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Intensities of Planetary Nebula change by 1000× 
and more between the central parts and the halo

NGC 6826

Corradi et al. 2003, MNRAS, 340, 417; fig. 20 

The PN halo



  

IFU data can be used either binned, or unbinned – 
whatever is needed

Cappellari & Copin 2003, MNRAS, 342, 345

2D adaptive binning

Sandin et al. 2008, A&A, 486, 545

Sandin 2009, PASP,
in prep.



  

It may be necessary to correct the data for
differential atmospheric refraction (DAR)

If the airmass is large; > about 1.1

If intensities of different wavelengths are combined

If spatial elements are small

If there is a significant intensity gradient in the object

Hβ

Hα
DAR



  

It may be necessary to correct the data for
differential atmospheric refraction (DAR)

(Sandin et al. 2007, in press; Asymmetrical PNe IV, NGC 7662)

Corrected for DARNOT corrected for DAR

More structure is visible in c without a correction!



  

What steps do we take in order to make the 
DAR-correction?

1. The parallactic angle 

2. Reference wavelength 

3. The spatial offset for every wavelength bin; f(R,P,T)
(Filippenko 1982, PASP, 94, 715)

4. Shifting the data of every wavelength bin

(Sandin et al. 2008, A&A, 486, 545; fig. 10)



  

Instead of reducing IFU data by hand it seems 
more productive to use an automated tool

SAURON

PMAS/[LARR,PPAK]

VIRUS

FLAMES/ARGUS

VIMOS

GIRBLDRS, GIRAFFE pipeline

VIMOS pipeline

P3d, R3d

Sauron pipeline

VIRUS_online (P3d)

(this is no complete list)

The PPAK IFU fiber bundle
(Kelz et al. 2006, PASP, 118, 129)



  

Our proprietary data reduction software P3d has
been successfully made to work with several IFUs

P3d was originally developed by
Thomas Becker (AIP) for PMAS
Becker 2002, PhD Thesis; Roth et al. 2005, PASP, 117, 620

Used with VIMOS;
Monreal-Ibero et al. 2005,

ApJ, 628L, 139

Used with VIRUS (BCD - IIZW33);
Cairós et al. 2009, A&A, in prep.

Hβ [OIII] λ5007

Hg λ4358 +
[OIII] λ4363

Used with PMAS/LARR;
Sandin et al. 2008 (NGC 7662), A&A, 486, 545

R3d (Sánchez 2006, AN, 327, 850)



  

We are preparing a public release of a general and 
improved version of our data reduction tool P3d

Designed for PMAS – at first
...VIRUS...VIMOS...FLAMES...(GMOS)...

IDL-based
Version ≥ 6.2; Linux, Solaris, Mac, Win

Graphical tool
A script-based version is planned

GPLv3
Improving suggestions welcome

(Sandin et al. 2009, PASP, in prep.)



  

I have presented general issues of concern for
data reduction and data analysis using IFUs

Collaborators: Petra Böhm, Luz Marina Cairós, Joris Gerssen, Andreas Kelz,
Matthias Reis, Martin Roth, Peter Weilbacher (3D spectroscopy at AIP);
Thomas Becker (prev. at AIP)
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In this talk I will present three issues that are important to the conversion of 
raw data to analyzed data. I would like to show you how we, at AIP, in our 
paper on measurements of mass loss, have handled our data to get as 
much as possible out of it.

Specifically I focus on data which was sampled with integral field units. 
FLAMES/ARGUS is not any different from other IFU-instruments, and my 
approach is general.

I will talk about:
O How we bin spectra to increase the signal-to-noise.
O How we correct for differential atmospheric refraction
O Our data reduction tool – P3d.

Talk points:
O The issues are O The motivation is
O The approach reveals O Open questions are
O The benefit is O Possibility for further research

Intro: 1: 2: Conclusions:
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Intensities of Planetary Nebula change by 1000× 
and more between the central parts and the halo

NGC 6826

Corradi et al. 2003, MNRAS, 340, 417; fig. 20 

The PN halo

When measuring mass loss rates we are interested in observing weak and 
extended halos of planetary nebulae. Such halos form when the PN is a 
few thousand years old and the ionization front has moved outside the 
shell.

The intensity changes rapidly by a factor of a thousand and more between 
the PN center and the halo. The figures indicate how the intensity 
changes for NGC 6826.

Because intensities are so weak in the halo – they are even weaker for all 
the physics-sensitive emission lines – it is useful to make use of IFUs in 
order to allow for a co-adding of spectra and thereby increase the signal-
to-noise of individual lines. Another useful property of an IFU is the 
straightforward possibility to correct for differential atmospheric refraction.

The study of halos of PNe with FLAMES/ARGUS is perhaps not the ideal 
combination since one requires a large number of different setups and 
very long exposure times in order to cover all emission lines of interest.

The approach I will describe is, however, general, and will work with any 
object and setup.
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IFU data can be used either binned, or unbinned – 
whatever is needed

Cappellari & Copin 2003, MNRAS, 342, 345

2D adaptive binning

Sandin et al. 2008, A&A, 486, 545

Sandin 2009, PASP,
in prep.

With extended objects the data which has been sampled with an IFU can 
either be used in 0D, 1D, or 2D. Two-dimensional structures are useful if  
intensities are roughly the same across the object surface.

An adaptive binning – using Voronoi tessellations – is an option where the 
resulting data is still two-dimensional.

If the physical structure is spherically symmetric – as we assume it is in our 
planetary nebula halos – we can use bins in the form of concentric arcs, 
which are centered on the central star.

I am preparing a public release of the line fitting routines we used with the 
observations of mass loss rates in Sandin et al. 2008. This package 
handles arbitrary methods of binning for any IFU – including 
FLAMES/ARGUS.

It also includes a routine to correct for differential atmospheric refraction.
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It may be necessary to correct the data for
differential atmospheric refraction (DAR)

If the airmass is large; > about 1.1

If intensities of different wavelengths are combined

If spatial elements are small

If there is a significant intensity gradient in the object

Hβ

Hα
DAR

If there is no automatic corrector for atmospheric refraction in the optical 
path it may in many cases be necessary to correct the data after the 
observations.

There is by default no refraction when the telescope is pointed at zenith, but 
for larger angles it becomes growingly significant. In practice it means 
that images of different wavelengths are shifted relative to each other on 
the surface of the IFU.

If intensities of two different wavelengths are compared, when for instance 
calculating a line ratio of an extended object, one will compare different 
regions – unless only a surface-integrated intensity is used. No issue 
when only one line is measured.

With small spatial elements of the IFU light of different wavelength 
belonging to the same region will end up on separate spatial elements. 
With large elements, like for PPAK or VIRUS, this effect is mostly 
negligible.

If there are large intensity gradients in the object effects become more 
obvious.
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It may be necessary to correct the data for
differential atmospheric refraction (DAR)

(Sandin et al. 2007, in press; Asymmetrical PNe IV, NGC 7662)

Corrected for DARNOT corrected for DAR

More structure is visible in c without a correction!

For our PN project we have in every case calculated extinction coefficients 
using the ratio of Hγ to Hβ – separated by 520Å. We also had the two 
lines on the CCD simultaneously.

When we at first calculated a two-dimensional extinction coefficient across 
the surface of NGC 7662 we found that it was structured across the rim. 
This is also where the intensity gradient is the largest.

Later we recalculated the same extinction coefficient – after first having 
corrected for DAR – and the structure had then more or less 
disappeared. It then seemed less of a problem to use

    a constant value – c=0.23.
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What steps do we take in order to make the 
DAR-correction?

1. The parallactic angle 

2. Reference wavelength 

3. The spatial offset for every wavelength bin; f(R,P,T)
(Filippenko 1982, PASP, 94, 715)

4. Shifting the data of every wavelength bin

(Sandin et al. 2008, A&A, 486, 545; fig. 10)

In order to correct for DAR we take the following steps:

1. We calculate the parallactic angle, which is the orientation of the IFU with 
respect to the downwards direction.

2. A reference wavelength is selected against which offsets are calculated.

3. The spatial offset for every wavelength bin is calculated using formulae 
such as those given by Filippenko (1982) – using physical conditions at 
the time of the observations. Relative humidity, pressure, and 
temperature are required.

    If one uses observations with different gratings or setups, then one must 
ensure that one knows what the offset is. For instance by guiding with the 
same filter. FLAMES already makes a correction for DAR and places the 
central wavelength of the grating on the same spot → effects are smaller, 
but can still be of importance.

4. In a final step every wavelength bin is shifted – this is a step which 
requires interpolation; bi-linear seems to be the best alternative.

The figure shows the temperature of the central parts of NGC 7662. Note 
that the upper and left regions are missing – they depend on values 
outside the observed region.
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Instead of reducing IFU data by hand it seems 
more productive to use an automated tool

SAURON

PMAS/[LARR,PPAK]

VIRUS

FLAMES/ARGUS

VIMOS

GIRBLDRS, GIRAFFE pipeline

VIMOS pipeline

P3d, R3d

Sauron pipeline

VIRUS_online (P3d)

(this is no complete list)

The PPAK IFU fiber bundle
(Kelz et al. 2006, PASP, 118, 129)

If the data reduction of IFU observations is to be any efficient it is necessary 
 to use an automatized tool – such as a pipeline.

Here is a list of some of the existing IFUs, and corresponding – and existing 
– pipelines.

The idea with a pipeline is that it is more or less a black box, that creates 
spectra for the user so that he or she can focus on the science.

It might happen that the user wants to have a better control of what is going 
on. What if crosstalk is an issue? How can that be checked? How does 
error propagation work? Should one then use MIDAS or IRAF instead?
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Our proprietary data reduction software P3d has
been successfully made to work with several IFUs

P3d was originally developed by
Thomas Becker (AIP) for PMAS
Becker 2002, PhD Thesis; Roth et al. 2005, PASP, 117, 620

Used with VIMOS;
Monreal-Ibero et al. 2005,

ApJ, 628L, 139

Used with VIRUS (BCD - IIZW33);
Cairós et al. 2009, A&A, in prep.

Hβ [OIII] λ5007

Hg λ4358 +
[OIII] λ4363

Used with PMAS/LARR;
Sandin et al. 2008 (NGC 7662), A&A, 486, 545

R3d (Sánchez 2006, AN, 327, 850)

P3d was originally developed by Thomas Becker at AIP for his thesis. P3d is 
an IDL-based graphical data reduction tool, that is designed to work with 
data of IFUs.

This software was written in two versions, one graphical version for quick 
analysis at the telescope, and one script-based version for scientific 
reductions in the office.

P3d was later succesfully extended to work also with data of VIMOS and 
VIRUS.

P3d was never intended to be used outside AIP – the software works like a 
black box and lacks comments in most places.
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We are preparing a public release of a general and 
improved version of our data reduction tool P3d

Designed for PMAS – at first
...VIRUS...VIMOS...FLAMES...(GMOS)...

IDL-based
Version ≥ 6.2; Linux, Solaris, Mac, Win

Graphical tool
A script-based version is planned

GPLv3
Improving suggestions welcome

(Sandin et al. 2009, PASP, in prep.)

We have refurbished our proprietary code P3d to make a public release of 
this stand-alone tool. In comparison to our old code this program is fully 
commented and pretty much self-explanatory. Documentation and/or 
tutorials will be prepared.

At first the tool is prepared for PMAS (LARR & PPAK), the plan is to also 
make it work with VIRUS and VIMOS. The code is so general that further 
improvements for FLAMES and GMOS (for instance) will be 
straightforward.

The program is based on IDL and should work with all available platforms. It 
has been re-designed to work with the IDL virtual machine – this means 
that no license is required to use the tool; modifications still require a 
license.

Currently provides a graphical user-interface – allowing an immediate 
inspection of the results. A scripting version of individial routines is 
planned.

The tool will be released under GPLv3, which means that the tool can be 
used and modified as required by the community. Suggestions for 
improvement are always welcome, and will be implemented as time 
permits. Users who would like to contribute with support for another 
instrument will be considered to join the team.
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I have presented general issues of concern for
data reduction and data analysis using IFUs

Collaborators: Petra Böhm, Luz Marina Cairós, Joris Gerssen, Andreas Kelz,
Matthias Reis, Martin Roth, Peter Weilbacher (3D spectroscopy at AIP);
Thomas Becker (prev. at AIP)

I have here presented a few issues of general concern when it comes to the 
data reduction and data analysis of data which has been obtained with 
IFUs.

These aspects are:
O How we bin elements on IFUs.
O How we correct for differential atmospheric refraction
O A brief presentation of our data reduction tool P3d.
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