Transient spiral arms and
galaxy rotation curves

Francesco Sylos Labini

|CEC @1L > Institute for Complex Systems, CNR (Rome, Italy)
p -
CFERMI: »Enrico Fermi Center (Rome, Italy)













velocity

AN

C

blueshifted

redshifted /L

«—— bluer

wavelength redder —»




......
-~
-
-
-

- -
-
-
-
Se---
-—- -

~ R (x 1000 ly)




Ue (T) m (T) Spheroidal mass distribution
ma =m-— = 5
T T

M(r) < vi(r)-r~rT* a>0 (but also a < 0)

SCIENCE »Newton’s dynamics
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the galaxy carries the stars toward the > New ton 9 S graV i ty

observer, spectral lines are shifted to-
ward the blue region of the spectrum
with respect to the central velocity. On
the opposite side, where rotation carries
the stars away from the observer, lines

The Rotation of Spiral Galaxies :
are shifted toward the red spectral re-
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A MODIFICATION OF THE NEWTONIAN DYNAMICS AS A POSSIBLE

»Modified Newton dynamics

ALTERNATIVE TO THE HIDDEN MASS HYPOTHESIS'
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Rotation and Mass in the Milky Way and Spiral
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a = a. = — <{mmm) Stationary equilibrium
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» Not a trivial assumption! C.

> But used both by DM and MOND %,

» How long to relax ? Transients? Which QSS? %

»Dynamics of spiral galaxy formation
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Abstract

'he majority of astrophyvsics involves the stndy of spiral galaxies _and stars and planets within them but

how spiral arms in galaxies form and evolve is still a fundamental problem. Major progress in this field was
made primarily in the 1960s, and early 1970s, but since then there has been no comprehensive update on the

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
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» 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 i1s unambiguous, the spiral arms trail.

rotation

leading @ trailing




Winding Problem
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Prediction: 500 million years Observation: 15,000 million year:

Differential rotation rotation creates a spiral pattern in a short time






Dynamics of a spherical isolated cold cloud
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Joyce M., Marcos B., Sylos Labini F., MNRAS, 397, 2, 775-792 (2009) Sylos Labini, F. 2013, Astron.Astrophys, 552A, 36



Particles motion 1n a rapidly varying gravitational field

e(t) # const




Probability of being ejected
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From cold to warm clouds
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From cold to warm clouds
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Breaking of spherical symmetry

a=0 | a=0.5 a=1

a=1.5 _' a=2 a=2.5

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 1solated cloud
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Collapse of an ellipsoidal 1solated cloud
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Collapse of irregular inhomogeneous clouds
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Collapse of rotating ellipsoidal clouds
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» Long return times

» Spherically symmetric

potential

,» Energy conservation

, Angular momentum
conservation



Angular momentum conservation

r“m)d ~ const.
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»Two arms (mainly)
» Trailing arms
»No winding problem

»Pitch angle some tens degrees
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Erroz-Ferrier et al.,, MNRAS 451, 1004-1024 (2015)
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Erroz-Ferrier et al.,, MNRAS 451, 1004-1024 (2015)
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Figure A5. Same as Fig. A1 but for NGC 2712 (top) and NGC 2748 (bottom).
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i = 30.00, j = 30.00 angle major/kinematic = 39.55
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i=30,j=90
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(no core-cusp problem ..
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RADIAL MOTIONS IN DISK STARS: ELLIPTICITY OR SECULAR FLOWS?

M. L6PEZ-CORREDOIRA'? AND C. GONZALEZ-FERNANDEZ®

Vi (km/s)

Figure 2. Radial galactocentric velocity derived from Eq. (4)
with radial heliocentric velocities from APOGEE for RCG sources
within a region close to the Galactic center-Sun line. The blue line
and its error bars represent the average within bins of AR = 0.5
kpc. The region between both dashed lines is the zone within one
rms of dispersion of the points.
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The Radial Acceleration Relation in Rotationally Supported Galaxies

Stacy S. McGaugh and Federico Lelli
Department of Astronomy, Case Western Reserve University,
10900 Euclid Avenue, Cleveland, OH 44106, USA

James M. Schombert
Department of Physics, University of Oregon, Eugene, OR 97403, USA
(Dated: September 21, 2016)
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A New Method of Determining Distances to Galaxies

L xwv
(I) ~ const
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Small objects merging to form larger
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EVIDENCE FROM THE MOTIONS OF OLD STARS
THAT THE GALAXY COLLAPSED

O. J. EcGEN, D. LYNDEN-BELL,* AND A. R. SANDAGE
Mount Wilson and Palomar Observatories

Carnegie Institution of Washington, California Institute of Technology
Received May 17, 1962
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collapse and star formation

bulge halo

thin X
disk evolving

disk

continuous contraction forms thin disk :
formation of a disk with pre-enriched gas




Real physical CDM particles (...)

Problem.

Cosmological Simulations

10 — 100
Mpc3




Simulating the joint evolution of quasars, galaxies

1000.00 =TT and their large-scale distribution
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