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What is the 2BIGB sample?

• BIGB - Brazil ICRA-Net 
Gamma-ray Blazar catalog 
(High Synchrotron Peak)


• 3HSP + 10 yrs of Fermi-LAT 
(2008-2018)


• Binned Likelihood Analysis


• 500 MeV - 500 GeV



Motivations

• Samples: Extreme & High 
Synchrotron Peak Blazars 


• 1WHSP < 2WHSP < 3HSP    
n: 992        1691        2011  


• Many bright (Syn) HSPs with 
no Gamma-ray counterpart 


• Fermi cats: 1-3FGL & 1-3FHL


• Question: 𝛾-Faint, or 𝛾-Quiet? 
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2WHSP Synchrotron Peak &  
Gamma-ray Detection

• Histograms Log(nfn)-peak


• Detected vs. Undetected 𝛾 

• Bright HSPs: Seen in 𝛾-rays


• Intermediary region 


• Undetected: Log(nfn-Syn) 
similar to the detected ones


• Promising 𝛾-rays 
candidates?
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Multifrequency Data &  
Seed Selection

• To answer that: 


• Evaluation phase: 400 𝛾-rays 
candidates


• Selection based on 
Log(nfn)>-12.2 ; flux cut 

• All well localised (Radio)


• Seeds for the 𝛾-ray analysis: 
from multi-frequency data
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Multifrequency Data &  
Seed Selection

• Seeds: Multi-frequency data


• Bring complementary 
information to the analysis


• Main ≠ with respect to the 
analysis done for FGL & FHL


• FGL & FHL seeds: Clustering 
Photon Counts 


• Only based in 𝛾-ray data
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Multifrequency Data &  
Seed Selection

• Seeds: Multi-frequency data


• Bring complementary 
information to the analysis


• Main ≠ with respect to the 
analysis done for FGL & FHL


• FGL & FHL seeds: Clustering 
Photon Counts 


• Only based in 𝛾-ray data

HSP Blazar 
Check for 𝛾-ray signature 
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1BIGB Results
• 400 seeds —> 400 Likelihood 

analysis


• 150 new 𝛾-ray signatures > 3 sigma


• TS map: Source emerge as point-
like signature


• 85 high-significance: TS>25


• 65 low-significance: 10<TS<25


• Catalog: PowerLaw Model


• Discussion:                                      .
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1BIGB Results
• 400 seeds —> 400 Likelihood 

analysis


• 150 new 𝛾-ray signatures > 3 sigma


• TS map: Source emerge as point-
like signature


• 85 high-significance: TS>25


• 65 low-significance: 10<TS<25


• Catalog: PowerLaw Model


• Discussion: Solving Diffuse 
Gamma-ray Background 
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Fermi-LAT detection of 150 excess signal in the 0.3�500 GeV band
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ABSTRACT

Aims. A direct search of �-ray emission centered on multifrequency selected candidates is a valuable complementary approach to the
standard search adopted in current �-ray Fermi-LAT catalogs. Our sources are part of the 2WHSP sample that was assembled with the
aim of providing targets for Imaging Atmospheric Cherenkov Telescopes (IACT). A likelihood analysis based on their known position
enabled us to detect 150 �-ray excess signals that have not yet been reported in previous �-ray catalogs (1FGL, 2FGL, 3FGL). By
identifying new sources, we solve a fraction of the extragalactic isotropic �-ray background (IGRB) composition, improving the
description of the �-ray sky.
Methods. We perform data reduction with the Fermi Science Tools using positions from 400 high synchrotron peaked (HSP) blazars
as seeds of tentative �-ray sources; none of them have counterparts from previous 1FGL, 2FGL and 3FGL catalogs. Our candidates
are part of the 2WHSP sample (currently the largest set of HSP blazars). We focus on HSPs characterized by bright synchrotron
component with peak flux ⌫ f(⌫) � 10�12.1 erg/cm2/s, testing the hypothesis of having a �-ray source in correspondence to the WHSP
positions. Our likelihood analysis considers the 0.3�500 GeV energy band, integrating over 7.2 yr of Fermi-LAT observation and
making use of the Pass 8 data release.
Results. From the 400 candidates tested, a total of 150 2WHSPs showed excess �-ray signature: 85 high-significance detections
with test statistic (TS) > 25, and 65 lower-significance detections with TS between 10 to 25. We assume a power law spectrum in
the 0.3�500 GeV band and list the spectrum parameters describing all 150 new �-ray sources. We study the �-ray photon spectral
index distribution, the likelihood of detection according to the synchrotron peak brightness (figure of merit parameter), and plot the
measured �-ray LogN-LogS of HSP blazars, also discussing the portion of the IGRB that has been resolved by the present work. We
also report on four cases where we could resolve source confusion and find counterparts for unassociated 3FGL sources with the help
of high-energy TS maps together with multifrequency data. The 150 new �-ray sources are named with the acronym 1BIGB for the
first version of the Brazil ICRANet Gamma-ray Blazar catalog, in reference to the cooperation agreement supporting this work.

Key words. galaxies: active – BL Lacertae objects: general – radiation mechanisms: non-thermal – gamma rays: di↵use background –
gamma rays: general

1. Introduction

Catalogs of �-ray sources currently compiled by the Fermi-LAT
team are based on �-ray data only, and their standard detection
method is blind with respect to information coming from other
wavelengths. This approach is clean and unbiased with respect to
any class of potential �-ray emitters. However, there are popula-
tions of astrophysical objects that are now known to emit �-rays,
and the knowledge of their position in the sky can be used to
facilitate the detection and identification of new �-ray sources.
Based on this principal, we select a sample of candidates to be
used as seeds for a direct search of �-ray signatures using likeli-
hood analysis with the Fermi Science Tools.

Blazars are the most abundant �-ray sources in the latest
Fermi-LAT 3FGL catalog, being 1147 (660 BL Lacs and 487 flat
spectrum radio quasars � FSRQ) of the total 3034 (Acero et al.
2015). Even so, one third of the known blazars from 5BZcat1 are
not confirmed as �-ray emitters. Probably many of them are faint

1 The 5BZcat (Massaro et al. 2015) is a large sample of 3561 iden-
tified blazars. Multifrequency data for the 5BZcat is available at

�-ray sources that are hard to identify by automatic search meth-
ods only based on Fermi-LAT data. The blazar population has
been extensively studied by means of a multifrequency approach
considering dedicated databases on radio, microwave, infra-red
(IR), optical, ultraviolet (UV), and X-ray, since they are charac-
terized by radiation emission extending along the whole electro-
magnetic spectrum, up to TeV energies.

A particular family of extreme sources with the syn-
chrotron component peaking at frequencies ⌫peak larger than
1015 Hz is classified as a high synchrotron peak blazar (HSP,
Padovani & Giommi 1995; Abdo et al. 2010a) and is the domi-
nant population associated with extragalactic very high-energy
(VHE: E > 0.1 TeV, Rieger et al. 2013) sources in the 2nd
Catalog of Hard Fermi-LAT Sources (2FHL, Ackermann et al.
2016b). Therefore, HSPs constitute a key population for the de-
tection of point-like �-ray sources within Fermi-LAT data.

http://www.asdc.asi.it/bzcat with a direct link to the SED-
builder tool.

Article published by EDP Sciences A134, page 1 of 20



1BIGB SEDs

• Algo. to perform SED 
calculation in large scale


• Cluster resources: IcraNet + 
IFGW Unicamp


• Collaboration with CTA team: 
Extrapolation to VHE


• SED Data available at BSDC 
Brazilian Science Data Center
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ABSTRACT
We present the 1-100 GeV spectral energy distribution for a population of 148 high-
synchrotron-peaked blazars (HSPs) recently detected with Fermi-LAT as part of the First
Brazil-ICRANet Gamma-ray Blazar catalogue (1BIGB). Most of the 1BIGB sources have
their �-ray spectral properties presented here for the first time, representing a significant new
extension of the �-ray blazar population. Since our sample was originally selected from an
excess signal in the 0.3 - 500 GeV band, the sources stand out as promising TeV blazar can-
didates, potentially in reach of the forthcoming very-high-energy (VHE) �-ray observatory,
CTA. The flux estimates presented here are derived considering PASS8 data, integrating over
more than 9 years of Fermi-LAT observations. We also review the full broadband fit between
0.3-500 GeV presented in the original 1BIGB paper for all sources, updating the power-law
parameters with currently available Fermi-LAT dataset. The importance of these sources in the
context of VHE population studies with both current instruments and the future CTA is eval-
uated. To do so, we select a subsample of 1BIGB sources and extrapolate their �-ray SEDs to
the highest energies, properly accounting for absorption due to the extragalactic background
light. We compare those extrapolations to the published CTA sensitivity curves and estimate
their detectability by CTA. Two notable sources from our sample, namely 1BIGB J224910.6-
130002 and 1BIGB J194356.2+211821, are discussed in greater detail. All �-ray SEDs, are
made publicly available via the Brazilian Science Data Center (BSDC) service, maintained at
CBPF, in Rio de Janeiro.

Key words: active galactic nuclei – blazars – gamma rays – very high-energy

1 INTRODUCTION

The Fermi-LAT sources and specially the high-energy cata-
logues, 2FHL (E> 50 GeV, Ackermann et al. 2016) and 3FHL
(E> 10 GeV, Ajello et al. 2017), provide the best proxy to the very-
high-energy (VHE, at E> 100 GeV) extragalactic sky. Meaningful
extrapolations can be derived therefrom, as to what are the expec-
tations for future studies in this extreme observational window.

Complementary to those works is the First Brazil-ICRANet
Gamma-ray Blazar catalogue (1BIGB) (Arsioli & Chang 2017),
which contains 150 extragalactic �-ray sources associated with jet-
ted active galaxies with excess signals > 3� in the 0.3-500 GeV
band as observed with Fermi-LAT. Bearing little overlap with pre-

? E-mail: arsioli@ifi.unicamp.br, bruno.arsioli@ssdc.asi.it
† E-mail: ulisses@cbpf.br
‡ E-mail: prandini@pd.infn.it

vious Fermi-LAT catalogues1, the 1BIGB presents sources which
were found through targeted analysis of a group of candidate VHE
blazars obtained from the Wise High Synchrotron Peak (WHSP)
catalogues, 1WHSP and 2WHSP.

The WHSP samples were built by cross-matching multi-
frequency databases from Radio up to X-rays, especially from
large-sky surveys, and applying multiple selection criteria based on
spectral features (like the spectral slope between Radio to Infra-red
to X-rays) that are known to be specific to blazar SEDs. The WHSP
samples are described in details by Arsioli et al. (2015) and Chang
et al. (2017), and are characterized on the basis of their spectral
energy distribution (SED) synchrotron properties. Collectively, the
WHSP sources associated with 1BIGBs represent a unique sample
from a population of extragalactic objects at the limit of Fermi-LAT

1 The 1BIGB catalogue was originally published in 2016, prior to the re-
lease of the 3 FHL catalogue.

© 2018 The Authors
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3HSP Synchrotron Peak &  
Gamma-ray Detection

• Preliminary 4FGL = FL8Y


• FL8Y reports TS down to 10 ~5000 
sources


• Cross-match 3HSP to 1-3FGL & 
FL8Y sources


• ~970 3HSP have a 𝛾-ray 
counterpart


• ~1040 Undetected 


• Histograms Log(nfn)-peak


• Intermediary region:              
Promising  𝛾-rays candidates!
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Multifrequency Data &  
Seed Selection

• This time: Instead of selecting 
a 3HSP subsample…


• Work with the entire 3HSP 
sample - Compare FL8Y


• Integrate over10yrs Fermi-LAT


• E range: 500 MeV - 500 GeV     
Improved PSF 


• Improve Computation Time


• Prevent Spurious detection 
driven by diffuse background 



2BIGB: Preliminary Results
• Capture cases with 1-3FGL & 

FL8Y counterparts, ~970


• Extra ~200 new signature with 
respect to FL8Y (+20%) 

• Extra detection due to improved 
sensitivity but… not only that


• Intersection Region: 


• Multi-frequency as complementary 
method


• Improve the efficiency of detection 
close to Fermi-LAT sensitivity limit  
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2BIGB: Preliminary Results
• Capture cases with 1-3FGL & 

FL8Y counterparts


• Extra ~200 new signature with 
respect to FL8Y !


• Extra detection due to improved 
sensitivity but… *not only that*


• Intersection Region: 


• Multi-frequency as complementary 
method


• Improve the efficiency of detection 
close to Fermi-LAT sensitivity limit  
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Power law model  
& fitting strategy

• Fit to N0  and Γ    


• Scan over pivot Energy:          
1 - 3 - 5 - 10 GeV   

• N0 (pre-factor) is the diff-flux 
calculated at E0 


• Minimise the error associated 
to fitting N0  and Γ 


• Improvement (1BIGB->2BIGB)
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Comparing 2BIGB & FL8Y 
Photon Spectral Index

• 972  2BIGB with counterpart 
in 1-3FGL & FL8Y 


• Mean Values  < Γ	>                     
FL8Y     : 1.90 ± 0.01               
2BIGB   : 1.89 ± 0.01 


• Similar as for 2WHSP-FGL 
sample: < Γ	>	= 1.93 


• Preliminary: FGL + FL8Y     

preliminary

972 Sources
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Distribution of Photon 
Spectral Index

• Mean ~ 1.9 - 2.0 


• Similar as for 2WHSP-FGL 
sample: < Γ	>	= 1.93 


• Preliminary: Still Cleaning


• Check all new-detection via 
TS maps

preliminary
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Ongoing…

• Validation of all new 2BIGB 
gamma-ray sources


• Inspect via TS maps               


• Very Time Consuming: but…
1/2 already done!


• Build their 𝛾-rays SED

2BIGB J111717.5+000633 

E > 1 GeV - 10yrs



Message
• Multi-frequency data do unveil new 

gamma-ray source - Complementary 

• Fermi-LAT database is a great scientific 
achievement 


• Initial phase: Seeds from Gamma-ray 
data only


• Important to prevent spurious 
association


• Currently: Good Understanding on the 
main pop. of 𝛾-rays emitters


• Out of disk: Use AGN multi-frequency 
info to select seeds for Likelihood 
Analysis with Fermi-LAT



Perspectives

• Validation of all new sources 
(out of FL8Y)


• SED extrapolation to highest 
energies: 


• Focus on 2BIGB-new   

• *Collaboration with CTA Team*



Perspectives
• Apply Machine Learning 

Techniques 


• Train CNN to detect faint point-
like sources


• Train sample: Scramble Source 
Data + Counts from gtsrcmap  


• Distinguish Signal/Background 
based on counts-density 


• Plugin Multi-Frequency Info 
within Clustering-Structure
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Motivations

• Samples: Extreme & High 
Synchrotron Peak Blazars 


• 1WHSP < 2WHSP < 3HSP    
n: 992        1691        2011  


• Many bright objects with no 
Gamma-ray counterpart 


• Fermi cats: 1-3FGL & 1-3FHL


• Question: 𝛾-Faint, or 𝛾-Quiet 
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2WHSP J151041.0+333503 

Recap. From 1st Slides
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Thank you!
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Why to work on the entire 
3HSP sample

• Efficiency of Gamma-Gamma-
Ray detection decrease with 
Log(nfn)


• Still, a complete analysis can 
review interesting sources


• Computation Time suffers 2x 
to 3x effect


• Doable in reasonable time
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Comparing 2BIGB & FL8Y 
Photon Spectral Index

• 972 —> 2BIGB with 
counterpart in 1-3FGL & FL8Y 


• Mean Values                       
FL8Y     : 1.90 ± 0.01               
2BIGB   : 1.89 ± 0.01 


• Similar as for 2WHSP-FGL 
sample: < Γ	>	= 1.93 


• Preliminary:                          
Mix 1-3FGL & FL8Y             
Use only FL8Y, or 4FGL.

preliminary



Value of a Multifrequency 
Approach 

• Detection of TXS 0506+056 


• High Energy astrophysical 
Neutrino Source


• How long would it take for an 
"IceCube-solo" detection? 


• Clear example:multi-frequency 
approach as a powerful tool 


• Optimize the discovery 
potential of current databases


