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How these galaxy structures form?

What's the age difference between
bulges and disks?

Does this has relation with galaxy
fundamental properties?

photometric bulge-disk decomposition

different surface brightness profiles
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The population-orbit superposition method

(1) Obtain the stellar orbit distributions
by fitting SB and kinematic maps
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The population-orbit superposition method

P /Py
(D Obtain the stellar orbit distributions e
by fitting SB and kinematic maps low Cold = Dynamical disk
-1.5 lo-gl (£SB-:)S 0.0 -100 v [liJme] 100 40 7 [l:ll)lfq] 80 -0.1 23 0.1 0.02 ()ll(!h4 010 014 0.5 [ ‘ ® . ‘_
e —— —— - Warm
20 <
. =10 E 2
Observatlon g Om E - ’ E E g e . ‘ H t
E,m H d E O
& s Dynamical bulge
e E H Eﬂ H Eﬂ -
-2020 0 0 10 20 20 -10 0 10 20 220 -10 0 10 20 20 -10 0 0 20 20 -10 0 1020 +0 I
’ -x[awsec] o -x[arcsec] o -x[arcsec] ’ -x[arcsec] - -x[arcsec] 0 10 R [arcsec] 20 30
(2) Tagging the stellar orbits with ages Lo
by fitting the age map The ages of
coLen 05 cold/warm/hot+CR
o o components
Observation 7, " ‘ ERY) ‘
=, =
: :
7 03 Disk age
:
Model i Bulge age
20 1.0

=20 <10 0 10 20
x [arcsec] R [arcsec]



IVI ethOd Vd I idation 3 simulated spiral galaxies from Auriga,

each with 3 different viewing angles
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Bulge Disk

| |

e t(hot+CR)>t(warm)>t(cold)
e t(hot+CR), t(warm), t(cold) all increase with stellar mass
* The increase of t(hot+CR) is faster than t(cold)

CALIFA Results

Apply to 82 CALIFA spiral galaxies
stellar mass: 108°~10113M,
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CALIFA Results

M,~1019Mgyp:
Age differences between the increase of t(hot+CR)-t(cold) become rapid
dynamical bulges and disks
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Bulge versus disk stellar ages
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Bulge stellar age versus bulge mass

| Second-wave bulges

| First-wave bulges
(Costantin+2022)
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This work (z=0):
82 spirals in CALIFA
67 ETGs in CALIFA

similar origins

Costantin+2022 (0.14<z<1):
spirals with first-wave bulges
spirals with second-wave bulges
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The bulges display a bimodal distribution of ages

similar origins



Summary

* We validate the population-orbit superposition method with CALIFA-like mock data, thus can quantify
the luminosity fractions and stellar age of different dynamical structures.

* We apply the method to 82 CALIFA spiral galaxies, and find:
(1) Both the dynamical disks and bulges are older in more massive galaxies.

(2) The bulges are older than disks in ~¥80% CALIFA spiral galaxies, with their age difference become larger
in more massive galaxies.

(3) Combining 82 spirals with 67 ETGs, the bulges in CALIFA galaxies show bimodality in both stellar age
and mass distributions, which is consistent with the two-wave bulge formation (Costantin+2022).
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