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ICARUS and the SBN Program 1u1p / 1uNp / v, CC Selections
Serving as the far detector for the Short Baseline Neutrino (SBN) Program 1ulp / 1uNp: Simple final states, striaghtforward neutrino energy re-
at Fermilab, ICARUS is a 4/0-ton liquid-argon time projection chamber construction
(LArTPC) that images neutrino interactions from the Booster Neutrino v,, CC: Statistically powerful, covers broad range of neutrino interaction
Beam (BNB). topologies
— R R, For each selection, reconstructed visible energy (energy deposited in de-
Muon tector by neutrino interaction) is calculated.
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Figure 1. Left: ICARUS at Fermilab [1]. Right: An example muon neutrino interaction
imaged by ICARUS.
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Muon Neutrino Selection Figure 3. Reconstructed visible Figure 4. Reconstructed visible
neutrino energy for 1ulp candidates. neutrino energy for 1uNp candidates.

CARUS, which has been collecting data since 2021, hosts a rich Selected v, CC Candidates
physics program that is centered around a search for a hypothetical e o o P Y Mymm
sterile neutrino. Toward this end, event selections for the following = et
signal definitions have been developed using machine learning tech- g | el Selection Purity [%] Efficiency [%)
niques: | 1plp 803 71.3

* 1ulp (1 muon, 1 proton) 51 : LuNp 53.3 /2.4

* 1uNp (1 muon, 1 or more protons) 001 - v CC 70.4 83.3
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= Including 117 (1 muon, 1 neutral pion) Visible Energy [MeV] Table 1. Selection performance for

, o each channel.
Figure 5. Reconstructed visible

neutrino energy for v, CC candidates.

Machine Learning Reconstruction

m n O n
A novel, end-to-end machine-learning-based reconstruction chain has Electromagnetlc Shower Studies and 117" Selection

bgen developed at KFARUS' .Knovvn as SPINE (Scalablg Par.hcle .Imag}ng TplxY is a subset of the v, CC channel. Given the decay ¥ — 77, the
with Neural Embeddings), this framework extracts particle identification . . . .
. . . L . . . invariant diphoton mass is given by
and primary classification of neutrino interaction products using 2D im-
ages from each wire plane as input [2]. M., = /2E1E>(1 — cos )

where E; and E5 are the energies of the decay photons (reconstructed
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showers) and 8 is the opening angle between them (calculated using re-
) constructed muon and shower start points).
100 ! 240
Michel Muon
Electron 260 030 Selected 1uln® Candidates 030 Selected 1uln® Candidates
50 - I e 1uln® Cosmic - i e 1uln® Cosmic
E E 1uNm° : Other ' 1UNTO ? Other
1 0.25 - i Data 0.25 - - Data
O, Muoh O =280 Y v Photon . ;’ZCE ---- n° Mass _— :J'LéCE ---- n° Mass
~ o| Delta Ray < § 0.20 - MC Fit § 0.20 -
L ] .E — p=131.8+0.2 [MeV/c?] .El
-300 * Photon i o= 14.-2 + 0.3 [MeV/c?] L
. E 0.15- o E:E(;I;: 0.5 [MeV/c?] E 0.157
_50 . C o= 12.6 + 0.5 [MeV/c?] (¥
-320 % 0.10 % 0.10
Proton \ Z Z
100 340 0.05 - 0.05 -
300 500 100 0 400 450 500 550 600 650 _ 1
0.00 A= = r 0.00 ﬁli—i%:
Z [cm] Z [cm] 0 50 100 150 200 250 300 0 50 100 150 200 250 300
Reconstructed Neutral Pion Mass [MeV/c?] Reconstructed Neutral Pion Mass [MeV/c?]
Figure 2. Left: Example of a reconstructed 1ulp interaction in data. Right: Example of Figure 6. Reconstructed neutral pion mass, Figure /. Reconstructed neutral pion mass,

before calibrating shower energy scale to after calibrating shower energy scale to

a reconstructed 117V interaction in data. Photons originate from a 7 — ~v~ decay.
match true piO mass. match true piO mass.

Crystal Ball it to ¥ mass distributions shows small EM shower energy

Selection Preface scale bias (~3%) and excellent photon energy resolution (~10%).
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