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Tau Neutrinos at Production
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Flavor Ratio

Arguelles et. al. Phys. Rev. Lett., 115:161303
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Events in IceCube
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Tau Double Pulse Events
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Double Pulse Algorithm (DPA)
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Cascade vs Track
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Geometric Cut
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Expected Events and P-value

Rates in 8 Years Final Sample
NuTau 1.72 +- 0.023
NuMu 0.95 +- 0.05
NuE 0.26 +- 0.01
Muons 0.2+-0.14

TS = Log(L(\) /L(\ = 0))
L) = (Py+PgxN/(1+2)
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Event Sample
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Event #1 (2014)

P-value: 0.196

2014 Event
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Forward Folding Results
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Conclusion

A search was performed on 8 years of data from the lceCube detector to find Tau
neutrino events.

Two Events were observed, both of which appear to be neutrinos. However, neither
of the events have significant p-values of being a tau neutrino.

A forward folding was applied to the event sample, a flux of zero tau neutrinos was
the best fit. 90% upper limits were found that are not inconsistent with existing
neutrino measured astrophysical fluxes.
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Backup
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New Physics and the Flavor Ratio
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Arguelles et. al. Phys. Rev. Lett., 115:161303




E~2 dN/dE (107°-18 GeV™-1 cm”™-2 s”™-1 sr™-1)
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Tau Double Pulse vs. Double Cascade
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Local Coincidence DPA

Local Coincidence (LC) Single DOM (SD)
1st rising edge dV/dt (mV/ns) >1 >10
Trailing edge dv/dt (mV/ns) <-0.5 <-17
2nd rising edge dVv/dt (mV/ns) >12 > 18
1strising edge width (13.2ns bins) | >=1 >=2
Trailing edge width (13.2 ns bins) >=2 >=2
2nd rising edge width (13.2 ns bins)  >=3 >=3
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Spectrums
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Event #3 (2017)

P-value: 1.0
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Event #3 Split
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Data Selection overview

Precuts:
All filters (IC79 EHEFilter)
2000 PE CasualQTot cut

Level 4:
Double Pulse Algorithm (DPA) - Select events with double pulse waveforms and reject single cascade

Level 5:
Topology cut - Remove track-like events and retain cascade-like events
First Hitz cut - Remove events starting at top of detector, dominated by muons

Level 6:
Second topology cut - Remove remaining track-like events, harder than Level 5 cut
Containment cut - Remove events starting near
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Atmospheric Flux
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Expected event rates

Rates in 8 Years E”*-2.19 EA-2.5 EA-2.9
NuTau CC 1.72 +- 0.023 1.94 +- 0.029 1.01 +- 0.029
NuTau NC + Muonic CC 0.072 +- .004 0.062 +- 0.006 0.03 +- 0.006
NuMu 0.95 +- 0.048 0.8+- 0.1 0.66+- 0.1
NuE 0.26 +- 0.010 0.31 +- 0.012 0.32 +- 0.01
Muons 0.2 +-0.14 0.2 +-0.14 0.2 +-0.14
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Event #1
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Forward Folding parameters

Astrophysical Normalization - Floating
Astrophysical Flavor Ratio NuE:NuMu:NuTau - Floating
Astrophysical Spectrum - Fixed to-2.19,-2.5, and -2.9

Conventional Neutrino normalization - Floating
Prompt Neutrino normalization - Floating
Atmospheric Muon - Off

DOM Efficiency - Off
Pi/Kaon ratio - Floating
Cosmic ray spectral index modification - Floating
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Forward folding: use a binned maximum likelihood method where a sum
of Monte Carlos templates is varied until it describes the data best.

For a set of M physics parameters 0 = {©,0,,...0,}
and K nuisance parameters ¢ = {C1,(2,.--Cx }

and with N observations, the N expected values are
u’(ea C) = {:ul(e’ C)a ﬂ2(ea C)a seey MN(@, C)}

The Poisson probability for bin fis: p((®, Olni) = PO ey i6,0))

The Likelihood can be written as product of the Poisson probabilities
and functions of nuisance parameters (usually assumed Gaussian)

K
L(ji(®, ¢)|7) = Hp (1:(8, Olna) [T £(65)
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