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• Tool to extract the intrinsic (i.e. 

deconvolved) Galaxy Parameters and 

Kinematics from any 3-Dimensional data. 

• The algorithm directly compares data-

cubes with a disk parametric model which 

has 9 or 10 free parameters, using a 

Markov Chain Monte Carlo (MCMC) 

approach.

• Flexible enough to handle any instrument.

What is GalPaK 3D?
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The algorithm can be summarized as:

Pick new random galaxy 

parameters using uniform priors 

(boundaries can be set)

Create clean cube from 

parameters and convolve it 
with instrument’s PSF+LSF

Measure closeness of resulting 

convolved cube to input cube

Accept/Reject galaxy 

parameters using Metropolis-

Hasting algorithm

Goto 1. until max iterations are 
reached

Fill output attributes with data 
(chain, cubes, etc.)

Compute and return best fit 
galaxy parameters from chain!!

The input :)
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Parameter meaning
Galaxy Parameters

Warning: the velocity_dispersion parameter is NOT the total dispersion. 

This parameter is akin to a turbulent term. It is added in quadrature to the

dispersions due to the disk model and to the thickness.
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Parameter meaning
Galaxy Parameters

Access and fixed parameters
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Parameter meaning
Getting the Wavelength
The z attribute in a GalaxyParameter is in pixels, you may want the 

value in the physical unit specified in your Cube’s header.

To that effect, you may use the wavelength_of method of the 

HyperspectralCube:
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• Any fits cube can be used provided that 

the z-axis represents wavelengths or 

frequencies.

• Any units are normally accepted as the 

algorithm works in velocity space.

• If the header is incomplete (CRPIX3, 

CDELT3, CRVAL3, CUNIT3), the algorithm 

will try to use the default values 

assigned to the instrument. 

• If the header is complete, the instrument 

default pixel sizes will be over-written 

by the the information from the cube 

header.

• MPDAF Obj.Cube object is ok as input.

Input Cubes 
supported Instuments supported

Instrument Default

ALMA
Set lsf_fwhm to 1 cdelt (default) or less or use 
NoLineSpreadFunction

SINFONI J250, H250 and K250 modes)

MUSE
(WFM and NFW modes): default lsf_fwhm is 2.67 
Angstrom

KMOS Default xy_step is 0.2 arcsecs

HARMONI Use HARMONI(pixscale=30)

MANGA (soon)
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Level 0
Running the program, default parameters and save files

3.  How to use it 



MAKE SURE  YOUR CUBE :
1. Is written as a fits file

2. Has a third dimension representing wavelengths or frequencies.

3. Has a minimum info in the header.
-  The header should have units but the algorithm works in velocity space (dlamba/lamba or dfrequency/frequency).
- If the header is incomplete (CRPIX3, CDELT3, CRVAL3, CUNIT3), the algorithm will try to use the default values assigned to the instrument. 
You can specify these directly.

4. Is adequately cropped in x and y and along z around the galaxy.

5. Is continuum subtracted (!) as the algorithm does not fit the continuum

6. Best to provide the variance in a separate file or via a MPDAF Obj.Cube. If no variance is specified, the cube statistics will be used.

Warning: You should specify the PSF and spectral LSF that are in effect for your cube.
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Assuming your cube can be read properly, you can run it with :
Run GalPaK 
examples

or with :

and you can check the instrument properties with :
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Assuming your cube can be read properly, you can run it with :
Run GalPaK 
examples

or with :

Bad results!!!
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If you would like to access the results:

Warning: seeing=1.0 is equivalent to galpak.MUSE(psf_fwhm=1.0) 

The proper way to specify the seeing is specified in customizing-the-psf.
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Both run and run_mcmc use 

a DiskModel object with exponential flux 

profile per default, arctangent rotation

profile and thick disk dispersion.

Default Model
Parameters
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You can see the detailed documentation for the available

parameters from the model class, but here’s a highlight of the most

important ones :

• flux_profile : ‘gaussian’ or ‘exponential’ (default) or

‘de_vaucouleurs’. The flux profile of the galaxy.

• rotation_curve : The profile of the velocity v(r) can be in:

• ‘isothermal’ : a pseudo-isothermal V~Vmax (1-actan(X)/X) 

where X=r/rV, rV=turnover_radius

• ‘arctan’ (default) : V~ Vmax arctan(r/rV), rV=turnover radius

• ‘tanh’ : an tanh profile V~Vmax tanh(r/rV)

• ‘exp’ : inverted exponential, 1-exp(-r/rV)

• ‘mass’ : a constant light-to-mass ratio v_circ(r)=sqrt(G m(<r) 

/ r)

• disk_dispersion : ‘thick’ or ‘thin’ (or ‘infinitely_thin’ TBD). 

Default Model
Parameters
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GalPak has 3 components for the dispersion:

• a component from the rotation curve arising

from mixing velocities of a disk with non-zero

thickness

• a component from the local disk dispersion

specified by run_mcmc.disk_dispersion a 

spatially constant dispersion, (which is the

output parameter gk.galaxy.velocity_dispersion)

Default Model
Parameters
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You should change these options:

You can always check your model with:

Better!!
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The run_mcmc also fills the gk instance parameters with several output data :

• gk.deconvolved_cube : best guess as to what the deconvolved cube should be

• gk.convolved_cube : virtually convolved cube, should be close to the inputted measure cube

• gk.residuals_cube : differential between measure cube and convolved cube, inversely scaled by

measure error

• gk.psf3d : the 3D PSF*LSF used for the convolution

• gk.chain : the full markov chain, with each step holding its galaxy parameters and reduced χ2

• gk.acceptance_rate : the final proportion of useful iterations in %

• gk.initial_parameters : the first parameters of the markov chain

• gk.galaxy : a view to the returned GalaxyParameters object

• gk.error : the error margin of above galaxy parameters

• gk.true_flux_map : the intrinsic flux map

• gk.true_velocity_map : the intrinsic velocity field

• gk.true_disp_map : the intrinsic dispersion map

Run Output 
Overview

The run_mcmc method returns a GalaxyParameters object.

Type : print(gk.galaxy)

to see the parameters (gk.error contains the error vector).

Use the methods of GalaxyParameters tofile or tolist to

store this.
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Save the run
Once the MCMC has run, you can save the

results to file easily :

It will create a bunch of files prefixed by

my_run in the current working directory.
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Level 0
Running the program, default parameters and save files
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Level 1
                        Tuning, custom boundaries, plotting and recover things
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Again, you can see the detailed documentation for the available parameters, but the

most important parameters to tune are :

• random_scale : a scale factor to the width of the proposal distribution (Cauchy). A 

good practice is to tune this to have an acceptance rate of 30-50 %. (for example, 

the value random_scale=2 sets a factor 2x from the defaults)

• max_iterations : max number of (accepted) iterations (default=10000)

• method : ‘last’ or ‘chi_sorted’ or ‘chi_min’ Method used to determine the best

parameters from the chain.

• ‘last’ (default) : mean of the last_chain_fraction(%) last parameters of the

chain

• ‘chi_sorted’ : mean of the last_chain_fraction(%) best fit parameters of the

chain

• ‘chi_min’ : mean of last_chain_fraction(%) of the chain around the min chi

• last_chain_fraction : last fraction of chain (in %) to use to determine the best

parameters (default=60)

• min_acceptance_rate : minimum acceptance rate (in %) to keep going. (default: 5)

MCMC chain tuning
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You can make sure that GalPaK will not try to find galaxy parameters outside of explicit boundaries :

Using Custom Boundaries

The boundaries you provide will be merged into the default boundaries.

Note: For Vmax ‘maximum_velocity’, the min and max boundaires should be equal, e.g (-300,300)

We're getting close to something good!!!
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Once a deconvolution has been computed, you can plot the Markov chain that was created :

Plotting the Markov Chain
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Once a deconvolution has been computed, you can plot the Markov chain that was created :

Plotting the Markov Chain

YEAAAH!!!
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After a galpak run has been completed, you can plot the correlations in the Markov chain with :

Plotting the cross-correlations
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Once a deconvolution has been computed, you can plot the resulting cubes :

Plotting the cubes' images
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Recover the parameters from an earlier save
Once you’ve saved the run to disk, you can use the following from_file method to read the parameters:
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Recover the chain from an earlier save
Once you’ve saved the run to disk, you can use the following snippet to re-iterate through the chain:
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Recover the chain from an earlier save
or simply using the import_chain method :
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You can specify the instrument that will convolve

the simulated data.

Instruments accept two parameters: psf and lsf :

By default, the instrument will combine the psf (2D) and 

the lsf (1D) into a 3D spread function and will apply it to

the cube in the method convolve(cube).

Cubes from
another

instrument
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Level 1
                        Tuning, custom boundaries, plotting and recover things
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Level 2
                                                         Customizing 
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You can use the parameter known_parameter, which

takes a GalaxyParameters as in the example here:

Setting a 
parameter to a 

fixed value
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You can use the parameter line, a dictionary, to tell

galpak you’re expecting a dual peak :

Using line 
doublets
([OII] for

example)
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Other things!
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Level 2
                                                         Customizing 
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Birkin, J. E., Puglisi, A., Swinbank, A. M., et al. 2024, KAOSS: 

turbulent, but disc-like kinematics in dust-obscured star-

forming galaxies at z ∼1.3-2.6. 

https://arxiv.org/abs/2301.05720

Tejos, N., Lopez, S., Ledoux, C., et al. 2021, Telltale signs of

metal recycling in the circumgalactic medium of a z ∼

0.77 galaxy. https://arxiv.org/pdf/2105.01673

Two examples where GalPaK is used!

3.  Examples

https://arxiv.org/abs/2301.05720
https://arxiv.org/pdf/2105.01673


Questions?
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