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Figure 9. Magellanic Stream and Clouds in H i (red) with an optical all-sky image (blue, white, and brown; Mellinger 2009) in Aitoff projection with the direction to
the Galactic center at the center.

5. DISCUSSION

Besla et al. (2007) presented new orbits for the MCs that place
them much farther from the MW in the past than previously
thought. If the model orbits are correct, then it is difficult to
understand how ram pressure or tidal forces created a long
MS since these forces require the MCs to be fairly close
to the MW for quite some time to be effective. Some other
mechanisms, for example, dynamical processes associated with
star formation, are probably required to help the gas escape the
MCs when at large distances from the MW. The suspected role
of star formation in the formation of the MS by Besla et al.
is in agreement with the independent observational findings of
Nidever et al. (2008) that one of the MS filaments originates
in a region of the LMC with gaseous outflows plausibly linked
to supergiant shells and star formation. Also, Bekki & Chiba
(2009) found that they could not reproduce the observed MS
distribution in their N-body models if the new space velocities
for the MCs were used. On the other hand, Mastropietro (2009,
2010) was able to produce a 120◦ long stream using ram pressure
and the new, higher-velocity MC orbits. However, as shown
here, the MS is 40◦ longer than previously established—and
probably even longer. It is unclear from current simulations
if ram pressure and/or tidal forces alone can account for
a stream of this length. Thus, our finding of a longer MS
offers an additional challenge to tidal and ram pressure models.
Future surveys of the MS tip may provide even more stringent
requirements on MS models and possibly further constrain the
MC orbits.

The deviation of the eastern portion of the MS from the
equator of the MS coordinate system was already seen by P03,
but the very coherent deviation of the new S0 filament for more
than ∼ 45◦ has not been seen until now. The tidal MS models
by Connors et al. (2006) reproduce this deviation fairly well
(as well as multiple filaments), while Mastropietro et al. (2005)
show a deviation in the opposite direction and Mastropietro

(2009) show only a small deviation (with one filament). It is not
entirely clear why the deviation of the S0 filament occurs.

Besla et al. (2007) show that there is a ∼ 10◦ deviation of
the LMC/SMC orbital paths (to negative BMS) compared to
the location of the MS. Previous MS models (e.g., Gardiner &
Noguchi 1996; Connors et al. 2006; Mastropietro et al. 2005)
used a small value for the northern component of the proper
motion (µN ) or the (closely corresponding) X-component of the
Galactocentric velocity (vx ) in order to bring the MC orbital
paths into alignment with the MS. However, these assumed
theoretical values are inconsistent with the observed proper
motions (van der Marel et al. 2002; Kallivayalil et al. 2006a,
2006b). This disagreement between the orbital paths and the
observed MS cannot be solved by changing the MW mass or by
using an aspherical MW potential (Besla et al. 2007). The newly
confirmed ∼ 40◦ extension of the MS, and the large deviation of
the S0 filament (toward positive BMS), further exacerbates the
problem.

We investigated the K1 and GN96 LMC orbits from Besla
et al. (2007) and found that the velocity inflection does not
correspond to any physically identifiable part of these orbit
(unlike, e.g., VGSR = 0 km s− 1 which corresponds to peri-
or apo-galacticon). The inflection is just the point in the orbit
at which the satellite is approaching the observer with the
maximum speed, and is then dependent on the position of
the observer with respect to the orbit. However, at a given
observing position, the position of the velocity inflection (and
the maximum approach velocity) is sensitive to the initial space
velocity of the computed orbit. This newly found, distinct feature
in the otherwise remarkably linear velocity structure of the MS
should provide a new constraint for MS simulations.

We have shown that the velocity of Wright’s Cloud is in close
agreement with the velocity of the MS gas in the same region
of the sky. This might be an indication that Wright’s Cloud is
part of the MS. Another interpretation is that Wright’s Cloud
is not gas that escaped from the MCs, but rather is part of a
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paths into alignment with the MS. However, these assumed
theoretical values are inconsistent with the observed proper
motions (van der Marel et al. 2002; Kallivayalil et al. 2006a,
2006b). This disagreement between the orbital paths and the
observed MS cannot be solved by changing the MW mass or by
using an aspherical MW potential (Besla et al. 2007). The newly
confirmed ∼ 40◦ extension of the MS, and the large deviation of
the S0 filament (toward positive BMS), further exacerbates the
problem.

We investigated the K1 and GN96 LMC orbits from Besla
et al. (2007) and found that the velocity inflection does not
correspond to any physically identifiable part of these orbit
(unlike, e.g., VGSR = 0 km s− 1 which corresponds to peri-
or apo-galacticon). The inflection is just the point in the orbit
at which the satellite is approaching the observer with the
maximum speed, and is then dependent on the position of
the observer with respect to the orbit. However, at a given
observing position, the position of the velocity inflection (and
the maximum approach velocity) is sensitive to the initial space
velocity of the computed orbit. This newly found, distinct feature
in the otherwise remarkably linear velocity structure of the MS
should provide a new constraint for MS simulations.

We have shown that the velocity of Wright’s Cloud is in close
agreement with the velocity of the MS gas in the same region
of the sky. This might be an indication that Wright’s Cloud is
part of the MS. Another interpretation is that Wright’s Cloud
is not gas that escaped from the MCs, but rather is part of a

No. 2, 2010 THE 200◦ LONG MAGELLANIC STREAM SYSTEM 1627

Figure 9. Magellanic Stream and Clouds in H i (red) with an optical all-sky image (blue, white, and brown; Mellinger 2009) in Aitoff projection with the direction to
the Galactic center at the center.

5. DISCUSSION

Besla et al. (2007) presented new orbits for the MCs that place
them much farther from the MW in the past than previously
thought. If the model orbits are correct, then it is difficult to
understand how ram pressure or tidal forces created a long
MS since these forces require the MCs to be fairly close
to the MW for quite some time to be effective. Some other
mechanisms, for example, dynamical processes associated with
star formation, are probably required to help the gas escape the
MCs when at large distances from the MW. The suspected role
of star formation in the formation of the MS by Besla et al.
is in agreement with the independent observational findings of
Nidever et al. (2008) that one of the MS filaments originates
in a region of the LMC with gaseous outflows plausibly linked
to supergiant shells and star formation. Also, Bekki & Chiba
(2009) found that they could not reproduce the observed MS
distribution in their N-body models if the new space velocities
for the MCs were used. On the other hand, Mastropietro (2009,
2010) was able to produce a 120◦ long stream using ram pressure
and the new, higher-velocity MC orbits. However, as shown
here, the MS is 40◦ longer than previously established—and
probably even longer. It is unclear from current simulations
if ram pressure and/or tidal forces alone can account for
a stream of this length. Thus, our finding of a longer MS
offers an additional challenge to tidal and ram pressure models.
Future surveys of the MS tip may provide even more stringent
requirements on MS models and possibly further constrain the
MC orbits.

The deviation of the eastern portion of the MS from the
equator of the MS coordinate system was already seen by P03,
but the very coherent deviation of the new S0 filament for more
than ∼ 45◦ has not been seen until now. The tidal MS models
by Connors et al. (2006) reproduce this deviation fairly well
(as well as multiple filaments), while Mastropietro et al. (2005)
show a deviation in the opposite direction and Mastropietro

(2009) show only a small deviation (with one filament). It is not
entirely clear why the deviation of the S0 filament occurs.

Besla et al. (2007) show that there is a ∼ 10◦ deviation of
the LMC/SMC orbital paths (to negative BMS) compared to
the location of the MS. Previous MS models (e.g., Gardiner &
Noguchi 1996; Connors et al. 2006; Mastropietro et al. 2005)
used a small value for the northern component of the proper
motion (µN ) or the (closely corresponding) X-component of the
Galactocentric velocity (vx ) in order to bring the MC orbital
paths into alignment with the MS. However, these assumed
theoretical values are inconsistent with the observed proper
motions (van der Marel et al. 2002; Kallivayalil et al. 2006a,
2006b). This disagreement between the orbital paths and the
observed MS cannot be solved by changing the MW mass or by
using an aspherical MW potential (Besla et al. 2007). The newly
confirmed ∼ 40◦ extension of the MS, and the large deviation of
the S0 filament (toward positive BMS), further exacerbates the
problem.

We investigated the K1 and GN96 LMC orbits from Besla
et al. (2007) and found that the velocity inflection does not
correspond to any physically identifiable part of these orbit
(unlike, e.g., VGSR = 0 km s− 1 which corresponds to peri-
or apo-galacticon). The inflection is just the point in the orbit
at which the satellite is approaching the observer with the
maximum speed, and is then dependent on the position of
the observer with respect to the orbit. However, at a given
observing position, the position of the velocity inflection (and
the maximum approach velocity) is sensitive to the initial space
velocity of the computed orbit. This newly found, distinct feature
in the otherwise remarkably linear velocity structure of the MS
should provide a new constraint for MS simulations.

We have shown that the velocity of Wright’s Cloud is in close
agreement with the velocity of the MS gas in the same region
of the sky. This might be an indication that Wright’s Cloud is
part of the MS. Another interpretation is that Wright’s Cloud
is not gas that escaped from the MCs, but rather is part of a

Bruno Dias, IAI/UTA, CHILE 
Jul 27, 2022 

Gemini Science Meeting

   
         bdiasm@academicos.uta.cl            www.astro.iag.usp.br/~viscacha  
          AstroBDias           astrobdias           AstroBDias

T H E  M A G E L L A N I C  C L O U D S  H I S T O R Y   
T O L D  B Y  T H E I R  S TA R  C L U S T E R S

Affiliation: 

VISCACHA 
survey  
observations:

Support:



Bruno Dias, GSM2022, Seoul, South Korea. 27/Jul2022             bdiasm@academicos.uta.cl            www.astro.iag.usp.br/~viscacha           AstroBDias           astrobdias           AstroBDias

2 0 0 º  M A G E L L A N I C  S T R E A M  ( T R A I L I N G )  +  
L E A D I N G  A R M :  R A M  P R E S S U R E  V S .  T I D A L  O R I G I N

R A M  P R E S S U R E :  

O N LY  G A S   
L E F T  B E H I N D

T I D A L  S T R I P P I N G :  

G A S + S TA R S  
P R E S E N T  L E A D I N G  A N D   
T R A I L I N G  S T R U C T U R E S

Gunn & Gott (1972) 
Moore & Davies (1994)

Broeils & van Woerden (1994) 
Gardiner & Noguchi (1996)

Parkes, 18m, 64m

Mathewson+74

Putman+98



Bruno Dias, GSM2022, Seoul, South Korea. 27/Jul2022             bdiasm@academicos.uta.cl            www.astro.iag.usp.br/~viscacha           AstroBDias           astrobdias           AstroBDias

T I D A L  M O D E L S

• LMC and SMC have been bound to 

the Milky Way 

• Only recently (~2 Gyr ago) 

LMC+SMC became a pair 

• Orbital period 1.5-2 Gyr

B O U N D

• LMC and SMC have been a pair, 

but far away from the Milky Way 

• Only recently (~2 Gyr ago) 

LMC+SMC  arrived to the MW 

vicinity 

• Hyperbolic orbit (1st infall) or 2nd 

passage (orbital period ~6 Gyr)

1 S T  I N FA L LDiaz & Bekki (2012) Besla et al. (2007)
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Figure 5. Left panel: the final distribution of disk particles projected onto the sky. Column densities are computed as a smoothed intensity map of the simulated
mass distribution. The coordinates are galactic longitude l (straight lines) and latitude b (concentric circles) shown in a ZEA projection centered on the south galactic
pole. The orbit trails of the SMC (green) and LMC (red) are also shown, as are their current locations (circles). Right panel: the observed H i column densities of
the Magellanic system, combined from data presented in Putman et al. (2003a) and Nidever et al. (2010). The densest regions (yellow) are the SMC (l = 302.◦8,
b = − 44.◦6) and LMC (l = 280.◦5, b = − 32.◦5). The Magellanic Stream is the prominent trail of gas that splits into two filaments parallel to l = 270◦ and l = 90◦.
Other notable features include the Magellanic Bridge, which extends between the LMC and SMC, and the many branches of the Leading Arm at the bottom of the
panel. Column densities are represented on a logarithmic scale as shown at the base of the figure.
(A color version of this figure is available in the online journal.)

we will use the name “Magellanic Horn,” owing to its tapered
appearance. Whereas the MS is a product of the elongation of
tidal arm A, the Horn is a remnant of tidal arm B. When portions
of tidal arm B are accreted onto the LMC, much of the additional
material is left in orbit around the LMC periphery. Some of this
peripheral material is slung away as the LMC and SMC plunge
toward one another at t = − 0.26 Gyr, becoming unbound from
the MCs. The material that is left behind in the trailing direction
of the orbit gradually elongates to form the Horn.

Perhaps the most compelling aspect of the simulation is the
reproduction of MS bifurcation. As seen in the right panel
of Figure 5, the base of the MS bifurcates into two parallel
and distinct filaments, and the location of these filaments is
well reproduced in the simulation. An important observational
feature of the filaments is that they appear to cross at several
locations along the MS (Putman et al. 2003a). The location of the
first crossing point at (l, b ) ≈ (45◦, − 80◦) is clearly exhibited in

the simulated MS, providing a convincing morphological match.
Considering the strong reproduction of the MS filaments, it will
be instructive to describe their origin in detail. We do so in the
following section, and we compare with the findings of Nidever
et al. (2008) in Section 5.4.

3.3. The Origin of MS Bifurcation

Figure 6 color codes the time evolution of the MS. To
construct the color code, we first fit a logarithmic spiral to
tidal arm A at t = − 1.92 Gyr (Figure 4, inset of top middle
panel), and then we assign color to the particles based on their
projected distance along the arm (Figure 6, inset). The colors
run across a portion of the HSV color space (hue, saturation,
value) beginning at the base of tidal arm A (purple and blue),
continuing to its middle (cyan and green), and ending at its tip
(yellow and orange). The particles retain their color throughout
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peripheral material is slung away as the LMC and SMC plunge
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of Figure 5, the base of the MS bifurcates into two parallel
and distinct filaments, and the location of these filaments is
well reproduced in the simulation. An important observational
feature of the filaments is that they appear to cross at several
locations along the MS (Putman et al. 2003a). The location of the
first crossing point at (l, b ) ≈ (45◦, − 80◦) is clearly exhibited in
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following section, and we compare with the findings of Nidever
et al. (2008) in Section 5.4.

3.3. The Origin of MS Bifurcation

Figure 6 color codes the time evolution of the MS. To
construct the color code, we first fit a logarithmic spiral to
tidal arm A at t = − 1.92 Gyr (Figure 4, inset of top middle
panel), and then we assign color to the particles based on their
projected distance along the arm (Figure 6, inset). The colors
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The Magellanic System 2117

Figure 6. Hammer–Aitoff projection of the total gas distribution of the simulated Magellanic System (red scale) for Model 1 (top) and Model 2 (bottom) is
plotted over an image of the MW (blue, white and brown colours; Mellinger 2009). The orbital trajectory of the LMC (SMC) is indicated by the solid (dotted)
white line. Various components of the Magellanic System are labelled, where LAF stands for Leading Arm Feature.

4 L M C M O R P H O L O G Y

In this section, we study in detail the resulting structure of the
simulated LMC stellar and gaseous discs in our two models of the
large-scale gas distribution of the Magellanic System.

Fig. 11 shows the LMC’s stellar disc in Model 1 (left) and Model 2
(right) in our line-of-sight view. The RA and Dec. coordinate grid
is overplotted in green across the face of the disc. In both models,
the LMC disc is inclined ∼35◦ with respect to the plane of the
sky, as observed (i.e. despite the recent collision of the SMC in
Model 2, the inclination of the LMC’s disc remains unchanged).

The Model 1 disc is fairly uniform and symmetric. In Model
2, however, there are perturbations induced in the LMC’s stellar
disc by the recent encounter with the SMC. In particular, there are
significant distortions in the north-east. Only LMC stellar particles
are plotted in these images, and so these structures are in the plane of
the LMC disc and do not represent tidal debris from the SMC. Such

structures are observed in deep observations of the periphery of the
LMC’s disc (de Vaucouleurs & Freeman 1972; Martinez-Delgado
et al., in preparation).

The initial LMC disc was bar unstable, and so the bar feature in
both models was present since the beginning of the simulation –
it was not induced by external tidal perturbations from the SMC
or MW. Interestingly, in Model 2, the bar of the LMC is now off-
centred relative to the disc, as observed. No such perturbations are
observed in Model 1: without a close encounter, the LMC looks like
a symmetric spiral disc galaxy and it is doubtful that such a galaxy
would be classified as a Magellanic Irregular galaxy.

In Figs 12 and 13, we take a closer look at the LMC’s gas and
stellar disc by deprojecting the disc from the line-of-sight frame
into a Cartesian coordinate system centred on the LMC disc plane
for both Model 1 and Model 2. Only particles associated with the
LMC are plotted. The images are centred on the peak of the stellar
density distribution (i.e. the photometric centre).

C⃝ 2012 The Authors, MNRAS 421, 2109–2138
Monthly Notices of the Royal Astronomical Society C⃝ 2012 RAS
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Figure 9. Magellanic Stream and Clouds in H i (red) with an optical all-sky image (blue, white, and brown; Mellinger 2009) in Aitoff projection with the direction to
the Galactic center at the center.

5. DISCUSSION

Besla et al. (2007) presented new orbits for the MCs that place
them much farther from the MW in the past than previously
thought. If the model orbits are correct, then it is difficult to
understand how ram pressure or tidal forces created a long
MS since these forces require the MCs to be fairly close
to the MW for quite some time to be effective. Some other
mechanisms, for example, dynamical processes associated with
star formation, are probably required to help the gas escape the
MCs when at large distances from the MW. The suspected role
of star formation in the formation of the MS by Besla et al.
is in agreement with the independent observational findings of
Nidever et al. (2008) that one of the MS filaments originates
in a region of the LMC with gaseous outflows plausibly linked
to supergiant shells and star formation. Also, Bekki & Chiba
(2009) found that they could not reproduce the observed MS
distribution in their N-body models if the new space velocities
for the MCs were used. On the other hand, Mastropietro (2009,
2010) was able to produce a 120◦ long stream using ram pressure
and the new, higher-velocity MC orbits. However, as shown
here, the MS is 40◦ longer than previously established—and
probably even longer. It is unclear from current simulations
if ram pressure and/or tidal forces alone can account for
a stream of this length. Thus, our finding of a longer MS
offers an additional challenge to tidal and ram pressure models.
Future surveys of the MS tip may provide even more stringent
requirements on MS models and possibly further constrain the
MC orbits.

The deviation of the eastern portion of the MS from the
equator of the MS coordinate system was already seen by P03,
but the very coherent deviation of the new S0 filament for more
than ∼ 45◦ has not been seen until now. The tidal MS models
by Connors et al. (2006) reproduce this deviation fairly well
(as well as multiple filaments), while Mastropietro et al. (2005)
show a deviation in the opposite direction and Mastropietro

(2009) show only a small deviation (with one filament). It is not
entirely clear why the deviation of the S0 filament occurs.

Besla et al. (2007) show that there is a ∼ 10◦ deviation of
the LMC/SMC orbital paths (to negative BMS) compared to
the location of the MS. Previous MS models (e.g., Gardiner &
Noguchi 1996; Connors et al. 2006; Mastropietro et al. 2005)
used a small value for the northern component of the proper
motion (µN ) or the (closely corresponding) X-component of the
Galactocentric velocity (vx ) in order to bring the MC orbital
paths into alignment with the MS. However, these assumed
theoretical values are inconsistent with the observed proper
motions (van der Marel et al. 2002; Kallivayalil et al. 2006a,
2006b). This disagreement between the orbital paths and the
observed MS cannot be solved by changing the MW mass or by
using an aspherical MW potential (Besla et al. 2007). The newly
confirmed ∼ 40◦ extension of the MS, and the large deviation of
the S0 filament (toward positive BMS), further exacerbates the
problem.

We investigated the K1 and GN96 LMC orbits from Besla
et al. (2007) and found that the velocity inflection does not
correspond to any physically identifiable part of these orbit
(unlike, e.g., VGSR = 0 km s− 1 which corresponds to peri-
or apo-galacticon). The inflection is just the point in the orbit
at which the satellite is approaching the observer with the
maximum speed, and is then dependent on the position of
the observer with respect to the orbit. However, at a given
observing position, the position of the velocity inflection (and
the maximum approach velocity) is sensitive to the initial space
velocity of the computed orbit. This newly found, distinct feature
in the otherwise remarkably linear velocity structure of the MS
should provide a new constraint for MS simulations.

We have shown that the velocity of Wright’s Cloud is in close
agreement with the velocity of the MS gas in the same region
of the sky. This might be an indication that Wright’s Cloud is
part of the MS. Another interpretation is that Wright’s Cloud
is not gas that escaped from the MCs, but rather is part of a

Nidever et al. (2010)

Besla et al. (2012)
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preferred, but to reach the sensitivity required to detect the
predicted low surface brightness features would have required
hundreds of nights and would be beyond the possibility of an
NOAO survey proposal. We, therefore, decided to pursue a
deep but partially filled survey strategy as is shown in the top of
Figure 1 (red hexagons). The SMASH fields map an area of
∼480 deg2 but are distributed over (and probe the stellar
populations of) ∼2400 deg2 with a filling factor of ∼20%.

The DECam imager is composed of 62 chips (59 and a half
were functional throughout most of the SMASH observing;
CCDNUM 2, 61, and one amplifier of 31 were not producing
useful science data, although CCDNUM 2 started working
again as of 2016 December 29) from Lawrence Berkeley
National Lab (LBNL) arranged in a hexagonal pattern covering
a field of view of ∼3 deg2 and a width of ∼2°. The SMASH
fields were chosen using an all-sky tiling scheme in which we
laid down a uniform hex pattern of field centers with 1°.7
separation between field centers with coordinates based on an
Interrupted Mollweide projection. This spherical projection has
low distortion, such that uniform sampling in its coordinate
system produces tiling with few areas of excessive overlap
between fields. We then transformed the coordinates of the
hex-based tiling to spherical coordinates and rotated the
coordinate system to place the seams and poles (southern pole
of [α, δ]=[10°, −30°]) in areas outside of our survey area.

The resulting tiling of the sky was nearly uniform over our
survey area with ∼15% areal overlap between neighboring
fields to allow for good cross-calibration (although this was
only used in our main-body fields).
From this list of tiles, we selected 154 fields by hand to

uniformly sample the region of interest with a ∼20% filling
factor as well as fully cover the inner regions of the LMC and
SMC. The full coverage tiling scheme and overlap were used
so that, given more observing opportunities, we could more
easily completely cover regions with interesting stellar
populations later on, which is what we did for the outer
LMC disk. Note that the final survey tiling scheme was created
after the 2013 March 17–20 pre-survey run. Therefore, the
positions of the 23 Leading Arm fields (Fields 153–175) that
were observed on that run are not entirely consistent with those
of the final tiling scheme, but the differences are not significant.
The final list of SMASH fields with coordinates in various
systems is available in the machine-readable version of Table 1.

3. Observing Strategy and Observations

The idea for SMASH was conceived during the NOAO
“Seeing the Big Picture: DECam Community Workshop” in
Tucson, AZ, on 2011 August 18–19. We decided to submit a
proposal for an MC pilot project using Science Verification
(SV) and Shared Risk (SR) time during the 2012B season. The

Figure 1. Region of the sky relevant to the Magellanic system in the Magellanic Stream coordinates system (Nidever et al. 2008). (Top) The observed H I column
density of the entire 200° Magellanic Stream system (Nidever et al. 2010) is shown in grayscale, while the blue contours represent the 2MASS (Skrutskie et al. 2006)
red giant branch star counts. The open red hexagons are the SMASH survey fields (with the correct size and shape). The DES footprint is represented by the purple
shaded region. The solid line represents the Galactic equator, the hashed region is a Galactic Zone of Avoidance region, and the dotted lines are an equatorial
coordinate grid. (Bottom) The predicted V-band surface brightness (mag arcsec−2) of the stellar component of the Magellanic system from Besla et al. (2013). The
simulation predicts stellar structures out to large radii from the main bodies of the MCs (varying on small scales) and a higher stellar density in the Leading Arm than
in the trailing Stream. In the absence of strong gas drag, the stellar and gas components are expected to be coincident. In this model, the exact location of the debris is
not tuned to match the observations, but the relative surface brightness of the various components is a robust prediction. A Galactic coordinate grid is shown by the
dotted lines.

4

The Astronomical Journal, 154:199 (25pp), 2017 November Nidever et al.

L E A D I N G  A R M

M
IL

K
Y

 W
A

Y

M A G E L L A N I C  S T R E A M

Background image: Nidever et al. (2017)

L M C
S M C

D E S
S M A S H

V M C



Bruno Dias, GSM2022, Seoul, South Korea. 27/Jul2022             bdiasm@academicos.uta.cl            www.astro.iag.usp.br/~viscacha           AstroBDias           astrobdias           AstroBDias

R D P

S B P

L F,  M F

30”
Maia, Dias et al. (2019)

W H Y  S TA R  C L U S T E R S ?

C M D



Bruno Dias, GSM2022, Seoul, South Korea. 27/Jul2022             bdiasm@academicos.uta.cl            www.astro.iag.usp.br/~viscacha           AstroBDias           astrobdias           AstroBDias

R D P

S B P

L F,  M F

3 D  M A P  O F  S M C ,  
L M C ,  A N D  B R I D G E  

W I T H :  
• A G E  
• M E TA L L I C I T Y  
• R E D D E N I N G  
• C O R E  R A D I U S  
• T I D A L  R A D I U S  
• E L L I P T I C I T Y  
• T O TA L  M A S S  
• M A S S  F U N C T I O N  
• D I S S O L U T I O N  
• e M S T O  
• …

30”
Maia, Dias et al. (2019)

W H Y  S TA R  C L U S T E R S ?

C M D



Bruno Dias, GSM2022, Seoul, South Korea. 27/Jul2022             bdiasm@academicos.uta.cl            www.astro.iag.usp.br/~viscacha           AstroBDias           astrobdias           AstroBDias

W H Y  A N O T H E R  S U R V E Y ?

M C P S

V M C

O G L E - I V S T E P S M A S H

D E S

G a i a

S k y m a p p e r

H S T Space

Ground

(a
rc

se
c)



Bruno Dias, GSM2022, Seoul, South Korea. 27/Jul2022             bdiasm@academicos.uta.cl            www.astro.iag.usp.br/~viscacha           AstroBDias           astrobdias           AstroBDias

W H Y  A N O T H E R  S U R V E Y ?

M C P S

V M C

O G L E - I V S T E P S M A S H

D E S

G a i a

S k y m a p p e r

H S T Space

Ground

(a
rc

se
c)

2m

4m



Bruno Dias, GSM2022, Seoul, South Korea. 27/Jul2022             bdiasm@academicos.uta.cl            www.astro.iag.usp.br/~viscacha           AstroBDias           astrobdias           AstroBDias

W H Y  A N O T H E R  S U R V E Y ?

M C P S

V M C

O G L E - I V S T E P S M A S H

D E S

G a i a

S k y m a p p e r

H S T Space

Ground

V I S C A C H A Ground 
+AO(a

rc
se

c)

2m

4m



Bruno Dias, GSM2022, Seoul, South Korea. 27/Jul2022             bdiasm@academicos.uta.cl            www.astro.iag.usp.br/~viscacha           AstroBDias           astrobdias           AstroBDias

V I S C A C H A  A N D  S M A S H

3’

V I S C A C H A



Bruno Dias, GSM2022, Seoul, South Korea. 27/Jul2022             bdiasm@academicos.uta.cl            www.astro.iag.usp.br/~viscacha           AstroBDias           astrobdias           AstroBDias

V I S C A C H A  A N D  S M A S H

3’

V I S C A C H A



Bruno Dias, GSM2022, Seoul, South Korea. 27/Jul2022             bdiasm@academicos.uta.cl            www.astro.iag.usp.br/~viscacha           AstroBDias           astrobdias           AstroBDias

V I S C A C H A  A N D  S M A S H

3’

V I S C A C H A

I M A G I N E  G S A O I + G E M S  H E R E …
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Chile (PI: Dias et al.) +  
Brazil (Kerber et al.) +  
Argentina (Parisi et al.) 

Joint project: 2018,2019,2020,2021

V I S C A C H A  S P E C T R O S C O P I C  
F O L L O W - U P  +   
G A I A  P R O P E R  M O T I O N S

Credit: NOIRLab
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V I S C A C H A  S P E C T R O S C O P I C  F O L L O W - U P  
+  G A I A  P R O P E R  M O T I O N S

Chile (PI: Dias et al.) +  
Brazil (Kerber et al.) +  
Argentina (Parisi et al.) 

Joint project: 2018,2019,2020,2021

• CaII triplet spectroscopy: 
• Metallicities 
• Radial velocities

G M O S
S E E  P O S T E R  D I A S  &  PA R I S I

S E E  P O S T E R  D E  B O R T O L I  E T  A L .
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• Proper motions
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F U R T H E R  E V I D E N C E  T O  B E  
C O N S T R A I N E D  B Y  O B S E R VAT I O N S

• Besla et al. (2012) analysed the case of a direct collision SMC-LMC 

• Model 1 has no collision and it does not affect much the SMC 
morphology 

• Model 2 has collision and it produces the Bridge and Counter-Bridge 
from the SMC stars (and gas) and it also produces a warp in the LMC 

• How do the star clusters see the SMC and LMC morphology?
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S M C - L M C  D I R E C T  C O L L I S I O N  
P R O D U C E S  A  W A R P  I N  T H E  L M C

Photo by Juan Carlos Muñoz (ESO)

Line of nodes = intersection  
between LMC and sky plane

Choi et al. (2018)

Besla et al. (2012)
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S TA R  C L U S T E R S  I N  T H E  W A R P  R E G I O N  S H O W S  A  L A R G E  
S P R E A D  I N  S T R U C T U R A L  PA R A M E T E R S :  C O I N C I D E N C E ?  N O  
R E A S O N A B L E  E X P L A N AT I O N  O R  R E L AT I O N  F O U N D  S O  FA R …

Santos Jr. et al. (2020)

W H Y ? ?

PA P E R  I I
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M A G E L L A N I C  B R I D G E :  A G E ,  L O C AT I O N

Belokurov (2019)

S TA R  C L U S T E R SF I E L D  S TA R S
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Bica et al. (2020)

M A G E L L A N I C  B R I D G E :  A G E ,  L O C AT I O N

Belokurov (2019)

S TA R  C L U S T E R SF I E L D  S TA R S
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Bica et al. (2020)

M A G E L L A N I C  B R I D G E :  A G E ,  L O C AT I O N

Belokurov (2019)

S TA R  C L U S T E R S

Y O U N G  S T E L L A R  ( +  G A S )  B R I D G E

F I E L D  S TA R S
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Bica et al. (2020)

M A G E L L A N I C  B R I D G E :  A G E ,  L O C AT I O N

Belokurov (2019)

S TA R  C L U S T E R S

Y O U N G  S T E L L A R  ( +  G A S )  B R I D G E

O L D  S T E L L A R  ( R R LY R )  B R I D G E

F I E L D  S TA R S

I N T E R M E D I AT E - A G E   
3 R D B R I D G E ?
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A  T H I R D  B R I D G E  B R A N C H  D E T E C T E D :  
I T  I S  A L S O  O L D …

Dias et al. (2021,2022) PA P E R  I I I ,  I V

was key to find these results
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T H E  F U T U R E  F O R  T H E   
M A G E L L A N I C  C L O U D S

1 0 0 1 M C  
4 M O S T

LV M  
S D S S - V

3 D  K I N E M AT I C S ,  C H E M I C A L  
E V O L U T I O N ,  S TA R S ,  I S M …

J W S T

L S S T / R U B I N
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• GMOS-S: continue our program on 
RV and [Fe/H] with CaT spectroscopy 

• GMOS-S: variability at cluster core 
(see poster by Martinez-Vasquez) 

• GSAOI+Gems: deeper CMDs for the 
star cluster cores

T H E  F U T U R E  F O R  T H E   
M A G E L L A N I C  C L O U D S

F O L L O W - U P  D E TA I L E D  O B S E R VAT I O N S  F O R   
S P E C I F I C  TA R G E T S :  S TA R  C L U S T E R S
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B D I A S M @ A C A D E M I C O S . U TA . C L  
W W W. A S T R O . I A G . U S P. B R / ~ V I S C A C H A

Photo by Juan Carlos Muñoz (ESO)

T H A N K  Y O U !
• The Magellanic Clouds have gained a lot of 

attention of large surveys and still too many 
discoveries to be done and to follow-up 

• VISCACHA survey plays a key role wrt star 
clusters in the Magellanic Clouds 

• The complex structure of the SMC and LMC 
are being enlightened by VISCACHA clusters 

• Gemini is crucial to get cluster kinematics, 
metallicities, and even deeper CMDs in the 
cluster cores

TA K E  H O M E  
M E S S A G E S

mailto:bdiasm@academicos.uta.cl

