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The ICARUS PMTs 
mounted behind the 
wires of one TPC§

Schematic view of the ICARUS-T600 
readout principle, shown for one TPC§

The trigger efficiency as function of muon 
energy for a highly-pure sample of stopping 

cosmic muons (MinBias data from Run2) 
selected based on topology and calorimetry 
(Bragg peak). Courtesy of Riccardo Triozzi.

The PMTs associated with a cosmic ray muon crossing 
the cathode §
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Comparison of data vs. MC amplitude of the 
brightest light signals.

 4.1 – Validation of the trigger efficiency.
The data trigger efficiency (Mj=5) for single 
track is well matched using data-based 
tuning of the MC parameters.

Comparison of trigger efficiencies (data vs. MC) for single 
tracks with majority 5 (Mj=5). Courtesy of Riccardo Triozzi.
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Comparison of data vs. MC light barycentre along 
the beam direction.

 4.2 – Validation of the light position
The data flash barycentre along the beam 
direction is quite well reproduced by MC one. 
It is important in the analysis ✿ to select the 
track-flash match (and assign a time to non-
cathde-crossing tracks).

#38

1 – The ICARUS detectors system
ICARUS§,✲ is collecting data exposed to BNB and Numi off-axis beam within the SBN program at 
Fermilab; due to its operations at shallow depths, it is also exposed to a huge flux of cosmic rays, which 
is exploited for detectors calibration. It is composed of two identical cryostats, surronded by the Cosmic 
Ray Taggers (~95% efficiency tagging cosmics rays). 
In each cryostat two Liquid Argon TPC with a common cathode are placed. The electrons ionized in 
TPC are continuosly detected by 3 non-destructive readout planes with different orientation (0o, ±60o). 

1.1 –  Scintillation light detection system
Behind the wires plane, 90 PMTs per TPC (5% coverage, 15 ph.e./MeV) provide the scintillation 
detection system §,♰ to detect vacuum ultraviolet photons produced by ionizing particles in LAr and 
allowing to:
• identify the interaction time (time resolution ~ns).
• Localize events in PMT plane (spatial resolution <50cm).
• Roughly determine the event topologies.
• Generate a trigger signal:

2 – MC simulation of the light signal
The simulation of the scintillation photons are generated with a Monte Carlo✚: (i) photons are generated 
based on energy deposition and particle type, and (ii) are propagated through the liquid argon; (iii) all their 
information are stored; (iv) photon by photon, the sigle photon response is added. (v) The simulated noise 
is added to the waveforms. (vi) If the signal exceed a threshold (~0.6 ph.e.) on a channel, the waveform is 
recorded in a 4µs time window.

3 – Preliminary study of light signal: comparison data vs. MC
The MC simulation has been data-based optimized tuning the simulation’s parameters related to the gain and to 
the quantum efficiency. The data sample is a run of about 15 k-events from the Run2 collected with BNB-majority.

3.1 - Samples’ selections: the brighest light signal in coincidence with cathode crossing vertical tracks
1. The cathode crossing vertical tracks were selected à sample completely under control in time and position;
2. Only the first flash (i.e. collection of light signals in the time window of 40ns in at least 5 PMT) in

coincidence (in time and in spatial barycenter along beam direction) with selected tracks was consider;
3. the first optical hits (i.e. light signal) looking along the time for each PMT are recognized
4. the 10 with the highest amplitude are selected: brightest signals.

3.2 – Good agreement between data and MC amplitude
The tuned MC well reproduce the data amplitude of the brightest light signals.

- ICARUS main trigger signal✦ = light signals from PMTs in
coincidence with beam spills.
Ø Beam events are collected requiring at least 5 fired

PMT pairs (Mj = 5) inside one of 6 m longitudinal
slices equipped with 30+30 opposite PMTs.

- MinBias : minimum-bias triggers with out requesting
scintillation light a priori; the timing is provided by CRT. It
provide the sample for trigger efficiency study: the trigger
is emulated starting from recorded PMT waveforms, and
the logic is evaluated for each stopping muon.

Stat. errors

ICARUS work in progess

ICARUS work in progess

ICARUS work in progessICARUS work in progess

FERMILAB-POSTER-24-0095-V

This document was prepared by the ICARUS Collaboration using the resources of the Fermi National Accelerator 
Laboratory (Fermilab), a U.S. Department of Energy, Office of Science, Office of High Energy Physics HEP User 
Facility. Fermilab is managed by Fermi Research Alliance, LLC (FRA), acting under Contract No. DE-AC02-07CH11359.

I NI AGI NG 

C os1v11c 

. thod 

y 

• 

lndu kt 

I 

y ~ - ~ ...,.;...,, --{ 

I 
I 

I 
I , c ,, 

, 
, , 

I 
I 

' e , 

,,, .J\f\f\.l" 'Y 
I 

E =500 Vlcm 
~ 

lash in front 
of PMTs 

Induction 2 

u 

PM 

Height 

l 

Drift coordinate 

,.__ region of 
zoom on "\',,e 

fired Ph'Jt. ~ - ~ 
- - - - - 0 \ , 

~ ,_. o o' I 
I o oO , o \ 

~ J I 

• 

Cou le of fired l O O __ _ .,.. __ 
... -~ -- I 

PMTs 

:-- z ciXiS 

Fired 
PMTs 

~ 1. 0 ~ -----.:=-•~ ~-t-~==ie~--~-....... --~ - 1 

C 
GI ·-u ·-t: 
GI 0.5 
I■• 

GI 
en 
en ·-... 

MC (tuned light) 
Stopping muons 
Stat. errors 
Data 
Stopping muons 
Stat. errors 

..., 0.0........._ _ ___._ __ ___._ __ ___._ __ _ 
250 500 750 1000 

Eµ [MeV] 

t 1.0 
0 
(1) ..... 
u ..... 
~ 0.5 
N 
0 
::::i 

~ 0.0 

- + 
. 

0 

•• •• I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

•*• * * 
* * • * * 
*•* 

European 
commission 

IN FN 
_ ____.. PADOVA 

~ Intense 
~ ==== H2020, M. Sklodowska-Curie 

R&I No. 822185, 858199, 
101003460, 101081478 

UNIVERSITA [l] Dipartimento di Fisica e 
DEGLJ STUD! Astronotn1a 
01 PADOVA "Galileo Galilei" 

• • • 
+ 7 

BNB VµCC -

average energy 

t 
-

I I 

500 1000 

1000 

tT1 
< 

500 £ 

0 

..... 
[./J 

Eµ [MeV] 

magda.cicerchia@unipd.it
https://doi.org/10.1140/epjc/s10052-023-11610-y
https://iopscience.iop.org/article/10.1088/1748-0221/15/10/T10007
https://doi.org/10.1016/j.nima.2022.167498
https://iopscience.iop.org/article/10.1088/1742-6596/898/4/042057
https://www.sciencedirect.com/science/article/pii/S0168900203013688
https://doi.org/10.1016/j.nima.2009.12.009
https://doi.org/10.1016/j.nima.2009.12.009



