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We have so far obtained
DM free models for:
• Bootes (Fellhauer et al. 2008)

• Ursa Major II (Smith et al. 2013)

• Hercules (Blaña et al. 2015)

• Segue 1 (Dominguez et al. 2017)

• Canes Venaticii I (Matus Carillo et al. 2020)

• Coma Berenice (Letelier thesis work)
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Dissolving Star Cluster Model:

dark 
matter 
halo



gas falls 
into the 
centre of 
the halo

Dissolving Star Cluster Model:



gas forms 
small 
clusters and 
associations 
of stars

Dissolving Star Cluster Model:



The 
clusters 
orbit the 
central 
part of the 
halo and 
dissolve

Dissolving Star Cluster Model:



forming the 
luminous part of 
the dSph galaxy

Dissolving Star Cluster Model:



Is there an S-shape in the contours, 
i.e. is Boo tidally disturbed ? 

Bootes I
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UrsaMajor II

In dSph galaxies we see 
surface brightness contours 
which are not perfect ellipses. 
They have twists and turns 
and sometimes we even see a 
secondary density peak.
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Hercules I
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We see exactly the same in 
our models.

Assmann et al 2013ab
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In our mdeols we see signs of 
coherent motions of many 
stars – like streams or even 
rotations signals.
Can we see the same in the 
velocity data of real dSph?



NO?

Fornax 
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But…
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We tried to 
detect 
chemo-
dynamical 
stream and 
patterns with 
our 
simulations 
and with real 
velocity data 
from Leo I

Beacon

Alarcon Jara et al 2023
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Figure 5. Number of streams recovered with Beacon varying the
MCS: Blue rectangles are mean numbers taken from 3 simulations
of the dissolving star cluster model consisting of 16 streams. Black
triangles pointing up are for a Plummer sphere distribution with
no rotation patterns, green triangles pointing down are Leo I fake
data, also with no rotation patterns. Red circles are the results of
Beacon applied to the observational data-set of the Leo I dSph.
We use 2 as value for the weight of the metalicity and a sensitivity
of 0.85 and change the minimum cluster size MCS.

show the direction of the projected angular momentum. It
is clearly visible that the stars from di↵erent dissolved star
clusters follow similar orbits, since the stars with positive
velocities are located at one side of the centre of the galaxy
and at the opposite side are the stars with negative veloc-
ities. Middle panels show as the x-axis the distance to the
centre and as y-axis vz velocities. Black dots are the stars
of the dissolved star cluster and red dots are the stars that
BEACON recovers as a stream. We can see that BEACON
recovers a large part of the stars from the sample, but a few
of them were missed out or miss-classified. Also some stars
from other star clusters are miss-classified as member of a
particular stream. In the right panels we show the particles
recovered by BEACON in colour and in black the stars which
belong to the same star cluster. In these examples BEACON
was able to recover most of the stars which show a strong
rotation signal, with a few false detected stars which do not
belong to the star cluster. We can see that there are a small
mismatches between the projected angular momentum re-
covered and the real, due to the missed out stars.

3.2 Comparison with Mock Data

As a next step we want to check how significant our detection
of streams is in comparison to mock data, which by design
contains no streaming motion whatsoever.

Again, we construct samples of stars from our simula-
tions and from the mock data of a non-rotating Plummer
sphere and the fake Leo I data. The size of the samples is
the same as the number of observed stars we have. To the
’exact’ data we add observational errors as determined for
our Leo I data-set. Now Beacon gets applied with the pa-
rameters shown in Tab. 1 kept constant and varying the

sensitivity by varying the parameter MCS. The results are
shown in Fig. 5.

The black and green triangles show the detected
’streams’ in the mock data which by construction does not
contain any streams. One can see clearly that the number of
false detections decreases exponentially with decreasing the
sensitivity, i.e. requiring more stars for the stream detection
(increasing MCS). Error-bars to these values are possible as
we construct 1000 samples from our mock data.

The blue squares show the number of detected streams
in our dissolving star cluster simulations consisting of 16
di↵erent star clusters. We use three di↵erent samples from
three di↵erent simulations to be able to place error-bars to
the measured values.

If we would use the ’exact’ data of one sample, which
would allow the detection of all streams, we would expect a
curve in which for small MCS the ’real’ detection would be
surpassed by the ’noise’ of ’false’ detections. Once the ’false’
detections fall below the number of ’real’ detectable streams,
the data points should show an almost constant value as
function of MCS, i.e. the ’real’ streams plus some small con-
tribution of the ’noise’. Once MCS reaches the sample size of
the stars belonging to a stream, the detection signal should
disappear rapidly back to the ’noise’ level.

As we are using multiple samples from di↵erent sim-
ulations, we cannot expect such a curve. Instead we have
to deal with a super-position of a multitude of such curves,
smearing out this clear ’signal’. Still, what we see is, that as
soon as we require an MCS > 8, the blue symbols are always
above the curves of false detections.

The red circles are based on the observational data of
Leo I which we will talk about in the next section.

Unluckily, the small sample size of less than a thousand
stars combined with the observational uncertainties and the
fact that in those cases we might only detect 1/4 of the
actual streams present (see Sect. 3.1), i.e. 4 streams, leads
to overlapping error-bars, i.e. the ’real’ detections of streams
are not above the ’noise’ level by a statistically significant
amount.

3.3 Observational Results

In Fig. 5 the black and green triangles represented the mock
data. In an ideal world we would like the response of Beacon

to be zero. This is not the case and if we reduce the sensi-
bility of Beacon such that we get an almost zero response
in the no-stream data sets, we also get a similar response
for the simulation data, where streams are clearly presents
(blue squares). And for very high sensitivities the response of
Beacon gives us more streams as there are actually present.

To analyse the observational data of Leo I we require
that Beacon does not recover more streams as actually
present for the dissolving star cluster data (i.e. 16 streams
for the blue symbols). Furthermore, we want the false detec-
tion (green and black) to be below the number of streams
detected in the real observational data (red dots). These re-
quirements are matched using a MCS range between 8 and
11.

Furthermore, we note that the red data-points follow
a pattern as we have predicted theoretically in Sect. 3.2.
This could be a clear sign that there is actually detectable
streaming motion present in the observational data of Leo I.
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Chemo-Kinematics of Leo 1
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Analysis of Fornax data
del Pino et al. 2017





Star Formation Histories of dSph











Formation of Ultra-Faint dSph

Fractal inside
a DM halo

(Aravena et al.)
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Segue 1



UMa II
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UrsaMajor I


