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The	
  VVV	
  Survey:	
  Timeline

Signal search via time-frequency transformations and image subtraction,
automated variable star classification,
106+ new variables, ...

We are
here



by Maren Hempel
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Baade-SV
Baseline: 9 days
12 epochs
Ks passband
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SEEK FOR VARIABILITY

Pawprint photometry:
subsequent observations within 5 min 8 
seconds (or so)

Information about the internal noise
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SEEK FOR VARIABILITY

Baade-SV

Sample:
pawprint photometry for sources with 
stellar (-1) detections on all tiles
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Baade-SV
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SEEK FOR VARIABILITY
cumulative distribution of 
chi-squared per degree of freedom
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SEEK FOR VARIABILITY

non-normality Main reason:
aperture photometry + crowdedness

cumulative distribution of 
chi-squared per degree of freedom
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SEEK FOR VARIABILITY

rms scatter of time-series

RED points: internal scatter



0
10
20

40

60

80

100

 0.5  1  1.5  2  2.5  3  3.5  4  4.5  5

N
 ( 

 >
 x

 ) 
[%

]

x

class = -1 (star)
e  0.25
N

i
 / Ntile  2

Ntile  8

v1.1
v1.0

40

50

60

70

 0.9  1  1.1  1.2  1.3

Galactic Plane Surveys Meeting                                                    Hatfield, Hertfordshire, July 18th, 2011                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

SEEK FOR VARIABILITY

Baade-SV



Galactic Plane Surveys Meeting                                                    Hatfield, Hertfordshire, July 18th, 2011                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

SEEK FOR VARIABILITY

Baade-SV

RED points: internal scatter
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SEEK FOR VARIABILITY

Baade-SV

RED points: internal scatter



SEEK FOR VARIABILITY
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Baade-SV a few examples...
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Baade-SV a few examples...
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Baade-SV a few examples...

13.90

14.00

14.10

14.20

14.30

14.40 124.0 126.0 128.0 130.0 132.0

K s

MJD - 55000

J-H=0.366   H-Ks=0.105   J-Ks=0.471

= 8.72



13.7

13.8

13.9

14.0

14.1

14.2

14.3 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

K s

phase

OGLE-87692 RR0 0.130   0.034   3.83 23   12 0.64276

V1.0
V1.1

Galactic Plane Surveys Meeting                                                    Hatfield, Hertfordshire, July 18th, 2011                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

RR LYRAE LIGHT CURVES



13.7

13.8

13.9

14.0

14.1

14.2

14.3 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

K s

phase

OGLE-87692 RR0 0.130   0.034   3.83 23   12 0.64276

V1.0
V1.1

Galactic Plane Surveys Meeting                                                    Hatfield, Hertfordshire, July 18th, 2011                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

RR LYRAE LIGHT CURVES



13.7

13.8

13.9

14.0

14.1

14.2

14.3 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

K s

phase

OGLE-87692 RR0 0.130   0.034   3.83 23   12 0.64276

V1.0
V1.1

V1.1 tile

Galactic Plane Surveys Meeting                                                    Hatfield, Hertfordshire, July 18th, 2011                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO
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PROJECTS WITH RR LYRAE STARS

What is the 3-D structure of our Galaxy?

• VVV ZYJHKs catalog of known RR Lyrae stars
• VVV Ks light curve catalog of known RR Lyrae stars

RR Lyrae stars in: 
bulge, field, globular clusters, Sagittarius dwarf galaxy

• Map extinction, compare with other extinction surveys

• Employ PL / PLC relations to derive distances
• Develop automatic ensemble photometry with CASU fluxes

• Explore and test data as much as possible

• ...more projects to be included
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How to derive accurate mean magnitudes
from incomplete and noisy time-series?

TFF
  Template

  Fourier
  fitting

Kovács & Kupi (2007)

PROJECTS WITH RR LYRAE STARS

Use template light curves with 
all the flavors of variability...

...to fit the light curve:
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But we are in the NIR...

PROJECTS WITH RR LYRAE STARS

..so what do we have?

TFF
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PROJECTS WITH RR LYRAE STARS

Jonesʼ templates

TFF
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PROJECTS WITH RR LYRAE STARS
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The VVVT project 
will yield more...

TFF
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PROJECTS WITH RR LYRAE STARS TFF

N = 47
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PROJECTS WITH RR LYRAE STARS TFF

N = 29
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PROJECTS WITH RR LYRAE STARS TFF

N = 17
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PROJECTS WITH RR LYRAE STARS TFF

N = 10
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Credit: ESO

EXOPLANETS IN VVV

figures by R. Saito

K and M dwarfs:
Neptunes and Super-Earths around them 
produce similar transits as 
Hot Jupiters around Solar-like stars
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Credit: ESO

EXOPLANETS IN VVV

signal detection
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Credit: ESO

EXOPLANETS IN VVV

signal detection

BLS
  Box-fitting

  Least-Squares
  method

Kovács, Zucker & Mazeh (2002)



Galactic Plane Surveys Meeting                                                    Hatfield, Hertfordshire, July 18th, 2011                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

EXOPLANETS IN VVV

signal detection

BLS
  Box-fitting

  Least-Squares
  method

P0

qP0

H

L

t0

Kovács, Zucker & Mazeh (2002)
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EXOPLANETS IN VVV

signal detection
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Kovács, Zucker & Mazeh (2002)



Galactic Plane Surveys Meeting                                                    Hatfield, Hertfordshire, July 18th, 2011                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

EXOPLANETS IN VVV

signal detection

BLS
  Box-fitting

  Least-Squares
  method

P0

qP0

H

L

t0

Kovács, Zucker & Mazeh (2002)



Galactic Plane Surveys Meeting                                                    Hatfield, Hertfordshire, July 18th, 2011                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO
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only this depends on the trial period
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‘Semi-random’ cadence: 
visibility changes of b333

survey management plan & overheads
50% chance of second point on same night
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Overlap between tiles:
~ 42 sq. deg. with double coverage
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MORE EPOCHS ARE 
YET TO COME...
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