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Imaging domain  
Multi-frequency surveys 

Example showing how most imaging surveys at radio, IR, Optical, UV, X-ray and γ-ray surveys

are provided in firmamento  
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Optical InfraRed

Radio X-ray

γ-ray error-ellipse

X-ray error-circle

Source in 4LAC catalog Counterpart proposed by Firmamento

Error regions of all types 

can be plotted on 

multi-frequency images.



The energy domain is crucial for astrophysical data interpretation.  
The firmamento multi-frequency data engine is VOU_BlazarsV2.24: an improved version of VOU_BLazars (Chang et 

al 2020 A&C, 30, 100350) specifically developed for Firmamento

VOU_BlazarV2.24 downloads, homogenises, 

de-reddens, and combines multi-frequency 

data from about 100 remote and local 

catalogues and databases.

The energy domain

VOU_BlazarsV2.24 generates likely the best 

sampled and richest SEDs on the WEB  



1 keV - Swift

4.6 μ - NEOWISE

OJ 287

100 MeV - Fermi LAT

Time-domain

Firmamento provides light-curves in several 

energy bands.  These are a few examples



All domains in the same page



BLAST, machine learning ν_peak and νFν_peak estimator 
Glauch et al. 2022, Kerschner et al. 2024

W-peak, ν_peak and νf(ν)_peak estimator based 
on NEOWISE IR data 
Giommi  et al. 2024 ApJ...963...48G

SED characterisation
ν_peak (peak energy) and 

ν_pf(ν_p) (peak intensity)

Estimation with two methods

BLAST and W-peak

https://ui.adsabs.harvard.edu/#abs/2024ApJ...963...48G/abstract


Tables and samples

Firmamento provides many tables of astronomical objects. Users can also upload tables



The error region identifier
Firmamento tool to identify counterparts in the error region of X-ray, γ-ray and neutrino sources 

Based on the following parameters  
aox,airx,airo,aro,arx,aw1w2,arg,nu_peak,x_en_slope,gamma_sp_index,host_galaxy_sed,host_galaxy_image,blue_bump,Xray_extended

This slide illustrates the case of the identification 

of the counterpart of a γ-ray error region of a few 

arc-minutes size.



The error region identifier
Based on the following parameters  

aox,airx,airo,aro,arx,aw1w2,arg,nu_peak,x_en_slope,gamma_sp_index,host_galaxy_sed,host_galaxy_image,blue_bump,Xray_extended

X-ray error region of a few arc seconds size 

Firmamento tool to identify counterparts in the error region of X-ray, γ-ray and neutrino sources 



The error region identifier
Firmamento tool to identify counterparts in the error region of X-ray, γ-ray and neutrino sources 

Based on the following parameters  
aox,airx,airo,aro,arx,aw1w2,arg,nu_peak,x_en_slope,gamma_sp_index,host_galaxy_sed,host_galaxy_image,blue_bump,Xray_extended

Α IceCube neutrino track error region with size larger than one degree 



VHE detectability estimation
TeV detectability script


Python tev_detectability.py Log(ν_peak)  Log(νFν_peak) redshift 


Python tev_detectability.py 16.0   -11.18   0.22


Probability of detection with current IACTs                  : 33%

Probability of detection in a CTAO medium exposure  : > 95%

Probability of detection in a CTAO exposure                : > 95%

Giommi  et al. 2024 ApJ...963...48GFirmamento can estimate the probability of detection

of a IBL or HBL blazar  at VHE energies (E > 200 GeV)

based on νFν_peak, ν_peak and redshift. 

The method is explained in Giommi et al. 2024

https://ui.adsabs.harvard.edu/#abs/2024ApJ...963...48G/abstract


- A reanalysis of the Fermi 4FGL-DR4/4LAC catalogues   
- The BlazaR eRASS1 (BReRASS) survey of X-ray selected blazars

Two on-going Firmamento projects 

The Firmamento error region identifier tool was run on  

    - all the 5,060 Fermi 4FGL-DR4 γ-ray sources with |b| > 10

    - >1,500 eRASS1 radio matching X-ray sources (in selected areas) + eFEDS


The output was loaded to Firmamento as tables and all sources were individually checked using

Firmamento by some collaborators (including an international team of students)


Parameters like nu_peak and nu_Fnu peak were calculated using BLAST and W-Peak. 

These parameters, together with redshift were used to estimate the expected VHE detectability


 



Blast: Log(nu_peak) = 14.4 

           Log(nu_f(nu)_peak = -12.1 

4FGL J2221.8+3358

The most common case: our proposed counterpart (source 1 CRATES..) 

coincides with the 4FGL-DR4 counterpart, represented by the yellow circle



4FGL J2041.1-6138

Case where the γ-ray source is unassociated in 4FGL-DR4/4LAC 

and Firmamento finds a reliable counterpart



4FGL J0212.2-2559

Our counterpart 

3HSPJ021205.7-255758

4LAC counterpart

Case where the 4FGL-DR4  source is associated. 
with a counterpart (yellow circle) that firmamento

does not confirm as it finds an alternative  
counterpart with a better SED



Preliminary results

Log(ν_peak)

Log(νFν_peak)

Main enhancements over 4FGL-DR4/4LAC 

- 430 new identifications of previously unassociated sources

- ν_peak and νFν_peak machine estimation for > 3,730 blazars

- Predictions for VHE detection of IBL and HBL blazars

           Current generation of IACTS  175.1 sources 
           CTAO medium exposure        523.5 sources

           CTAO deep exposure           1102.8 sources



VHE detectability 

Expectations (%)

Monte Carlo 

Survey

Example of a section of the table displaying Firmamento results, including various parameters 

and the estimated probability of detection at VHE energies.(E>=200 GeV) with current IACTS, 

a medium CTAO exposure (factor 3 better than current IACTS) and a deep CTAO exposure 

(factor 10 better than current IACTS). The last three columns give the detection (as “yes” or “no”) 

in a simulated survey based on the probabilities of the previous three columns.  

A “-“ means that the source has Log(ν_peak) lower than 13.5

The table with the results will be published on Firmamento



Hammer-Aitoff plot in Galactic coordinates plotting the sources 

detectable by current IATCS (red)

Monte Carlo simulation of hypothetical VHE surveys



Hammer-Aitoff plot in Galactic coordinates plotting the sources 

detectable in a medium CTAO extragalactic survey (blue)


Monte Carlo simulation of hypothetical VHE surveys



Hammer-Aitoff plot in Galactic coordinates plotting the sources 

detectable in a hypothetical deep full-sky (|b| > 10) CTAO survey (green)

Monte Carlo simulation of hypothetical VHE surveys



The BReRASS survey
Led by a team based at the Brera Observatory, Milan

A wide range of astronomical objects  can be counterpart of eRASS1 X-ray sources. 

Firmamento provides preliminary identifications that can be studied in full detail  

for confirmation or rejection. BReRASS is the subsample of confirmed blazars of all types.    



BReRASS IHBLs

EMSS        BL Lacs



BReRASS IHBLs,  

EMSS        BL Lacs






