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Cosmic rays and neutrinos

GRB AGN
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Cosmic rays and neutrinos

The interaction of high energy protons with photons would produce an UHE neutrino flux

p+v — At sp+at, p4+a°
A ,u+—|—1/u

pto= e e+,

UHE neutrinos may be detected on earth (IceCube)
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Cosmic rays and neutrinos
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E. Waxman and J. Bahcall, Physical Review Letters 78, 12 (1997).
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Cosmic rays and neutrinos

Interesting Neutrinos above 1 TeV
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Cosmic rays and neutrinos

The IceCube detector
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Cosmic rays and neutrinos

IceCube
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Cosmic rays and neutrinos

IceCube

Pierre Auger

Single flavour neutrino limits (90% CL)
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IceCube Collaboration, Nature 484, 351 (2012 ‘

The Pierre Auger Collaboration, arXiv: 1304.1630v1 (2013) ‘
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Cosmic rays and neutrinos
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Cosmic rays and neutrinos

Baryonic Photosphere
Model for 130427A

[Exclusion
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Cosmic rays and neutrinos
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Results of Contained Vertex Event Search (4.37)
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N. Whitsharn, UW Madisce
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Cosmic rays and neutrinos
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Cosmic rays and neutrinos
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Cosmic rays and neutrinos
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Spin precesion

current constraints on the neutrino magnetic moment are of the order of 11, ~ 10712 g
Magnetic field in a GRB or AGN are expected to be very strong.

Evolution equation
i( 1://L ) ( 0 wB ) ( vy, )
Uiy B 0 Vig

r
P(vy, = v r) = sin? </ ,u,,BJ_(r')dr/)
0

puuBlr=

Conversion probability

ST

A. Cisneros, Astrophysics and Space Science 10 (1971) 87-92. ‘
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Spin precesion

Hillas-plot
(candidate sites for E=100 EeV and E=1 ZeV)
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Spin precesion
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Evoution equation:

(e 0 mBL) [ m V. = V2Gr(N. — N, /2
I<DIR> </~‘LVBJ_ Ve ><V/R>’ € F(Ne n/2)

Conversion probability:

2u,BL)? 5 (1
Py, = v r) = V2(+‘u(2,ui)BL)2 sin? (2\/V62 + (2uyB1)? r) :

Source Ve (eV) uB (eV)
GRBs 2x 1073 10713
AGNs 10-%7 6 x 10-20
SNRs 103 1028

Galactic Disk 5 x 1073 5x 1029
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Evolution equation:

conversion probability

(2mBL)? 5 (1 )
P, —up = —1/(26 — V)2 + (2u, B1 )?
el VxR (2(5 _ Ve)2 + (ZMVBJ_)2 X sin 2 \/( e) + ( K L) r

where:
§ = (Am?/AE,) cos 20, Ve = V2Gg(Ne — N, /2)

for GRBs, V. ~ 10~ 3%eV/.
where E, = 10%%eV/, Am? ~ 10~ 18eV/2
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v (E) = D 830" (E)| Upil*| Uail?eH/7(5)
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Pakvasa, Joshipura, Mohanty, 1209.5630 ‘
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Neutrino decay

Dorame, Miranda, Valle, 1303.4891 l
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Neutrino decay
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Neutrino decay

| | L | Ly [ L [ v
sU)[ 222 1] 1] 1 ]2[1]1]1]1
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Table: Model field content and transformation properties

ﬁ,/ = mp; L_,'I/th + M,'J'I/RI.SJ' + (2)
YMa,-j Z/RI.SJ'J + YHUS,'SJ' + /LU,.J.S,'SJ'O',

Dorame, Miranda, Valle, 1303.4891 ‘
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Neutrino decay

g (m; + m))?
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where

J =2 Imo.
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Neutrino decay
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Neutrino decay

Can we relate this process with a neutrinoless double beta decay search?

(A Z) = (A Z+2)+2e +J

% = |(gee)|* IMI* G4(Q, 2)
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Figure: Left panel: Correlating majoron-emitting JOv 353 coupling (gee) to (gi2)-
Right panel: Correlating R,,..,, t0 (gee)
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Sterile neutrinos, dark matter and resonant effects

3
Pop = 2 > Uy {eicpf+ + ei¢1'_} Us;

3 Am3L
Pop = Z|Uaj|2‘U5j|2COS2 ( 4EL >

Jj=1

Esmaili, Farzan, 12(2012)014 ‘
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Sterile neutrinos, dark matter and resonant effects
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Esmaili, Farzan, 12(2012)014
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Sterile neutrinos, dark matter and resonant effects
Evolution equation,
.d Vo \ 1 Vo
()= (). @

—Am? cos20 + Vo 5+ Viy Am? sin 20

Am?, sin 20 Am? cos20 + V,,
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Sterile neutrinos, dark matter and resonant effects

Am?y c0s20 = 2E(Vy 5 + Viy — iy ) - (5)
With
1 g2
Viuf = *T(Na - N,/2) = \szF(Na —Nn/2); (6)
4 my,
Viex ~ gyagXN = G, Ny = ey GFNy ; (7)
mj
ngg
Vix ~ m?XN Gy, Ny = €0y GE N, (8)
As a result,

Am?y cos20 = 2EGE[V2(Ny — Nn/2) + (Evay — Evay )Ny - (9)
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Sterile neutrinos, dark matter and resonant effects
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Sterile neutrinos, dark matter and resonant effects
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Figure: Fayet(dark blue box) and Aarssen et al (light blue box). The dark matter
density value was considered as to coincide with the estimate for the halo region
(px = 0.3 GeV cm —3). E =108 eV (left panel) and E = 10'° eV (right panel).
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Conclusions

IceCube has detected the first neutrino events in the energy region of PeV.
However, more events, especially muon neutrino events are necessary to
have a better picture, both from the astrophysical as well as from the
particle physics point of view.
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