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The influence of diffuse scattered light 
in observations of faint haloes

Paudel et al. (2013), ApJ, 767, 133



  

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

Sandin et al. (2010), never submitted



  

Exploring the origin of excess light around 
various types of galaxies

Edge-on disc galaxies

Face-on disc galaxies

Ellipticals
 and BCGs

The PSF
2.

3.

1.
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King (1971), PASP, 83, 199

1st and 2nd reviews of the Point Spread Function 
(PSF): the PSF extends to large radii

de Vaucouleurs (1958), ApJ, 128, 465

♃



  

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)



  

Bernstein (2007), ApJ, 666, 663

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

3rd review of radially extended PSFs: claims 
temporal changes to the PSF are unpredictable



  
Data of Bernstein (2007), ApJ, 666, 663
Sandin (2014), A&A, 567, A97
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3rd review of radially extended PSFs: claims 
temporal changes to the PSF are unpredictable



  Sandin (2014), A&A, 567, A97

Aureole

Core

4th review of rad. 
extended PSFs



  Sandin (2014), A&A, 567, A97
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extended PSFs



  

The outer parts of the PSF contribute 
significantly to the encircled energy!

Sandin (2014), A&A, 567, A97

Aniano et al. (2011), PASP, 123, 1218



  

The faint outer parts of the PSF can be 
measured using bright planets or the Moon

Jupiter 

Sandin (2014), A&A, 567, A97

The Moon 



  

Example models of edge-on galaxies illustrate 
the necessity of using fully extended PSFs

The outer parts of the PSF are
important also in large galaxies

Sandin (2014), A&A, 567, A97



  

Example models of edge-on galaxies illustrate 
the necessity of using fully extended PSFs

Sandin (2014), A&A, 567, A97

Looks just like a thick disc!
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(Zheng et al. (1999), AJ, 117, 2757;)
Martínez-Delgado et al. (2008), ApJ, 689, 184

A halo was discovered in photometry 
observations of the edge-on galaxy NGC 5907

Sackett et al. (1994), Nature, 370, 441



  

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): ●
Lequeux et al. (1996), A&A, 312, L1: *
Zheng et al. (1999), AJ, 117, 2757: ○

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



  

A very careful analysis of data of NGC 5907 
reveals a halo; there is only one issue

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

PSF stars



  

The influence of scattered light was never 
checked for measurements of thick discs

Dalcanton & Bernstein (2000),
AJ, 120, 203; fig. 3

R band, tick marks 5”,
1 mag/arcsec2 contours,
26 mag/arcsec2 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

Yoachim & Dalcanton (2006), AJ, 131, 226; Sandin (2015), A&A, 577, A106

FGC 310 FGC 1285



  

One study falsifies the finding of de Jong (2008) 
that scattered-light effects are general

Bergvall et al. (2010),
MNRAS, 405, 2697

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

Remaining red excess of an LSBG
stack can be reproduced when one
accounts for temporally variable
PSFs
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Face-on disc galaxies showing a type III-s 
structure also fit a scattered-light explanation

Pohlen & Trujillo (2006), A&A, 454, 759;
Appendix A

Type III anti truncation



  

Very few studies seriously consider scattered 
light as a possible explanation to their results

Trujillo & Bakos (2013), MNRAS,
431, 1121 (face-on galaxies)

Also: Peters et al. (2015),
     MNRAS, submitted (poster SP16.5)



  

Face-on disc galaxies that show a type III-s 
structure fit a scattered-light explanation well

Erwin et al. (2008),
AJ, 135, 20: +, +

Courteau (1996),
ApJS, 103, 663: dots

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

NGC 7280 NGC 4102
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A scattered-light halo appears at some radius 
and magnitude for all Sérsic profiles

PSF
King (1971)

PSF
V,Michard (2002)

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

PSF
i,Michard (2002)



  

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

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

The ellipticity depends on the PSF!



  

This review is about redone analysis in works of 
others – after adding a neglected component

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 HI overlaid 
on an Hα image of NGC 5023 

Kamphuis et al. (2013), MNRAS, 434, 2069



  

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

Do these components exist?

Haloes?
Thick Discs?
Galaxy hosts?
Red excess?

First remove the scattered-
light component!



  

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 λ, and with the time
Faint sources are difficult to use for the PSF

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

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

Colour gradients are extremely sensitive to the PSF 



  

Supplementary information is found on-line
– if you need more details...

http://www.aip.de/Members/csandin



  

A very careful analysis of data of NGC 5907 
reveals a halo; there is only one issue

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

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



  

...and the same can 
be said about 
profiles of other 
edge-on galaxies, 
such as IC 5249

Abe et al. (1999), AJ, 118, 261;
Sandin (2015), A&A, 577, A106

..and
NGC 4565,
NGC 3957,
NGC 4244



  

NGC 4565

van der Kruit (1981), A&A, 95, 105: ◊
Jensen & Thuan (1982),

ApJS, 50, 421: ●, ○
Näslund & Jörsäter (1997),

A&A, 325, 915: *
(Wu et al. 2002,

AJ, 123, 1364: not shown)

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



  

NGC 3957

Jablonka et al. (2010),
A&A, 513, A78: ●, ○

Pohlen et al. (2004),
A&A, 422, 465: __, __

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



  

NGC 4244

Fry et al. (1999), AJ, 118, 1209: ◊, ●
Tikhonov & Galazutdinova (2005),

Astrophys., 48, 221: □
Streich et al. (submitted): *

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



  

Example models of face-on and Sérsic galaxies 
show the necessity of using fully extended PSFs

The outer parts of the PSF are
important also in large galaxies

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



  

Face-on disc galaxies that show a type III-s 
structure fit a scattered-light explanation well

Erwin et al. (2008), AJ, 135, 20; Sandin (2015), A&A, 577, A106

NGC 4477 NGC 3507 NGC 2880



  

A scattered-light halo appears at some radius 
and magnitude for all Sérsic profiles

I (r )=I eexp (−bn[(
r
re

)
1
n−1])

bn≃2 n−0.327
Sérsic (1968); Capaccioli (1989); Caon et al. (1993)



  Bergvall & Östlin (2002), A&A, 390, 891, fig. 5; 1.2'x1.2', R

The intensity scale
emphasizes the center

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



  

Bergvall & Östlin (2002),
A&A, 390, 891: ◊

Micheva et al. (2013),
MNRAS, 431, 102: ◊

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

Galaxy host

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



  

An exponential disc 
appears sufficient to 
explain the host 
galaxy of Mrk 5; 
instead of n=2.83

Cairós et al. (2001), ApJS, 133, 321: ◊
Caon et al. (2005), ApJS, 157, 218: ◊
Amorín et al. (2009), A&A, 501, 75: _...

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



  

The host galaxy of 
BCG ESO 350-IG038 
(Haro 11) also fits 
well as a scattered-
light halo

Bergvall & Östlin (2002),
A&A, 390, 891

Micheva et al. (2010),
MNRAS, 405, 1203

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

Galaxy host



  

The host galaxy of 
BCG ESO 338-IG04 
also fits well as a 
scattered-light halo

Galaxy host

Bergvall & Östlin (2002),
A&A, 390, 891: ◊

Micheva et al. (2013),
MNRAS, 431, 102: ◊

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



  

The host galaxy of 
BCG ESO 480-IG12 
also fits well as a 
scattered-light halo

Galaxy host

Bergvall & Östlin (2002),
A&A, 390, 891: ◊

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



  

The host galaxy of 
Mrk 297 fits the 
scattered light 
description well

Values differ 
in the host

Papaderos et al. (1996),
A&AS, 120, 207 – ◊

Cairós et al. (2001),
ApJS, 133, 321 – ◊

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



  

The host galaxy of 
UM 465 also fits well 
as a scattered-light 
halo

Micheva et al. (2013),
A&A, 556, A10: ◊

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

Galaxy host



  

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

Micheva et al. (2013a) measure a PSF with the 
NOT in 2004



  

With missing center 
values, it is difficult 
to properly account 
for scattered light 
with VCC 0001

Meyer et al. (2014),
A&A, 562, A49: ◊, ◊

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

Galaxy host



  

The accuracy of the sky determines what can 
actually be observed

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