
5.2.4 Double Cascades

At energies above 1 PeV, a ⌫⌧ undergoing CC interaction in IceCube produces a hadronic cascade

and a ⌧ lepton that can penetrate tens of meters through the ice before decay. A ⌧ will decay

to hadrons 64.8% of the time, to electrons 17.8% of the time and to muons 17.4% of the time.

Hadronic and electronic tau decays will produce a second cascade. These two subsequent deposi-

tions of energy would form the distinctive pattern of a “double bang” signature for ⌫⌧ in IceCube

[2], see right panel of Figure 5.8. To date, this signature has not been observed in IceCube. This

work looks for a double cascade which can be resolved by a single IceCube sensor, as described in

Chapter 6.

Figure 5.8: Left: a simulated track made by a 117 TeV muon in IceCube. Middle: a simulated
cascade event made by a 3.61 PeV ⌫⌧ CC event, the ⌧ lepton decays to hadrons of 2.92 PeV. A
⌫e CC interaction and NC interaction of all neutrino flavors will be of this event shape. Right:
a simulated double bang event made by a 328 PeV ⌫⌧ CC event, the second “bang” is from the
⌧ lepton decay to 119 PeV hadrons. The time sequence is indicated by rainbow colors with red
representing early and blue late.

5.3 Simulations

Physical processes in IceCube are simulated in a chain of Monte Carlo simulations, which model

the particle interactions and propagations occurring both in the air and in the ice, and the detector

response when photons register at the detector. To meet the challenge of computational expense, a

scheme of weighting is employed in IceCube’s particle simulations.
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