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The Fermi Isotropic Gamma-ray Background (IGRB)

• Characterized by Fermi from 100 MeV to 820 GeV. Power law ( 2.3) with a break at ~280 GeV. 

• Contributions from sources too faint and numerous to be resolved, likely dominated by blazars. 

• Composition has important consequences for other backgrounds (e.g. astrophysical neutrinos, DM constraints) 
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Fig. 7.— Comparison of the derived IGRB intensities for di↵erent foreground (FG) models. The

error bars include the statistical uncertainty and systematic uncertainties from the e↵ective area

parametrization, as well as the CR background subtraction (statistical and systematic uncertainties

have been added in quadrature). The shaded band indicates the systematic uncertainty arising from

uncertainties in the Galactic foreground: the IGRB intensity range spanned by the three benchmark

models, the variants described in Section 4.2, and the normalization uncertainties derived from the

high-latitude data/model comparison. See Section 5.2 for details.
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FIG. 1: Left (right) panels: �-ray emission from unresolved (total=unresolved+resolved) sources, along with data for the
IGRB (EGB) [5]. Lines and relevant uncertainty bands represent the contribution from the following source populations:
orange dashed for MAGN, green dotted for BL Lacs, grey double dot-dashed for FSRQs, purple dot-dashed for SF galaxies,
and blue solid for the sum of all the contributions. Upper (lower) panels refer to the MW (PL) model for SF galaxies.
Experimental results have been obtained for the Galactic foreground model A.

For the sake of completeness, in Fig. 2 we compare the
emission predicted for the resolved extragalactic sources
along with the relevant Fermi-LAT measurements. Since
the sample of detected SF galaxies and MAGN is negli-
gible with respect to FSRQ and BL Lac objects, we plot
only the �-ray flux coming from blazars. The models are
derived following the above prescription for the required
e�ciency. The comparison between the Fermi-LAT data
on all the resolved sources (orange band in [5]) and the
predictions (blue solid line and band) confirms that also
the resolved part of the high-latitude di↵use emission is
well explained by the phenomenological models assumed
in the present work. In Fig. 2 it is also clearly visible that
the resolved sources contribute by a fraction of 20�30%
of the total high-latitude emission for almost all the en-
ergy range explored by the LAT.

B. Astrophysical interpretation of the IGRB data

In this section, we determine to which extent the dif-
fuse emission coming from the various populations dis-
cussed in Sec. II can explain the IGRB data. As a con-
sistency check, we will repeat the same procedure to the

EGB spectrum. In all the following analysis we will as-
sume the predictions for the di↵use �-ray emission illus-
trated in Fig.1, namely: BL Lacs derived in [18], FSRQs
in [46], MAGN in [19] and SF galaxies (both MW and
PL models) as in [21]. The idea is to perform a fit to the
IGRB data with these contributions considered within
their predicted theoretical uncertainties. Our aim is to
prove that the extragalactic di↵use emission from known
source populations explains the observed IGRB spectrum
or, at variance, that an additional, more exotic compo-
nent is needed to better explain the data.
We have proceeded with a �2 fitting method with M
free parameters ~↵ = {↵1, ...,↵M} identified on the ba-
sis of the physical properties of the fluxes of the various
contributing populations. On a general basis, we have
defined

�2(~↵) =
NX

j=1

⇣
dN
dE (~↵, Ej)� dNexp

dE (Ej)
⌘2

�2
j

+
MX

i=1

(↵i � ↵̄i)2

�2i
,

(2)
where dNexp/dE(Ej) and �j are the experimental
flux and 1-� error running on N energy bins, and
dN/dE(~↵, Ej) is the total theoretical �-ray emission eval-
uated within the ~↵ set of free parameters and in each en-

 Ackermann et al. (Fermi-LAT) 2015 ApJ 799 86 Di Mauro & Donato PRD 91 (2015) 123001
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Pinpoint the sources of Fermi VHE photons 

• Goal: identifying the sources of the IGRB, in particular in the very-high-energy 
range (E > 100 GeV). 

• Increase the catalog of VHE-detected sources and related studies (e.g. EBL) 

• Useful for current and future IACT follow-ups (e.g. CTA). 

• Challenge: In this energy range LAT statistics per source are extremely low (~1 
photon / deg^2 above 100 GeV in the entire dataset).
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X-ray emission from gamma-ray blazars

• Synchrotron emission from gamma-ray blazars observable in X-ray range.  

• Correlated emission between the X-ray and gamma-ray band, typically seen in synchrotron 
self-Compton scenarios, provides an observational connection between both bands.
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Figure 30. Definition of different blazar types based on the peak of the
synchrotron component (!S

peak) in their SED. Low synchrotron peaked blazars,

or LSP, are those where !S
peak is located at frequencies lower then 1014 Hz

(e.g., lower dotted line), for intermediate synchrotron peaked sources, or IPB,
1014 Hz < !peakS < 1015 Hz, (SED with peak within the gray area) while for
high synchrotron peaked blazars, or HPS, !S

peak > 1015 Hz (e.g., upper dotted
line).
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Figure 31. Distribution of synchrotron peak energy for the sample of
LBAS FSRQ (solid line, top panel) and BL Lacs (solid line, bottom panel)
compared to that of microwave selected blazars listed in the WMAP foreground
sources catalog (dotted histograms).

6.2. Summary of Observational Findings and Sources
Classification

The blazar observational parameters estimated from the
quasi-simultaneous SED and from the broadband spectral in-
dices "ox, "ro for the cases where no simultaneous SED are
available are summarized in Table 13 where we also classify
our blazars according to the scheme described in Section 6. Col-
umn 1 gives the source name; Column 2 indicates if the quasi-
simultaneous SED for the source is available; Column 3 gives
the radio spectral index "r as estimated in Section 5.1; Columns
4 and 5 give the synchrotron peak frequency (!S

peak) and inten-
sity (!S

peak F(!S
peak)) estimated from the SED and with the "ox–"ro

method, respectively; Column 6 and 7 give the inverse Comp-
ton bump peak frequency (!IC

peak) and intensity (!IC
peak F(!IC

peak))
estimated from the SED and from the correlation between !IC

peak
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Figure 32. Distribution of synchrotron peak energy for the sample of LBAS
FSRQ (solid line, top panel) and BL Lacs (solid line, bottom panel) compared
to that of the sample of X-ray selected blazars of the Einstein EMSS (dotted
histograms).
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Figure 33. Distribution of inverse Compton peak frequency for the sample of
LBAS FSRQ (dot-dashed line) and BL Lacs (solid line).

and the # -ray spectral slope (see Figure 29), respectively; Col-
umn 8 gives the particle peak energy (Lorentz factor) estimated

assuming a simple SSC model (# SSC
peak =

!
3/4 · !IC

peak/!
S
peak, see

Equation (7) of Section 7); Column 9 gives the Compton dom-
inance (!IC

peak F(!IC
peak)/!S

peak F(!S
peak)); Columns 10 and 11 give

the source classification based on the optical spectrum and on
the shape of the SED according to the scheme described above.

7. IMPLICATIONS FOR PHYSICAL MODELING

The quasi-simultaneous SED reported in this paper show
the typical two bump shape that is seen in radio or X-ray
selected blazars. According to current models the low energy
bump is interpreted as synchrotron (S) emission from highly
relativistic electrons, and the high energy bump is related to
inverse Compton (IC) emission of various underlying radiation
fields.

In the case of the synchrotron self-Compton model (SSC;
Jones et al. 1974; Ghisellini & Maraschi 1989) the seed photons

Abdo et al. (Fermi-LAT) ApJ 716:30-70 2010 From 4LAC catalog (M. Ajello et al. 2020 ApJ 892 105)

Correlation between 
gamma-ray energy flux 
(>100 MeV) with 
synchrotron energy flux
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X-ray follow-up of Fermi VHE photons
• Search for X-ray emission from the direction of un-associated LAT VHE photons using Swift. 

• Pilot program selected during Swift Cycle 15: Prompt follow-up of VHE photons 
(P8R2_ULTRACLEANVETO to minimize CR background), away from the Galactic plane and >1° 
distance from known 3FGL and TeVCat sources. 90° zenith cut to remove atmospheric gammas. 

• Galactic diffuse mask uses gll_iem_v06 model (107 - 147 GeV bin), thresholded at an intensity 
of 10-13.6 cm-2 s-1 sr-1 MeV-1 (selected to mask plane + bubbles)

6

gll_em_v06 

+ 


3FGL + TeVCat

Acceptance mask

Expected event rate before 
visibility constraints
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VHE photon pipeline

• Developed an automatic pipeline to run over the latest LAT photons (typically < 12 h age), 
selecting for those with VHE (white) that are in the mask (teal), and pass energy selection criteria. 

• Checked for Swift visibility (distance to the Sun and Moon) and generated email alerts for those 
passing all cuts, which were used to trigger the Swift ToO requests. 

• Two 2 ks exposures (~10-13 erg cm-2 s-1 sensitivity in the 0.3 - 10 keV band) separated by 24-48 
hours to catch variability. Order of magnitude improvement over ROSAT all-sky survey.

7

ID Energy 
[GeV] RA [°] Dec [°] Exposure 

[ks]

1 284 169.16 -35.79 2.0

2 285 237.02 52.12 4.1

3 245 276.66 49.81 4.1

4 952 36.72 37.74 4.0

5 328 118.51 6.91 4.0
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Swift observations

•  Combined exposures from both 2 ks snapshots. 

• Swift XRT observations of 5 LAT high energy photons (HEPs) reveal 2 
sources within their 68% containment region at SNR > 3. Weak detection 
prevents a spectrum extraction. 

• Other brighter sources in the FoV not contained in the HEP error regions.
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Swift observations

• XRT count rate derived from ROSAT PSPC archival rate (WebPIMMS): 4.0 cts/ks 

• Observed XRT count rate: 5.2  1.2 cts/ks (~1  excess wrt catalog)± σ

9

HEP2 - 285 GeV

• Source catalogued in 
1RXS as 1RXS 
J154805.4+520630 

• Classified in SDSS as a 
QSO at redshift z = 0.615

http://skyserver.sdss.org/dr16/en/tools/explore/Summary.aspx?ra=237.0232&dec=52.107
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Swift observations

• Low SNR detection in XRT. 

• No catalogued X-ray sources at that location. No 
clear multiwavelength counterpart (one WISEA, 
2MASS source within 10”)

10

HEP3 - 245 GeV
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Fermi-LAT analyses of HEP ROIs

• Searching for additional GeV emission associated with the HEP. 

• Standard analysis in the 1-500 GeV range on two time scales: 
full mission, and +/- 15 days around the HEP detection. No new 
sources detected at the HEP position for any of these targets.
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Conclusions and outlook
• Pilot Swift program to identify counterparts to unassociated VHE 
Fermi-LAT photons 

• Five triggers observed, one likely counterpart identified (HEP #2). 

• No evidence of emission at lower LAT energies. 

• Based on experience we will look at expanding this search for 
counterparts even if no XRT observations exist.  

• Data from current and future X-ray surveys (e.g. eROSITA) would be 
useful in pinpointing the sources of the IGRB.
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