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Introduction

Our galaxy
The Milky Way
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The Milky Way total (gravitational

(Wang 2019, https://arxiv.org/abs/1912.02599)
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265 millions of stars !
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https://sci.esa.int/j/61461 Anhders et al. 2019
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Robert Nemiroff (MTU) & Jerry Bonnell (USRA)















Eilers et al. 2018 (this work) vc: linear fit bulge
Huang et al. 2016 ——— 1. all stellar components + halo thin disk
Lopez-Corredoira et al. 2014 halo: NFW-profile fit thick disk -

Kafle et al. 2012 all stellar components
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systematlc error
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Eilers et al. 2019










Observation of Galaxies

The Local Group

~ 3 Mpc
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distance 847 kpc, total mass 6x10*°M
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distance 660 kpc, total mass ~2x10°M



+ about 130 satellite dwarfs...

1500
1000 —
— o SexB - SexA
sm) — .LEM... .
D MGC3109
& .EGB T
Z 0 —
| NGS5,
500 AndXVIII .“ .Dai..?‘;lﬂ
0gp13 ~Tue

Eoﬂlsou




+ about 130 satellite dwarfs...




+ about 130 satellite dwarfs...
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+ about 130 satellite dwarfs...
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+ about 130 satellite dwarfs...
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Temps = 4815 Millions d'années | = .




Observation of Galaxies

Beyond the LG... the
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Observation of Galaxies

Beyond the LG... the LV

12p

ug

~500 galaxies
with D < 10 Mpc

2010

SDSS Sloan Digital Sky Survey
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The most detailed 3D view of the Universe

SDSS/eBOSS

/lyoutu.be/KJIXbcf8kxA

https


https://youtu.be/KJJXbcf8kxA

Observation of Galaxies

Luminosity Distribution
Function



Luminosity distribution function

Luminosity Function: Schechter law (1976)

number of galaxies in the luminosity range [L, L+dL]

L dL

®(L)dL = P, (L—a) exp(~L/L.) 7

with o-~=-1.1
L, ~= 2.9x10%0 |
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FiG. 2.—Best fit of analytic expression to observed com-
posite cluster galaxy luminosity distribution. Filled circles
show the effect of including cD galaxies in composite.

Schechter 1976
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Stellar feedback ? 10~
UV-background ?
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— — — Mcdel 1 = Halo mass function

--------- Model 2 = Cocling

— — Model 2 = Photolonization

Model 4 = Merpging

AGN feedback ?
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Benson et al. 2003



Observation of Galaxies

The Hubble-De Vaucouleurs
Seguence
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Observation of Galaxies

Elliptical Galaxies

HUBBLE-DE VAUCOULEURS DIAGRAM

) B &t
‘,- ) o +
LR W

- .

Irregulars




M87 (cD or BCG, bright cluster galaxy) and several other ellipticals
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NGC 1132, ;a_g"iant- cD elliptical galaxy. =~ . ¢

g Tt e T R - Credit: HST NASA/ESA



NGC 1316 -

Credit : ESO VLT



Observation of Galaxies

Spiral Galaxies
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Spiral Galaxies

The relative importance of bulges with respect to disks is

a classification criteria of spiral galaxies.
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NGC 1365 SBb » -y . &




NGC 1300 SBb
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Observation of Galaxies

Lenticular Galaxies

HUBBLE-DE VAUCOULEURS DIAGRAM
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The lenticular galaxy NGC 5866
o y '




The Ienticular'galaxy NGC 1381
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Observation of Galaxies

Dwarf spheroidal (dSph) + ultra-faint
dwarfs (UFDs)
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Dark Energy Survey




Observation of Galaxies

Irregular Galaxies
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The Large Magel_lanic Cloud (LMC)
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NGC 6745

Credit : Hubble



Observation of Galaxies

Hubble Lemalitre Law



A Relation between Distance and Radial Velocity among Extra-Galactic Nebulae

S00KM
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Hubble 1929



Hubble Constant (km/sec)/Mpc

Historical evolution of the
Hubble constant
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The Hubble Tension

Early & Late Universe

67.4195
Early —=

Planck

Planck, no TT

67.6711
Srrgell

No BAO

Planck, no TT

No CMB

BAO+BBN
68.3197 No Planck, CMB + BAO
—_——
WMAP+BAO
67.2138 No Planck, CMB + BAO
—_——
ACTPol+BAD
685132 No Planck, CMB + BAO
—_——
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Late —aeid
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il 5
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oo B
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=il
JA3*33 No SNIa
0+1.2 ; .
74.0775 No Lensing (Cepheid DL)
T30 No LMC (")
No MW (")
No N4258 (")
Riess 2020 73.7415 No SBF (*)
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Observation of Galaxies

The cosmic star formation
history
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The Gravity :
a long distance force
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Relaxation Time

Question :
How accurate is the assumption that a galaxy may be
modelled as a smooth distribution ?

1) Effect of one star on the orbit of a peculiar star.
2) Effect of all stars of a stellar system on a peculiar star.
3) Under which conditions the orbit of a peculiar star is strongly influenced

by the discrete nature of the stellar system (importance of “collision” with
other stars).



@ ES*—IH&LE 1"L£ e“an a" Owvae Si-a.\f O LLQ *rmienLr—yr-D

ot o ?ecu\-'c:v sSkev

t- - oo SULS-::L Slev E-o0

1': - I\M?nnl—

ﬁ)evn\meh ¥

o Ficdd slar

We assvme a 'Slrca{sLL

‘l't\ﬂ'f. Lfﬁ&,( DLOY—'}

.n) CR-_N — - aJou-} 5% (F”) does wok mH’cr, os it s Sjwt_"h't;
(H'" shev J‘*u)f-r-l‘c afhev ?nS‘S-'L-b e "‘blol Shlar
'2.) QCE’J'&VQL;“-F— -F.er'r- Pﬁ..ej.'r_-..lqy- = oe (F.l_)



IF, = [F, | cse
W'l“/\ > = VE
N&wLM 2‘"* 'O.W

1A

Crmw o

G v =

LUL Ces & = .é.
-

. N

w4+ L2 Jatsl® (-r‘.: LI)S/Z

Ll
o
~
f"h\
4+
F—
A8
N

'lal'.
| -y
Fos iR = S (2
L2 L
FJ- - ™y Ay - A ﬂ



i

L1

vie b \Jclar.:lvj

e Yreoge



G w %
v, = f("* st ) A
L* E
gy, = B 2 b
L* v
Qee L‘crklf."v- Io‘l-kﬂrm[\nv\ i
ab g elo
sech of Hha anSeS‘L
er-:r-ﬂc,L\ o
rproneL
Noke

ovr huoelhes:
3? 4 Y0 ] ol o 5‘1"":7\?5"\{' ];v\{ 'S olv(

2 6w
vl.

b >»

550

!Dﬁo deh—

69 V = dV

SV cc V

JV



@ Et‘[’ul— b" a.” S'LIUVS of & ‘:Lg,,"al- S':'Slth-—. o Fle

+rnécnlﬂer3 ol a Ptr_ul:nr <ha v

U : }'ul-n.l hul.-uL-l-r- ol' 'S'l-wg R J'b?'-r_‘..'P Sile GF J-LQ TJS\L(M
- PO T o‘zhg;l- o[t' ‘-_;']r-wﬁ Y uw.‘.]— of Sur e ea AT ﬂ.
5 P <
m

© numbe of shars wmel Ly the sk with [b, bsdh ]

WL\:C’L‘ Hin ML"—.! [~ C;:V' = E_G—.h CLQ“JA O(' V,l_
- ]DV
N - b oAb . o

db
- anbJdh M Y /@




Eac.L '51—1»— . l'L-g rta}_ v d A can o Jl; O" e Save
a-.h-.P‘:L..o‘n. ) S Hol I a.\,-:r..a,., Z J\? £ O
- T
b s e e Z Vv ¥+ O
/
| & t A "«f..j|
gV #
/t e e
—t> _@
: “dv { . ‘ Ty
e *
T Liaiee » 52
C&uksun-_l.'c—» 3';31-;4__ \-LII ac;‘tﬁ gf"“‘"‘-
ES‘"EW\LEFM {5" Z 5\:1
1 g
g 2 Gw a NG w a“:
£svt - Sw.osit s (enkdh MY ) - =
TR* by



Spread in the velocity space due to two-body encounters
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Numerical application / Relaxation Time
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Numerical illustration

Orbit of a point mass in an homogeneous sphere
sampled with a discrete number of stars.
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The End
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