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dramatically than the NUV.

Introduction and Data Extraction

After processing in CCDLab, The UVIT instrument aboard the ASTROSAT spacecraft has produced
9 images of the bulge of M31 across 5 UV filters: NUVN2, NUVBI15, FUVSilica, FUVSapphire, and
FUVCaF2. Elliptical profiles were calculated in all 9 images, and are shown below in figure 1. The
ellipse parameters used in all fields were based on CCDLab’s 2D elliptical Gaussian fit of the inner
50" around the core. An elliptical profile is a radial profile averaged over all angles which accounts
for the apparent ellipticity of the bulge. The flux in each pixel Wriirgglciolrlrecg?ggt?clalllt’r{;ig’of2;4B:I'gelo)fiwlx3$l wide

elliptical annuli were averaged to produce each data — w2 a
NUVB15 A
point. 240 such ellipses were measured, from the central FUVCaf2 A
core out to 164" along the major axis. Examples of these Zvemien”
FUVSilica A

ellipses are drawn in figure 4.
The profiles generally follow a Sersic shape, with lower
wavelength filters having higher indices. Indices range
from 2.3 in the NUV to 5.3 in the FUV.
The innermost 5” have a significant excess above a pure
sersic profile in all filters. This excess is more pronounced

in the FUV than the NUV
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Abstract

AstroSat has carried out a survey of M31 with the UVIT telescope from 2017 to 2019. The central
bulge of M31 was observed in NUV N2 (2750-2850 A), NUV B15 (2000-2400 A), FUV Silica
(1600-1850 A), FUV Sapphire (1450-1750 A), and FUV CaF2 (1200-1800 A) filters. A radial profile
analysis, averaged along elliptical contours which approximate the bulge shape, was carried out in
each filter. The profiles are fit well by Sersic profiles, apart from the inner 4 arcseconds of the core
which have a significant excess in all filters. The UV colors of the bulge are found to change
systematically with radius, such that the center of the bulge is bluer (hotter). The FUV increases more
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and ellipses used to generate the elliptical profiles (white) are drawn on top. d1.1
The images are 370" by 330" across. The bright point to the right in the NUV an b

is a bright (possibly foreground) star.

NUV-FUV Colour-Colour Diagram of the Bulge of M31

The bulge’s apparent inclination changes smoothly with increasing major axis, reaching a peak at 50
pixels (20"). It then slowly decreases outwards, implying an apparent clockwise "swirl" in the bulge.

The ellipticity seems to change differently in the NUV vs the FUV. Figure 5 shows that the shorter%IZD
wavelength filters have generally higher ellipticity, with an the peak occurring sooner in the NUV than

Contour plots such as in figure 4 seem to show a more circular core, which is a likely cause for the steep
rise in inclination. Small bounding box sizes also yielded erratic results, likely also a result of an
apparently mostly circular inner core. For this reason, data from bounding boxes below 40 pixels half
width are not shown, nor considered in our analysis. This corresponds to a cutoff around 10 pixels along

Colour Changes ia

A colour-colour diagram (Figure 7) was produced using the elliptical profiles in the NUVN2, NUVBI1S5,
and CaF2 (merged) images. The colours on the diagram are based entirely on the semi-major axes of the
corresponding ellipses, and are designed to show which points are near the centre. NUVN2 is the longest
ultraviolet wavelength available (280 nm), while FUVCaF?2 is the shortest (150 nm). Points nearest the
centre have a much greater ratio of FUVCaF2 flux to NUVBI15 flux than those further out, while having

a similar ratio of NUVB15 to NUVN2. Thus the ultraviolet colour of the bulge becomes "bluer" towards * "

The colours of black bodies of varying interstellar extinction (Av) and temperature are plotted alongside  ,
the data, to act as a point of reference for the colour-temperature of the bulge in the UV. The observed
colours are consistent with black bodies between 9500-11000K, with interstellar extinction between 0.4

Similarly, stellar atmosphere models from Castelli and Kurucz, 2004 are also plotted. The data most
Fig. 4. The Bulge of M31 in the FUV (top) and NUV (bottom). Contours (green) closely matches the colours of stars between 8500-9000K, with somewhat higher extinction between 0.7
Fig. 6. Note that each filter in these plots has the same number of data points.
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Shape Changes

CCDLab was used to fit elliptical gaussian functions to increasingly larger portions of the bulge. Figures 5
and 6 show the ellipticity (a/b) and inclination (¢) as a function of major axis (a). Inclination is measured
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The controlled variable in each was the bounding box size in which
CCDLab performed the elliptical gaussian fit. Both the x and y axes
are dependent on this value, so some filters appear to stop short of
others. The FUV tended to have smaller major axes, likely as a result
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Fig. 1. Plot of the elliptical profiles from all 9 images of the bulge. - T 7
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Chi squared analysis was used to fit analytic functions singesersicFit  NuvN2  NUVB15 | FuVsilica FUVSapphire FUVCaF2 ! i ° ' ! ---- Castelli-Kurucz, Av=0.7 0 n C u SI 0 n S
.. 10 177€-17  2.27E-17 149E-16  8.86E-17 5.6E-17 16 4 ) . . . . .
to the elliptical profiles. The outer data was fit well by K o ores [198 159 133 : ‘ : /, Castelli-Kurucz, Av=1.1 | The bulge of M31 primarily follows a Sersic function at all wavelengths, though is not
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wavelength. A second Sersic function, Gaussian, and Equslon 1= Drenpied) : ] g ! H spectrum ultraviolet source which is difficult to study at this angular resolution.
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effect beyond 10 pixels from a source, as shown in 2 23 372 4% 3% a8 | ; i ,,' highest ellipticity at short wavelength and medium distance. This and contour plots show
figure 2 below. The cause of this excess would require Equation |y = 101+exp(KLox)+102+exp(-k2ex) 4 I ! i / the core is more circular than the rest of the bulge.
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Table 1 contains the best fit parameters of each fit a S61E-18  205E-18 212618 214E-18  2.61E-18 ﬂ ® [ stellar population in M31's bulge, and this combined with unresolved stellar remnants and
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Sersic fit and Sersic plus Gaussian fit proved to be Eq;g‘:’” > [0-explexT)asexp () % A The increasing steepness of the Sersic fits and increasing ellipticity with lower wavelength
somewhat better than the single Sersic. The Sersic ™" 1.Table of best fit parameters when excluding the inner 10 pixels. 2 H may be caused by the same phenomenon. If the material producing the FUV excess were
Fits were found using the curve_fit function in the python module N " total area X total area Y
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Fig. 2. Plot of the FUV CaF2 profile with sersic profile and sersic + PSF
plotted alongside.
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Fig. 3. Plots of the Sersic +Gaussian fits from Table 1, alongside the data
with logarithmic x-axis. Note again that the inner 10 pixels were
excluded from the fits, so these do not fully account for the excess.
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Fig. 7. The colour of points on this plot are dependent on the semi major axis of the corresponding ellipse. Bluer points are smaller ellipses, while redder

points are larger. Errors are largest near the centre as a result of there being fewer pixels being averaged in the smaller ellipses.
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