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BNB baseline: 600 m
Total LAr: 760 ton
Active LAr: 476 ton
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BNB baseline: 600 m
Total LAr: 760 ton

Active LAr: 476 ton

NuUMI off-axis angle*: 5.9°

! SBN Near
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BNB baseline: 470 m BNB baseline: 110 m
Total LAr: 170 ton Total LAr: 270 ton
Active LAr: 90 ton Active LAr: 112 ton

NuUMI off-axis angle*: 8°

* As measured from close to the target, observed neutrinos come from a wide range of angles
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Measurement of v,, v, cross sections from
the NuMI beam from ~80 signal events

BNB baseline: 600 m
Total LAr: 760 ton
Active LAr: 476 ton
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Active LAr: 112 ton
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* As measured from close to the target, observed neutrinos come from a wide range of angles
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The ICARUS experiment

2010-2014: Data taking at Gran Sasso, Italy
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The ICARUS experiment

2010-2014: Data taking at Gran Sasso, Italy
2014-2017: Refurbishment at CERN
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The ICARUS experiment

2010-2014: Data taking at Gran Sasso, Italy ;Grq L
2014-2017: Refurbishment at CERN
July 2017: Transport to Fermilab

Since 2021: Data taking as part of SBN
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The ICARUS experiment

« The first large Liquid Argon Time Projection Chamber (LAITPC)
o Drift ionisation e~ from interaction products to three readout wire planes
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The ICARUS experiment

« The first large Liquid Argon Time Projection Chamber (LArTPC)
o Drift ionisation e~ from interaction products to three readout wire planes

« Two identical modules, four TPCs, 476 tons total active mass
o Sensitive volume: 18 mX1.5mX3.16 m
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The ICARUS experiment

« The first large Liquid Argon Time Projection Chamber (LAITPC)
o Drift ionisation e~ from interaction products to three readout wire planes

« Two identical modules, four TPCs, 476 tons total active mass
o Sensitive volume: 18 mX1.5mX3.16 m

« Self triggered by 360 PMTs
o ns resolution — spatial localisation of events < 50 cm PMTs
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The ICARUS experiment

« The first large Liquid Argon Time Projection Chamber (LAITPC)
o Drift ionisation e~ from interaction products to three readout wire planes

« Two identical modules, four TPCs, 476 tons total active mass
o Sensitive volume: 18 mX1.5mX3.16 m

« Self triggered by 360 PMTs
o nsresolution — spatial localisation of events < 50 cm

« Surrounded by a cosmic ray tagger (CRT)
o Scintillator strips read out by SiPMs
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ICARUS Commissioning

Collecting cosmic muon data since Summer 2020
« Collecting data from the Booster and NuMI beams since June 2021

« Characterising detector response and performances of automated
reconstruction tools

Muon Neutrino candidate from data Electron Neutrino candidate

Muon neutrino Electron neutrino

Final stages of the trigger system and installation of the overburden
was completed in May 2022. Begun physics-focussed data collection.
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The NuUMI| beam at ICARUS

NuMlis the primary beam for

the MINERVA and NOVA

« |CARUS sees NUMI 5.9° off axis Fege =

- v, flux comparable to Booster beam

« v, flux 6-7 times larger!

« Totally different energy spectrum
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The NuUMI| beam at ICARUS
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The NuUMI| beam at ICARUS
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The NuUMI| beam at ICARUS
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Neutrino interactions from NuMI

« High statistics neutrino cross-section
measurements with unigue fluxes

« Especially promising v, measurements

 Primary channels are QE and single

pion production

FHC CC events/year*
v, 446,000
Ve 22,000

* 1 year = 6x102° poT

« Current focus: developing reconstruction and event selections
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Muon neutrino selection

v, CC Inclusive section

« Effective use of CRTs to reject cosmic-ray backgrounds

« Further cosmic ray rejection via TPC-PMT matching

o ~75% purity, ~70% efficiency

« Opportunities for significant improvement with CRT veto optimisation
« Further gains in purity moving to an exclusive CC1lulp selection
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Eleciron neutrino selection

v, CC Inclusive section

« Particular focus on identifying events with a single electron

« Shower must be 1-MIP like, must start close to interaction vertex
« ~70% purity, ~15% efficiency: ~4000 v,/year!

* Plenty of scope for further optimisation
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Future directions: v, /v, .

* Nuclear medium effects change the v, /v, ratio PRL 123, 052501
anetal.,

- Changes the cross section close to phase space boundaries | pro 106, 073001
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Future directions: v, /v,

See also:
Nikolakopoulos et al.,

* Nuclear medium effects change the v, /v, ratio PRL 123, 052501

Dolan et al.,

« Changes the cross section close to phase space boundaries | pro 106, 073001
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* The effect is much stronger for lower neutrino energies
o ~2-3 % effect for T2K's oscillated flux
o May be considerably larger for ICARUS’ NuMI flux
o Large v, statistics may allow an isolation of affected phase space
o Expect some A-dependence: complementarity with CH experiments
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TKI details:

° °
° Lu, Pickering, Dolan et al.,
' ' l ' re I re < I O I l S Phys. Rev. C 94, 015503
° Furmanski, Sobczyk,
Phys. Rev. C 95, 065501

« |ICARUS is well suited to making measurements of tfransverse kinematic
imbalances: relatively low proton tracking threshold, large stafistics
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TKI details:

° °
° Lu, Pickering, Dolan et al.,
' ' l ' re I re < I O I l S Phys. Rev. C 94, 015503
° Furmanski, Sobczyk,
Phys. Rev. C 95, 065501

« |ICARUS is well suited to making measurements of tfransverse kinematic
imbalances: relatively low proton tracking threshold, large stafistics

Peaks tell us about initial state Fermi motion “Transition region™ might tell us
about “short-range correlations”

| Tails tell us about FSI and 2p2h
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Future directions: TKI AR

TKI details:

Furmanski, Sobczyk,
Phys. Rev. C 95, 065501

ICARUS is well suited to making measurements of transverse kinematic

imbalances: relatively low proton tracking threshold, large stafistics

Complementarity with existing measurements:

o T2K+MINERVA: different target, different A-scaling of 2p2h and FSI o' kv Sas oss00s
o MicroBooNE : different energy, same target — probe of energy dependence

MICROBOONE-NOTE-1108-PUB

Peaks tell us about inifial state Fermi motion

“Transition region” might tell us

Tails tell us about FSI and 2p2h
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about “short-range correlations”

P [GeV/c]
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Summary

 |CARUS has been commissioned as the far detector of
the SBN experiment and it ready for physics analyses

 |CARUS sees neutrinos from both the Booster and NuM|
neutrino beams

 The NUMI beam provides novel opportunities for
characterising neutrino-Argon interactions
« Especially with regards to v, measurements

- We have preliminary v, and v, event selection, more
exclusive analyses are on the way

« Exciting long-term prospects for ICARUS’ analyses!
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Backup
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ICARUS Collaboration at SBN

P. Abratenko!?, A. Aduszkiewicz?!, F. Akbar?3, M. ArteroPons's, J. Asaadi?*, M. Babicz?, W.F. Badgett®, L.F. Bagby?®,
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Spokesperson: C. Rubbia, GSSI
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1. Brookhaven National Lab., USA
2.CERN, Switzerland

3.CINVESTAV, Mexico,

4. Colorado State University, USA

5. Fermi National Accelerator Lab., USA
6. INFN Bologna and University, Italy
7.INFN Catania and University, Italy

8. INFN Genova and University, Italy
9.INFN GSSI, L'Aquila, Italy

10.INFN LNGS, Assergi, Italy

11.INFN LNS, Catania, Italy

12. INFN Milano, Milano, Italy

13. INFN Milano Bic. and University, Italy
14. INFN Napoli, Napoli, Italy

15.INFN Padova and University, Italy
16. INFN Pavia and University, Italy
17.SLAC National Accelerator Lab., USA
18. Southern Methodist University, USA
19.Tufts University, USA

20. University of Chicago, USA

21. University of Houston, USA
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a On Leave of Absence from INFN Padova
b On Leave of Absence from INFN Pavia
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Data analysis status

. . —— Landau MPV
* Detector performance studied using 4. | Calibrated Data MPV
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NUMI af ICARUS

AT ICARUS’ off-axis angle,

ICARUS PRELIMINARY
i

1

neutrino produced by NUM|
usually originate from
decays very close to the
NUMI target

ICARUS
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Hadrons also tend to
undergo more inelastic
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interactions before
decaying to give neutrinos

E, [GeVic]

Hadrons have not been
completely focussed, large
wrong sign contamination

Expect flux modelling
uncertainties at the 10-15%
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NUMI af ICARUS

« The beam covers a wide
range of off-axis angles

ICARUS PRELIMINARY
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* Pions producing neutrinos
must have a significant
component of their
momenta towards ICARUS
to produce neutrinos with a
large energy
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« Kaons producing neutrinos
can be closer to on-axis
whilst sfill producing
reasonably energeftic
neutrinos
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