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Abstract
As the SBN far-detector, the ICARUS liquid argon time-projection cham-

ber will operate at shallow depth and therefore be exposed to the full surface
flux of cosmic rays. This poses a problematic background to the electron neu-
trino appearance analysis for the sterile neutrino search. A direct way to reject
this background is to surround the cryostat with a detector capable of tagging
incident cosmic muons with high efficiency, the Cosmic Ray Tagging System
(CRT), which has been partially commissioned. I present a novel method for
cosmogenic background removal utilizing the CRT and Photon Detection Sys-
tem in a time-of-flight measurement. Results from a simulation based study
informed by CRT data demonstrate the power of the technique in rejecting
cosmogenic events without adverse impact on the neutrino sample.

Introduction

The Short-Baseline Neutrino Program (SBN), consisting of 3 liquid ar-

gon time-projection chamber detectors (LAr TPCs) along the Booster

Neutrino Beam (BNB) [2], seeks to resolve the LSND anomaly, com-

monly interpreted as evidence for 1+ sterile neutrinos [1]. SBN will

utilize νµ disappearance and νe appearance channels, clarifying the

tension between appearance anomalies and disappearance limits.

All SBN detectors will operate at shallow depths, introducing signif-

icant cosmogenic backgrounds. With 3-m concrete overburden, this is

primarily due to muons. Secondary photons can convert inside the ac-

tive LAr, in some cases without the parent muon visible (Fig. 1). This

is especially problematic for the νeCC channel.

Figure 1: A muon misses the LAr and produces a photon that converts in the active
volume, mimicking a νeCC event.

The TPC can reject 99.9% of cosmogenic photons. Focusing on

the far detector (ICARUS), this leaves ∼ 150 events for our nomi-

nal 6.6x1020 POT, while our signal could be zero to a few hundred

events. 1 of 50 triggers come from cosmogenic muons and 1 of 180
triggers come from BNB neutrinos. This motivates the Cosmic Ray

Tagger (CRT). I present progress on utilizing the CRT to mitigate
this background at ICARUS.

Methods

The ICARUS detector is a 476-ton active mass LAr detector housing

four TPCs. With a 1.5-m drift distance the maximum drift time is

0.96 ms. Behind the wire planes is a PMT array with ∼2-ns time reso-

lution.

Figure 2: Providing nearly 4π coverage, the CRT surrounds the cryostat (magenta)
and active volume (cyan).

The CRT consists plastic scintillator strips coupled to SiPMs. It sur-

rounds the cryostat, covering ∼1000 m2, and is subdivided into three

subsystems, with different implementations, grouped by regions: top,

sides, and bottom. Figure 2 shows a CAD model of the CRT in rela-

tion to the active volume. Due to the different implementations, the

CRT hit (position and time in given region) reconstruction algorithm

and performance differs by subsystem.

Figure 3: The CRT has been partially commissioned (side CRT modules shown
here).

Two methods of CRT based background rejection are currently under

investigation: a veto method and time-of-flight (TOF) method. In both

cases, the rejection is performed offline. The CRT simulation has been

informed by data from a partially commissioned system (Fig. 3).

The veto method is the simplest approach. Any event with a spill-

coincident CRT hit is rejected. The drawback is that any ν event with

induced CRT hits will be lost resulting in lower efficiency and distor-

tion of the ν energy spectrum.

The TOF method matches CRT hits to PMT hits, providing a prob-

able time and position in a particular TPC. With ns-resolution of the

CRT/PMT hits, we can reject only incoming tracks, leaving the ν sec-

ondaries intact.

Results

The efficiencies for the CRT veto method are shown in Ta-

ble 1. The efficiency for cosmogenic muons is large,

but there are undesirable losses in the neutrino samples.

Table 1: CRT
Veto Efficiency

Sample Eff. [%]

Cosmics 95

νeCC 3

νµCC 10

The optical reconstruction only recently be-

came available. As a proof of principle of

the TOF method, the full CRT simulation and

reconstruction chain were used to analyze a

sample of cosmogenic muons. To approx-

imate the PMT reconstruction, a minimum

path to the nearest PMT was found from the

muon’s point of entry into the argon volume. The index of refraction

was used to calculate the photon propagation which was then smeared

by 2 ns. The CRT-PMT TOF is shown in Figure 4. 98% of tracks
were found to have a TOF larger than 0 ns.

Figure 4: The time-of-flight (TOF) for cosmogenic muons between the CRT and the
earliest PMT hit showing 98% of tracks have TOF>0 ns.

Work has only recently begun to incorporate the full CRT+PMT sim-

ulation and reconstruction chain. As a first step, a single particle sam-

ple of 1000 vertical, 4-GeV muons, starting either above the CRT or in

the center of the active volume, was generated. The TOF for both cases

is shown in Figure 5. We observe a clean separation with a absolute

mean TOF of 19 ns and RMS of 3 ns.

Figure 5: The time-of-flight for 1000 vertical 4 GeV muons between the CRT and
the earliest PMT using the full CRT and PDS simulation/reconstruction. Incoming
tracks starting above the top CRT is shown in red while outgoing tracks beginning in
the active volume are shown in green.

Conclusions

The time-of-flight method for rejecting cosmogenic backgrounds at the

SBN far detector, using the Cosmic Ray Tagger (CRT) in conjunction

with the Photon Detection System, looks promising based on prelimi-

nary results shown here. This method, while more challenging then a

simple CRT based veto, has the benefit of rejecting only backgrounds

with limited adverse impact on the neutrino sample while maintaining

similar background rejection power.
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