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Objectives

The sources of the cosmic neutrino signal measured by IceCube neu-
trino observatory in Antarctica is still unresolved.
•We study the plausibility of their origin from blazars, that dominate
the high-energy γ-ray sky [1]
•Cosmic rays from blazars (E & 1016 PeV) interact with the EBL
(IR/UV/optical) and CMB photons to produce diffuse neutrinos
•The cumulative contribution from resolved + unresolved blazars is
calculated by using a luminosity function (LF) [2, 3]
•The proton energy threshold for pion production on EBL is Ep,π

th ≈
1017 eV. The latter can yield PeV neutrinos

Methods

1 Denoting primed quantities for comoving frame, L100 = (δ6
e/Γ2

e)L′100
for FSRQs, and L100 = δ4

eL
′
100 for BL Lacs. L′p = ηL′100

2 Protons with E > 10 PeV are injected as cosmic rays. The cosmic-ray
luminosity outside the jet (AGN frame) Lp = Γ2

eL
′
p

3 In the observer frame, Lp = Γ2
eL
′
p = Γ2

eηL
′
100 = ηeffL100, where we

assume δe ' Γe, for jet opening angles θj ∼ 1/Γe and ηeff = η/Γ2
e

4 pγ interactions on CMB and EBL produces secondary e±, γ-rays, and
neutrinos. EM cascade results in γ-ray spectrum contributing to IGRB

5 Diffuse neutrino luminosity from a single source is Lobs
ν = fνLp =

fνηeffL100, where fν is the fraction of CR energy in neutrinos
6 The luminsoity function is a double power-law Φ(L100, z = 0,Γ) =

dN

dL100dVcdΓ
= A

ln(10)L100
×

L100

L∗

γ1

+
L100

L∗

γ2
−1

g(Γ, L100)

7 Multiplying by the photon index evolution we get the LDDE given as
Φ(L100, z,Γ) = Φ(L100, z = 0,Γ)× e(z, L100)

Results

1 Total 9172 blazars are obtained by integrating Φ(L100, z,Γ) over the
parameter range of luminosity, spectral index, and redshift (cf. Fig 1)

2 The dashed line separates the region into resolved and unresolved
sources above and below, in accordance with ∼2800 blazars in 4LAC
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Figure 1:Blazar distribution in redshift luminosity space. The dashed line separates
the region into resolved and unresolved sources in Fermi-LAT survey.

1 The secondary fluxes obtained from the LDDE are shown in Fig. 2.
The neutrino flux peaks at ∼ 6 PeV.

2 The sources are binned in a two-dimensional (`, z) grid, where ` =
log10(L100/erg s−1). Number of blazars w in each grid is calculated

3 We see that cosmic ray interactions can explain a little more than 10%
of the IceCube flux upper limit at ∼6 PeV.

4 UHECR flux measured by Auger puts an upper bound of ηeff = 11.1,
5.8, and 4.4, for Ep,max = 1, 10, and 100 EeV respectively

5 An increase in the value of Ep,max to 10 EeV increases the cascade
photon flux and saturates the IGRB background at TeV energies
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Figure 2:The neutrino and IGRB flux, including the unresolved blazars, for the maximum
values of ηeff corresponding to Ep,max = 1, 10, and 100 EeV

Conclusions

1 CR interactions on EBL produce diffuse flux of PeV neutrinos. More
luminous sources contribute more to neutrino and IGRB

2 To maintain the constraints put by IGRB measurements, the bary-
onic loading η must be decreased for Ep,max & 1019 eV.

3 Neutrino flux obtained from an individual source, Fν ∝ ηeff ∝ η/δ2
e,

for a given value of L100 and Ep,max

4 Including the unresolved sources increases the flux by a factor of two
at a few PeV. A strict Lp/L100 correlation may not hold invariably
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