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Fia. 8. Density plot of stars surrounding NGC 1851, The x axis is now linear in radius.
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> Magellamc Clouds (Large Magellamc Ciol;,d'&

- Sinall Magellanic Cloud) are two irregular and ,ﬁ"‘&

nearl face on galaxies which are located ata ",’",:.- ;
distance of - 50kpc & 60 kpcrespecuvelyﬁom

> Theyareknowntohavemtetactlonsmtheach

“other as wéll as with our Galaxy. ~~ = - :

> _These interactions have al
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LARGE MAGELLANIC CLOVD
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SMALL MAGELLANIC CLOVD

Image by M.E. Putman (University of Colorado),

L. Staveley—Smith (CSIRO),
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Evolutionary Tracks off the Main Sequence

RGB - Red Giant Branch
HB - Horizontal Branch
AGB - Asymptotic Giant Branch




Mass
Radius
Metallicity

Distance

Center Coordinates

2x101° Mo
9 Kpc (tidal)]
0.008

50 Kpc

5h23m, -69° 45’
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The Small cloud

Mass 2x10° Mo E
Radius 5-6 Kpc (approx.)
Metallicity 0.004

Distance 60 Kpc

Center Coordinates 0" 52m -72°49’
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Red clump stars as tracers

- Red clump stars are core helium
burning stars which are metal rich and
more massive counterpart of horizontal
branch stars.
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- Empirically, it is found that they have a
constant absolute I band magnitude and e i
a characteristic (V-I) colour. et

reduced

N
o

(V-1) magnitude

- They occupy a compact region in the
CMD.

- The peak and width values of the
magnitude and colour distributions of
red clump stars are used to estimate the
relative distances within and line of o 8 e

sight depth of the LMC. Ieamagpe | magnico




RRLEyrac Stars

RRLyrae stars are pulsating horizontal
branch stars. They are population II stars.

The ab type stars could be considered to
belong to a similar sub class and hence
assumed to have similar properties.

The mean magnitude of these stars in the I
pass band, after correcting for the metallicity
and extinction effects, can be used for the
estimation of distance.

The observed dispersion, after correcting for
metallicity and evolutionary effects, in their
mean magnitude is a measure of the depth in
their distribution.

The observed region is divided into sub-
regions. For each su-region mean magnitude
of these stars and the dispersion from the
mean are estimated.




Cepheids

Cepheids are pulsating yellow super giants.

M,= o*logp +

Average magnitude M_,,.

mk " ak*logp—i_Bk 30 u avg+ AH 3

R,*[ E(B-V) ,,, T AE(B-V) 0.4 0.6 08 1.0 1.2 1.4 1.6 18 20
Period (log P)

avg

m, = a, *logp+f’, + Ap +R, *AE(B-V)

Instability Strip

Classlcal_.-':

Using the above formula we can find the
relative position of each Cepheid with respect
to the center of the galaxy.

The scatter in the PL relation can be used to
estimate the line of sight depth of the galaxy.
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Structure of the bar — A warp

L
*0
RA

Fig 34— The avetage of the [ aloey the declinabion s estimmated for various RA and the
valoe av gl ) = shown agawet RA The erroe indicates the scatter in [ along the declinaticn
The open citcle shows the locatics of the center of IMC

I, < 18.08, >¥.6 o

a L . ) L

SUbramaniam; A, 2005, ApJ/Le







Reddening and Extinetion

E(V-I) > 0.2

0.2 > E(V-1) > 0.15

0.15 > E(V-I) > 0.1

E(V-I) < -0.015
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. Test Case = to study the formatlart{énd evolutton of a Garaxy

&= TO understand the structure of t*he Magellanlc Clouds as well as the. evolutlon _
. of these-galaxiés due to 1nteract10ns, by studylng dlfferent stellar populatwns in .. °
: _these galax1es e : . : v
[ N s . ¥ 2 o v “ K \ :_ -
iz The stellar populatlons We study are.
'Ce‘phelds g '_‘—T .oung stars ( ~ 100 Myr Populatlon I)
Red clump stars ‘mlntermedmte age stars (~ 2-8 Gyr Population I
. ‘RR Lyrae stars —old age stars (~10 -12Gyr Populatlon II) A
' 'a're standard candles and we use them to ﬁnd the relatlve ,

Structure of the Small Magellamic C]l@tﬁd/ |



. MC Disk - thickness
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Flared EMC bar

The depth profile indicates flaring of
the LMC bar.

¥idth (megnitude)
=

The northern disk depth is larger than
the southern disk depth.

S U S S S ST S S U UN—— S— S—

no
HA (dogros)

There 1s no indication of depth
variation between the eastern and the
western disk.

04

The LMC bar and the northern disk
have larger depth compared to the other

width |mag:.|tlm:

HHIHHM mlmmnml.

regions of LMC. P —
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The absence of any definite feature .
correlated to the location of the optical bar in
the plot 1s striking.

This suggests that the bar is not located in
front of the disk, at least in the tracer
adopted.

Thus, the bar is likely to be very much part
of the LMC disk.

Another striking feature is the brightening of
RC stars in the eastern and western ends of
the LMC disk.

This suggests a warp or different RC
population in the ends of the disk.



. MC Bar

The edge-on view of the LMC along the
axes of minimum and maximum gradient are
shown.

In the lower plot, the bar is located between
X = —2¢ and +2- , along with the disk in this
edge-on view.

I, magnitude

In this central region, we see a single and
relatively thin structure, suggestive of the
bar located within the disk and in the plane
of the disk.

The upper panel is suggestive of gradient in
I, ,which is basically the inclination of the

disk.
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The plane fitting procedure is applied to 780
regions of the MCPS data and 1262 regions
of OGLE III data.

The regions which show deviations above 3
sigma are considered as real deviations.

The north-western, south-western and south-
castern parts of the LMC disk are infront of
the fitted plane and/or RC population are
different.

Similarly, the north-eastern region, north of
the LM@I bar is behind the fitted plane and/
or the RC population is different.

i=37.2042°3, ¢ = 141° .443° .7 (MCPS)
i =23.0°+ 0°.8 ,0 = 163° .7+1° .5. (OGLE III)

......




Deviations and warps

Regions in the north west, south west and

south east of the LMC disk are warped with
respect to the fitted plane.

The edge-on view of the [ MC disﬁ along the
minor axis suggests an off-centere
symmetric warp.

I, magnitude
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Axis of maximum gradient (degrees)
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The figure clearly shows that the inner
regions have smaller inclination and the
outer regions have large inclination.

The increase in the inclination seems to
be start at a closer radius in the north-
east, when compared to the south-west,
which makes it off-centered.

The change of structure in the outer
LMC could be due to tidal effects.
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The smooth spatial variation in the density is
found to have an elongated distribution.

The direction of elongation is found to be
similar to the elongation of the bar of the
LMC.

The position angle (PA) of the elongation is
estimated to be PA = 125°+ 17°

The observed dispersion in the mean
magnitude is an upper limit of the scale
height, as intrinsic variation is not reduced.

The Z distances corresponding to the depth
are plotted in an edge on view along the X
axis. The red points are the depth of the disk
estimated from the red clump stars.




The distribution shows that there may
be two populations, one with smaller
scale height and the other much larger.

The distribution of the dereddened
magnitude along the minor axis shows
variation suggesting inclination.

The inclination estimated 1s 31+ 3.5.
(very similar to the disk)
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Structure of the SMC

Density distribution of red clump stars in the
SMC are plotted for both MCPS and OGLE
IIT data. The distribution looks regular,
smooth with an elongation towards the LMC
(NE-SW) direction.

Based on previous studies structure of the
SMC (intermediate age) can be
approximated to a triaxial ellipsoid.

Depth estimates of SMC shows a large depth
near the center, which is expected for an
ellipsoidal structure.

The covariance matrix of the coordinates is
constructed and the eigen values and eigen
vectors are determined.
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Indu, G. & Subramaniam, A., 2011, to appear in A&A(highlighted paper)
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Shift in the center of the young stellar distribution in the LMC

Indu & Subramaniam: Star formation history of the Magellanic Clouds

Table 1. The centers of the stellar population in the LMC for various ages, using MCPS data.

Age (Myr)
80.5303 | -68.5728 -0.0137 | 0.8000
80.4294 | -68.6190 -0.0080 | 0.7584
80.3217 | -68.7290 -0.0046 | 0.6505
80.3163 | -68.8027 -0.0034 | 0.5780
80.3297 | -68.8768 -0.0025 | 0.5051
803542 | -68.9608 -0.0014 | 04184
80.3146 | -68.9201 -0.0009 | 0.4470

PA = 72deg

Age Shift to North Shift to East
(Myr) (pc/10Myr) (pc/10Myr)

500 - 200
200-100

100 - 40
40 -10




Spatial distribution of LSFE vs. HI in the SMC




Correlation with YRS GIUSTCTS. the LMC & the SMIC

Indu, G. & Subramaniam, A., 2011, to appear in A&A (highlighted paper)
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Table 2. The centers of the stellar populations in the SMC for various ages using OGLE III data.

Age (Myr)

14.2007
14.3156
14.2957
14.1303
14.0868
13.9135

72,7345
72.7533
72,7728
72.8157
-72.8496
-72.9043

-0.0197
-0.0109
-0.0063
-0.0036
-0.0021
-0.0011

0.0128
0.0069
0.0041

-0.0024
-0.0014
-0.0008

2430

7968
23377
67919
203383
597714

500 - 200

200 - 30
<30

Shift to North
(pc/10Myr)

Shift to East
(pc/10Myr)

Indu, G. & Subramaniam, A., 2011: to appear in A&A(highlighted paper)
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Outer Limits Survey — Search for the disk and halo
Survey using 4m Blanco (Saha et al. 201
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Summary

éMC — no prominent halo - a major merger formed the disk - 10
yr

Early disk formation, structure of the disk more or less the same
throughout (10,000Myr - 100Myr)

Deviations, warps and thick disk - indicative of minor mergers,
interactions

SMC - no prominent halo

Spheroidal/ellipsoidal structure : 1- 10 Gyr

A major merger at 4 -5 Gyr

Highly inclined disk of younger population and gas

LMC & SMC formed separately and have different early
evolution. Important to understand when and how they became

binaries.

Their recent star formation dictated by the proximity and
motion in the Galactic halo




An off centred inward radial propagation of star formation in the LMC, within

the last 100Myr

A NE shift in the center of stellar distribution is present in the LMC, within

the last 40Myrs. This can be the resultant effect of the gravitational attraction 8

of the Galaxy & the movement of the LMC in the Galactic halo.

In the SMC, we do see a shift in the center of density distribution of younger

population towards the LMC. But it is difficult to differentiate the
gravitational effect of the Galaxy & LMC on the SMC, can be a combined
effect.

Valuable to model the recent interactions between the clouds and the Galaxy.

Also it provides constraints for the density of the Galactic halo in the direction

&7
V=,

of movement of the Clouds
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[nner kinematics of the MCs ~AAOmega - spectra of 20,000 stars
( Andrew Cole, UTAS)




Ongoing studies

Structure of the Clouds using IR data
Kinematics of stars and gas

Metallicity gradient across the Clouds Star formation
history of the MCs between 1-9 Gyr

Effect of metallicity on stellar evolution:

1. Properties of stars with fast rotation (Be stars )

2. Mass loss during Helium flash - fraction of
red clump stars with IR excess
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Hubble Space Telescope/Advanced Camera for Surveys (HST/ACS) color-magnitude diagrams (CMDs) and star-formation histories
(SFHs) for three Local Group dwarf galaxies: (a,b) Cetus, a distant dwarf spheroidal galaxy (M. Monelli & the LCID team in
preparation); (c,d) LGS 3, a transition-type dwarf galaxy (S. Hildago & the LCID team, in preparation); and (e,f) Leo A, a dwarf
irregular (Cole et al. 2007). These results come from the LCID project (Gallart & the LCID team 2007, Cole et al. 2007), which is a
large program designed to exploit the exquisite image quality of the HST/ACS to obtain uniquely detailed CMDs going back to the
oldest main sequence turn offs for a sample of dwarf galaxies. The SFHs come from synthetic CMD analysis and the ages are also
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SFH of the LG galaxies

Sagittarius Ursa Minor Draco Sextans Sculptor

25kpe | 346G 69 kpe 79 kp 88 kpc repys
LlC

Ms g AGB ms | AGB.C y MS AG

sﬁ“& 'ml .ILS’v mz anCep Q& RR g‘ %‘EP anAC"fp &c& ‘II)B ﬁap
/ XV
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Spatial variations Basically single age, Abundance spread  No deep photometry  Radial gradient

in age and metallicity single metallicity No HI detection Hl in swrroundings ? Hi in surroundings?
possibie radial gradient No Hi detection Mv = -8.6 mag Mv = -9.5 mag Mv = -9.8 mag

Hi cloud unassociated? gq,, _ 8 g mag

Carina RC Fornax sgc
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Some evidence for Spatial variations No HI detection Spatial variations
radial variations in age and metallicity My =-10.1 mag Hl in surroundings?

Mv = -9.4 mag No Hi detection 5
Mv = -13.1 mag Mv = -11.9 mag

Fig. 13 Star formation histories of Milky Way dwarf spheroidal satellites. Each population box gives a
schematic representation of star formation rate (SFR) as a function of age and metallicity. (From Grebel
2000. Courtesy of Eva Grebel, and Fabio Favata (editor))




Stellar IMF up to 0.5 M in the
nearest galaxies

Chemo-dynamics and
structure of the nearby
galaxies

Complete census and
properties of galaxies in the
LG

Direct detection of halo up to
Cen A using RR Lyrae stars
and Pop II stars

Chemo-dynamics of M81/M82
systems

AGB stars and upper MS in the
Leo group

Possibility of identifying
stellar population in Virgo

‘For a limiting magnitude of V = 30 mag

AGB {1 pc =)
i VIRGO (12 mas)

Leo (0,02 arsec)
(10 Mpc?

Sculptor (0,1 arsec
(2.5 Mpc)
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