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! Newton’s dynamics  

! Newton’s gravity 

! Equilibrium 

ma = m
v2c (r)

r
=

GmM(r)

r2
! M(r) / v2c (r) · r ⇠ r↵

FN = ma

M(r) / v2c (r) · r ⇠ r1+↵ ↵ � 0 (but also ↵ < 0)

Spheroidal mass distribution 



P (v) ⇡ isotropic



! Modified Newton dynamics  
! Newton gravity  
! Equilibrium 

FN = mµ

✓
a

a0

◆
a µ(x) ! 1 for x � 1

µ(x) ! x for x ⌧ 1

m
a2

a0
= m

(v2/r)2

a0
=

GMm

r2
! v4 = GMa0

FN = m
a2

a0
for a < a0



nRev(R) =
Tage

⌧Rev(R)
=

Tagevc(R)

2⇡R
⇡ 30��

R/10Kpc
TG = 10 ·� Gyr

vG = 200� km sec�1
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! Not a trivial assumption! 

! But used both by DM and MOND 

! How long to relax ? Transients? Which QSS?  

! Dynamics of spiral galaxy formation  

a = ac =
v2

r
Stationary equilibrium 





Three main mechanisms hypothesised to produce spiral arms  
 
!   Quasi-stationary density wave theory  
!   Local instabilities, perturbations, or noise which are swing amplified into spiral arms  
!   Tidal interactions 







!  The strength and number of arms: The dominance of two-armed patterns in grand-
design spirals is a striking observational fact that demands explanation in a 
successful theory of spiral structure. 



Trailing nature of arms  
 

In  all cases in which the answer is unambiguous, the spiral arms trail.  



Winding Problem 

Differential rotation rotation creates a spiral pattern in a short time  





Dynamics of a spherical isolated cold cloud

d2~ri
dt2

= �Gm
j=1,NX

j 6=i

~ri � ~rj
|~ri � ~rj |3

Joyce M., Marcos B.,  Sylos Labini F.,   MNRAS,  397, 2, 775-792 (2009)  Sylos Labini, F. 2013,  Astron.Astrophys, 552A, 36 

Etot = const
~Ltot = const
~Ptot = const



Particles motion in a rapidly varying gravitational field  

✏(t) 6= const



Probability of being ejected



From cold to warm clouds

contraction 

Sylos Labini, F, Mon.Not.R.Acad.Soc, 429, 679, 2013 
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From cold to warm clouds

Sylos Labini, F, 2012, Mon.Not.R.Acad.Soc., 423, 1610S 

b =
2K

W



Breaking of spherical symmetry

Benhaiem	D.	Joyce	M.,	Sylos	Labini	F.,	Worrakiponpon,	T.	A&A,	585,	A139,	2016	



Generation of Angular Momentum  

Benhaiem D. Joyce M., Sylos Labini F., Worrakiponpon, T. A&A, 585, A139, 2016 



Collapse of an ellipsoidal isolated cloud 

ax � ay � az

◆x =
ax
az

� 1

◆y =
ay
az

� 1

 Benhaiem & Sylos Labini Mon.Not.R. Astron. Soc 448, 2634-2643 (2015) 



Collapse of an ellipsoidal isolated cloud 



Collapse of irregular inhomogeneous clouds 

Benhaiem & Sylos Labini, Astron.Astrophys. 598, A95 (2017) 



Collapse of rotating ellipsoidal clouds 

X	
Y	

Z	

~v = ~⌦⇥ ~r

~⌦ = [0, 0,⌦]

⌧d =

r
⇡2a33
8GM

D. Benhaiem, M. Joyce, F. Sylos Labini,  Astrophys.J in the press (2017) 





✏  0 Long return times 
 
Spherically symmetric 
potential 
 
Energy conservation 
 
Angular momentum 
conservation  
 

�(r) ⇠ GMc

r

✏(t) ⇡ const.

~̀(t) ⇡ const.



 
Angular momentum conservation  
 

~̀= ~r ⇥m~v = (r2m)~! ⇡ const.

|~!| = |~v?|
r









! Two arms (mainly) 

! Trailing arms  

! No winding problem  

! Pitch angle some tens degrees  
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vr =
~r · ~v
r

~vt =
~r ⇥ ~v

r

Mc =
v2 · r
G

�(r) = 1� hv2t i
2hv2ri





⌧d =

r
⇡2a33
8GM

v200 =
a3/⌧d
200

km/sec

a3 ⇡
✓
200 v200

n
⇥ tGyr

◆
kpc

n ⇡ 50

tGyr ⇠ 1
M =

⇡2a33
8G⌧d

⇡ 1011M�

R1 ⇡ 2 kpc
R2 ⇡ 50 kpc
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(no	core-cusp	problem	…)	







determines the position, 
parallax, and annual 
proper motion of 1 
billion stars with an 
accuracy of about 20 

microarcseconds at 15 
mag, and 200 µas at 20 

mag. 





ac /
p
g(r)



ac ⇡
v2max

r
g(r) ⇡ GMc

r2

ac ⇡
v2max

r
⇡

p
a0 g(r)

a0 =
v4max

GMc



L =

✓
L

M

◆2 1

G2 hIiv
4 ! L / v4

hIi ⇡ const

M

L
⇡ const

M ⇠ r (DM….) 

TF " correlation DM and VM  

















CDM	
	



Time	



CDM	
	

Small scales ! 



Time	





Cosmological Simulations 
	
	

Real physical CDM particles (…) 

Problem:		 ⇤ > rmin

1030 � 1080

Mpc3
10� 100

Mpc3



Non linear clustering in 

✏ ⇡ ⇤

10
< r < 10⇤
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