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The Iron Calorimeter (ICAL) detector at the proposed India-based
Neutrino Observatory (INO) [1] can play a key role in constraining
non-standard interactions over a multi-GeV range of energies.
• ICAL@INO: 50 kton magnetized iron detector

• Active detector element: RPC; Passive detector element: iron

• Uniqueness: CID for muons, distinguishes νµ and ν̄µ

• Muon energy range: 1 – 25 GeV, Muon energy resolution: ∼ 10%

• Baselines: 15 – 12000 km, Muon zenith angle resolution: ∼ 1◦

Non-Standard Interactions (NSI)

Neutral-current NSI in propagation through matter

LNC-NSI =−2
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In atmospheric neutrinos, µ−τ channel is dominant, hence, we
choose to constrain εµτ (only real values).

Methodology

• NUANCE neutrino event generator

• Neutrino flux at INO site

• Three-flavor matter oscillation with PREM profile

• Migration matrices for muons from GEANT4 simulation of ICAL

• Ratio of upward-going (U) and downward-going (D) recon-
structed muon events

U/D ratio (defined for cosθrec
µ < 0)

U/D(E rec
µ ,cosθrec

µ ) ≡
N (E rec

µ ,−|cosθrec
µ |)

N (E rec
µ ,+|cosθrec

µ |) ,

where N (E rec
µ ,cosθrec

µ ) is the number of events with energy E rec
µ

and zenith angle θrec
µ .

Shift in Reconstructed Oscillation Dip
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Oscillation dip [2] shifts in the opposite directions for µ− and µ+ in the
presence of NSI parameter εµτ [3]

Curvature in Reconstructed Oscillation Valley

The parameter α in the fitting function f (x, y) is the measure of the curva-
ture of oscillation valley.

f (x, y) = z0+N0 cos2

(
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The oscillation valley [2] bends in the presence of NSI parameter εµτ [3]

Constraining εµτ using Osc. Dip & Valley

• ∆d = d−−d+ • ∆mα= mα−−mα+ • ∆α=α−−α+ • Calibration curve using
1000-yr MC • Gray bands using multiple simulated data sets for 10 years
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Estimated bounds on εµτ at 90% C. L. with 500 kt·yr exposure:

Oscillation dip Oscillation valley
Fixed param., no syst. −0.024 < εµτ< 0.020 −0.022 < εµτ< 0.021

Varied param., with syst. −0.025 < εµτ< 0.024 −0.024 < εµτ< 0.020

Existing bounds on εµτ at 90% C. L.:

Experiment Their convention (ε̃µτ) Our convention (εµτ= 3 ε̃µτ)
IceCube −0.006 < ε̃µτ< 0.0054 −0.018 < εµτ< 0.0162

DeepCore −0.0067 < ε̃µτ< 0.0081 −0.0201 < εµτ< 0.0243
Super-K |ε̃µτ| < 0.011 |εµτ| < 0.033

Summary and Conclusion

• Using good reconstruction efficiency at ICAL for µ− and µ+, os-
cillation dip and oscillation valley can be observed in recon-
structed muon observables at ICAL.

• We propose a new approach to utilize oscillation dip and oscil-
lation valley to probe neutral-current NSI parameter εµτ.

• A new variable representing the difference in the shifts in loca-
tion of dips forµ− andµ+ is used to constrain NSI parameter εµτ.

• The contrasts in the curvature of valleys for µ− and µ+ is used to
constrain NSI parameter εµτ.
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