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Abstract

We present a catalog of sources detected above 10 GeV BetimtLarge Area Telescop@AT) in the rst 7

years of data using the Pass 8 event-level analysis. This is the Third Catalog BEHardAT Sourceq3FHL),
containing 1556 objects characterized in the 10-@eMeV energy range. The sensitivity and angular resolution
are improved by factors of 3 and 2 relative to the previous LAT catalog at the same efidibigs The vast
majority of detected sourc€89%) are associated with extragalactic counterparts at other wavelengths, including
16 sources located at very high redsfift 2). Of the sources, 8% have Galactic counterparts and 13% are
unassociatedor associated with a source of unknown natuféie high-latitude sky and the Galactic plane are
observed with a ux sensitivity of 4.4 to 9.5% 10 **phcm ?s %, respectively(this is approximately 0.5% and

1% of the Crab Nebulaux above 10 GeY The catalog includes 214 newray sources. The substantial increase

in the number of photongnore than 4 times relative to 1FHL and 10 times to 2J&lko allows us to measure
signi cant spectral curvature for 32 sources amd ux variability for 163 of them. Furthermore, we estimate that
for the same ux limit of 10 *? ergcm 2 s %, the energy range above 10 GeV has twice as many sources as the
range above 50 GeV, highlighting the importance, for future Cherenkov telescopes, of lowering the energy
threshold as much as possible.

Key words:catalogs- gamma rays: general
Supporting materialFITS le

1. Introduction the instrument up to 2 TeYAtwood et al.2013. The 2FHL
The Large Area TelescogeAT, Atwood et al. 2009 on was intended to close the energy gap between prefieusk

- - LAT catalogs and the range of the current generation of
board theFermi Gamma-ray Space Telescdpes revolutio- : .
nized our understanding of the high-energy sky. The latestMaging Atmospheric Cherenkov TelescofléTs).
release of the broadband all-sky LAT cataleg., the Third In addition to serving as references for works on individual
Catalog ofFermiLAT Sources, or 3FGL, Acero et &015 sources(e.g., Aleksi et. al. 2014, these LAT. hard-sourgg
characterizes 3033 objects in the energy range30aGeV catalpgs have been |_nstrumental in providing promising
from the rst 4 years of LAT science data. Since the sensitivity candidates _for detection by IAC_:Ts(e.g., Abeysekara
of the instrument peaks at about 1 GeV, the 3FGL necessarily2019: enabling the search for plausibleay counterparts of
favors sources that are brightest in the GeV energy range. |c€Cube high-energy neutrind@.g., Aartsen et al201§

The FermiLAT collaboration has also released two hard- Padovani et a019, triggering studies on unidenéd sources
source catalogs that were produced using analyses optimizefPomainko2014, and enabling new studies on the extragalactic
for energies greater than tens of GeV. The First Catalog ofbackgrqund lightDominguez & Ajello2015, which y|e|qed
Hard FermiLAT Sources(1FHL, Ackermann et al2013 constraints on the extragalactieray backgroundBroderick
describes 514 sources detected above 10 GeV fromrsh@ €t al. 2014 Ackermann et al.20163, and on the proton
years of LAT data. Additionally, the Second Catalog of Hard component of ultra-high-energy cosmic rgerezinsky et al.
FermiLAT Sources(2FHL, Ackermann et aR016H) reports ~ 2019. _ _
the properties of 360 sources detected above 50 GeV from the The Third Catalog of HaréermiLAT Sources(3FHL) is

rst 80 months of data. The 2FHL was thst LAT catalogto  the latest addition to thEermiLAT catalogs and reports on
take advantage of the latest event-level ana(fsiss B which sources detected at energies above 10GeV. The 3FHL is
provides signicant improvements in event reconstruction and constructed from therst 7 years of data and takes full
classi cation. Pas$ increases the sensitivity, improves the advantage of the improvements provided by RBassing the

angular resolution, and also extends the useful energy range droint-spread functiofPSH-type event classtation; which
improves the sensitivity.

52 NASA Postdoctoral Program Fellow, USA.

53 Funded by contract FIRB-2012-RBFR12PM1F from the Italian Ministry of 5* A measure of the quality of the direction reconstruction is used to assign
Education, University and Resear@®lUR). events to four quartiles.
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In this work, we do not look for new extended sources (Galactiy and iso P8R2 SOURCEV6 v06.txt (isotro-
but explicitly model sources as spatially extended sourcespic). We also used the same model as in 3FGL for the
previously resolved by the LAT along with those recently contributions from the -ray emissions of the Sun and Moon
found by Ackermann et a{2017. Given that the Cherenkov near the ecliptic plandalthough their contribution above
Telescope ArrayCTA) is expected to have an energy threshold 10 GeV is very minor
below 50 GeV(Acharya et al2013, the 3FHL catalog offers We undertook the LAT analysis using the standard
an excellent opportunity to relate observations from space angyLikelihood framework (Python analog ofgtlike) in the
those that will be possible in the near future from the ground. LAT Science Tool®® (version v11rd Throughout the text we

This paper is organized as follows. Sectibdescribes the  use the Test Statistic TS 2 %og $ (Mattox et al. 1996,
methodology used to detect sources in the LAT data and tocomparing the likelihood function$ optimized with and
associate these sources with known astrophysical objects agithout a given source, for quantifying how sigoantly a
other energies. Then, Sectidgives details on the structure of source emerges from the background.
the 3FHL catalog and describes its main properties in the
Galactic and extragalactic sky, and gives details on the newly
discovered -ray sources. In Sectio, we also discussux 2.2. Source Detection

variability. Finally, we conclude in Sectigh . ) . .
At the high energies considered here the width of the LAT

PSF does not depend strongly on energy and the point-source

detection is limited by source counts more than background, so
In this section, we present our methodology for extracting we used image-based source detection techniques on counts

the high-level information provided in the catalog from the maps integrated over all energies and event types. The

2. Analysis

-ray event-leveFermiLAT data. algorithm we usedmr_ Iter) is based on a wavelet analysis
in the Poisson regiméStarck & Pierre1998. We set the
2.1. Data Selection and Software threshold to 2 in the False Discovery Rate mode. It returns a

map of signicant features on which we ran the peaikling
algorithm SExtractofBertin & Arnouts1996 to generate a list

of source candidatefhereafter seeflsWe also used another
wavelet algorithnrfPGWave Damiani et al1997 Ciprini et al.
2007, which differs in the detailed implementation and returns

The current version of thé&ermiLAT data is Pass 8
(Atwood et al.2013. For this study we have selected Source
class events in the energy range from 10GeV to 2 TeV.
Adopting a 10 GeV threshold, as was done in the 1FHL catalog
(Ackermann et aR013), provides the bengs of a narrow PSF, . . . .
with per-photon angular resolution frorfi® at 10 GeV to less directly a list of seed@he threshold was set to B Simulations

than @1 above 35GeM(68% containment radius averaged indicated that the latter was somewhat more sensitive @t a
over all event typa$® ensuring minimal confusion and low background but did not work as well in the Galactic plane. We
background at the PSF scale. In that range the sensitivity of théh€rged the two seed lists, eliminating duplicates withia 0
LAT observations is limited by statistics only. We used the PSF__Since those methods work in Cartesian coordinates, we
event types appropriate for each event, to obtain the best sourdgdved the sky with 26 projections in Galactic coordinates: 6
localizations. CAR (plate carrée projections along the Galactic plane
We analyzed seven years of data, from 2008 August 4 tocovering Galactic latitudego) from b= 10" to +10°, 6
2015 August 2(Fermi mission elapsed time 239,557,417 to AlT (HammerAitoff) projections on each side of the plane
460,250,000 In addition to the 16% of real time lost when ~ coveringb= 10° to 45, and 4 CAR projections covering
passing through the South Atlantic Anomaly andother inter- D= 45° to 90" in four quadrants around each pole. Each map is
ruptions, we have excised small intervals around bright GRBs,>° larger on each side than the area from which the seeds are
solar ares, and bad data, resulting in 182,870,4B0&year}y extracted, to avoid border effects. The pixel size was set to
of good time intervals. To limit contamination from theay- 005, comparable to the FWHM of the PSF at high enéttuy
bright Earth limb, we enforced a selection on zenith angle 68% containment radius is greater thd0®up to 300 GeY.
(<105°) and applied a very weak constraint on rocking angle ~ Next, we added s_eeds in the Galactic plane from the search
(< 90°). The scanning mode results in maximum exposure nearfor extended Galactic sources above 10 G&dkermann et al.
the north celestial polg4.3x 10’ m?s at 10GeY and 2017, as well as seeds derived in preparatory work for the next
minimum exposure on the celestial equg®bx 10’ m?s). general LAT source catalog over all energies. The full list
The analyzed data contain 699,582 photons at energiesomprised 3730 seeds. Compared to the singte Iter
above 10 GeV. This is about a factor of 10 more photons thanmethod, adding seeds from those parallel studies@Wave
are above 50 GeV in the 2FHB0,978 photorjsand more than ~ resulted in nearly 1000 more seeds, but only(22%) more
4 times the number in the 1FHL above 10 G€M62,812 sources in the nal list of signi cant source¢Section2.4).
photon3. Figure 1shows the all-sky counts map, which has  The source density d&@ 101 is 0.036 sources per square
been smoothed. degreeg(after TS selection in Sectidh4). Since the 68% PSF
We used the PS8R2_Source V6 instrument response funccontainment radius is better thall8, confusion is rather
tions. We used the same models of Galactic diffuse emissiorimited. A standard plot showing the distribution of distance
and extragalactic isotropic emission as used in the 3FGLbetween source¢such as Figure 13 of Acero et &015
analysis, adapted to Pass 8 data and extrapdlatedrly in the indicates that this catalog has missed abou{<2®%) high-
logarithn) up to 2 TeV. They are available from the Fermi latitude sources within?@ of another one. In the Galactic plane

Science Support CentefFSSGQ as gll _iem v06. ts the confusion is worse because many sources are extended.
65 http// www.slac.stanford.edexp glast groupg candélat_ 66 Seehttp// fermi.gsfc.nasa.gdssd datd analysi$documentatioh
Performance.htm Ciceroné


http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm
http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm
http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/
http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/
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[ |
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Figure 1. Adaptively smoothe&ermiLAT counts map in the 10 Ge\2 TeV band represented in Galactic coordinates and HarAitef projection. The image has

been smoothed with a Gaussian kernel whose size was varied to achieve a minimum signal-to-noise ratio under the kernel of 2.3. The colortisoatedadotari
units are counts peb.1 deg? pixel.

2.3. Localization half a dozen sources whose parameters are simultaneously
optimized. The global bestt is reached iteratively, by
including sources in the outer parts of the Rol from the
neighboring Rols at the previous step. Above 10 GeV the PSF
is narrow, so the cross-talk is small and the iteration converges
rapidly. The diffuse emission model had exactly one free
normalization parameter per Reke theAppendixfor details.
Ve used unbinned likelihood with PSF event types over the
at large off-axis anglgsThegt ndsrcrun was integrated into full energy range, neglecting energy dispersion. Extended
the main iterative procedur&ection?2.4), starting with the fsoutrr(]:e_s(Secttl_oﬁ.S) Wle;e tre\z/?/thed just as pm_r;)tl Sources, ?X%eﬁ:
brightest sources. This ensures that the surrounding source erw sgd?gl%:gk grq(]jplgae(jsiéleajgg\a/\ﬁralonoasis" €, we applied the
; ; ytic spatial templates
were correctly represented. The main drawback igthadsrc for the likelihood calculation. They are not pixelized and hence

provides only a symmetrigcircula) error radius, assuming a X ) .
Gaussian distribution, not the full TS map and an ellipse asaresgﬁéispr\igfee rt::ge}gg g‘?pdgglsj? \}v?mp;aﬁgwuesf(%\ig SFGL.
pointlike does. There is no reason to believe that this is aspectrum(two free parameters, a normalization and a spectral

32::/322 n“tmhgatt\l/\?g ' a)f:; g;(?hrgpé?’r olrn eﬁiFSeLs t\t]vz Sa\llezrggg or?r:lc?s hoton inde) At the end of the iteration, we kept only sources
P N ith TS> 25 with the PL model, corres;:)onding to a

ellipses were close to circular. At higher energlgsHl) this signi cance of just over 4evaluated from the “ distribution

ratio was even smaller, 1.12. with 4 degrees of freedorfposition and spectral parameters,

We'l;genoiys;ﬁtr)r;g:g:d ggcg?;tHamEz”a;ﬁ?gﬁ tt?]i I\g'th lorcni:'rzeatlonMattox et al.1996. We also enforced a minimum number of
' et model-predicted eventdl,q 4 (only two sources were

precisé preliminary source list derived from an analysis over ejected because of this limit, and only two haVge< 5).

all energies greater than 100 MeV. The absolute precision at th ; ; . C
95% con dence level was found to b&@D75(it was 005 in ex?eﬁgggdsgﬁrcvgéh 1556 sources with ¥25, including 48

3FGL, but the statistical precision on localization was not .
good enough to constrain the absolute precision)wé&he The alternative curved LogParab@l#) spectral shape

The position of each source was determined by maximizing
the likelihood starting from the seed position, usitgndsrc
We usedjt ndsrcrather tharpointlike(used in 3FGL.in order
to benet from the full power of PSF event types introduced
in Pass 8. Thegt ndsrc tool works in unbinned mode,
automatically selecting the appropriate PSF for each event as
function of its event type and off-axis andtee PSF broadens

systematic factor was found to be 1.05, as in 3FGL. We dN E B log(€/ Eo)
checked that the 3FHL localizations were consistent with the — K — (1)
same values. Consequently, we multiplied all error estimates by dE Eo

1.05 and added?@075 in quadrature. ,
was  systematically tested, and adopted when

Signif _Curve = \/2In(L (L (PLH) g corresp-

2.4. Signicance and Spectral Characterization onding to 3- evidence in favor of the curved modghe
The framework for this stage of the analysis was inherited threshold was 4in 3FGL). Among 1556 sources, only 6 were
from the 3FGL catalog analysis pipelif&cero et al2015. It found to be signicantly curved at the 4level. Lowering the

splits the sky into regions of interg®ols), each with typically threshold to 3 added 26 curved sources, whereas an average
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of 4.2 would be expected by chance. So most of the additionalin the lobes of the Fornax A radio galaxy. T@®296.5 10.0

spectral curvatures between and 4 are real. We iterated

and MSH 15 56= G326.3 1.8) were taken from the

after changing a spectral shape or removing a source. Only 298ystematic study of Galactic SNRs.

of the 3FHL sources were considered sigantly curved. This
does not mean that sources are less curved than they are ov
the full FermiLAT range(100 Me\V-300 GeVj, but only that it
is more dif cult to measure curvature over a restricted energy
range and with limited statisti¢s 10 Ge\). One of those 32

has upward curvature. This source is associated with the pulsaj g7 9 6228

PSR J14186058, and that curvature marks the transition
between the pulsar emission at loweray energies seen by
FermiLAT (Abdo et al.2013 and the very high-energyrays
from the pulsar wind nebula detected by H.E.$/haronian
et al.20063.

Photon and energyuxes in the 10 GeVl TeV band were

A recent comprehensive search for extended sources above
&P GeV in the Galactic plardd 7, Ackermann et ak017)
resulted in 46 detections, all represented as disks. Of those, 11
are new, and were entered as such in 3f$tiurces numbered
FGES J1745.83028, J1857.%0246, J2301.95855, J1023.3

5747, J1036.35833, J1213.36240, J1409.16121,
J1553.85325, J1652.24633, J1655.5

4737. FGES J1745.83028 was agged in their work
because the disk size was unstable with respect to the
underlying diffuse model. We introduced it anyway, because
it appears very signcant (TS= 114) and preferred to two
point sources. The 35 other detections coincide with previously
detected extended sources. We switched to the new description

obtained from the best spectral model. We chose to reporonly when it was clearly warranted, i.e., thewas improved

uxes up to 1 TeV because integrating the enengy up to

by %ogL 15 p, wherep is the number of additional

2 TeV has larger uncertainty when the photon index is harderparameters, as in the Akaike criteri@kaike 1974. We also

than 2. Uncertainties were obtained by linear error propagatiorkept the previous Gaussian template of the IC 443 SNR
from the original parameters. No systematic errors werebecause it is closer to the radio SNR than the two disks in the
included. Fluxes in ve energy bands were extracted in the FGES representation and allows the collection of all time
same way as in 3FGL. The energy limits were set to 10, 20, 50,into a single source, even though it exceeds the above criterion.
150, 500 GeV, and 2 TeV. The width of the energy Kinghe Only one Galactic source not detected in FGES appears in
logarithn) increases with energy in order to partially 3FHL. This is the Cygnus Loop, which has TS just above
compensate for the decrease of photons due to the fallinghreshold, and can be easily understood because Ackermann

source spectra. Systematic uncertainties are estimated to be 586 al. (2017 analyzed only six years of data instead of

in the rst three bands, then 9% and 18%They are not
included in the ve individual uncertainties.

seven here.
Thirteen extended source templates were abandoned in favor

As for 2FHL, we evaluated the probabilities that the photons of the tted disk representations:

near each source originated from the source ugisgproh
and found the highest-energy photon with a probalHiBp%.

2.5. Extended Sources

This work does not involve looking for new extended
sources, or testing the possible extension of sources detected as
point-like. As in the 3FGL catalog, we explicitly modeled as
spatially extended those sources that had been shown in
dedicated analyses to be resolved by the PAThe spectral
parameters of each extended source witegl in the same way
as those for point sources. We did not attempt tothee spatial
shapes. Because many of those extended sources are much
broader than the PSF at 10 GeV, we allowed the addition of
new seeds inside the extended sources when their radii were
larger than ©4 (this differs from what was done at lower
energies in 3FGL Identi ed point sources(in practice,
pulsar$ were allowed in extended sources of any size.

The 3FGL catalog considered 25 extended sources. Five
more were introduced in the 2FHL catalog. Several descrip-
tions of extended sources have been improved upon since then
(see Tablel for detailg. In particular, the Large Magellanic
Cloud (LMC) is now represented by four independent
components(but only the hard compact components are
detected above 10 GeV, not the large one at the scale of the
entire galaxy. The RCW 86 and RX J1713.8946 supernova
remnant§SNR9 also beneted from new templates. The W 41
template was correctddn error made 2FHL J1834.5846e
too narrow. A new extragalactic extended source was reported

67 http// fermi.gsfc.nasa.gdssc datd analysis LAT_caveats.html

58 The templates and spectral models are available througtethe Science
Support Center.

w

1. W28 is represented by the broader disk FGES J1800.5

2343, which encompasses the four sources found
outside the SNRHanabata et aR014). Three of those
sources were too faint to be recovered individually by the
point-source detection algorithm. The brightest peak in
W 28 proper, as well as the brightest outer p@#kSS
J1800 240 B), were detected as individual point sources
on top of FGES J1800.52343.

. W30 is represented by the disk FGES J1802144,

shifted by about T with respect to the 3FGL disk. There

is no doubt that the emission around 1 GeV, which is
close to the SNKAjello et al.2012, is not centered on
the same direction as the emission above 10 GeV, which
is closer to the TeV source HESS J18@4.6 (Aharonian

et al. 2006h.

. Two sources within 1 of each other, G24+70.6 and

HESS J1837 069, came from previous similar automatic
searches for extended sour¢keande et al2012 Acero

et al. 2016 respectively They were replaced by the
better representation involving three overlapping disks:
FGES J1834.10706, J1836.50651, J1838.90704.

4. The previous templates for 2FHL sources SNR G150.3

+4.5, J1112.16101e, HESS J135645, and J1420

607 (Ackermann et al2016h) were replaced by the
disks FGES J0427+5533, J1109.46115, J1355.1

6420, and J1420.36046 (with much better statistics
down to 10 GeY. FGES J042725533 is actually closer
in size to the radio SNRlarger than the 2FHL siye
FGES J1355.16420 and J1420.36046 are smaller than
their 2FHL counterparts, closer to the TeV size.

. The radio template for S 14Katsuta et al2012 was

replaced by the at disk FGES J0537#&2751. With the
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Table 1
Extended Sources Modeled in the 3FHL Analysis

3FHL Name Extended Source Changes Spatial Form Epdedt References

SMC Updated Map 15 Caputo et 016

HB 3 New Disk 0.8 Katagiri et a(2016

W 3 New Map 0.6 Katagiri et a[2016
J0322.6 3712e Fornax A New Map 0.35 Ackermann et(@D169
J0427.2 5533e FGES J042#5533 2FHL J043125553e Disk 1.515 Ackermann et 017

HB 9 New Map 1.0 Arayg2019
J0500.9 6945e LMC FarWest New Mé&p 0.9 Ackermann et a(20169

LMC Galaxy LMC Mag 3.0 Ackermann et al20169
J0530.0 6900e LMC 30DorWest New Mép 0.9 Ackermann et al20169
J0531.8 6639 LMC North New Map 0.6 Ackermann et al20169
J0537.6 2751e FGES J053A#&751 S 147 Disk 1.394 Ackermann et @017
J0617.2 2234e IC 443 Analytic Gaussian 0.27 Abdo et(aD10h
J0822.1 4253e FGES J0822.14253 Puppis A Disk 0.443 Ackermann et @017
J0833.1 4511e Vela X Analytic Disk 0.91 Abdo et gR0101)
J0851.9 4620e FGES J0851.91620 Vela Jr Disk 0.978 Ackermann et @017
J1023.3 5747e FGES J1023.%747 New Disk 0.278 Ackermann et €017
J1036.3 5833e FGES J1036.%833 New Disk 2.465 Ackermann et §017)
J1109.4 6115e FGES J1109.46115 2FHL J1112:46101e Disk 1.267 Ackermann et 017
J1208.5 5243e SNR G296:+510.0 New Disk 0.76 Acero et 42016
J1213.3 6240e FGES J1213.3240 New Disk 0.332 Ackermann et €017
J1303.0 6312e HESS J1303%31 Analytic Gaussian 0.24 Aharonian et(aD05

Centaurus Alobeg No change Map (2.5, 1.0 Abdo et al.(20109
J1355.1 6420e FGES J1355.6420 2FHL J1355:36420e Disk 0.405 Ackermann et §017)
J1409.1 6121e FGES J1409.6121 New Disk 0.733 Ackermann et §017)
J1420.3 6046e FGES J1420.3046 2FHL J1419:36048e Disk 0.123 Ackermann et 017
J1443.0 6227e RCW 86 2FHL J1443.58221e Map 0.3 Ajello et a(2016
J1507.9 6228e FGES J1507.9228 New Disk 0.362 Ackermann et §017)
J1514.2 5909e FGES J1514.5909 MSH 15 52 Disk 0.243 Ackermann et g2017)
J1552.7 5611e MSH 15 56 New Disk 0.21 Acero et a{2016
J1553.8 5325e FGES J1553.86325 New Disk 0.523 Ackermann et €017
J1615.3 5146e HESS J161418 Analytic Disk 0.42 Lande et 019
J1616.2 5054e HESS J1616508 Analytic Disk 0.32 Lande et g2012
J1631.6 4756e FGES J1631.61756 HESS J1632478 Disk 0.256 Ackermann et 42017
J1633.0 4746e FGES J1633.04746 HESS J1632478 Disk 0.610 Ackermann et 2017
J1636.3 4731e FGES J1636.31731 New Disk 0.139 Ackermann et §017)
J1652.2 4633e FGES J1652.2633 New Disk 0.718 Ackermann et §2017)
J1655.5 4737e FGES J1655.53737 New Disk 0.334 Ackermann et €017
J1713.5 3945e RX J1713.73946 Corrected Map 0.56 Abdalla et @016
J1745.8 3028e FGES J1745.8028 New Disk 0.528 Ackermann et €017
J1800.5 2343e FGES J1800.2343 W 28 Disk 0.638 Ackermann et §017)
J1804.7 2144e FGES J1804.2144 W 30 Disk 0.378 Ackermann et 017
J1824.5 1351e HESS J1825137 Analytic Gaussian 0.75 Grondin et @017
J1834.1 0706e FGES J1834.10706 New Disk 0.214 Ackermann et §2017)
J1834.5 0846e W 41 Corrected Gaussian 0.23 Abramowski €RalLy
J1836.5 0651e FGES J1836.9651 HESS J1837069 Disk 0.535 Ackermann et §2017)
J1838.9 0704e FGES J1838.9704 HESS J1837069 Disk 0.523 Ackermann et gR017)
J1840.9 0532e HESS J1841055 No change 2D Gaussian (0.62, 0.38 Aharonian et al(2008
J1855.9- 0121e W 44 No change 2D Ring (0.30, 0.19 Abdo et al.(20109
J1857.# 0246e FGES J185#0246 New Disk 0.613 Ackermann et §017)
J1923.2 1408e W 51C No change 2D Disk (0.38, 0.26 Abdo et al.(2009
J2021.06- 4031e -Cygni Analytic Disk 0.63 Lande et a2012
J2028.6-4110e Cygnus X cocoon Analytic Gaussian 3.0 Ackermann €2@1.13

HB 21 Analytic Disk 1.19 Pivato et af2013
J2051.6- 3040e Cygnus Loop No change Ring 1.65 Katagiri ef2011)
J2301.9 5855e FGES J2301%855 New Disk 0.249 Ackermann et §017)

Note. List of all sources that have been modeled as spatially extended. Sources without a 3FHL name did not reackdheestnéshold in 3FHL. The Changes
column gives the name of the source in previous catalogs in case of a change. The Extent column indicates the radjuatfdisBiskurces, the 68% containment
radius for Gaussian sources, the outer radius for Riagannuluy sources, and an approximate radius for Niaternal templajesources. The 2D shapes are
elliptical; each pair of parametdig b) represents the semimaj@) and semiminokb) axes.

& Emissivity model.
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at disk that source is sigrdant, whereas the radio
template resulted in TS 25.

. The previous template for Puppis(HWewitt et al.2012
was replaced by the somewhat broader disk FGES
J0822.1 4253, which follows more closely the radio
and X-ray contour. Without this change a point source
was necessary tot the data just outside the pre-
vious disk.

. The previous template for Vela (fanaka et al2011)
was replaced by the somewhat smaller disk FGES
J0851.9 4620, closer in size to the X-ray SNR.

. The previous template for the pulsar wind nel§BMY/N)
MSH 15 52 (Abdo et al.2010h was replaced by FGES
J1514.2 5909, shifted by about°Q with respect to the
3FGL disk. Without this shift, a point source close to
PSR B1509 58 was necessary, although this pulsar is
known to have a very soft spectrum.

. The previous template for HESS J163Z8(Lande et al.
2012 was replaced by the combination of a broader disk
(FGES J1631.64756 with two smaller ones on top of it
(FGES J1633.04746 and J1636.34731, all with
different spectra. Together they provide a much better
representation at the cost of only two additional
parametergfor extensiol, since two point sources were
necessary next to HESS J163%/8.

For each of the extended sources, Tablksts its name,
changes since 3FGL and 2FHL, if any, the spatial templat
description, the extent, and the reference to the dedicate
analysis. In the catalog these sources are tabulated with th

e

4
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real datqa We conclude that the number of spurious sources in
3FHL is closer to 10 than the rough estimate of 30 given at the
beginning of this section. This is a small fraction even of

sources close to threshold in the real 692 at 25 TS< 30

and 161 at 30 TS< 35).

2.7. Source Association and Classition

We adopt the same procedure for evaluating the probabilities
of association betweenray sources and potential counterparts
previously used in 3FGL. This procedure is based on two
different association methods, the Bayesian metf#isto
et al. 20109 and the the Likelihood-RatidLR) method
(Ackermann et al.2011h 2015. The fractions of new
associations provided by the two methods are different from
3FGL since the source populations are different, as described in
Section3.6. Following the same strategy as in the 3FGL, we
distinguish between associated and idesttisources. Associa-
tions depend primarily on close positional correspondence,
whereas identications require measurement of correlated
variability at other wavelengths or characterization of the
3FHL source by its angular extent.

The Bayesian method is applied using the set of potential-
counterpart catalogs listed in Table 12 of Acero e{24115,
updated to the latest available versions. The priors are
recalibrated via Monte-Carlo simulations to enable a proper
estimate of the association probabilities and in turn of the false
ssociation rates. These rates indeed depend on the sizes of the
rror ellipses of the sources, whose distributions are appreci-
Sbly different in the 3FGL and 3FHL catalogs. A total of 1187

point sources, with the only distinction being that no position associations with posterior probabilities greater than 0.80 are

o Sopons o o s v e 10U Vs (1 meinod, Wit an esimated number of fie
“xxx_eld in the ASSOCZzolumn of the catalog. positives of 5. Thanks to the updated cataldgsy., Massaro

et al. 2015 Alvarez Crespo et aR016a 2016h Pefia-Herazo
et al. 2017, 25 unidentied 3FGL sources detected in 3FHL
are now associated with blazars.
The Likelihood-Ratio method provides additional associa-
The narrow PSF above 10 GeV implies that the number oftions with blazar candidates based on large radio and X-ray
independent positions in the sky is large. Therefore, we mightsurveys (typically including>10°sources The Bayesian
expect a fraction of spurious sources from backgroundmethod in its current implementation cannot handle these
uctuations only. Taking a disk of radius1® (68% PSF surveys because their large source densities conduce to too
containment radius at 10 Gg\as the source size, there are many false positives. The resulting associated counterparts are
6 x 10° independent positions in the sky. Since the probability then scrutinized using additional available multi-wavelength
to reach TS 25( 2 distribution with 4 degrees of freedpia data to assess their classitions. If no or too-limited
5x 10 ®°, we might expect as many as 30 spurious sources. information is found, a sole association with radio counterparts
In order to quantify this more precisely we simulated the full is usually rejected, the high source densities in the radio
sky with the same exposure as the real data, assuming pursurveys making the chance of false positives exceedingly large.
(Galactic+ isotropiq background. Owing to the narrowness of A total of 1151 3FHL sources are associated by this method, of
the PSF above 10GeV there is essentially no correlationwhich 150(with an estimated number of 15 false posifj\ae
between sources so it is not worth including sources in thenot associated by the Bayesian method. In these 150 sources,
simulation. The source detection step was not run in exactly the44 have 3FGL counterparts as well. As an exception to the
same way as the detection step run on the real data, becausejection criterion outlined above, if the counterpart belongs to
mr_ Iter uses a False Detection Rate threshold, which dependshe ROSATX-ray survey(which has a much lower source
on the number of true sources. Since there is no true source idensity than the radio survgysve do report the association
the simulation, the same setting would have resulted in verywith a classication left azinknown These sourcgg3 in tota)
few seeds at the detection step. Instead we usatitareshold are not particularly different from the unassociated sources in
at 4 over all wavelet scales, resulting in 135 seeds over thetheir -ray properties or sky locations. Follow-up observations
entire sky. We merged those with the PGWave seeds, whichwould be particularly useful to determine their nature.
are much more numero$959 because of the 3threshold. Associations with -ray sources reported in earlier LAT
The maximum likelihood analysis of these sefxdsluding catalogs are established by requiring an overlap of their
localization resulted in 10 sources at BS?5 including 2 at respective 95% error ellipses. Note that in the rare ¢asein
TS> 30, randomly distributed over the sky, witly.4; 6 and tota) where conicting Bayesian-based associations are
formal position error 0205 (similar to the faint sources in the found for a 3FHL source and its 3FGL counterpart, we give

2.6. Background-only Simulation

7
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preference to the choice presenting the smaller error ellipse, systematic uncertainty on the effective area in each band
foregoing consistency with 3FGL in some cases. The results of (SysRel column) is given in the same extension.
the association procedures are summarized in PaBligure2

shows the distributions of angular separation between the . . .
3FHL sources and their assigned counterparts. The goocﬁmCh"’mgeOI since 3FGLcontain information about the 55

: ity o xtended sourcgdable 1) that were included in the analysis
agreement with the expected distributions for real assomatmn% ,
visible in this gure provides cordence in the reliability of the ~ (ON1Y 48 were detectgdand the 741 ROIs over which the
associations. analysis ran. The extended sources are singled out &y an

The associated blazars were optically clasbias at- appended to their names in the main table. The background
spectrum radio quasa(ESRQ3, BL Lacsy and blazars of Parameters are reported in tROIs extension following the
unknown types(BCUs, Shaw ef al2012 2613 The source _model described in thAppendix_ The GTI extension is not
peak frequencies were adopted from 3L@KCkermann et al. included because it would dominate the volume of the
2015, when available, or determined via the same approach.

Low-synchrotron peaKLSP), intermediate-synchrotron peak 3.2. General Characteristics of Sources
I((I)Sl:b(' %n?{)hlgfi—jy{fhrolt(;on (DCSQSSF) i)l5az|§rs (a (réa tSoselvE;nth The 3FHL sources have integratagkes above 10 GeV that
ol Ygea ’ Yol Hea 1ol Hea range from 1.% 10 **phcm ?s * (approximately 0.5% of

The extension€ExtendedSources and ROIs (format

respectively, withQea. given in units of Hz. the Crab Nebula ux) to 1.2x 10 ®phcm %s 1, with a
median of 5.6 10 *phcm ?s *
3. The 3FHL Catalog The median spectral index is 2.48, which is characteristic of

) relatively hard sources. In Figudewe show the spectral index

The 3FHL catalog includes 1556 sources detected over thejjstributions by source class. Thgure shows that Galactic
whole sky.(We note that the number of sources in the 3FHL sources tend to have a broader range of spectral indices,
catalog is more than the 1506ays detected above 10 GeV by \hereas the distribution of extragalactic sources peaks at about
the EGRET experiment on the predecessomptonGamma-  an index of 2. There is also a clear bimodality in the Galactic
ray Observatory mission, Thompson et @003. The  jndex distribution produced by the SMRWN and PSR
association procedugee Sectior2.7) nds that 79% of the  populations(see Sectior8.5 for detaily. The population of
sources in the catalofl231 sourcgsare extragalactic, 8%  ynknown sources follows a similar trend as the blazars, SNRs,
(125 are Galactic, and 13%200 are unassociatedor and PWNe but is different from PSRs. The median of the
associated with a source of unknown natur®f the  positional uncertainty is°038 (2.3 arcmin; we note that about
unassociatédinknown sources, 83 are located at 10|, 75% of the 3FGL sources present in the 3FHL now have
and 117 are located & . 10.. Since sources outside the smaller localization uncertaintjesigures illustrates that the
plane are typically extragalactic, the fraction of extragalactic getection threshold on photomx does not depend strongly on
sources in the sample is likely about 87%. Figtishows the  spectral indexthe same is not true for the energyx). The
locations of 3FHL sources color-coded by source class. reason for this is the constancy of the LAT per-photon
resolution with energy aE 10 GeV. We note that extra-
galactic sources are detected to lowexes than Galactic
objects, highlighting that the sensitivity for source detection

The FITS les format of the 3FHL catal8is similar to that becomes worse in the plane of the Galaxy. Figusaows the
of the 3FGL catalo@Acero et al2019. The le has four binary ux sensitivity as a function of sky locatigsee the appendix
table extensions. TheLAT Point _Source _Catalog of Ackermann et al2013.
extension has all of the information about the soulseg Figure 7 shows example SEDs for four sources over four
Table3 for detail3. The catalog is available in a .tar.gz package. decades in energy, which combine 3FGL and 3FHL spectral

Relative to previous LAT catalogs, two changes are data(the 1FHL data are also shown for comparjson
important.

3.1. Description of the Catalog

1. The parameters of the curvédogParaboln spectral 3.3. Comparison with the 1FHL Catalog
shape, which is systematically tested against a power law,
are now always reported via tBpectral _Index and
beta columns, even when the curvature is not sigant
(Signif _Curve < 3). The photon index of the power-
law model is always reported via tRewerLaw_Index
column. In 3FGL Spectral _Index contained the
power-law index when the power-law model was
adopted. TheFlux _Density , Flux and Energy _-
Flux columns still refer to the preferred model
(SpectrumType ).

2. The format of the spectral energy distributi¢gB8&D9
differs. Now, we give the uxes and their uncertainties
for each source in a vector column matching the number
of energy bins. These bins are documented in the
EnergyBounds extension. The level of the relative

In this section, we compare the 3FHL results with those of
the previousFermiLAT catalog at similar energigse., the
1FHL, Ackermann et aR013.

The 1FHL was based on thest 3 years of data and the
Pass 7 event reconstruction and classiion analysis. For
3FHL we have analyzed 7 years of data using Pass 8. The total
number of detected sources has increased by a factor of 3, from
514 to 1556. A simple scaling of the sensitivity, assuming a
background-limited scenario, would sugge4000 sources in
3FHL. The much larger number of sources detected in 3FHL
shows that the sensitivity, for 10 GeV, improves nearly
linearly with time’® This is because tHeermiLAT operates in
a counts-limited regime at these energies. This is demonstrated

7O \We have assumed that thaixes of the sources are distributed as a
5 Euclidean log\-log S, i.e.N(>F) F ¥2 whereN is the number of sources
The le is available from th&ermi Science Support Center. above a given ux F.
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Table 2
3FHL Source Classes

Description Identi ed Associated
Designator  Number  Designator  Number
Pulsar PSR 53 psr 6
Pulsar Wind Nebula PWN 9 pwn 8
Supernova remnant SNR 13 snr 17
Supernova remnarfeul- K K spp 9
sar wind nebula
High-mass binary HMB 4 hmb 1
Binary BIN 1 K K
Globular cluster K K glc 2
Star-forming region SFR 1 sfr 1
Starburst galaxy K K sbg 4
BL Lac type of blazar BLL 19 bll 731
Flat-spectrum radio qua- FSRQ 30 fsrq 142
sar type of blazar
Non-blazar active galaxy K K agn 1
Narrow-line seyfert 1 NYLS1 1 K K
Radio galaxy RDG 4 rdg 9
Blazar candidate of K K bcu 290
uncertain type
Total identi ed 136 associated 1220
Unclassied K K unknown 23
Unassociated K K K 177
Total in the 3FHL K K K 1556

Note. The designatiofispg’ indicates potential association with SNR or PWN.
Designations shown in capital letters anmen identi cations; small letters
indicate associations. Note that the PWN N 157 B in the LMC is counted as
Galactic.

by the comparison of theux distributions of the 1FHL
and 3FHL sources in Figur8. Indeed, a decrease in the
median ux of a factor about 3, from 18310 ° to
5.0x 10 *phcm %s !, is apparent. The median of the
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four 3FGL sources, so it is possibly an extended source
remaining to be discovered. All of these sources have
corresponding seeds in the 3FHL analysis pipeline that were
rejected from the catalog for having a TSL5. We stress that
the 1FHL catalog was built from Pass 7 Clean class events
(before reprocessipgTherefore, the set of events was rather
different, and the PSF was sigoantly broader.

3.4. Newt-ray Sources and TeV Candidates

Thanks to the unprecedented lowx limit of our analysis at
E> 10 GeV, the 3FHL analysis has revealed a large number of
new sources. The number of 3FHL sources without a 3FGL
counterpart is 258, and of these 214 have no counterparts in any
previous FermiLAT catalog’* Of these 214, 3 have been
detected with IACTSs, i.e., 3FHL J0632.@550 (HESS J0632
+ 057, Caliandro et aR015, 3FHL J1303.0 6350(PSR B1259

63, which ared after the 3FGL time perijpdand 3FHL
J1714.0 3811 (CTB 37B, previously unresolvidn summary,
the 3FHL has 211 sources previously unknowniiays. The sky
locations and classes of the 214 sources are shown in Bigure
This gure shows that while most of them appear to be
isotropically distributed, some fraction of the unassociated new
sources appears to lie in the Galactic plgsee Sectior3.5).

Figure 10 shows that the new sources follow an index
distribution similar to that of the previously detected sources
but are fainter. Most new sources are either extragalactic or
unassociatedbut probably extragalacjicThe new Galactic
sources tend to be already known to be spatially extended from
IACT observations, and we model them as such.

IACTs have excellentux sensitivities at TeV energies but
limited elds of view that make nding new sources
challenging. The 3FHL is a resource for planning IACT
observations. The catalog lists the highest-energy photon
(HEP) detected by the LAT and its probability of association
with a given source. Sources with HEPs of hundreds of GeV,
small indiceghard spectia and large uxes are a priori good

spectral index distributions remains similar in both catalogs. Incandidates for IACTs. However, the majority of theay

Figure 8, we see that the 3FHL increases the size of the
population of hard sourcegs 1.8) that was discovered in
1FHL. These are faint and hard HSP Bacs(see Sectio3.6

for more details that are detected in 3FHL because of the

improved sensitivity at high energies delivered by Pass 8.

Furthermore, Figure8 also compares the distributions of

sources detected by the LAT in 3FHL may be too faint for the
current-generation IACTs, which can reach a sensitivity of
2.7x 10 *ergcm ?s * (this is> 1%-2% of the Crab Nebula

ux at 100 GeV in 50 hr of observatipnOf the 1423 3FHL
sources that have not been detected by IACTs, only 8 have
>100GeV ux> 10 *ergecm?s * ( 0.3% of the Crab

positional uncertainties. There is a clear improvement in theN€bula ux). Of those eight, six are already reported in 2FHL,

median positional resolution by approximately a factor of
from 4.7 to 2.3 arcmin, 95% C.L. This is better than the 3.
arcmin median location uncertain{@5% C.L) of 2FHL
(Ackermann et al.2016h thanks to the generally larger
statistics existing at 10 GeV for 3FHL sources. FiguBalso
shows the distributions of detection sigrance for both
catalogs.

Sixteen 1FHL sources are missing in 3FHL. Among these,
only one was very signcant, 1FHL J1758.32340 with
TS=47. In 3FHL this source is now part of the FGES
J1800.5 2343 disk, which is broader than W 28 was in 1FHL.

8

> While the remaining two are extended sour@#=HL J1036.3

5833e and 3FHL J1824.8.351¢ in the Galactic plane.
These two sources are the brightest among the above group,
with >100 GeV ux of 30% and 50% of the Crab Nebula

ux, respectively, and HEPs of355 GeV and 586 GeV. Thus,
hard Galactic sources, with limited extension, may be the best
targets for current-generation IACTSs.

In the TEVCATFLAG column of the catalog, we have

agged the sources considered as good TeV candidates based
on these criterigwhich are from Ackermann et @013 see
Section 5.1 of that paper(1) the source signcance above
50GeV is 50> 3, (2) the power-law spectral index above

The rest of the missing sources had a TS between 25 and 305 Gev is < 3 and(3) the integrated ux above 50 GeV is
Three of the missing 1FHL sources are parts of new extendeq:50> 10 ph c'm 25T This selection results in 246 candi-

sources: 1FHL J0425t46601 and 1FHL J0432+5555 in
FGES J042725533 and 1FHL J1643.74705 in FGES
J1633.0 4746. Only one other missing 1FHL sour@dHL
J1830.6 0147 had Nyeq> 4. It coincides with a cluster of

9

dates for TeV detection.

"1 Note that the detections of 34 of them were aleady reported by Arsioli and
Chang(2017).
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Figure 3. Sky map, in Galactic coordinates and Hamm@off projection, showing the objects in the 3FHL catalog classiby their most likely source classes.

3.5. The Galactic Population The spectral index distribution of Galactic sources is broad,
The majority of Galactic sources detected in 3FHL are \leth amedian index 3 as shown by Figuré2 This arises
sources at thenal stage of stellar evolution such as pulsars, rom the superposition of the d|str|.bu-t|ons of the indices of the
PWNe, and SNRs, many of which are detected as extendeddlﬁerent source classes. The majority of sources are pulsars,
;! o and at>10GeV, the LAT samples their super-exponential
and high-mass binaries. cutoffs, yielding a median spectral index of 4. Sources

In this catalog 125 sources are associated with Galactic,|5sied as pulsars in 3FGL retain this classition in 3FHL

objects and 83 are unassociated within the plane of our Galaxy,, consistency. A source is reclassi as PWN only if it is

(b 10). The same low Galactic latitude region has 133 associated with a known, small-size PWN and has a rising SED
extragalactic objects. Considering the density of extragalactiGngjcative of a dominant PWN component. Only 3FHL J0205.5
sources outside of the plane and the decreased sensitivity fof 6449, 3FHL J053452201, and 3FHL J1124.4-5916 have
source detection in the plane, we estimate tr26-40 of the  peen reclassed accordingly. SNRs and PWNe account for 56
83 unassociated objects may be Galactic. Indeed, the distribugbjects. Their similar index distributions translate into much

tion in Galactic latitude of unassociated soufseg Figure 1) harder spectra than the rest, having a median of2. The
shows a peaked prte for b 21 on top of a at isotropic unassociated sources within the plane of the Galaxy display the
background. full range of spectral indices 4 < 5. However, those

10
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Table 3
LAT 3FHL FITS Format: LAT_Point_Source_Catalog Extension
Column Format Unit Description
Source_Name 18A K Of cial source name 3FHL JHHMM:DDMM
RAJ2000 E deg R.A.
DEJ2000 E deg Decl.
GLON E deg Galactic Longitude
GLAT E deg Galactic Latitude
Conf_95_SemiMajor E deg Error radius at 95% a®nce
Conf_95_SemiMinor E deg =Conf_95_SemiMajor in 3FHL
Conf_95_PosAng E deg NULL in 3FH(error circle}
ROI_num | K ROI number(cross-reference to ROIs extengion
Signif_Avg E K Source signicance in units over the 10 GeV to 2 TeV band
Pivot_Energy E GeV Energy at which error on differentia is minimal
Flux_Density E cm?GeVv st Differential ux at Pivot_Energy
Unc_Flux_Density E cnf GeV s ! 1 error on differential ux at Pivot_Energy
Flux E cm?s? Integral photon ux from 10 GeV to 1 TeV obtained by spectraiing
Unc_Flux E cm?st 1 error on integral photonux from 10 GeV to 1 TeV
Energy_Flux E ergcm 2s t Energy ux from 10 GeV to 1 TeV obtained by spectraling
Unc_Energy_Flux E ergcm 2s t 1 error on energy ux from 10 GeV to 1 TeV
Signif_Curve E K Signi cance(in  unitg) of the t improvement between power-law and
LogParabola. A value greater than 3 indicates st curvature
SpectrumType 18A K Spectral typgPowerLaw or LogParabgla
Spectral_Index E K Best- t photon number index at Pivot_Energy wheting with LogParabola
Unc_Spectral_Index E K 1 error on Spectral_Index
beta E K Curvature parameter when tting with LogParabola
Unc_beta E K 1 error on
PowerLaw_Index E K Best- t photon number index whertting with power law
Unc_PowerLaw_Index E K 1 error on PowerLaw_Index
Flux_Band 5E cm?s t Integral photon ux in each spectral band
Unc_Flux_Band 10E cnfs? 1 lower and upper error on Flux_Bédhd
nuFnu E ergcm 2s t Spectral energy distribution over each spectral band
Sqrt_TS_Band E K Square root of the Test Statistic in each spectral band
Npred E K Predicted number of events in the model
HEP_Energy E GeV Highest energy among events probably coming from the source
HEP_Prob E K Probability of that event to come from the source
Variability_BayesBlocks | K Number of Bayesian blocks from variability analysis; 1 if not variable,
1 if could not be tested
Extended_Source_Name 18A K Cross-reference to the ExtendedSources extension
ASSOC_GAM 18A K Correspondence to previousay source catalfg
TEVCAT_FLAG A K P if positional association with non-extended source in TeVCat
E if associated with an extended source in TeVCat, N if no TeV association
C if TeV source candidate as ded in Sectior8.4
ASSOC_TEV 24A K Name of likely corresponding TeV source from TeVCat, if any
CLASS 7A K Class designation for associated source; see Pable
ASSOC1 26A K Name of identied or likely associated source
ASSOC2 26A K Alternate name or indicates whether the source is inside an extended source
ASSOC_PROB_BAY E K Probability of association according to the Bayesian method
ASSOC_PROB_LR E K Probability of association according to the Likelihood-Ratio method
Redshift E K Redshift of counterpart, if known
NuPeak_obs E Hz Frequency of the synchrotron peak of counterpart, if known
Notes.

& Separate 1errors are computed from the likelihood pieotoward lower and largemxes. The lower error is set equal to NULL and the upper error is derived from

a Bayesian upper limit if the linterval contains TS< 1).
®In the order 3FGL> 2FHL > 1FHL > 2FGL> 1FGL > EGRET.

within b 2| primarily have < 2.5, suggesting PWN or
SNR natures. At latitudes . 10/ the 3FHL catalog contains
15 millisecond pulsaréMSP9 of which 13 are classed as
PSR(discovered pulsating in rays by the LAY and 2 as psr
(radio MSP with no detection of pulsationy We also nd
three young pulsars clased as LAT PSR and one PWN in the
LMC (N 157B).

11

With respect to the 1FHL catalog, the 3FHL doubled the
number of Galactic objects detecteddt) GeV, maintaining
similar proportions among the source classes. On the other
hand, the Galactic sources in the 2FHL catalog, because of its
>50 GeV threshold, are primarily PWN&NRs, with only
one pulsar. Within the regiotb - 51, which is where the
diffuse ux is the brightest, the sensitivity of the 3FHL
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analysis reaches a median & x 10 *?ergcm ?s %; this is
1% of the Crab Nebulaux in the 10 GeW2 TeV band.
Transformed to the energy rangd TeV based on the Crab
Nebula spectrum, this corresponds to an energy of
8x 10 Bergem 2s 1, which is slightly better than the
sensitivity of 1.4x 10 *?ergcm ?s * reached at 1 TeV
by H.E.S.S. in its Galactic plane survéharonian et al.
2006h Carrigan et al2013. Within the footprinf? of the
H.E.S.S. survey, where H.E.S.S. detects 69 objeefsorted
in TeVCar?®), the LAT detects 111 objects, of which 43 are in

72 The H.E.S.S. Galactic survey extends over the rangé 283 59° and
Galactic latitudes ob 3.5 n

& http7/ tevcat.uchicago.edu

12

d over the high-latitude sy . 101). Symbols outlined with red are in the

common with H.E.S.S. Detections at TeV energies are related
to the spectral hardness. Indeed, the median spectral index of
3FHL sources detected in the H.E.S.S. surveyd®, while it
is 2.5 for those that are undetected. Cut-out images of the
Galactic plane are shown in Figut8.

Of the 15 hardest sourcds 1.7) detected at latitudes
b 10, only four and seven are detected in TeVCat and
2FHL, respectively. There areve objects associated with
Galactic classes, four blazars, and six are unassociated. None of
the blazars are in the TeVCat, possibly due to source activity.
Variability cannot affect the comparison between the 3FHL and
2FHL because they span essentially the same time period.
Indeed, all of the 3FHL AGNs located in the Galactic Plane
were included in 2FHL.


http://tevcat.uchicago.edu/
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Figure 7. Examples of SEDs for 3FHL sources. We combined the spectral data from th€ @€ circlesand 3FHL(magenta stayso provide spectral coverage
over four orders of magnitude. The 1FHL d@tlue diamondsare shown for comparison, when available. {Westands for variable source according to the criteria
in the respective catalog. We note that the SEDs of ¥h(lower left panéland 3C66A (lower right panglare characterized by a log-parabola shape. In these
cases, a curved model is preferred over a power law at a cigiuie of 3.1 and 3.3, respectively.

3.6. The Extragalactic Population different classication (representing 61%, 14%, 23%, and 2%

The sky above 10 GeV is dominated by extragalactic sourcef the total extragalactic sky, respectiyeljhese results differ
(1231 sources, 79% of the whole cataldgjazars are the most  from what was found at 50 GeV (i.e., 2FHL. In the 2FHL,
numerous source type. Wad associations with 750 BL Lacs, 65% of the sources withh 10| were associated with BL
172 FSRQs, 290 BCUs, and 19 extragalactic sources with d_acs (mostly HSP BL Lacs and only 4% with FSRQs.
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Figure 9. Sky map, in Galactic coordinates and Hammer-Aitoff projection, showing the 214 3FHL objects not previously repatad AT catalogs. The
sources are classd by their most likely source class. The 3 sources already found by IACTs are indicated with open red circles.
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Figure 11.Distribution of unassociated sources over the sine of the Galactic latitude. This distribution freak<2abn top of an isotropic background of sources.

However, at> 10 GeV there is a more diverse AGN population, (10%). These fractions are intermediate between those for

con rming that a strong spectral cutoff in the range50GeV
is common.
Figure 14 shows the distribution of synchrotron-peak typically fainter than the average 3FHL source, and have

blazars found in 3FGL and 2FHL.
The 3FHL contains 131 new extragalactic sources. These are

frequencies of blazars detected in the 3FGL, 2FHL, andspectral indexes similar to the avergge.2). There are 1078

3FHL (Abdo et al.20103. The 3FGL and 2FHL catalogs

3FHL extragalactic sources detected in the 3FGL, 16 in the

clearly sample different parts of the blazar population, with the2FHL (and not 3FGlL. No 1FHL extragalactic source is
3FGL including mostly LSPs and ISPs and the 2FHL including missing in the 3FHL catalog. Among all the 3FHL extra-
mostly HSPs. The 3FHL BL Lac population is more galactic sources, 72 have already been detected by IACTs.
heterogeneous and includes blazars with a broader range of The spectral index is plotted versus the frequency of the

Qear The BL Lacs in 3FHL include 153 LSR20%), 198 ISPs
(2799, 324 HSPY43%), and 75 sources with unknow@e,

synchrotron-peak maximum in Figutd. The trend of a strong
hardening of the energy spectra with increasing peak frequency
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