The PACS photometer

Outline
•

Facts about the PACS photometer.

•

Some Data Processing terminology.

•

The PACS photometric convention.
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Key items involved in establishing the flux
calibration.
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Key data reduction steps that may affect the
photometric accuracy of your observations.

Photometer facts

Photometer facts

•

Two focal plane units: red (16x32) and blue (32x64)
•

operated in synchronized readout mode

Two filters on the blue side
• Two calibration sources on both sides of the field
of view
•

•

Completely cover the array footprint, but not used for flux calibration.

Photometer facts

Actual location of pixels on the sky
A PACS photometer pixel

•

Focal planes are made from 2 (8) 16x16 matrices
for the red (blue) array.
•

•

Nyquist sampling is achieved: for a pixel, even a point source is
extended.

Actual positions of pixel centers have been
calibrated on ground and verified in space.
•

rotation, shift of the matrices, optical distortion, all stored in the Calibration
Tree.

Photometer facts
•

Readout sequence
•

The whole focal plane is read at 40 Hz
frequency

•

Multiplexing occurs along the long
dimension of the array.

•

•

This can lead to artefacts (e.g. glitches) affective a
complete line of a matrix.

•

We read by «columns»: pixels on a given column are
read simultaneously.

•

The readout scheme is such that we «read the sky»
in the same direction in the red and blue focal plane.

All ten matrices are read in sync, starting
with «column 0», and moving up to
«column 15».
•

The jump from column 15 back to column 0 creates
electrical cross-talk

Photometer facts

Photometer facts
•

Two observing modes
•

•

Scan mode: as name implies
•

20 arcsec/s recommended speed, but 10"/s and 60"/s possible

•

In parallel with SPIRE, follows the SPIRE scanning pattern.

Mini-scan
•

Replaces Chop-Nod observations.

•

Meant for point or compact sources with clean/clear
environment.

•

Small leg length (at 2’, source is always on array including
during turn-overs, some of it is useful for science.)
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Each observation contains:
•

Slew to the start of the map.

•

Calibration block: chopped measurement
between the two calibration sources.

•

Decceleration and acceleration between scan
legs.

Photometer facts
•

Data is compressed on board to be
accomodated through the spacecraft
communication busses and to fit with the earthbound communication link.

•

Lossy compression by averaging readouts:
•

prime mode: we average readouts 4 by 4 on both the blue and red
channels and we round the average (randomly) by 1 bit.
•

•

All raw digital values will be multiples of 2.

Parallel mode: we average the blue readouts 8 by 8 and the red
readouts 4 by 4 (i.e. no change w.r.t. the prime mode), and we round
the average (randomly) by 2 bits.
•

All raw digital values will be multiples of 4.
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Standard Terms
•

•

Through the process of data reduction, we have
identifieds, and named, some key stages (levels):
•

Level 0: data and housekeeping telemetry have been decompressed, no
processing or logical decomposition of the observation in its constiting
part has not yet occured.

•

Level 1: Observation has been logically decomposed (a status is now
attached to each readout), auxiliary information (e.g. pointing) is
associated to each readout, instrumental artefacts have been mostly
removed or flagged out, data is calibrated.

•

Level 2: Final stage of the data processing has occured, the data product
is now a fully calibrated map. Most of the auxiliary products are removed,
as well as housekeeping information. History field traces the processing.

All levels are stored in objects that belong to the
product class so they can be saved to fits.

Standard terms
•

Observation context: an object that lets you
access all the incarnations of an observation, its
auxiliary products, quality information.
•

•

It contains mostly references so it cannot be completely saved to fits.

Calibration Tree: an object that allows easy access
to all the calibration information relevant to the
data processing.
•

This is often an argument to the data processing tasks.

Photometric convention
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Photometric convention
•

The PACS bolometers
are unconventional in
their design:
•

No winston cones

•

Collective manufacturing

•

Quarter-wave cavity behind
absorption grid

•

Multiplexing
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But they are rather
conventional in how
they convert incoming
power into signal.
•

bolometer voltage readout is
proportional to the absorbed
power in the pixel.

Photometric convention
•

•

•

We calibrate to monochromatic flux density at
the central wavelength.
•

We produce maps in Jy/pixel.

•

At level 1, units is Jy per ideal detector
pixel (3.2" or 6.4" in side).

Spectral convention:
• νfν = cte
•

Filter transmission characterized at
operating temperature on the ground

•

Bolometer absorption is measured
collectively.

Band centers are chosen to
minimize color corrections.
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This require the prior establishment of:
•

Optimal biases for the bolometers (w.r.t. their NEP).

•

Determination of the flux range where the bolometers are linear.

•

Determination of the flat-field (we are still using ground-based values).

•

Determination of the beam (to perform proper aperture photometry).

•

A clear understanding of the relation between the sky (the map) and the
observation (the cube).

Establishing the flux calibration
•

Map making is a key player
•

The relation between the sky (x) and
the cube (y) is: y = P x + n

•

To accurately compute the projection
matrix P, one needs, in principle, an
accurate description of the detector
geometry.

•

Position of pixels center can be
measured, but the area to consider for
building P is not. This is where the fsens
factor comes into play.

•

Making the map requires inverting P.
This is generally not done.

•

We base our calibration on an
approximate solution:

xP hP

PTy
= T
P 1
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Thanks to this scheme, it is not
necessary to have an absolute
knowledge of the detector pixels' size.

Establishing the flux calibration

•

Linearity is verified by comparing observations of
standards of different brightness.
•

•

Linearity range extends to point sources of about 100 Jy.

Saturation occurs a factor 2-10 beyond that.

Establishing the flux calibration
•

•

Most PSF observations via
scan-maps
•

PSF core from unsaturated (almost) point
sources like Vesta,  Tau.

•

Wings from super-bright sources like
Mars, but extended and saturated.

100 µm

Documentation:
•

http://herschel.esac.esa.int/twiki/bin/
view/Public/PacsCalibrationWeb

160 µm

Achieved photometric calibration
•

Numbers refer to the
upcoming calibration
scheme, not yet in Hipe 6.
•

•

•

Changing the scheme is more than
changing the responsivity numbers...

Overall (time, sources), the
absolute accuracy on point
sources is:
•

3% in the blue and green

•

5% in the red.

Flux ranges for calibration
sources:
•

blue: 3-100 Jy

•

green: 1.5-100 Jy

•

red: 0.5-100 Jy

Data processing steps

Data reduction steps
•

The complete IA reduction scheme:
•

Digital to Analog conversion

•

Screening of bad pixels (saturation, dead pixels)

•

Deglitching

•

Cross-talk correction

•

Flat-fielding

•

Responsivity calibration

•

1/f noise filtering

•

Map-making

Data reduction steps
•

Deglitching can be performed by two methods:
•

Timeline-based (MMT deglitching, filtering outliers based on
multiresolution analysis of the timelines), fast but dangerous for point
sources and bright ridges.

•

Map-based (2nd-level deglitching, filtering outliers in the series of cube
pixels that contribute to a given map pixel)

•

See presentation by N. Billot

•

Note that the actual glitch rate for PACS is very low (<1% of the data).

•

Care must be taken for high spatial frequency sources.
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Data reduction steps
•

•

Cross-talk corrections:
•

Only a crude approach is suggested: masking all columns 0.

•

This is appropriate when the redundancy of the observation is high (which
happens rapidly given the number of pixels).

•

This may be overkill when 2nd-level deglitching has been used.

Flat-fielding:
•

Uses ground-based measurement, minor issue in scanning mode
observations.

Data reduction steps
•

1/f noise filtering is mandatory
•

Default method is high-pass filtering (masking the source to protect it), This can seriously affect
the map photometry.

•

Map-making algorithms can include a filtering of the 1/f noise based on a-priori knowledge of
the noise statistical properties.

Data reduction steps
•

Map-making
•

Standard is pacsPhotProjectTask, used to produce maps of calibration
stars. Approximate solution to the projection inversion problem.
•

•

MadMap - Achieves a proper inversion of the projection and handles
noise filtering (provided it is uncorrelated, i.e. pre-processing is required),
but uses a simplified representation of the projection (slight loss in spatial
resolution).
•

•

See Tutorial by B. Altieri

See Tutorial by M. Sauvage

Scanamorphos - Use redundancy to reject 1/f noise, approximate solution
to the projection inversion problem
•

See Tutorial by H. Roussel

All map-making algorithms are "total-flux"
conserving, not "surface-brightness" conserving.
• The proper way to measure object fluxes is
aperture photometry.
•

Let's go make maps!

