
IRC10216 23.7 6.9 27.4 4.9 7.4
CRL618 23 3.1 26.4 33 4.4
CRL2688 62.6 4 66.4 2.9 3.9
NGC6302 29.1 3.5 32.8 1.2 3.1
NGC6302 37.7 4.5 38.7 2.9 34

Xcal




Ep Aqr 3.4 7.6 9.2 8.9 2.7
VY CMa 17.2 4.0 17.8 3.3 45
NGC7027 15.3 5.4 16.7 4.8 3.9
R Dor 53 47 7.5 3.8 3

O Ceti 6.2 3.1 6.6 3.1 3.9

Table 4: (Weighted-)averaged continuum level over all epochs derived from the central
raster position, and from the 2D Gaussian fit, for the CO 8-7 data. All fluxes are in Jy.

Continuum at 1158 GHz (near CO 10-9)

Source Raster peak StdDev 2D Gauss. peak | StdDev | 1-sigma noise
IRC10216 64.4 8.2 64.3 8.7 23
CRL618 50 7.3 58 8.3 16
CRL2688 124 11 130 10 18
NGC6302 64 12.9 61 6.9 17
NGC6302 58 17 69 9 15
Xcal

VY CMa 26.5 13 33 7.2 16
NGC7027 21 11 30 11 16
R Dor 9.8 11.3 18.3 10 13
O Ceti 4.6 6.4 12.6 6.2 11

Table 5: (Weighted-)averaged continuum level over all epochs derived from the central
raster position, and from the 2D Gaussian fit, for the CO 10-9 data. All fluxes are in Jy.

Table 6 compiles the summary of the reproducibility number per source, polarization and
line setting. We give both the absolute dispersion (in Jy) and the dispersion as percentage of
the (weighted)-means over all epochs. In order to treat all sources and epochs as one single
sample, one has to bring the continuum fluctuations into a common scale in some fashion. In
the line intensity reproducibility study by M. Olberg', intensity fluctuations are normalized
by the mean, resulting in percentage. This however favours sources with strong intensity
levels. Another possibility is to consider the fluctuations on the absolute temperature scale
and subtract the mean applying to each source and line to form a sample fluctuating around
zero. Fig. 2 shows the histograms of those fluctuations for each transition.

Source 687 GHz 928 GHz 1158 GHz
H \Y4 H \Y% H \%

IRC10216 1.4 (9%) 1.2 (7%) 6.7 (24%) 3 (12%) 6 (12%) 11 (15%)
CRL618 2.0 (13%) 2.9 (18%) | 2.5 (11%) 4 (14%) 7.5 (16%) 9 (13%)
CRL2688 1.5 (5%) 3.511%) | 1.6 (2.5%) | 4.1 (6%) 8.0 (6%) 9.2 (7%)
NGC6302 0.4 (3%) 4.2 (21%) 1.1 (3%) 1.2 (4%) 4.6 (7%) 7.1 (17%)
NGC6302 1.4 (8%) 0.6 (4%) 2.1 (6%) 3.8 (9%) 2.2 (3%) 15 (21%)
Xcal

VY CMa 2.5 (35%) 3.1(50%) | 4.1 (24%) | 2.4 (13%) | 2.2 (7%) 12 (35%)
NGC7027 1.6 (17%) 3.4 (32%) | 5.5(34%) | 4.0 (23%) 6 (16%) 16 (70%)
R Dor 1.4 (40%) 2.2(56%) | 3.1(43%) | 4.5(57%) | 7.4 (38%) 13 (75%)
All 1.6 (17%) | 3.3 (25%) | 6.8 (14%) | 2.5 (16%) | 4.4 (15%) | 12.9 (26%)

Table 6: Dispersion of the 2D-Gaussian fitted peak light-curves around the weighted mean,
both in absolute terms (in Jy) and in percentage of the weighted mean (mean of individual
source percentages, in brackets).

lhttp://herschel.esac.esa.int/twiki/pub/Public/HiﬁDocsEditableTable/Routine Phase DBS rasters.pdf
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Continuum reproducibility
WBS-H: circles, WBS-V: squares
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Fig 1: Light-curves of the central raster position fluxes (left) and of the 2D-Gaussian fitted
peak (right) for each source. H (filled circles) and V (open squares) are plotted separately.
From top to bottom: continuum levels at 687, 928 and 1158 GHz respectively. Each curve is
offset by 2 for clarity.
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Fig 2: Upper panel: histograms of the continuum fluctuations around the mean (in Jy) for the
continuum at 687, 928 and 1158 GHz. Lower panel: distribution of the continuum
fluctuation (absolute values here, in Jy) in function of the continuum level, again for the
three frequency points. Blue symbols are for the WBS-H, red for the WBS-V

Fig. 2 shows that the samples have a somewhat centred distribution around zero, although it
is hard to tell whether the distribution is normal. In the two higher frequency samples, the H
data seems better behaved than V in that sense. The lower panel shows how the fluctuation
amplitude varies with the absolute continuum level of the target. Although the dynamic
range is low, there’s a small tendency for smaller fluctuation at higher continuum, especially
at 928 and 1158 GHz. This is expected if one considers that the continuum fluctuation is due
to an imperfect baseline level calibration due to drift in the OFF counts subtracted to the ON
ones, as well as in the bandpass (count to K conversion effectively) divided to the on-sky
data.

5. Absolute continuum intensity — comparison to SPIRE-S
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Fig 3: HIFI over SPIRE flux density ratio for the first three CO transition frequencies
(indexed 1 to 3). The left panel uses the fluxes at the central pixel while the right panel uses
the peak intensity of the 2D Gaussian fit. H and V are combined here. The increasing “CO
transition index” corresponds to 687, 928 and 1158 GHz respectively.



summary plots per source

Appendix A

CRL618

Blue: WBS-H, Red: WBS-V.
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