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MSW & Parametric Resonances

sin 2θ̃ =
sin 2θ√

sin2 2θ + (cos 2θ − 2EV/δm2)2
.
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MSW – resonance in amplitude
Parametric – resonance in oscillation phase
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Magnetized Iron Calorimeter

Iron – Target

Gap – Active Detector

INO Project Report Vol.I
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Muon Reconstruction

Electron & hadrons are largely absorbed in the iron.

Only µ can leave long enough track to measure its energy,
momentum & charge.

Better measurement for vertical events!

Reconstruction & Charge Identification Efficiencies

T. Thakore et. al. arXiv:1303.2534
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Energy & Zenith Angle Resolutions

Electron & hadrons are largely absorbed in the iron.

Only µ can leave long enough track to measure its energy,
momentum & charge.

Better measurement for vertical events!

Reconstruction & Charge Identification Efficiencies

Energy & Zenith Angle Resolution

T. Thakore et. al. arXiv:1303.2534
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MH – 3σ in 10 years

Measured Event Rate:

N
µ±(Eµ,cos θµ) = ǫ±

CID
(Eµ,| cos θµ|)ǫ

±
R
(Eµ,| cos θµ|)×Ntrue

µ±(Eµ,cos θµ)

+ [1−ǫ∓
CID

(Eµ,| cos θµ|)]ǫ
∓
R
(Eµ,| cos θµ|)×Ntrue

µ∓(Eµ,cos θµ) .

with ǫR = ǫ±R & ǫCID = ǫ±CID.

T. Thakore et. al. arXiv:1303.2534
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Possible Enhancements

Hadron Information
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T. Thakore et. al. arXiv:1303.2534

Octant of the Atmospheric Angle θ23
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Advantages

Larger Flux by ∼ 20%

Endless of Power

Tunnel done, lab can be ready soon

Shao-Feng Ge (MPIK); Workshop @ TUHEP, Beijing Atmospheric & Accelerator Neutrino Physics @ Jinping



CP Phase with Sub-GeV Atmospheric ν

The CP dependence is more significant @ low energy!
Shao-Feng Ge (MPIK); Workshop @ TUHEP, Beijing Atmospheric & Accelerator Neutrino Physics @ Jinping



CP Dependence

Dependence on θ23 and δD is analytic:
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Flavor Decomposition

Number of signal [1/(kt·year)]=Flux(E, zenith, v-flavor) [1/(GeV·sr·s·m2)]

×2π·dcos(zenith) [sr]×dE [GeV]

×Oscillation-Probability(zenith, v-flavor, δCP , MH)

×Exposure [60·60·24·365 s/year]

×Σ{σ(nucleus, E, v-flavor) [m2]·N(nuclei) [/kt]}.

P
P
P
P
P
P
P
PP

initial
final

ν̄e ν̄µ νe νµ

ν̄e × 25% – –

ν̄µ 10% -3% – –

νe – – × -11.5%

νµ – – -2.6% 2.4%

Table: Summary of the discrepancies between 0 & 0.7π.
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Sensitivity – 1σ for 20kt×10yr

∆χ2 ≡ min{χ2(0), χ2(π)}

(a) νe plus ν̄e (b) νµ plus ν̄µ

(c) All channels, combine (a) and (b)
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Accelerator Neutrino

Lanzhou ⇒ Jinping

L ≃ 500km
100MeV . Eν . 200MeV
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Accelerator Neutrino

Shifted JHF flux:

φ(Eν) = 40φJHF (4Eν)

Energy resolution:
δEν

Eν
≈ 1√

Eν/MeV
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CP Sensitivity

Detector ∼ 20kt

4yr for ν & 8yr for ν̄

CP Phase Sensitivity χ2
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Thank You!
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