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Outline of the talk

1 Introduction
▶ Observations
▶ Cascade limit and implications

2 Neutrinos from Galactic extended sources
▶ CR halo
▶ Dark matter halo
▶ Local Bubble
▶ Local Bubble + environment

3 Conclusions
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Introduction Observations

IceCube events: Soft “low-energy” spectrum?
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Introduction Observations

IceCube events: power-law fit of energy spectrum
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Introduction Observations

IceCube events: power-law fit of energy spectrum
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Introduction Cascade limit

The photon horizon
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Introduction Cascade limit

Cascade limit: α = 2.1
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Introduction Cascade limit

Cascade limit: α = 2.3
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Introduction Cascade limit

Cascade limit: α = 2.5
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Introduction Cascade limit

Cascade limit:
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Slope α >∼ 2.2
requires “hidden sources” or
Galactic origin
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Introduction Cascade limit

(Isotropic) photon limits [Ahlers, Murase ’13 ]
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Introduction Cascade limit

(Isotropic) photon limits [Ahlers, Murase ’13 ]
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reanalysed ’17 and increased
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Extended Galactic neutrino sources Dark matter halo

PeV dark matter
Re-incarnation of SHDM idea for AGASA excess:

non-thermal, decaying DM

Galactic anisotropy

Galactic flux dominates ⇒ avoids elmag. cascade limit

FF dNi/dE fixed by particle physics

some option to change initial flavor ration 1 : 2 : 0
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Extended Galactic neutrino sources Dark matter halo

PeV dark matter

DM ® ΝeΝ e H15%L, bb H85%L

DM ® ΝeΝ e H12%L, cc H88%L

DM ® e-e+ H40%L, qq H60%L
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Extended Galactic neutrino sources Dark matter halo

PeV dark matter
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Extended Galactic neutrino sources Cosmic ray halo

Extended cosmic ray halo [Taylor, Gabici, Aharonian ’14 ]

Motivation: Fermi bubble as outflow from GC
▶ larger CR halo with R ∼ 100 kpc
▶ “missing baryons” as target

⇒ escape time τ = R2/2D ∼ t0 for D ∼ 1030cm2/s
interaction time tpp ∼ t0 for n ∼ 0.01cm−3

moderate power LCR ∼ 1038 erg/s

Problem: optimistic choice of parameters

▶ standard diffusion: D ∼ 1032cm2/s for PeV, 10−8 G
▶ densities n ∼ 0.01cm−3 up to 100 kpc?
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Extended Galactic neutrino sources Cosmic ray halo

Extended cosmic ray halo [Kalashev, Troitsky ’16 ]

CR injection history ∝ SFR

gas density

solve radial diffusion equation with D(E, r) = D(E, 0):
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Extended Galactic neutrino sources Cosmic ray halo

Extended cosmic ray halo [Kalashev, Troitsky ’16 ]

CR injection history ∝ SFR
gas density:

▶ O VII and O VIII absorption lines
▶ ram pressure satellite galaxies
▶ simulations

solve radial diffusion equation with D(E, r) = D(E, 0):
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Extended Galactic neutrino sources Cosmic ray halo

Extended cosmic ray halo [Kalashev, Troitsky ’16 ]

CR injection history ∝ SFR
gas density
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Extended cosmic ray halo [Kalashev, Troitsky ’16 ]
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Extended Galactic neutrino sources Local Bubble

Local Bubble & local sources: Motivation
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Extended Galactic neutrino sources Local Bubble

Is isotropic diffusion possible? [Giacinti, MK, D. Semikoz ’17 ]

for isotropic diffusion: calculate

Dij = lim
t→∞

⟨xixj⟩
2t

⇒ asymptotic value is ∼ 50 smaller than “Galprop value”
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Extended Galactic neutrino sources Local Bubble

Is isotropic diffusion possible? [Giacinti, MK, D. Semikoz ’17 ]

for isotropic diffusion: for α = 5/3

D =
cL0
3

[
(RL/L0)

2−α + (RL/L0)
2]∝ B−1/3
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Extended Galactic neutrino sources Local Bubble

Anisotropic diffusion – 2 options:
anisotropic turbulence
dominance of regular field, Brms ≪ B0 ⇒ D∥ ≫ D⊥

⇒ anisotropic CR propagation
⇒ relative importance of single sources is changed
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Extended Galactic neutrino sources Local Bubble

Anisotropic diffusion – 2 options:
anisotropic turbulence
dominance of regular field, Brms ≪ B0 ⇒ D∥ ≫ D⊥
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[Giacinti, MK, Semikoz ’17 ]

⇒ anisotropic CR propagation
⇒ relative importance of single sources is changed
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Extended Galactic neutrino sources Local Bubble

Anisotropic diffusion – 2 options:
anisotropic turbulence
dominance of regular field, Brms ≪ B0 ⇒ D∥ ≫ D⊥

⇒ anisotropic CR propagation
⇒ relative importance of single sources is changed
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Extended Galactic neutrino sources Local Bubble

X-field in JF model:

propagation along X field eases CR escape
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Extended Galactic neutrino sources Local Bubble

How smooth is the CR sea?
contribution of a single source:

I(E) ≃ c
4π

Q(E)
V(t)

with
V(t) ≃ π3/2D1/2

⊥ D∥t3/2

isotropic diffusion: at E∗ = 10 TeV and
D∗ ≡ D⊥ = D∥ = 5 × 1029cm2/s

E2.8
∗ I(E∗) ≃

1
100 E2.8

∗ Iobs(E∗)

anisotropic diffusion in JF model with η = 0.25 ⇒ D∥ ≃ 5D∗ and
D⊥ ≃ D∗/500

⇒ volume is reduced by 500/
√

5 ≃ 200
⇒ single source can dominate observed flux at 10 TeV
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Extended Galactic neutrino sources Local Bubble

Local sources:
use distribution of know SNR
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Extended Galactic neutrino sources Local Bubble

Vela SNR
SNR with T = 11.000 yr and R = 270 pc
Erlykin & Wolfendale: Vela Emax ↔ CR knee

anisotropic diffusion: Sun & Vela connected by field line in JF
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Extended Galactic neutrino sources Local Bubble

Vela SNR
SNR with T = 11.000 yr and R = 270 pc
Erlykin & Wolfendale: Vela Emax ↔ CR knee
anisotropic diffusion: Sun & Vela connected by field line in JF
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Extended Galactic neutrino sources Local Bubble

Local & Loop I superbubble

wall traps particles; acts as a screen
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Extended Galactic neutrino sources Local Bubble

Local & Loop I superbubble [van Marle, Meliani, Marcowith ’15 ]

wall traps particles; acts as a screen
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Local & Loop I superbubble [van Marle, Meliani, Marcowith ’15 ]

wall traps particles; acts as a screen
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Extended Galactic neutrino sources Local Bubble

Our toy model [M.Bouyahiaoui, MK, D.Semikoz ’18, ’19 ]

cylinder symmmetry in z, Vela outside
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Extended Galactic neutrino sources Local Bubble

CR flux from Vela in Local Superbubble: suppression
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Flux at Earth
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Flux at Earth
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Extended Galactic neutrino sources Local Bubble + environment

More realistic picture: target [M.Bouyahiaoui, MK, D.Semikoz ’20 ]

model local matter distribution:

extinction maps ⇒ dust distribution [Lallement et al. ’19, Leike et al. ’19, ’20 ]

⇒ gas distribution

5 million stars from GAIA, ALLWISE, PANSTARRS and 2MASS

volume 800 pc×800 pc×600 pc
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More realistic picture: target [M.Bouyahiaoui, MK, D.Semikoz ’20 ]

model local matter distribution:
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⇒ gas distribution
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Extended Galactic neutrino sources Local Bubble + environment

More realistic picture: [Leike et al ’19 ]

extinction in Galactic plane, integrated over z:
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Extended Galactic neutrino sources Local Bubble + environment

More realistic picture: [Leike et al ’20 ]

extinction in Galactic plane, integrated over z:
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Extended Galactic neutrino sources Local Bubble + environment

More realistic picture:
use distribution of know SNRs

for each source, use template dnCR(x, t)/dE
align source with local magnetic field
calculate LoS integral∑

i

∫
ds

∫
dE′ dσ(E′,E)

dE
dnCR,i(x, t)

dE′ ngas(x)
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More realistic picture:
use distribution of know SNRs
for each source, use template dnCR(x, t)/dE
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Extended Galactic neutrino sources Local Bubble + environment

Neutrinos E > 100 TeV and LS maps
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Neutrinos E > 100 TeV and LS maps
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Summary

Summary

1 EGRB constrains stronly transparent neutrino sources:
▶ slope of extragal. neutrino α <∼ 2.2
▶ neutrino sources are not main source class of EGRB

2 Extended Galactic neutrino sources:
▶ Dark matter halo + exgal. flux: viable
▶ Cosmic ray halo:

⋆ GC outflow: viable
⋆ but no concrete model

▶ Local Bubble + environment
⋆ Vela: constrains acceleration/GMF structure
⋆ Bubble wall: several hot spots
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