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CALIFA: Luminosity weighted average age of the stellar population

log(SFR/M.../yr)

NGC2253
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Sanchez & CALIFA DR3, 2016 Gonzalez Delgado +, 2016



Galaxies in 3D

To dissect galaxies in space and time: 2D spatial and lookback time
_IFS surveys _Fossil record method
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L) = 2 Msse (52) x SSPOSED) X &0

E | 1 =

Observables: SFH: Spectral Base ‘ SPdce-flme
" Full spectrum 3 Mass or ‘ Cube
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spatial binning, mask, etc I CALIFA spectral cube
de-construct pre-processing

GHT ™

Cid Fernandes g

S

&

Mages_cube[t,yx] =
zone(y,x)
Magebins[t] / area(zone)

Mcen[zone,t] =
zone(y,x)
Magebins[t] / area(zone)

Av, v, vd

log(t)

Processing & Analysis pipelines



Radial x lookback time
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60(.) 0.005 < redshift < 0.03
galaxies | |
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Walcher +, 2014, A&A, 569, Al

log(®) [Mpc” mag”']

Absolute r-band magnitude

Properties of CALIFA sample

Mother sample

® 937 galx SDSS DR7
®0.005 < z <0.03

@ 45" < isoAr < 79.2"

mum size in CALIFA:

10 1
Stellar Mass [log(M, )]

sub-sample in SP studies

® “430 galx with V500+V1200

fraction

SO Sa Sb Sbc Sc Sd

Sd Sc Sbc Sb Sa S0 E
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Stellar mass surface density (lLX)- age
Global relation Local relation

§ * SDSS: WXk - MxX * CALIFA: ULk - age
O T 92102 10 (M)
+ e
c o
S _135:1;1_8 .’."
qE- y
| T,
3
< 9 10 11
* SDSS: MxX - age
8 o (log age ), (yr)
Q Gonzalez Delgado +, 2014, A&A, 562, 47
+ . .. :
- SFH in disks and spheroids
N
= ° Disks: LL* drives the ages (SFH) of galaxies
S e  Spheroids: MX

B e e e T R e e
, PN S AR R Y G 3 R SR IR B0 it

9 10 11 A2

log (M,/Mg)




Stellar mass surface density (Lx)- Meftallicity (Z*)

* CALIFA: Wk -Zx

-
-

-

? XDisks: LK regulates the metallicity, galaxy Mass

i modulates the amplitude

X Spheroids: galaxy Mass dominates the physics of
siastasl chemical enrichment (except for low mass galaxies)

Gonzalez Delgado et al. 2014b, ApJ, 791, L16

SDSS: global Mx - Zx
Gallazzi +, 2005
_Pantfer +, 2008

e

spheroids

>11.4 R<0.5HLR
11.0-11.4

10.6—11.0
10.2—10.6

distance (HLR)

log p (MQ/pC2 ) log 1, (MQ/pC2 ) log p (MQ/pC2 )



Wk-intensity of the SFR: X - Zgp

Global relation Local relation
* SDSS: MXx - SFR (MSSF)  * CALIFA: Wk - X2gm

=230 85 9.0 95 100105110115

log stellar massg

Renzinni & Peng, 2015

SFR = cte M.’ with B <1 (0.75 in RP2015)

log pspr (M @?JT_l Mpc™)

* SFR=ctey srR(HLR) / W (HLR) M*

2sFR = cte W, with « = 0.8

Gonzadlez Delgado +, 2016, A&A, arXivl60300874

* 2r = cte W =
g ux = cte M,® cte = local sSFR= ZSFR/ W
- SFR = cte M, 1-¥(1-=) increases for early to late type spirals
" ith 0.8; ¥ = 0.5; 8 < 1 Global relation is sub-linear ( < 1)
wi X = 0.0, = 0.95; <

because the sub-linearity of the local relation



Star formation along the Hubble sequence
Radial Pl"OﬁlQS: ZSFR
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* Spirals: Zsm(l HLR) ~20 Msun Gyr™ pc2

* Spirals: the dispersion in Zs=(R) is small
X MSSF is a sequence with ZSFR ~ constant



Star formation rate density and the Scalo b birthrate parameter

E SO Sa Sb SbcSc Sd

S
=
R
=
&
=
R

: : : r> 1 HLR ®
N S T e r<05HR «gm

0.05 0.10 0.15 0.20
redshift

R) =

2
radial distance (HLR)

® OsFRr = (0.0105 + 0.0008) Mo yr—1 Mpc-3

e Most of the star formation is occurring in the disks of spirals (R> 1 HLR)
* The volume averaged birthrate parameter, b =0.39 + 0.03,
e present day Universe is forming stars at ~ 1/3 of its past average rate.

* E, SO, and the bulge of Sa and Sb contribute little to the recent SFR of the Universe, which is
dominated by the disks of Sbc, Sc, and Sd spirals.



Star formation along the Hubble sequence

Radial profiles: local sSFR = Zgra/ 1k =ji™

Galaxies are quenched inside-out
K sSFR(R) values scale with Hubble type
*XsSFR(R) increases radially outwards,
with a steeper slope in the inner 1 HLR.
K galaxies are quenched inside-out, and
this process is faster in the central,
bulge-dominated part than in the disks.

radial distance (HLR)

Gonzadlez Delgado +, 2016, A&A, arXivl60300874



Quenching related with the morpholo
Radial profiles of age

11.5-11.2 | %9:‘ Il 10.9-10.6 Il 10.6-10.1 | Mass—age rela"'ion

Sd Sc SbcSb Sa SO E |

9.5}

11.5-11.2 -
9.0l 11.2-10.9 -
10.9-10.6 :
10.6-10.1 -.

8.5. T T T VI N T R R R [ N dispersion links to the morphology

radial distance (HLR)

e Galaxies of equal Mx: have different galaxy averaged age, and radial age gradients.
e SFH and their radial variations are modulated primarily by galaxy morphology, and only secondarily M*.

e Galaxies are morphologically quenched, and the shutdown of star formation occurs outwards and
earlier in galaxies with a large spheroid than in galaxies of later Hubble type.




Stellar Population properties along the Hubble sequence
Radial profiles: ages

Ss E SO Sa Sb SbcSc Sd
00!’:*&..

©00 %0y, %0ey o-0-0
XX
e Ce, . ﬂt"'ﬂ.. L BN

Sd Sc Sbc Sb Sa SO E
radial distance (HLR) type

e declining profiles: galaxies are growing inside-out

e largest age gradient in MW type galaxies (Sbc)

e downsizing behavior is preserved with radial distance

e E and SO: no evidence of growing through minor dry mergers, no
inversion of the (log age) toward older ages beyond 1-2 HLR

Gonzadlez Delgado et al. 2015, A&A, 581, 103



Stellar Population properties along the Hubble sequence
Radial profiles: stellar metallicity

E SO Sa Sb SbcSc Sd

60ge0e
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Sd Sc Sbc Sb Sa
radial distance (HLR) type

e declining profiles, evidence of disks growing inside-out

e largest gradient in MW type galaxies (Sbc), as predicted by chemical evolution models
(e.g. Molla & Diaz 2005)

e Sbc galaxies have a V<logZ:)~ -0.1 [dex/HLR] similar to the predictions by RaDES

simulations (Few et al. 2012; Pilkington et al. 2012a).
o later type: very flat, small Vin{log Z)M L

e dispersion in the Vin{log ZYM-M*- relation is related with morphology
e E and SO: no evidence of a steepening of {log Z)M L beyond 1-2 HLR if they were

growing through minor dry mergers



Mass assembly
Galaxies grow inside-out

Other evidence: - ' ] oqaxie
g \\\\5-7 x 10 Msyn

@ Negative radial stellar age gradients.
@ Negative metallicity gradients
@ Galaxies are more compact in mass than in light

HMR/HLR = Half Mass Radius / Half Light Radius
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log lookback time
Pérez et al. 2013, ApJL, 764, L1
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Stellar Population properties along the Hubble sequence
Radial profiles: stellar mass surface density (uX)

Sd Sc Sbc Sb Sa SO
radial distance (HLR) type

e declining profiles that scale with Hubble type
e |argest inner gradient in spheroidals

® CALIFA E and SO galaxies have similar formation scenario: similar

U.*(R) and gradient



Stellar Population properties along the Hubble sequence
Bulges and disks

85 9.0
<10g age >bulge

(yr)

@® The mean stellar ages of disks and bulges are correlated; late spirals host younger disks.

@ Bulges of SO and early type spirals are old and metal rich as the core of E's. They formed by
similar processes, through mergers

@ Late type spirals have younger bulges, and have larger contribution from secular evolution

@ Disks are younger and more metal poor than bulges; evidence of the inside-out formation



Conclusions

* Hubble sequence is a useful scheme to organize galaxies by their
spatially resolved stellar density, age, and metallicity.

* Spirals form a galaxy sequence with constant intensity of the SFR.

* Local processes are relevant in setting the SF in the disks of galaxies
probably through a density dependence SFR law.

* Stellar mass sets the average properties of the stellar population in
galaxies, but have little impact on quenching.

* Morphology plays the main role in the shut down of the star formation
activity in galaxies.

*Pérez et al. 2013, ApJL, 764, L1 *Gonzalez Delgado et al. 2014, ApJL, 791, L16
*Cid Fernandes et al. 2013, A&A, 557, 86 *Gonzalez Delgado et al. 2015, A&A, 581, 103.
XCid Fernandes et al. 2014, A&A, 561, 130 XLopez Fernandez et al. 2016, MNRAS, 458, 184

KXGonzalez Delgado et al. 2014, A&A, 562, 47  kGonzalez Delgado et al. 2016, A&A, arXiv:160300874



