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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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The VISCACHA survey – I 5713

Table 4. Structural parameters of target clusters.

Name RA Dec. µ0 rc rt c σ bg

(h:m:s) ( ◦ :
′
: ′′ ) (mag·arcsec−2) (arcsec) (arcsec) (10−3 ·arcsec−2)

AM3 23:48:59 −72:56:43 22.7 ± 0.3 5.6 ± 0.8 54 ± 8 0.9 ± 0.1 1.0 ± 0.1
HW20 00:44:47 −74:21:46 22.6 ± 0.3 10.8 ± 2.0 37 ± 11 0.5 ± 0.2 30.7 ± 9.5
K37 00:57:47 −74:19:36 20.8 ± 0.2 11.3 ± 1.5 83 ± 17 0.8 ± 0.1 23.6 ± 6.7
NGC 796 01:56:44 −74:13:10 18.4 ± 0.3 3.2 ± 0.5 97 ± 9 1.2 ± 0.1 1.5 ± 0.5
KMHK228 04:53:03 −74:00:14 23.8 ± 0.4 19.8 ± 5.9 68 ± 16 0.6 ± 0.2 25.6 ± 2.9
OHSC3 04:56:36 −75:14:29 19.4 ± 0.7 4.3 ± 0.7 42 ± 6 0.9 ± 0.1 12.9 ± 3.7
SL576 05:33:13 −74:22:08 20.0 ± 0.2 10.6 ± 1.3 43 ± 5 0.6 ± 0.1 30 ± 14
SL61 04:50:45 −75:31:59 22.1 ± 0.2 26.5 ± 2.6 162 ± 44 0.8 ± 0.2 0.1 ± 6.2
SL897 06:33:01 −71:07:40 21.2 ± 0.2 12.0 ± 1.7 87 ± 9 0.9 ± 0.1 2.8 ± 0.9

Figure 11. Posterior distribution of parameters derived for Kron 37 using an
MCMC bayesian framework. The derived parameters and their uncertainties
are also shown.

Figure 12. Best model isochrone (solid line) and synthetic population (grey
dots) corresponding to the Kron 37 parameters, superimposed over its field-
decontaminated CMD.

In most cases the total integrated mass is two to four times the
observable mass of the cluster. This can be explained by the shape of
the IMF which peaks around 0.5 M$, below the minimum observed
mass of ∼0.8–1.0 M$, implying that most of the cluster mass lies

in the less massive stellar content, unseen by our observations. The
errors of the integrated masses are larger than those of the observed
masses because they include (and are dominated by) the uncertainty
in the exponents of the adopted IMF (Kroupa et al. 2013) in this
lower mass regime.

6 FIRST RESULTS

Tables 4 and 5 summarize the parameters determined for a sample
of nine clusters from the present data set. These were chosen
to represent the large variety of cluster types found, in terms of
richness, ages, metal content, and density. In this section, we discuss
our results in comparison with those provided in the literature.
Many clusters had their ages previously derived from integrated
photometry and ours are the first estimates based on stellar isochrone
fitting. Similarly, distances and/or metallicities were often assumed
constant in previous photometric studies, making our values the first
set of simultaneously derived, self-consistent parameters. In addi-
tion, determinations of most of the clusters’ mass budgets and mass
distributions were done for the first time in this work. Particularly,
we derived for the first time the considered astrophysical parameters
for HW20 and KMHK228. We discuss below the results for each
cluster and compare them with the available literature.

OHSC 3 (LMC)

From integrated spectroscopy, Dutra et al. (2001) obtained an age
of 1–2 Gyr for OHSC 3, in agreement with our determination, and
reddening E(B − V) = 0.12 from Schlegel, Finkbeiner & Davis
(1998) dust maps, a little over our estimate from isochrone fitting.

SL 576 (LMC)

Bica et al. (1996) derived for SL 576 an age in the range 200–
400 Myr from the measured integrated colours (U − B) = 0.08
and (B − V) = 0.38 and their calibration with Searle, Wilkinson &
Bagnuolo (1980) SWB type. Our analysis gave an age consistent
with a much older cluster (0.97 Gyr). Integrated colours may be
affected by stochastic effects from bright field stars superimposed
on the cluster direction, specifically in this case a non-member blue
star would contribute to lower the cluster integrated colours, and so
mimicking a younger cluster. On the other hand, in our photometry
this issue was accounted for with the decontamination procedure
where any outsider is excluded before the isochrone fitting.

MNRAS 484, 5702–5722 (2019)
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The VISCACHA survey – I 5713
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W H I C H  8  D I M E N S I O N S ?

• 2D: RA, DEC (Bica catalogue + fine tune density profile VISCACHA photometry) 

• 3D: Distance (CMD, VISCACHA photometry) 

• 4D: Radial velocity (CaT spectra, VISCACHA spec. follow-up) 

• 6D: PMRA, PMDEC (average Gaia astrometry) 

• 7D: Age (CMD, VISCACHA photometry) 

• 8D: Metallicity (CMD, VISCACHA photometry + CaT spectra VISCACHA follow-
up)
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T H E  S M C  S T R U C T U R E

• Dias et al. (2014,2016) 
framework: split the SMC outer 
regions azimuthally  

• Possibly shaped by interactions 
with the LMC
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T H E  S M C  S T R U C T U R E

• Dias et al. (2014,2016) 
framework: split the SMC outer 
regions azimuthally  

• Possibly shaped by interactions 
with the LMC

VISCACHA: 
Full phase-space vector



Bruno Dias, IAUS395 in honour of Beatriz Barbuy. Paraty, 21/Nov/2024         bruno.dias@unab.cl          www.astro.iag.usp.br/~viscacha           AstroBDias           astrobdias           AstroBDias

T H E  S M C  S T R U C T U R E

• Dias et al. (2014,2016) 
framework: split the SMC outer 
regions azimuthally  

• Possibly shaped by interactions 
with the LMC

VISCACHA: 
Full phase-space vector
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T H E  S M C  S T R U C T U R E

• Dias et al. (2014,2016) 
framework: split the SMC outer 
regions azimuthally  

• Possibly shaped by interactions 
with the LMC

VISCACHA: 
Full phase-space vector

IC1708: the first counter-bridge 

cluster discovered, background 

of the bridge (Dias+21)
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B R I D G E  A N D  C O U N T E R - B R I D G E

Dias et al. (2021, 2022)
VISCACHA papers III, IV, IX
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2 D :  A G E - M E TA L L I C I T Y  A L O N E  I S  
N O T  O B V I O U S  AT  A L L

See:  
Dias et al. 2016 
Parisi et al. 2022 
De Bórtoli et al. 2022 
Oliveira et al. 2023 
Saroon et al. 2023 
Parisi et al. 2024 
Dias et al. 2025 
Etc etc

SEE  TALK  

BY  PAR I S I
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8 D :  A G E - M E TA L L I C I T Y  +   
P H A S E - S PA C E  V E C T O R  +   
D I A S 1 6  F R A M E W O R K

Oliveira et al. 2023
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8 D :  A G E - M E TA L L I C I T Y  +   
P H A S E - S PA C E  V E C T O R  +   
D I A S 1 6  F R A M E W O R K

Oliveira et al. 2023



Bruno Dias, IAUS395 in honour of Beatriz Barbuy. Paraty, 21/Nov/2024         bruno.dias@unab.cl          www.astro.iag.usp.br/~viscacha           AstroBDias           astrobdias           AstroBDias

8 D :  A G E - M E TA L L I C I T Y  +   
P H A S E - S PA C E  V E C T O R  +   
D I A S 1 6  F R A M E W O R K

Saroon et al. 2023
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I N T E R P R E TAT I O N  O F  T H E  8 D  
D ATA
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D I F F E R E N T  S M C  
S U B S T R U C T U R E S  S H O W  
D I F F E R E N T  H I S T O R I E S

Oliveira et al. 2023 
Saroon et al. 2023 

Dias et al. 2025

SEE  TALK  

BY  PAR I S I
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8 D :  A G E - M E TA L L I C I T Y  +   
P H A S E - S PA C E  V E C T O R  +   
D I A S 1 6  F R A M E W O R K

Oliveira et al. 2023 
Saroon et al. 2023 

Dias et al. 2025

Nidever et al. 2010

Stream 
~2Gyr ago

Bridge 
~200Myr  

ago
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Oliveira et al. 2023 
Saroon et al. 2023 

Dias et al. 2025

D I F F E R E N T  S M C  
S U B S T R U C T U R E S  S H O W  
D I F F E R E N T  H I S T O R I E S SEE  TALK  

BY  PAR I S I
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8 D :  A G E - M E TA L L I C I T Y  +   
P H A S E - S PA C E  V E C T O R  +   
D I A S 1 6  F R A M E W O R K

Oliveira et al. 2023 
Saroon et al. 2023 

Dias et al. 2025

Nidever et al. 2010

West Halo 
Merger 

 ~6Gyr ago
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TA K E  H O M E  M E S S A G E S

• The SMC has a complex structure, kinematics, evolution history 

• Solution to analyse observations: phase-space vector + age + [Fe/H] 

• Star clusters are more suitable than field stars (ages, distances…) 

• VISCACHA = stellar and galaxy evolution people working together 

• The SMC is breaking apart (we can finally see it in detail) 

• Full chemo-dynamical simulations are required
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PA R A B É N S  E   
M U I T O  O B R I G A D O   

P R O F.  B E AT R I Z !

Beatriz Barbuy current and past students, Paraty, Nov/2024


