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Gaia CCDs and Variability

Focal Plane

104.26cm

Figure courtesy Alex Short
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Sky Mapper
CCDs

Total field:
- active area: 0.75 deg?
-CCDs:14+62+14 +12 (+ 4)
- 4500 x 1966 pixels (TDI)
- pixel size = 10 ym x 30 um
=59 mas x 177 mas

Astrometric Field

CCDs

Sky mapper:
- detects all objects to G=20 mag
- rejects cosmic-ray events
- field-of-view discrimination
Astrometry:
- total detection noise ~ 4 e~
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Q Radial-Velocity
S Spectrometer

CCDs
ﬁ

Star motionin 10 s

Photometry:
- spectro-photometer
- blue and red CCDs
Spectroscopy:
- high-resolution spectra
-red CCDs
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Gaia Data Release 1
= Gaia Data Release 2
Auxiliary
Cross match

Solar System

) Variability

®

=] gaiadr2.vari_cepheid

®

| gaiadr2.vari_classifier_class_definition :f-

®

| gaiadr2.vari_classifier_definition

®

=] gaiadr2.vari_classifier_result

®

=] gaiadr2.vari_long_period_variable
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=] gaiadr2.vari_rotation_modulation
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| gaiadr2.vari_rrlyrae

| gaiadr2.vari_short_timescale
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= gaiadr2.vari_time_series_statistics
-gaiar?..gaia_source o

| gaiadr2.ruwe

Job name: Query examples

1

Ctrl+Space for query autocompletion

%

No results found

Status Job ¥ Creation date Num. rows Size
4 4 110f0 P> M Download  ry5Tanie ~ Apply  Filter this Select all Delete
format: jobs filter S€ssion jobs selected jobs
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Gaia DR2 (variables

22 month G/Ggp/Grp-FoV time series Ldege“d’
ata set
+ preliminary astrometr
#FOV(G)>2 P / 4 #FoV(G)>20
& operators & operators
1607 M 826 M
( statistical parameters ) ( statistical parameters )

(GeneraIVariabiIity Detection) f Special Variability Detection\

98M (11.9%) W variable  { short timescale [solar-like )
( characterisation )

v

(eml -supervised classifi catlo

nTransits- 2+ superwsed classification
Specific Object] Studies (SOYS)
epheld & RR-Lyrae
( Short timescale ) @\otatlon modulatlo)
Long Perlod Varlables) l l
( validation fi f‘Itermg & DR2 publication )

Holl et al. A&A 618, A30 (2018)



Gala DR3 (variables

( statistical parameters )

(GeneraIVariabiIity Detection) f Special Variability Detection\
* Kshort timescale soIar—Iikej
( characterisation ) +0thers

C supervised classification )

+others Specific Object] Studies (SOYS)
(Cepheid & RR-Lyrae
| . . ( Short timescale ) @\otation modulatioa
(Long ierlod Var+|ables) l+0thers l

validation filtering & DR3 publication )




8 882
228 904

11 438

151 761

3018

147 535

551 538

Gaia DR2 Variability Results

Classification (vari_classifier_result)

best class name
o Scuti & SX Phoenicis DSCT_SXPHE

RR Lyrae stars
Cepheids CEP, ACEP, T2CEP

Long period variables MIRA_SR

Short timescale variables

Rotation modul. (BY Dra) stars

+
(550 737 unique source_id)

~160K additional sources

Total

8 882

RRAB, RRC, RRD, ARRD 195 780

8 550

150 757

363 969

r

88 120 ( 107 660

33124 )

1863 (6687

2888 )

(

_

62144 ( 88613

1004 )

all unique source_id)

rejected / not confirmed by SOS

with time series (G, BP, RP)

Specific Object Studies (SOS)

Total Table name

140 784

9 575

89 617

3018

147 535

390 529

vari_rrlyrae

vari_cepheid
vari_long_period_variable
vari_short_timescale

vari_rotation_modulation

+
(390 449 unique source_id)

Holl et al. A&A 618, A30 (2018)



CLASSIFICATIONS IN SPECIFIC OBJECT STUDIES

Gaia Classifications (DR2)
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ACEP 114 1
ARRD
CEP 5258 4 2 3 1
DSCT_SXPHE
MIRA_SR 7 24 4 148 2172 262 2
RRAB 2 352 4 47 24
RRC 17 298
RRD 3 7
T2CEP 517 11 2 15 1
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RRC 394 9655 600 116 2 9 1
RRD 46 169 110 17 2
T2CEP 1 45 12 7 215 11




CLASSIFICATIONS IN SPECIFIC OBJECT STUDIES
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Gaia G band (mag)

MICROLENSING EVENTS

4044184293225562624 (in MIRA SR)

i
o_
—
©
m_
—
-
m_
—

b
O
F

1700
o
2'_
<
“:;_
(0]
?_"_

N
oA

1800 1900 2000 2100 2200 2300
4058700664050625920 (in RRAB)

N 700

1800 1900 2000 2100 2200 2300

4048971261782646528 (in MIRA SR)

1800 1900 2000 2100 2200 2300
4059802172898190976 (in MIRA SR)

1800 1900 2000 2100 2200 2300

Time (BJD in TCB-2455197.5)



Gaia G band (mag)

ACTIVE GALACTIC NUCLEI
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Gaia G band (mag)
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Gaia G band (mag)

SYMBIOTIC BINARIES
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Gaia G band (mag)

GAMMA CASSIOPEIAE STARS

4044184293225562624 (in MIRA SR)
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Gaia G band (mag)

BLUE LARGE AMPLITUDE PULSATORS
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Gaia G band (mag)

DELTA SCUTI STARS
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Gaia G band (mag)
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Gaia G band (mag)

YOUNG STELLAR OBJECTS
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Gaia G band (mag)

RS CANUM VENATICORUM STARS

0.4 _ 0.6

0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Normalized Phase

Time (BJD in TCB-2455197.5)



Gaia G band (mag)
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MIRA VARIABLES
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Gaia G band (mag)

OGLE SMALL AMPLITUDE RED GIANTS
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Gaia G band (mag)
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PULSATING WHITE DWARFS
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Gaia G band (mag)

CEPHEIDS

4660635455787267456 (in CEP), P: 2.9614 d
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Gaia G band (mag)

RR LYRAE STARS
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R LYRAE STARS

3D view assuming abs mag RRL in G ~ 0.6 mag (...

SPECIFIC OBJECT STUDIES CLASSIFICATION




SN’s In ASAS-SN vs Alerts

from 2014-09-01 to mid 2017 (Gaia DR3)
from Gaia DR3 to 2019-10-18.31 (UTC)

(ASAS-SN: g,V ~ 9-18 mag)

(<3asec)

Gaia Alerts
ASAS-SN

350 (-2) /87 (+2) . 363 (+...)

374 (-26) 189 (+26) 1004 (+...)
+: unknown,
AGN.TDE

ASAS-SN SN: http://www.astronomy.ohio-state.edu/asassn/sn_list.html
Gaia Alert SN: (Class.endsWith("SN") || Class.startsWith("SN") ) && !(Class=="SN imposter”)



http://www.astronomy.ohio-state.edu/asassn/sn_list.html

INCLUDING SN CANDIDATES IN THE GAIA ALERTS

SN's In ASAS-SN vs Alerts

from 2014-09-01 to mid 2017 (Gaia DR3)
from Gaia DR3 to 2019-10-18.31 (UTC)

(ASAS-SN: g,V ~ 9-18 mag)

(<3asec)

.. GaiaAlerts
ASAS-SN .

. * most> 18 mag
A e incl. closer to Sun
1313 \ « rel. late discovery

2023 (+...)
"+ AGN.,TDE

Including candidate SN from the Gaia Alerts: S
1) grep -e "SN" -e "candidate SN" -e "Candidate SN" -e "predicts SN" -e "predict SN" -e "possible SN” alerts.csv > alerts_grep.csv
2) on alerts_grep.csv: (Class.endsWith("SN") Il Class.startsWith("SN") Il (Class=="unknown") ) && (!(Class=="SN imposter"))



VARIABILITY

RESULTS

Time Span
Variable obj.

Published
Classes
Trained
Classes

Crossmatch
Catalogs

Classification

Input Data

Gaia DR1

(14 Sept 2016) (25 Apr 2018)

14 months

3.2 103

RR Lyrae
Cepheid

Gaia DR2

22 months
55105

v

22

70

weka

+ BP, RP

+
& Scuti
SX Phoenicis
Miras
Semi-Regulars
Rotating (spots)
Short time scale

PLANS
Gaia DR3

(S2 2021)

EDRS: Q3 2020

34 months
~107

15-25

25-35

>100

H20

+ XP spectra, RV

+
YSOs, MS vars.
eclipsing bin.
ellipsoidals
flaring/eruptive
white dwarfs
ulensing events
exo-planets
(super)novae

AGNs/QSOs/Blazars

Gaia DR4
(TBD)

S.x years

~108

All possible

All possible

All possible

(H20)

+ per-CCD, all spectra..

All possible



