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GLAST source identificationGLAST source identification

GLAST angular resolution
• better than EGRET
⇒ less sources in error boxes

• but still far worse than at other λ
⇒ positional coincidence not

sufficient for source identification

New challanges

GLAST effective area
• better than EGRET
⇒ from 270 sources to thousands

• many more to identify
⇒ automatic procedures



Counterpart identificationCounterpart identification

General definition of counterpart probability
• Counterpart probability Pc

Pc = Ppos x P(i)
SED x P(i)

var x P(i)
ext x …

• Positional coincidence probability Ppos
proportional to overlap of the error region of the GLAST source with that of the
counterpart candidate (source class independent)

• Spectral energy density distribution (SED) probability P(i)
SED

proportional to the probability that a given source class (i) shows the observed SED
(i.e. radio flatness ⇒ large P(i)

SED for Blazar source class)
• Source variability probability P(i)

var
proportional to the probability that a given source class (i) shows the observed
variability

• Source extension probability P(i)
ext

proportional to the probability that a given source class (i) shows the observed 
extension

• others …

Basics



Building a counterpart SEDBuilding a counterpart SED
from large error circles to small error circles …

GLAST

X-rays

Radio

longitude

la
ti

tu
de

frequency

fl
ux

frequency

fl
ux

frequency

fl
ux

SED template

P(i)
SED ~ 1

P(i)
SED < 1

P(i)
SED « 1



Counterpart identificationCounterpart identification

How to add auxilliary information
• Catalogue completeness, exposure, sensitivity limit

maybe we found no counterpart because the sky region was not included in the
catalogue or only weakly exposed in the survey ; upper limits ?

• Homogeniety of quantities
calculation of SED from catalogue information
(e.g. count rates and no fluxes are given in ROSAT catalogue ; photon vs. energy
flux)

Open issues

How to define counterpart probabilities
• How to define P(i)

SED
(e.g. Mattox et al. 1997 for flat spectra radio quasars)  

• How to define P(i)
var

variability characterisation (classes ? ; power density distributions ?)
pulsar information
variability information very catalogue specific

• How to define P(i)
ext

characterisation of source extension
(e.g. gamma-ray emission from a SNR knot)



sourceIdentifysourceIdentify
A2 in the Science Tools

CESR
CEA



RequirementsRequirements
A2 requirements (Standard Analysis Environment definition, 2-2-2004)

(1) evaluates probabilities of coincidence between a specified LAT point source and  
astronomical catalogs of potential counterparts
⇒ 1.1 coincidence algorithm needed

(2) works on client’s computer
⇒ 2.1 use publically available catalogues
⇒ 2.2 not computationally intensive 
⇒ 2.3 modest memory requirements

(3) catalog access through U9
⇒ local catalogues (TSV, FITS)
⇒ WWW interface
⇒ generic catalogue quantities (for limited # of predefined catalogues)
⇒ coded by CEA

A2 sophistication level
(1) Positional coincidence (v0)

⇒ works for all catalogues
(2) Positional and SED (v1)

⇒ A2 needs to know the catalogue (flux interpretation, auxillary information)
(3) Positional and SED and Variability / Extension (v++)

⇒ A2 needs time variability information (source and catalogue)



sourceIdentifysourceIdentify
Design



sourceIdentifysourceIdentify
Usage

Example : correlate multi-λ
radio catalogue to GLAST 
catalogue

Example : find multi-λ
counterparts (large 
errors → small errors)



ImplementationImplementation
Parameter file



ImplementationImplementation
Parameter file

Source catalogue : 
(e.g. GLAST sources)
• catalogue filename
• quantities to extract into

output catalogue



ImplementationImplementation
Parameter file

Counterpart catalogue :
• catalogue filename
• quantities to extract into

output catalogue



ImplementationImplementation
Parameter file

Output catalogue :
• catalogue filename
• derived quantities

(e.g. flux ratios, colors)



ImplementationImplementation
Parameter file

Task parameters :
• counterpart probability

algorithm
• probability threshold
• maximum number of

counterpart candidates
• selection on catalogue

quantities and derived
quantities



ImplementationImplementation
Parameter file

Standard parameters



ExampleExample
Correlate Cygnus 3EG sources with ROSAT Bright Source Catalogue

Test script in tcsh



ExampleExample
Correlate Cygnus 3EG sources with ROSAT Bright Source Catalogue

Log file



ExampleExample
Correlate Cygnus 3EG sources with ROSAT Bright Source Catalogue

Log file

Two-step approach to optimise identification :
(1) Filter : Make a coarse selection on position 

(no probability calculation)
(2) Refine : Calculate probabilities only for 

filtered sources



ExampleExample
Correlate Cygnus 3EG sources with ROSAT Bright Source Catalogue

Log file

3EG J2033+4118 : an unidentified EGRET 
source with a X-ray counterpart ?
1RXS J203315.8+411848 = Cyg OB2 #8a
(O star binary)
Gamma-ray emission from wind interaction ?



ExampleExample
Correlate Cygnus 3EG sources with ROSAT Bright Source Catalogue

Output catalogue



Development timelineDevelopment timeline

V0 delivery
U9 interface usage, GLAST class usage (application, pfiles), catalogue 
output (FITS format)

May 2005

Development of identification strategies
Diploma thesis of Francesca Faedi

Summer 2005

V1 development
Implementation of probability calculation

Autumn 2005

V1 delivery
DC2 readiness

Dec. 2005

DC2
Test plan to be discussed / defined

January 2006


