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The Short Baseline Neutrino Program
• Search for the evidence of 1 eV mass sterile neutrinos 
• 3 Liquid Argon Time Projection chambers 
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The ICARUS Detector 
• Far detector in the SBN 

Program
• LArTPC technology 

conceived by Carlo Rubbia 
and developed by ICARUS 
collaboration over 25 years

• First operated underground 
at Gran Sasso National 
Laboratory in Italy, now 
operating on the surface at 
Fermilab 
– ~10 cosmic muon tracks in 

detector per ~1 ms drift 
time in each readout 
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Cosmogenic particles
• Cosmic rays collide with Earth’s upper 

atmosphere and produce a shower of particles
• Cosmogenic interactions produce high energy 

photons
– Photons can generate electrons via Compton 

scattering or pair production
• Primary physics signal in ICARUS: electron 

showers produced by neutrino interactions
– Photons can mimic our neutrino signal
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Methods to mitigate cosmogenic exposure 
1. Concrete overburden

– To address photons and 
hadrons 

2. A cosmic ray tagger (CRT) 
that will surround the 
detector and tag incoming 
charged particles
– To address cosmogenic 

muons
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ICARUS Cosmic Ray Tagger (CRT)
• Surround detector medium 

(~1,000 m2 coverage) with 2 
layers of plastic scintillator 
embedded with wavelength 
shifting fibers

• 3 subsystems
– Bottom: spare veto modules 

from Double Chooz experiment
– Top: new construction 

CERN/INFN 
– Side: repurposed modules from 

the MINOS experiment
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Cold vessels 
Argon active volume 



Top CRT
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Bottom CRT Side CRT

• New scintillator modules
• 16 strips per module 

(double layered: 8 X and 8 
Y)

• Two fibers per scintillator 
strip

• Readout at single end
• Silicon photomultiplier 

(SiPM)-based readout

• Repurposed Double Chooz
modules

• 64 strips per module (double 
layered: 32 per layer)

• Single fiber per scintillator 
strip

• Readout at single end
• Photomultiplier tube (PMT)-

based readout

• Repurposed MINOS modules
• 20 strips per module (double 

layered with an inner and 
outer module)

• Single fiber per scintillator 
strip 

• Readout on one or both ends 
• SiPM-based readout



Side CRT Design
• Two layers of 173 repurposed 

MINOS scintillator modules
– 20 fibers are collected into 

snouts on the end of the 
modules 

• Optical readout modules
– 1 mm SiPMs mounted on the 

snouts readout each scintillator 
strip  

• Front End Boards (FEBs) 
provides readout and 
digitization of signal
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Side CRT Installation
• Side CRT installation (8 tagger walls) is 

complete, currently collecting data 
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~ 8 m

Image credit: Tyler Boone 

Pictures from commissioning August 2020



CRT Rates
• Some FEBs are noisier than others, investigating why some are different
• FEBs closer to cryogenic pumps have much higher noise rates
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Status of the CRT
• Side + Bottom CRT complete

– fully installed, instrumented and taking 
data in commissioning mode 

• Top CRT will be installed sometime this 
fall, followed by the overburden
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Southwest corner of Side CRT walls 

Ongoing work
• Noise investigations on Side CRT
• Data/MC comparison for installed CRT 

walls
• CRT/TPC Track matching



Thanks for listening! Questions?
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High energy cosmic muon interacting inside of ICARUS detector 

Bishu, myself and Tyler 
standing next to the 
ICARUS Side CRT

Image credit: Minerba Betancourt
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Side CRT Noise Studies
• Team: Linda Bagby, Joseph Brown, Tyler 

Boone, Brandon Howe, Logan Rice, Paul 
Rudden

• Trying to understand source of noise in 
the Side CRTs
– Seeing ORM cable dependence

• It seems this could be pickup from the 
cryogenic pumps 
– With the pumps off, see the noise greatly 

reduced in FEBs close to the pumps
– Hope to see the noise stay low after the 

grounding of the VFD cables and turning 
the pumps back on *
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Plot from T. Boone



ICARUS Geometry
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𝜈

Active LAr volume

• Far detector in the SBN 
program 

• Operating on the surface 
at Fermilab 

• ~10 cosmic muon tracks 
in detector per ~1 ms
drift time in each readout 

• Overburden reduces by 
a factor of 400 primary 
photons [1]

• Secondary photons 
become dominant source 
of background

Simulated experimental setup

CRT

17/10



LArTPC Technology
• LArTPC technology 

conceived by Carlo Rubbia 
and developed by ICARUS 
collaboration over 25 years

• Anode and cathode with 
electric field applied

• Electrons drift to wire planes
• Photomultiplier tubes (PMT)s 

detect scintillation light
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The ICARUS Detector 
• First operated on surface in 

Pavia, Italy (2001) [1]

• Then underground at Gran 
Sasso National Laboratory, Italy 
(2011-2013)

• Acronym for Imaging Cosmics
And Rare Underground Signals

• Was situated under a mountain 
– good shielding 
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On surface: ~ 1 μ/cm2/min

Under mountain: ~ 1 μ/m2/hr



Methods to mitigate cosmogenic exposure 
1. Concrete overburden

2. A cosmic ray tagger (CRT) that will 
surround the detector and tag incoming 
charged particles

3. Time-of-flight measured by the CRT and 
light detection system in liquid argon
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Other CRT work
• CRT Hit Reconstruction (B. Behera)
• CRT Calibration (T. Boone) 
• CRT Veto (B. Behera, L. Pasqualini, F. Poppi, F. Akbar )
• CRT Simulated Tracks (A. Heggestuen, M. Stancari, SBND)
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