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Including:
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l Gaia data processing is a
Pan-European cooperation
I Academic institutions and

national space agencies
I Supported through

national funding
I Processing power spread

over 6 centres
I ESAC team integral part

of DPAC
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Scanning Law
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Gaia as a transient survey
Gaia ASAS OGLE-IV

Catalina 
Sky 

Survey

PTF
LSST  
(from 

2020??)

deg2 
day-1 ≈ 1230 ~20,000 150 1200 1000 5000

Avg 
Cadence
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dy 1-3dy 20m-5dy 14dy 5dy 4dy

Limiting 
mag G=20.7 V=14 22 19.5 21 r=24.7

fsky all sky all sky 0.07 0.6 0.2 <0.48
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Gaia Focal Plane

FoV: 0.7 deg x 0.7 deg

pixel: 0.059”(AL) x 0.177”(AC)

~1 billion pixels every 
4.4 seconds. 

Whole sky survey at 
very short time-scales



Sampling of light curve
~ weeks Each source observed 

many time in mission; sampling 
is predictable but unevenTime

Time
107 min

6 hours 
(1 rev)

107 min

Each visit,typically 2 transits  
in each of 2 fields of view:  
FoV transit → avg. mag

Time
~5.5s

Each FoV includes up to 9 
equivalent flux samples 

that can be averaged or used 
separately
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BP/RP spectra: classification

• two low-res fused-silica prisms 

• BP 330-680nm @ 4-32 nm/pixel 

• RP 640-1000nm @ 7-15 nm/pixel

Gaia flux calibration 85

Figure 4: Left: the passbands of the G-band, BP and RP; Right: a simulated RP dispersed
image, with a red rectangle marking the window assigned for compression and ground
telemetry. c⃝ESA

The next step is the Astrometric Global Iterative Solution (AGIS) processing. AGIS
processes together the attitude and calibration parameters with the source parameters,
refining them in an iterative procedure that stops when the adjustments become sufficiently
small. As soon as new data come in, on the basis of 6 months cycles, all the data in hand
are reprocessed together from scratch. This is the only scheme that allows for the quoted
precisions, and it is also the philosophy that justifies Gaia as a self-calibrating mission. The
primary AGIS cycle will treat only stars that are flagged as single and non-variable (expected
to be around 500 millions), while other kinds of objects will be computed in secondary AGIS
cycles that utilize the main AGIS solution. Dedicated pipelines for specific kinds of objects
(asteroids, slightly extended objects, variable objects and so on) are being put in place to
extract the best possible precision. Owing to the large data volume (100 Tb) that Gaia
will produce, and to the iterative nature of the processing, the computing challenges are
formidable: AGIS processing alone requires some 1021 FLOPs which translates to runtimes
of months on the ESAC computers in Madrid.

1.6. Spectrophotometry

The primary aim of the photometric instrument is mission critical in two respects: (i) to
correct the measured centroids position in the AF for systematic chromatic effects, and (ii)
to classify and determine astrophysical characteristics of all objects, such as temperature,
gravity, mass, age and chemical composition (in the case of stars).

The BP and RP spectrophotometers are based on a dispersive-prism approach such
that the incoming light is not focussed in a PSF-like spot, but dispersed along the scan
direction in a low-resolution spectrum. The BP operates between 330–680 nm while the
RP between 640-1000 nm (Figure 4). Both prisms have appropriate broad-band filters to
block unwanted light. The two dedicated CCD stripes cover the full height of the AF and,
therefore, all objects that are imaged in the AF are also imaged in the BP and RP.

The resolution is a function of wavelength, ranging from 4 to 32 nm/pix for BP and 7
to 15 nm/pix for RP. The spectral resolution, R=λ/δλ ranges from 20 to 100 approximately.
The dispersers have been designed in such a way that BP and RP spectra are of similar sizes
(45 pixels). Window extensions meant to measure the sky background are implemented.
To compress the amount of data transmitted to the ground, all the BP and RP spectra
– except for the brightest stars – are binned on chip in the across-scan direction, and are
transmitted to the ground as one-dimensional spectra. Figure 4 shows a simulated RP
spectrum, unbinned, before windowing, compression, and telemetry.

Gaia - Taking the Galactic Census Photometric Instrument

Left: Schematic view of the photometric instrument and the Gaia focal plane. Right: BP and RP dispersion
properties (see text). Figures courtesy of EADS Astrium.

The primary aim of the photometric instrument is to measure the spectral energy distribution of all observed
objects. This measurement is mission critical in two respects: it serves (i) to correct the measured centroid
positions in the main astrometric field for systematic chromatic shifts, and (ii) to determine astrophysical
characteristics, such as effective temperature, mass, age, and chemical composition, for all stars.

Gaia’s photometric instrument is based on a dispersive-prism approach such that starlight is not focused in a
PSF-like spot but dispersed along the scan direction in a low-resolution spectrum. The instrument consists of
two low-resolution fused-silica prisms dispersing all the light entering the field of view. One disperser – called BP
for Blue Photometer – operates in the wavelength range 330–680 nm; the other – called RP for Red Photometer
– covers the wavelength range 640–1000 nm. Both prisms have appropriate broad-band filters for blocking
unwanted light. The photometric instrument is integrated with the astrometric and spectroscopic instruments
and telescopes; the photometric CCDs are located in the Gaia focal plane. As a result, light and objects coming
from the two viewing directions of the two telescopes are superimposed on the photometric CCDs. The prisms
are located between the last telescope mirror (M6) and the focal plane, close to the latter, and are physically
supported by the CCD radiator (see the figure above).

Two CCD strips are dedicated to photometry, one for BP and one for RP. Both strips cover the full astrometric
field of view in the across-scan direction. Since BP and RP use the (astrometric) Sky Mapper (SM) function for
object detection and confirmation, all objects selected for observation in the astrometric field will also be selected
for observation in BP and RP. All BP and RP CCDs are operated in TDI (time-delayed integration) mode. The
CCDs have 4500 TDI lines and 1966 pixel columns (10 × 30 µm2 pixels). Anti-reflection coatings and device
thicknesses, and thus quantum efficiencies, are optimised separately for BP and RP.

The spectral resolution is a function of wavelength as a result of the natural dispersion curve of fused silica; the
dispersion is higher at short wavelengths, and ranges from 4 to 32 nm/pixel for BP and from 7 to 15 nm/pixel
for RP (see figure). The variation across-scan does not exceed ±9% for BP and ±4% for RP. The BP and RP
dispersers have been designed in such a way that BP and RP spectra have similar sizes (on the order of 45 pixels
along scan). BP and RP spectra will be binned on-chip in the across-scan direction; no along-scan binning is
used. For bright stars, single-pixel-resolution windows are allocated, in combination with TDI gates. RP and BP
will be able to reach object densities on the sky of at least 750,000 objects deg-2. Window extensions meant to
measure the sky background have been implemented.
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Source: Jos de Bruijne For more about Gaia visit the Gaia web site:
http://www.rssd.esa.int/Gaia

2009-08-25 (Rev. 2)



Current ‘out-of-date’ calibration model



New windows on transients across the universe, April 23-24 2012, Royal SocietySimon Hodgkin, IoA, Cambridge, UK
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Time to publish
• Can occasionally reach 1 day 

• Good periods where we hover around 1-3 days 

• Outliers need investigation, but factors include: 

• faint objects held onboard 

• downtime at DPCI (<1 day in 6 months for software 
failure. No hardware failures in last 6 months. 4 
weeks out for IDT-catalogue change) 

• downtime at DPCE
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Photometry + OGA2  
“composite transits” 
(PostgreSQL)

IDT data
AstroElem 
Match 
DetectionRec 
BlackListe 
PhotoElem 
PhotoObs 

Publisher

Ingest Detect ClassifyCalibrate

Lightcurves

Candidates

Science Alerts: Overview

Src density 
GSTEC

Eyeball
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object type

new old

downup

• microlensing 
• dwarf novae 
• SN on galaxy 
• novae 
• Be stars 
• AGN flares 
• FUOrs, EXOrs

• RCrB 
• DY Per 
• single eclipses 
• dark clouds 
• exoComets

• transients 
• supernovae 
• novae 
• DNe 
• TDE 
• AGN flares 
• GRB OT 
• M-dwarf flares

brighter 
than 19 mag* 

(* tunable)

delta-mag 
RMS-based

Alert Detection: Daily

0.5/1 
mag
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Detection
Use all data down to G=22 (fainter values are not included in LCs, recall 
detection limit for Gaia is 20.7) 

For a source to generate an Alert, either: 

1. median of historic transits must have G<=19.0, or 

2. one of the alerting transits must be G<=19.0 

Old Sources must change brightness by either: 

1 mag, or  

3 x sigma(historic) AND 0.3 mag 

New sources must reach 19th mag

15
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Operations


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2013 Launch!

2014 YEAR1!

2015 YEAR2!

2016
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Year 1: in a nutshell
From 13 Oct 2014 — 9 Jun 2015 

297 IDT runs processed (204.. 517) 

~16 billion transits ingested 

~52 million alert candidates 

273 published alerts (1.1/dy) 

108 classified (40%, incl: 4 AGN, 9 CV, 74 SN)

Blagorodnova: PhD thesis



GSA: Publication History
VALIDATION



Filtering: Year 1

19

Transits

Alert candidates

Eyeball + Publish

Mitigation

Detection

filtering

We had:
~108

~105-106

~1

We want:
~108

~103

~10
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Why so many candidates?
• Spurious new sources (diffraction spikes) [reduced] 

• Spurious transits (VPU duplicates) [gone] 

• Wrong light curves (bad source-transit matching) 
[reduced/avoided] 

• Running without calibration [implemented] 

• SSOs, periodic variables not robustly excluded [better] 

• Internal mistakes with scan coverage [fixed]
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H S T  i m a g e 
c r e d i t : 
N A S A ,  E S A , 
HEIC, and The 
Hubble Heritage 
Team (STScI/
AURA) 
G a i a  i m a g e 
c r e d i t : E S A /
Gaia/DPAC/UB/
IEEC 
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• Diana Harrison and Guy Rixon (IoA) have been implementing and testing 
black-list and low-quality flags 

• Will be documented in a paper next summer, and on our webpages

22

❖ A lot of the kept alerts are new (no history) or have few 
point in their historical light curves

Removing Contaminantsblacklist + low quality flag

❖ A lot of the kept alerts are new (no history) or have few 
point in their historical light curves
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Main Changes
• Photometric Calibration now implemented 

• Improvements to Detectors and Classifiers 

• robust statistics 

• astrometric scatter<0.1 arcsec 

• near neighbour rejection criteria 

• better use of detector properties and stricter handling of 
bad CCD-fluxes 

• Led to the removal of the density rejection mask
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Source Density Mask

24

22% area masked due to high source density, including a strip around the ecliptic plane.
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Main Changes
• Rematch to new (GDR1) catalogue when IDT switched 

over (~1 month). 

• Still need two FOV transits for an Alert - but these can 
be split over different IDT runs (and separated by ~40 
days) 

• Automated rejection/classification of SSOs from CU4 
tables 

• Improved xmatch against existing surveys and 
automated submission to TNS, App, VOEvent
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Filtering: Since Jan ‘16
Transits

Alert candidates

Alerts

Mitigation

Detection

Classification

We have:
~108

~103

~3-6

We want:
~108

~103

~10

Filtering



GSA: Publication History
VALIDATION
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☝
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☝
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☝
contemporaneous 
spectra for  
transients is unique



Simon Hodgkin, GSAW2016, Utrecht

☝

now with follow-up
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GaiaAlerts 
apps
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Gaia Marshall

• We will email users of the previous Marshall  

• Register interest via gaiaalerts@ast.cam.ac.uk

mailto:gaiaalerts@ast.cam.ac.uk
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Next Steps
• Retraction of unpublished Alert Candidates - so 

that they can re-trigger (e.g. marginal cases 
become more convincing) 

• Addition of GS-TEC classification for all Alert 
Candidates 

• Swap to new hardware (currently setting up tests to 
improve performance - and check reliability of 
lightcurve histories)



gsaingest1 gsaingest2

gsadb1 gsadb2

gsaweb1 gsaweb2

Testing AlertPipe-19.0.x

Mirror

mission5
publisher

gsamarshall

PostgreSQL

Publisher TestingGaia Marshall

www.ast.cam.ac.uk
Outreach web-site

PostgreSQL

marshall

Old data from IDT New data from IDT
• Most of current 

system is 
getting on a bit 

• Maintenance 
agreement 
running out

http://www.ast.cam.ac.uk


gsaingest3 gsaingest4

gsadb3 gsadb4

gsaweb3 gsaweb4

Testing AlertPipe-20.0.x

Mirror

mission6
publisher

gsamarshall

PostgreSQL

Publisher TestingGaia Marshall

www.ast.cam.ac.uk
Outreach web-site

PostgreSQL

marshall

Old data from IDT New data from IDT• Setup/installed 

• Run 2 systems 
in parallel 

• `Painless’ 
changeover

http://www.ast.cam.ac.uk

