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The 3D structure of the Magellanic Clouds: |. Classical Cepheids in the Near Infrared (NIR)

Classical Cepheids are primary distance indicators

- radially pulsating variable stars
- obey to well-defined Period-Luminosity Relations
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The 3D structure of the Magellanic Clouds:

Period-Luminosity-Color relation
- intrinsic dispersion due to the finite width in
temperature of the Instability Strip

Classical Cepheids are primary distance indicators

/- Period Luminosity relation bi-dimensional projection of
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The 3D structure of the Magellanic Clouds: |. Classical Cepheids in the Near Infrared (NIR)

The dispersion on Period-Luminosity relations due
to the finite width in temperature of the Instability
Strip is lower
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The 3D structure of the Magellanic Clouds: |. Classical Cepheids in the Near Infrared (NIR)

—The dispersion on Period-Luminosity relations due
/ to the finite width in temperature of the Instability
Strip is lower

\ The amount of extinction in the NIR is much
lower than in the optical bands (Av ~ 10 Ak)
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The 3D structure of the Magellanic Clouds: |. Classical Cepheids in the Near Infrared (NIR)

The Wesenheit magnitudes are reddening free
by construction (Madore+1982)

Wk, M) = ma, = | g | x (ma, —ma,)

l?@nx2—4nkl)

NIR Period-Wesenheit relations :

- minimally affected by uncertinity on the reddening law
- lower intrinsic dispersion
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The 3D structure of the Magellanic Clouds:

Cepheids in the LM

~ 90 (JHK)+170VMC (Y]K,FU)
Complete coverage of light curves in
the JHKs bands (published data):

(Persson+2004, Ripepi+2012)

~1700 2MASS, IRSF/SIRIUS
single epoch observations LMC

|. Classical Cepheids in the Near Infrared (NIR)

/—The amplitude decreases for increasing wavelength
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The 3D structure of the Magellanic Clouds: |. Classical Cepheids in the Near Infrared (NIR)

/—The amplitude decreases for increasing wavelength
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The 3D structure of the Magellanic Clouds traced by Classical Cepheids
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The 3D structure of the Magellanic Clouds: Il. A new NIR light curve template for Classical Cepheids

An empirical model to predict the shape of Cepheids NIR light curve:
<my >=my;(¢) — Ay x Template(¢)

- Correct phasing
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The 3D structure of the Magellanic Clouds: Il. A new NIR light curve template for Classical Cepheids

An empirical model to predict the shape of Cepheids NIR light curve:
<my >=my;(¢) — Ay x Template(op)

- Correct phasing

Epoch of the maximum light

Fig | Red circles:
| phase of the
| maximum  light
| forV and | bands.
8l Orange dot:
i phase of the
il magntirude on
e the rising branch,

Inno+2014,A&A, in press
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The 3D structure of the Magellanic Clouds: Il. A new NIR light curve template for Classical Cepheids

An empirical model to predict the shape of Cepheids NIR light curve:
<my >=my;(¢) — Ay x Template(op)

- Correct phasing

Epoch of thesiiaximum light

Epoch of the mean along the rising branch

Fig | Red circles:
| phase of the
| maximum  light
| forV and | bands.
8l Orange dot:
i phase of the
il magntirude on
e the rising branch,

Inno+2014,A&A, in press
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The 3D structure of the Magellanic Clouds:

Il. A new NIR light curve template for Classical Cepheids

An empirical model to predict the shape of Cepheids NIR light curve:
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The 3D structure of the Magellanic Clouds: Il. A new NIR light curve template for Classical Cepheids

An empirical model to predict the shape of Cepheids NIR light curve:
<my >=my;(¢) — Ay x Template(¢)

_|_ P % ¢J,H,KS

- Correct phasing: JD2.Ks — jpV Lag

mean mean

- 10 bins in Period (bump, short period, FO)
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The 3D structure of the Magellanic Clouds: Il. A new NIR light curve template for Classical Cepheids

An empirical model to predict the shape of Cepheids NIR Ilght curve:
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The 3D structure of the Magellanic Clouds: Il. A new NIR light curve template for Classical Cepheids

An empirical model to predict the shape of Cepheids NIR light curve:
<my >=my;(¢) — Ay x Template(¢)

| | JDY. — JDY
- Correct phasing: 3, = mod ( - )

- 10 bins in Period (bump, short period, FO)

- optical-NIR amplitude ratios for different bins of
metallicity
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The 3D structure of the Magellanic Clouds: Il. A new NIR light curve template for Classical Cepheids

An empirical model to predict the shape of Cepheids NIR light curve:
<my >=my;(¢) — Ay x Template(¢)

fal g g NS | 8 AR Fig 4 optical-NIR
$ Laney & Stobie 1992 (LS) RSF (SMC g P
$ Monson & Pierce 2011 (MP ' ' AR

i

amplitude ratios

for calibrating
Cepheids

Inno+2014,A&A,
in press

RASPUTIN
Resolved And unresolved Stellar PopUlaTIoNs Laura Inno IOCtOber’ 15th 2014




The 3D structure of the Magellanic Clouds: Il. A new NIR light curve template for Classical Cepheids

An empirical model to predict the shape of Cepheids NIR light curve:
<my >=my;(¢) — Ay x Template(op)

— Error budget
sl Template: 0.015 mag (J) -- 0.019 mag (K)

_ 2 2 2
OTOT = \/Uph T Otmp T 01D
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The 3D structure of the Magellanic Clouds: Il. A new NIR light curve template for Classical Cepheids

An empirical model to predict the shape of Cepheids NIR light curve:
<my >=my;(¢) — Ay x Template(op)

— Error budget
sl Template: 0.015 mag (J) -- 0.019 mag (K)

_ 2 2 2
OTOT = \/Uph T Otmp T 01D

| % Photometric accuracy

Ophot ~ 1% Otmp S 1% 01D ~ 3%
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The 3D structure of the Magellanic Clouds: Il. A new NIR light curve template for Classical Cepheids

An empirical model to predict the shape of Cepheids NIR light curve:
<my >=my;(¢) — Ay x Template(op)

— Error budget
sl Template: 0.015 mag (J) -- 0.019 mag (K)

_ 2 2 2
OTOT = \/Uph T Otmp T 01D

| % Photometric accuracy

Ophot ~ 1% Otmp S 1% 01D ™~ 3%

_> Errors on the distances are essentially
reduced to the intrisic scatter of the
adopted relations (3%)
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The 3D structure of the Magellanic Clouds: Il. A new NIR light curve template for Classical Cepheids

An empirical model to predict the shape of Cepheids NIR light curve:
<my >=my;(¢) — Ay x Template(op)

— Error budget
sl Template: 0.015 mag (J) -- 0.019 mag (K)

_> Errors on the distances are essentially
reduced to the intrisic scatter of the
adopted relations (3%)

Inno+2014,A&A,
in press

RASPUTIN

Resolved And unresolved Stellar PopUlaTIoNs

Laura Inno | October, 15th 2014




The 3D structure of the Magellanic Clouds: Il. A new NIR light curve template for Classical Cepheids

An empirical model to predict the shape of Cepheids NIR light curve:
<my >=my;(¢) — Ay x Template(op)

— Error budget
sl Template: 0.015 mag (J) -- 0.019 mag (K)

_> Errors on the distances are essentially
reduced to the intrisic scatter of the
adopted relations (3%)

Inno+2014,A&A,
in press
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The 3D structure of the Magellanic Clouds traced by Classical Cepheids

Outline

Application to Magellanic Clouds (MCs) Cepheids

The 3D structure of MCs

Conclusion
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The 3D structure of the Magellanic Clouds: lll. Applications to the MCs Cepheids

— Largest sample ever collected in the NIR bands:
|.4 m telescope
@SAAO

B
.

'Y
’

LMC Data Sample

o,
‘\l‘

SMC Data Sample

Ita +,in prep

/L

\i

Total ~ 2,700 ( 90 % of Total ~ 4,000 (91 % of
OGLE-IIl Cepheids) OGLE-IIl Cepheids)
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The 3D structure of the Magellanic Clouds: lll. Applications to the MCs Cepheids

Largest sample ever collected in the NIR bands:
|.4 m telescope

@ SAAO
|0 PWV relations to estimate relative distances

for ~ 7000 Cepheids \\. 4]) —
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The 3D structure of the Magellanic Clouds: IV. The MCs in 3D

The LMC Structure
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The 3D structure of the Magellanic Clouds: IV. The MCsin 3D

The LMC Structure Inclination angle of 27+-1degree

Position angle of 160+- | degree

E
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The 3D structure of the Magellanic Clouds: IV. The MCs in 3D

The LMC Structure Inclination angle of 23 degree n
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The 3D structure of the Magellanic Clouds: IV. The MCs in 3D

The LMC Structure Preliminary!

/

Fig 5 Map of the
distance-density
distribution for
Cepheids in the
LMC

Residuals from
pest fitting plan

/
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The 3D structure of the Magellanic Clouds: IV. The MCs in 3D

The LMC Structure Preliminary!

/ \

Fig 5 Map of the
distance-density
distribution for
Cepheids in the
LMC

(maximum depth ~7 kpc)
mean LMC distance = 50 kpc

Inno+2013, Ap| /
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The 3D structure of the Magellanic Clouds:

The SMC Structure

15

19

20

Fﬂ ESO-RASPUTIN

® farther
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IV. The MCs in 3D

Preliminary!

Fig 6 Map of the
distance-density
distribution for
Cepheids in the
SMC

1
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The 3D structure of the Magellanic Clouds: IV. The MCs in 3D

The SMC Structure

Olsen+1 |
Besla +07

N
M

[
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The 3D structure of the Magellanic Clouds: IV. The MCs in 3D

VIMOS spectra Preliminary!
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The 3D structure of the Magellanic Clouds: IV. The MCs in 3D

— Kinematics & Chemical tagging of Cepheids in the MCs

- Low-Resolution Chemical abundances: Iron (and alpha
elements?) for ~700 Cepheids in the MCs
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The 3D structure of the Magellanic Clouds: IV. The MCs in 3D

— Kinematics & Chemical tagging of Cepheids in the MCs

- Low-Resolution Chemical abundances: Iron (and alpha
elements?) for ~700 Cepheids in the MCs

- Radial Velocities with a few km/s precision
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The 3D structure of the Magellanic Clouds traced by Classical Cepheids

Outline

Conclusion
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The 3D structure of the Magellanic Clouds: V. Conclusions

— New NIR templates

=l Mean magnitude estimates
80())%-70(K)%
more accurate than single epochs.
50%(J)-30 (K)%

more accurate than previous templates.

PW relation total dispersion reduced up to

> 30% (PWYV]J) compared to single epoch.
observations and up to 5% compared to
previous templates (Soszynski+2005)
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The 3D structure of the Magellanic Clouds:

_ Geomertry: Inclination Corrections

Log P [days)

V. Conclusions

Preliminary!

~5% reduced scatter

SMC

0.5 1.0
Log P [days]
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The 3D structure of the Magellanic Clouds:

_ 3D

Complex vertical structure, especially in the
inner 3 degrees

distance to SMC

off center bar? |

Alves +2004, BRI s
van der Marel +2002 : \

flared bar?
Olsen & Salyk 2002

secondary bar? |

Subramanian 200._.3', :
2004.

RASPUTIN

Resolved And unresolved Stellar PopUlaTloNs

Cepheids line of sight depth 20% of the

Laura Inno

V. Conclusions
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The 3D structure of the Magellanic Clouds: IV. The MCs in 3D

Kinematics of the MCs

- Radial Velocities with a few km/s precision
- New radial velocity curves templates to estimate
Cepheid Y-velocities
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The 3D structure of the Magellanic Clouds: V. Conclusions

~_ Cepheids

- NIR photometry & LR spectroscopy
- Light curve & Radial velocity curve Templates

characterization of the spatial distribution,
=l kinematics and chemical composition of
young stellar populations
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The 3D structure of the Magellanic Clouds:

+ RASPUTIN ~
Resolved And unresolved Stellar PopUlaTIoNs
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V. Summary

Cepheids in the MCs

Precise absolute and relative distances:
NIR PW relations+ NIR templates

—— Geometry and 3D structure

Kinematics: radial velocity from LR
spectra + light curve templates

_ Chemical tagging

_ Pioneering approach to the E-ELT era



The 3D structure of the Magellanic Clouds:

The LMC Structure
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