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1 Introduction 
  

1.1 Heterodyne detection and spectral purity 
  
HIFI used the heterodyne detection in order to achieve very high spectral resolution 
spectroscopy. In order to allow heterodyne detection in one single pair of Lower and 
Upper Sidebands (LSB and USB), a source signal (the Local Oscillator, or LO) was 
amplified and multiplied to the desired sky frequency in one predominant frequency 
tone, providing therefore a mono-chromatic reference signal. It could happen that the 
multipliers, which are basically diodes, enter into oscillation and make the LO signal 
multi-tone. In this situation the heterodyne detection could also take place in other 
spurious sidebands, leading to spurious response and signals. 

It had been observed since the early pre-launch tests of HIFI that its LO chains could 
be locally affected by such oscillations, leading to a degraded spectral purity. The 
most common manifestation of such artifacts is called spurs. They mostly show up as 
more or less narrow spectral glitches in the data. Because those glitches slowly move 
in frequency with time, in the level 2 data they will appear as a combination of 
positive and negative components due to the subtractions/divisions involved in the 
pipeline. There exist broader spurs that look like bumpy baseline structures, and the 
most drastic version of them will cover one or more spectrometer sub-bands and 
manifest as saturation due to their very large magnitude. In the case of strong narrow 
spurs, cross-talk between the WBS CCDs can lead to the spur being mirrored 
regularly in each of the spectrometer sub-bands. Figure 1 illustrates some 
representative cases of spurious signals. 
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Figure 1: Example of strong narrow and broad spurious signals. Upper left: spur present in 
band 1a for data taken up to OD496. Upper right: example of broad spur present in band 2b. 

Lower left: spur present in band 7b for data taken up to OD-779. Lower right: example of 
saturation due to very strong spurious signals. 

1.2 Spur flagging in the HIFI products 
 
In order to mask those spurious data, the HIFI pipeline associates channel and row 
flags to all applicable science data based on an a priori table stored in the calibration 
tree. This spurFlags table stems from two sources: 

• In point and mapping modes, a limited number of obsids has inherited the spur 
tables based on the now deprecated spurfinder functionality (it was a task 
designed to automatically detected spurious spectral features in the cold load 
spectra). 

• In Spectral Scans, ad hoc spur tables have been generated manually based 
on visual inspection of every single spectra involved in the level 2 of the 
corresponding obsids (near to 500 observations are concerned) 

 
While the tables associated to point and mapping modes only contemplate the so-
called channel flags SPUR_CANDIDATE and IGNORE_DATA, as well as the 
rowflags SUSPECT_LO and IGNORE_DATA and (see Section 10.11 of the HIFI Data 
Reduction Guide for more details about those), the spectral scan tables also feature 
channel flags to inform about LINE and BRIGHT_LINE (the latter being needed to 
perform optimal sideband deconvolution in the presence of strong lines). 

                                            
1 http://herschel.esac.esa.int/hcss-doc-15.0/load/hifi_um/html/hififlags.html#flag_intro  
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For the vast majority of point and mapping mode observations, however, no specific 
spur analysis was performed and those observations were therefore plagued with un-
flagged spurious signals. In the next Section we describe a method that was 
developed to remediate to this caveat in the HIFI products generated by HIPE 14. 
 

2 The method 

2.1 The a priori HIFI spur knowledge-base 
 
The ad hoc spur tables compiled in the framework of the Spectral Scan observations 
provide a large knowledge base of representative spurious signals applicable to a 
given LO tuning. Since some of the spurious signals could be eliminated in the 
course of the mission thanks to dedicated adjustment of the instrument settings, the 
input database need to be sorted per date. Those tables offer a picture of the 
spurious channels on an (LO, IF) grid, where the IF is in fact already converted to the 
sky frequency as spur tables are built from level 2 data. On top of the Spectral Scan 
tables, the tables inherited from the spurfinder (see previous section) are also 
merged into the global knowledgebase (see next section for more details).  
 
The main rationale behind the design of a spur predictor (see next section) is that the 
spurs are reasonably repeatable at any given LO tuning (and assuming a similar 
instrument setting configuration). Figures 2 to 8 illustrate the (LO, IF) domains where 
flags have been reported for each LO bands. See captions for more details. 
 
It is interesting to look at how much of the spurs are found in both polarisations, how 
their respective strengths compare, and how much of those are actually unique to 
one polarisation, which tells some additional information about the LO signal chain 
behaviour (both polarisations did indeed share the same LO signal). Figures 9 to 13 
in Appendix A illustrate some of these statistics. The table below summarises those 
numbers. 
 
Mixer  
band 

# of spurs in H only # of spurs in V only # of spurs in H only # of spurs in V only 
Band Xa Band Xb 

1 125 (13%) 162 (17%) 12 (13%) 16 (17%) 
2 174 (13%) 220 (16%) 493 (19%) 653 (25%) 
3 75 (13%) 393 (66%) 561 (23%) 659 (27%) 
4 -- -- 784 (41%)  734 (38%) 
5 92 (15%) 127 (21%) 57 (51%) 20 (18%) 
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2.2  The algorithm 
 
The question one tries to answer is: within a frequency window around a given LO 
frequency, what spurious features have been reported in the list of spurs from either 
the Spectral Scan or the spurfinder catalogues? The algorithm simply consists in 
gathering all tables corresponding to tunings falling within an LO frequency window, 
and in accumulating from those tables all IF channels concerned by a spur flag. 
When IF channels are repeated, they are only counted once and the end results are 
channel segments of the IF scale to be flagged as spurious. Because the spur table 
knowledgebase was built from level 2 spectra, they do not come on an IF scale, but 
on a sky frequency scale (USB or LSB). An approximation is made in order to down-
convert the sky frequency scale onto an IF scale, which is what the pipeline is using 
to then assign the flags accordingly. 
 
The HIFI spur tables for point and mapping mode observations were finally built using 
an LO window of +/- 0.5 MHz around the LO tuning of interest. The respective 
Spectral Scan and spurfinder catalogues are treated separately, i.e. they are not 
merged in the final IF segments. Overlaps between those two are dealt with in the 
pipeline. 
 
Finally, because the presence of spurious signals depended on the period during the 
mission (a lot of effort was indeed done to suppress those spurs via instrument 
reconfiguration as the mission proceeded), the reference tables are separated by OD 
ranges, and only the range of application to a given observation was used to build the 
spur tables. 

3 Spur Warning flags in the archival data 
 
Based on the above algorithm, a total of 9056 point and mapping observations were 
processed in order to make a prediction of what channels of the respective H and V 
polarisations might be affected by a spur, given their frequency tuning and observing 
date. The flag used on those channels is called SPUR_WARNING, and is only set for 
information purpose. It means that it is not honoured by pipeline tasks such as the 
deconvolution or cube gridding ones, neither by the interactive analysis tasks such as 
fitBaseline or fitHifiFringe (although it can be configured as such). It is however 
propagated to the OFF spectra as well. 
 
For mapping observations, because each pixel is observed at the same frequency 
tuning, the same spur pattern is assumed on each measurement of the map grid.  
 
Each of the correspond flag tables stored in the HIFI calibration tree contains 
information in its header as to whether the flags stem from the Spectral Scan or the 
historical spurfinder knowledgebase.  
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For users wishing to export their data to Gildas/CLASS, it should be noted that the 
corresponding spur information is not readily attached to the data. However, the 
channels affected by spurs can be recovered from within CLASS using the newly 
introduced Associated Arrays – see the following technical note for more details on 
how to apply those: 
 
http://herschel.esac.esa.int/twiki/pub/Public/HifiDocsEditableTable/class-associated-
arrays.pdf  
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Figure 2: Graphical representation of the spur tables collected for all Spectral Scan 
obsids in bands 1a and 1b. Red and green arrows represent spurs in H and V data 

respectively. When spurs span broad IF ranges a vertical bar is shown. 
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Figure 3: Same as Fig. 2 for bands 2a and 2b. 
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Figure 4: Same as Fig. 2 for bands 3a and 3b. 
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Figure 5: Same as Fig. 2 for bands 4a and 4b. 
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Figure 6: Same as Fig. 2 for bands 5a and 5b. 
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Figure 7: Same as Fig. 2 for band 6b. 
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Figure 8: Same as Fig. 2 for bands 7a and 7b. 
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Appendix A: correlation plots between H and V spurious 
features 

 
Figure 9: Comparison of spur strength for H and V polarisations in bands 1a and 1b. 
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Figure 10: Same as Fig. 9 for bands 2a and 2b. 
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Figure 11: Same as Fig. 9 for bands 3a and 3b. 
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Figure 12: Same as Fig. 9 for bands 4b. 



 ICC document 
 

Doc.: HIFI-ICC-TN-
2016-002 
Date: 01/02/17 
Issue: 1.0  

 

19 

 
Figure 13: Same as Fig. 9 for bands 5a and 5b. 

 


