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OUTLINE

1) Description and differences between Dwarf Galaxies
and UFD

2) From observations to a numerical method
3) Dynamical evolution of UFD

4) Are UFD DM dominated?
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Summary Table (Parsecs)

Classification

dsph

dE

dirr

BCD

ucb

UFD

Typical Size (Diameter, pc)

90-900 pc

300-3,000 pc

300-9,000 pc

300-3,000 pc

20-180 pc

10-300 pc
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Dwarf Spheroidal
galaxies (dSph) are the
group of UFD

’ DM dominated
29 objects up to dat
Ultra-Faint Veroy it > wnresoived!
> 5000 in z < 0.01 Dwarf Galaxy

Generally very luminous

DM necessary



We define UFD anything fainter than - 7.7 mag (that is also a

galaxy)
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@ Confirmed dwarfs

© Suspected dwarfs

O Unclassified satellites
< Globular clusters
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Half-light radius (pc)

1,000

Magnitude limit for dwarf
(dimension is the first
degeneracy breaker
over 25 mag)

Constant
central surface
brightness lines
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Dispersion velocity is extremely challenging. Error bars are
gigantic....

But the brighter the source, the less big are the error bars!
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(a) the velocity
dispersion is
independent of
radius
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(b) the velocity
dispersion is
isotropic

(c) the mass
profile follows the
light profile.

M., =930¢ 2R, (Wolf2010)
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Simon 2019 selected those dispersion velocities and
calculated the half mass... Half masses are not too large...

Can we do an N-body simulation?



Object R M ten X g Z Age Lot Lv Lp

(pe)  (Ma)  (Gyr) (Gyr)  (Lo) (Lv.a) (Lo,o)

dSph 3 x 10* 107 1.79 % 10 0.747 0.252 0.001 13 1.35 x 10 1.38 x 107 1.67 x 107
UFD 50 5 x 10° 43.07 0.747  0.252  0.001 13 6.72x 0% 6.88 x 10" 837 x10°

In literature (Pianta et al. 2022 and references therein) dSph and UFD are
similar in age and chemical composition (Salvadori et al 2009).

The main differences is the size of UFD (much smaller), mass (3 order of
magnitude of difference) and luminosity (3 order of magnitude fainter).



Object R M ten X g Z Age Lot Lv Lp

(pe)  (Ma)  (Gyr) (Gyr)  (Lo) (Lv.a) (Lo,o)

dSph 3 x 10* 107 1.79 % 10 0.747 0.252 0.001 13 1.35 x 10 1.38 x 107 1.67 x 107
UFD 50 5 x 10° 43.07 0.747  0.252  0.001 13 6.72x 0% 6.88 x 10" 837 x10°

How about star formation history?

UFD are considered single-stellar population as compared to the dSph,
with possible multiple stellar populations (Vincenzo et al 2014)

Both are old, so we need to simulate at least an Hubble time to get today
status!



2 important issues:

1) Virialised??

2) Large 1D velocity dispersions



Are UFD (and dSph) virialized? No definitive answers, but
some examples (e.g., Ursa Major II, right) and counter-examples
(e.g., Hercules, left) are present.

UFD are faint, so very difficult to identify dynamical
parameters. Viral equilibrium is assumed from brighter dSph.




As for velocity dispersion, we use different % of binaries
in our simulations.

We DO NOT use DM density profiles, only stars!




But before that.... Binaries are important!



&y The role of (unresolved) binaries.
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Given a binary fraction 0 < f, <I over a population of single stars

AM = Mobs_M_f Gb ;
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Being 9.om>= M while 0, isnot:

binaries affect more the low mass systems

M is real mass of the
object.

Binaries dominates
velocity dispersion in
these systems.

Mass is
over-estimated if the
dispersion velocity is
too!

What is the role of
sigma for different
binaries?
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Although for
open-cluster like
models, Rastello 2020
already checked that
large binary fraction has
larger values for
luminosity weighted
dispersion velocity

Let’s see Pianta 2022 for
dSph and UFD...
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Smaller densities have larger dispersion
velocities.

Note that all these plots refers to initial
conditions from observations and
analytical considerations, not evolved
systems like we will do!
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a_. is the minimal
semi-major axis of
Pianta 2022 analytical
models, a__ the

) max
maximum.

Wider binaries reduce
the dispersion
velocity.

Smaller minimal
semi-major axis
enhance dispersion
velocity.



Ultra Faint Dwarf Galaxy properties

N= 82 000 stars

Q=05

rvie = 30 pc

Plummer model, Kroupa 2001 IMF

No external tidal field m,

Simulation time = 13.7 Gyr 0.66 = tret = 0.33 trer
trete = 6 Gyr ;146 = 1.98 Gyr bin

lrethm = 43 Gyr ; tggpm = 14.19 Gyr

Binary properties

Npin = 0,10,20,30,40,50 % of stars ~————————This means that X % of the
model names: UQ, U10, U20, U30, U40, US0 number of stars are in bina
random coupling for binaries (Weidner et al. 2009; Wang et al. 2015)
a=0.1-50 AU

Thermal distribution for eccentricity

Relatively compact binaries augment the velocity dispersion (Pianta 2022)
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lrel = 0.33 lrel

Mpin

We assume the density
from our initial conditions
and m, (average stellar
mass) from our IME

We assume the same
dispersion velocity for
both binaries and single
stars in the dynamical
friction timescale.
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0: Low main sequence (M < 0.7)
1: Main sequence

2: Hertzsprung gap (HG)

3: Red giant (RG) branch

4: Core Helium burning

5: First Asymptotic giant branch (AGB)
6: Second AGB

7: Helium main sequence

8: Helium HG

9: Helium giant branch

10: Helium white dwarf

11: Carbon-Oxygen white dwarf
12: Oxygen-Neon white dwarf
13: Neutron star

14: Black hole

15: Massless supernova remnant



https://docs.google.com/file/d/1-L7QAyIsebKGQa68BoFeQHUuClrj5Cnl/preview
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0, 20 and 40 % binaries...

No important differences
in the overall dynamics.
All system start to
segregate around 1 Gyr.
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0, 20 and 40 % binaries...

No important differences _
in the overall dynamics. & i l Grey 70 %
All system start o - | f
segregate around 1 Gyr.




0 10° 101 102 103 10%
ejection time (Myr)

0, 20 and 40 % binaries...

The surviving number of
particles seems to be
extremely similar,
although slightly more
particle are removed in
the 40 % sim.

Orange is binaries
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Let us analyse the 30 % model, which is
possibly the most realistic model
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https://docs.google.com/file/d/199AGhrSGWH9SXDEJC4y2ZhhaOWd_XrwZ/preview
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The lagrangian radii evolves similarly to the other models.

The segregation starts a little before 1 Gyr. Binaries are put in the core and giants are also formed around
that time.
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Surviving fraction of

The system lose about 10 % of the total mass in an Hubble time. 6 % comes from single stars, 4 % from
binaries.

The mass loss of the UFD grows during the segregation of stars and steady grows after 1 Gyr.
We lose just 20 % of total number of particles in the first 3 Gyr, and 80 % in the following 10.7 Gyrs.
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Dynamical binaries are too little and are destroyed quite quickly. All these binaries, in all models, are
wide (> 10° AU).

Primordial binaries, are ejected up to 16 % compared to the initial number of binaries, resulting in the
mass loss on the right.
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Numerically, as expected MS stars dominates. Although isolated, the system losses some NS.
WD and GS are the two other more common objects.

Luminosity-wise, RG becomes the more luminous objects after 1T Gyr.



. Method 1: the total velocity dispersion (hereafter,
denoted with o) is estimated accounting for all the
stars of the cluster as if “they were all single stars,” 1.e.,
independently of possible binarity. In practice, given N
velocity vectors, v; (i = 1.2, ..., N), we scaled them to the
proper rest frame to evaluate the total velocity dispersion

TN

g
_>aml=v'§ v, (1)

Peaks due to NS

where v; i1s the absolute value of v;.

. Method 2: here we make a distinction between the N,
single stars and the N, binaries, in that, in the velocity
dispersion calculation, we consider for every jth (j = 1.2,
N(,) binary co!nposed by lhc two masses my ; and myg j,
only its center of mass velocity,

ma j¥aj + Mg VB j
M;

Yemj =

where M; = my ; + mp; is the binary mass, to evaluate
the cluster velocity dispersion as

101 102 e
t (Myr) L \{N_ﬁm,(;" +,§"] 3)

3. Method 3: here we keep a distinction between single and
binary stars but, in this case, for every binary we consider
a luminosity averaged velocity

Lapaj + Lpjvs,
L; '

Yium,j =

where Lj= L, + Lg; is the binary total bolometric
luminosity, so to have a dispersion, oy, defined as

The luminosity depends on the sources. MS luminosity is constant, ‘
and it is altered only when the RG contribution to luminosity grows. = [~ >Vt + D Vium, |- 4)
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And how about the estimation on DM dominated UFD?
These results tell us that there is an overestimation of DM, as our system
have comparable dispersion velocity to observational ones!

No need for large DM abundance if there are undetected binaries!

More binaries larger
dispersion velocity.

We can estimate roughly,
the binary percentage.

20-30 % seems a good
estimation... but we didn’t
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Smaller densities have larger dispersion
velocities.

Note that all these plots refers to initial
conditions from observations and
analytical considerations, not evolved
systems like we will do!
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Conclusions

1. The dynamical evolution of an UFD is basically collisionless until 1 Gyr.
The presence of binaries, at a dynamical friction time, result in segregation
and collisions.

2. The mass loss is small in the span of an Hubble time, thus these objects
are possibly still massive and lost a small percentage of binaries.

3. The dispersion velocity in UFD is overestimated if we don’t account for
undetected binaries. Their roles is fundamental for an accurate
understanding of this objects.



Future perspectives

1. Finding exotic or strange objects in our UFD, and continuing the 50 %
simulation

2. Analysing the mass segregation observed in these objects, and
considering using different types of density profiles

3. Analyse different UFDs with our new knowledge!



20 % and 40 %, for 0 % the plots there is just a few dynamical binaries.

The binary component behaves similarly, except the inner regions are
initially more compressed for single stars in the 40 % model. This eventually

affects the overall evolution of the outer stars near the segregation time at 1
Gyr.
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20 % and 40 %, for 0 % the plots are going to be extremely similar.

The single component behaves similarly, except the inner regions are initially
more compressed for single stars in the 40 % model. This eventually affects
the overall evolution of the outer stars near the segregation time at 1 Gyr.
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https://docs.google.com/file/d/1nM3FVKcDv-ZMIGxqDMdgyl4x3CueglrI/preview
https://docs.google.com/file/d/1WnQL73YJucPxpp_f96D-pqAveKF4JS1a/preview
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https://docs.google.com/file/d/1XtA--79JgQB0MXC2k9lx-_rOSYcozf_a/preview
https://docs.google.com/file/d/1-IUOxveAGn85ttMHvGN_NbFFrgXZpLVK/preview
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