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star	  <20	  mag	  
detected!	  

Place	  window.
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AL Animation by  
Berry Holl, Geneva

~45 sec
~4.4 sec

Camera: 
  0.75 deg2  

pixel: 
10x30 µm 

(59x177 mas)

SINGLE GAIA OBSERVATION = TRANSIT
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GAIA AS A TRANSIENT SURVEY

Gaia Catalina Sky 
Survey

PTF OGLE-IV	

(Magellanic System only)

LSST  
(from 2020??)

deg ≈ 1230 1200 1000 150 5000

Avg 
Cadence

≈ 30 
days 14 days 5 days 5 days 4 days

Limiting 
mag 20 (21?) 19.5 21 21 r=24.7

f all sky 0.6 0.2 0.02 <0.48



PALOMAR TRANSIENT 
FACTORY, Rau et al. 2009
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Supernovae

NEW THINGS??

Microlensing events

FU OrionisR Coronae Borealis

M-dwarf flaresGRBs afterglows

Asteroids Be stars

Classical novae
Dwarf novae

Super-luminous Supernovae AGN flares/TDE

TRANSIENTS ZOO



SUPERNOVAE IN GAIA

๏ 6000

๏ Local supernovae 
calibration of the SNe cosmology projects.

๏ Ultra-luminous Surpernovae:
curves, U band magnitude reaching -23, host 
galaxies faint, e.g. Quimby et al. (2010), link 
to the relationship between GRBs and SNe.!

๏ Large “unbiased” samples of core-collapse 
supernovae
and progenitors!

๏ Supernovae in galaxy cores:
metallicity, homogenous sample, Gaia’s 
superb astrometry in use 



OTHER INTERESTING TRANSIENTS
✦ RCrB-type stars

- carbon stars, emitting sooth
- rare class (~50 known), but 3000 expected
- can drop by 8 mag in a week - perfect time-scale for Gaia

✦ GRB Afterglows
- very short duration events - expecting just a few

✦ Classical and recurrent novae
- potential distance indicators
- can be detected in MW and other galaxies
- large amplitudes, wide range of time-scales

✦ FU Orionis/EX Lupi
- unstable pre-MS stars
- rare class (few known)
- several magnitudes up, long time-scales
- X-ray variability
- FU Ori repeats every ~40 years!"

✦ Gravitationally lensed distant supernovae
- unique uniform all-sky monitoring
- high redshift SNe rates, distances, H0
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MICROLENSING IN GAIA
•7,500 events expected during the mission,  

mainly in the Galactic Bulge but many lost (crowding)"

•15,000 astrometric events (higher optical depth)"

• photometric alerts expected on 1000+ events,  
mainly long - the most interesting ones  
(nearby or massive lens)"

•astrometric microlensing - unique opportunity with Gaia!  
- measure masses and distances of the dark lenses 
- detect black-holes: astrometric deviation of ~few mas

Gaia DPAC: CU5-DU17 GAIA-C5-TN-IOA-LW-001

Figure 1: OGLE’s microlensing events as would have been observed by Gaia. Red points
indicate the data points taken during the actual event. Shown are events with the number of data
points during the event more than 20.

Technical Note 8

OGLE-III microlensing  
events  as seen with Gaia

          2500            3000            3500          4000!
Julian Date  (-2450000.0)
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object type

new old

downwardupward

• microlensing	

• dwarf novae	

• supernovae on 
top of galaxies	

• novae	

• Be stars	

• AGN flares	

• FUOrs, EXOrs

• RCrB	

• DY Per	

• single eclipses	

• dark clouds

• transients	

• supernovae	

• novae	

• DNe	

• TDE	

• AGN flares	

• GRB OT	

• M-dwarf flares

brighter!
than 19 mag*

various 
detection 
criteria

* tunable parameter, will evolve during the mission

ANOMALY DETECTION SYSTEM

astrometric

• microlensing	

• AGNs

after 
~1.5yrs

running in Cambridge on daily basis
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object type

new old

ANOMALY DETECTION SYSTEM
Classification

transient

artefact

bump

dip

work in progress:  
expand with more sophisticated methods
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ANOMALY DETECTION SYSTEM
Cross-match with archives

SDSS DSS OGLE-IV

work in progress:  
fully-automatise the cross-match
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On the CCDs	

- two low resolution 
spectrographs, R~100

GAIA SPECTRA

Blue photometer Red photometer

Measurements	

- 1 dimensional for	

stars G>13 mag
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Gaia is equipped with low-resolution	

(R~100) spectrographs. They will allow for 
classifying transients into types and for supernovae 
they will provide estimates for redshift and epoch 
based on just a single observation!

transients typing –  
low false-positives rate!

Spectral classification - the ``secret’’ power of Gaia
Spectra for SN sn2001V at z=0.01514 epoch= 20.0

Flux
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Spectroscopy
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Spectral classification - the ``secret’’ power of Gaia
Bl

ag
or

od
no

va
 e

t a
l. 

20
14

BAYESIAN ANALYSIS OF NEARBY GAIA
SUPERNOVAE

N. Blagorodnova, S. Koposov and N. A. Walton
{nblago - koposov - naw @ast.cam.ac.uk }

Institute of Astronomy, University of Cambridge

PROBLEM
The ESA Gaia satellite will detect thou-

sands of transient events during its 5 year
length mission. These objects shall be quickly
identified and reported to the scientific com-
munity through the Gaia Alerts system devel-
oped and operating at the Cambridge Gaia
Photometric Processing Centre.

This is a difficult problem due to three
aspects.

• No standard transient spectra libraries
available.

• Speed: releasing quick alerts forces to
work with Gaia raw calibrated data
sown below.

• Low S/N. Usually only one or two ob-
servations per object are available.

a) Gaia low resolution spectro-photometry for SN Ia at
different epochs (days). BP: 330-680nm, RP: 640 - 1050nm.

CONTRIBUTIONS
We introduce a classification module for

Gaia ESA raw calibrated data. t will be the
component of the Alerts pipeline, that will
characterise the detected flux alerts and as-
sign a classification type probability to each
alert - giving robust classifications to for in-
stance Gaia detected supernova.

METHOD
A bayesian approach is used:

P (M |D, v) =
P (D, v|M)P (M)R
P (D, v|M)P (M)dM

(1)

Where D is the data vector with errors, M
is the model and v is a visibility factor, that
accounts for the object detectability.
The visibility changes among the class and its
parameters. Given the average absolute mag-
nitude for each class of transient, we could
deduce its apparent magnitude for each theta,
and weight the likelihood according to how
bright it is:

P (D, v|M) =

Z
P (D, v|✓,M)P (v|✓,M)P (✓|M)d✓

(2)
The training set is a compilation of 1591

spectra from heterogeneous sources (PTF,
PESSTO, SUSPECT...). Those has been:

• Standardized: AV correction and edges
extension

• Parametrized in ✓
• Gaiafiyed. Transformed to Gaia cali-

brated raw domain with parameters
✓ = (z, t, AV )

RESULTS
The results has been obtained with a magnitude representative dataset. 5-fold cross-

validation has been used. They show that:
• Classification is possible for objects brighter than 19 Gaia magnitude.
• Completeness and contamination are acceptable.
• The most uncertain spectra at fainter magnitudes is being absorbed by the BlackBody

class, which contains featureless spectra with added scatter.
• The accuracy decreases for fainter magnitudes, as shown in figure a.

a) Accuracy b) Confusion Matrix for Gmag=18

c) Contamination (red) & Completeness (blue)

PARAMETER ESTIMATION
The redshift and epoch parameters are determined from the marginalized likelihoods for

each one of the parameters by 2 dimensional polynomial fitting.
The average error on z is �z ' 0.03 and epoch �t ' 24 days.

a) Redshift estimation b) Epoch estimation

DISCUSSION
A classification based on a single low

resolution spectra is possible. The results
shown here could be improved during mis-
sion because of: better S/N for objects ob-
served more than once on the same day and
usage of object non-detection history.

ACKNOWLEDGEMENTS
The research leading to these results

has received funding from the European
Union Seventh Framework GREAT-ITN Pro-
gramme ([FP7/2007-2013] under grant agree-
ment num. 264895 (see http://www.great-
itn.eu).

LSST @ EUROPE: THE PATH TO SCIENCE. 9 - 12 SEP, 2013

BAYESIAN ANALYSIS OF NEARBY GAIA
SUPERNOVAE

N. Blagorodnova, S. Koposov and N. A. Walton
{nblago - koposov - naw @ast.cam.ac.uk }

Institute of Astronomy, University of Cambridge

PROBLEM
The ESA Gaia satellite will detect thou-

sands of transient events during its 5 year
length mission. These objects shall be quickly
identified and reported to the scientific com-
munity through the Gaia Alerts system devel-
oped and operating at the Cambridge Gaia
Photometric Processing Centre.

This is a difficult problem due to three
aspects.

• No standard transient spectra libraries
available.

• Speed: releasing quick alerts forces to
work with Gaia raw calibrated data
sown below.

• Low S/N. Usually only one or two ob-
servations per object are available.

a) Gaia low resolution spectro-photometry for SN Ia at
different epochs (days). BP: 330-680nm, RP: 640 - 1050nm.

CONTRIBUTIONS
We introduce a classification module for

Gaia ESA raw calibrated data. t will be the
component of the Alerts pipeline, that will
characterise the detected flux alerts and as-
sign a classification type probability to each
alert - giving robust classifications to for in-
stance Gaia detected supernova.

METHOD
A bayesian approach is used:

P (M |D, v) =
P (D, v|M)P (M)R
P (D, v|M)P (M)dM

(1)

Where D is the data vector with errors, M
is the model and v is a visibility factor, that
accounts for the object detectability.
The visibility changes among the class and its
parameters. Given the average absolute mag-
nitude for each class of transient, we could
deduce its apparent magnitude for each theta,
and weight the likelihood according to how
bright it is:

P (D, v|M) =

Z
P (D, v|✓,M)P (v|✓,M)P (✓|M)d✓

(2)
The training set is a compilation of 1591

spectra from heterogeneous sources (PTF,
PESSTO, SUSPECT...). Those has been:

• Standardized: AV correction and edges
extension

• Parametrized in ✓
• Gaiafiyed. Transformed to Gaia cali-

brated raw domain with parameters
✓ = (z, t, AV )

RESULTS
The results has been obtained with a magnitude representative dataset. 5-fold cross-

validation has been used. They show that:
• Classification is possible for objects brighter than 19 Gaia magnitude.
• Completeness and contamination are acceptable.
• The most uncertain spectra at fainter magnitudes is being absorbed by the BlackBody

class, which contains featureless spectra with added scatter.
• The accuracy decreases for fainter magnitudes, as shown in figure a.

a) Accuracy b) Confusion Matrix for Gmag=18

c) Contamination (red) & Completeness (blue)

PARAMETER ESTIMATION
The redshift and epoch parameters are determined from the marginalized likelihoods for

each one of the parameters by 2 dimensional polynomial fitting.
The average error on z is �z ' 0.03 and epoch �t ' 24 days.

a) Redshift estimation b) Epoch estimation

DISCUSSION
A classification based on a single low

resolution spectra is possible. The results
shown here could be improved during mis-
sion because of: better S/N for objects ob-
served more than once on the same day and
usage of object non-detection history.

ACKNOWLEDGEMENTS
The research leading to these results

has received funding from the European
Union Seventh Framework GREAT-ITN Pro-
gramme ([FP7/2007-2013] under grant agree-
ment num. 264895 (see http://www.great-
itn.eu).

LSST @ EUROPE: THE PATH TO SCIENCE. 9 - 12 SEP, 2013

BAYESIAN ANALYSIS OF NEARBY GAIA
SUPERNOVAE

N. Blagorodnova, S. Koposov and N. A. Walton
{nblago - koposov - naw @ast.cam.ac.uk }

Institute of Astronomy, University of Cambridge

PROBLEM
The ESA Gaia satellite will detect thou-

sands of transient events during its 5 year
length mission. These objects shall be quickly
identified and reported to the scientific com-
munity through the Gaia Alerts system devel-
oped and operating at the Cambridge Gaia
Photometric Processing Centre.

This is a difficult problem due to three
aspects.

• No standard transient spectra libraries
available.

• Speed: releasing quick alerts forces to
work with Gaia raw calibrated data
sown below.

• Low S/N. Usually only one or two ob-
servations per object are available.

a) Gaia low resolution spectro-photometry for SN Ia at
different epochs (days). BP: 330-680nm, RP: 640 - 1050nm.

CONTRIBUTIONS
We introduce a classification module for

Gaia ESA raw calibrated data. t will be the
component of the Alerts pipeline, that will
characterise the detected flux alerts and as-
sign a classification type probability to each
alert - giving robust classifications to for in-
stance Gaia detected supernova.

METHOD
A bayesian approach is used:

P (M |D, v) =
P (D, v|M)P (M)R
P (D, v|M)P (M)dM

(1)

Where D is the data vector with errors, M
is the model and v is a visibility factor, that
accounts for the object detectability.
The visibility changes among the class and its
parameters. Given the average absolute mag-
nitude for each class of transient, we could
deduce its apparent magnitude for each theta,
and weight the likelihood according to how
bright it is:

P (D, v|M) =

Z
P (D, v|✓,M)P (v|✓,M)P (✓|M)d✓

(2)
The training set is a compilation of 1591

spectra from heterogeneous sources (PTF,
PESSTO, SUSPECT...). Those has been:

• Standardized: AV correction and edges
extension

• Parametrized in ✓
• Gaiafiyed. Transformed to Gaia cali-

brated raw domain with parameters
✓ = (z, t, AV )

RESULTS
The results has been obtained with a magnitude representative dataset. 5-fold cross-

validation has been used. They show that:
• Classification is possible for objects brighter than 19 Gaia magnitude.
• Completeness and contamination are acceptable.
• The most uncertain spectra at fainter magnitudes is being absorbed by the BlackBody

class, which contains featureless spectra with added scatter.
• The accuracy decreases for fainter magnitudes, as shown in figure a.

a) Accuracy b) Confusion Matrix for Gmag=18

c) Contamination (red) & Completeness (blue)

PARAMETER ESTIMATION
The redshift and epoch parameters are determined from the marginalized likelihoods for

each one of the parameters by 2 dimensional polynomial fitting.
The average error on z is �z ' 0.03 and epoch �t ' 24 days.

a) Redshift estimation b) Epoch estimation

DISCUSSION
A classification based on a single low

resolution spectra is possible. The results
shown here could be improved during mis-
sion because of: better S/N for objects ob-
served more than once on the same day and
usage of object non-detection history.

ACKNOWLEDGEMENTS
The research leading to these results

has received funding from the European
Union Seventh Framework GREAT-ITN Pro-
gramme ([FP7/2007-2013] under grant agree-
ment num. 264895 (see http://www.great-
itn.eu).

LSST @ EUROPE: THE PATH TO SCIENCE. 9 - 12 SEP, 2013

CLASSIFICATION OF ALERTS



Łukasz Wyrzykowski

YEAR 1

First alerts!
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NEW SOURCE ALERT EXAMPLE

ecliptic coordinates = 1.810217, -0.698089!
Identified as planetoid 9197 Endo!

(thanks to Francois Mignard!)

Alert:

raw Gaia data!

Finding chart (SDSS):

“sister” alerts found nearby
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ASTROMETRY

before mid-November 2014

arcseconds

matching Gaia to stellar catalogues

from mid-November 2014
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PROCESSING REAL GAIA DATA
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PROCESSING REAL GAIA DATA

2014 Sep 7
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PROCESSING REAL GAIA DATA

2014 Nov 22
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PROCESSING REAL GAIA DATA

2014 Nov 22
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http://gaia.esac.esa.int/tomcat_gost/gost/

WHERE GAIA IS POINTING?

http://gaia.esac.esa.int/tomcat_gost/gost/
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FIRST CONFIRMED SN FROM GAIA
Gaia14aaa discovered on 30 Aug 2014

raw Gaia data!Confirmation image from Liverpool Telescope

subtractionactual reference

Found based on BPRP spectrum match!
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OTHER CONFIRMED TRANSIENTS

Gaia14act - SN Type II at z=0.027 (Asiago)!
Gaia14acg - SN Type Ia at z=0.031 (Asiago)!

Gaia14aat - Dwarf Nova (Liverpool Telescope)

Gaia Verification @ WHT (Rixon et al):!
Gaia14aae - AM CnV, a’ka ASASSN-14cn!
Gaia14aaf - CV!
Gaia14aai - M flare!
Gaia14aau - M Flare!
Gaia14abg - CV!
Gaia14abq - M Flare!
Gaia14abr - M Flare!

Gaia14abz - SN Type Ia at z=0.059 (Asiago)!

Gaia14acz - SN next to SDSS galaxy at z=0.105!
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ALERTS VERIFICATION PHASE
http://gaia.ac.uk/selected-gaia-science-alerts
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ALERTS VERIFICATION PHASE
http://gaia.ac.uk/selected-gaia-science-alerts
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ALERTS VERIFICATION PHASE

why?!
•check if an alert is real!
•to weed out errors from the pipeline!
•to classify (phot+spec) or confirm BP/RP classification!

 !
open to everyone !!

!
requirements for follow-up:!

- ideally: fully robotic telescope!
- rapid response (<24h)!
- automated photometric processing!
- data submission to common repository

You can still join us!	

email: LW @ astrouw.edu.pl

Gaia Follow-Up Network for Transient Objects = Gaia-FUN-TO!
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NORTH"
Loiano, Italy,  1.5m!
APT2, Italy,  0.8m!
TNT, Italy, 0.72m!
Mercator, La Palma (Swiss Time), 1.2m!
Konkoly, Hungary, 1m, 0.6/0.9/1.8m, 0.5m!
PIRATE, Mallorca (Open University), 0.43m!
pt5m, La Palma (Sheffield), 0.5m!
Vienna, Austria, 1.5m!
ASV, Serbia, 0.6m!
Tubitak, Turkey, 1.5m, 1m, 0.6m!
Wroclaw, Poland, 0.6m!
Ostrowik, Poland, 0.6m!
Italian Supernova Project, Italy, 0.53m!
Wise, Israel, 1m, 0.7m, 0.45m!
OHP, France, 1.2m

SOUTH"
Swiss Euler, La Silla, 1.2m!
Danish/Czech, La Silla, 1.54m!
GROND, La Silla, 2.2m!
SAAO, South Africa, 1.9m, 1m!
OGLE, La Campanas, 1.3m"
MOA, New Zealand, 2m

ACTIVE FOLLOW-UP PARTNERS

http://www.ast.cam.ac.uk/ioa/wikis/gsawgwiki/index.php/Status_of_the_verification_partners



Hodgkin, LSST@Europe, IoA, Sept 11th 2013 30

FOLLOW-UP CALIBRATION SERVER
for Gaia Science Alerts Photometric Follow-up

access can be fully automatised

software developed by Sergey Koposov, IoA

http://gsaweb.ast.cam.ac.uk/followup
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About 15 observatories, >3000 observations of about 50 targets in 2013/14

WP11	

Time-domain 	

astronomy

ALERTS VERIFICATION PHASE
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Follow-up planning for the network of telescopes
To
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y 
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http://www.astrouw.edu.pl/~kulaczyk/ephem/

ALERTS VERIFICATION PHASE

WP11	

Time-domain 	

astronomy
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GAIA SCIENCE ALERTS WORKSHOPS

Archive of slides and videos:!
http://www.ast.cam.ac.uk/ioa/wikis/gsawgwiki

2013	  -‐	  2016	  Gaia	  Time-‐domain	  Photometric	  Follow-‐up	  
supported	  by	  OPTICON,	   
WP11:	  Time-‐domain	  astronomy	  (HQ:	  Warsaw)

2010-‐Cambridge 2011-‐Cambridge 2012-‐Bologna 2013-‐Paris 2014-‐Warsaw (2015-‐Liverpool)

http://www.ast.cam.ac.uk/ioa/wikis/gsawgwiki

