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Abstract

The Fermi Large Area Telescope(Fermi-LAT) 3FHL catalog is the latest catalog of> 10 GeV sources and will
remain an important resource for the high-energy community for the foreseeable future. Therefore, it is crucial that
this catalog is made complete by providing associations for most sources. In this paper, we present the results of the
X-ray analysis of 38 3FHL sources. We found a single bright X-ray source in 20� elds, two sources each in two
� elds, and none for the remaining 16. The analysis of the properties of the 22 3FHL� elds with X-ray sources led
us to believe that most(� 19/ 22) are of extragalactic origin. A machine-learning algorithm was used to determine
the source type and we� nd that 15 potential blazars are likely BL Lacertae objects(BL Lac objects). This is
consistent with the fact that BL Lac objects are by far the most numerous population detected above> 10 GeV in
the 3FHL.

Uni� ed Astronomy Thesaurus concepts:Active galactic nuclei(16); Blazars(164); Gamma-ray astronomy(628);
X-ray identi� cation(1817)

1. Introduction

Gamma rays can provide insight into the most powerful
objects in the universe. The very� rst sensitive census of the
� -ray sky came in 1993 when the Energy Gamma Ray
Experiment Telescope(EGRET; Fichtel et al.1993) on the
Compton Gamma Ray Observatory(CGRO) completed a
survey of the� -ray sky above 50 MeV. This revealed many
high-energy astrophysical objects, such as active galactic nuclei
(AGN), gamma-ray bursts, supernova remnants, and pulsars. In
2008, the Large Area Telescope(LAT; Atwood et al.2009) on
board the Fermi gamma-ray space telescope took the next step
in � -ray astrophysics with its improved sensitivity and
resolution over EGRET by factors of 100 and 3, respectively.
Fermi-LAT is sensitive to the detection of hard-spectrum
sources(emission> 10 GeV) as demonstrated in the 1FHL(514
objects detected above 10 GeV) and the 2FHL(360 objects
detected above 50 GeV). The newest catalog in this series, the
3FHL (Ajello et al.2017), provided a signi� cant improvement
with the detection of 1556 sources between 10 GeV and 2 TeV
relying on the� rst 7 years of LAT data.

However, upon release, the 3FHL had 200 sources listed as
either unknown(i.e., associated with a source of unknown
nature) or lacking a� rm association in any other wavelength.
The median positional resolution of 23 hinders the easy
identi� cation of the counterpart. Finding these counterparts is
critical because a complete catalog will enable the study of
energetics and emission mechanisms for all source populations
within it. Moreover, blazars(AGN with relativistic jets pointed
toward the observer at a viewing angle,�R�� �n10v ) detected
above 10 GeV are powerful probes of the extragalactic
background light(EBL; Domínguez & Ajello 2015), the
integrated emission of all stars and galaxies in the universe,
which can provide insight into cosmological applications such
as the measurement of the Hubble constant(Domínguez et al.
2019). However, that requires knowledge of their redshift.
Associating the sources is thus the� rst step toward measuring

their redshift and employing them for cosmological studies.
Additionally, a complete 3FHL will be a critical resource for
future observations with the upcoming Cerenkov Telescope
Array (CTA; Hassan et al. 2017; The Fermi-LAT
collaboration2019).

One way to� nd potential associations is by performing
X-ray observations of the� elds of � -ray sources. The
mechanisms responsible for creating the� -ray emission in
blazars, i.e., the synchrotron self-Compton process or the
external Compton process, also emit in the X-rays
(Böttcher 2007). This is what motivates an X-ray search of
� -ray sources potentially associated to blazars. This X-ray
radiation can localize the potential counterpart with greater
reliability due to their� arcsecond positional uncertainties(see,
e.g., Stroh & Falcone2013,4 Parkinson et al.2016; Paiano
et al. 2017). In addition, this improved positional localization
enables the precise detection of the optical counterpart from the
Ultra-Violet/ Optical Telescope(UVOT; Roming et al.2005),
on board the Neil Gehrels Swift Observatory(Gehrels et al.
2004). Knowing the exact position will enable follow up from
ground-based telescopes to measure the redshifts of these
sources.

Kaur et al.(2019) have provided a likely association for 52
out of the 200 unassociated 3FHL sources using the X-ray
Telescope(XRT; Burrows et al.2005) also on board Swift.
This leaves� 150 3FHL unassociated objects. Here, we follow
the same approach and we analyze the Swift observations of 38
3FHL unassociated sources with the aim of identifying
potential counterparts and understanding their nature. A
machine-learning algorithm is used here, for the sources that
are believed to be associated with blazars, to understand
whether they are� at-spectrum radio quasars(FSRQs, i.e.,
blazars with optical emission lines of equivalent width> 5 Å)
or BL Lacertae objects(BL Lac objects, i.e., blazars with no
emission lines in their optical spectrum) according to their
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