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IceCube, JINST2(2016)P03012

1. IceCube detector
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IceCube Array

86 strings including 8 DeepCore strings
5160 optical sensors
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(precursor to IceCube)
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480 optical sensors
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lceCube-Gen2, J.Phys.G.48(2021) 060501

1. lceCube event morphology
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1. Inelasticity-based PID

Track Cascade Double cascade

v,CC veCC, v.CC, NC v.CC (L~50m-E/PeV)

v, +N->pu+X Vet N—oe+X v+ N-o>1+X
v+ N->14+X T - X' (62%)

Vy +tN-ov, +X
Tau decay muon track
v.CC

v+N->1T+X
T - pu+v, +v; (18%)
Relatively smaller track energy due

to neutrino emissions.
—> Larger inelasticity

IceCube Preliminary - Simulation only

Tau decay track can be statistically

—— NuMu
separated NuTau*500
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lceCube,EPJC82(2022)1031, PRL132(2024)151001

1. Tau neutrino measurements in IceCube

Atmospheric neutrino oscillation length ~12700 km (earth diameter) at ~35 GeV
=> no tau neutrinos from conventional atmospheric neutrinos above ~35 GeV

Tau neutrino sources

1. Astrophysical tau neutrinos

2. Charm-decay tau neutrino (prompt atmospheric neutrino)
—> haven’t observed yet

3. exotic process (new physics)

So far, tau neutrinos are only identified in cascade samples.

Identifying tau neutrinos are difficult,
but tau neutrino measurement has many interesting topics!
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2. Inelasticity

Inelasticity y 1s defined

v
YTE
Experimentally,
E = Eyis = Etrack + Enaa
V = Eyis — Etrack = Enaa
Effective y is defined
Vorr = Enaa
eff = F
Evis

MAMBA-based y-reconstruction is underway
- Inelasticity is also useful to nu/nubar separation
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Icecube, PRL133 (2024) 201804

3. Selection

MEOWS (Matter-enhanced oscillations with steriles)
- Developed for sterile neutrino search analysis
- BDT-based selection
- 99.9% pure muon track sample
- 0.5-100 TeV
- -1 <co0s0 <0 (upgoing)
- Starting track ~25%

Starting track Through-going track




3. Selection

Muon neutrino MC sample
- Mostly horizontal events (=atmospheric neutrinos)
- Inelasticity peak at low

Starting_Track NuMu Reco Energy: 100 to 500 (GeV) Starting_Track NuMu Reco Energy: 500 to 1000 (GeV) Starting_Track NuMu Reco Energy: 1000 to 20000 (GeV)
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3. Selection

Tau neutrino MC sample
- From all direction (=atmospheric neutrinos)
- Inelasticity peak is higher
- Energy cut (1-20 TeV) for better reconstruction

Starting_Track NuTau Reco Energy: 100 to 500 (GeV) 1e-5 Starting_Track NuTau Reco Energy: 500 to 1000 (GeV) le-6 Starting_Track NuTau Reco Energy: 1000 to 20000 (GeV) 1e-¢
1.0 - - 10 =3

-0.6 -0.4 0.2 0.0 o -1.0 0.8 -0.6 -0.4 0.2 0.0 1.0 0.8 -0.6 -0.4

True Cos(Zenith) True Cos(Zenith) True Cos(Zenith)
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3. Fit

GollumFit
Developed for high-energy neutrino analysis
soon-to-be public software of binned likelihood fit
3-dimension (energy, angle, PID)

37 nuisance parameters

- atmospheric neutrino flux

- astrophysical neutrino flux

- Ice model

We added the 4t dimension (inelasticity) and a new
nuisance parameter (numu/nutau ratio)
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3. Fit

Starting Tracks Energy Distribution

Asimov fit \
- Fit returns the expected values

log(Counts)

MCMC fit machinery is being made

—— Nominal
—— Asimov best-fit
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3. Fit

Inelasticity distribution

There are overwhelming amount of muon neutrinos
- Energy cut (1-20 TeV)

- Angle cut (cosO <-0.5)

Expected tau neutrino events Inelasticity distribution for Starting Track events with 1TeV < E < 20TeV, cos(8) < -0.5

are ~1% of muon neutrino

events. IceCube Preliminary - Simulation only

0.4 0.6
Inelasticity
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Conclusion

New starting track sample selection is in progress, new
Inelasticity reconstruction is available soon

tau track PID is being made from a starting track sample

@nk you for your atten@j







1. High-Energy Astrophysical Neutrinos

Direct messengers from the furthest celestial objects

distant
source

lceCube
detector

Gamma rays
Neutrinos
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lceCube-Gen2, J.Phys.G.48(2021) 060501

1. High-energy astrophysics

IcECUBE

Above ~10-100 TeV neutrinos are only direct extra-galactic messengers

radio/microwave infrared/optical X-rays gamma-rays neutrinos cosmic-rays

” crbrs'mdlwogicalr nﬁax 7of star férrha{ion opaque to photons;
103 transparent to neutrinos
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Formaggio and Zeller, Rev.Mod.Phys.,84 (2012) 1307

1. High-Energy Astrophysical Neutrinos

IcECUBE

Above ~10-100 TeV neutrinos are only direct messengers
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