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Neutrino Magnetic Moment

Helicity flip

Hamiltonian:  (3-flavour mixing)      (3-flavour & 2-helicity mixing) 3 × 3 → 6 × 6

High energy neutrinos: Small (1/E) Filtered (MSW ~ inelastic scattering)

Majorana: 

α ≠ β MM ν

 mass ν

Flavour change
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Role of Magnetic Field

1. Acceleration (necessary condition) — proton energy  

2. Cooling effects — neutrino energy and flavour

 v.s. t−1
decay t−1

cool

Production of heigh energy neutrinos:

Helicity bias

Flavour bias
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Role of Magnetic Field
Production of heigh energy neutrinos:

1. Acceleration (necessary condition) — proton energy  

2. Cooling effects — neutrino energy and flavour

 v.s. t−1
decay t−1

cool

3. MM effect — ν θν ∼ aν × B × R

   :  such that aν,Hillas aν θν ∼ 1

 &  

a
ν,Hillaas ∼ 10 −14μ

B

 &  

a
ν,Hillaas ∼ 10 −11μ

B

MC simulation of slowly rotating magnetar:    10−11 → 10−15μB

Helicity bias

Flavour bias
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IceCube Signatures

5

Flavour Ratio
Glashow Resonance Event  
(Fraction of  at 6.3 PeV)ν̄e


