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IceCube Neutrino Events
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Outline of the Talk

¢ Decaying Dark Matter as the origin of PeV-scale
neutrino events observed by IceCube observatory.

¢ lceCube results <= PeV-scale supersymmetry.

¢ Viable supersymmetric Dark Matter candidates.



IceCube neutrino events - parametric dependence
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(for a DM component accounting for the whole DM of the universe!)




Possible PeV-scale
supersymmetric DM candidates

€ Neutralino: Difficult to produce thermally; R-
parity has to be violated.

¢ Gravitino: R-parity has to be violated.

¢ Right-handed sneutrino: Possible viable DM
component with R-parity conserved.
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Can decay of sneutrino explain the high energy
IceCube neutrino events?

The general Lagrangian for right-handed neutrino superfields:
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The interaction terms can be :
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¢ Yukawa coupling: yn ~ Fx /M, ~ PeV /M,

¢ Scalar Trilinear coupling: Ay ~ ynmpey ~ PeV?/M,
¢ Mass of right-handed neutrino: My ~ PeV



Neutrino Mass
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Sneutrino Decay Modes
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Life time of sneutrino: T




Right-handed sneutrino: produced via freeze-in

mechanism
° hu (nggsmo) - Nll/L“ ;: = Mediated by dominant Yukawa coupling
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Relic abundance of sneutrino:
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Sneutrino makes up a small fraction of the total DM of the universe!




Gravitino: produced via freeze-in mechanism

1 — 1/)3/2 + SM.
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Relic abundance of gravitino:
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Gravitino makes up almost all of the DM of the universe!
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Neutrino Source Spectrum
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Neutrino flux spectrum
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Total flux including astrophysical background
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Gamma-ray Spectrum
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Conclusions

With the main assumption of PeV-scale superartners
and PeV-scale reheating temperature

¢ Gravitino makes up almost all of the DM of the
universe.

€

Right-handed sneutrino makes up a very small
fraction of DM, yet its decay explains the IceCube
neutrino flux.

€

The gamma ray flux obtained from decay of sneutrino
iIs with in the limits given by various set of
observations.
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Parameters Dependence Numerical values
on {(X) and Fyx
Scalar /squark mass (m;) Fx /M, O(1) PeV
Higgsino mass parameter (u) Fx /M, O(1) PeV
Higgs mixing parameter (B,,) i (92M,) O(1) PeV
RH neutrino mass (my) Fx /M, O(1) PeV
Lepton number violating B-term (By) | (X)FyFx/M3 | O(10712) PeV?
Trilinear scalar couplings (A4;) Fx /M, O(1) PeV
(except involving sneutrino)
Sneutrino trilinear scalar coupling (Ay) 9{‘6—‘:}- O(1071°) PeV
Neutrino Yukawa coupling (yn) Fy/ AI'IJ? OE=29)




