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1 Introduction

These pages briefly describe the main steps that have
to be performed to produce a Multi-Gaussian Expan-
sion (MGE) fit, starting from one or more fully reduced
images of one galaxy, using the method and (Python)
package (MgeFit) described in Cappellari (2002). Vari-
ous references to the MGE method and its application
can be found in the above paper. Figures and actual
examples of MGE fits can also be found in that paper.

Usage and installation instructions are given at PyPi
and in the docstrings of the Python source code. To
learn how to use the MgeFit package, copy, modify and
run the example programs in the mgefit/examples di-
rectory. It can be found within the main MgeFit package
installation folder inside site-packages.

2 Concepts

An MGE fit, using the MGE_FIT_SECTORS package, con-
sists of the following steps:

Locate the galaxy: the precise position of the galaxy
center, its orientation with respect to the image
axes and its ‘characteristic’ ellipticity have to be
determined;

Get photometry: the galaxy photometry is measured
along sectors, logarithmically spaced inradius and
linearlyin angle, onthe differentimages thatwill be
used to fit the MGE model; Three vectors of values
RJ-, 9]-, Ij (radius, angle, intensity) are obtained for
each image;

Do the fit: if more than one image is used for the MGE
fit, the profiles obtained from the previous step

have to be rescaled, to bring them on the same
intensity scale and the same spatial scale. The
R]-, 9]-, I]- values for the different images are then
combined into only three vectors, describing the
photometry of the whole galaxy. The actual fit is
then performed and the Gaussians parameters are
determined;

Display results: the model fit, convolved with the
proper PSF, can be compared with the images
used in the fit, using contour plots.

Each of these tasks is performed with a different spe-
cific procedure.

3 The Package

We first consider the case of an MGE model with con-
stant position angle. Four different procedures are
used to perform the four tasks described in the pre-
vious section:

FIND_GALAXY: This procedure computes center, ori-
entation and ellipticity of a galaxy image. The
weighted first and second moments of the inten-
sity distribution are used for this purpose. Alterna-
tively standard photometric packages can be used
to determine these input parameters;

SECTORS_PHOTOMETRY: galaxy photometry is mea-
sured along sectors linearly spaced in angle and
covering the whole galaxy image. When attempt-
ing an initial fit to the galaxy it may be useful to
restrict the fit to a smaller number of sectors (e.g.,
Ngo. = 7 for a constant position angle fit) and to a
single-Gaussian PSF, to speed up things while still
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determining regions to be masked, sky subtraction
and minimum counts level to include in the fit;

MGE_FIT_SECTORS: thisis the main procedure in the
package and determines the actual MGE fit by
starting from the photometry measured at the pre-
vious step. The intermediate results are plotted on
the screen while fitting and the values of the best-
fitting parameters are printed on the screen at the
end of the fit. This procedure uses instrumental
units: counts for intensity and pixels units for the
spatial scale;

MGE_PRINT_CONTOURS: this procedure uses the val-
ues of the best-fitting parameters determined at
the previous steps and saves to a PostScript file a
contour plot comparing the actual fitted image to
the PSF-convolved MGE fit. Even small discrepan-
cies in the model are easily revealed by this con-
tour comparison.

Once a satisfactory MGE fit has been obtained the
model has to be converted in physical units and then
deprojected using e.g., the equations given in Cappel-
lari (2002).

The last three procedures above have an equivalent
one for the MGE fit of galaxies presenting isophote
twists. The corresponding procedures names are ob-
tained by adding the suffix _TWIST to the above proce-
dures names.

4 Converting to Surface Density

The conversion from the Gaussian parameters printed
by the MGE_FIT_SECTORS procedure to physical quan-
tities that can be used in a dynamical model is done
with standard methods, but experience from a number
of users has shown that an actual worked example may
be useful.

We performed an MGE fit to an HST/WFPC2/F814W
image of IC1459, with our MGE_FIT_SECTORS package.
The exposure time of the image was EXPTIME=460 s,
obtained with GAIN=15. The PC CCD was used as refer-
ence forthe intensity and for the spatial SCALE=0. 0455
arcsec pixels™1. This means that the intensity mea-
surements obtained by SECTORS_PHOTOMETRY on the

WFPC2 mosaic image were scaled to match the ones
on the PC CCD, taking the different pixel areas into
account, and similarly was done for the measured
radii. No changes were made to the measurements
obtained for the WFPC2/PC CCD. The following param-
eters were obtained for the best-fitting Gaussians by
the MGE_FIT_SECTORS procedure:

TotalCounts  SigmaPixels gObs
8198.48 0.38000 1.000000
441611 5.88124 0.899775
215881. 13.5803 0.672745
348640. 21.8192 0.815558

1.26569e6 46.0376 0.681965

2.17338e6 82.7561 0.775966

1.97307e6 149.808 0.714511

3.86588e6 246.401 0.738354

4.41886e6 478.825 0.732588

8.42750e6 870.403 0.733947

2.76482e7 2777.72 0.774998

The TotalCounts of each Gaussian can be converted
into the corresponding peak surface brightness Cy (in
counts pixels~1) using equation (1) in Cappellari (2002)

Co = TotalCounts
7 om SigmaPixels2 qObs'
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This is the only MGE-specific part of the conver-
sion, while the following steps are common to other
parametrizations of the stellar surface brightness.’

The surface brightness C in counts pixels™! can
be converted into a Johnson-Cousins I-band surface
brightness y; in mag arcsec™2 using the standard pho-
tometry formula

C,
. =) =4, (2
EXPTIME X SCALE

u = ZP—2.51g<

Here ZP=20.840 is the photometric zeropint? for the
WFPC2/F814W filter, which is specific to the given filter
and instrument, and 4; is the extinction in the I-band.

"When using MGE_FIT_1D, equation (1) must be replaced with the
following C, = TotalCounts/(SigmaPixelsv2m). See the program
docstring for details.

2The zeropoint used in this example is outdated. Make sure you
find a recent calibration.
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Finally one goes from the surface brightness p; in
mag arcsec™? to the surface density I in Lopc™2 with
the equation®

(64800
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The SigmaPixels is trivially converted to arcsec by mul-
tiplying by SCALE. Adopting an absolute magnitude for
the Suninthe I-band M ; = 4.08 mag, the final results
for the (distance independent) Gaussian parameters,
ready to be used in a dynamical model, are:

Ij oj aj
(Lo pc?)  (arcsec)
727874 0.0172 1.000
18191 0.268 0.899
22306 0.618 0.672
11511 0.993 0.815
11226 2.09 0.681
5243.0 3.77 0.775
1577.4 6.82 0.714
1105.6 11.2 0.738
337.28 21.8 0.732
194.31 39.6 0.733
59.276 126 0.774

This is for example the input format used by the rou-
tines of the Jeans Anisotropic MGE (JAM) package of
Cappellari (2008).

From the fitted values, the total luminosity of each
Gaussian is also easily obtained as

— 2
L;= 27111’-0; qJ’- (4)
(the galaxy distance is needed). Starting from these
values the deprojection from the surface density to the
intrinsic density, adopting the MGE assumptions, is

3The surface brightness and surface density are independent on
distance. Without loosing generality we assume 10 pc where the
apparent and absolute magnitudes coincide by definition. At 1 pc
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while at 10 pc one arcsec corresponds to mpc. This implies that

a surface brightness of u; = Mg mag arcsec™? corresponds to a
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performed both in the axisymmetric or triaxial case,
using the equations in Section 2 of Cappellari (2002).

For example, if the galaxy is assumed to be axisym-
metric, and considering that the luminosity L; does not
change with projection, all that is needed for deprojec-
tion are the two formulas (i = 90 is edge-on):

/q}-z —cos?i

G="—g7 9=0) (5)
where primed symbols correspond to projected quanti-
ties and non-primed ones to intrinsic quantities.

The following relation between the peak surface den-
sity I} of each Gaussian (typically in Lopc™?) and the
intrinsic density I; (typically in Lgpc™3), is also some-

times useful: )

!
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This relation is obtained by the obvious requirement

that the total luminosity of a Gaussian does not change
during projection (equation 38 of Cappellari 2020).

(6)

5 Troubleshooting

Experience on a large number of objects has shown
that virtually all the unsuccessful fits (e.g., generally
presenting data-model discrepancy in the contour plot)
to galaxies that clearly can be fitted by an MGE model,
are solved by correcting one of the following problems:

e improper masking of stars or dust regions
in the image: use BADPIXELS keyword in
SECTORS_PHOTOMETRY;

e improper sky subtraction: make sure that the pro-
file is asymptotically close to a power-law in the
other parts, or measure the sky level in other stan-
dard ways;

¢ inclusion in the fit of too low and noisy intensity
values (in the galaxy outer parts): set the keyword
MINLEVEL in SECTORS_PHOTOMETRY;

* incorrect relative calibration of the different
frames (in the case of multiple images): properly
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scale the images. Make sure that the profiles for
the different images merge smoothly into one sin-
gle profile;

* inaccurate alignment of the model with the galaxy
major axis: check the input position angle. Small
misalignments of model and data are easily visible
from the contour plots;

In particular noimprovement has ever been observed
by e.g., increasing the number of sectors utilized in the
fitand ithas been never necessaryto edit starting guess
by hand.

If all the above issues have been solved, and it is still
not possible to obtain a good fit, one can use the fully
linear algorithm by setting the keyword Llinear=True
inthe MGE_FIT_SECTORS procedure. This procedure is
guarantee to converge to the global ¥ minimum. If no
good fit can be obtained in this way, this means that
the galaxy can not be fitted with an MGE model (with
positive Gaussians): this can happen e.g. with strongly
peanut shaped bulges.

A fit with negative Gaussians can still be at-
tempted, by setting the keyword negative=Trueinthe
MGE_FIT_SECTORS procedure, but one has to be care-
ful with cancellations effects while computing any nu-
merical quantity from the obtained MGE model.
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