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Tack, Oscar! Merci, Florent!

» You are not only my closest
collaborators and dearest friends,

but also part of my family ¢ @

» And many thanks to all of you
for participating in such an
amazing workshop! GRAZIE !



The specific angular momentum

® ;= J/M 1s one of the most fundamental galaxy
properties!

» Measuring and analysing j allows relating the
dynamics of present-day galaxies to models of
galaxy formation and evolution (see, e.g.,

; ).



® ;» has been measured for disc galaxies of all

morphological types: from lenticulars to blue
compact dwarts.

» We use high-quality data with a wide
dynamic range from the SPARC and the LITTLE
THINGS galaxy samples ( ;

, , ).



J for the dark matter halo

® jh 1s not a truly observable galaxy property, but
we ‘measure’ jh via two fundamental relations:
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Our analysis: a first view of jb Vs jn
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The baryonic-to-halo j ratio

® ;v/jn 1S thus a quantity ot great theoretical
importance!

» jv/jn measures the fraction of j retained by
baryons, 1.e. how well j 1s conserved 1n the
process of galaxy formation and evolution (see,

e.g., ).



Our analysis: basic constraints

Atomic Gas
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Our analysis: systematic trends

Stars
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Our analysis: systematic trends

Atomic Gas

lo scatter = 0.3 dex
corr. strength = 0.3-0.5
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® The core of the problem:
Are barred galaxies characterized by values of j
that are systematically different from those of
non-barred galaxies?

» (Observational test of the Efstathiou, LLake &
Negroponte (1982) bar instability criterion

» Self-regulation ot galaxy discs driven by
local gravitational instabilities



The ELN criterion
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Observational test of the ELN criterion

® Motivations behind such a test:

» The ELN criterion 1s used by all current semi-
analytic models of galaxy formation and
evolution to ‘create’ bulges 1n disc galaxies that
are predicted to be bar unstable.

» This 1s the first observational test performed
on the ELN criterion; and 1t 1s statistically
unbiased.



Our analysis: overall accuracy

Test of the ELN criterion: Eq. (9) Test of the ELN criterion: Eq. (10)
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Our analysis: systematic trends

Stars
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log [A(j,/ip)/ (M,/My)]
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Our analysis: systematic trends
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Self-regulation of galaxy discs

e A fundamental physical process that

constrains how gravitationally (un)stable galaxy
discs are.
What 1s the constraint?

KO
b TG

O = 17 No: theoretically motivated BUT
mostly inconsistent with observations!




THINGS, HERACLES and SINGS

Atomic Gas Molecular Gas Stars
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The constraint on the disc as a whole

1
) o
ORF Z TQz

ORrr = 2-3: theoretically motivated AND
fully consistent with observations!




THINGS, HERACLES and SINGS
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The constraint on each disc component

JiOi .
> ~ | fori =x,HI, H,
GM:

& <QOx>=2-3, <Qu> ~ 10, <Qn2> ~ 10:

fully consistent with observations AND
more predictive than Orr = 2-3!



SPARC and LITTLE THINGS

Our scaling relation
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THINGS, WHISP and LITTLE THINGS

Our scaling relation
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Our analysis: systematic trends

Stars Atomic Gas
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Our analysis: further tests

Stars
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What do we learn?

» It 1s amazingly challenging to characterize
barred galaxies from a gravitational instability
point of view!

» This has important implications especially for
semi-analytic modelling of galaxy formation and
evolution.



But this is not the end of the story!

» Amazingly, bars within bars” are easier to
characterize ...

» not as global, but as
local gravitational instabilities,

» using not the Q stability parameter, but
the characteristic instability scale: Ac = 27 o/x!
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NGC 1068: a double-barred galaxy
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CONCLUSION

e Our analysis solves important aspects of the
angular momentum problem, and imposes tight
constraints not only on j itself but also on its
connection with galaxy morphology, bar
structure and disc gravitational instability.

» Our results on barred galaxies are of
particular interest for semi-analytic modelling of
galaxy formation and evolution (see

).



This is not yet the end of the story!

e et me advertise two other possible talks:

» Disc gravitational instability has a strong
impact on galaxy scaling relations

» State-of-the-art diagnostics for detecting
gravitational instabilities 1n galaxy discs

Email me if you are interested!



Extra slides

e <> versus ELLN parameter

® jb/jh versus basic galaxy properties
® jx/jn versus basic galaxy properties
® jui/jnh versus basic galaxy properties

e \ = log-normal versus A = constant

e Further test of the ELN criterion: HI vs %



(Q) X jo/GM x E*a/V
Romeo & Mogotsi (2018), MNRAS, 480, .23

» <> can be regarded as an improved version
of € that takes into account the disc velocity

dispersion, which 1s an important ingredient
missing from & ( ).
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