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Gaia alerts

• > 10500 objects (December 2019)
• ~ 8000 objects have status “unknown”
• ~ 5.3 objects per day in average (it depends on year)



Main objective

• Compare all Gaia alerts with big surveys in X-ray 
and radio

• Catalogues:
– The Chandra Source Catalog 2.0  (Ewans+, 2019)
– The Faint Images of the Radio Sky at Twenty 

centimeters  (Helfand+ 2015)
– The GMRT 150MHz all-sky radio survey (Intema+, 2017)
– The Westerbork in the Southern Hemisphere at 352 

MHz  (de Breuck+ 2002) 
– …



Chandra X-ray Catalogue
• 317167 objects in X-ray (0.08-10keV)
• Resolution < 0.5 arcsec
• Coverage ~1% of the sky (Milky Way more detail)
• Coordinates, sizes, fluxes etc



FIRST – radio catalogue
• 946432 objects observed VLA (1.4GHz)
• Resolution ~5 arcsec,  sensitivity - 1mJy
• Coverage ~10,000 deg2 (25% of the sky)
• Coordinates, sizes, fluxes etc



Data processing

• Load target catalogue (X-ray, radio, etc)
• Re-sort catalogue objects
• Write inner catalogue (only ID, coordinates 

and sizes)
• Load Gaia alerts catalogue
• Compare alert objects with objects in the 

target catalogue
• Find close pairs (with some input criteria)



Preprocessing
• Input catalogues have a huge size (~100 thousands)
• Rearrange objects in the catalogue to find only close 

to Gaia alert object
Solution: 
– Re-sort objects in the declination order
– Divide sphere on 

declination zones
– Try to find pair between 

objects in the alert zone only 
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Comparison
• Find angular distance from alert to objects in the zone

• Find objects in the circle with radius Ri (input parameter) 
for some alert

• Calculate number of objects in the ring for some alert
• Calculate total amount of objects in the ring for all alerts
• Find density of the objects: 



Number of pairs (Chandra)



Density of find pairs as a function of  
search radius R  (Chandra)



Synthetic random data

Quasi-uniform distribution for random objects



Number of pairs (FIRST)



Density of find pairs as a function of  
search radius R  (FIRST)



Some statistic
• Comparison of objects in X-ray and radio catalogues 

with Gaia alerts database (≈10500 alerts)

Chandra FIRST

Coverage of the sky ~1% 25%

Number of pairs (8") 120 216

Alerts inside of object 65 177



Interesting example

• Alert Gaia19aso (classified as QSO) has two objects 
in the Chandra catalogue:
– 2CXO J071752.0+453801, RA=109.466897, dec=45.63387, 

rmax=3.43, rmin=1.55, position angle=142.18  (dist 3.43")
– 2CXO J071751.8+453803, RA=109.466039, dec=45.63429, 

rmin=0.71, rmax=0.71, position angle=71.72  (dist 0.71")

Possible we observe AGN and jet

Try to find jet-like structures
in other alerts (?)



List of pairs
• It was created list of matches (Gaia alert and 

Chandra objects or FIRST objects)



Conclusions
• It was created software for search alert companions in 

some catalogues (if we want to add new catalog we need to 
develop only special read driver)

• It has been found that about 1% Gaia alerts have analogues 
in the Chandra catalogue and about 2% in the radio FIRST 
catalogue

• If assume that the probability to find pair is the same over 
the sky than we can estimate that 30-40% alerts can be 
associated with X-ray sources and 20% with radio sources
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