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Instrument Concept

• Imaging photometry 
– two bands simultaneously (60-85 

or 85-125 µm and 125-210 µm) 
with dichroic beam splitter

– two filled bolometer arrays (32x16 
and 64x32 pixels, full beam 
sampling)

– point source detection limit
~5 mJy (5σ, 1h)

• Integral field line spectroscopy
– range 55 - 210 µm with 5x5 

pixels, image slicer, and long-slit 
grating spectrograph (R ~ 1500)

– two 16x25 Ge:Ga photoconductor 
arrays (stressed/unstressed)

– point source detection limit 
3…20 x10-18 W/m2 (5σ, 1h)
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Spectrometer Observing Modes 

• Line Spectroscopy: observation of 
individual line(s)

– Chop/nod or “wavelength switching”
– Staring or mapping
– R ~ 1500

• Range Spectroscopy: observation
of extended range(s)

– Chop/nod or off position
– Staring or mapping
– High sampling or SED mode
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Photometer Observing Modes 
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   Dual Band: 70+160 μm
              or  100+160 μm
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AOT Release Status

• All photometer AOTs have been released, but with 
modifications compared to pre-flight
– scan speed optimization
– replacement of all chopped observations by scan map mode, 

except for point source mode

• All spectrometer AOTs have been released, again, 
with some modifications
– execution times of AOT “building blocks” have changed
– wavelength switching modified; imminent (potential) change

• Pipeline versions in HIPE exist for all released modes, 
except for wavelength-switching line spectroscopy
– support available from NHSC
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Satellite Performance: Pointing
• Pointing Performance:

- Relative Pointing Error (RPE): Requirement <0.3” Goal <0.3”
- Absolute Pointing Error (APE): Requirement <3.7” Goal <1.5”
- Spatial Relative Pointing Error: Requirement <1” achieved ~2”

~2”

<0.3”

-  RPE Scanning:
   Requirement <1.2”
   Goal <0.8”

-  Solar Aspect Angle:
   Requirement: 
   -30° to +30°
   Actual:
   -20° to +30°
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Pointing Match Chop/Nod (Spectroscopy)

• From (still limited) 
statistics, no problem 
for small chopper 
throw

• With large chopper 
throw (±3’), APE 
seems to apply for 
“Nod A” and “Nod B” 
individually - 
sometimes ok, 
sometimes a problem 

8
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Satellite (+Instrument) Performance (4)
• Straylight

– Observation of Mars
– No hint of straylight

around boresight
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Satellite + Instrument: Interferences

• They affect only the blue photometer
• Amplitude is variable (from faint to severe)
• They are rare (i.e. a large fraction of the observations is 

unaffected)
• The root cause has not yet been found (solar array?) 10The Herschel SDP Data Processing Workshop 

Interferences 

•! Since the first integrated tests on the satellite in a space simulator (SOVT), 

we have observed erratic interferences on the data 

–! They affect only the blue photometer. 

–! Amplitude is variable (from faint to severe). 

–! They are intermittent (i.e. a large fraction of the observations is unaffected). 

–! The root cause has not yet been found. 

–! They obviously degrade the performance of the observation. 
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Spectrometer Wavelength Calibration

W Hya PACS observation, continuum divided

Velocities corrected to 
rest frame, strong 
water lines over-
plotted;
H216O=blue
H218O=green
H217O=orange
HDO=red
CO=yellow

Lines from 4 water 
isotopes are detected.

Wavelength calibration 
is quite good already, 
fine tuning to come still 
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Spectrometer Wavelength Calibration

• Wavelength shift + skew with source offset from slit 
center (cross-slit direction, not along slit)

• Characterization + corrections underway
• Do not over-interpret line shapes in maps 12

+6”
+2”

+4”

-6”
-2”

-4”
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Spectrometer Spectral Resolution

• Measured resolution in fair agreement with lab test 
and calculated resolution

13

ILT (with gas laser)

in orbit (on PN)
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Spectrometer “Problem Zones” - Leakage
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Spectrometer Sensitivity

Fig.: 3.14 from PACS Observers Manual 
= HSPOT sensitivity

Fig.: 3.13 from PACS Observers 
Manual 

 
Recalculated 1σ sensitivities 
from actual exposure time to 
HSPOT exposure 
(∼450sec per 1nod and 1up-
down).
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Spectrometer Sensitivity: Deep Integration

E. Sturm et al.: Herschel-PACS spectroscopy of IR-bright galaxies at high redshift

Fig. 1. Observed PACS spectra. Top: [O I]63.2µm in MIPS J1428.
Overplotted is a Gaussian profile on top of a linear continuum fit. Also
shown (upper dotted line) is a NH3 model (arbitrarily scaled), and the
residual (lower dotted line) after subtracting the line+continuum+NH3
fit from the data.Middle: [O III]51.8µm in MIPS J1428. Overplotted is
a gauss profile on top of a linear continuum fit. Bottom: [O III]51.8µm
in F10214. Overplotted is a gauss+linear continuum fit.

starburst-dominated galaxy at z=1.325. This galaxy shows no
signs of an unobscured or obscured AGN. It is magnified by a
foreground galaxy, with a relatively small magnification factor
of µ ≤8 (Iono et al. 2006).

3. Observations and Data Reduction
The observations were taken with the PACS spectrometer
(Poglitsch et al. 2010) on board the Herschel Space Observatory
(Pilbratt et al. 2010) in high resolution range spectroscopy mode.
Most of the data reduction was done using the standard PACS
reduction and calibration pipeline (ipipe) included in HIPE 2.0
1340 1, together with some additional steps to correct for imper-
fect offset compensation by the chop/nod observing technique,
1 HIPE is a joint development by the Herschel Science Ground

Segment Consortium, consisting of ESA, the NASA Herschel Science
Center, and the HIFI, PACS and SPIRE consortia.

which can be important at these faint signal levels. The contin-
uum in each of the 16 spectral pixels was scaled to the median
value to correct for residual flat field effects. Finally the two nod
positions were combined to completely remove the sky (tele-
scope) background. Given that our targets are point sources to
PACS we have measured line fluxes from the spectrum in the
central spatial pixel of the 5x5 pixel FOV of the PACS spec-
trometer, applying beam size correction factors and an additional
in-flight correction of the absolute response (1/1.1 in the red and
1/1.3 in the blue PACS bands) as currently recommended for
PACS (Poglitsch et al. 2010). The applied beam size correction
factors are listed in Table 1.

4. Results and Discussion
We have detected [O I]63µm and [O III]52µm in MIPS J1428,
and tentatively [O III]52µm in F10214. The spectra are shown in
Figure 1 (after re-binning to approximately the spectral resolu-
tion element, which is appropriate for resolved lines). These are
the first detections of these lines in galaxies at such redshifts, i.e.
at the epoch of the peak of cosmic star formation. Flux values,
upper limits and continuum flux densities are given in Table 1.
Flux uncertainties from the calibration and from uncertainties in
the continuum definition and line shapes are of the same order,
and we estimate a total flux uncertainty of 40-50%.
F10214: we did not detect the targeted lines of [S III]33µm

and [O IV]26µm, but [O III]52µm (which is observed in the 1st
order PACS band in parallel with the 2nd order [O IV] data) is
serendipitously detected at a ∼3σ-level. We resolve the tenta-
tive line and measure a FWHM of 300±100km/s (corrected
for the instrumental profile, which has a FWHM∼220km/s
at 170µm), similar to the average CO line width (246±10
km/s, Ao et al. 2008). Figure 2 shows the ratio of the limit on
[O IV] to FIR2 compared to a collection of local template objects
from the literature (Graciá-Carpio et al., in prep.). The FIR lu-
minosity (LFIR[40-500µm]) has been calculated integrating SED
data from the literature (Ao et al. 2008 and references therein)
and our PACS continuum measurements, with a lens magnifica-
tion correction factor of 12. The upper limit on [O IV] is sur-
prisingly low given that the source is classified as an AGN in
the optical and mid-IR. Teplitz et al. (2006) report a detec-
tion of the [NeVI]7.6µm line in their Spitzer-IRS spectrum.
Assuming an average [NeVI]/[O IV] ratio of 0.4-0.6 in Seyfert
galaxies (Sturm et al. 2002) and AGN-ULIRGs (Veilleux et al.
2009) we would have expected a two to three times higher line
flux in [O IV] than our upper limit. Only a few objects have
a [NeVI]/[O IV] ratio larger than 1. Given the uncertainties in
both the Spitzer and Herschel measurements our non-detection
might still be consistent with a [NeVI] detection. Figure 2, in
any case, shows that the upper limit on the [O IV]/FIR ratio in
F10214 is lower than in Seyfert galaxies, and more in the regime
of ULIRGs and starbursts. If the differential magnification model
(see section 2) is applied, then the upper limit on [O IV] is yet
lower by a factor of ∼3. The low [O IV]/FIR ratio in F10214
is consistent with LFIR arising predominantly from the star-
burst rather than the AGN, an assumption that is supported
by model fits to the FIR SED.

The [O III]/FIR ratio for F10214 is shown in Figure 3b. It
is at least an order of magnitude lower than local starbursts
or AGN. There are not many ULIRG data points available for
comparison. We have extracted two upper limits on Arp 220
and Mrk 231, which are shown in the figure, from ISO-LWS
2 FIR(42-122µm)=1.26×10−14(2.58× f60 + f100) [Wm−2].
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Table 1. Observation details and measured line fluxes

Source line OD OBSID nrep×nacyc aor duration fluxb continuum flux corr.c
[sec] [10−18W/m2] density [mJy]

MIPS J1428 [O III] 52 205 1342187779 2×7 5348 3.7 (0.8) 117 (35) 1/0.62
MIPS J1428 [O I] 63 205 1342187779 1×7 2730 7.8 (1.9) 168 (50) 1/0.54
MIPS J1428 [O III] 88 205 1342187779 7×7 18004 –d –d –
F10214 [O IV] 26 179 1342186812 10×4 24827 ≤6e 330 (100) 1/0.69
F10214 [S III] 33 185 1342187021 6×4 5864 ≤3e 378 (115) 1/0.65
F10214 [O III] 52 179 1342186812 simult. with [O IV] 0.9 (0.3) 445 (130) 1/0.47

a Number of line/range repetitions per nod cycle × number of nod cycles; b line and continuum fit uncertainty in brackets; an additional
calibration uncertainty of 30% applies ; c Correction factor, applied to line fluxes and continuum flux densities, to account for PSF losses
of the central spatial pixel (see text); d The signal in this PACS wavelength range (i.e. ≥190µm) is contaminated by a 2nd order leak, making
estimates of upper limits and RMS unreliable; e assuming a Gaussian profile with 3-σ peak height and FWHM=300km/s.
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Fig. 2. The [O IV]/FIR limit in F10214 compared to template objects
compiled from the literature (Graciá-Carpio et al., in prep.). Black sym-
bols: AGN and ULIRGs known to harbour an AGN; blue: HII galaxies;
green: LINERs. Open symbols and arrows are upper line flux limits.

data. Initial results from SHINING (Fischer et al. 2010) indi-
cate a general deficiency of FIR fine-structure lines (including
[O III]) in local ULIRGs, similar to the [O III] deficiency seen
in F10214. With future data from SHINING we will be able
to populate this diagram with many more data points for local
templates covering a large parameter space, in order to put the
findings reported here into context.
MIPS J1428: the [O I] and [O III] lines (Figure 1) are de-

tected with 5-6 σ significance. They are redshifted by 220±100
km/s and 300±135 km/s, respectively, with respect to z=1.325
(derived from Hα and CO). Both lines are resolved with a
FWHM of 750±150km/s each (corrected for the instrumen-
tal profile). This is considerably broader than CO (380±100
km/s, Iono et al. 2006), but comparable to Hα (530±160km/s,
Borys et al. 2006) within the errors. The measured continuum
flux densities at 120 and 150 µm (Tab. 1) are low compared to the
MIPS 160 µm flux (430±90mJy, Borys et al. 2006). However,
preliminary processing of PACS and SPIRE photometry of the
source (S. Oliver and H. Aussel, private communication) is con-
sistent with our spectroscopic values. Using the PACS spectrum
we derive LFIR(40-500µm)∼1.3×1013L⊙/µ, where µ is the mag-
nification factor (i.e. LFIR ≥1.6×1012L⊙ for µ ≤8). Contrary
to F10214 the [O III]/FIR ratio in MIPS J1428 (Figure 3) is of
the same order as in local star forming and AGN galaxies. The
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Fig. 3. [O I]63µm and [O III]52µm line strength in F10214 and MIPS
J14284 as function of star formation efficiency. Comparison data are
from the literature (Graciá-Carpio et al., in prep.), except for [O I] in
Mrk 231 (Fischer et al. 2010). Symbols as in Figure 2.

[O III]/[O I] ratio is very similar to the ratio in typical starburst
galaxies (like M82).

For the [O I] spectrum we cannot rule out an underlying ab-
sorption of ammonia (NH3). In Figure 1, top panel, the dot-
ted line is a NH3 model spectrum (arbitrarily scaled). The line
at the bottom of panel (a) is the residual after subtracting the
line (+continuum) fit and the NH3 model from the data. Strong
FIR NH3 features with high column densities have been de-
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Fig. 3. [O I]63µm and [O III]52µm line strength in F10214 and MIPS
J14284 as function of star formation efficiency. Comparison data are
from the literature (Graciá-Carpio et al., in prep.), except for [O I] in
Mrk 231 (Fischer et al. 2010). Symbols as in Figure 2.

[O III]/[O I] ratio is very similar to the ratio in typical starburst
galaxies (like M82).

For the [O I] spectrum we cannot rule out an underlying ab-
sorption of ammonia (NH3). In Figure 1, top panel, the dot-
ted line is a NH3 model spectrum (arbitrarily scaled). The line
at the bottom of panel (a) is the residual after subtracting the
line (+continuum) fit and the NH3 model from the data. Strong
FIR NH3 features with high column densities have been de-
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Table 1. Observation details and measured line fluxes

Source line OD OBSID nrep×nacyc aor duration fluxb continuum flux corr.c
[sec] [10−18W/m2] density [mJy]

MIPS J1428 [O III] 52 205 1342187779 2×7 5348 3.7 (0.8) 117 (35) 1/0.62
MIPS J1428 [O I] 63 205 1342187779 1×7 2730 7.8 (1.9) 168 (50) 1/0.54
MIPS J1428 [O III] 88 205 1342187779 7×7 18004 –d –d –
F10214 [O IV] 26 179 1342186812 10×4 24827 ≤6e 330 (100) 1/0.69
F10214 [S III] 33 185 1342187021 6×4 5864 ≤3e 378 (115) 1/0.65
F10214 [O III] 52 179 1342186812 simult. with [O IV] 0.9 (0.3) 445 (130) 1/0.47

a Number of line/range repetitions per nod cycle × number of nod cycles; b line and continuum fit uncertainty in brackets; an additional
calibration uncertainty of 30% applies ; c Correction factor, applied to line fluxes and continuum flux densities, to account for PSF losses
of the central spatial pixel (see text); d The signal in this PACS wavelength range (i.e. ≥190µm) is contaminated by a 2nd order leak, making
estimates of upper limits and RMS unreliable; e assuming a Gaussian profile with 3-σ peak height and FWHM=300km/s.
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data. Initial results from SHINING (Fischer et al. 2010) indi-
cate a general deficiency of FIR fine-structure lines (including
[O III]) in local ULIRGs, similar to the [O III] deficiency seen
in F10214. With future data from SHINING we will be able
to populate this diagram with many more data points for local
templates covering a large parameter space, in order to put the
findings reported here into context.
MIPS J1428: the [O I] and [O III] lines (Figure 1) are de-

tected with 5-6 σ significance. They are redshifted by 220±100
km/s and 300±135 km/s, respectively, with respect to z=1.325
(derived from Hα and CO). Both lines are resolved with a
FWHM of 750±150km/s each (corrected for the instrumen-
tal profile). This is considerably broader than CO (380±100
km/s, Iono et al. 2006), but comparable to Hα (530±160km/s,
Borys et al. 2006) within the errors. The measured continuum
flux densities at 120 and 150 µm (Tab. 1) are low compared to the
MIPS 160 µm flux (430±90mJy, Borys et al. 2006). However,
preliminary processing of PACS and SPIRE photometry of the
source (S. Oliver and H. Aussel, private communication) is con-
sistent with our spectroscopic values. Using the PACS spectrum
we derive LFIR(40-500µm)∼1.3×1013L⊙/µ, where µ is the mag-
nification factor (i.e. LFIR ≥1.6×1012L⊙ for µ ≤8). Contrary
to F10214 the [O III]/FIR ratio in MIPS J1428 (Figure 3) is of
the same order as in local star forming and AGN galaxies. The
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[O III]/[O I] ratio is very similar to the ratio in typical starburst
galaxies (like M82).

For the [O I] spectrum we cannot rule out an underlying ab-
sorption of ammonia (NH3). In Figure 1, top panel, the dot-
ted line is a NH3 model spectrum (arbitrarily scaled). The line
at the bottom of panel (a) is the residual after subtracting the
line (+continuum) fit and the NH3 model from the data. Strong
FIR NH3 features with high column densities have been de-
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• No major degradation
from wavelength-
switching [for not too 
faint sources]

• Pipeline (will)
provide(s)
different
“demodulation”
techniques

PACS Instrument ESLAB 2010

Chop/Nod vs. Wavelength Switching

17



PACS Instrument ESLAB 2010

Wavelength Switching Scheme

• Pre-launch:
Modulate between 
on-line and off-line in 
spectral domain

• Improved wavelength 
switching strategy 
(smaller jumps in flux 
on detectors):
– Modulate with step

of a fraction of the 
FWHM

– Use differential profile

• Might be replaced 
with continuous scan

18



PACS Instrument ESLAB 2010

Wavelength Switching Scheme

• Pre-launch:
Modulate between 
on-line and off-line in 
spectral domain

• Improved wavelength 
switching strategy 
(smaller jumps in flux 
on detectors):
– Modulate with step

of a fraction of the 
FWHM

– Use differential profile

• Might be replaced 
with continuous scan

18



PACS Instrument ESLAB 2010

Spectrometer PSF

• Modeled/measured at 
62µm and 124µm /on 
Neptune

• “Trifoliate” structure, 
also seen in 
photometer

62µm 124µm

19
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PACS Instrument ESLAB 2010

Spectrometer “Beam Efficiency”

• Fraction of PSF seen by (centered!) 9.4”x9.4” spatial 
pixel varies with wavelength

• Point source correction table available in HIPE

20
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PACS Instrument ESLAB 2010

21

Spectrometer Flux Calibration (1)

• Pipeline uses nominal absolute and relative spectral 
response from ground tests

• In-orbit measurements of flux calibrators (asteroids, 
Neptune, Uranus, fiducial stars) give first correction 
factors to ground calibration, yielding a 30% absolute 
error



PACS Instrument ESLAB 2010

Spectrometer Flux Calibration (2)

• Use of internal 
calibration block 
under test 
[compensation 
for detector 
drifts]

• Example: 
observed/model 
for different sky 
calibrators in 
band B2B

22



PACS Instrument ESLAB 2010

Spectrometer Flux Calibration (3)

• Default: Use of “Relative Spectral Response 
Function”, measured on ground for each detector 
– gives absolute flux density (Jy), within ~20...30%
– does not compensate for (short-term) time-variability of 

detector response (CR hits, memory effects)
– may result - for faint sources - in insufficient cancelation of 

telescope background

• Alternative for faint sources: “Normalization”
– (“left” - “right”)/0.5(“left” + “right”)
– continuously uses telescope background as calibrator
– works only if source ~ fainter than telescope!
– presently no absolute flux density - fraction of telescope 

background; update planned

23



PACS Instrument ESLAB 2010

RSRF vs. “Normalization” for Faint Source

24



PACS Instrument ESLAB 2010

RSRF vs. “Normalization” for Faint Source
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PACS Instrument ESLAB 2010

Extended Spectral Line Maps

25
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Extended Spectral Line Maps
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Snapshot vs. Mapping
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PACS Instrument ESLAB 2010

Photometer: “Point Source” Mode(s)

• Chop/nod Point Source mode 
is delivering very precise 
photometry for sources above 
~50 mJy
– For faint sources, S/N and 

background subtraction 
degraded

• For optimum sensitivity (S/N) 
and background removal on 
faint sources, new “Mini-Scan 
Map” mode recommended as 
better alternative

28

PACS
Herschel

Document: PICC-ME-TN-???
Date: April 26, 2010
Version: 1.0

PacsPhoto: Chop-Nod-Mode Flux Calibration: Fiducial Stars Page 5

1.4 Data reduction

Script: ”ProcessAllPSs clean.py” to process chop-nod point-source observations with pixel sizes of 1�� in blue
and green band and 2�� in red band. The processing was done with HIPE track 4.0, build 663. No flux
overestimation correction factors were applied.

1.5 Aperture photometry

The aperture photometry was performed in HIPE (”annularSkyAperturePhotometry”) and in parallel also in
IDL (modified version of ”atv”). The following parameters have been used:

Table 2: Parameters for aperture photometry.
Source aperture(s) sky annulus

Band [pixel] [��] [pixel] [��]

blue 5, 10, 15 5, 10, 15 25-28 25-28
green 5, 10, 15 5, 10, 15 25-28 25-28
red 5, 7, 9 10, 14, 18 13-15 26-30

Figure 4: Aperture photometry for the above specified example (Fig. 3) on asteroid (360) Carlova. On the right
side the growth-curve as well as the radial profile are shown.

An example is given in Fig. 4. The sky signal has been determined close to the center between the positive and
negative beams on the final projected image. The sky signal was subtracted from the source signal in a standard
way. It is worth to note here that the corresponding S/N-values are not representative due to correlated noise
caused by the artificial pixel sizes. (tbd by Markus, Hendrik)
The aperture correction factors can be taken from Fig. 5 (PICC-ME-TN-033, Version 0.3) or from Table 3.
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2.0 arcmin 2.5 arcmin 3.0 arcmin
OST concat. AORs Eff. OST concat. AORs Eff. OST concat. AORs Eff.

1 rep 146 426+ 305 s 0.20 176 s 446+ 325 s 0.23 206 s 456+ 335 s 0.26
2 rep 292 678+ 557 s 0.24 352 s 718+ 597 s 0.27 412 s 738+ 617 s 0.30
3 rep 438 930+ 809 s 0.25 528 s 990+ 869 s 0.28 618 s 1020+ 899 s 0.32
5 rep 730 1434+ 1313 s 0.27 880 s 1534+1413 s 0.30 1030 s 1584+1463 s 0.34
6 rep 876 1686+ 1565 s 0.27 1056 s 1806+1685 s 0.30 1236 s 1866+1745 s 0.34

• Instrumental 1-σ rms-noise (blue/green/red): 27/29/41 mJy /
√

ttotal

2.0 arcmin 2.5 arcmin 3.0 arcmin

1 rep 2.2/2.4/3.4 mJy 2.0/2.2/3.1mJy 1.9/2.0/2.9mJy
2 rep 1.6/1.7/2.4 mJy 1.4/1.5/2.2mJy 1.3/1.4/2.0mJy
3 rep 1.3/1.4/2.0 mJy 1.2/1.3/1.8mJy 1.1/1.2/1.6mJy
5 rep 1.0/1.1/1.5 mJy 0.9/1.0/1.4mJy 0.8/0.9/1.3mJy
6 rep 0.9/1.0/1.4 mJy 0.8/0.9/1.3mJy 0.8/0.8/1.2mJy

• 1-σ confusion noise levels for PACS point-sources
in blue/green/red: ≥ 0.03mJy, ≥ 0.5mJy & ≥ 1.8mJy

• derived/measured 5-σ/1 h noise for PACS (3.0 arcmin legs):

instrumental bgr. conf. total 5-σ Note

blue 0.77 mJy ≥ 0.03 mJy ×5 ≥3.9mJy instr. limited
green 0.82 mJy ≥ 0.5 mJy ×5 ≥4.8mJy instr./confN limited
red 1.17 mJy ≥ 1.8 mJy ×5 ≥10.7mJy confN limited

• Current HSpot (4.4.4) values for instrumental 1-σ/1 h
(min-scan map: 10 legs with 3.0 arcmin length, separation 4��):
1.5mJy, 1.6 mJy, 2.2 mJy in blue, green, red band

• small aperture are sometimes problematic (slightly deformed PSFs)
10-15�� in blue/green and 20�� in red work nicely

• sky should be taken at least 30-35�� distance from source (in blue/green) and 40-50�� distance from source
in red

4.3 Advantages of scan maps for point-sources

The advantages for the scan map mode are:

• it provides a better characterisation of the close vicinity of the target and larger scale structures in the
background

• also targets with positional uncertainties of 10�� or more are still perfectly covered

• the final map has a much larger area of homogeneous coverage (about 50�� in diameter) depending on
observation configuration, see Fig. 5)

• more pixels see the target, the impact of noisy, variable and dead pixels is less problematic

• better point-source sensitivity in all bands as a high-pass filter can be used to remove 1/f noise up to
higher frequencies.
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Photometer: Flux Calibration

• Flux calibration is converging; best in chop/nod
• Absolute fluxes, based on primary (stars) and 

secondary (asteroids, planets) standards highly 
consistent and reproducible
- The star γ Dra was observed in blue band 10×, in green band 

4× and in red band 14× during the mission phase from OD 
108 and OD 320. The scatter between all observations (on 
basis of a 10′′ aperture radius in all 3 bands) is (peak-to-
peak): 8% in blue, 5% in green and 13% in red.

PACS
Herschel

Document: PICC-ME-TN-???
Date: April 26, 2010

Version: 1.0

PacsPhoto: Chop-Nod-Mode Flux Calibration: Fiducial Stars Page 11

2.4 Dither option

The dither option is a more critical parameter. At intermediate to high flux levels the dithering is not relevant

and the flux is very reliable, but at lower level (e.g., the red band measurements of δ Dra from OD 108), the

obtained flux values differ by more than a factor of 2!

2.5 Absolute flux calibration

The final monochromatic 70/100/160µm fluxes for all targets have been derived from aperture photometry,

followed by the corresponding aperture correction and colour correction. The fluxes are then directly compared

to the model flux predictions at 70/100/160µm. The results are shown in Fig. 9.

The model prediction for β Peg seems to be systematically off by 5-10% in all 3 bands. Eliminating β Peg in

our analysis leads to the following ratios (average and standard deviation for the remaining sample):

Obs/Mod-ratio

Band with β Peg without β Peg Remarks

blue 0.97 ± 0.04 0.97 ± 0.03 18/17 observations

green 0.99 ± 0.03 0.99 ± 0.02 13/12 observations

red 1.01 ± 0.04 1.01 ± 0.04 31/29 observations

The derived fluxes from PACS photometric chop-nod observations of 6 fiducial stars agree within 3% with

the star models. This comparison is based on the standard processing of chop-nod observations combined with

aperture photometry using the EEF (Table 3) and the colour corrections from Table 4. No additional corrections

are needed.

2.6 Reproducibility

The star γ Dra was observed in blue band 10×, in green band 4× and in red band 14× during the mission

phase from OD 108 and OD 320. The scatter between all observations (on basis of a 10�� aperture radius in all

3 bands) is (peak-to-peak): 8% in blue, 5% in green and 13% in red.
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Photometer: PSF
• Remarkable agreement between predicted PSF, derived from 

measured/constructed telescope WFE map, and central peak 
of observed PSF

• Analysis of PSF “outskirts” should confirm (or not) the apparent 
(somewhat low) Strehl ratio or/and transmission (from point 
source flux calibration)

PSFWFE
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Photometer: PSF
• Remarkable agreement between predicted PSF, derived from 

measured/constructed telescope WFE map, and central peak 
of observed PSF

• Analysis of PSF “outskirts” should confirm (or not) the apparent 
(somewhat low) Strehl ratio or/and transmission (from point 
source flux calibration)

PSFWFE Herschel/PACS “blue” PSF

Core scaled to peak, Vesta1% peak cut, wide range, Vesta

Herschel/PACS “blue” PSF
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Photometer: PSF
• Remarkable agreement between predicted PSF, derived from 

measured/constructed telescope WFE map, and central peak 
of observed PSF

• Analysis of PSF “outskirts” should confirm (or not) the apparent 
(somewhat low) Strehl ratio or/and transmission (from point 
source flux calibration)

PSFWFE

FWHM:
~5.5”
~6.7”
~11”
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Photometer PSF and 
Scan Speed

• 10”/s and 20”/s PSFs 
nearly identical

• 60”/s is showing the 
expected elongation

• Effect further 
enhanced by frame-
averaging in parallel 
mode

32

10”/s | 20”/s | 60”/s |60”/s parallel

100%

  10%

100%

  10%

100%

  10%
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Photometer: Scan Map Sensitivity

PSF

• Most “deep” observations originally used for sensitivity 
evaluation were performed with “slow” scan speed (10”/s)

• Evidence for significant improvement in sensitivity by going 
to “medium” scan speed (20”/s)

• This is the official recommendation for scan maps now, at 
the cost of higher overhead.
(Data processing might still
improve, observing will not.)

• Reduction of the overhead:
Each turn costs ~17s, of
which only ~5s are “real”.
Extra dwell time has been
removed as of OD221.
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Photometer Noise Spectra

• Noise in the PACS bolometers is essentially 1/f1/2 over 
the whole accessible bandpass

• We see excess background/straylight in orbit at long 
wavelength end, compared to pre-launch conditions

34The Herschel SDP Data Processing Workshop 

Noise Charateristics 

•! Noise in the PACS bolometers is essentially 1/f1/2 over the whole 

accessible bandpass (do not confuse transition to white noise with closure 
of the bandpass). 

•! Almost 100% of this noise is additive, i.e. offset drifts. 

•! A fraction of this noise is correlated on the array. This is under study as it 

impacts the data reduction strategy. 

•! Chopping efficiently converts the noise spectrum to a white noise but at a 

higher level than the original 3Hz level. 

Equal to ILT Better than ILT 
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PSF

Photometer: Scan Map Sensitivity Analysis

Residual Map
after source extraction

GOODS-N
green band

100μm

10000 random
aperture extractions
(R = 1.35 x HWHM)

• Comparison of PEP 30h 
scan map [10‘x15’]
against pre-launch 
HSPOT prediction

• Present reduction of 
GOODS-N/S data:

• Blue   : 5σ = 3.7 mJy
Green: 5σ = 5.0 mJy
Red   : 5σ = 9.5 mJy

• Improvement going 
from slow to medium 
scan speed has 
materialized 
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PSF

Photometer: Scan Map Sensitivity Analysis

Residual Map
after source extraction

GOODS-N
green band

100μm

10000 random
aperture extractions
(R = 1.35 x HWHM)

+67%

+13%
+24%

• Comparison of PEP 30h 
scan map [10‘x15’]
against pre-launch 
HSPOT prediction

• Present reduction of 
GOODS-N/S data:

• Blue   : 5σ = 3.7 mJy
Green: 5σ = 5.0 mJy
Red   : 5σ = 9.5 mJy

• Improvement going 
from slow to medium 
scan speed has 
materialized 



• PACS is presently using
– “high pass” filtering + drizzle (MPE): best for point sources

• Non-linear high-pass method creates artifacts around 
(bright) sources - can be eliminated by masking of such 
sources during filtering

• Mask to be deactivated in final map-making steps!

– MADmap (NHSC): needed for extended structures

PACS Instrument ESLAB 2010

Scan Map Reconstruction

36
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What Can MADmap Do?

37

MADmap is designed to remove 1/f noise effects!

Corrected
1/f 

“striping”
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What MADmap Won’t Do for You

38

• Global signal drifts.
– The MEDIAN signal level of the PACS bolometer array 

varies systematically in a correlated fashion from 
start to the end of observation.

– No thermistors to correct for it as SPIRE

Correlated 
monotonic drift in 
the signal over the 

duration of the 
observation.
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• Global signal drifts.
– The MEDIAN signal level of the PACS bolometer array 

varies systematically in a correlated fashion from 
start to the end of observation.

– No thermistors to correct for it as SPIRE

Correlated 
monotonic drift in 
the signal over the 

duration of the 
observation.

Mitigated 
by fitting 

and 
subtracting 
baselines.

3 different 
options are 

available 
for 

baseline 
fitting.
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Parallel Mode 

• Calibration blocks interleaved every hour
– in parallel to PCAL flashes
– nuisance because of transients effects
– suppressed starting with OD228

• Homogeneity
– initially unsatisfactory

39

42.4 degrees (magic angle)-42.4 degrees
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Parallel Mode 

• Calibration blocks interleaved every hour
– in parallel to PCAL flashes
– nuisance because of transients effects
– suppressed starting with OD228

• Homogeneity
– initially unsatisfactory

39

42.4 degrees (magic angle)-42.4 degrees

−  meanwhile modified, coverage homogeneous to <20%

                   (do we have a figure to illustrate this?)
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Outlook and Future Work

• Decision on final implementation of unchopped/ 
wavelength switching spectroscopy imminent

• Data processing within HIPE is improving 
continuously, but don’t expect publication-ready 
results to drop out of the standard pipeline!

• Optimization (for PACS) of MADMap implementation 
should receive high priority.  Alternative algorithms 
may further improve maps of extended sources

• Final flux calibration in spectroscopy (including 
“telescope normalization” method) is urgent issue

• Spectral line mapping / full 3D data cube 
reconstruction is work in progress
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December 18th, 2009 HOBYS - SDP workshop, Madrid 11

 PACS  70, 160 µm

Rosette Molecular Cloud

HOBYS - SPIRE consortium

2 pc
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December 18th, 2009 HOBYS - SDP workshop, Madrid 11

 PACS  70, 160 µm

Rosette Molecular Cloud

HOBYS - SPIRE consortium

2 pc


