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Important Features of Proposed ICAL Detector at INO

•Optimized for multi-GeV energy and wide ranges of baselines
•Good energy and direction resolutions for muons: in multi-GeV energy

range, energy resolution for muons ∼ 10% to 15%, direction resolution is < 1◦

•Excellent charge identification capability: distinguish µ− from µ+, thus νµ
from ν̄µ CC interactions with ∼ 99% efficiency arXiv:1405.7243
•Reconstruction of hadron energy (E ′had): energy carried by hadrons at final

state of neutrino and antineutrino interactions can be reconstructed at ICAL
with a resolution of around 40% arXiv:1304.5115

Indirect Detection of Diffuse Galactic Dark matter

arXiv:1703.10221

We study the self-annihilation and decay of dark matter (χ) to neutrino and
antineutrino pair

χχ→ νν̄ χ→ νν̄
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Neutrino events at ICAL for annihilation (left) and decay (right) of dark matter.

ATM: Atmospheric neutrino events, ATM+DM: Atmospheric neutrino events in
presence of dark matter annihilation/decay.

XSimilar event distributions for antineutrino can be obtained separately at ICAL
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Limits at 90% C.L. on self-annihilation cross-section (< σv >) and decay life-
time (τ ) of dark matter.

Expected 90% C.L. limits from ICAL: 〈σv〉 ≤ 1.87 × 10−24 cm3 s−1

and τ ≥ 4.8 × 1024 s for dark matter of 10 GeV mass.

Long-Range Forces due to Le − Lµ/τ Symmetries

arXiv:1801.00949
The LRF induced potential for the solar electrons is

Veµ/eτ = αeµ/eτ
N�e
RSE

∼ 1.3× 10−11

(
αeµ/eτ

10−50

)
eV .

For antineutrino, Veµ/eτ appears with -ve sign.
The Effective Hamiltonian in presence matter and of LRF is

Hf = U

 0 0 0
0 ∆21 0
0 0 ∆31

U † +

VCC 0 0
0 0 0
0 0 0

+

 ζ 0 0
0 ξ 0
0 0 η

 .
U : PMNS matrix, ∆ij = ∆m2

ij/2E, VCC : Matter induced potential
ζ = -ξ = Veµ, η = 0 for Le − Lµ case. ζ = -η = Veτ , ξ = 0 for Le − Lτ case.
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Event distributions of µ− and µ+ at ICAL.
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Sensitivity of ICAL to set limits on αeµ and αeτ .

Existing bounds:
1.αeµ < 5.5 × 10−52 and
αeτ < 6.4×10−52 at 90%
C.L from SK.
arXiv:hep-ph/0310210

2.αeτ < 2.5 × 10−53 at 3σ
C.L. from Solar and Kam-
LAND data.
arXiv:hep-ph/0610263

Expected from ICAL: αeµ/eτ < 1.2× 10−53 (1.75× 10−53) at 90% (3σ) C.L.

Neutral-current Nonstandard Neutrino Interactions

arXiv 1907.02027

LNC−NSI = −2
√

2GF ε
C f
αβ (ν̄αγ

ρPLνβ) (f̄γρPCf),

εαβ =
∑

f=e,u,d

Vf

VCC
(εLfαβ + εRfαβ ) ,

where Vf =
√

2 GF Nf , f = e, u, d. The quantity Nf denotes the number
density of matter fermion f in the medium. For antineutrino, Vf → −Vf and
VCC → −VCC.
Neutral current NSI may affect neutrino propagation with the additional matter
induced potentials.
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Event distributions of µ− and µ+ at ICAL.
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Left plot: Sensitivity for εµτ gets more than two-fold enhancement due to charge
identification capability. Right plot: Sensitivity for εµτ is enhanced due to inclu-
sion of E′had in the analysis.

Expected 90% C.L. limits from ICAL: |εµτ | < 0.01 with Eµ, cos θµ, E
′
had

Concluding Remarks

The unique features of the ICAL detector will provide an unparalleled win-
dow to probe the beyond the Standard Model Physics in neutrino and
antineutrino channels separately in multi-GeV energy range.


