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How do galaxies form and evolve?
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1. Introduction _
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1. Introduction

A simplistic picture of galaxy formation and evolution

low L bulge

g
FEN Sl
removal of remaining gas @

by feedback
Monolithic SpiraT galaxy
collapse .
gas consumption,
— RPS, strangulation
high L
Elliptical s dry merger
Sa o ®

Spiral galaxy . ‘

wet merger .

Elliptical

» ‘ Elliptical galaxy
galaxy

& Spiral galaxy
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Morphological classitications and star formation
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1. Introduction

The \..pl'tZEl' Infrared aearby Galaxies Survey (SINGS) Hubble Tuning-Fork

SINGS galaxies by Kennicutt et al. (2003)

tuning-fork
diagram

spends pauequn

NOTE: we use the
more simplistic
numerical
morphological type
(T) classification of
RC2 (de
Vaucouleurs
1991) for the rest of
the work
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1. Introduction

Numerical morphological types

E=[-50;-35

F-S0 = [-3.4: -2.5°

SO=1[-24;-15

SO-a=1[-14; 0.5

Sa=[06; 25

NOTE: we use the Sb=[206; 4.5]

imolisti ¥ §

more simpliti Sc=[46; 7.5

morphological type Sd = i 7.6; 8.5_

(T) classificati f T : T

() Classiication o Sm=[8.6; 9.5

Vaucouleurs Irr = 1 9.6;10.0]
1991) for the rest of

the work
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: One of the goals of this thesis is to find a way to
Introduction |gistinguish between internal and environmental

effects on star formation.

PROTOGALACTIC . GALAXY MERGERS
COLLAPSE internal versus external RAM-PRESSURE STRIPPING
\_/ OF GAS
fast star formation, fast
versus gas recycling, versus
. metal enrichment, slow

energy feedback via supernovae,
etc.

ENVIRONMENTAL
SECULAR EVOLUTION

T driven by prolonged gas infall,
by minor mergers,
versus external

by galaxy harassment
etc.

Reproduction of the morphological box (Zwicky 1957) of galaxy
evolution processes updated by Kormendy & Kennicutt 2004,

9

and adapted for this presentation.
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mass, and
environment redshift
driven o —— —

Downsizing is also seen:

.e. SSFR peaks earlier and lasts
shorter for massive (Mayn=12.0
dex Msun) later in the life of the
universe for lower-mass
(Mayn<10.5 dex Msun galaxies.

Thomas et al. (2010)
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1. Introduction ao -
Right. nearby galaxies in optical ~ _ 2st S
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Bottom: distribution of galaxies in fl
optical color-color diagrams o N—~—~ . . T
: : 9.0 95 100 105 110 115 | o
per I’edShIf’[ blnS Stellar Mass log M. (M o 30F  -ate-type 93.'?_’_‘_,‘,.9_3 PN -
= = ] = = . 25F " 1 7o <
The bimodal distribution of galaxies| :
L 20F §
2.5 _'_llllllll Illlll llllll_]__i_lllllll.l.lIIIII.I-II.IIIII_L_',III [lllllll.l_l{t;_.‘}__l.llll_‘ g:
- - o K ¥ A - 1.5F §
2| 3 )
3 F . o} :
= + E 90 95 100 105 110 115
—:h _:E- T T: Stellar Mass log M. (M )
x: J-UI L 3 Schawinski et al. (2014)
: N STPTRE T Dot o ) M

But, caveat...:
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1.1

@D

> o 5 | o Star formation (in GMC)
roduct

t=0

HQ" t=106t0 107 years

collapse of giant molecular cloud
and birth of stars (the amount of
each depends on the IMF)

=p

massive young stars emits in the
UV ionizing the gas that remains
and becomes an Hll region

©,

FUV+NUV; t=107 to 10° years

st

'@

The remaining gas is blown off by
SNe+massive stars driven winds
after a few Myr

@ 3.6um; t >10° years
x5 ¥ .

P

As there is N0 more gas, we are
left with the less-massive stars.

12



1. Introduction
Young and massive
OB associations
emit in the UV. M4
—> GALEX
FUV+NUV 1.2 1

Low-mass MS stars
and Red Giants
emit in the IR.

—> Spitzer/IRACH

Therefore,
FUV, NUV and 3.6
micron are ideal to
study young to old
stellar populations.

_

Blackbody curves

b
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1. Introduction

W,

(here assuming a Salpeter IMF)

Young and massive D
OB associations = X107 "eitkLy AeNuv ) oft[3.6]
emit in the UV. > L — mov | 10 |
—> GALEX = 25 | —— v | i
FUV+NUV = W A0V B |
I A B7 V 10° T\!\
— I | : |
Low-mass MS stars 8 20; | | —— BOV : |
and Red Giants o i B . |
Co 1 | 10° - 1
emit in the IR. > e ! | !
—> Spitzer/IRAC < | | f |
Therefore, D 1.0- L | :
Q. ! I
I | ' I
FUV, NUVand3.6 @ L | |
. . I : - I
micron are idealto & g5 N 10° 5 |
< o :\
study young tq old X 1 | :
stellar populations. = % 2 D
% ' 1000 2000 3000 4000 30000 32500 35000 37500 40000
|_

Wavelength (A)
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1. Introduction

OB associations = X107 "eitkLy AeNuv y oft[3.6]

emit in the UV. 2 1 — MOV [ 736x100 ;

—> GALEX o 2.5 i | —— IOV 4.3x100yr i

FUV+NUV = N A0V | 1.5x10%r !
0 i : B7V 6x108yr \E\

Low-mass MS stars 8 20- | i\ —— B0V 107yr |

and Red Giants o 1 B - |

o ! | 107 4 !
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1.Inroducf

ON  Observing galaxies in the UV

Y| et aI (1 998)

Typicel U¥=siroas galaxy
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| | I
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A

By, j
kﬁ\" ““““ ('-J
# -"vr . -, JA
0.0 AR & : il I 1 I 1
0 1000 2000 3000 4000 3000 S aQQ

A(A)

The UV upturn phenomenon in ETGs

® possibly caused by old low-mass
stars of the Extreme Horizontal

Branch (EHB)

e strength of upturn correlates with line-
strength of Mg2 (Burstein et al.,

1988)

K ¢ also with mass (Boselli et al., 2015)

14

15 | ' | L | l P 111 ' L L L l | B L ' L B L ' L B B
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The NUV bump and FUV rise
e relative extinctions are compared
e ‘bump” at 2175A

W,
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1. Introduction
Environmental effects:

Ram pressure stripping, dry/wet, major/minor mergers (and other
interactions with companions), harassment, strangulation, near-

collisions (

Tail of ionized gas in
Boselli et al. (2016)

\_

fly-bys).

NGC 45609.

The “jellyfish” galaxy ESO137-001.
Credit: NASA/ESA, Ming Sun (UAH), and Serge
Meunier. (2014)

15




1 2 3 4.1 42 | 43 | 44 | 45 5 0

2. Sample

We use the Spitzer Survey of Stellar Structure in Galaxies (S4G) sample of
nearby galaxies as a base (Sheth et al. 2010).

The 54G is a volume-limited, size-limited, magnitude-limited sample and goes to
unprecedented depth of ~26.5 mag arcsec2 in the IRAC1 channel

Artist rendition of the
Spitzer Space Telescope

Artist rendition of the
Galaxy Evolution Explorer (GALEX)

GAL E J( Goloxy Evolution Explorer



Galactic latitude |b| > 30°
Angular diameter Das > 1’ g
Radial velocity vrad < 3000 km s = | e T
(corresponds to ~40 Mpc) < B
(obtained from HI 21cm obs.)

Photometry obtained with 150

112 | 341424344455 | 6
2' Samp e scripts credit: Erik Tollerud
Data: Cosmicflows-2 (Tully et al., 2013) » S5°G
S4G (Sheth et al., 2010)
The S4G sample
size N = 2352 galaxies s

Tully (2013)

in channel 1 (3.6 um) and 2 (4.5 pm)
by Muhoz Mateos et al., 2015

We gather GALEX raw product tiles from GR6/7
for the S4G galaxies via the publicly available
online tool GalexView:

S http://galex.stsci.edu/galexview/

17

the Infrared Array Camera (IRAC) =0 e 0

'INFRARED ARRAY CAMERA

SPITZER SPACE.TELESCO PE
NADLAMC UL LM LCL AL ALT rEMENAYN A
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2' Samp e scripts credit: Erik Tollerud o~ 5'G
Data: Cosmicflows-2 (Tully et al., 2013) e CHister
S4G (Sheth et al., 2010) —
The S4G sample o _
size N = 2352 galaxies 3 ! ]
Galactic latitude |b| > 30° :
Angular diameter Dos > 1’ & 10
Radial velocity vrad < 3000 km s1 = &, | i
(corresponds to ~40 Mpc) e it — 3
(obtained from HI 21cm obs.) .
Photometry obtained with ac %{
the Infrared Array Camera (IRAC) - f°° /viMpe © * T,
in channel 1 (3.6 um) and 2 (4.5 um) - 3

by Munoz Mateos et al., 2015

We gather GALEX raw product tiles from GR6/7
for the S4G galaxies via the publicly available -
online tool GalexView: Pt o
S http://galex.stsci.edu/galexview/

17
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3. Data analysis

Data Preparations
Sky measurement
Semi-automatic masking

Photometry
Data products
Surface brightness profiles
Color profiles

false-color RGB images

Analysis

Linear fittings
Comparisons with models
M-, SFR, sSFR conversion

18



434.4

Sky Measurement

An elliptical ring-annulus is
placed at 1.5xD25 and
divided into 90 boxes.

The average is computed in
each box, which is then
averaged using all the boxes.

< v ‘o e a0 ,ib -~ c= 2
v e v .";,?. & wFale -,g: T 3 AL ",
L) . e y! £ .

3. Data analysis — Preparations

Semi-automatic masking
based on (FUV - NUV) color.

Each mask is visually
checked and corrected for
false-detection, companions,
and foreground stars.

19

Interpolation

J

The masked regions are
then interpolated using the
average of neighbor pixels,
vertically and horizontally.
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3. Data analysis — Measurements

Photometry Data products

 False-color RGB images

e Surface brightness
profiles

e Color profiles

 Growth curves

 Asymptotic magnitudes

NGC1367

- Spatial resolution of B NGC1512
data: 6 arcsec '

- corrected for foreground
MW attenuation using
Aruv=7.9E(B-V) and

Photometry is performed in Anuv=8.0E(B-V).

fixed PA and e elliptical ring- - Final galaxy count: 1931

annuli with 6” steps. The with homogenized FUV, e
average is computed for each NUV, and 3.6 um data

ring.

For the FUV and NUV, we use We call this the

the same apertures as the ones GALEX/S4G samp|e .

used to do the 3.6 um
photometry:.

20
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NGCI512 .+
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3. Data analysis — Models

Complemented by

- environmental info of Tully et al. (2013) and Laine et al. (2014)
- SSP from Bruzual & Charlot (2003) and (2007)

- Ram-pressure stripping model from Boissier (2006)

- Disk-models from Boissier & Prantzos (2000)

- Kinematic data from HyperLEDA Below: 3.6 um surface brightnesses
of disk models from Boissier &

Prantzos (2000)

16 o dlisk models

21434

5
= <
= 2 <
:J » —
= = .
= S— )
) Sy B o =
el | ol B0
™~ ‘\‘\ C.
\\‘ v
, 0
.
- ~.. V220
~
070
\‘\
. 2 25 N
§ | oft galactocentric distance (kpc)

red = S4G sample (Sheth+ 2010),
« white, blue = GALEX/S4G sample (Bouquin+ 2015)
colors = Cosmicflows-2 samples (Tully+ 2013)

created with PartiView
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Database

. Data analysis —
The DAGAL database
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4.1 Results: Global properties

Publication
Bouquin et al. 2015, ApJL, 800, 19

“The GALEX/S*G UV-IR color-color

diagram: catching spiral galaxies
away from the blue sequence”
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4 1 Results: Global properties
Sample - st
comparisons: S B GALEX/S'G |
S4G (n=2352) D
VS. E
GALEX/S*G Z

(n=1931) (82%)

The distribution
of the GALEX/S4G
sample (blue) in
various
dimensions is
comparable to
that of the S4G
sample (red)
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The (FUV - NUV) vs. (NUV - [3.6]) color- We define the GALEX Blue Sequence (GBS), GALEX
color diagram shows the bimodal Red Sequence (GRS) and GALEX Green VaIIey (GGV)

distribution of galaxies with narrower as follows:
sequences than the ‘classical’ (optical) one. GBS: 0.12x + 0.16 — 20gps < y < 0.12x + 0.16 + 20¢ps

Important: NOT corrected for internal dust
attenuation. For Av=0.5 mag, using the "
Calzetti (1994) attenuation law, (NUV-[3.6]) E EGGV: y > 0120 4+ 016 + 20cps and = < —0.23y + 5.63 — loggrs
would change by -1, and (FUV-NUV) by A T
-0.25. The correction is degenerated in the where  7aBs B 8‘_21,, = ([I}II]T\\ -]\[I'{:()]’)
sense that it follows a similar slope than and ocrs = 0.49 y=(FUV - NUV)

\ that of the Blue Sequence. oF J

GRS: —0.23y +5.63 — logns < x < —0.23y + 5.63 + logrs
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The (FUV - NUV) vs. (NUV - [3.6]) color-
color diagram shows the bimodal
distribution of galaxies with narrower as follows:
sequences than the ‘classical’ (optical) one.

Important: NOT corrected for internal dust
attenuation. For Av=0.5 mag, using the
Calzetti (1994) attenuation law, (NUV-[3.6])
would change by -1, and (FUV-NUV) by
-0.25. The correction is degenerated in the
sense that it follows a similar slope than
\ that of the Blue Sequence.
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We define the GALEX Blue Sequence (GBS), GALEX
Red Sequence (GRS) and GALEX Green Valley (GGV)
GBS: 0.12x 4+ 0.16 — 20gps <y < 0.12x 4+ (0.16 + 20¢ns
GRS: —0.23y+5.63 = logps < < =0.23y + 5.63 + loers
BB GGV: 4> 0.122 4+ 0.16 + 20aps and x < —0.23y + 5.63 — 1oaps

where ocrs — 0.2 x = (NUV - [3.6])
and occgrs = 0.45 y = (FUV - NUV)
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The (FUV - NUV) vs. (NUV - [3.6]) color- We define the GALEX Blue Sequence (GBS), GALEX

color diagram shows the bimodal Red Sequence (GRS) and GALEX Green VaIIey (GGV)

distribution of galaxies with narrower as follows:
sequences than the ‘classical’ (optical) one. GBS: 0.12x + 0.16 — 20gps < y < 0.12x + 0.16 + 20¢ps

Important: NOT corrected for internal dust
attenuation. For Av=0.5 mag, using the "
Calzetti (1994) attenuation law, (NUV-[3.6]) ! EGGV: y > 0120 4+ 016 + 20cps and = < —0.23y + 5.63 — loggrs
would change by -1, and (FUV-NUV) by A T
-0.25. The correction is degenerated in the where  7aBs B 8‘_21,, = ([I}II]T\\ -]\[I'{:()]’)
sense that it follows a similar slope than and ocrs = 0.49 y=(FUV - NUV)

\ that of the Blue Sequence. oF J

GRS: —0.23y +5.63 — logrs <2 < =0.23y + 5.63 + logrs
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The (FUV - NUV) vs. (NUV - [3.6]) color- We define the GALEX Blue Sequence (GBS), GALEX

color diagram shows the bimodal Red Sequence (GRS) and GALEX Green VaIIey (GGV)

distribution of galaxies with narrower as follows:
sequences than the ‘classical’ (optical) one. & GBS: (.12 + 0.16 — 20aps < y < 0.12 + 0.16 + 20aps
Important: NOT corrected for internal dust

attenuation. For Av=0.5 mag, using the "
Calzetti (1994) attenuation law, (NUV-[3.6]) | GGV:y = 0.122 + 0.16 + 20¢ps and 2 < —0.23y + 5.63 — logns

Id ch by -1 and (FUV-NUV) by ‘ e e
e o ange by and ) by where agps — 0.2 = (NUV - [3.6])
y = (FUV - NUV)

-0.25. The correction is degenerated in the
\ that of the Blue Sequence. o5 J

GRS: —0.23y +5.63 — logrs <2 < =0.23y + 5.63 + logrs
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The (FUV - NUV) vs. (NUV - [3.6]) color- We define the GALEX Blue Sequence (GBS), GALEX

color diagram shows the bimodal Red Sequence (GRS) and GALEX Green VaIIey (GGV)

distribution of galaxies with narrower as follows:
sequences than the ‘classical’ (optical) one. GBS: 0.12x + 0.16 — 20gps < y < 0.12x + 0.16 + 20¢ps

Important: NOT corrected for internal dust
attenuation. For Av=0.5 mag, using the "
Calzetti (1994) attenuation law, (NUV-[3.6]) ! EGGV: y > 0120 4+ 016 + 20cps and = < —0.23y + 5.63 — loggrs
would change by -1, and (FUV-NUV) by A T
-0.25. The correction is degenerated in the where  7aBs B 8‘_21,, = ([I}II]T\\ -]\[I'{:()]’)
sense that it follows a similar slope than and ocrs = 0.49 y=(FUV - NUV)

\ that of the Blue Sequence. oF J

GRS: —0.23y +5.63 — logrs <2 < =0.23y + 5.63 + logrs
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The (FUV - NUV) vs. (NUV - [3.6]) color-
color diagram shows the bimodal
distribution of galaxies with narrower
sequences than the ‘classical’ (optical) one.

Important: NOT corrected for internal dust
attenuation. For Av=0.5 mag, using the
Calzetti (1994) attenuation law, (NUV-[3.6])
would change by -1, and (FUV-NUV) by
-0.25. The correction is degenerated in the
sense that it follows a similar slope than
K that of the Blue Sequence.
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We define the GALEX Blue Sequence (GBS), GALEX
Red Sequence (GRS) and GALEX Green Valley (GGV)

as follows:

GDBS: 0.12x + 0.16 — 20gps < y < (0.12x + 0.16 + 20aBs

GRS: —0.23y +5.63 — logrs <2 < =0.23y + 5.63 + logrs

where acgrg — 0.2
and oTcgrs — 0.45
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20 22 24

§ U GGV: y > 0,127 + 0.16 + 206ps and @ < —0.23y + 5.63 — logas

z = (NUV - [3.6])
y = (FUV - NUV)
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The (FUV - NUV) vs. (NUV - [3.6]) colo fine the GALEX Blue Sequence (GBS), GALEX
color diagram shows the bimoda equence (GRS) and GALEX Green Valley (GGV)

distribution of galaxies with narrower as follows:
sequences than the ‘classical’ (optical) one. GBS: 0.12x + 0.16 — 20gps < y < 0.12x + 0.16 + 20¢ps

Important: NOT corrected for internal dust
attenuation. For Av=0.5 mag, using the "
Calzetti (1994) attenuation law, (NUV-[3.6]) : GGV y > 0122 4 0.16 + 206ps and = < —0.23y + 5.63 — loggs
would change by -1, and (FUV-NUV) by A T
-0.25. The correction is degenerated in the where  7¢Bs B (.))“_21', = [lI\\[[]T\\ -l\[I;({]’)
sense that it follows a similar slope than and ocrs = 0.49 y=(FUV - NUV)

K that of the Blue Sequence. oF j
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These are ‘classical’ (optical) color-magnitude diagrams showing the ‘red sequence’ and ‘blue cloud’.
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Caveats of optical colors:

(1) hard to classify Red Sequence, Green Valley, Blue Cloud galaxies

™

Bouquin et al. 2015

—— GRS fit in (B-V)

-
— - -

— -
-
- -

-
___‘.
.- =4

(2) many GBS galaxies appear in the optical Red Sequence
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, : 2.5 : : , —
4||—— Z=0.004 A RPS ﬁ ‘
—— Z=0.008 5 «  disk + bulge : '
—e— 7=0.02 2.0 : :
—— Z=0.05
3 fit to old POpP. 1.5
T P *5
=
2| Lo}
=
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1l 05077/
0.0 e S N
A=008-V=40 A=009, V=360 A=0.02 V=36
S R B e e ST %
NUV - [3.6] NUV - [3.6]
| eft: evolution of SSP models of Bruzual Right: evolution of UV+IR colors for disk+bulge
and Charlot (2003) of various metallicities models and a Ram-Pressure Stripping (RPS)
in the (FUV - NUV) and (NUV - [3.6]) model. The disks are from Boissier & Prantzos,
colors. 2000, and are controlled by two parameters:
circular velocity ve and spin parameter A.
Highly-evolved systems (>1010 Gyr) are We simulate a bulge by taking a highly-evolved
shown in red. SSP and by varying the B/T ratio of Laurikainen
et al., 2007.
An RPS model of Boselli et al., 2006 is also
shown (red triangles).
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| (O): galaxies in the Virgo cluster.
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The distribution of the
GALEX/S4(G galaxies in
the (FUV - NUV) vs.
(NUV - [3.6]) CCD per
morphological type.

. galaxies in high-density
regions as defined by Laine et
al. (2014).

We find a higher fraction (29%) of
GGV galaxies in our sample to be in
the Virgo cluster, as compared to
the GBS (7%) or the GRS (14%)
galaxies, and 162/1931 (8%)
galaxies overall.
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G6| obal properties

Conclusions of 4.1:

Galaxies are distributed into two narrow sequences in the (FUV - NUV)
versus (NUV - [3.6]) color-color diagram: the GALEX Blue Sequence
(GBS) is populated by actively star-forming late-type galaxies and the
GALEX Red Sequence (GRS) is populated by quiescent early-type
galaxies.

In the region of intermediate-colors, the GALEX Green Valley (GGV), a
large fraction of galaxies are early-type spirals of type Sa and S0-a.

The GGV can be interpreted as a zone of rapid transition (=1 Gyr) due
to the quenching or damping of star formation in the disk resulting in its
reddening, consistent with timescales of ram-pressure stripping in denser
environment. It is worth noting, however that these results do not exclude
the possibility of having rejuvenated galaxies from the GRS to fall into the
GGV as well.

We also find that a higher fraction of galaxies in the GGV (compared to
the GBS or the GRS) belong to the Virgo cluster, suggesting that the
environment is at play.
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4.2 Results: UV-color and stellar M/L ratio
correlation in ETGs
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Regression line:
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4.2 Results: UV-color and stellar M/L ratio
correlation in ETGs

Conclusions of 4.2:

A strong empirical correlation is found between (FUV - NUV) color
and the stellar M/L in ETGs, in the sense that a bluer color yields
a higher stellar M/L.

UV-upturn stars are thought to be the main contributors of the UV
emission in ETGs. The amount of UV-upturn stars depends on the
low-mass end of the IMF.

We conjecture that we can use the (FUV - NUV) color to
differentiate between ETGs having different IMFs.
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Sapatially—resolved properties
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4.3 Results: Spatially-resolved properties
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Average Reduced x° of the Lincar Fit with 36 and R/R80 Cuts

R/R80 Cutoffs
0.00 0.25 0.50 0.75 1.00 1.25
(x% N x* N (x?) N (X% N (x* N (x? N
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4.3 Results: Spatially-resolved properties

Boissier & Prantzos (2000) disk models.

5

16} +— disk madels
4
The SB profiles are generated by varying the . _
circular velocity and spin parameter. Iy
A larger circular velocity translates to a fixed N e +
central surface brightness and an increase in S RN T T e P E
the scale length. TN | T
! S-S5 N ADLORD . ~~
Ue M '/ \\
— —_— 28 . = ~1
¢ p C 5 10 15 20 25 30
220 A[ MW galactocentric distance (kpc)
16} +— disk madels
A larger spin parameter translates to a 1
decrease in central surface brightness and - l &
an increase in the scale length. % )~
The dimensionless spin parameter A is = TR =
defined as: S N =
_ 1/2v—1 ) 7—5/2 S e |8
A= J|E|Y?G M ) N
. rny. VI T TR
where J is the angular momentum, N e
0 3 0 15 20 2% 0

E is the energy of the halo,

G is the gravitational constant
M is the total baryonic mass We also fit these disk models and obtain a single

pair (slope, y-intercept) for each of them

\_ i W,

galactocentric distance (kpc)
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Results: Spatially-resolved properties
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4.3 ?eSLIts: Spatially-resolved properties

MC sampling
of 1000 particles (with elliptical 2D Gaussian distribution) and matching
with closest disk model’s circular velocity and spin parameter.

We then measure the mean (red), median (blue) and mode (purple) of
these distributions.
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4.3 ?eSLIts: Spatially-resolved properties

MC sampling
of 1000 particles (with elliptical 2D Gaussian distribution) and matching
with closest disk model’s circular velocity and spin parameter.

We then measure the mean (red), median (blue) and mode (purple) of
these distributions.
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4.3 ?eSLIts: Spatially-resolved properties

MC sampling
of 1000 particles (with elliptical 2D Gaussian distribution) and matching
with closest disk model’s circular velocity and spin parameter.

We then measure the mean (red), median (blue) and mode (purple) of
these distributions.
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spin

51

circular velocity ve
VS.
spin parameter A
per morphological type

@ - mode values.

()= extreme values in either
Ve Or A; using central values
instead.

low-mass galaxies
clearly have
low circular velocities
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4.3 Results: Spatially-resolved properties
0 £SO | so | S0-a
4001 0.0% N=6[ 14.3% N=7][ 18.8% N = 16
300 HH Ex '_JL“
200 - - - -
. S~ S S~
oOf O N
100 - = St o
T Sa | Sb Sc
4007~ 24.4% N=45[ 201% N=154 [ 114% N =386
L . . o Bu® o g
200 f : o T o e Py o
O \G\ < ..."" 3\ 3\
- i | = oEkEi. ©! o
100 - : R S - <2 it ~
i — . : i i
T Sd | Sm | r
4001189 N=114 | 15% N =137 | 08% N = 122
300 - b - -
200 } R 0
[ ':—. ...*. : f: :" j %78% SRl 0(‘}3%08;: ' **e o0 Fo §
1001 g ¢ A .:3;‘;*’,:43#%9@" q:?ﬁo' ' :";;;.! % o
0 "
0.00 0.04 0. 08 0. 12 0. 00 0. 04 0. 08 0. 12 O 00 0.04 0. 08 0. 12 0.16




3 1414243 4.

-

5

Results:

4.3

Comparisons with
observations:
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4.3 Results: Spatially-resolved properties
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Results:

5

S6patially—resolved properties

1 2
4.3
Conclusions:

e \\e see disk-reddening occurring in both GRS and GGV galaxies,
with GGV galaxies slightly bluer than the GRS, but definitively redder
than GBS.

e Galaxies are well-separated in the pruv vs. Piz.e) (spatially-resolved “star-
forming main sequence”)

e Galaxies are well-separated in the spatially-resolved (FUV - [3.6]) vs.
Uz.e). This diagram seems to indicate a clear cut at 10-12 yr-1 in sSFR.
Moreover, GGV and GRS galaxies remain with a constant radial values
sSFR below 10-12, beyond pi3.6)=20.89 mag arcsec-=2.

e F-rom the slopes and y-intercepts of the outerdisk linear fits and
comparing them to the disk models of Boissier & Prantzos (2000) we
are able to obtain circular velocity and spin parameters within a
factor of 2 to the truly-measured ones. This could be a powerful
technique for much larger surveys.
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4 4 Results XUV—dISk
galaxies classification

Discovery: Gil de Paz et al. 2005, Thilker et al. 2005

Classification: Thilker et al. 2007
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4.4 Results: XUV-disk galaxies classification
Visual classification of Type 1 (Outer-Structure) XUVs
Comparison between pruv=27.25 AB mag arcsec2 and optical DSS-R band.

5

-

Type1 XUV Criteria:

1)  structures are seen beyond the pruv contour
2)  structures are also beyond the D25 ellipse,
3)  structures are invisible in the DSS-R image
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Results: XUV-disk galaxies classification

4.4

'NGC5055

NGEI512

- ¢ Y
2 kpc ; < 2 kpc

2 kpc 58 2 kpc

Examples of
Type 1
XUV-disk
galaxies

TOTAL in the
GALEX/S4G

sample:
217/1931 (11%)
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XUV-disk galaxies classitication
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Results:

4.4
Type 2 (Blue Disk) XUVs matching with 17 “classical” Type 2
e.g.: NGC 2541
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4.4 Results:
Type 2 (Blue Disk) XUVs matching with 17 “classical” Type 2
e.g.: NGC 2541

XUV-disk galaxies classification
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4.4 Results:
Type 2 (Blue Disk) XUVs matching with 17 “classical” Type 2
e.g.: NGC 2541

XUV-disk galaxies classification
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4.4 Results:

2MASS (J, H, K)

XUV-disk galaxies classification
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Type 2 (Blue Disk) XUVs matching with 17 “classical” Type 2
e.g.: NGC 2541
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Resu

Its:

2MASS (J, H, K)

M LiFuv=27.25 AB

*

LSB
zone

contour enclosing
80% of Ks (2.4um) light

XUV-disk galaxies classification
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XUV-disk galaxies classification
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Results:

5

4.4

binwidth=1)
-== std(T2 all)
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— mean(l2 all)
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Percentage of enclosed light from total (%)
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><6UV—disk galaxies classification

We try to match our Type 2 criteria to be used with our 3.6um images to be able
to closely reproduce the selection of the “classical” Type 2 of Thilker+,2007,
which were defined from 2MASS Ks images.

Left. We opt for 60% of enclosed 3.6 ym
light,to reproduce best the “classical” T2's

S(Kgop),area at which 80% of the Ks-band light
IS enclosed.
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110/1931 (<6%)

NGC2841 is a
Type 1+2

2 kpe
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4.4 Results: XUV-disk galaxies classification
NGC2841 ..# < ~ UGC08365
S, Examples of
| /K" ) Type 2
‘¥ XUV-disk
N> .
T . galaxies
o c TOTAL in the
NGC3949 NGC5448 GALEX/S4G
sample:
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4.1

4.2

4.3 4.

5

4.4

Rest

Its:

The (FUV - NUV) color distribution of 217 Type 1,
110 Type 2 (including 21 Type 1+2)
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4.4 Results: XUV-disk galaxies classification
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?eSLItS: XUV-disk galaxies classitication
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4.4 Results:

><6UV—disk galaxies classitication

Conclusions:

e \We obtain 217 Type 1 (outer-structure) XUVs (10x previous sample)

e \We obtain 110 Type 2 (blue-disk) XUVs (6x previous sample)

e 21 galaxies are Type 1+2 (both)

e All Type 1 and most type 2 are found in the GBS (9 type 2 in the GRS)

e 9% are in Virgo (slightly larger fraction to overall GBS galaxies ~7%)
e 40% of XUVs are of type Sc
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45 GTC ggéérvations of XUV-disk galaxies

GTC/OSIRIS (sloan-r)
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GALEX FUV
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We obtained spectra for 5 regions inside ygFUV=27.25
mag arcsec=2 (yellow contour and green solid line) and 4
regions outside of the low-mass (M*~10° Msun) XUV-disk
galaxy NGC 3274 @ z=0.02
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4 5 GTC observatlons of XUV-disk galaxies
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ok (h, (galaxy)

GTC observations of XUV-disk galaxies
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45 GTC gggérvations of XUV-disk galaxies

Putting the emission-line ratios of our spectra to the test:
the Baldwin-Phillips-Terlevich (BPT) diagrams (Baldwin et al. 1981) tell us that

the observed spectra are from genuine HIl regions
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We use two calibrators (N2 and

O3N2) and two calibration methods
(Pettini & Pagel, 2004, and Marino

et al., 2013) to get the oxygen
abundance.

Oxygen abundances are lower than

solar (<8.69) for the inner regions,
but iInconclusive for the outskirts
with these data.

feasible and we were awarded 19
nours more telescope time

However, this method proved to be

70

12+log,,(0O/H)

0.0

-
L
s 1 0
~ 4
-s“_
32
-
.
I' '&F 4
17 -
-~ - -~
16 Sa U=
- \\
- -~ _
-~ -
- -
- -~
. o =
\\ h\
- -
-
-

9.3

0.0+

45 GTC ggéérvations of XUV-disk galaxies

R

—— N2 mecthoo PPO4
—  NZ methoz M13

O3N2 methoc PPO4
O3N2 methoc M13

4 b S 10 |2

Deprojected galactocentric distance in kpc

W,




a B

45 GTC gggérvations of XUV-disk galaxies
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5. Future work

Using MEGARA@GTC to observe XUVs
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Can be prepared with the ETC!

[t @ Naot Secure  t-rex hs, acm.es/mestjeio)lonm
S/, MEGARA Online Expasura Time Calculator ?;m -
il (v1.0.1) G :ﬂ
' It N .ha
A - AN R eretusciim pur
N (~ ‘\lm'.vv--l
Target Input Flux Distribution Instrument Setup
Source Type O Peint  Extended Observing mode LCB IFU -
Input Size  Arca  Radius VPH sclup LR-B -
Area (arosec’) I Atmospheric Conditions
Shky vondition . a
Radius (arcsec) 1.0 FIKRERE i
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Input flux Continuum @ Line + Continuum N
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Resolved line? No O Yes '
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Can be prepared with the ETC!
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Future work

Can be prepared with the ETC!
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6. Conclusions (1/4)

e \We start off from the S4G sample of 2352 galaxies as our base-sample for which
we gathered GALEX FUV and NUV data.

e Sky subtraction, masking, interpolation, and photometry were performed using the
same aperture for both FUV and NUV as for the 3.6 ym IRAC1 images.

e Data products are the surface brightnesses and color radial profiles pruv, pnuv, and
(FUV - NUV), the asymptotic magnitudes FUV and NUV, false-color RGB images,
all complemented by the [3.6] (asymptotic) and p3.6 data.

e The final sample comprises 1931 galaxies of all morphological types with
homogenized photometry. \We call this catalog of nearby galaxies the GALEX/
S4G sample. It is one of the best-to-date, in terms of (1) size, (2) multi-wavelength
coverage (UV to IR), (3) homogenized data with good spatial-resolution (6 arcsec).
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6. Conclusions (2/4)
About the global properties (Bouquin et al. 2015)

e Galaxies are distributed into two extremely narrow sequences that we call the
GALEX Blue Sequence (GBS) and GALEX Red Sequence (GRS). The GBS has
a scatter around the mean of roughly ~1 mag (at +2¢ rms) in (FUV - NUV) color.

e The region with redder (FUV - NUV) than the GBS but bluer in (NUV - [3.6]) than
the GRS is the GALEX Green Valley. We find a higher fraction of S0-a and Sa
galaxies than any other regions of this diagram. We also find a higher fraction of
GGV galaxies belonging to the Virgo cluster —> nearby galaxies evolution not
only driven by mass but also by environment.

e |[n Zaritsky, Gil de Paz, Bouquin, 2014 and 2015, we found a correlation between
the (FUV - NUV) color and the stellar mass-to-light ratio Y. The correlation is: the
bluer the (FUV - NUV) the larger the Y. Adding more ETGs from other catalogs

still yielded the same correlation. The UV emission from ETGs is most likely UV-
upturn stars of the EHB. If so, the more UV-upturn stars, the more the UV emission.
Since UV-upturn stars are low-mass stars, we conjectured that the (FUV - NUV)
color may be used to probe the low-mass end of the IMF.

e Future work: color-color diagram with redshift.
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6. Conclusions (3/4)

About the spatially-resolved data (Bouquin et al. 2018)

e \We see disk-reddening occurring in both GRS and GGV galaxies, with GGV
galaxies slightly bluer than the GRS, but definitively redder than GBS. Average
disk-reddening seems to flatten beyond p3.6=20.89 mag arcsec=.

e (Galaxies are well-separated in the pruv vS. Yze; and in the spatially-resolved (FUV
- [3.6]) vs. uze). They indicate a clear cut at 10-12 yr-1 in sSFR.

e Moreover, GGV and GRS galaxies remain with a constant radial values in sSFR
below 10-12yr-1, in regions fainter than piz.6=20.89 mag arcsec2 or Zx<3x108

Mo Kpc-2. Results are found to be consistent with Kauffmann et al. 2006.

e From the slopes and y-intercepts of the outer disk linear fits and comparing them
to the disk models of Boissier & Prantzos (2000) we are able to obtain circular
velocity and spin parameters within a factor of 2 to the truly measured ones
(HyperLEDA). This could be a powerful technique for much larger surveys.
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6. Conclusions (4/4)
About the XUV classification:

e \We found 217 Type 1, 110 Type 2, and 21 Type 1+2. This is an increase by ten-
fold for T1, and six-fold for T2 from previously available samples.

¢ \We have obtained both global and spatially-resolved properties of these galaxies.

e All Type 1 XUVs and most Type 2 XUVs are GBS galaxies globally and/or their
outskirts is in the GBS when looking at their spatially-resolved data.

e only 9% of XUVs are Virgo galaxies, hinting to XUVs preferring less-dense
environments, and are excellent test-cases for secular evolution.

e \We took spectra of Hll regions in XUV-disk galaxy NGC 3274 (M~~10°Msun) and
measured the most prominent emission lines. We infer the oxygen abundance 8.0
<12 + log(O/H) < 8.5, with a negative gradient in the inner regions (up to 5 kpc)
but large uncertainties make the shape of the gradient inconclusive in the
outskirts.

e Future work: analysis of spectra of Hll regions of NGC6946
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