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Introduction and Motivation

ICAL (Iron Calorimeter)

ICAL is a proposed magnetized 51 k-Ton detector with Bmax ∼ 1.5
Tesla

Designed to detect muons (1GeV to 20GeV) generated from charge
current interaction of atmospheric νµ and νµ with the iron

νµN → µ−X

νµN → µ+X

Purpose of making magnetized detector

Charge identification of µ− and µ+

Reconstruct momentum of muons

ICAL is designed to have excellent CID that can help in studying
matter effect on νµ and νµ that can resolve neutrino mass ordering by

determining the sign of ∆m2
32

Hence accurate measurement of magnetic field is very important
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Magnetic field map

A magnetic field map is generated using MAGNET software for the ICAL
geometry.
It is divided into 3 regions:-

Central region I

Side region II

Peripheral region III

Region III has specially variable field in both magnitude and direction
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Experimental Inputs

Mini-ICAL

Mini ICAL (85 Ton prototype detector) magnetic field measurement
data for 500 amps

Simulation data from MAGNET software
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Gap thickness measurement plays a crucial role

Measurement of magnetic field is achievable with an accuracy
of ∼ 3–5%
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Mini-ICAL (upper view)
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Simulations
A GEANT4 simulation study is done for ICAL with magnetic field map
generated using MAGNET software. Following parameters are studied:-

Reconstruction efficiency

Muon charge identification

Muon momentum resolution

Hadron energy resolution
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[S Ahmed et al., 2015 arXiv:1505.07380]
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Change in momentum and resolution

Events were generated in GEANT4 with true Bmap and reconstruction of
energy is done with false BfB field.

B-field (f-1) Ereco vs Etrue

B = Bcorrect 0.0 Ereco ∼ Etrue

B = 0.8Bcorrect -0.2 Ereco = 0.865Etrue

B = 1.2Bcorrect +0.2 Ereco = 1.135Etrue

B = 0.98Bcorrect -0.02 Ereco = 0.987Etrue

B = 1.02Bcorrect +0.02 Ereco = 1.014Etrue
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Analysis

NUANCE Neutrino Generator [3] was used to generate 1000 years of
atmospheric neutrino events with the Honda 3D fluxes. They are oscillated
using following parameters:-

Parameter True value Marginalization

θ13 8.57◦ [7.671◦, 9.685◦]

sin2 θ23 0.5 [0.415, 0.616]

|∆m2
32| 2.47× 10−3 eV2 [2.395, 2.564]×10−3 eV2

sin2 θ12 0.304 Not marginalised

∆m2
21 7.6× 10−5 eV2 Not marginalised

δCP 0◦ Not marginalised

The normal ordering was assumed throughout. The data was scaled
to 10 years so all results correspond to 10 years exposure at ICAL.

“Data” is generated as per true magnetic map and “Theory” as per
magnetic field = fB
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GEANT4 Analysis of magnetic field variation
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For larger (20 %) deviation of magnetic field from field map leads to
non-linear deviation of reconstructed energy
For smaller deviations (upto 5%) the deviation is almost linear
therefore we have parameterized the change by fitting with straight
line.
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Analysis

Study is done considering the following cases of magnetic field:-

Considering the magnetic field map as true B-field.

Considering systematic change in the B-field map (f = constant).

Considering random Gaussian variation in the B-field map (σ = 3–5%
about central value).
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Results θ23 [Preliminary results]

Systematic variation in B-field map
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Random Gaussian variation in B-field
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Mass hierarchy sensitivity [Preliminary results]

Events were generated using NO and χ2 was calculated assuming IO
in the theory.
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Sensitivity of the ICAL for mass hierarchy decreases with 5% smearing
in B-field.
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Conclusion

Magnetic field is measured in mini-ICAL and compared with simulations
done using MAGNET software. A study is done to estimate the effect of
error in measurement of magnetic field on physics analysis for ICAL.
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Thank You
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