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1.0 Introduction
We describe a new PACS line-scan mode designed to allow observers to target very bright lines in
a time efficient manner by restricting the wavelength range of the unchopped line-scan. The net saving of
time in this mode for a recommended single repetition is 20-25%. We emphasize that the use-case for this
mode is very specific—it is designed for unresolved bright line-sources where the expected S/N in the line
should be known to be at least 10:1 in a single repetition (based on estimate with HSpot: currently HSpot
5.3.1), and should not be used if faint lines are expected, or if a bright line is suspected of having broad
wings or other features. The primary purpose of Unchopped Bright Line Mode is to allow more efficient
observations of bright sources, where the standard unchopped line scan would generate spectra with
extremely high S/N in the shortest possible observing cycle (i.e. one standard repetition cycle). The use of
the new mode provides similar line sensitivity to the standard unchopped mode, but at the expense of
baseline sampling coverage and higher rms noise in the spectral region away from the line. Since the
unchopped mode in general (Standard and Bright-line) suffers from potential transient issues, the shorter
wavelength coverage of the new mode carries enhanced risk. That being said, the following document
shows that when used correctly, the mode offers a saving in total execution time (~ 20-25%) over the more
conservative standard unchopped mode. If you are in doubt about whether you should use this mode, please
submit a helpdesk ticket to the ESA or NHSC helpdesks for further assistance and advice.

2.0 Technical Implementation of the Mode
We show in Figure 1a and b the spectral coverage of the bright-line and standard Unchopped mode. It is
clear than the unchopped bright line mode covers a narrower wavelength range.

Fig. 1a Bright Line Coverage

Fig. 1b Standard Line Unchopped
Coverage

2.1 The Unchopped Line Scan for Bright Lines
This mode is identical in every way to the standard unchopped line scan except that the range over which
the grating is scanned (up and down) is reduced from 75 steps to 50 steps. The mode is NOT available in
range-scan mode. When taking into account standard overheads this translates into a 20-30% saving of
elapse time.
When PACS Line Spectroscopy is chosen in HSpot, the user select lines in much the same way as in
Chop-Nod Line spectroscopy, except in this case the user chooses “Unchopped Mode (Bright lines) instead
of the other options. As with standard unchopped line-scan, the telescope chopper is always positioned at

the zero-position, and the grating is scanned twice up and down on the target, and then on a user-defined
“off” position that can be up to two degrees away from the target. The step size of the grating movement is
identical to that used in the chop-nod scan, and thus there is no degradation of the sampling interval. The
sampling is the same as in both the unchopped standard mode and the standard chop/nod mode. However,
unlike the case of standard unchopped mode, the grating is only moved 50 times in each direction of the
up-down scan instead of 75. It is still more than the 43 or 48 steps of the chop/nod mode, but the extra
coverage is needed to allow for more samples in the off-line part of the spectrum to allow for transient
correction—something that is less critical in the chop/nod mode. Depending on the slew overheads, 2025% of the time can be reduced per single repetition for this mode.

Figure 2 shows a comparison between the Unchopped (Bright line), Unchopped (standard) and Chop/Nod
for the shortest possible AOR observing a single line. After an initial calibration block lasting 180s
(performed while the telescope is slewing to the target), two up and down scans of the grating are
performed on source (150s plus ~ 20s overhead) followed by a slew to the user-specified “off” position in
which the process is repeated. The minimum execution time is thus approximately 450-460s (in practice the
time may be longer due to differences in slew times etc).
2.2 A Comparison of the standard Unchopped mode and the new “Bright Line Mode
Herschel calibration observations of several sources have been made with the aim of providing a real
comparison between the standard Unchopped and the new “Bright Line” mode.
Figure 3 shows several examples of the same target observed with both modes. The results show that for
bright sources, the results are comparable. The baselines are somewhat worse in the case of the Bright-line
mode, probably because of reduced spectral coverage and lower redundancy of the spectral sampling at the
edges of the band compared. Users are discouraged from using the mode for faint-lines. Figure 3 shows and
example of a fainter line observed in both modes. It is clear that the baseline is worse for this mode. This is
a direct result of the shorter

Figure 3. A comparison between standard Unchopped (Faint) and Bright line mode for on and off
observations/ The upper figures show the on and off observations (blue and green) and the lower figures
show the difference spectra. The green line shows the spectral coverage frequency, which is a measure of
the number of samples averaged in each wavelength bin. Notice how the broader coverage of the faint line
mode produces a flatter baseline than the bright-line mode.

Figure 4: Same as Figure 3 but for faint line. Note that the baseline for the bright-line mode is less well
defined. We do not recommend using this mode for a source as faint as this—we show it here for
illustrative purposes only.
2.3 Unchopped (Bright Line) Selection in HSpot
A new version of HSpot (5.3.1) has been released that allows for the new option “Unchopped (Bright
Line)” to be selected as an the observing mode. HSpot rms predictions for line fluxes are designed to be
more conservative than the standard unchopped mode because of greater uncertainty in the baseline fitting.
This is a result of the reduction in the overall range of the scan from 75 grating steps to 50.

3.0 When to use Unchopped (Bright Line) Mode?
The use of the Unchopped Bright-line mode should be limited to the following situations:
1) That you cannot use an equivalent Chop/Nod observation because of insufficient chopper-throw or
source confusion.
2) The line is believed to be unresolved. The shorter length of the grating scan in bright mode
reduces the degree of uniform sampling of the spectrum—especially at the edges of the scan. If a
source is known to exhibit broad lines, do not use this mode.
3) That the target line is known or expected to be detected at a S/N ratio of more than 10 in ONE
REPETITION of the mode. The line rms can be estimated in HSpot (see Section 4).
4) If conditions 1 and 2 are met but you are unsure about 3) then it is advised to use the standard
Unchopped mode which provides more “off-line” data redundancy.
Please note that, as with the standard Unchopped mode, the absolute value of the continuum measured in
Unchopped mode is unreliable for faint sources, and we do not recommend using any unchopped mode to
measure continua lower than ~ 20Jy at any desired wavelength. Except for the shorter length of the grating

scan, this mode is identical technically to the standard Unchopped Mode, and the user is referred to both
the PACS Unchopped Mode AOT Release Note issued on 20 Sept 2010
(http://herschel.esac.esa.int/Docs/AOTsReleaseStatus/PACS_Unchopped_ReleaseNote_20Sep2010.pdf),
and the PACS UM for more details.

4.0 Sensitivity of the Mode
4.1 Short-range Unchopped (Bright-line) Line-Scan Mode
Figure 5 shows a comparison of the measured rms noise derived from actually measurement made recently
in-orbit with Herschel using the standard Unchopped mode, and the new Unchopped (Bright-line) mode.

FIGURE 5 A Comparison of the Line Sensitivities in Chop/Nod, Unchopped Standard and Bright
mode The circles show results from in-flight measurements on bright lines.
The plot also shows the expected rms sensitivity based on HSpot. HSpot predictions are based on a model
of the detector sensitivities. The values plotted are normalized to an equivalent 450 s “on-source”
measurement for consistency with previous measurements. Note that a single repetition would provide a

user with 100s of on-source integration in “bright line” in an overall elapse time of ~470s (because of the
need to observe an “off” position). The results show that, within the uncertainty of the measurements, the
two modes yield the same rms for a single repetition when normalized to the same integration time. In both
modes the measured rms is somewhat larger than the HSpot estimates. This difference is known to be
related to uncertainties in the Relative Spectral Response Function (RSRF), which can sometimes
dominate over the instrumental noise in bright sources, and also depends on where, on the RSRF, the
observation was performed. This may explain the much higher rms measured at 57 microns for the
unchopped bright-line mode measurement in Figure 4 in the band B3A. Notice that at 63 microns, where
the RSRF is flatter, the observed rms comes closer to the HSpot predicted values. It should be noted that
the Unchoppped Bright-line mode does not sample the spectrum as uniformly, nor as comprehensively as
the standard Unchopped mode (50 instead of 75 grating steps). Thus there is much less redundancy in the
measured sampling of the edges of the band in the bright-line case. This has two effects. Firstly, the number
of points that can be binned in a given spectral resolution element is less at the spectrum edges—leading to
a larger rms away from the center of the observed spectrum. Secondly, systematic uncertainties in the
RSRF, which are partly averaged-out when many spectral pixels contribute to a given resolution element,
are subject to systematic effects at the edge of the band. This can lead—in some cases, to slopes in the
baseline of the spectrum near the spectrum edges. Such slopes are much less noticeable in the standard
Unchopped Mode. However, if the line is strong enough (hence criterion 3 above), these effects will be
relatively insignificant when compared to the strength of the line—even in the bright line mode. However if
the line is too faint, this could become a serious problem and should be avoided.
We note that the fact that the bright-line and standard Unchopped mode rms noise estimates are quite
similar should not be surprising. Although the new mode scans over a narrower region of the spectrum
compared with the standard Unchopped mode, the region of the spectrum centered on the line is sampled
just as fully. However, it should be noted that if the central wavelength of the line is not well known (e. g.
uncertain redshift for galaxy for example) the line may be shifted to a region of the spectrum that is much
less well-sampled than in the case of the standard unchopped mode.

5.0 Use and Frequency of Reference “Off” position
Because the “Bright line” mode is faster than the standard Unchopped mode (and because we
recommend only using the mode with 1 repetition), then automatically the “off position” will be
observed quite soon after the target is observed (See Figure 1). This may be a small advantage
compared with the standard Unchopped mode since, in principal, detector transients may be
better handled. At the time of writing this release note, we do not have sufficient data to
determine if this is a significant gain.
6.0 Saturation Limits in Unchopped Mode
The saturation limits for Unchopped mode are identical to those for Chopped mode observations—see the
PACS OM.

7.0	
  Spatial	
  and	
  Spectral	
  resolution	
  
The	
  user	
  should	
  refer	
  to	
  the	
  best	
  practice	
  guidelines	
  for	
  mapping	
  for	
  the	
  PACS	
  spectrometer	
  as	
  given	
  
the	
  PACS	
  OM.	
  Spectral	
  resolution	
  in	
  the	
  unchopped	
  mode	
  is	
  not	
  measurably	
  different	
  from	
  that	
  found	
  
for	
  the	
  chopped	
  mode	
  (see	
  PACS	
  OM).	
  

	
  
8.0	
  Calibration	
  and	
  Pipeline	
  for	
  the	
  Bright-line	
  Unchopped	
  Mode	
  
	
  
The	
  pipeline	
  used	
  to	
  reduce	
  data	
  taken	
  in	
  the	
  bright-‐line	
  mode	
  will	
  be	
  identical	
  to	
  that	
  used	
  	
  
in	
  the	
  standard	
  Unchopped	
  mode.	
  Users	
  of	
  the	
  unchopped	
  mode	
  should	
  work	
  closely	
  with	
  HSC	
  or	
  
NHSC	
  on	
  the	
  calibration	
  of	
  data	
  with	
  the	
  unchopped	
  mode.	
  Versions	
  of	
  pipeline	
  scripts	
  capable	
  of	
  
reducing	
  PACS	
  unchopped	
  data	
  (whether	
  standard	
  or	
  bright-‐line)	
  are	
  available	
  as	
  ipipe	
  scripts	
  from	
  
the	
  pull-‐down	
  menu	
  in	
  HIPE	
  development	
  versions	
  7.0	
  or	
  greater.	
  A	
  new	
  transient	
  correction	
  module	
  
is	
  now	
  available	
  in	
  advanced	
  versions	
  of	
  HIPE,	
  and	
  is	
  available	
  upon	
  request	
  at	
  the	
  HSC	
  or	
  NHSC	
  
helpdesks.	
  The	
  transient	
  correction	
  module	
  will	
  appear	
  in	
  the	
  7.0	
  user	
  release	
  track	
  of	
  HIPE.	
  	
  
The	
  PACS	
  ICC	
  is	
  currently	
  developing	
  a	
  calibration	
  strategy	
  for	
  the	
  unchopped	
  mode	
  based	
  on	
  
observations	
  of	
  standard	
  calibration	
  sources.	
  Questions	
  should	
  be	
  directed	
  to	
  the	
  HSC	
  or	
  NHSC	
  
helpdesks.	
  	
  
	
  

