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ICARUS forthcoming technical notes and papers

● Data collected so far by ICARUS have been extensively analyzed in the last months to assess 
the performance of the TPC, PMT and CRT sub-detectors.

● A number of technical notes are now in preparation or already internally reviewed.

● Some technical works may be needed before the publication of papers focused on the data 
analysis and they have the priority  (CRT, PMT timing, trigger).

● Today I will briefly introduce a few ICARUS activities which have been recently put into a 
technical note or which have been or are  going to be submitted as technical notes or papers.
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1. ICARUS cryogenics and purification systems

● Corresponding authors: M. Geynisman and C. Montanari 
(for the Cryogenics Group).

● Technical note submitted: SBN Document 33913-v1

● “This paper describes the cryogenic and purification 
systems of the ICARUS T600 detector in its present 
implementation at the Fermi National Laboratory, Illinois, 
USA.”

● Currently under internal review (L. Di Noto and A. 
Schukraft).

● Expected distribution to the Collaboration for review: 
end of 2024.

Technical Note Internal Review Collaboration Review Submission to Journal
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2. Design and Implementation of the CRT System

● Corresponding authors: M. Betancourt and L. 
Patrizii (for the CRT Working Group).

● CRT technical note was completed by the CRT 
working group. The note is intended for 
publication and was already internally reviewed 
by G.L Raselli and Thomas Coan.

● Collaboration review starting ~ today.

● An additional technical note, intended for 
internal ICARUS usage, will be written following 
the current one, to describe matching 
algorithms (CRT-PMT / CRT-TPC).

Technical Note Internal Review Collaboration Review Submission to Journal
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A dedicated paper on the Trigger System - 23. Trigger system

Technical Note Internal Review Collaboration Review Submission to Journal

● Corresponding authors: A. Guglielmi and G. 
Petrillo (for the Trigger Working group).

● A Trigger technical note is under development by 
the Trigger Working Group. The note is intended 
for publication and its draft is expected to be 
completed by the end of 2024.

● The note will cover the characterization of the 
trigger system deployed for the first ICARUS data 
taking for physics with BNB and NuMI neutrino 
beams (RUN1 and RUN2).

ICARUS  CM - October 16th, 2024



MeVPrtl Event Generator at a Glance

Simulated decay 
products of 100 MeV 
Scalar from KDIF

The generator is located at:
https://github.com/SBNSoftwar
e/sbncode/tree/develop/sbncod
e/EventGenerator/MeVPrtl 

4. MeVPrtl event generation
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Technical Note Internal Review Collaboration Review Submission to Journal

● Corresponding authors: J. Berger, A.Chatterjee, J. I. 
Crespo-Anadon, J. Dyer, R. Garrote, V. C. L. Nguyen, V. 
Paolone, L. Pelegrina-Gutierrez, G. Putnam

● Technical note submitted: SBN Document 32019-v2

● Ongoing ICARUS BSM analyses use MeVPrtl for Monte 
Carlo event generation, which has been developed by 
SBN collaborators for SBN.

● Modular structure accommodates searches with 
shared phenomenology, is configurable for any 
combination of beam (BNB/NuMI), detector 
(ICARUS/SBND), and model (currently Higgs Portal, 
Heavy Neutral Lepton, and Heavy QCD Axion).
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5. Prediction of NuMI electron and muon 𝜈 flux in ICARUS 

● Corresponding authors: A. Aduszkiewicz, D. Cherdack and A. Wood

● First technical note submitted: SBN Document 27384-v4

● Flux at 5.75° off axis required detailed study. 

Much work was done to:

○ Put ICARUS in the NuMI coordinate system

○ Study: Had. Prod. (HP) chains for ICARUS ν’s

○ Evaluate the systematic uncertainties

○ Creating analysis data products and public plots

● Addendum to the technical note in preparation.

Technical Note Internal Review Collaboration Review Submission to Journal
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6. TPC energy scale calibration 

● Corresponding author: G. Putnam

● Technical note submitted: SBN Document 32501-v4

● The paper reports on a combined measurement of 
electron-ion recombination in LAr and the 
electronics gain in the ICARUS.

● Paper draft internally reviewed (A. Fava, D. Naples, F. 
Pietropaolo).

● New draft submitted after Collaboration review: SBN 
Document 33206-v4.

● Published into arXiv (2407.12969) and submitted to 
JINST.
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Technical Note Internal Review Collaboration Review Submission to Journal
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7. Tuning of TPC signal/noise simulation 

● Corresponding authors: D. Carber, M. Mooney, 
J.Mueller, G. Putnam

● Technical note submitted: SBN Document 35168-v2

● Devoted to signal and noise calibration in the TPC 
(Charge scale equalization, Noise measurement and 
simulation, Signal shape measurement and 
simulation)

● Internal review completed (Xin Qian, London 
Cooper-Troendle, Francesco Pietropaolo) 

● Published into arXiv (2407.11925) and submitted to 
JINST.

Technical Note Internal Review Collaboration Review Submission to Journal
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8. Longitudinal and transverse electron diffusion 

Simulated values:
DL: 4.0 cm2/s
DT: 8.8 cm2/s

● Corresponding authors: A. Mogan, M. Mooney, S. Ruterbories

● Measurement of both longitudinal and transverse 
coefficients. Longitudinal is the first measurement 
in LAr at low field.

● Updated technical note to be submitted in November: 
present one is SBN Document 28805

● Internal review and submission to a journal within this calendar year.

Technical Note Internal Review Collaboration Review Submission to Journal
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Other calibration works

9. DRIFT VELOCITY vs TEMPERATURE (Authors: Q. Blumenthal, M. Mooney)

● Modeled drift velocity dependence on ullage temperature.

● Developed drift velocity model as a function of both temperature 
and electric field.

● Analysis is mature (SBN Document 27465), working on uncertainties. 

● Technical note next week and draft paper will follow
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Other calibration works

9. DRIFT VELOCITY vs TEMPERATURE (Authors: Q. Blumenthal, M. Mooney)

● Modeled drift velocity dependence on ullage temperature.

● Developed drift velocity model as a function of both temperature 
and electric field.

● Analysis is mature (SBN Document 27465), working on uncertainties. 

● Technical note next week and draft paper will follow

10. SPACE CHARGE AND ELECTRIC FIELD DISTORTIONS (Author: L. Kashur)

● Transverse spatial offset maps have been created for all TPCs. 

● Analysis is being finalized. Ready to review in mid 2024.

● Technical note by the end of calendar year and draft paper at the 
beginning of 2025.
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11. Di-muon analysis

11. DI-MUON ANALYSIS (Corresponding author: G. Putnam) 

● Search for a long-lived particle decaying to two 
muons in ICARUS with NuMI data.

● Technical note submitted SBN document 34448

● Paper draft internally reviewed by NuMI group 
and ESB, sent to the Collaboration for review.

● Ready to be put into arXiv and submitted to PRL

Technical Note Internal Review Collaboration Review Submission to Journal
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Other works in the streamline

12. NUMI-CC0PI XS ANALYSIS (Corresponding author: 
B. Howard, J. Kim et al.)

● First technical note  internally reviewed and 
submitted SBN document 34859

● Muon-neutrino cross-section measurement 
with signal defined by events with no pions 
produced in the final state of the interaction.

Technical notes out later in 2024?
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● Muon-neutrino cross-section measurement 
with signal defined by events with no pions 
produced in the final state of the interaction.
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13. NEW! Muon Neutrino reconstruction with Machine 
Learning - SPINE (Corresponding author: J. Mueller)

● Technical note  almost ready (next week)

● Intended to be submitted to Phys. Rev. D

See J. Mueller’s talk

https://sbn-docdb.fnal.gov/cgi-bin/sso/ShowDocument?docid=34859
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Other works in the streamline

14. PMT TIMING PERFORMANCE (Main authors: S. Copello, M. Vicenzi)

● Should contain the methods and results allowing for the PMT time calibration with 
laser and cosmics and the overall time resolution of the PMT system in RUN1 and 
RUN2 (and maybe RUN3).

15. RECONSTRUCTION OF THE BNB/NUMI BUNCHED BEAM STRUCTURES (Main authors: 
A. Heggestuen, R. Triozzi, M. Vicenzi)

● Should contain the exploitation of bunched beams for neutrino selection 

Technical notes out later in 2024?
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Work Status Authorship

Cryogenics and purification paper Under internal review Limited

CRT design, construction and performance Ready for Collaboration review Limited

Trigger performance Technical note by the end of 2024 Full

MeVPrtl event generation Technical note ready. Limited

Prediction of NuMI electron and muon neutrino 
flux in ICARUS

Addendum note in preparation. Limited

Energy scale calibration and angular 
dependence of Recombination

Submitted to JINST Full

Tuning of TPC signal/noise simulation Submitted to JINST Full

Longitudinal and transverse electron diffusion Technical note by the end of 2024 Full

Calibration of drift field distortion Technical note by the end of 2024 Full

Drift velocity temperature dependence Technical note almost ready Full

Perspectives for 2024 technical notes and publications
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Work Status Authorship

Di-muon event searches Ready for submission to PRL Full

CC0pi cross-section measurement First technical note out Full

Muon neutrino reconstruction with ML (SPINE) Technical note almost ready Full

PMT timing First technical note by the end of 2024? Full

Reconstruction of BNB/NUMI bunched structure First technical note by the end of 2024? Full

Perspectives for 2024 technical notes and publications
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Work Status Authorship

Di-muon event searches Ready for submission to a journal Full

CC0pi cross-section measurement First technical note out Full

PMT timing Technical note in later 2024 Full

Reconstruction of BNB/NUMI bunched structure Technical note in later 2024 Full

Perspectives for 2024 technical notes and publications

A final remark: when a ICARUS technical note is put on docdb, please let the ESB aware of it!
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