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1 Introduction

My research activity fits in the context of the Deep Underground Neutrino Experiment (DUNE), a long-baseline
neutrino experiment aimed at measuring neutrino oscillation parameters, determining the neutrino mass
ordering, and exploring CP violation in the leptonic sector. The Genova group focuses on the Near Detector
Complex, on the SAND detector and on its Liquid Argon cryostat called GRAIN. Our work focuses on designing
an innovative lens-based optical detector which collects and focuses scintillation photons on a 32x32 SiPM
matrix in order to reconstruct tracks and vertices from neutrino interactions. My research activity in this second
year was devoted to perform Monte Carlo simulations in order to validate the design of the electronics for
the readout and then to evaluate the reconstruction performances of the innovative detector for neutrino
interactions in GRAIN for the DUNE physics goals.

2 ASIC design validation

In order to validate if the proposed architecture and the functional behaviour of the designed ASIC was com-
pliant with the physics requirements, I performed Monte Carlo simulations of neutrino interactions in SAND
within a beam spill time window and I analyzed all tracks crossing or produced within GRAIN. About 90 in-
teractions per spill are expected in the full SAND detector, while in GRAIN are ∼0.1 interactions per spill. The
simulation included photon generation, propagation through liquid Argon, focusing by the lens system, and
detection on the SiPM matrix.
In addition, the simulation included the response of the readout electronics, which provides two type of in-
formation for each channel: the arrival time of the first photon and the number of detected photons within
a given acquisition window. The ASIC design is driven by the physics goals of SAND: reconstructing neutrino
interaction vertices, performing calorimetric reconstruction, and distinguishing multiple interactions within
the same spill.
Simulation results show that the proposed ASIC design meets these requirements. Photon collection effi-
ciency is satisfactory, with accurate reconstruction up to 200 photons, and the dynamic range allows good
reconstruction up to 500 photons. Timing performance is also sufficient, with fewer than 1% of SiPM channels
misidentifying the first photon arrival time. In addition, it was found that on average, 20–25 photons arrive
within 20 ns of the interaction, which must be considered in the front-end amplifier design. Moreover, it was
demonstrated that reducing the ADC conversion time of a factor 4 with respect to the nominal velocity, all
performance criteria are satisfied and this value was taken as reference for the front-end amplifier design. This
work was very important for guiding the ASIC design and allowed to conclude the preliminary ASIC design
phase by the Torino group.

3 Evaluation of Camera Performances

The second main aspect of my research focused on evaluating the reconstruction performance of neutrino
interactions in GRAIN using an optimized geometry with 53 sensors (16 on each side, 7 at the bottom, and 14
at the top). νµ CC interactions in the GRAIN volume were simulated and the images recorded by the cameras
were analyzed by using a reconstruction code that extracts key information, including interaction vertex po-
sitions and track endpoints and directions. The procedure involves a 2D step, where tracks are identified and
fitted in each image using a Hough transform, followed by a 3D step, where 2D tracks are back-projected into
the LAr volume to obtain full 3D track estimates. The main goal is to study reconstruction efficiency across
detection channels as a function of beam energy. Initial studies focused on vertex position and track direction
reconstruction. About 72 % of the reconstructed vertices are within 2 mm of the true Monte Carlo positions,
while a precision of ∼71%was achieved for track direction on the ZY plane, and ∼63% on the ZX plane, consid-
ering a tolerance of ±20◦. In future, the neutrino energy will be extracted by combining informations coming
from the downstream tracker and calorimeter of SAND. Finally, the ultimate goal will be evaluating the impact
of the reconstructed sample on the DUNE Near Detector physics for a precise estimation of the neutrino flux.

4 ICARUS shifts

Finally, as I am also a member of the ICARUS collaboration, an experiment currently taking data to search
for sterile neutrinos through the observation of short-baseline oscillations, I took part in detector, beam, and
data-taking shifts, contributing to the operation and monitoring of the experiment.
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5 Courses and exams

• QCD and Collider Physics (3 CFU) - exam not given yet

• Neutrino Physics: theory and experiments (3 CFU) - exam to be given soon

• Applied Cryogenics (3 CFU) - exam given on 24/3/2025

• PhD school on Underground Physics (SOUP, 14th-18th October 2024 - Bertinoro, 3 CFU) - exam given
on 13/11/2024

• Quantum Optics (3 CFU) - exam given on 23/1/2025

6 Conferences and workshops

• DUNE Collaboration Meeting - Italia, Ferrara (Italy) - 28th October 2024, 30th October 2024

• 1st sandreco workshop, Bologna (Italy) - 9th December 2024, 11th December 2024

• DUNE Collaboration Meeting, CERN (Geneve, Switzerland) - 27th January 2025, 31th January 2025 -
Talk "Simulation results for the validation of the GRAIN ASIC design"

• IFD 2025 - INFN workshop on Future Detectors, Sestri Levante (Italy) - 17th March 2025, 19th March
2025 - Talk "An innovative lens-based imaging detector for the liquid Argon target of SAND in the DUNE
Near Detector Complex"

• 2nd sandreco workshop, Bologna (Italy) - 28th April 2025, 30th April 2025

• DUNE Collaboration Meeting, Valencia (Spain) - 8th September 2025, 12th September 2025 - parteci-
pated online (via Zoom)

7 Publications

1. DUNE Collaboration, Neutrino interaction vertex reconstruction in DUNE with Pandora deep learning,
The European Physical Journal C 85 (2025) no. 6, 14313.

2. DUNE Collaboration, The DUNE Science Program, arXiv:2503.23291 [hep-ex] (2025).

3. DUNE Collaboration, The DUNE Phase II Detectors, arXiv:2503.23293 [physics.ins-det] (2025).

4. DUNE Collaboration, DUNE Software and Computing Research and Development, arXiv:2503.23743
[physics.data-an] (2025).

5. DUNE Collaboration, European Contributions to Fermilab Accelerator Upgrades and Facilities for the
DUNE Experiment, arXiv:2503.23744 [physics.acc-ph] (2025).

6. DUNE Collaboration, Spatial and Temporal Evaluations of the Liquid Argon Purity in ProtoDUNE-SP,
arXiv:2507.08586 [physics.ins-det] (2025).

8 Other activities

• Tutor for high school students on internship - 3rd February 2025, 6th February 2025

• Didactic tutor for the course "Fisica Generale 1" of the Bachelor’s degree in Mechanical Engineering (45
hours)

• Research period abroad in London (Queen Mary University), 1st August 2025 - 16th August 2025. Col-
laboration with Dr.ssa Linda Cremonesi
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