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The VVV Survey: Timeline

We are

here \
2

3

4

S

- 6 epochs in K for bulge and disk; K _=18/20 mag (single/combined epox
- 2.Y.J.H, K single (quasi-simultaneously) epoch observations (bulge s

- 4 epochs in K_for bulge and disk

- main part of bulge variability campaign (80 epochs, 652 h)
- map bulge and disk once per night

- main disk variability campaign (similar to bulge, but 70 epochs; U

- bulge and disk observations in K band
- 20/9 epochs spread over the whole year
- subset will be observed more frequently (10-40 times pernight)

Signal search via time-frequency transformations and image subtraction,
automated variable star classification,
106+ new variables, ...
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SEEK FOR VARIABILITY
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SEEK FOR V ARIABILITY
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SEEK FOR VARIABILITY
' . . Baade-SV

class = -1 (star) class = -1 (star)

e<025 e<040 ~50£025 e<0.40
Ng, / Nijie < 2 L 2t NG T Nijig <2

" 'A tile = 28

11 115 12 125 13 135 14 145 15 155 16 5 12 125 13 135 14 145 15 155 16
K, [mag] Ks [mag]

Sample:

pawprint photometry for sources with

stellar (-1) detections on all tiles
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SEEK FOR V ARIABILITY
. - 2 Baade-SV

class = -1 (star) class = -1 (star)
e <0.25 243 > e<0.25

No, / Njie <2 o - Ny /N2
Ntile 28 ;

11 125 13 135 14 145 15 155 16 TR 13 135 14 145 16

v1.0, pperrbits < 16 KS [mag] v1.0, pperrbits < 16 Ks [mag]
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SEEK FOR V ARIABILITY
. s Baade-SV

class = -1 (star) class = -1 (star)
e <0.25 = e<0.25

N / Nijie < 2 o - Ng /Ny <2
Nije = 8 R T B Ny 2 8

11 1029 ~1e SO 13 135 14 145 15 155 16 11 115 12 125 13 135 14 145 15 155 16

v1.0, pperrbits = 0 KS [mag] v1.0, pperrbits = 0 KS [mag]
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class = -1 (star) class = -1 (star)
e<025 e<040 ~x,62025 e<0.40
N(,i / Nyje < 2 | 58 Nci / Nijie <2

Ntile 28

11 115 12 125 13 135 14 145 15 155 16 y M s P 12'12.5 13 135 14 145 15 155 16
K, [mag] Ks [mag]
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cumulative distribution of
chi-squared per degree of freedom

SEEK FOR V ARIABILITY

Gaussian

Baade SV (v1.1 K, paw)
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cumulative distribution of
chi-squared per degree of freedom

SEEK FOR V ARIABILITY

Gaussian

Baade SV (v1.1 K, paw)

non-normality ~ Main reason:
aperture photometry + crowdedness
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SEEK FOR V ARIABILITY

rms scatter of time-series

class = -1 (star) class = -1 (star)
e<0.25 | e<0.25
N / Nijie < 2 Lins 50 Ng / Nijg <2

11 125 13 135 14 145 15 155 16 11 115 12 125 13 135 14 145 15 155 16
K, [mag] Ks [mag]

internal scatter
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SEEK FOR V ARIABILITY
. g S Baade-SV

class = -1 (star)
e<0.25

N / Nij = 2
Niile = 8

vi.1
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11 115 12 125 13 135 14 145 15 155 16 '12'12.5 13 135 14 145 15 155 16
K, [mag] Ks [mag]
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11 115 12 125 13 135 14 145 15 155 16 ‘12'12.5 13 135 14 145 15 155 16
K, [mag] Ks [mag]
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Baade-SV » st - 5 dfew éxamples...

e

class = -1 (star)

e<0.25
NQ/M%52

¢

B v 1240 1260 1280 1300 1320
AAAAL_.LL'.;' .-;.AQ;QLAAAL..AA 1 FUP BN i MJD'55000
1D 12 129 13 183 14 140 1o 1Oy 16

[ |
Galactic Plane Surveys Meeting Hatfield, Hertfordshire, .




| Baade-SV

class = -1 (star)

e<0.25
NQ/M%52

PO PSR St | SISO T RIS R

[ e g

=

15 12 125 13 135

14 145 15 155 16

K [mag]

[

Galactic Plane Surveys Meeting

Hatfield, Hertfordshire, «

a few examples...

1240 1260 1280 1300

MJD - 55000

132.0

J-H=0.247 H-K~0.105 J-K~=0.471

4



| Baade-SV

class = -1 (star)

e<0.25
NQ/M%52

PO PSR St | SISO T RIS R

[ e g

=

15 12 125 13 135

14 145 15 155 16

K [mag]

[
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Hatfield, Hertfordshire, «

a few examples...

J-H=0.366 H-K=0.105

1240 1260 1280 1300

MJD - 55000

132.0

J-Ks=0.471

4



RR LYRAE L|GHT CURVE-S

OGLE-87692 RRO 0.130 0.034 3.83 23 12 0.64276
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RR LYRAE L|GHT CURVE-S

OGLE-87692 RRO 0.130 0.034 3.83

23 12

0.64276

X
¢ Tt
,i

BAR
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RR LYRAE LIGHT CURVES

OGLE-87692 RRO 0.130 0.034 3.83 23 12 0.64276

V1.1 tile
V1.0

‘Galactic Plane Surveys Meeting Hatfield, Hertfordshire, July 18th, 2011 I+ Dékany, P. Universidad Catolica de Chile



 RR LYRAE LIGHT CURVES '

OGLE-193527 RRO 0.0653 0.0260 2.51 21 11 068386

it
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RR LYRAE LIGHT CURVES

OGLE-193527 RRO 0.065 0.026 2.51 21 11 0.68386

By gy
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ps
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O
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RR LYRAE LIGHT CURVES

OGLE-193527 RRO 0.065 0.026 2.51 21 11 0.68386

V1.1 tile
V1.0 |
V1.1

.
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OGLE-473321 RRO 0.084 0.076 1.14 24 12 0.49145
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OGLE-473321 RRO 0.084 0.076 1.14 24 12 0.49145
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 RR LYRAE LIGHT CURVES '

OGLE-473321 RRO 0.084 0.076 1.14 24 12 0.49145

%

V1.1 tile
V1.0

V11

16 1.8 20
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RR LYRAE L|GHT CURVE-S

OGLE-604274 RRO 0.132 0.080 165 21 11 0.43977

V1.0

Y
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RR LYRAE LIGHT CURVES

OGLE-604274 RRO 0.132 0.080 1.65 21 11 0.43977

V1.0
V1.1

3 SIORY
RiR 1

$
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OGLE-604274 RRO 0.132 0.080 1.65 21 11 0.43977

V1.0
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 RR LYRAE LIGHT CURVES '

OGLE 692029 RRO O 098 0.028 3. 54 0.63464

; %M@ %i

‘Galactic Plane Surveys Meeting Hatfield, Hertfordshire, July 18th, 2011 I+ Dékany, P. Universidad Catolica de Chile



RR LYRAE LIGHT CURVES

24 12

0.63464

$

+393§'

OGLE-692029 RRO 0.098 0.028 3.54

#

:
:

phod
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 RR LYRAE LIGHT CURVES '

OGLE-692029 RRO 0.098 0.028 3.54 24 12

0.63464
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PROJECTS WITH RR LYRAE STARS.

What is the 3-D structure of our Galaxy?

* VVV ZYJHK;s 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
e Develop automatic ensemble photometry with CASU fluxes
e Explore and test data as much as possible

e ...more projects to be included
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PROJECTS WITH RR LYRAE STARS

- How to derive accurate mean magnitudes
- from incomplete and noisy time-series?

T F F 3 Usé template light curvés with

Template ~ all the flavors of variability...
Fourier : ]
fitting
Kovacs & Kupi (2007)

...to fit the light curve:
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Credit: ESO.
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ProjECTSs WITH RR LYRAE STARS TEF

- Jones’ templates

B amplitude
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RR LYRAE STARS

PROJECTS WITH
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WITH RR LYRAE STARS

PROJECTS
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YRAE STARS

ProJECTS WiTH RR L
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4.5 sqdeg
D209+D210+D211
600.000 stars

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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signal detection
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EXOPLANETS IN VVV

BLS

Least-Squares
method

Kovacs, Zucker & Mazeh (2002)

‘Galactic Plane Surveys Meeting

signal detection

A"

5 box transit parameters:
<A B SR - (P

-~ Hatfield, Hertfordshire, July 18th, 2011

qRo.- 5
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EXOPLANETS IN VVV

signal detection

BLS T
Box-fitting 5 box transit parameters: L > -
Least-Squares qP()
method ’

P,, q, L, H, t, I s

Kovacs, Zucker & Mazeh (2002)

+Z W, \—H)+Zu [~

i=i,+1 =i,
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EXOPLANETS IN VVV
signal detection

H

BLS

Box-fitting
Least-Squares
method

Kovacs, Zucker & Mazeh (2002)

5 box transit parameters: L s
Py, q, L, H, {, | >

+Z W \—H)+Zu L

i=i,+1 i=i,

I
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EXOPLANETS IN VVV
. signal detection

H

BLS

Box-fitting
Least-Squares
method

Kovacs, Zucker & Mazeh (2002)

5 box transit parameters: L s
Bl B B < —

qRo.- 5

+Z W, \—H)+Zu [~

i=i,+1 i=i,

only this depends on the trial period
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EXOPLANETS IN VVV
signal detection

H

BLS

Box-fitting
Least-Squares
method

Kovacs, Zucker & Mazeh (2002)

5 box transit parameters: L s
Py, q, L, H, {, | >

+Z W \—H)+Zu L

i=i,+1 i=i,

‘Galactic Plane Surveys Meeting Hatfield, Hertfordshire, July 18th, 2011 F Dékéhy, P. Universidad Catolica

qRo.- 5

de Chile



‘Semi-random’ cadence:
visibility changes of b333
survey management plan & overheads
50% chance of second point on same night

EXOPLANETS IN VVV

98 1635.23 2.82768 .05

1000 1200 1400 1600

frequency [d'1]
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EXOPLANETS IN VVV

4 5
period [d]

‘Galactic Plane Surveys Meeting Hatfield, Hertfordshire, July 18th, 2011 I: Dékany, P. Universidad



Tile#1 | Tile#2 Overlap between tiles:
~ 42 sq. deg. with double coverage

~ few more sqg. deg. with quadruple coverage

Tile#3 Tile#4

196 1632.21 2.82768

1000 1200 1400 1600

ﬂequency[dJ]
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