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For me, it all began with a paper on the ubiquity o
haloes around planetary nebulae...




Exploring the origin of excess light around
various types of galaxies e

“# Edge-on disc galaxies
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1%t and 2" reviews of
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Very few studies seriously consider scattered
light as a possible explanation to their results

Michard (2002), A&A, 384, 763

(elliptical galaxies)

de Jong (2008), MNRAS, 388, 1521

(edge-on galaxies)
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3" review of radially extended PSFs: claims 4
temporal changes to the PSF are unpredictable

AIP

TABLE 1
PSF MEASUREMENTS

PSF
ALTITUDE s
REFERENCE OBSERVATORY TELESCOPE (m) BaNDPAsS (mag arcsec 2 e}
King (19710 oo Palomar 48 inch Schmidt 1713 B 12.7 at 10", 15.0 at 30" 2 at 10”30/
Kormandy (1973)...cccccveeiieiiieciees e Palomar 48 inch Schmidt 1713 B 1 x King at 30" 2atr <3, ~17atr=3
Shectman (1974) ..o Palomar 48 inch Schmidt 1713 RG-1 1.25 x King at 100" 2.6
Capaccioli & de Vaucouleurs (1983)............ McDonald 0.9 m 2100 B 0.6 x King at 10" (—=1.6, —1.8) at r = 10"
Middlemass et al. (1989).....c..ccccccvecririverirenen.s La Palma 2.5 m 2325 6563 A 2 x King at 10” 3.5 at 10"-25"
Surma et al. (1990)°....coocieiieccce e Calar Alto 1.23 m 2190 R 4.8 x King at 10", 1.4 x & 30" 1.6 at 30"-100", —2.0 at 100" -300"
Uson et al. (1991).oiieciiciiieciees e KPNO No. 109 m 2160 R 1.6 x King at 30" 2 at 30" -800"
Mackie (1992)..c.ciiiiieeiieirieeieersceesasesenas KPNO Burrel 0.6 m 2160 q 1.7 x King at 20" 2 at 20"-100"
Gonzalez et al. (2005) cocoocvivieiiees e LCO Swope 40 inch 2282 i d 1.6 at 10”-40", —2.2 at 40" 400"
This WOIK ...oceieeciiiceiiceeee e e LCO du Pont 2.5 m 2282 r 1.2 x King 2.5, —=3) at 10"—-400"

* Surface brightness for a star normalized to 0 mag and based on the fit to the measured profile.

" The measured surface brightness shows scatter of roughly 1 mag arcsec™2 around the fit.

¢ This measurement was made using a reimager, which means that the PSF includes the scattering and ghosting properties of a multielement optical system in additi
included here for completeness but is not comparable with direct imaging through a reflective telescope.

9 The value of g is not given.

Bernstein (2007), ApJ, 666, 663

o the telescope and atmos|

“There is no general conclusion
regarding the slope of the PSF
at large radii”



3" review of radially extended PSFs: claims 4
temporal changes to the PSF are unpredictable g
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4" review of rad.
extended PSFs

s
AIP

Sandin (2014), A&A, 567, A97
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The outer parts of the PSF contribute
significantly to the encircled energy!
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The faint outer parts of the PSF can be
measured using bright planets or the Moon
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Example models of edge-on galaxies illustrate
the necessity of using fully extended PSFs
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The outer parts of the PSF are
important also in large galaxies



the necessity of using fully extended PSFs

Example models of edge-on galaxies illustrate E
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Looks just like a thick disc!



A halo was discovered in photometry
observations of the edge-on galaxy NGC 5907
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Surface-brightness
and color profiles
of NGC 5907 agree
with scattered-light
profiles

Sackett et al. (1994), Nature, 370, 441
(Morrison et al. 1994, AJ, 108, 1191): o
Lequeux et al. (1996), A&A, 312, L1: *
Zheng et al. (1999), AJ, 117, 2757: o

Sandin (2014), A&A, 767, A97
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A very careful analysis of data of NGC 5907 SN
reveals a halo; there is only one issue

0 200 400 600 800 1000 1200 1400 1600

R band - Sackett et al. (1994), Nature, 370, 441;
Morrison et al. (1994), AJ, 108, 1191; Sandin (2014), A&A, 767, A97



The influence of scattered light was never SN
checked for mﬂeasurements of thick discs g

et 77 Dalcanton & Bernstein (2000),
: ' AJ, 120, 203; fig. 3 AIP

R band, tick marks 5”,
1 mag/arcsec? contours,
26 mag/arcsec? thick line

Bizyaev et al. (2014), ApJ, 787, 24 present another 6000 objects...



The influence of scattered light was never
checked for measurements of thick discs
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One study falsifies the finding of de Jong (2008)
that scattered-light effects are general
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Face-on disc galaxies showing a type lll-s SN
structure also fit a scattered-light explanatio g
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Very few studies seriously consider scattered
light as a possible explanation to their results
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Face-on disc galaxies that show a type lll-s SN
structure fit a scattered-light explanation well ﬁ

Erwin et al. (2008),

AJ, 135, 20: +, +
Courteau (1996),

ApJS, 103, 663: dots

B (r)=Ha(r=0;1") (mag arcsec™)

Sandin (2015), A&A, 577, A106
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A scattered-light halo appears at some radi
and magnitude for all Sérsic profiles
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V,Michard (2002)
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The observations of the BCG ESO 400-G043 are
fitted well with a scattered-light halo

r (arcsec)
Sandin (2015), A&A, 577, A106

g The ellipticity depends on the PSF!

AIP



This review is about redone analysis in works of &
others — after adding a neglected component g

e ————

AIP

! :"In so far as a scientific
= ?” statement speaks about
ol ‘reality, it must be
- ' falsifiable; and in so far
as it is not falsifiable, it
does not speak about
reality."

. Karl Popper

A theory in the empirical sciences can never be proven, but it can be
falsified, meaning that it can and should be scrutinised by decisive ex-
periments. If the outcome of an experiment contradicts the theory, one
should refrain from ad hoc manoeuvres that evade the contradiction
merely by making it less falsifiable.



NGC 5023: contours of the low-resolution Hl overlaid
on an Ha image of NGC 5023
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Conclusions: scattered light is a ubiquitous SN
component that needs to be correctly removed g

z (kpe)
= . . e 5.0 e 10.0 15.0 A I P
T T T
o i
PSFyom * Ha

Haloes?
Thick Discs?
Galaxy hosts?
Red excess?

Do these components exist?

:> First remove the scattered-
light component!



Conclusions: scattered light is a ubiquitous
component that needs to be correctly removed

=

AIP

The accuracy needs to be determined for each
image individually

...the temporal variations of the PSF are unknown

...the sky background level may differ

The PSF needs to be accurately determined out

to at least 1.5% the considered radius
The PSF varies spatially, with A, and with the time
Faint sources are difficult to use for the PSF

Colour gradients are extremely sensitive to the PSF

Higher accuracy is required if the measurements
and the scattered light model are similar



Supplementary information is found on-line

— if you

need more detalils...

vouare here: Home | Users | Christer Sandin Theinfluence of diffuse scattered light

The influence of diffuse scattered light

This page provides supplementary data, overviews, and examples that complement my two papers on diffuse scattered light,
Sandin (2014; Paper [J and Sandin (2015; Paper II). The supplementary data consist of the PSF data and figures of additional
example objects not published in these two papers.

Overview of studies related to the studied cbjects:

Overviews of all three kinds of studied objects are found here.

Additional objects:

Additional example objects of edge-on disc galaxies are found here.
Additional example objects of face-on disc galaxies are found here.

Additional example objects of blue compact galaxies (BCGs) are found here.

References:

Paper I: Sandin, C. 2014, A&A, 567TA, 97, "The influsnce of diffuse scattered light. I The P5F and its role in observations of the edge-on
galmey NGC 507" (DOLLA A2A. 4 MASA ADS[Y) *free access*

Paper II: Sandin, C. 2015, A&A, in press, "The influsnce of diffuse scattered light II. Observations of galaxy haloes and thick discs and
hests of BCGs" (DOILA . AZALA | 1ASA ADS[A) *free access*

Supplementary data — available for download:

The P5SF data, as provided in Table 104, Fig 1%, and Fig 2 in Paper [ are available for download in the following table. All
PSF data of both papers can also be downloaded in one single file: Sandin2014_2015_psfsthz (plain-text file line endings are

formatted for *MIX), Sandin2014 2015 psfe.zip (plain-text file line endings are formatted for windows).

http:/lwww.aip.de/Members/csandin
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A very careful analysis of data of NGC 5907 SN
reveals a halo; there is only one issue g

AIP

The PSF depends strongly on the accuracy
of the data when it is fainter than the background

U, (mag arcsec™)

r (arcsec)

Sandin (2014), A&A, 767, A97



...and the same can
be said about N

* Hg

profiles of other e N "ot

edge-on galaxies, AW b

such as IC 5249 AN |
..and 3

NGC 4565,
NGC 3957,
NGC 4244
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Example models of face-on and Sérsic galaxies -
show the necessity of using fully extended PSFs g
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Face-on disc galaxies that show a type lll-s
structure fit a scattered-light explanation well
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A scattered-light halo appears at some radius SN
and magnitude for all Sérsic profiles ﬁ

AIP

[(r)=1,exp(— @—1
b ~2n—0.327 b

Sérsic (1968); Capaccioli (1989); Caon et al. (1993)



The observations of
the BCG ESO 400-
G043 are fitted well
with a scattered-
light halo

AIP

The Intensity scale
emphasizes the center

Bergvall & Ostlin (2002), A&A, 390, 891, fig. 5; 1.2'x1.2", R
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An exponential disc  te
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The host galaxy of -
BCG ESO 338-1G04
also fits well as a
scattered-light halo -
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The host galaxy of
BCG ESO 480-1G12
also fits wellasa
scattered-light halo _
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Micheva et al. (2013a) measure a PSF with the
NOT in 2004
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With missing center
values, it is difficult
to properly account
for scattered light
with VCC 0001
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The accuracy of the sky determines what can SN
actually be observed g
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