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VVV Survey Area and Tile numbers (upper index) and number of Ks- epochs (lower index)
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VVV Survey Area and Tile numbers (upper index) and number of Ks- epochs (lower index)
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VVV Survey Area and Tile numbers (upper index) and number of Ks- epochs (lower index)

10  0 350 340 330 320 310 300
Galactic Longitude [deg]

-10

-8

-6

-4

-2

+0 

+2

+4

G
al

ac
tic

 L
at

itu
de

 [d
eg

]

     201
      29

     202
      29

     203
      29

     204
      27

     205
      27

     206
      27

     207
      25

     208
      25

     209
      25

     210
      27

     211
      27

     212
      27

     213
      32

     214
      32

     215
      29

     216
      29

     217
      29

     218
      27

     219
      27

     220
      27

     221
      25

     222
      25

     223
      25

     224
      27

     225
      27

     226
      27

     227
      32

     228
      32

     229
      28

     230
      28

     231
      28

     232
      27

     233
      27

     234
      27

     235
      27

     236
      27

     237
      27

     238
      29

     239
      29

     240
      29

     241
      32

     242
      32

     243
      28

     244
      28

     245
      28

     246
      27

     247
      27

     248
      27

     249
      27

     250
      27

     251
      27

     252
      29

     253
      29

     254
      29

     255
      32

     256
      32

     257
      32

     258
      32

     259
      32

     260
      32

     261
      31

     262
      31

     263
      39

     264
      39

     265
      26

     266
      26

     267
      26

     268
      26

     269
      27

     270
      27

     271
      29

     272
      29

     273
      29

     274
      29

     275
      26

     276
      26

     277
      26

     278
      26

     279
      21

     280
      21

     281
      21

     282
      21

     283
      26

     284
      26

     285
      33

     286
      33

     287
      33

     288
      33

     289
      27

     290
      27

     291
      27

     292
      27

     293
      61

     294
      61

     295
      61

     296
      61

     297
      28

     298
      28

     299
      33

     300
      33

     301
      33

     302
      33

     303
      27

     304
      27

     305
      27

     306
      27

     307
      61

     308
      61

     309
      61

     310
      61

     311
      28

     312
      28

     313
      29

     314
      29

     315
      29

     316
      29

     317
      26

     318
      26

     319
      26

     320
      26

     321
      21

     322
      21

     323
      21

     324
      21

     325
      26

     326
      26

     327
      32

     328
      32

     329
      32

     330
      32

     331
      31

     332
      31

     333
      39

     334
      31

     335
      26

     336
      26

     337
      26

     338
      26

     339
      27

     340
      27

     341
      34

     342
      34

     343
      34

     344
      34

     345
      34

     346
      34

     347
      34

     348
      34

     349
      29

     350
      29

     351
      29

     352
      29

     353
      32

     354
      32

     355
      34

     356
      34

     357
      34

     358
      34

     359
      32

     360
      32

     361
      32

     362
      32

     363
      29

     364
      29

     365
      29

     366
      29

     367
      30

     368
      30

     369
      34

     370
      34

     371
      34

     372
      34

     373
      32

     374
      32

     375
      32

     376
      32

     377
      29

     378
      29

     379
      29

     380
      29

     381
      30

     382
      30

     383
      34

     384
      34

     385
      34

     386
      34

     387
      34

     388
      34

     389
      34

     390
      34

     391
      29

     392
      29

     393
      29

     394
      29

     395
      32

     396
      32

       1
      14

       2
      14

       3
      14

       4
      14

       5
      14

       6
      14

       7
      14

       8
      14

       9
      14

      10
      14

      11
      14

      12
      14

      13
      14

      14
      14

      15
      14

      16
      14

      17
      14

      18
      14

      19
      14

      20
      14

      21
      14

      22
      14

      23
      14

      24
      14

      25
      14

      26
      14

      27
      14

      28
      14

      29
      14

      30
      14

      31
      14

      32
      14

      33
      14

      34
      14

      35
      14

      36
      14

      37
      14

      38
      14

      39
      14

      40
      14

      41
      14

      42
      14

      43
      14

      44
      14

      45
      14

      46
      14

      47
      14

      48
      14

      49
      14

      50
      14

      51
      14

      52
      14

      53
      14

      54
      14

      55
      14

      56
      14

      57
      14

      58
      14

      59
      14

      60
      14

      61
      14

      62
      14

      63
      14

      64
      14

      65
      14

      66
      14

      67
      14

      68
      14

      69
      14

      70
      14

      71
      14

      72
      14

      73
      14

      74
      14

      75
      14

      76
      14

      77
      14

      78
      14

      79
      14

      80
      14

      81
      14

      82
      14

      83
      14

      84
      14

      85
      14

      86
      14

      87
      14

      88
      14

      89
      14

      90
      14

      91
      14

      92
      14

      93
      14

      94
      14

      95
      14

      96
      14

      97
      14

      98
      14

      99
      14

     100
      14

     101
      14

     102
      14

     103
      14

     104
      14

     105
      14

     106
      14

     107
      14

     108
      14

     109
      14

     110
      14

     111
      14

     112
      14

     113
      14

     114
      14

     115
      14

     116
      14

     117
      14

     118
      14

     119
      14

     120
      14

     121
      14

     122
      14

     123
      14

     124
      14

     125
      14

     126
      14

     127
      14

     128
      14

     129
      14

     130
      14

     131
      14

     132
      14

     133
      14

     134
      14

     135
      14

     136
      14

     137
      14

     138
      14

     139
      14

     140
      14

     141
      14

     142
      14

     143
      14

     144
      14

     145
      14

     146
      14

     147
      14

     148
      14

     149
      14

     150
      14

     151
      14

     152
      14

LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

20 July 2013

30≦

50≦

70≦

﹤70

﹤40

KS TIME-SERIES STATUS

40≦ ﹤50



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

THE ROUTE OF VISTA DATA

observations
QC

~days



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

THE ROUTE OF VISTA DATA

observations
QC

QC
image 

processing
photometry
calibration

~days ~days

Public

RAW



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

THE ROUTE OF VISTA DATA

observations
QC

QC
image 

processing
photometry
calibration

~days ~days

months

VVV Science Team

QC,
data release 
preparation

(and..do 
science)

Public

RAW



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

THE ROUTE OF VISTA DATA

observations
QC

QC
image 

processing
photometry
calibration

~days ~days

months

VVV Science Team

QC,
data release 
preparation

(and..do 
science)

<year

Public

~days
RAW



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

THE ROUTE OF VISTA DATA

observations
QC

QC
image 

processing
photometry
calibration

~days ~days

months

VVV Science Team

QC,
data release 
preparation

(and..do 
science)

<year

Public

~days
RAW



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

THE ROUTE OF VISTA DATA

observations
QC

QC
image 

processing
photometry
calibration

~days ~days

months

VVV Science Team

QC,
data release 
preparation

(and..do 
science)

<year

Public

~days
RAW



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

THE ROUTE OF VISTA DATA

observations
QC

QC
image 

processing
photometry
calibration

~days ~days

months

VVV Science Team

QC,
data release 
preparation

(and..do 
science)

<year

Public

~days
RAW m

on
th

s

science-ready 
data



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

THE ROUTE OF VISTA DATA

observations
QC

QC
image 

processing
photometry
calibration

~days ~days

months

VVV Science Team

QC,
data release 
preparation

(and..do 
science)

<year

Public

~days
RAW m

on
th

s

years

years
science-ready 

data



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

VVV : THE FIRST AND ONLY NIR TIME-
DOMAIN SURVEY OF THE BULGE

VVV Variable Star Catalog



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

VVV : THE FIRST AND ONLY NIR TIME-
DOMAIN SURVEY OF THE BULGE

VVV Variable Star Catalog

A comprehensive science-ready 
relational database 

of variable point sources in the VVV.
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CASU PROCEDURES

Credit: ESO

PHASE 1:  The magic

image processing (reduction, mosaicking, grouting, stacking, etc.)

PHASE 1I:  Measurements

- multi-aperture photometry
- source classification, deblending
- aperture corrections ~ seeing correction!

PHASE III: calibrations

- using 2MASS but 2MASS ≠ VISTA
- light-curves are calibrated point-by-point
- astrometric precision ~0.3 arc sec.
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PHASE 1

extraction of master source list from CASU tile catalogs

VARIABILITY ANALYSIS
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PHASE 1 : master source catalog
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PHASE 1

extraction of master source list from CASU tile catalogs

VARIABILITY ANALYSIS

PHASE 1I

cross-match of pawprint catalogs to master catalog
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PHASE 1I : pawprint cross-matches

PAWPAWPAWPAWPAWPAWPAWPAWPAWPAWPAWPAWPAWPAWPAWPAWPAWPAW



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

0.00
0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

9 10 11 12 13 14 15 16 17 18 19
Ks [mag]

se
pa

ra
tio

n 
["]

X-match 
separations

PHASE 1I : pawprint cross-matches

X-match 
separations

80%



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

0.00
0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

9 10 11 12 13 14 15 16 17 18 19
Ks [mag]

se
pa

ra
tio

n 
["]

X-match 
separations

PHASE 1I : pawprint cross-matches

X-match 
separations

fast transients coming from below detection
high proper motion objects
very faint objects
‘very blue’ objects
objects with very high crowding

What do we not find?



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

0.00
0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

9 10 11 12 13 14 15 16 17 18 19
Ks [mag]

se
pa

ra
tio

n 
["]

X-match 
separations

PHASE 1I : pawprint cross-matches

X-match 
separations

fast transients coming from below detection
high proper motion objects
very faint objects
‘very blue’ objects
objects with very high crowding

What do we find?

What do we not find?

~ everything else



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

PHASE 1

extraction of master source list from CASU tile catalogs

VARIABILITY ANALYSIS

PHASE 1I

cross-match of pawprint catalogs to master catalog

PHASE 1II

adding ZP errors
threshold rejection
aperture optimization (minimal weighted RMS)
computation of descriptive statistics
selection of variable star candidates via variability indices
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PHASE III : light-curve processing
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PHASE III : light-curve processing
b295 b295

b295
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Exposure time map

Cross et al. 2012

Mosaicking map source: CASU
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Modified Weighted Mean of Squared Successive Differences

Credit: ESO
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PHASE III : light-curve processing
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PHASE 1

extraction of master source list from CASU tile catalogs

VARIABILITY ANALYSIS

PHASE 1I

cross-match of pawprint catalogs to master catalog

PHASE 1II : light-curve processing

selection of variable star candidates via variability indices:
typically 50,000 candidates per tile

PHASE IV : frequency analysis

time-frequency transformation
find periodic and long-term signals
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Frequency analysis
- Generalized Lomb-Scargle

periodogram (GLS)
- Phase dispersion spectrum (PDM)

Analytical significance estimation
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PHASE IV : frequency analysis

b295
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PHASE IV : frequency analysis

b295
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PHASE IV : frequency analysis

b295
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b295 : 4065 candidates

PHASE IV : frequency analysis
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b295 : 4065 candidates

PHASE IV : frequency analysis

400

 0

 50

 100

 150

 200

 250

 0  1  2  3  4  5  6  7  8  9  10

N
frequency [c/d]

400

 0

 50

 100

 150

 200

 250

 0  1  2  3  4  5  6  7  8  9  10

N

frequency [c/d]

GLS

PDM

400

 0
 1
 2
 3
 4
 5
 6
 7
 8
 9

 10

 0  1  2  3  4  5  6  7  8  9  10

PD
M

 fr
eq

ue
nc

y 
[c

/d
]

GLS frequency [c/d]



LARIM 2013                                                            Florianópolis, Brazil, November 28, 2013                                                    I. Dékány, P. Universidad Católica de Chile

Credit: ESO

PHASE IV : frequency analysis
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PHASE IV : frequency analysis
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DATA PRODUCT: relational database
Variability tables
min./max., weighted average, w. std. dev., median, internal 
scatter, Npaw, Ntile, Nom., skewness, kurtosis, IS, MWMSSD, 
RA, DEC,
ZYJH averaged pawprint magnitudes, etc.
(~1 million rows / tile)

Frequency analysis tables
as above + PLSP, theta, fLSP, fPDM, etc.
(~50000 rows / tile)

Queryable light curves + plots
ZYJHKs processed & raw data in all apertures
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PROCESSING STATUS
VVV Survey Area and Tile numbers (upper index) and number of Ks- epochs (lower index)
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SELECT
ID,	  AP,	  MEDIAN,	  JWAV,	  TAMPL

FROM
b295_var

WHERE
RCRTS	  >	  1.5	  	  	  	  AND
ABS(GLSFREQ-‐PDMFREQ)	  <	  20*FREQRES	  	  	  	  AND
TAMPL	  >	  0.2	  	  	  	  AND
NPT/NTL	  >=	  3

SQL
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SELECT
lc.ID,	  AP,	  filter,	  HJD,	  
ap1mag,	  ap1magErr,	  ap3mag,	  ap3magErr,
angSep,	  chip,	  PSFclass
FROM
b295_var	  AS	  v,
b295_lc	  AS	  lc
WHERE
v.ID=lc.ID	  	  	  	  AND
RCRTS	  >	  1.5	  	  	  	  AND
ABS(GLSFREQ-‐PDMFREQ)	  <	  20*FREQRES	  	  	  	  AND
TAMPL	  >	  0.2	  	  	  	  AND
NPT/NTL	  >=	  3	  	  	  	  AND
chip<16	  AND	  	  	  	  AND
filter>=3	  	  	  	  AND
ORDER	  BY	  lc.ID,	  filter

SQL
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VVV Survey Area and Tile numbers (upper index) and number of Ks- epochs (lower index)
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RR Lyrae search in the bulge
- map the old population
Cepheid search in the bulge & disk
- map the spiral structure
search for microlenses
- re-assess the optical depth
search for novae (and SNe..)
- survey the ʻblind zoneʼ

ON-GOING PROJECTS



VVV Survey Area and Tile numbers (upper index) and number of Ks- epochs (lower index)
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