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Neutrino related anomalies ¢

Neufrinos are the most abundant massive particles in
Universe but their basic properties are still largely unknown:
neuftrinos are the main experimental portal for novel physics
beyond the Standard Model
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Sterile neutrinose

These experiments highlight oscillafions with a Am?2 ~ O(1 eV?),
incompatible with the well studied oscillation related to solar and
atmospheric v (Am;,? ~ 7.4 x 10° eV? and Am,;2 ~ 2.5 x 103 eV?).
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> 1 e\/2 ® Sterile neutrinos are an hypothetical type of
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® If they are heavy enough, they may also contribute to dark matter. 5 |

® Sterile neutrino may mix with ordinary neutrinos, so if they exist, it is ==
necessary to extend the “standard neutrino model” based on 3 T T
neutrinos at least to a minimal 3+1 model :i.l\ A

® Since they would not interact with matter, they are extremely “4
difficult to detect and they can be recognized only “indirectly”:
anomalous appearance/disappearance v oscillation signals

Bruno Pontecorvo



Short Baseline Neutrino SBN at FNAL:
a definitive answer 1o sterile vse
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® ICARUS and SBND LAr-TPC's installed at 600 and 110 m from & |
Booster target, searching for sterile-v oscillations both in T
. >
appearance and disappearance channels. g 10°
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® Furthermore, high-statistics v-Ar cross-sections measurements
and event identification/reconstruction studies in view of DUNE;

> ~10¢ events/y in SBND <1 GeV from Booster

> ~105 events/y in ICARUS >1 GeV from NuMI beam S
(700 m, 60 off-axis from target).
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The ICARUS LAr-TPC v detector

® [iquid Argon Imaging technology LAr-TPC, an ‘'electronic bubble
chamber'’ identifying unambiguously each ionizing track in
complex neutrino events, was proposed by C. Rubbia [CERN-EP/
/7-08] as an alternative to Cherenkov detectors.

Long R&D by INFN/CERN culminated in the first large
scale experiment ICARUS-T600, 0.76 kt ultra-pure LAr-
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® |CARUS-T600 overhauling in 2014-18 in view
of shallow depth operation at Fermilab:
» 2 modules, 2 TPCs per module with

central cathode (1.5 m drift,
Ep,=0.5kV/cm);

» 3 readout wire planes per TPC, 54000
wires at 0, £ 600, 3 mm pitch, in total;

» 360 PMTs, TPB coated detecting scintill.
light produced by particles in LAr

Central cathode E-field cage PMTs



A new experimental challenge:
a LAr-TPC on surface

ICARUS at FNAL is facing a challenging experimental condition,
requiring the recognition of O(10¢) n interactions amongst 11 KHz of
cosmic rays.

® A 3 m concrete overburden willremove contribution from charged hadrons/y's.

® Automatic tools for the selection of the neutrino interactions and for the rejection of
the backgrounds, in particular associated to cosmic particles, are mandatory and
should use all the available information
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Neutrino events in ICARUS

> ve CC event from NuMI fully contained in | 7rack
active LAr, E4,~830 MeV: *§
: £ Track 1
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The first ICARUS physics runs
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Completion of overburden
installation
June 7th 22: overburden installed over

the CRT: cosmics’ rate reduced by ~2

Completion of CRT installation

Contained NuMI CCQE ve
candidate, E,, ~ 800 MeV

4 cotLecTion View — [CARUS started June 9th 2022 operating in
_ ~ physics mode. Data acquisition largely
ppbine UpRare aoind s ccessful for both BNB/NUMI:
> Run 1 :June - July 2022,

‘ % POT collected: ~6.8 10" for NuMI and
i S et L ~4.1 10'? for BNB with ~93% efficiency.

_ e > Run 2 :December 2022 - July 2023,
_ cepnaoen ens POT collected: ~2.8 102 for NuMI and
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Ongoing activities in Padova

The ICARUS Padova group is deeply involved in many activities
fundamental for the experiment:

» TPC reconstruction and calibration

Studies for a precise identification and reconstruction of the neutrino

inferaction vertex and off all the particles produced in the intferaction
A

Collection view SR D " Calibration of the

TPC wire signals
and studies on the
detector effects
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Ongoing activities in Padova - 2
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Ongoing activities in Padova - 3

» Trigger system development and performance evaluation

ICARUS trigger relies on the PMT light signals in coincidence with
beam spills:

> Mj>= 5 fired PMT pairs requested inside one of 5 staggered longitudinal slices
(6 m long) of a cryostat, 13 phe PMT threshold;

v arrival time
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Ongoing activities in Padova - 4
> Neutrino identification and reconstruction
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