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Mass & Angular Momentum

e (Galaxy structure & morphology
e Scaling laws: mass-velocity, mass-size...

¢ Mass — Angular momentum:
- fundamental quantities
- independent quantities
- subject to conservation laws

Mass ~ 2.6 x 1011 M, Mass ~ 2.6 x 1011 M,

J ~ 8 x 104 Mun kpc km/s J ~ 2 x 10% Mun kpc km/s
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Measuring angular momentum in stars
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Measuring angular momentum in stars
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Measuring angular momentum in stars

Good infrared photometry (3.6um)
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Measuring angular momentum in stars
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Measuring angular momentum in stars

Good infrared photometry (3.6um)

Extended rotation curves (HI)

e J. Increases with radius

* Most AM 1s 1n the outskirts of galaxies

e J. profile flattens out at about ~5 Rq

* For exponential discs with flat Viot:

J+ = 2R3V

~50% of AM
outside 2Rg
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Measuring angular momentum in stars

Good infrared photometry (3.6um)

Extended rotation curves (HI)

e J. Increases with radius

* Most AM 1s 1n the outskirts of galaxies

e J. profile flattens out at about ~5 Rq
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Measuring angular momentum in stars
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e J. profile flattens out at about ~5 Rq log R/Rq  [Posti et al. (2018b)

SPARC: 175 galaxies with accurate HI rotation

 For exponential discs with flat Vot: curves and 3.6um photometry (Lelli et al. 2016)

J+ = 2R3V




Measuring angular momentum in stars
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The Fall relation in the nearby Universe
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What do we learn from the Fall relation?
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What do we learn from the Fall relation?

X )\]\42/3

DM + gas

Tidal Torque Theory (TTT)

F

Fall & Efstathiou (1980)
Dalcanton et al. (1997)
Mo, Mao & White (1998)

[...]

- foMa

star formation efficiency

I+

7
fi=:
’ JA

retained fraction of
angular momentum

G o INf5 F P M2
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What do we learn from the Fall relation?
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stellar/halo mass

What do we learn from the Fall relation?
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stellar/halo mass

What do we learn from the Fall relation?
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What do we learn from the Fall relation?

. - —92/31 2 +2/3 M, s
Jx X [A fj [ /-M*/ f*_fbMA fj_jA

- Posti + 18 o

f; must vary as a function of mass
f; closely follows f.

p—
O
o\
llll

Angular Momentum /kpc km s
=

el
-

p—
L I

R T T



What do we learn from the Fall relation?
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Which are the implications for galaxy formation?

.+ e Star formation proceeds inside-out:
star formation :
from low-j to high-j gas

e Baryonic collapse is biased to low-j
material
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Which are the implications for galaxy formation?

.+ e Star formation proceeds inside-out:
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Which are the implications for galaxy formation?
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star formation : . . . - |
from low-j to high-j gas A0

L

. ’\

e Baryonic collapse is biased to low-j
. matenal

@ [f angular momentum 1s distributed as

Routé ](< T) X Mgas(< T)S

e.g. Bullock et al. (2001)

i fj — f: Posti et al. (2018b)

van den Bosch et al. (1999)
Dutton & van den Bosch (2012)
Romanowsky & Fall (2012)

log jq/kpckms™?




Conclusions

® The j-M relation (“Fall relation”) 1s amongst the most fundamental laws of galaxy structure
® Most of the angular momentum 1s 1n the outskirts: need extended rotation curves (HI)!
e The Fall relation 1s a single, unbroken power-law from dwarf to massive spirals

® The retained fraction of angular momentum follows the star formation efficiency

logf; « logf:
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