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Sample Selection
Cosmic ray muon pre-selection requires the intersection of a through-going
track projection with activated CRT pixel planes. Thorough-going TPC tracks
have end points at the upstream and downstream faces of the detector.

information was used as a basis for comparison.

• Two simulation samples were created with Rayleigh scattering lengths at 60
cm and 90 cm.

• Ishida et al. [1] measured a value of 66 ± 3 cm,

• For both simulation samples, an

overall normalization depending
on the average photon values
was applied.

• The ArDM Collaboration [2] measured a value of 52.1 ± 10.4 cm
• The Darkside-50 Collaboration [3] simulated a value of 46 ± 11 cm
• Seidel et al. [4] calculated a value of 90 cm
• Babicz et al. [5] measured a value of 99.9 ± 0.8 cm.

• Event-by-event simulation using data-driven particle position and orientation

Upstream (Left) and Downstream (Right) projections of reconstructed TPC tracks to
the activated CRT pixels.

Selection requires a CRT pixel pair track orientation agreement of less than 8
degrees, with the majority of tracks having an agreement to within 3.6 degrees.
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ProtoDUNE-SP provides an excellent opportunity to observe light in a 1:1 scale
prototype of the DUNE Far Detector which has a very pure LAr medium
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This analysis uses all three
subsystems.
Events are triggered by a 60 ns
upstream (US) and downstream (DS)
CRT pixel coincidence.
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• Triggered events must have a
reconstructed TPC muon candidate
and corresponding photon signals.

• Yields 1.13 million candidate events

from the data period of November
2018 through February 2019.

Description of trigger/track orientation agreement calculations (Left) and trigger/
track orientation agreement for selected events (Right)

hits from all channels are summed over the entire module for each event.

Arrangement of CRT
around ProtoDUNE-SP
cryostat (Right).

• Light response with respect to transverse distance from the S-ARAPUCA
fell oﬀ like r −2.
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Data/Simulation

Scatterplot and projection of data/
simulation comparisons with Rayleigh
scattering length at 90 cm.

Conclusions
Collected photon data from cosmic-ray muons more
closely align with simulation that has a Rayleigh
scattering length of 90 cm as rather than 60 cm.
The variance of data with simulation that has a
Rayleigh scattering length of 90 cm is 18.6%.

same at the z-position.
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• Transverse distance is the radial distance from the S-ARAPUCA at the
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P ro t o D U N E - S P a c t i v e
volume with example
beam event and PDS
(Top).
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Comparison of collected data to
simulated data with two diﬀerent
Rayleigh Scattering lengths. These
two comparison yield diﬀerent
slopes, indicating a significant
eﬀect.

• Photon analysis performed with non-beam side S-ARAPUCA module.
• Prototype S-ARAPUCA module has twelve independent channels. Optical
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This yields a total of about 43,000 tracks with light signals in the non-beam side
S-ARAPUCA of the PDS.
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ProtoDUNE-SP has three subsystems:

• A 7.2 × 6.0 × 6.9 m 3 LArTPC with 3.5 m drift.
• An embedded Photon Detection System (PDS) with S-ARAPUCAs.
• An Upstream and Downstream Cosmic Ray Tagger (CRT) system.
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Tagged Cosmic Ray Muons in the
ProtoDUNE-SP Detector
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The attenuation length of Vacuum Ultra-Violet (VUV) light is an important
parameter in the precise estimation of light in future Liquid Argon TimeProjection Chamber (LArTPC) neutrino experiments like DUNE. Significant
tension exists between measurements and calculated or simulated values of
VUV light attenuation in cryogenic liquid argon.

Comparison to Simulation

Events

Introduction

Description of S-ARAPUCA cell operation (Left) and Description of how track radial
distance is measured (Right).
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