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Courant neutre
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Wy Canaux de production

Desintegration beta (Soleil)

Dty —s 2]+ et
p+p— + eT + Ve 8B — 8Be* + et + v, etc..

SHe +p — *He + e + e

Capture electronique (Supernovae et Soleil)
e +N(Z,A) = N(Z—-1,A)+ v,
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Création de paires (Supernovae):
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Désintégration de muons et hadrons chargés (chocs astrophysiques)
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« Simplification » a 2 saveurs :

Ame L Ame L
: K| : Kj
P = 0,5—4) R x ) sin? +2 " Im (Jagik) SIN
7y = 008 D Re (Jagi)s = DM (Jagg) sin | —2
K>] k>j
£ —2 2 -3 —4
LOSC.UWR] ~ 5 [GeVeV } Am= ~ 1072 — 10
Am
Basse énergie (~10MeV): ~100 km Haute énergie (TeV-PeV) x 10"6 < < Distance source
Oscillations dans la source équipartion de saveur
Effets de matiere (MSW) simple

important et pas simple
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Cross-section (10 cm?)
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a<l&y Z 1.5 — 2 = Lataille des détecteurs croit presque linéairement avec E
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de tres gros detecteurs
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Wy Detection — qq détails

Pertes d'énergie du muon:
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’.\Spectre neutrino astrophysiques

Galactique Extra galactique

Source astrophysigue

Soleil Supernova (exp. acc.) Binaires AGN/GRB UHECR diff

|
Enerqgie
0.1-10 MeV Tev-PeV >PeV

Processus de production

desint. beta capture elec. Interactions hadroniques (top-down ?)
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'.\Spectre neutrino astrophysiques
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Wy Supernovae - Phase |
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Wy Supernovae — Phase |I

A Shock Stagnation and v Heating,
R [km] j Explosion (t ~ 0.2s)
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g Supernovae — Phase |l|
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Mean energy [MeV]
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'.\Spectre neutrino astrophysiques

Galactique Extra galactique

Source astrophysigue
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Processus de production
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Wy Supernovae — Hautes énergies

Murase 2017 : SN Type Il a 10kpc, interaction pp (CR+ CSM)
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'.\Spectre neutrino astrophysiques

Galactique Extra galactique
Source astrophysique :
Source astrophysique + Gal CR diff
Soleil Supernova (exp. acc.) Binaires AGN/GRB UHECR diff
|
Enerqgie
0.1-10 MeV Tev-PeV >PeV

Processus de production

desint. beta capture elec. Interactions hadroniques (+top-down ?)
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'.h. Le ciel neutrino haute energie aujourd’hui =&

ICECUBE PRELIMINARY ___——— ) | [ B Background Atmospheric Muon Flux
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ICECUBE, PRL 111, 021103 (2013)
ICECUBE, Science 342, 1242856 (2013)
ICECUBE, PRL 113, 101101 (2014)
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Wy e ciel neutrino aujourd'hui
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Wy e ciel neutrino aujourd'hui

diffus hemisphere nord
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Wy Source potentielles

o Galactic: (full or partial contribution)

o diffuse Galactic v-ray emission [MA & Murase’13; Joshi J C, Winter W and Gupta'13]
[Kachelriess and Ostapchenko’14; Neronov, Semikoz & Tchernin’13]
[Neronov & Semikoz'14; Guo, Hu & Tian'14; Gaggero, Grasso, Marinelli, Urbano & Valli'15]

e unidentified Galactic y-ray emission [Fox, Kashiyama & Meszaros'13]
[Gonzalez-Garcia, Halzen & Niro'14]

e supernova remnants [Mandelartz & Tjus'14]
e pulsars [Padovani & Resconi’14]
e microquasars [Anchordoqui, Goldberg, Paul, da Silva & Vicek'14]
e Sagitarius A* [Bai, Barger, Barger, Lu, Peterson & Salvado’'14; Fuijita, Kimura & Murase’15]
o Fermi Bubbles [MA & Murase’13; Razzaque'13]

[Lunardini, Razzaque, Theodoseau & Yang'13; Lunardini, Razzaque & Yang'15]
» Galactic Halo [Taylor, Gabici & Aharonian’14]
» heavy dark matter decay [Feldstein, Kusenko, Matsumoto & Yanagida'13]

[Esmaili & Serpico '13; Bai, Lu & Salvado’13; Cherry, Friedland & Shoemaker'14]

from M. Ahlers
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k Sources potentielles - suite

e Extragalactic:

¢ association with sources of UHE CRs [Kistler, Stanev & Yuksel'13]
[Katz, Waxman, Thompson & Loeb’13; Fang, Fujii, Linden & Olinto’14]

association with diffuse ~-ray background [Murase, MA & Lacki'13]
[Chang & Wang'14; Ando, Tamborra & Zandanel’'15]

active galactic nuclei (AGN) [Stecker'13;Kalashev, Kusenko & Essey'13]
[Murase, Inoue & Dermer’14; Kimura, Murase & Toma’14; Kalashev, Semikoz & Tkachev’'14]
[Padovani & Resconi’14; Petropoulou, Dimitrakoudis, Padovani, Mastichiadis & Resconi’15]

gamma-ray bursts (GRB) [Murase & loka'13; Dado & Dar’'14; Tamborra & Ando’15]

galaxies with intense star-formation
[He, Wang, Fan, Liu & Wei'13; Yoast-Hull, Gallagher, Zweibel & Everett'13]
[Murase, MA & Lacki’13; Anchordoqui, Paul, da Silva, Torres& Vicek'14]
[Tamborra, Ando & Murase’14; Chang & Wang'14; Liu, Wang, Inoue, Crocker& Aharonian’14]
[Senno, Meszaros, Murase, Baerwald & Rees’15; Chakraborty & Izaguirre’15]

galaxy clusters/groups [Murase, MA & Lacki’13; Zandanel, Tamborra, Gabici & Ando’14]

from M. Ahlers
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'.\Spectre neutrino astrophysiques

Galactique Extra galactique
Source astrophysique -
Source astrophysique + Gal CR diff
Soleil Supernova (exp. acc.) Binaires AGN/GRB UHECR diff
|
Enerqgie
0.1-10 MeV Tev-PeV >PeV

Processus de production

desint. beta capture elec. Interactions hadroniques (+top-down ?)
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ex : Cir X-1, GX 339-4, H1743-322, IGR J17091-3624, CygX-1 and CygX-3

pp pendant les éruptions (jet)
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’.\Spectre neutrino astrophysiques

Galactique Extra galactique
Source astrophysique -
Source astrophysique + Gal CR diff
Soleil Supernova (exp. acc.) Binaires AGN/GRB UHECR diff
|
Enerqgie
0.1-10 MeV Tev-PeV >PeV

Processus de production

desint. beta capture elec. Interactions hadroniques (+top-down ?)
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Wy Lepto /hadro

Hadronic interaction in relativistic jets:
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! l | 4
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I"u, p ,-"I Ysy nchr.

p+y—=K +A/Z

W
K t— 'H+ + Vp ‘ Inverse Compton I".II \ ' GeV-TeV

Production de y H.E.:
HadrOnique - neutrinos ‘ Synchrotron
leptonique (S.I.C.)-> neutrinos |~ adishing

E, ~0.05E,

VeV, v, =1:2:0 source => vgiv v =1:1:1 Terre
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’.\Spectre neutrino astrophysiques

Galactique Extra galactique
Source astrophysique -
Source astrophysique + Gal CR diff
Soleil Supernova (exp. acc.) Binaires AGN/GRB UHECR diff
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Processus de production

desint. beta capture elec. Interactions hadroniques (+top-down ?)
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Wy AGN example

ATCA 2 g
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Planck
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12 s s 21
: TeV)| Time (MJD) |Declination (deg.)|RA (dd Jl ology
1 62013380 208 feer

N, max.pev(PKS B1424 — 418) = 5.8

Ny,Exp,PeV(PKS B].424 — 418) — 016

ANTARES Flux limit:
4.2x10°® GeV cm>s?

Chance proba: 5% (a posteriori)

Conclusion:
« Compatible » as source
Flat or Peaked spectrum
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BigBird during outburst
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’.\Spectre neutrino astrophysiques

Galactique Extra galactique
Source astrophysique -
Source astrophysique + Gal CR diff
Soleil Supernova (exp. acc.) Binaires AGN/GRB UHECR diff
|
Enerqgie
0.1-10 MeV Tev-PeV >PeV

Processus de production

desint. beta capture elec. Interactions hadroniques (+top-down ?)
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Contraindre la charge baryonique ?

-

R ~10"cm
ph

Black hole

endgines

pp->10-100GeV
echappement
des n

1 MAIS:

: propagation du choc
accelération effective des p

n importants

cascades

champ B ?

Dégénerescence de parametres

(E” dN/GE dt) [GeV cm™

From Zhang&Kumar 2013
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Wy Neutrinos & GW

Long gamma-ray burst Short gamma-ray burst
(> 2 seconds’duration) (=2 seconds” duration)

Asymetrical collapse - GW
Baryon loaded jets -> HEN

* Dark electromagnetic sources

From SN to GRBs (Ando, 2009)

! ' !

; 51

. Edinetic = 150 erg

Rate/Galaxy/Year

Qarmimia rays

10

Log
A

| | :.
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* Basse énergies (10 MeV):

Supernovae locale |  Modélisation ~maitrisée
— attendre la prochaine

* Hautes énergies (TeV-Pev):
Partout ou des p sont accélerés

* dans de la matiere (binaires, TDE, Novae, SN, pevatrons)
Modelisation :
complexe Galactique

tres incertaine

* sur le rayonnement (AGN, GRB), extragal.
— rester le plus modele indéependant possible
diffus vu — viser tout ce qui bouge (le plus court le mieux)

— Raffiner les modeles !
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