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Motivations: models
Checking the mass assembly of galaxies and predictions from numerical simulations
v Galaxies surrounded by relics of past mergers: streams
evolving into diffuse halos

v Slope of stellar profile depends
on mass and morphological type

'
: DM slopes

q £ |
&, ! v Color profiles (Z,age) depends

on merging history

' ; 0 Marinscci MWs = 650 pe = T A A A A B
©A Gr S, A. Helm eT Gl. Marinacel MWy « 340 pe : .:
quariu I - ::«H.Mww ghootn 0.8 : ‘
See Guinevere, Nicolas’s talk
® all -
* ellipticals :
1 L 1111 ’ (i.iSI.(s. ) - 0.7 :
1011 l?w q 13 1014
Halo SUN |
© lllustris, A. Pillepich et al. 2014 '3 0.6
U L

See Annalisa’s talk :
0.5}

Hirschmann et al. 2015



Motivations: models

Checking the dark matter profile of galaxies

v The shape of the streams orbiting their host probes the
shape of the DM halo

See Wyn's talk

N
N

Dark Matter scattering of
*s diffuse light for M101

241 * ” — DM scattering (this work) ]
‘e . = = Disc Model
26 "-.,: - - = Stellar Halo Model
'w.". « Combined Signal
v 28k ~0 ¢ ¢ Dragonfly data
g 30
©
=
32
. : 34
v DM halos directly observed with
scattered light 36
38
10 20 30 40 50 60 70

Davis & Silkk 2015

Radial Distance [kpc]



Motivations: observations

v Galaxy archeology with star counts:
M31 as seen by PAndAs: outside the
Local Group?

v « Amateur » type images
reveal LSB streams from
diffuse light: how frequent?

McConnarchie et al, 2011 T o 5 See David’s talk

See Rodrigo and Karoline’s talk |
= Martinez—Delgado et al., 2010

v Near-infrared background light
anisotropy determined by the
Ciber experiment: half of the
stars outside « galaxies »

v Not consistent with deep surveys
of the intra-cluster light

Montes & Trujillo, 2014: >6% contribution
See Ignacio’s talk Zemcov et al., 2015 (Ciber)
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Q Deep imaging of massive nearby galaxies with MegaCam on the CFHT

e Volume-limited sample of 260 massive ETGs with

D < 42 Mpc (Altas3P)
e Comparison sample

e YAY “AASSiiFE I :I‘(is L
12U 1114 1
Altas3P|parent samg

Céppellari et al, 2011

e Observed with the large field of view camera MegaCam (multiband::jg,r,i) on the CFHT, as
initially Atlas3D regular programs, followed by a Large CFHT Program/ (MATLAS | ->2015),
and complemented for Virgo galaxigs with the NGVS |

. ‘ .
. ' /’QJ

Duc et al, 2015




A dedicated imaging strategy and
data-reduction technique

v optimized for the detection of extended
low surface brightness features

v resulting in a gain of several mag with
respect to regular techniques

v limiting magnitude of about
28.5-29 mag.arcsec= (g) over
scales of 10”



SDSS images of the Atlas3P ETGs
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MegaCam images of the Atlas3P ETGs




SDSS images of the Atlas3P ETGs
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The Virgo cluster as seen by

the SDSS



The Virgo cluster as seen by

Ferrarese et al, 2012

%
O
Z
)
=

the SDSS

104 square degrees in u,g,i and z



The Virgo cluster as seen by

the SDSS the NGVS
A dark sky A white sky




Issues with deep imaging: Galactic cirrus

v Extended, with a filamentary
structure and colors resembling
stellar streams

: r'* “~ ;,n" . IS
N a.‘!&“v‘ . LY

v Can be identified at other
wavelength (far UV, far IR),
masked, but not subtracted...

v Allows us to study the
distribution of dust clouds at
unprecedented spatial
resolution



Issues with deep imaging: scattered light from stars

v wings of the PSF plus extended arcmin size halos due to multiple internal reflections in the camera

v contaminate the morphology/
colors of close-by galaxies

v halos globally similar, in details
depend on position on the
image

v modeled by hand and
subtracted from the images



-

5

R n
T

5 _‘ ; .I's.s'lieé with d
e .‘s‘cattered light

.

v similar shapes but more diffuse: v directly visible in the r band around small or
mimic galaxy halos edge-on galaxies with bright compact nucleus
or—— ' ' ]

| .
1.0 | I :
0.6 %*‘*‘Een.w*‘** 58
> 0 P i T
0.5
¢
PR AT s AL 25k ,, i S - | Karabal et al., in prep.
v shows us as a red ring on color maps, e i = M— =

and reddening on color profiles



Issues with deep imaging: scattered light from galaxies

v On going efforts to
estimate the contamination
level as a function of
galaxy size, inclination,
compactness

v Attempts to directly
subtract it for galaxies for
which the halo is directly
visible

v A serious issue for all the
other galaxies




r (arcmin
( ) 1.00 10.00

-4

6

log,, Surtace brightness (erg s ‘cm“arcsec )

Sandin et al., 2014

v Convolution with PSF models
can help to determine the
contamination level

v Low effect on early-type
galaxies, strong for inclined
spirals

See Christer’s poster

Issues with deep imaging:
scattered light from galaxies
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Issues with deep imaging: scattered light from galaxies

The competition
does better....

Stellar halos minimized with

v with amateur telescopes
and cameras with simple
optics

See David’s talk

NGC5907 . D '

@ 29 mag.arcsec2

v with dedicated cameras,
coated optics, that
minimize the stellar halos

See Chris’s talk

§ A

f g# @ Drééfﬁzﬂy, V,&iﬂ.DOld(ﬁin et al ., 2014

@ 327 mag.arcsec2



Issues with deep imaging: scattered light from galaxies  The competition

does better....
but with long
exposure times still
preventing large
surveys

v with amateur telescopes
and cameras with simple
optics

@ 28?7 mag.arcsec2

@ 29 mag.arcsec2
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v with dedicated cameras,
coated optics that
minimize the stellar halos

... and uncertainties
on the photometry,
achieved surface
brightness, and bad
1Q

§ A

f g# @ Drééfﬁzﬂy, V,&iﬂ.DOld(ﬁin et al ., 2014

@ 327 mag.arcsec2



Issues with deep imaging: scattered light from galaxies The competition

does better....
but with long
exposure times still
preventing large
surveys

LA LAGUNA, TENERIFE
22-20 JUNE  CANARY ISLANDS, SPAIN

cameras,

... and uncertainties
on the photometry,
achieved surface
brightness, and bad
1Q

@ 327 mag.arcsec>

TR @- Pragonfly. van.DokKum et al:, 2014



Issues with deep imaging: scattered light from galaxies

. . . . does not
v with SDSS stacked images necessarily
better....
D’Souza et al., 2014
v with SDSS Stripe 82 deep survey
10.0-10.1]H . (kpc)
e 0 10 20 30 40 50
(10.4-10.5) See Kelvin’s talk
[10.6-10.7]+
[10.8-10.9])
[11.0-11.4)
0.3 2 N ......ll ...l2 —
10 10
Radius [kpc]
See Richard’s talk Baifos & Trujillo, 2012
0 50 100 150 200 260 300
R (arcsec)
v with MATLAS/NGVS
individual studies of about
400 massive galaxies — .
v are reddish halos confirmed in galaxies with resolved | N\
stellar populations / spectroscopic measurements? _ Karabal et al, in prep.

The competition

See Roelof, Antonella, Marina / Nicholas & Nicolas’s talk



Color profiles with deep imaging

-

—_—

e a variety of color profiles

e statistics on color gradients

x> 0.02
0.02>x>0.01

-0.01>x>-0.02
-0.02>x

AN

2-6 R4 range



Color profiles with deep imaging: comparison with simulations

| | T | | | | K o

1 v on average: observed profiles
| flatter than predicted

v interpretation awaiting correction
1 for PSF effects

1.2 z=0 wa 1 08
— \\ \3 . 07
I 1.0 - 1 |
V) 1 i a0
5 0.9:H s
s oo fly S 06
&} &}
0.8 Minor merger Major mer
' M0209 MO16
J MO215 M0224
0.7 e M0259 0.5 — M0227
e M0290 M0300
0.6 &1 . L, MO32 , —— MO030§ . ., . .
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
R/ Re" R/ Re" R/ Re"

Hirschmann et al. 2015



Deep imaging and the fundamental
scaling relations of ETGs

v The stellar mass in the galaxies
« halo » (beyond isophote of 26 mag
arcsec=2 ) is small: 6 percent on

average

v However systematic changes with
mass, galaxy type

v Effective radius changed by a
factor of up to 1.6 for galaxies
more massive than 107" Mo

v uncertainties in Re contribute to
the scatter of the size-mass
relation
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Revising morphological classification with deep imaging

> ¢

blue star-forming spirals

red and dead ETGs

v The Hubble diagram as seen
with SDSS-like observations




Revising morphological classification with deep imaging

ONGVS/Atlas3D/MATLAS

ETGs with star-forming disks

v The Hubble diagram as seen with MegaCam
observations




‘ i Be'\.’lis‘ing morphological classification with deep imaging
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v Star formation sequence of late type galaxies



v Star formation sequence of early type galaxies

2 -
Yildiz et al., 2015




Star formation and galaxy type

v Extent of star-forming regions parametrized with
the ratio between the young disk and outer halo
made of old stars

2471

221 °
20
181
16[ .

1.4 °

1.2

v A strong correlation:
ETGs may have SF
regions, but their extent
is much smaller than in 0.6 o ¢« & _e- ‘.,
LTGs 0.4 s o s T, et e

1.0_ [ ] [ ] ® o [ ]

disk size / halo size

08 . ° -

0.2 ;/,o’f

[ )
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Star formation and S
galaxy type '

v Deviant galaxies
with external star-
formation

disk / halo

1.4

1.2
1.0
0.8
0.6
0.4

0.2
0.0

. PGC016060
. UGC09519
.NGC7465
.NGC4383

.NGC4254

]

°

¥

®e
| |
1 0




v Star formation truncation Generating the old stellar « halo » ?
linked with the HI deficiency

1.0 T T T T T T T T

09r -

" Hl/optical -

0.8 -

o6r \\\ L -

disk / halo
/
f

04r L4 ° =~ ° ]

03 ~e i

01r .

0.0 1 1 I I I I I I

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.€
HI deficiency

at the origin of the
outer stellar halo of
spirals (at least in
dense environments)?




Deep imaging and the detection of fine structures

v Diffuse prominent tidal tails ...
... revealing on going / past
gas-poor minor mergers

v Perturbed isolated central
body and/or tidal tails ...
revealing past gas-rich major
merger



Deep imaging and the detection of fine structures

v Narrow stellar streams ... ...
revealing on going / past gas-
POOr minor mergers

v Typical survival time of >4 Gyr

v Sharp-edge shells......
revealing past intermediate
mass mergers




Classification scheme

v Made with eye and with on-

line poll tools (a la galaxy
Z00)

Galaxy Class
NGC0448 I+s
NGC0474 M-+s+r+ph
NGCO0502 M+t74r?4+ah-wc-h
NGCO0509 R-pc
NGCO0516 R-pc
NGC0524 U-pc-h
NGCO0525 R-pc-h
NGC0661 U+ah-pc
Code Type Description
R Fully relaxed Regular halo; no fine structure
C Minor merger  Regular halo; streams or
shells from an accreted
low-mass companion
M Major merger  Strongly perturbed halo; dust
lanes; tidal tails; no massive
companion
| Interacting Perturbed halo; prominent
tails due to a tidal interaction
with a massive companion
U Undetermined Too close to a bright halo

or Galactic cirrus to assign a
type

Code  Features / contaminants

+s stream

+r shells / ripples

+t tail

+d external star-forming disc / ring

+ah asymmetric halo

+ph perturbed halo

+wl weak central dust lanes

+pl prominent dust lanes

-h galaxy embedded in the halo of a nearby star or
galaxy

-WC weak Galactic cirrus in the field

-pc prominent Galactic cirrus

presence of a given feature is uncertain

Duc et al., 2015



Correlating fine structure index with:

v Mass and Size

¢ MegaCam images available i

o Relaxed
‘ ‘ - 5%
ajor merger 21%
L ° . 21%
e Preliminary
@] ° Q
’ e eal o 5’5- e o Interacting IMinor-merger
_ ° ¢ o .ng>‘8 © 8 Co00e” o * 2'% 32%
3 Y e . ®o ) Mq o
=R .o .08000‘0 o8, o.d‘éo.f(;{q{ Lo .
z Oty gMoees 0 T
S 0% o Q° .
G et | jog(M*)>1
le® O ® . o. e O ) ™
: ¢ L0 Outside Virgo!
| 8% o®
. : Relaxed
da|oIr merger nNo/ | L | |
10 o 5 3670 10 10.5 11 11.5
8/"Preliminary ozt M)
Interacti%
24% INOrSMeErger
3% * Low mass galaxies more

relaxed

log(M*)<I |



Correlating fine structure index with:

V' Stellar kinematics

¢ MegaCam images available

I ‘ I I I
Fast rotators o .
°
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o ° o ° o
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¢ e
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° ° o e ° © ° o
..o o) O..'.
0 | \ \ \ \
0 0.2 0.4 0.6 0.8

?
@ajor me@gf
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Preliminary

Interacting
2476
Minor. merger
197

Fast rotators

Outside Virgo!

) Relaxed
299 24%

Prelimiafsy

MEreeyy

@ )
%

Major mergej,ntera::ting
24% 19%

Slow rotators

* Fast rotating ETGs more relaxed than slow rotating ones



http://matlas.in2p3.1r/

Early-type galaxies as seen with deep optical images

The 92 ETGs galaxies in this list are presented in Atlas3D Paper XXIX, Duc et al,, 2014, MNRAS in press. See tables 2 and 3 for explanations on the morphological class adopted here. Clicking on the galaxy name
gives access to the jpeg true color images, surface brightness and color maps, residual images after galaxy model subtraction. Images may be explored with a navigation tool. A pdf version of the image catalog is

available here.

{Galnxy Class Comments

INGCO448 I+ The ETG is in a tidal interaction with a disturbed companion.

[Miﬂ 0474 M+s+r+ph The ETG is surrounded by multiple concentric shells and hosts several radial streams. Its outer halo reaches the disk of the unperturbed companion spiral galaxy, NGC 0470,
NGC0502 :‘::;?"?ﬂh' The stellar halo of the ETG is asymmetric, possibly due to the presence of a diffuse tidal tail and/or a shell,

INGC0509 [R-pe '

INGC0516 [R-pe

[NGCOSN U-pc-h The ETG is surrounded by galactic cirrus and ¢

INGC0525  R-pe-h

[{5; 100661  |Usah-pc The ETG is surrounded by galactic cirrus and «

NGCO680 [+t4s+r+phewl- Thc E’!‘G is liQully disturbed, Tshuwing two ext om this on-
[ we LOINE interaction or a past major merger is unc

INGCO770  [I+t-pe The ETG lies within a prominent tidal tail. It is

[Ng 100936 ::(‘.+\+wl A stellar stream hosting a tidally disrupted con

INGC1023 [U+ah-h The stellar halo of the ETG seems to be slightl

INGC1121 [U-h The ETG totally lies within the reflection halo

[N(}C 1222 M+t+r?+ph+pl The ETG exhibits multiple signs of a relatively

[N(}C 1248 R-pc-h The ETG does not show any evident sign of di

INCO1IAA ICac?awlne  The BT hae coveral low mace ramnanione w

v Data (jpg maps) publicly
available online for 92

galaxies
NGC0474

Map size: 142.89 kpc

Map center: (0.76 kpc, -18.04 kpc)

N

Web interface

Conditions d'utiisation

Recenter map
Combined maps
SDSS comparison



http://matlas.in2p3.fr/
http://irfu.cea.fr/Projets/matlas/public/Atlas3D/NGC0474_meg.html
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