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Probing the mass assembly of massive galaxies
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Probing the mass assembly of massive galaxies

NGC3377

-

E
NGC3610

-

NGC6014  NGC4150
. '
SO * 'S0,

NGC4461  NGC3248

NGC4526
-

SO
NGC5838

-

SO
1ICO0782

-

Sb

“ JNGC7280

SO
NGC4233

SO

y- -

- 4o 3 SO SO
PGCOS51753 NGC4435 NGC4346 NGC4251
5 B

SO/a SO SO SO

The end product of the hierarchical scenario
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Three processes to produce an Early-Type like galaxy

Major merger

Bournaud et al, 2009 Martig et al, 2009 Bournaud et al, 2010

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Three processes to produce an Early-Type like galaxy

Disk instabilities

Major merger

Bournaud et al, 2009 Martig et al, 2009 Bournaud et al, 2010

producing various types of very low-surface brightness fine structures: tails, plumes, streams, shells

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Probing the mass assembly of massive galaxies

e Simulated surface brightness maps
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Extreme deep imaging with MegaCam on the CFHT
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¢ A volume-limited sample of 260 massive ETGs with D < 42 Mpc
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Extreme deep imaging with MegaCam on the CFHT
e A volume-limited sample of 260 massive ETGS with D < 42 Mpc

= A new classification
scheme based on the
internal kinematics: the .
vast majority of ETGs
(80%) rotate
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Extreme deep imaging with MegaCam on the CFHT
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A volume-limited sample of 260 massive ETGs with D < 42 Mpc
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e Observed with the large field of view camera MegaCam, as part of NGVS for the Virgo ETGs,
and MATLAS for the other ones / » ’ v \ } ' p .
e With specific observing strategy (large offsets, sky subtraction) and data reduction technique to

optimize the detection of low surface brightness features : , : : .

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013 I
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Status of MegaCam observations

g band r band = g+r bands i band = g+i bands

g+r or g+i bands g+r+i bands

® Observed A3D ® Observed NGVS
@® Large Programme

*60 percent of Atlas3D galaxies with at least deep g-band observations
*50 percent of Atlas3D galaxies with at least one color available



Requested time as part of MATLAS

For galaxies below 20 Mpc

Band /N(ETGs) N(fields) Exposure Time

u (field) 37 35 51 hours
g (field) 98 90 68 hours
r (field) 116 103 78 hours
r (Virgo) 58 54 23 hours
i (field) 173 149 80 hours

N\

To complete NGVS shallow images (to be observed in 2013A)



Changing the way we see Early-Type Galaxies
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Changing the way we see Early-Type Galaxies
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP

Campbell River, May 2013



Changing the way we see Early-Type Galaxies
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Disclosing Early-Type Galaxies with star-forming rings
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013 I



Disclosing Early-Type Galaxies with star-forming rings
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Disclosing Early-Type Galaxies with star-forming rings
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Disclosing Early-Type Galaxies with star-forming rings
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Disclosing Early-Type Galaxies with star-forming rings
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Disclosing Early-Type Galaxies with star-forming rings
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Disclosing Early-Type Galaxies with star-forming rings
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Disclosing Early-Type Galaxies with star-forming rings
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Disclosing Early-Type Galaxies with star-forming rings
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Disclosing Early-Type Galaxies with spiral structures
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Disclosing Early-Type Galaxies with spiral structures
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Disclosing Early-Type Galaxies with spiral structures
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Disclosing minor mergers

NGC3377

=
NGC3610

NGC4143
SO
NGC4215

SO
NGC5103

SO/a

NCC6014

| NCC4461

0 &\ 0@ 0

NGC4150

NCC3248

NGC4526

NGC5838

NGC4417 ICO782
-
_ e, Sb
NGC3658  NGC6149  ,NGC7280
so _
NGC6278 NGC 233

= On line feeding of the stellar halo

NGCS507

.I\

NGC1248

NGCSSBZ

M

NGC7332 "

PGC051753

SO/a

NGCSQ45

‘N¢CZA57

NGC5273

07.
o’ | e

NGC2778

E
NGC4435

NGC4078

NGC4503

NGC4660

NG

NGC4346

ICO676
SO
NGC2592

E
NGC3674

3

SO
NGC2695

.
NGC4251

. - -

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP

Campbell River, May 2013



Disclosing minor mergers
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Disclosing minor mergers
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Disclosing intermediate-mass mergers
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Disclosing intermediate-mass mergers
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Disclosing intermediate-mass mergers
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Disclosing intermediate-mass mergers
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Disclosing intermediate-mass mergers
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Disclosing intermediate-mass mergers
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Disclosing on-going tidal interactions
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Disclosing on-going tidal interactions
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Disclosing on-going tidal interactions
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Disclosing advanced major mergers
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Disclosing advanced major mergers
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Disclosing advanced major mergers
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Disclosing advanced major mergers
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Disclosing advanced major mergers
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Disclosing advanced major mergers
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Disclosing minor + major mergers
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Disclosing minor + major mergers

UGCO4351 NGCS638 NGC4694 NGC4434 NGCS770 NGC3355  NGC4621 NGC4596

.- . : . . _- . " . ‘ ..'.
| SO e . w SO

NGC2768  NGC3619  NGC4551  NGC3599  NGC4697  NGC4262  PGC056772 “NGC4267

- . . .- .

Ei  Seep SO ey SO
NGC3499 ~ PGC170172 NGC4203 NGCO448 : NGC5866 NGC7710 "PGC071531 PGEP29321

. 0.'.. OI ” -

SO/a - NEESEM . IS0 ' SO SO/a’
NGC4339  NGC4624 NGCOSZ4 - 'NGCB8548 NGC4486A NGC3032 NGC2859 NGC2852

. » ..

S e eSOt : SO
NGC4442  NGC3640 --NGC1023 NGC2594 NGC4387 NGC5845

- 0_1-;. v

NGC4379

SO

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013 I



Disclosing minor + major mergers
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Disclosing advanced major mergers
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Disclosing advanced major mergers
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Fully relaxed, unperturbed, boring ETGs, even at MegaCam depth
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Fully relaxed, unperturbed, boring ETGs, even at MegaCam depth

¢ Not all massive ETGs/
spirals show tidal features
(contrary to simulations?)

Assembled earlier? In
different environments?
By different processes?

e Need for a statistical
analysis over a large
number of galaxies

e Aim of the NGVS
(in Virgo) and
MATLAS projects

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP

Campbell River, May 2013



MATLAS challenges

AV e g
Stellar streams Tl ‘%@‘ Lt T ¥,

Galactic cirrus

R Lo ‘» "" ~§'\'?"e“ .
SR st Faint foreground
ok A o iR
e Ly e starsS
7 "(:\',‘ N ‘* |
), v

.‘- |
A P g o A{" * ,. -' “':,;.{‘b'&
s 9 o S R RS R bRt R e
Instrumental AR NI e .,4 A ok t"f’*‘""
artifacts 3 Ty N ' ., |
‘ £0 LR L e e S | Halos of bright
. i 4 _ stars

i
1

- .
" . e )

NGVS field

Probing the mass assembly of galaxies with ultra eep iagig - the MTLAS LP I | Campbell River, May 2013



MATLAS challenges: dealing with galactic cirrus

No obvious differences in colors with stellar tails

Identified through complementary observations
(FIR/ Hershel, UV/ Galex)

Who is interested with arcsec resolution
observations of the Galactic ISM?

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



MATLAS challenges: dealing with extended stellar halos

The stellar halos of galaxies
may be hidden behind the
large, complex reflection halos
of stars.

But the contamination may be
more subtle.

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



External stellar populations in ETGs probed by deep imaging

)

P ¥

N [ ‘\" e ) )

< ER 4 |

O FRN TR ¥

[T} ol ool om Vg S

n 1t .-!:‘*..'» A LA \:l"‘ N ) ) A ' 5 :)’VAV A J

6 5‘L"‘t:~‘:‘*~\“}"‘"; :‘,'. &"_- ’.,., - 3 : 4 - -.[‘ A X :

\ P SN e 23 8. o “ﬂ‘. T SN "y

T VAR e 2ot i w oW B B gV

o R et g ""‘:;\;.-fk . v .‘9‘:’@'.4‘- ,’.".“‘_f-.vz"_‘\’-;._: A AP Nt

e ‘l SO A R (o, S e e i i b )
E 1 QO ] fi\ A 3 \ \~ X a4 J P Yt ot ";:;‘”\' Al 1 ‘f b o :\'.r' A * ’ ,)- "}}-“fv"\ :"’ g

. " ¥ \ e gus = X J ama I S } o) : o Tt
A AVGay Ve ok

.9 [ b AT ko Y ™ L.\ ( "L X

o \ 2 U.'.. » W\ ,.‘,_J e
%) il St
o = “

|

o

I A » ' , [N
- Naabetal., 2013 ] 4
0.0k

~
-

e

.

lllllllll llAllll1AAlllllllljlllllllllllllllllllll

0 1 2 3 4 5 |

0.6

4 5
R+/Re
® The blueing of the outer color profile consistent with cosmological simulations

predicting a mass growing of ETGs thanks to multiple mergers by low-mass, low-
metallicity satellites

Probing the mass assembly of galaxies with ultra deep imaging: Matlas

CFHT User’s meeting, Campbel River 2013



Stellar populations in the outermost regions of ETGs

g—i color profiles of Atlas3D and NGVS goloxies
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Stellar populations in the outermost regions

DEEP SURFACE BRIGHTNESS PROFILES
OF SPIRAL GALAXIES FROM SDSS STRIPES2:
TOUCHING STELLAR HALOS

JupIT BAKOS & IGNACIO TRUJILLO

Instituto de Astrofisica de Canarias, C/ Via Lactea S/N, La Laguna, Tenerife, Spain and
Departamento de Astrofisica, Universidad de La Laguna, E-38205, La Laguna, Tenerife, Spain
Draft version April 16, 2012

ABSTRACT

Using SDSS Stripe82 data we have obtained deep radial surface brightness profiles of 7 face-on to
intermediate inclined late-type spirals down to u,» ~ 30 mag arcsec 2. We do not find any evidence
for a sharp cut-off of the light distribution of the disks but a smooth continuation into the stellar halos
of galaxies. Stellar halos start to affect the surface brightness profiles of the galaxies at yu,» ~28 mag
arcsec 2, and at a radial distance of 2 4 — 10 inner scale-lengths. We find that the light contribution
from the stellar halo could be responsible of previous classification of surface brightness profiles as
Type III in late-type galaxies. In order to estimate the contribution of the stellar halo light to the
total galaxy light, we carried out a Bulge/Disk/Stellar Halo decomposition by simoultaneously fitting
all components. The light contribution of the halo to the total galaxy light varies from ~ 1% to ~
5%, but in case of ongoing mergers, the halo light fraction can be as high as ~ 10%, independently
of the luminosities of the galaxies. We have also explored the integrated (¢" — r’) color of the stellar
halo of our galaxies. We find (¢" — ') colors ranging from ~ 0.4 to ~ 1.2. By confronting these colors
with model predictions, we encounter problems to fit our very red colors onto stellar population grids
with conventional IMFs. Very red halo colors can be attributed to stellar populations dominated by
very low mass stars of low to intermediate metallicity produced by bottom-heavy IMFs.

Probing the mass assembly of galaxies with ultra deep imaging: Matlas
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Stellar populations in the outermost regions of galaxies
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Stellar populations in the outermost regions of galaxies

Probing the mass assembly of galaxies with ultra deep imaging: Matlas CFHT User’s meeting, Campbel River 2013



MATLAS challenges: classification of galaxies

Number of tidal tails
Number of shells

Number of streams + presence of diffuse halos,

bars, asymetries, etc..

Statistics (fine structure index) made by eye

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Classification of galaxies: google + galaxy zoo

g+r-band

Google

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Classification of galaxies: google + galaxy zoo
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Classification of galaxies: google + galaxy zoo
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Classification of galaxies: google + galaxy zoo
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Other science goals: Death and birth of satellite dwarf galaxies

NGVS-NGC4216

Multiple simultaneous
destruction

of satellites around a spiral
in the Virgo Cluster

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Other science goals: Death and birth of satellite dwarf galaxies
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Other science goals: Death and birth of satellite dwarf galaxies
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Other science goals: Death and birth of satellite dwarf galaxies
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Other science goals: Death and birth of satellite dwarf galaxies

NGVS-NGC4216

~#%" Paudel etal.,2013
. TRt

Multiple simultaneous
destruction

of satellites around a spiral
in the Virgo Cluster

4. ¥

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Other science goals: Death and birth of satellite dwarf galaxies
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Other science goals: Death, evolution and birth of satellite dwarf galaxies
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Other science goals: Death, evolution and birth of satellite dwarf galaxies
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP

Campbell River, May 2013



Other science goals: Death, evolution and birth of satellite dwarf galaxies
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP

Campbell River, May 2013



Other science goals: Death and birth of satellite dwarf galaxies
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e 3 HI-rich, metal-rich dwart galaxies along the filamentary structure: Tidal Dwarf Galaxies

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP

Campbell River, May 2013



Other science goals: Globular Clusters as probe of the large scale environment
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Work 1nitially started as part of NGVS

NGVS: Durrell et al., 2013
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Pota et al,, 7012

Filters chosen to optimize the detection of
GCs around the field of ETGs of MATLAS
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Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Other science goals: Origin of the free floating HI clouds around galaxies

Accretion or ejection?

’~

The sensitivity of the survey allows to detect
stellar counterparts to HI structures, telling
about their origin

Probing the mass assembly of galaxies with ultra deep imaging : the MATLAS LP Campbell River, May 2013



Other science goals: Origin of the free floating HI clouds around galaxies
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Accretion or ejection?

Disclosing the collisional
origin of the giant HI ring
in Leo

The sensitivity of the
survey allows to detect
stellar counterparts to
HI structures, telling
about their origin

Michel-Dansac et al., 2011

Probing the mass assembly of galaxies with ultra deep imaging :

the MATLAS LP

Campbell River, May 2013



Still three years to go: hoping for the best

— o
-

I 3¢
Monsieur et Madame Constantin SIREUIL-ABRAHAM,

Madame Marie- Louise SIREUIL,
Monsieur et Madame Serge SIREUIL-LEFEVRE,

ses enfants;
Joél, Alain, Orélien,
Olivier, ses pefits-enfants;
Julia, Laurie, Maud, ses arriére-petits-enfants;

Et toute la famille apparentée

ont la profonde douleur de vous faire part du deces de £, B s :
a h b IEENENS G -
MADAME Sy ﬁ

Adrienne MATLAS " ""f(ﬁ‘f'.'-f (, Yifi/(“lﬁﬁf

veuve de Monsieur Jean-Baptiste SIREUIL

née a Elouges le 25 juillet 1033
et decedee a Gilly le 25 mai 2012.

Les funérailles civiles auront lieu manrdi 20 mai 2012
a 14 h 30, caveau familial au cimetiére de Dour.

Dans l'attente des funérailles, le corps repose au funérarium
Gobert J. -M., rue de la Victoire, 12, a Frameries.

Les personnes qui désirent rendre un ultime hommage au
defunt pourront se recueillir au funérarium Gobert, rue de la
Victoire, 12, 7080 Frameries, le lundi 28 maide 17 h a 19 h.

Cet avis tient lieu de faire-part.
P.F. A, DESCHAMPS, Erguannes, 20 rue A. Deschamps. T4, 065/65.29.15
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