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Introducing Institute of Physics (IOP), Bhubaneswar, India

Institute of Physics (IOP), Bhubaneswar is an autonomous national institute 
established in 1974 to conduct world-class basic science research in Physics. 
It is funded by the Department of Atomic Energy, Government of India

Last year, we celebrated the Golden Jubilee of our Institute
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Long Experience of Working on Long-baseline & Atmospheric Neutrinos 

• Our neutrino group at the Institute of Physics (IOP) has been actively 
involved in the physics studies of the DUNE project since its inception

• During my PhD, I worked on the novel CERN-INO Magic Baseline Beta-
beam proposal. During my postdoctoral research, I worked extensively 
on long-baseline neutrinos with Patrick Huber (Virginia Tech) and Pilar 
Hernandez (IFIC, Valencia)

• We have contributed significantly towards the India-based Neutrino 
Observatory (INO) and IceCube projects

• Several PhD students completed their theses on DUNE and are currently 
doing postdoctoral studies
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Recent Invited Talks on Long-baseline Neutrinos 

• Invited talk on “BSM Searches in Neutrino Experiments” at the Neutrino 
2020 Conference, Fermilab, Chicago, USA, 24th June 2020

• Invited talk on “Complementarity among Next-generation Long-baseline 
Experiments” at the Snowmass Summer Meeting, University of 
Washington, Seattle, USA, 19th July 2022

• Invited talk on “Unprecedented Precision on Neutrino Oscillation 
Parameters using Synergy between DUNE and T2HK” at the WIN 2023 
conference, Sun Yat-sen University Zhuhai Campus, Zhuhai, China, 7th 
July 2023
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Publications on DUNE 
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12 publications on DUNE from 
our group over the last 10 years

  1 PRL, 7 JHEP, 3 EPJC, 1 PLB



Publications on DUNE 

S. K. Agarwalla, DUNE-India Meeting, TIFR, Mumbai, Maharashtra, India, 6th June 2025 



Publications on DUNE 

S. K. Agarwalla, DUNE-India Meeting, TIFR, Mumbai, Maharashtra, India, 6th June 2025 



Publications on DUNE 

S. K. Agarwalla, DUNE-India Meeting, TIFR, Mumbai, Maharashtra, India, 6th June 2025 



Research on DUNE 
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Some Highlights



CP Coverage for Leptonic CP Violation  at ≥ 3σ as a function of θ23  
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coverage gets reduced as 
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Around maximal mixing 
choices of θ23 à sensitivity 
gets deteriorated in DUNE

Combination of DUNE & 
T2HK is must to achieve 
leptonic CP violation at ≥ 
3σ for at least 75% choices 
of δCP irrespective of θ23

Agarwalla, Das, Giarnetti, Meloni, Singh, Eur.Phys.J.C 83 (2023) 8, 694
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CP Coverage for Leptonic CPV at ≥ 3σ as a function of Exposure  
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DUNE & T2HK individually cannot achieve leptonic CPV at ≥ 3σ for at least 
75% choices of δCP with their nominal exposures & systematic uncertainties

DUNE + T2HK can attain the same for all values of θ23 with only half of their 
nominal exposures

DUNE + T2HKK can further enhance the CP coverage to more than 80% with 
only half of their nominal exposures
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High-Precision Measurement of Dirac CP Phase   
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Agarwalla, Das, Giarnetti, Meloni, in preparation

DUNE + T2HK (JD) can measure any value of δCP with a 1σ precision ≲ 10°   

1σ precision

JD/KD: App. Sys. (5%)
DUNE: App. Sys. (2%)
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Precision Measurement of Atmospheric Oscillation Parameters
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Precision Measurement of Atmospheric Oscillation Parameters
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Contributions from both neutrino and antineutrino modes are crucial 
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Precision Measurement of Atmospheric Oscillation Parameters
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First Study on θ23 Octant with Light Sterile Neutrino   

● Three-flavor ellipses due to
       variation in δ13 in [-π to π]

● Four-flavor blobs due to 
       variation in δ13 and δ14 in [-π to π]

● Due to new CP phases, sensitivity 
towards octant lost in DUNE

sin2𝛉23 = 0.42 (LO) and 0.58 (HO) 
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Can LIV affect the Sensitivity of DUNE?
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Long-Range Neutrino Interactions at DUNE and T2HK
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Physics Interests and Objectives

We propose the following work based on our expertise and future research 
interests as a member of DUNE. To facilitate this, we request access to 
DUNE resources.

• Monte Carlo (MC) Production for DUNE: We plan to contribute to the 
MC production to enhance the MC statistics by generating additional 
simulated data sets for DUNE. We aim to incorporate advancements 
from the ProtoDUNE to ensure accurate and up-to-date modelling of the 
LArTPC detector response.

• Event Reconstruction for DUNE: We aim to participate in DUNE's 
event reconstruction efforts by contributing to the development and 
improvement of algorithms based on machine learning techniques.

• Preliminary Sensitivity Studies: Using the new MC simulations and 
event reconstructions, we plan to make more accurate forecasts of 
DUNE’s sensitivity to several interesting physics studies, involving beam 
and atmospheric neutrinos.
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We are excited about the opportunity 
to contribute to the DUNE project 
and look forward to collaborating 
with the larger team in both 
scientific and technical roles.

                                            Thank You!



CP Coverage for Leptonic CPV at ≥ 3σ as a function of Systematics  
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Complementarity between DUNE & T2HK may allow us to 
achieve 75% CP coverage for ≥ 3σ leptonic CP violation, even 
in a pessimistic scenario where the systematic uncertainties are 
1.5 times larger than the nominal ones

Agarwalla, Das, Giarnetti, Meloni, Singh, Eur.Phys.J.C 83 (2023) 8, 694
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Remarkable Precision on Neutrino Oscillation Parameters    

 0.25  0.285  0.32  0.355

Capozzi et al. (2025)

de Salas et al. (2021)

Esteban et al. (NuFIT v6.0 w/ Super-K)

sin2θ12

 0.02  0.022  0.024
sin2θ13

NO
IO

 0.4  0.45  0.5  0.55  0.6
sin2θ23 

 6.8  7.2  7.6  8

1σ

3σ

Δmsol
2   (x 10-5  eV2) 

 2.4  2.5  2.6  2.7

|Δm31
2 |

|Δm32
2  |

|Δm31
2  |

|Δm31
2  |

|Δm31
2  |

|Δm31
2  |

|Δmatm
2  |    (x 10-3  eV2)

 0  90  180  270  360
δCP    (°) 

Agarwalla, Kundu, Prakash, Singh, JHEP 03 (2022) 206 

R
ob

us
t t

hr
ee

-f
la

vo
r n

eu
tr

in
o 

os
ci

lla
tio

n 
pa

ra
di

gm
H

uge boost to search for BSM
 physics at 𝜈 expts2.3%

4.5%

1.1%

3% 6%

16%

S. K. Agarwalla, DUNE-India Meeting, TIFR, Mumbai, Maharashtra, India, 6th June 2025 



Ultimate Bounds on Long-Range Interactions

Huge Electron repositories in the local and distant Universe

Oscillations sensitive to long-ranged flavored interactions 
between neutrino and electron. Use flavor composition of
TeV-PeV astrophysical neutrinos at IceCube

Bustamante, Agarwalla PRL 122, 061103 (2019) 

ggravity ~ 10-19
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