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Cosmic Gamma-ray Background Spectrum at >0.1 GeV

• Fermi has resolved 30% of  the CGB at ~1 GeV and more at 
higher energies (see Di Mauro’s talk).

• Updated LAT measurement of IGRB spectrum 
– Extended energy range: 200 MeV – 100 GeV x 100 MeV – 820 GeV 

• Significant high-energy cutoff feature in IGRB spectrum 
– Consistent with simple source populations attenuated by EBL 

• Roughly half of total EGB intensity above 100 GeV now 
resolved into individual LAT sources 
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CGB Spectrum

Ackerman+’15



Sum of Components 

•  Blazars, star-forming galaxies and radio galaxies can explain the intensity 
and the spectrum of the EGB 

Preliminary 

As usual: it does not include the systematic uncertainty on the EGB!

Components of the Cosmic GeV Gamma-ray Background

• Blazars (Ajello+’15), Radio gals. (YI’11), & Star-forming galaxies (Ackermann+’12) make up almost 
100% of CGB from 0.1-1000 GeV. 

• Next frontiers will be 

• Anisotropy (e.g. Ando & Komatsu ’06, Ackermann+’11, Camero+’13, Shirasaki+’14) 

• Cosmic MeV Gamma-ray Background (e.g. YI+’08, Ajello+’09, YI+’13) 

• Cosmic TeV Gamma-ray Background (This talk)

Ajello, YI +’15
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Cosmic TeV Gamma-ray Background

• Above 1 TeV, there is no gamma-ray data, though it is important 
for neutrino studies. 

• extragalactic pp scenario for IceCube events is constrained by the  
CGB (Murase+’13; Bechtol+’15).



10-7

10-6

10-5

10-4

10-3

103 104 105 106 107 108 109 1010

E2  d
N

/d
E 

[M
eV

2 /c
m

2 /s/
sr

/M
eV

] 

Photon Energy [MeV]

Total CGB (Fermi)
IceCube (i per flavour)

Fermi 
CGB

IceCube TeV-
PeV νs

2

Note that the neutrino energy is less for nuclei with the
same energy, since the energy per nucleon is lower. The
energy per nucleon should exceed the knee at 3–4 PeV.
Given the differential CR energy budget at z = 0, QEp

,
the INB flux per flavor is estimated to be [5, 11]

E2
νΦνi ≈

ctHξz
4π

1

6
min[1, fpp](EpQEp

) (2)

where tH ≃ 13.2 Gyr and ξz is the redshift evolution
factor [5, 17]. The pp efficiency is

fpp ≈ nκpσ
inel
pp ctint, (3)

where κp ≈ 0.5, σinel
pp ∼ 8×10−26 cm2 at ∼ 100 PeV [19],

n is the typical target nucleon density, tint ≈ min[tinj, tesc]
is the duration that CRs interact with the target gas, tinj
is the CR injection time and tesc is the CR escape time.
The pp sources we consider should also contribute to

the IGB. As in Eq. (2), their generated IGB flux is

E2
γΦγ ≈

ctHξz
4π

1

3
min[1, fpp](EpQEp

), (4)

which is related to the INB flux model independently as

E2
γΦγ ≈ 2(E2

νΦνi)|Eν=0.5Eγ
. (5)

Given E2
νΦνi , combing Eq. (5) and the upper limit

from the Fermi IGB measurement E2
γΦ

up
γ leads to Γ ≤

2+ln[E2
γΦ

up
γ |100 GeV/(2E2

νΦνi |Eν
)][ln(2Eν/100 GeV)]−1.

Using E2
νΦνi = 10−8 GeV cm−2 s−1 sr−1 as the measured

INB flux at 0.3 PeV [3, 4, 20], we obtain

Γ ! 2.185

[

1 + 0.265 log10

(

(E2
γΦ

up
γ )|100 GeV

10−7 GeV cm−2 s−1 sr−1

)]

.

(6)
Surprisingly, the measured (all flavor) INB flux is com-
parable to the measured diffuse IGB flux in the sub-TeV
range, giving us new insights into the origin of the Ice-
Cube signal; source spectra of viable pp scenarios must
be quite hard. Numerical results, considering intergalac-
tic electromagnetic cascades [22] and the detailed Fermi
data [14], are shown in Figs. 1-3. We derive the strong
upper limits of Γ ! 2.1–2.2, consistent with Eq. (6). In
addition, we first obtain the minimum contribution to
the 100 GeV diffuse IGB, " 30%–40%, assuming Γ ≥ 2.0.
Here, the IGB flux at ∼ 100 GeV is comparable to the
generated γ-ray flux (see Fig. 3) since the cascade en-
hancement compensates the attenuation by the extra-
galactic background light, enhancing the usefulness of
our results. Also, interestingly, we find that pp scenar-
ios with Γ ∼ 2.1–2.2 explain the “very-high-energy ex-
cess” [17] with no redshift evolution, or the multi-GeV
diffuse IGB with the star-formation history, which may
imply a common origin of the INB and IGB.
Importantly, our results are insensitive to redshift evo-

lution models. In Fig. 3, we consider the different redshift
evolution. But the result is essentially similar to those
in Figs. 1 and 2. In Figs. 1-3, the maximum redshift
is set to zmax = 5, while we have checked that the re-
sults are practically unchanged for different zmax. This
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FIG. 1: The allowed range in pp scenarios explaining the mea-
sured INB flux, which is indicated by the shaded area with
arrows. With no redshift evolution, the INB (dashed) and
corresponding IGB (solid) are shown for Γ = 2.0 (thick) and
Γ = 2.14 (thin). The shaded rectangle indicates the IceCube
data [4]. The atmospheric muon neutrino background [21]
and the diffuse IGB data by Fermi/LAT [14] are depicted.
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FIG. 2: The same as Fig. 1, but for Γ = 2.0 (thick) and
Γ = 2.18 (thin) with the star-formation history [23].

is because ξz in Eqs. (2) and (4) is similar and cancels
out in obtaining Eq. (5). This conclusion largely holds
even if neutrinos and γ rays are produced at very high
redshifts. Interestingly, our results are applicable even to
unaccounted-for Galactic sources, since the diffuse IGB is
a residual isotropic component obtained after subtract-
ing known components including diffuse Galactic emis-
sion. If we use the preliminary Fermi data, based on the
unattenuated γ-ray flux in Fig. 3, only Γ ∼ 2.0 is allowed.
Note that such powerful constraints are not obtained

for pγ scenarios. First, pγ reactions are typically efficient
only for sufficiently high-energy CRs, so the resulting γ
rays can contribute to the IGB only via cascades – low-
energy pionic γ rays do not directly contribute and the
differential flux is reduced by their broadband spectra, as
demonstrated in [24]. More seriously, in pγ sources like
GRBs and AGN, target photons for pγ reactions often
prevent GeV-PeV γ rays from leaving the source, so the
connection is easily lost [25]. Furthermore, synchrotron
cooling of cascade e± may convert the energy into x rays
and low-energy γ rays, for which the diffuse IGB is not
constraining. In contrast, pp sources considered here are

Murase+’13

Cosmic TeV Gamma-ray Background

• Above 1 TeV, there is no gamma-ray data, though it is important 
for neutrino studies. 

• extragalactic pp scenario for IceCube events is constrained by the  
CGB (Murase+’13; Bechtol+’15).



• TeV gamma-ray photons are absorbed by EBL  

• electron-positron pairs are created 

• pairs scatter CMB via inverse-Compton process 

•  1 TeV (primary) -> ~1 GeV (secondary) 

• Note: plasma instability may suppress the cascade  
(Broderick+’12, but see also Sironi & Giannios ‘14)

GeV-TeV Gamma-ray Connection: Cascade
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Upper Bound on the Cosmic Gamma-ray Background

• Cascade component from the TeV background can not exceed the 
Fermi data (Coppi & Aharonian ’97, YI & Ioka ’12, Murase+’12, Ackermann+’14). 

• No or negative evolution is required -> low-luminosity BL Lacs show 
negative evolution (Ajello+’14).

Cascade

Absorbed

UL
Intrinsic

YI & Ioka ’12



Galaxy Counts: Lower Bound on the 
Cosmic Optical/Infrared Background
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TeV blazar sample

• Select 36 blazars the 
default TeVcat catalog. 

• Low-state data are 
available for 31/36. 

• 3FGL SED data for the 
GeV data. 

• Radio galaxies and 
star-forming galaxies 
are not included yet.
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Lower Bound on the Cosmic Gamma-ray Background

• TeV blazar counts give lower limit on to the cosmic gamma-ray background. 

• Fermi has resolved more portion of the TeV sky than IACTs do? 

• CTA survey will be important (YI, Totani, & Mori 10; Dubus, YI, +’13)

YI & Tanaka in prep.
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Bounds on the Cosmic TeV Gamma-ray Background

• Current limit at 0.3-10 TeV is  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Summary
• Cosmic TeV gamma-ray background is not well 

investigated yet. 

• Current GeV gamma-ray background gives upper limits on 
the TeV gamma-ray background through the cascade 
argument 

• Ensemble of low-state TeV blazar flux gives lower limit on 
to the cosmic gamma-ray background 

• Current limit on the TeV background is 
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• TeV blazar counts give lower limit on to the cosmic gamma-ray background. 

• Current limit at 0.3-10 TeV is 

• Fermi has resolved more portion of the TeV sky than IACTs do? 

• CTA survey will be important (YI, Totani, & Mori 10; Dubus, YI, +’13)
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VHE EGB Model

• Parameters are 

• βevo : Cosmological evolution of number density 

• Most of known sources show βevo >0 

• Emax : Maximum energy 

• Γph : Photon index  
13



Upper Limit on EGB
• βevo=0 (no evolution) 

• Γph=1.5 (Fermi acc. limit) 

• Emax = 60 TeV 

• Normalization is fixed to the 
EGB data < 100 GeV. 

• No known source classes 
included. 

• Upper limit is consistent with 
the Fermi VHE EGB obs. 

• UL:

Cascade

Absorbed

UL
Intrinsic
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Different Photon Indices

• Γ~1.5 is the most 
conservative. 

• Harder spectral model is 
limited by the cascade. 

• Softer spectral model is 
limited by the primary.

Cascade (Γ=2.0)

Γ=1.5

Γ=1.0

Γ=2.0
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Different Emax and evolution
• β>0 violates the limit. 

• β<0 eases the limit. 

• But, no known gamma-
ray sources. 

• low Emax(~sub-TeV) eases 
the limit. 

• If cosmological,  

• sources should have a 
hard spectrum and show 
no or negative evolution.

β=0, Emax = 6 TeV
β=0, Emax = 60 TeV

β=0, Emax = 0.6 TeV

β=-2, Emax = 60 TeV
β=+2, Emax = 60 TeV

16



Components of EGB

• FSRQs (Ajello+’12), BL Lacs (Abdo+’10), Radio gals. (YI’11), Starburst gals. (Stecker 

& Venters ’11, Ackermann+’12) are guaranteed to contribute to EGB. 

• We need to subtract them to evaluate the VHE EGB upper limit.
Total contribution from FSRQ + BL Lac + Radio galaxies + Star-forming galaxies: ~ 50% - 80%

Keep in mind: ~ 25% foreground)modeling)uncertainty)not)included)in)EGB)error)bands)

16
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Upper Limit on EGB w/ known sources 

• If we try to explain EGB at <10GeV, the observation 
violates the limit. 

• UL: E2dN/dE < 4.5 x 10-5 (E/100 GeV)-0.

Violates the 
Limit

18



Upper Limit on EGB w/ other models

• If we try not to violate the limit, residual appears at <10GeV.

Residual 
appears

19



Possible Explanations
• Hard spectrum with sub-TeV Emax and β<0 

• No known sources. TeV HBL? Low-luminosity 
GRBs? 

• New Physics: Axion or Lorentz invariance violation? 

• Dark matter in local? 

• ~GeV sources 

• pulsars? radio-quiet AGNs? 

• Foreground uncertainty? 

• See also Murase+’12
Our limit is useful for future:  

Fermi, CTA, & CALET


