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ICARUS at FNAL

e The ICARUS detector is located on-axis from the Booster beam and 6° off-axis from
the NuMI| beam
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Interactions / 6.0e20 POT

Neutrino Interactions from NuMI off axis at ICARUS

* Excellent statistics to make cross section measurements for quasi-elastic and pion
production scattering, for both electron and muon neutrinos
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Relevance for DUNE

* NuMlI at ICARUS offers excellent coverage for v,

Muon Neutrinos from NuMI Spectrum at DUNE Near Detector
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Relevance for DUNE

* Electron neutrino spectrum from NuMI at ICARUS covers the first oscillation peak
and the tail covers the majority of the relevant phase space for the DUNE
experiment

Electron Neutrinos from NuMI Electron Neutrino in ICARUS and DUNE
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ICARUS at FNAL

NuMI and Booster neutrino beams

Commissioning and physics data have been
used to perform the calibration, tune the
reconstruction and start the first analyses

with neutrino data

The signal-to-noise ratio was extracted from a
sample of anode-to-cathode crossing cosmic m

ICARUS began commissioning in 2020 with cosmic data
First ICARUS physics runs collected last June - December 2022 and spring 2023 from
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Muon Neutrino from NuMI beam at ICARUS

* Neutrino cross section measurement with NuMl
* Developing and optimizing muon neutrino event selection, available
Comparing different data sets after inclusive selection cuts
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Muon Neutrino from NuMI beam at ICARUS

* Starting to study events with one muon and N Protons

* One muon and N proton €vent selection

* Vertex in fiducial volume

* Longest track’s Y direction
 Muon candidate

* Proton candidate
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Building a Cross Section Analysis for 1u+Nproton+0n

* First analysis targets |u+Nproton+0m
- lu+Nproton+0m enhanced in quasi-elastic and 2p2h interactions

* Building up cross-section analysis to conduct model investigations

* Angle between the muon candidate and leading proton candidate populates the phase
space somewhat broadly and would be expected to encode information about FSI| for
all events

Transverse kinematic imbalances observables 6Pt and dar for fully contained events

Expect ~20K selected events at current selection and exposure 3E20 POT
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NuMI Cross Section

* Developing the cross section with small set of the data
* A selection targeting |u+Nproton + anything with some differences in cuts with data

samples to highlight cosmic rejection and selected beam events

* Data versus MC studies ongoing: shown here some relaxed cuts area normalized,
fairly reasonable comparisons

* Measuring backgrounds/sidebands for analysis (e.g. charged pions)

* Developing and evaluating systematic uncertainties, using GENIE v3.04.00 with the
latest development shared from DUNE
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BSM Searches with NuMI

* Certain BSM searches benefit from sitting off-axis such as kaon coupled Higgs portal
scalars B PRD 100, 115039 (2019)
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* Looking for light dark matter, Higgs portals scalar
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Summary

Rich physics program of neutrino-argon scattering measurements and BSM physics
using NuMI

- Conducting neutrino cross-section and interaction measurements using neutrinos

from NuMl beam in a similar kinematic regime as DUNE
* Opportunity to test and constrains models for use in DUNE

ICARUS at Fermilab underwent a period of commissioning and first operations as
captured in recent paper: P. Abrateenko et al, Eur. Phys. Journal C 83,467 (2023)

Actively using forward analyses with the data collected 3E20 POT from NuMI

- Ongoing work to conduct |u+Nproton+0m cross section analysis

ICARUS results will be quantitatively useful when DUNE is building and tuning its
interaction model for real data analysis

* We would love to use the latest models development discussed in this workshop and
work together to benchmark the models and uncertainties with new data
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