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Xenon-Doped Liquid Argon Scintillation for Positron
Emission Tomography

Wednesday, 15 September 2021 11:00 (15 minutes)

Positron Emission Tomography (PET) is used to observe metabolic processes within patients. It
works by reconstructing the annihilation origin of incident gamma rays produced by a positron
emitting tracer. However, inefficiencies of current PET technology, such as the use of photomul-
tiplier tubes, can result in poor imaging. In addition, current PET scanners possess a small field
of view which limits the sensitivity. We propose 3Dπ: a full body, Time of Flight (TOF) PET scan-
ner using Silicon Photomultipliers (SiPM) coupled with a Xenon-doped Liquid Argon (LAr+Xe)
scintillator.

We simulated this design using Geant4 while following the National Electrical Manufacturers As-
sociation’s evaluation tests for performance assessment. We will present results that highlight a
200-fold increase in sensitivity, spatial resolutions comparable to commercial PET scanners and
produce PET images from 15-30 second scans, faster than traditional 30-35-minute scans. Further
studies will involve optimizing the layer thickness of LAr+Xe. Moreover, scintillation induced
ionization electrons can produce Cherenkov radiation along with the LAr+Xe scintillation light.

We will discuss strategies to characterize this other signal in Geant4 to improve the timing resolu-
tion of our scanner. With the LAr+Xe scintillator and SiPMs of 3Dπ, we can use the precise TOF
info of gamma rays to improve the localization of individual positron annihilations, and as one
example benefit, provide low-dose PET scans for patients who may be at high risk for exposure to
radiation.

Primary authors: RAMIREZ, Alejandro (University of Houston); Dr LAI, Michela (INFN Cagliari); Mr
LI, Xinran (Princeton University); Dr RENSHAW, Andrew (University of Houston); Dr WADA, Masayuki
(AstroCeNT); Dr ZABIHI, Azam (AstroCeNT)

Co-authors: FRANCO, Davide (Laboratoire APC); GABRIELE, Federico (INFN Laboratori Nazionali
del Gran Sasso); Dr GALBIATI , Cristiano (Princeton University ); Dr WANG, Hanguo (University of
California Los Angeles)
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Wavelength-Shifting Performance of Polyethylene
Naphthalate Films in a Liquid Argon Environment

Tuesday, 14 September 2021 13:55 (15 minutes)

Liquid argon is commonly used as a detector medium for neutrino physics and dark matter ex-
periments in part due to its copious scintillation light production in response to its excitation and
ionization by charged particle interactions. As argon scintillation appears in the vacuum ultra-
violet (VUV) regime and is difficult to detect, wavelength-shifting materials are typically used to
convert VUV light to visible wavelengths more easily detectable by conventional means. Here we
present recent measurements of the wavelength-shifting and optical properties of poly(ethylene
naphthalate) (PEN), a proposed alternative to tetraphenyl butadiene (TPB), the most widely-used
wavelength-shifter in argon-based experiments. The measurements were performed in a custom
cryostat system with well-demonstrated geometric and response stability, with 128˜nm argon scin-
tillation light used to examine various PEN-including reflective samples’ light-producing capabili-
ties, as well as their stability. The best-performing PEN-including test reflector was found to pro-
duce 34% as much visible light as a TPB-including reference sample, with widely varying levels of
light production between different PEN-including test reflectors.

Primary author: Dr DORRILL, Ryan (Illinois Institute of Technology)

Co-authors: Prof. LITTLEJOHN, Bryce (Illinois Institute of Technology); Prof. ASAADI, Jonathan
(University of Texas at Arlington)

Presenter: Dr DORRILL, Ryan (Illinois Institute of Technology)
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Measurement of the underground argon radiopurity
for Dark Matter direct searches

Friday, 17 September 2021 10:45 (15 minutes)

A major worldwide effort is underway to procure the radiopure argon needed for DarkSide-20k
(DS-20k), the first large scale detector of the new Global Argon Dark Matter Collaboration. The
Urania project will extract and purify underground argon (UAr) from CO2 wells in the USA at a
production rate of 300 kg/day. Additional chemical purification of the UAr will be required prior
to its use in the DS-20k LAr-TPC. The Aria project will purify UAr using a cryogenic distillation
column (Seruci-I), located in Sardinia (Italy). Assessing the UAr purity in terms of Ar-39 is cru-
cial for the physics program of the DarkSide-20k experiment. DArT is a small (1 litre) radiopure
chamber that will measure the Ar-39 depletion factor in the UAr. The detector will be immersed
in the active liquid Ar volume of ArDM (LSC, Spain), which will act as a veto for gammas from the
detector materials and the surrounding rock. In this talk, I will review the status and prospects of
the UAr projects for DarkSide-20k.

Primary author: GARCIA ABIA, Pablo (CIEMAT)

Presenter: GARCIA ABIA, Pablo (CIEMAT)
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Preliminary studies towards spectroscopic-based
particle discrimination in Ar

Tuesday, 14 September 2021 11:30 (15 minutes)

Noble elements are the active medium of choice for several among the most important neutrino
and dark matter experiments being built now. The foreseen next generation, besides going bigger,
would benefit from any feature not-yet exploited of this technology.

With this goal, we performed a time-resolved spectroscopic study of the VUV/UV scintillation
of gaseous argon as a function of pressure and electric field, by means of a wavelength sensitive
detector operated with different radioactive sources.

Our work conveys new evidence of distinctive features of the argon light which are in contrast
with the general assumption that, for particle detection purposes, the scintillation can be consid-
ered to be largely monochromatic at 128 nm (second continuum).
The wavelength and time-resolved analysis of the photon emission reveal that the dominant com-
ponent of the argon scintillation during \blue{the} first tens of ns is in the range [160, 325] nm. This
light is consistent with the third continuum emission from highly charged argon ions/molecules.
This component of the scintillation is field-independent up to 25 V/cm/bar and shows a very mild
dependence with pressure in the range [1, 16] bar. The dynamics of the second continuum emis-
sion is dominated by the excimer formation time, whose variation as a function of pressure has
been measured. Additionally, the time and pressure-dependent features of electron-ion recombi-
nation, in the second continuum band, have been measured. This study opens new paths toward
a novel particle identification technique based on the spectral information of the noble-elements
scintillation light.

Primary author: PESUDO FORTES, Vicente (CIEMAT)

Co-authors: Dr SÁNCHEZ-GARCÍA, Edgar (CIEMAT); Dr GARCÍA-ABIA, Pablo (CIEMAT); SAN-
TORELLI, Roberto (CIEMAT); LÓPEZ-MANZANO, Rodrigo (CIEMAT); Dr GONZÁLEZ-DÍAZ, Diego
(U. Santiago de Compostela); Prof. ROMERO, Luciano (CIEMAT); MARTÍNEZ-MORALES, Juan José
(CIEMAT)

Presenter: PESUDO FORTES, Vicente (CIEMAT)
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Proposal of a Geiger-geometry Single Phase Time
Projection Chamber as Potential Detector Technique
for next-generation large-scale dark matter search

detector
Thursday, 16 September 2021 07:30 (15 minutes)

Dual phase time projection chamber using liquid xenon as target material is one of most successful
detectors for dark matter direct search, and has improved the sensitivities of searching for weakly
interacting massive particles by almost five orders of magnitudes in past several decades. However,
it still remains a great challenge for dual phase liquid xenon time projection chamber to be used as
the detector in next-generation dark matter search experiments (˜50 tonne sensitive mass), in terms
of reaching sufficiently high field strength for drifting electrons, and sufficiently low background
rate. Here we propose a single phase liquid xenon time projection chamber with detector geom-
etry similar to a Geiger counter, as a potential detector technique for future dark matter search,
which trades off field uniformity for less isolated charge signals. In this talk, I will talk about the
concept of such Geiger-geometry single phase TPC (GG-TPC). I’ll show preliminary studies of field
simulation and signal reconstruction, which show that such single phase time projection chamber
is technically feasible and can have sufficiently good signal reconstruction performance for dark
matter direct search.

Primary author: LIN, Qing (University of Science and Technology of China)

Presenter: LIN, Qing (University of Science and Technology of China)
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Latest Results from the Xenon Breakdown Apparatus
Thursday, 16 September 2021 08:15 (15 minutes)

The Liquid Xenon Time-Projection Chamber (LXe TPC) is a leading technology in the fields of
dark matter direct detection and neutrinoless double-beta decay searches, due in no small part to its
scalability. The next generation of LXe TPCs intend to extend their drift lengths while maintaining
their high operational electric fields (100s of Volts per cm). This increase in high voltage requires
understanding how the risk of electrostatic discharge (ESD) correlates with various engineered
quantities. To this end, the Xenon Breakdown Apparatus (XeBrA), a 5 Liter spark chamber with
adjustable large area electrodes and transparent viewports, collected data on ESD in LXe under a
variety of different conditions. Effects such as conditioning, pressure, ramp rate, stressed area, and
surface finish were investigated. Data regarding the production of light and charge preceding an
ESD were collected, along with novel position reconstruction of the associated plasma streamers
using a pair of high frame rate cameras. In this talk, I present preliminary results from XeBrA and
discuss the evidence collected for field-emission initiating breakdowns.

Primary authors: WATSON, Reed (University of California, Berkeley); Prof. MCKINSEY, Daniel; Dr
OLCINA, Ibles (UC Berkeley)

Presenter: WATSON, Reed (University of California, Berkeley)
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XENONnT light sensors: performance and reliability
Friday, 17 September 2021 07:00 (15 minutes)

XENONnT is a dark matter direct detection experiment, currently in commissioning phase, located
at Laboratori Nazionali del Gran Sasso. It utilizes a TPC filled with 8.5 t of liquid xenon of which 5.9
t instrumented with 494 3-inch Hamamatsu R11410-21 photomultiplier tubes (PMTs) divided into
two arrays, placed at the top and bottom of the active volume. The light sensors have been selected
after a testing campaign to ensure a reliable response and a time-stable functioning. These oper-
ations are briefly summarized, while the discussion is focused on the current PMT performance.

Primary author: VOLTA, Giovanni (University of Zurich)

Co-author: XENON COLLABORATION

Presenter: VOLTA, Giovanni (University of Zurich)
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LArQL: A phenomenological model for treating light
and charge generation in liquid argon

Tuesday, 14 September 2021 10:30 (15 minutes)

Experimental data shows that both ionization charge and scintillation light in LAr depend on
the deposited energy density (dE/dx) and electric field ( ). Moreover, free ionization charge and
scintillation light are anticorrelated, complementary at a given (dE/dx, ) pair. We present a phe-
nomenological model, called LArQL, that provides the anticorrelation between light and charge
and also its dependency on the deposited energy as well as on the electric field applied. The model
is built with three parameters to be fitted to data: ionizations per energy unit, number of excita-
tions/ionizations, and the fraction of escaping electrons, as function of deposited energy. LArQL
modifies the Birks (or Box) charge model considering three aspects: 1. at = 0, escaping electrons
are taken into account; 2. just above = 0 field extracted electrons are added; 3. at higher fields,
escaping electrons tend to zero and the Birks model is recovered. Deviations from current Birks
Law are observed only for LArTPC operating at low ξ and for heavily ionizing particle (stopping
protons). The model presents a satisfactory description at dE/dx and field ranges for interacting
particles in LArTPCs and fits well the available data. Improvements via data sets compilation and
“global” fits are also interesting features of the model.

Primary authors: MARINHO, Franciole (UFSCar); PAULUCCI, Laura (UFABC); Prof. CAVANNA,
Flavio (Fermilab); Dr TOTANI, Dante

Presenter: MARINHO, Franciole (UFSCar)
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The DUNE Vertical Drift Photon Detection System
Tuesday, 14 September 2021 13:40 (15 minutes)

The Deep Underground Neutrino Experiment (DUNE) is a long baseline neutrino experiment de-
signed to mainly investigate oscillation parameters, supernova physics and proton decay. Its far
detector will be composed of four liquid argon time projection chamber (LArTPC) underground
modules, in South Dakota-USA, which will detect a neutrino beam produced at Fermilab, 1300 km
away, where a near detector will be in place. The second DUNE far detector module, Vertical Drift,
will be a single phase LArTPC with electron drift along the vertical axis with two volumes of 13.5
m x 6.5 m x 60 m dimensions separated by a cathode plane. The charge collection will be performed
by two anode planes, each composed by stacked layers of a perforated PCB technology with elec-
trode strips placed at the top and bottom ends of the module. The photon detection system (PDS)
will make use of large size X-Arapuca tiles distributed over three detection planes. One plane will
consist of a horizontal arrangement of double side tiles installed on the high voltage cathode plane
and two vertical planes, each placed on the longest cryostat membrane walls. A light active cov-
erage of 14.8% over the cathode and 7.4% over the laterals should allow improvements in the low
energy physics range that can be probed in DUNE, especially regarding supernova neutrinos (˜10
MeV). We present the initial characterization of the Vertical Drift PDS using a Monte Carlo simu-
lation and preliminary studies on its reconstruction capabilities at the MeV scale. The information
obtained with the PDS alone should allow determination of a neutrino interaction region with a
precision of at least 65 cm for events with deposited energy above 5 MeV and the deposited energy
can be reconstructed with precision better than 10%.

Primary author: PAULUCCI, FOR THE DUNE COLLABORATION, Laura

Presenter: PAULUCCI, FOR THE DUNE COLLABORATION, Laura

Session Classification: Light/Charge Readout (1C)

Track Classification: Light/charge readout (PMT, SiPM, WLS, electronics etc.)

May 22, 2023 Page 9



LIDINE 2021: LI … / Report of Contributions Scintillation and ionisation respo …

Contribution ID: 11 Type: not specified

Scintillation and ionisation response of the ReD
double-phase argon TPC

Tuesday, 14 September 2021 10:00 (15 minutes)

The Recoil Directionality (ReD) experiment aims to investigate the directional sensitivity of argon-
based Time Projection Chambers (TPCs) via columnar recombination to nuclear recoils in the
energy range of interest (20–200 keV) for direct dark matter searches. Directional information is an
essential requisite for correlating a candidate dark matter signal with the expected “wind” of dark
matter from the Cygnus constellation. As part of the DarkSide programme, the ReD collaboration
has designed and constructed a double-phase argon TPC and fully characterised its performance
using various gamma-ray and neutron sources. The key novel feature of the ReD TPC is a readout
system based on cryogenic Silicon Photomultipliers (SiPMs), which offer a higher photon detection
efficiency relative to typical cryogenic photomultipliers. Here we report on measurements of the
scintillation light yield and ionization gain performed over five months of continuous operation.
We present a phenomenological parameterisation of the electron-ion recombination probability in
liquid argon (LAr) that describes the anti-correlation between scintillation and ionisation signals
measured by ReD as a function of drift field for electron recoils between 50–500 keV and fields up
to 1000 V/cm. Finally, a likelihood analysis is performed in order to study the directional response
of the ReD TPC to neutrons of known energy and direction.

Primary author: RESCIGNO, Marco (INFN/Roma)

Co-author: GARCIA ABIA, Pablo (CIEMAT)

Presenter: RESCIGNO, Marco (INFN/Roma)
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Simulations of Geometric Aspects for ARAPUCA
Designs

Thursday, 16 September 2021 13:00 (15 minutes)

The photon detection system of DUNE Far Detector (FD) is based on ARAPUCA technology. The
new version of ARAPUCA, named X-ARAPUCA, will be used in the first and second modules. As
the second module is based on vertical drift, the design of the X-ARAPUCA needed to be changed
and simulation studies are fundamental for the optimization of the device. This work presents the
simulation studies of the design, size, shape, and SiPM positioning inside the reflective cavity.

We designed a Python module that creates the geometry for the simulations based on given pa-
rameters such as size of the detector, numbers of SiPM and others. The physics of photons inside
the X-ARAPUCA is simulated by a ray-tracer written in C++ using an uniform grid as acceleration
structure. Our simulations focus on reflections and refractions using Snell’s law on the interfaces
and the total internal reflections inside the Wavelength Shifting Plate, that absorbs every incoming
photon and re-emits them in a random direction.

The simulation shows that the highest efficiency is reached for thin X-ARAPUCA with a square
shape. Better efficiency is obtained for larger modules if one considers the number of SiPM per
cm2 of the active collection area. Rectangular modules are more efficient when the SiPMs are
positioned on the short side.

Primary authors: ROSTIROLLA ADAMES, Marcio (UTFPR); Dr STEKLAIN, Andre (UTFPR); Dr
GANACIM, Francisco (UTFPR)

Presenter: ROSTIROLLA ADAMES, Marcio (UTFPR)
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Xenon doping of Liquid Argon in ProtoDUNE Single
Phase

Tuesday, 14 September 2021 11:45 (15 minutes)

The Deep Underground Neutrino Experiment (DUNE) will be the next generation long-baseline
neutrino experiment. The far detector is designed as a complex of four LAr-TPC (Liquid Argon
Time Projection Chamber) modules with 17 t of LAr each. The development and validation of
its technology is pursued through ProtoDUNE Single Phase (ProtoDUNE-SP), a 770 t LAr-TPC at
CERN Neutrino Platform. Crucial in DUNE is the Photon Detection System that will enable the
trigger of non-beam events - proton decay, supernova neutrino burst, solar neutrinos and BSM
searches - and will improve the timing and calorimetry for neutrino beam events. Doping Liquid
Argon (LAr) with Xenon is a well known technique to shift the light emitted by Argon (128 nm) to
a longer wavelength (175 nm) to ease its detection. The largest Xenon doping test ever performed
in a LArTPC was carried out in ProtoDUNE-SP. From February to May 2020, a gradually increas-
ing amount of Xenon was injected to compensate for the light loss due to air contamination. The
response of such a large TPC (770 t of Liquid Argon and 440 t of fiducial mass) has been studied
using the ProtoDUNE-SP Photon Detection System (PDS) and a dedicated setup installed before
the run.
Here we introduce the Xenon doping technique as well as the specific detector components devel-
oped for this campaign and the results of the study with particular regard to the modification of
the scintillation signal, the uniformity of the light collection and the efficiency of the wavelength-
shifting mechanism.

Primary author: GALLICE, Niccolo’ (Università degli Studi di Milano - INFN Milano)

Presenter: GALLICE, Niccolo’ (Università degli Studi di Milano - INFN Milano)
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Measuring the Rayleigh Scattering Length of Liquid
Argon in ProtoDUNE-SP

Tuesday, 14 September 2021 11:15 (15 minutes)

ProtoDUNE-SP was a single-phase liquid argon time projection chamber - a prototype for the first
far detector module of the Deep Underground Neutrino Experiment (DUNE) with an active volume
of 700 tons operating until 2020. It was installed at the CERN Neutrino Platform and took particle
beam and cosmic ray data over its two year lifespan. Liquid argon scintillation light is still an
active subject of study with open questions about the impact of scattering and absorption in such
a large detector. Here, we combine ProtoDUNE-SP cosmic-ray data with its large photon detector
coverage and large drift volume to measure the Rayleigh scattering length of liquid argon. We also
lay the groundwork for investigating Rayleigh scattering of scintillation light from xenon-doped
liquid argon.

Primary author: SPURGEON, Kyle (Syracuse University)

Co-author: WHITTINGTON, Denver (Syracuse University)

Presenter: SPURGEON, Kyle (Syracuse University)
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Scintillation light detection in the 6-m drift length
ProtoDUNE Dual Phase liquid argon TPC

Thursday, 16 September 2021 11:30 (15 minutes)

The Deep Underground Neutrino Experiment (DUNE) is a leading-edge experiment for long-baseline
neutrino oscillation studies, neutrino astrophysics and nucleon decay searches. ProtoDUNE-Dual
Phase (DP) is a 6x6x6 m3 liquid argon time-projection-chamber (LArTPC) operated at the CERN
Neutrino Platform in 2019-2020 as a prototype of the DUNE Far Detector. In ProtoDUNE-DP,
the scintillation and electroluminescence light produced by cosmic muons in the LArTPC is col-
lected by photomultiplier tubes placed up to 7 m away from the ionizing track. In this talk, we
will present the performance of the ProtoDUNE-DP photon detection system, comparing different
wavelength-shifting techniques and the use of xenon-doped LAr as a promising option for future
large LArTPCs. The scintillation light production and propagation processes are analyzed and
compared to simulations, improving understanding of the liquid argon properties.

Primary author: GIL-BOTELLA, Inés (CIEMAT Madrid)

Presenter: GIL-BOTELLA, Inés (CIEMAT Madrid)
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Development of analog signal transmission in LAr
for DUNE

Thursday, 16 September 2021 10:00 (15 minutes)

The Deep Underground Neutrino Experiment (DUNE) is currently investigating a new prototype
design for its second Far Detector module. The new concept proposes a Vertical Drift LArTPC,
with a cathode at mid-height in the detector and anodes made of printed circuit boards, located at
the top and bottom of the detector.
In this context, the design of the Photo-Detection System (PDS) needs to be revisited, opening
a window of opportunity for further optimization and new developments. It is envisaged to dis-
tribute the photo-sensors (x-Arapuca) on the cathode surface. Such a system is required to operate
within high-voltage surfaces, with both power supply and signal delivered using non-conductive
materials. The aim of this talk is to describe the on-going work to collect and read-out the signal of
the photo-sensors, which are re-shaped into large tiles containing 160 SiPMs each. A new ganging
scheme for the SiPMs is introduced. In particular, this talk will focus on the proposed option to
read out the sensors using an analog optical transmitter, that should ensure the transmission of
the signals - with a wide dynamic range - to the outside of the cryostat to be digitized.

Primary author: SACERDOTI, Sabrina (APC-Paris,France)

Presenter: SACERDOTI, Sabrina (APC-Paris,France)
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Predicting transport effects of scintillation light
signals in large-scale liquid argon detectors

Tuesday, 14 September 2021 11:00 (15 minutes)

Liquid argon is being employed as a detector medium in neutrino physics and dark matter searches.
A recent push to expand the applications of scintillation light in Liquid Argon Time Projection
Chamber neutrino detectors has necessitated the development of new methods of simulating this
light. The presently available methods tend to be prohibitively slow or imprecise due to the combi-
nation of detector size and the amount of energy deposited by neutrino beam interactions. In this
talk we present a semi-analytical model to predict the quantity of argon scintillation light observed
by a light detector based only on the relative positions between the scintillation and light detector.
Our proposed method can be used to simulate light propagation in large-scale liquid argon detec-
tors such as DUNE or SBND. This talk is based on Eur. Phys. J. C 81, 349 (2021), and will expand
on the methods presented there applying them to other detector mediums such as liquid xenon or
xenon-doped liquid argon.

Primary authors: GREEN, Patrick (The University of Manchester); Dr GARCIA-GAMEZ, Diego
(University of Granada); Dr SZELC, Andrzej (University of Edinburgh)
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Scintillation-based background rejection methods in
large scale LArTPCs

Wednesday, 15 September 2021 09:00 (1 hour)

Large scale single-phase liquid argon time projection chambers (LArTPCs) such as DUNE can
achieve MeV-scale thresholds, making them sensitive to solar and supernova neutrinos. In this en-
ergy region, low energy activity from radiological sources can be a dominant background. LArT-
PCs can make use of the scintillation light to discriminate against radiological backgrounds. This
talk will present rejection methods exploiting the scintillation light in LArTPCs. We studied a
range of detector configurations and rejection approaches based on the properties of the light
(pulse shape discrimination) and/or on the detector design.

Primary authors: NAVRER-AGASSON, Anyssa (The University of Manchester); MARSDEN, David; SZELC,
Andrzej; GREEN, Patrick; SOLDNER-REMBOLD, Stefan
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Demonstration of ˜ns timing resolution in
MicroBooNE Photon Detection System

Thursday, 16 September 2021 13:15 (15 minutes)

The MicroBooNE detector, located in the Booster Neutrino Beamline (BNB) at Fermilab, has been
operating since 2015 as part of the Short Baseline Neutrino (SBN) program. MicroBooNE’s Liquid
Argon Time Projection Chamber is accompanied by a Photon Detection System (consisting of
32 PMTs) used to measure the argon scintillation light and determine the timing of the neutrino
interactions. This work will demonstrate the analysis techniques developed to improve the timing
resolution of the light signals to O(ns). The result obtained allows MicroBooNE to access the
2ns neutrino pulse structure of the BNB for the first time, which enables significant enhancement
of cosmic background rejection for all neutrino analyses. Furthermore, the ns timing resolution
opens the door for searching new long-lived-particles (i.e. Heavy Neutral Lepton, Higgs Portal
Scalars) as we develop light-based trigger systems for future large LArTPC experiments, namely
SBN and DUNE.

Primary author: TOTANI, Dante (University of California, Santa Barbra)
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Direct detection of argon scintillation light using
VUV-sensitive silicon photomultipliers

Tuesday, 14 September 2021 14:40 (15 minutes)

In recent decades, argon-based particle detectors have become a widely-used technology for nu-
merous applications, including dark matter searches and neutrino measurements. For these de-
tector designs, WaveLength Shifters (WLS) such as tetraphenylbutadiene (TPB) are used to shift
argon’s scintillation light from the hard UV (128 nm) to visible wavelengths. In particular, the
use of PhotoMultiplier Tubes (PMTs) in argon-based detectors can require WLS for successful
light detection and event reconstruction. Recently, Hamamatsu has produced a line of Silicon
PhotoMultipliers (SiPMs) which show appreciable photon detection efficiencies down to 100 nm;
deploying such photosensors in an argon-based detector could bypass the need for wavelength
shifting materials. This talk will present the measurement ongoing at LLNL to demonstrate direct
detection of argon scintillation light using Hamamatsu’s VUV-sensitive SiPMs, as well as quantify
their performance (gain, cross-talk, photon detection efficiency, etc.) for future deployment in
argon-based detectors.

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Liv-
ermore National Laboratory under Contract DE-AC52-07NA27344.

Primary author: PERSHING, Teal (Lawrence Livermore National Lab)

Presenter: PERSHING, Teal (Lawrence Livermore National Lab)

Session Classification: Light/Charge Readout (1C)

Track Classification: Light/charge readout (PMT, SiPM, WLS, electronics etc.)

May 22, 2023 Page 19



LIDINE 2021: LI … / Report of Contributions Salting as a bias mitigation techni …

Contribution ID: 21 Type: not specified

Salting as a bias mitigation technique in
LUX-ZEPLIN (LZ)

Wednesday, 15 September 2021 13:45 (15 minutes)

As LZ prepares to push the limits of known physics and improve our understanding of the nature
of dark matter, it is important to ensure that these gains are not mistakenly influenced by human
biases towards achieving such results. Such biases often appear in the process of analysis when
unconsciously or consciously expecting certain outcomes. Many techniques for avoiding these
biases have been employed over the years including blinding and using hidden parameters. LZ
will be using a method known as salting, in which fake signal events are injected into our data
stream and removed after analysis is complete. In this presentation I will explain the historical
motivations for pursuing bias mitigation, the process through which LZ salts its data, and some
results after salting LZ’s simulated mock data challenges.
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Mind the (gas) gap: a single-phase liquid xenon TPC
Thursday, 16 September 2021 07:00 (15 minutes)

One of the most significant challenges for future dual-phase xenon TPCs is achieving the high,
uniform electric field needed in the gas layer. One solution is to avoid using gaseous xenon and
instead to create the secondary scintillation within the liquid itself, in a single-phase xenon TPC.
Within micrometres of thin wires, the electric field is high enough to enable VUV scintillation.
Avoiding the gas gap can provide a workaround to some of the technical challenges facing larger
TPCs. At the same time, it opens up new detector design possibilities by relaxing the requirement
that electrons are drifted upwards and facilitates analysis based on counting electrons. We discuss
some of these advantages and present experimental results from a small single-phase demonstrator
TPC with 10 µm anode wires.
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Simulating and Validating the X-ARAPUCA light
sensors

Wednesday, 15 September 2021 09:00 (1 hour)

Brazil’s native people have an ingenious trap to catch birds called arapuca. Our ARAPUCA is a
light trap that increases the collection area of regular SiPMs by making use of wavelength shifters
and a dichroic filter. Its latest iteration, the X-ARAPUCA, will be used alongside PMTs in Short-
Baseline Near Detector (SBND) and as the standalone photon detector in the Deep Underground
Neutrino Experiment (DUNE). The SBND is part of the three-detectors Short-Baseline Neutrino
(SBN) Program, search for a possible sterile neutrino in short-baseline oscillations (with SBND
located at 100m from the source), while DUNE will look for signs of CP-violation in long-baseline
(1300km) oscillations, among other items in a rich physics program. Contributing with both ex-
periments, we developed detailed simulations of each optical element, from which we highlight
the dichroic filter and the wavelength shifters. While the backbone of the simulation uses Geant4,
these two elements were implemented from scratch to ensure they would represent our device.
The models were individually validated using dedicated characterization data and the resulting
simulation reproduces the physical device behavior without the need for a back-fitting calibration.
In this presentation we will elaborate on the computer models and the validation processes for
each element and compare the resulting full simulation with the X-ARAPUCA’s most recent tests.
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Neutrino Backgrounds in Future Liquid Noble
Element Dark Matter Direct Detection Experiments

Thursday, 16 September 2021 14:00 (15 minutes)

Experiments that use liquid noble gasses as target materials, such as argon and xenon, play a
significant role in direct detection searches for WIMP(-like) dark matter. As these experiments
grow in size, they will soon encounter a new background to their dark matter discovery potential
from neutrino scattering off nuclei and electrons in their targets. Therefore, a better understanding
of this new source of background is crucial for future large-scale experiments such as ARGO and
DARWIN. In this work, we study the impact of atmospheric neutrino flux uncertainties, electron
recoil rejection efficiency, recoil energy sensitivity, and other related factors on the dark matter
discovery reach. We also show that a significant improvement in sensitivity can potentially be
obtained, at large exposures, by combining data from independent argon and xenon experiments.
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Scintillation light yield of solid Xenon
Wednesday, 15 September 2021 09:00 (1 hour)

Scintillation properties of rare gas materials are of primary importance for the next generation dark
matter and neutrino experiments. Above the liquid phase of such elements, also solid crystals
can be used for suitable detection schemes but unfortunately only sporadic data regarding the
luminescence properties of Xenon at temperatures uder its melting point are present in literature.
In this contribution, we present a study of the scintillation light yield of Xenon in the solid phase
at different temperatures in the range (30−160)K. This study has been carried out exploiting the
light emission from solid Xenon consequent to the energy release of cosmic rays in the crystal.
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First Results from the Light only Liquid Xenon
experiment

Wednesday, 15 September 2021 10:45 (15 minutes)

This talk will present results from the first liquid xenon dataset of the Light only Liquid Xenon
(LoLX) experiment, collected in June of 2021. LoLX aims to investigate both scintillation and
Cherenkov light emission in liquid xenon for applications in rare event searches and PET. The de-
tector consists of 24 Hamamatsu VUV4 Silicon Photomultipliers (SiPM) arranged in an octagonal
cylinder. A needle holds a Strontium 90 beta source in the detector center, which produces the
scintillation and Cherenkov light. Longpass optical filters are placed in front of 22 SiPMs to sep-
arate the less abundant Cherenkov light from the VUV scintillation light. In addition to studying
light production in liquid xenon, LoLX also aims to characterize external cross-talk (eXT) between
SiPMs at various geometries. eXT occurs when IR photons produced during a charge avalanche
in one SiPM trigger avalanches in a different SiPM. This acts as correlated noise across channels,
thus characterizing eXT is crucial for rare event searches using large arrays of SiPMs. Future ex-
perimental phases of LoLX will upgrade the SiPM and digitizer scheme to attain sub nanosecond
timing resolution with the goal of performing temporal separation of the Cherenkov and scintilla-
tion light, which may lead to improving time-of-flight PET imaging.
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Low Energy Physics Sensitivity in a Radiopure
DUNE-like Detector

Wednesday, 15 September 2021 12:00 (15 minutes)

With radiopurity controls and small design modifications a kton-scale liquid argon time projection
chamber similar to DUNE could be used for enhanced low energy physics searches. This includes
improved sensitivity to supernova and solar neutrinos, and even weakly interacting massive parti-
cle dark matter, and a possibility of 0nubb detection with large Xe316 doping. This talk will present
initial simulation studies to optimize the design and evaluate physics sensitivities. It will also dis-
cuss the tools being developed to support a large-scale radiopurity assay campaign necessary to
construct such a detector.
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Amorphous Selenium based VUV Photodetector for
use in Liquid Noble Detectors

Tuesday, 14 September 2021 14:10 (15 minutes)

Photon detectors which are sensitive to the vacuum ultraviolet (VUV) scintillation light produced
in noble element particle detectors is an area of active research and development. In particular,
searching for photoconductive materials which are capable of converting VUV light to charge
could open the doorway to a potentially game changing solution of an integrated charge and light
(Q+L) sensor for large area pixel based noble element detectors.In this talk, we present the study
of amorphous selenium based photodetectors capable of operating at cryogenic temperatures and
show the first measurements and characterizations made with these devices using a VUV source
in a cryogenic environment.
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Development of a Pulsed VUV Light Source With
Adjustable Intensity

Friday, 17 September 2021 11:30 (15 minutes)

Precise characterization of photodetectors sensitive to vacuum ultraviolet (VUV) require a cali-
bration source able to:i) produce and transmit photons in the VUV (128nm - 200nm), ii) control
the light intensity and reliably obtain single photon transmission, iii) produce a pulsed photon
emission so as to correlate the source with the VUV readout.In this talk, we will present the devel-
opment of gas based pulsed spark. This source emits VUV light in the range produced by noble
element detectors and is coupled with a gas based attenuator capable of delivering single photon
intensities to the device under test. We will present the first data taken with this device as well as
highlight some of its recent applications in the development of novel VUV photon detectors.
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Status of the LZ Dark Matter Experiment
Tuesday, 14 September 2021 08:25 (20 minutes)

The fundamental nature of our universe is still mostly unknown: 84% of the matter in the universe
is dark and qualitatively different to everything we understand via the Standard Model. Terrestrial
experiments devoted to detecting interactions of dark matter particles have not yet seen a convinc-
ing signal, but we may be on the cusp of discovery. The LUX-ZEPLIN experiment (LZ) will be the
largest dark matter detector of its kind, consisting of a 7T liquid xenon target, an 2T active skin
veto and a 17T gadolinium-loaded liquid scintillator neutron veto. With science data taking be-
ginning this year, LZ will probe theoretically well-motivated regions of dark matter phase space
to reach areas currently unexplored; the predicted spin-independent cross section is 1.4x10-48cm2
for a 40 GeV/c2 mass WIMP. I will give an overview of the LZ experiment and its current status.
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Electronic versus nuclear recoil discrimination in
liquid xenon with PIXeY

Wednesday, 15 September 2021 08:00 (15 minutes)

The two-phase liquid/gas xenon time projection chamber is one of the leading technologies for
dark matter direct detection. A crucial part of using this technology is being able to classify energy
deposits as nuclear recoils (NR) or electronic recoils (ER). This allows upcoming experiments like
XENONnT and LZ to mitigate ER backgrounds like Rn daughters and solar neutrinos. I will present
an analysis of ER-NR discrimination, using data from the PIXeY (Particle Identification in Xenon
at Yale) experiment. PIXeY was an R&D-scale xenon TPC that operated at drift fields between 50
and 2000 V/cm; its data allows us to study discrimination across this wide range of fields, as well
as its dependence on recoil energy.
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A first-principles approach to electron-ion
recombination in liquid xenon

Wednesday, 15 September 2021 13:15 (15 minutes)

A simulation was developed to explore the micro-physics of electron-ion recombination and re-
combination fluctuations in liquid xenon detectors. Generating primary mono-energetic particles
between 100eV and 10keV with a drift field of 50V/cm to 2000V/cm, the model characterizes re-
combination events and predicts ionization yields. Of particular interest, the simulation utilizes
realistic electron transport kinematics and the Cohen-Lekner ‘hot electron’ framework to describe
the reduced influence of the liquid structure of xenon on the scattering of low energy electrons.
Results obtained can be useful in the search for dark matter candidates and neutrino detections.

Primary author: PIAZZA, Olivia

Co-authors: Prof. MCKINSEY, Daniel; VELAN, Vetri (University of California, Berkeley)

Presenter: PIAZZA, Olivia

Session Classification: Signal Reconstruction (2C)

Track Classification: Signal reconstruction and identification (analysis methods, simula-
tions)

May 22, 2023 Page 31



LIDINE 2021: LI … / Report of Contributions The ABALONE Photosensor

Contribution ID: 34 Type: not specified

The ABALONE Photosensor
Friday, 17 September 2021 07:30 (15 minutes)

The ABALONE is a new type of photosensor produced by PhotonLab with cost effective mass
production, robustness and high performance. This modern technology provides sensitivity to
visible and UV light, exceptional radio-purity and excellent detection performance in terms of
intrinsic gain, afterpulsing rate, timing resolution and single-photon sensitivity.
The new hybrid photosensor, that works as light intensifier, is based on the acceleration in vacuum
of photoelectrons generated in a traditional photosensor cathode and guided towards a window of
scintillating material that can be read from the outside through a silicon photomultiplier (SiPM).
In this contribute we present the characterization of the ABALONE operated at room temperature
for the evaluation of the gain as function of the electric field, the response in time and the single-
photoelectron spectrum. In order to better understand the experimental results, we performed the
simulation of the photosensor by reproducing the electrostatic field, by tracking the accelerated
photoelectrons and their interaction in the scintillation window.
Soon we plan to operate the ABALONE in a Xe environment. Details of future tests and possible
applications in the context of next-generation astroparticle physics experiments (e.g., DARWIN)
will be also discussed.
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R&D and characterization of wavelength-shifting
reflectors for LEGEND-200 and for future LAr-based

detectors
Friday, 17 September 2021 08:45 (15 minutes)

The new design of the LAr veto of the LEGEND-200 neutrinoless double beta decay experiment, as
well as many other LAr-based detectors, require materials that can efficiently shift VUV light to
the visible range while being reflective to visible light. For the LAr veto of LEGEND-200, 14 square
meters of the reflector Tetratex (TTX) were coated in-situ with tetraphenyl butadiene (TPB). For
even larger detectors, TPB coating becomes more challenging and plastic films of polyethylene
naphthalate (PEN) could be an option to ease scalability. In this context, we characterized the spe-
cific sample of the wavelength-shifting reflector (WLSR) from LEGEND-200 and investigated the
light yield from the combination of a PEN film with the reflector TTX. Samples from both WLSRs
were measured with spectrophotometers, observed with a microscope, and then characterized in
a LAr setup equipped with a VUV sensitive photomultiplier. Parameters such as the reflectance,
absorption length and light yield of the samples (as well as of the setup and its materials) were
measured, such that the intrinsic quantum efficiency of PEN and TPB in LAr (at 87K) could be
estimated.
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Usage of PEN as self-vetoing structural material with
wavelength shifting capabilities in the LEGEND

experiment
Friday, 17 September 2021 08:15 (15 minutes)

Polyethylene naphthalate (PEN) is an interesting industrial plastic for the physics community as
a wavelength-shifting scintillator. Recently, PEN structures with excellent radiopurity have been
successfully produced using injection compression molding technology. This opens the possibility
for the usage of optically active structural components with wavelength shifting capabilities in
low-background experiments. Thus, PEN holders will be used to mount the Germanium detectors
in the LEGEND-200 experiment. The ongoing R&D on PEN will be outlined with a focus on the
evaluation of its optical properties. In addition, the ongoing efforts for further application of PEN
in the LEGEND-1000 experiment will be presented.

Primary author: MANZANILLAS, Luis (Max Planck Institute for Physics)

Presenter: MANZANILLAS, Luis (Max Planck Institute for Physics)

Session Classification: Light/Charge Readout (4A)

Track Classification: Light/charge readout (PMT, SiPM, WLS, electronics etc.)

May 22, 2023 Page 34



LIDINE 2021: LI … / Report of Contributions A proposal to use neutron captures …

Contribution ID: 37 Type: not specified

A proposal to use neutron captures as a source of
ultra-low energy nuclear-recoils in liquid xenon

Thursday, 16 September 2021 09:15 (15 minutes)

We propose a technique for an ultra-low energy nuclear-recoil measurement in liquid xenon using
thermal neutron capture. The measurement uses the recoils imparted to xenon nuclei during the de-
excitation process following neutron capture, where the promptly emitted γ cascade can leave the
nuclei with up to 0.3 keVnr of recoil energy. A successful measurement of the quanta yields below
this point will contribute to a greater sensitivity for liquid xenon experiments that will benefit from
a lower energy threshold, mainly those searching for light WIMPs and coherent neutrino-nucleus
scattering. We describe the proposed measurement and its feasibility for a small (sub-kilogram)
LXe detector that is optimized for a high scintillation gain, and a pulsed neutron source.
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Assembly and characterization of a large area VUV
sensitive SiPM array for the nEXO TPC teststand at

Stanford
Tuesday, 14 September 2021 14:25 (15 minutes)

One of the important variables to optimize for a successful detection of the neutrinoless double-
beta decay is the energy resolution at its Q-value. nEXO is a proposed tonne-scale experiment
aiming to search such decay for the isotope Xe-136. It exploits the anticorrelation between ioniza-
tion and scintillation of xenon to improve the ultimate energy resolution. A major factor affecting
the resolution is the fluctuation of charge and light ultimately collected.
In a time projection chamber (TPC) detector, the electron collection efficiency is usually close to
one. Conversely, the collection of photons can vary dramatically depending, along with other fac-
tors, on the overall light-sensitive area of the detector.
The Stanford liquid xenon TPC is a teststand planning to host the first VUV large area (˜200cm2)
SiPM array. The setup firstly aims to study the feasibility of such system with dedicated readout
electronics and ultimately to investigate how a better light collection affects the detector perfor-
mances, important prototyping step for nEXO.
In this talk, I will report on the status of the assembly of this photodetector array, along with
characterization measurements and comparison with simulation.
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Characterization of alpha and beta interactions in
liquid xenon

Wednesday, 15 September 2021 07:30 (15 minutes)

Experiments used for rare-event searches have seen an impressive increase of sensitivity over the
past decades. Among the most sensitive detector types used in direct dark matter searches are
dual-phase xenon time projection chambers (TPCs). To develop a signal model for such detectors,
the response of the medium to interactions of different particle types needs to be known to a high
accuracy. While several measurements for interactions of electrons, photons and neutrons were
reported in the past, the literature is sparse when it comes to the interaction of alpha particles with
liquid xenon.

The Heidelberg Xenon (HeXe) dual-phase xenon TPC has been used to study the relative scintil-
lation and ionization yield of low energy electrons from a 83mKr source, as well as from alpha
particles emitted by dissolved 222Rn. Furthermore, a measurement of the electron drift velocity
has been carried out. The different electric field configurations applied during the measurements
were simulated by a detailed three dimensional model of the TPC using COMSOL Multiphysics.
The measurements span over a wide range of fields within 7.5 V/cm up to 1.64 kV/cm, whereas
special emphasis was put on the low-field regime.
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Absolute experimental primary scintillation yield in
Xe for electrons and alpha particles

Wednesday, 15 September 2021 07:00 (15 minutes)

Xenon scintillation has been widely used in recent particle physics experiments. However, infor-
mation on primary scintillation yield in the absence of recombination is still scarce and dispersed.
The mean energy required to produce a VUV scintillation photon (Wsc) in gaseous Xe has been
measured to be in the range of 30-120 eV. Lower Wsc-values are often reported for alpha particles
when compared to those for electrons produced by gamma or x-rays, being this difference still not
fully understood.
We performed a systematic experimental study of the absolute primary scintillation yield in Xe
at 1.2 bar, using a Gas Proportional Scintillation Counter. The simulation model of the detector’s
geometric efficiency was benchmarked through the primary and secondary scintillation produced
at different distances from the photosensor. Wsc-values were obtained for gamma- and x-rays
with energies in the range of 5.9-60 keV, and for 2-MeV alpha particles. No significant differences
were found in the values for alpha particles and for electrons.
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Development and characterization of a slow
wavelength shifting coating for background

rejection in liquid argon detectors
Friday, 17 September 2021 12:00 (15 minutes)

Alpha decays occurring on surfaces of a liquid argon (LAr) detector, particularly in locations where
light collection is incomplete, can result in prompt apparent low-energy events that reconstruct
similar to dark-matter induced nuclear recoil events. Alphas and nuclear recoils preferentially
excite argon into the singlet state, which decays with a characteristic time of ˜6 ns. To convert
the argon scintillation light to visible, a wavelength shifter, TPB, is typically used due to its short
(O(ns)) re-emission time, that will preserve the LAr scintillation timing. By coating the problem-
atic detector surface with a wavelength shifting coating with a decay time constant much longer
than the LAr singlet time, the pulse-shape of alpha decays from these regions will be modified by
the coating, with O(10ˆ5) rejection efficiency expected. We describe the development of a pyrene-
doped polymeric wavelength shifting film for the DEAP-3600 experiment, which will be deployed
in the next major physics run after the completion of a suite of hardware upgrades to the detec-
tor. We will present an overview of the alpha background rejection technique using the long-time
constant wavelength shifter coating, the development and testing of the films to ensure cryogenic
stability for operation in a LAr environment, and the suite of characterization measurements of the
film’s critical operational parameters, including relative photo-luminescent quantum yield, emis-
sion spectrum, and characteristic decay time
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Preliminary Tests of Dual-Phase Xenon-Doped
Argon Mixtures in the CHILLAX Detector

Wednesday, 15 September 2021 08:30 (15 minutes)

Utilizing xenon as a dopant at the 10−5 level in the gas region of a dual-phase argon time projec-
tion chamber (TPC) presents the enticing prospects of faster and longer wavelength electrolumi-
nescence response to ionization electrons. This light can then be directly detected by UV-sensitive
SiPMs without the use of fluorescent wavelength-shifting materials. These advantages would im-
prove sensitivity to low energy nuclear recoils, which kinetically favor argon over xenon; examples
include coherent neutrino-nucleus scattering (CENNS), and the possibility of light WIMP dark mat-
ter interactions. However, operating such a detector imposes the novel technical requirement of
cryogenic systems which must prevent xenon from partitioning between the liquid and gas phases.
This has compelled the development of CoHerent Ionization Limits in Liquid Argon and Xenon
(CHILLAX), a new xenon-doped, dual-phase argon detector. This talk will survey the physics im-
plications of xenon-doped argon TPCs, and describe the special cooling and circulation systems
in CHILLAX. It will conclude with an overview of the current status of the detector and recent
cryogenic tests performed..

Prepared by LLNL under Contract DE-AC52-07NA27344. Release number LLNL-ABS-824388. The
SCGSR program is administered by ORISE under Contract DE-SC0014664.
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Overview and Current Status of the X-ARAPUCA
Light Collection System in SBND

Tuesday, 14 September 2021 14:55 (15 minutes)

The Short-Baseline Near Detector (SBND) is a Liquid-Argon Time Projection Chamber (LArTPC)
currently under construction at Fermilab. SBND is one of three detectors that make up the Short
Baseline Neutrino (SBN) program, which aims to investigate the excess of low-energy electron-
like events observed by the MiniBooNE and LSND experiments, as well as perform high-precision
neutrino-argon cross section measurements. SBND plans to use a novel light collection system
which includes X-ARAPUCA devices, made up of a series of dichroic and wavelength-shifting
filters that collect photons using SiPMs. This X-ARAPUCA system is also the light collection
technology planned for the future DUNE experiment. This talk will give an overview of the X-
ARAPUCA system in SBND as well as cover the current status of testing and implementation.
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Characterization of the DUNE photodetectors and
study of the event burst phenomenon

Thursday, 16 September 2021 11:45 (15 minutes)

The Deep Underground Neutrino Experiment (DUNE) is an upcoming neutrino physics experi-
ment that will answer some of the most compelling questions in particle physics and cosmology.
The DUNE far detectors employ silicon photomultipliers (SiPMs) to detect light produced by charged
particles interacting in a large liquid argon time projection chamber (LArTPC).
The SiPMs are photosensors consisting of an array of single-photon avalanche diodes (SPAD) op-
erating in Geiger mode. The choice of employing solid state photodetectors stems from their high
sensitivity and dynamic range, as well as the possibility to fill large surfaces with high granularity.
An international consortium of research groups is currently engaged in a systematic comparison of
the performances of the SiPM models that have been custom developed for DUNE by two manufac-
turers. Such detailed studies, which include gain measurements and a structure study of the dark
count rate at 77K, are meant to determine the best choice of the photodetection system for DUNE,
as well as characterize the response of the chosen detectors for the DUNE simulation. Moreover,
an investigation of a newly observed phenomenon, consisting in fast bursts of events separated by
a short time interval and collected in individual SiPMs, is being carried out, which potentially im-
pacts the design of future models and their implementation in particle physics experiments. This
poster presents the main results in terms of characterization of the SiPMs that will be employed
in DUNE, as well as of our studies of the novel bursts phenomenon.
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Measurements of the X-Arapuca single-cell light
detection efficiency.

Wednesday, 15 September 2021 09:00 (1 hour)

The X-Arapuca (XA) supercell is the basic unit of the Photon Detection System (PDS) of the Deep
Underground Neutrino Experiment (DUNE). In total, 1,500 X-Arapuca with approximate dimen-
sions of 210 x 12 cm2 will be installed on the anode planes of the liquid argon time projection
chamber (LArTPC). In the XA light trap device, the liquid argon scintillation light (with wave-
length around 127 nm) is absorbed by a thin layer of para-Terphenyl (pTP) coated on a dichroic
filter window which constitutes its acceptance window. PTP re-emits photons around 350 nm,
above the filter cutoff. The light which enters the XA is downshifted again by the inner wave-
length shifter plate (WLS plate) to a wavelength around 430 nm. The cut-off of the dichroic filter
is placed at 400 nm: this allows the pTP shifted light to enter in the X-Arapuca and to trap the frac-
tion of photons which escape from total internal reflection in the WLS plate. The light is collected
by an array of silicon photo-sensors (SiPM) coupled at the edges of the WLS plate. In this work,
we present the first characterization of the photon detection efficiency of an X-Arapuca prototype
sizing 10 x 7.5 cm2 in Brazil, where the X-Arapuca was exposed to alpha particles, cosmic muons
and gammas in liquid argon. Operating the SiPMs at +5 and +5.5 V over the breakdown voltage,
an efficiency ranging from 2.2% to 2.3% and from 2.7% to 3.1% was found, respectively.
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Fluorescence light yield and time constants of acrylic
(PMMA) excited with UV light

Friday, 17 September 2021 11:45 (15 minutes)

Rare-event searches, like those for dark matter or neutrinoless double-beta decay, go to extreme
lengths to mitigate various forms of background. Acrylic (poly(methyl methacrylate) or PMMA)
is frequently used as a container for scintillating liquids in rare-event searches. Weak fluorescence
has been observed in certain types of PMMA at room temperature, introducing a potential source
of background. Building on previous work presented at LIDINE 2019, by using the optical cryostat
with large numerical aperture located at Queen’s University, we quantify the light yield of the
acrylic used in the DEAP dark matter search from room-temperature down to 4 K, and express it
relative to the common wavelength shifter TPB. We also study the time constants involved.
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A new high voltage cable feedthrough concept for
future dark matter and neutrino experiments

Thursday, 16 September 2021 08:45 (15 minutes)

Physics experiments featuring liquid noble gas time projection chambers are becoming larger in
scale. Consequently, their high voltage (HV) requirements have increased as well, making con-
ventional design HV feedthrough (FT) impracticable. A new concept for an HV cable FT usable in
a cryogenic environment is presented in this talk. It features a co-extruded multi-layered coaxial
cable fabricated with a single material and relies on the ability to develop a plastic material with
tunable resistivity.
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Delayed electron emission in DarkSide-50 double
phase liquid argon TPC

Tuesday, 14 September 2021 12:00 (15 minutes)

Dual-phase noble gas Time Projection Chambers (TPCs) suffer from spurious electron background
events at the lowest detectable energy region. This background is reported in liquid xenon TPCs
and some of the causes are discussed in the literature. Understanding its origin is of paramount
importance as this background sets the analysis threshold and affects the most sensitive part of
the region of interest for low mass dark matter searches.

We report the spurious electron background events observed in the liquid argon TPC in the DarkSide-
50 experiment. We found two different electron populations based on time correlation with pre-
ceding events: simultaneous emission and delayed emission. The majority of the former can be
associated with photoionization effects. The mechanism of the latter is not clear, but our obser-
vations indicate that they are related to the impurity level in the TPC measured via the electron
lifetime.
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Photon detection probability predictionusing
one-dimensional generative neural network

Thursday, 16 September 2021 13:30 (15 minutes)

Photon detection is important for liquid argon detectors for direct dark matter searches or neu-
trino property measurements. Precise simulation of photon transport is widely used to under-
stand the probability of photon detection in liquid argon detectors. Traditional photon transport
simulation within the framework ofGeant4brings extreme challenge to computing resources with
kilo-tonne-scale liquid argon detectors and GeV-level energy depositions. In this work, we pro-
pose a one-dimensional generative model which bypasses photon transport simulation and pre-
dicts the number of photons detected by particular photon detectors at the same level of detail
asGeant4simulation.The application to photon detection systems in kilo-tonne-scale liquid argon
detectors demonstrates this novel generative model is able to reproduceGeant4simulation with
good accuracy and 20x-50xfaster. This generative model can be used to fast predict photon detec-
tion probability in huge liquid argon detectors like ProtoDUNE or DUNE.
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Pyrene-polystyrene wavelength shifters for liquid
argon experiments

Thursday, 16 September 2021 12:00 (15 minutes)

Some WIMP dark matter experiments use liquid argon (LAr) as the target material for its high
scintillation light yield and good background discrimination. Particle interactions in the LAr pro-
duce
scintillation light at 128 nm which must go through a wavelength shifting (WLS) material to be
detected by standard photomultiplier tubes. Tetraphenyl-butadiene (TPB) is a common WLS for
LAr
based detectors, including DEAP-3600, due to its high light yield and fast scintillation time.
Pyrene-polystyrene thin films have been proposed as a complementary WLS for rejection of
pathological backgrounds in the detector because it has a long scintillation time and high light
yield
relative to TPB. Light from particle interactions that reach the pyrene coating will produce a pulse
signature distinct from interactions of light with TPB.
We present the characterization of the fluorescence properties of these pyrene coatings, such as
the
light yield, fluorescence time, and spectra, as a function of temperature. These measurements were
taken at the Queen’s University optical cryogenic test facility to characterize these films down to
4 K.
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Increasing photodetector light collection with
metalenses

Thursday, 16 September 2021 10:45 (15 minutes)

We present a design concept and preliminary results for a method to increase the light collected
by a sparse array of SiPMs by placing a metalens in front of each photodetector. A metalens is a
flat lens that uses nanostructures on the surface to focus incident light. Metalenses offer similar
focusing power to traditional lenses, but with reduced bulk and cost, and can be mass-produced
in industry nanofabrication facilities. Their use could allow the next generation of large-scale
physics detectors to obtain an increase in their light collection and further their science reach
while simultaneously reducing the required number of readout channels needed to meet their
design goals.
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CrystaLiZe: A Solid Future for LZ
Friday, 17 September 2021 11:15 (15 minutes)

Radon and its daughter decays continue to limit the sensitivity of WIMP direct dark matter searches,
despite extensive screening programs, careful material selection and specialized Rn-reduction sys-
tems. This problem is only expected to worsen as experiments grow in size. For liquid xenon
TPCs, we propose to address this through crystallizing the xenon. Once solid, the xenon will no
longer admit external Rn into the bulk, allowing existing Rn to decay away. These decays can
also be efficiently vetoed using the time structure of the decay sequence and the fixed position of
daughter isotopes. In this case, the limiting background for WIMP searches would be neutrinos
from the sun and from cosmic ray muons. In this talk, I will argue that an instrumental radon tag
in a crystalline xenon TPC, perhaps as an upgrade to LZ, may be the quickest path to reaching
the neutrino floor and present preliminary results from a solid xenon test stand which indicate its
viability as a detector medium.
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Scintillation yield from electronic and nuclear
recoils in superfluid helium-4

Wednesday, 15 September 2021 08:15 (15 minutes)

Superfluid He-4 is a promising target material for direct detection of low mass (< 1 GeV) dark mat-
ter. Signal channels for dark matter - nucleus interactions in superfluid helium include prompt
photons, triplet excimers, rotons and phonons, but measurement of these signal strengths have
yet to be performed for low energy nuclear recoils. A study of scintillation yield from electronic
and nuclear recoils was carried out in superfluid He-4 at 1.75 K, with deposited energy in the
range of 50-1000 keV. Scintillation from a 16 cm3 volume of superfluid He-4 was read out by six
PMTs immersed in the superfluid, each individually biased by a Cockcroft-Walton generator. Elas-
tic scattering of 2.8 MeV neutrons (produced by a deuterium-deuterium neutron generator) from
superfluid He-4, with a liquid organic scintillator module used as far-side detector, was used to de-
termine the scintillation signal yield for a variety of nuclear recoil energies. Yields of both prompt
and delayed scintillation components were measured and compared to a semi-empirical micro-
physical model. For comparison, Compton scattering of Cs-137 gamma rays from the superfluid
He-4, with NaI scintillators used as far-side detectors, was used to determine the scintillation signal
yield of electronic recoils.
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Scintillation and optical properties of xenon-doped
liquid argon

Wednesday, 15 September 2021 07:45 (15 minutes)

Liquid argon (LAr) is widely employed as a scintillator in rare-event searches. Its optical and scin-
tillation properties, as well as the impact of impurities, are being studied extensively by many
groups world-wide. LAr scintillation light exhibits a main emission wavelength of 128 nm, which
makes propagation and detection challenging because of short attenuation lengths and low quan-
tum efficiencies of photo sensors in the VUV spectral range.

Previously, we have determined the attenuation length of purified liquid argon for its own scintil-
lation light to be larger than 110 cm at a wavelength of 128 nm [1, 2]. Already in 1982 Kubota et
al. [3] investigated the impact of xenon doping of LAr. Recently, we have studied the emission
spectrum and time distribution dependent on the xenon concentration [4].

Here, we present our latest study of xenon-doped LAr with focus on the primary photon yield, the
effective triplet lifetime and attenuation length, with xenon concentrations ranging from 3 ppm to
300 ppm. The scintillation and optical properties were measured simultaneously with the LLAMA
[5] instrument operated inside SCARF, a 1 ton LAr test stand, and the xenon concentrations using
IDEFIX, a dedicated mass spectrometer setup.

[1] A. Neumeier et al. “Attenuation of Vacuum Ultraviolet Light in Liquid Argon”. In: Eur. Phys.
J. C72.10 (Oct. 2012).

[2] A. Neumeier et al. “Attenuation of Vacuum Ultraviolet Light in Pure and Xenon-Doped Liquid
Argon — An Approach to an Assignment of the near-Infrared Emission from the Mixture”. In: EPL
111.1 (July 2015).

[3] Shinzou Kubota et al. “Liquid and Solid Argon, Krypton and Xenon Scintillators”. In: Nucl.
Inst. Meth. Phys. Res. 196.1 (May 1982).

[4] A. Neumeier et al. “Intense Vacuum Ultraviolet and Infrared Scintillation of Liquid Ar-Xe
Mixtures”. In: EPL 109.1 (Jan. 2015).

[5] Mario Schwarz et al. “Liquid Argon Instrumentation and Monitoring in LEGEND-200”. In:
ANIMMA 2021 (July 2021)
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Understanding the impact of high voltage electrodes
on low-energy dark matter searches with the LZ dual

phase xenon TPC
Thursday, 16 September 2021 08:00 (15 minutes)

To observe signals from low-energy nuclear recoils, including WIMP-xenon scatters, the LZ dark
matter detector must maintain strong drift and extraction fields within its dual-phase xenon time
projection chamber (TPC). These fields are established by a set of four stainless steel wire mesh
high voltage electrode grids that span the full width of the TPC. During operation at their design
voltages, these grids will achieve wire surface fields well above 20 kV/cm. These high fields can
produce spurious charge signals and signals from real radioactive decays with atypical light-to-
charge ratios, both of which can lead to low-energy backgrounds in LZ science data. This talk will
present studies of possible grid contributions to electron backgrounds in the low-energy regime,
with a focus on two specific sources: field-induced emission and radiogenic emission.
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Purification of large volume of liquid argon for the
LEGEND-200 experiment

Friday, 17 September 2021 10:15 (15 minutes)

The LEGEND-200 experiment is under construction at the Laboratori Nazionali del Gran Sasso
(LNGS) in Italy. Its main goal is a background-free search for neutrinoless double beta decay of
Ge-76. Up to 200 kg of bare high purity germanium (HPGe) detectors with enrichment in Ge-76
beyond 86% will be deployed in liquid argon (LAr). The LAr will serve as cooling medium for the
detectors as well as a passive and an active shield. For the latter the LAr instrumentation will
be composed of light guiding fibers connected to silicon photomultipliers detecting scintillation
light of argon. It has been already shown in the GERDA experiment that the LAr veto was a very
powerful tool for background rejection and minimization. Details of the LAr veto system will be
presented in a dedicated talk.
The scintillation properties of LAr (attenuation length, triplet life time) are worsened by pres-
ence (at a sub-ppm level) of electronegative impurities such as oxygen, water and nitrogen due
to quenching and absorption processes. As a consequence, the efficiency of the LAr veto may be
significantly influenced. In order to achieve best possible performance of the veto, LAr will be
purified during initial filling of the LEGEND-200 cryostat.
The design, construction and performance of a system capable to purify 65 m3 (91 tons) of liquid
argon to sub-ppm level will be presented. The quality of the processed liquid is monitored in real
time by measuring the triplet life time and simultaneous direct measurement of concentrations of
impurities like water, oxygen and nitrogen down to 0.1 ppm. Scintillation properties of LAr filled
into the cryostat are also be determined in real time by a dedicated apparatus (LLAMA). For the
LAr filled into the cryostat the measured triplet life time is in the range of 1.3 mico_s. If needed, the
LAr purification system may be also used later to purify LAr filled in the cryostat in the loop mode.
A dedicated cryogenic pump has been installed on its bottom. The pump is capable to circulate the
LAr between the purification system and the cryostat.
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Physics Modeling of Xenon and Argon detectors with
the Noble Element Simulation Technique (NEST)

Wednesday, 15 September 2021 13:00 (15 minutes)

The Noble Element Simulation Technique (NEST) is a C++ package with optional GEANT4 integra-
tion and a Python equivalent (nestpy) that accurately simulates the scintillation, ionization, and
electroluminescence processes in xenon and argon. Using a combination of empirical and first prin-
ciple methods, NEST models the intrinsic physics of noble detectors while maintaining a format
that is accessible and customizable for users. I will present key results including energy resolution
and light and charge yields of various interactions with noble elements. I will also discuss recent
and future updates to the code including further development of the argon model, improvements
to the ER model, and new modeling to describe the W-value discrepancy between NEST and the
EXO-200 results.
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A Monte Carlo detector response model for solar
neutrino absorption on 40Ar in DEAP-3600

Wednesday, 15 September 2021 09:00 (1 hour)

DEAP-3600 is a liquid argon (LAr) scintillation detector designed to search for Weakly Interacting
Massive Particles (WIMPs) at SNOLAB. Beyond the search for dark matter, the DEAP-3600 detector
is also intrinsically sensitive to charged current interactions on 40Ar from 8B solar neutrinos. Here
we present the expected detector response to high energy delayed coincidence events resulting
from neutrino absorption on the ˜3.2 tonne target mass. We exploit the Marley event generator in
conjunction with a full optical simulation of the DEAP-3600 detector using the Reactor Analysis
Tool (RAT). Through the delayed coincidence channel, we expect an event yield of (4.69 ± 0.43)
events in a 7.20 tonne-year exposure in DEAP-3600.
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Optical Modeling and Position Reconstruction for
DarkSide-20k

Wednesday, 15 September 2021 14:15 (15 minutes)

DarkSide-20k is a next-generation direct dark matter search experiment under construction at
the Gran Sasso National Laboratory (LNGS) in Italy. The core of the detector is a two-phase liq-
uid argon time projection chamber designed to probe WIMP interactions down to the neutrino
floor. To ensure the 200 ton-year exposure has zero instrumental backgrounds, low-radioactivity
underground argon is used as the detector medium. Backgrounds from detector surfaces are pri-
marily rejected through fiducialization, which requires accurate reconstruction of event vertices.
Monte Carlo simulations of interactions within the detector have been used to study the position
reconstruction resolution of DarkSide-20k. In this talk, I present the detector optical model and dis-
cuss the performance of machine learning-based position reconstruction algorithms on simulated
DarkSide-20k datasets.
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Detection of Electroluminescence in Liquid Xenon
with a Radial Time Projection Chamber

Thursday, 16 September 2021 07:45 (15 minutes)

The dual-phase xenon Time Projection Chamber (TPC) is one of the most successful techniques
for rare event searches. It detects both primary scintillation and ionization signals from particle in-
teractions in liquid xenon (LXe) . The ionization electrons are converted into electroluminescence
in the gas xenon, subsequently detected by the same photo-sensors for the primary scintillation.
However, it gradually becomes more and more challenging to build the TPCs with very large di-
ameter while requiring sub-mm flatness of the gas gap. Here we developed a Radial TPC (RTPC)
which can create and detect the electroluminescence directly in liquid xenon. It can simplify the
design of the TPC by replacing the large diameter electrodes with a single wire in the axial center.
The design of a liquid xenon RTPC and its first performance will be presented.

Primary authors: WEI, Yuehuan (University of California San Diego); QI, Jianyang (UCSD)
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Study of the luminescence of He/CF4 mixture for the
CYGNO detector

Thursday, 16 September 2021 14:30 (15 minutes)

Innovative experimental techniques are needed to further search for dark matter weakly interact-
ing massive particles. The ultimate limit is represented by the ability to efficiently reconstruct
and identify nuclear and electron recoil events at the experimental energy threshold. Gaseous
Time Projection Chambers (TPC) with optical readout are very promising candidates thanks to
the 3D event reconstruction capability of the TPC technique and the high sensitivity and granu-
larity of last generation scientific light sensors. The Cygno experiment is pursuing this technique
by developing a TPC operated with He/CF4 gas mixture at atmospheric pressure equipped with a
Gas Electron Multipliers (GEM) amplification stage that produces visible light collected by scien-
tific CMOS camera. The optical approach has so far only exploited the light produced during the
avalanche processes in the GEM channels. In this contribution, we discuss recent measurements
performed by the CYGNO collaboration which show the first evidence of additional luminescence
in He/CF4 induced by electrons accelerated by a suitable electric field. The electron and photon
yield has also been studied for gas mixtures with a small percentage of isobutane. We give an
overview of the CYNGO project presenting the performances in terms of energy and spacial res-
olution of prototype detectors that have been built and operated so far. Finally, we illustrate the
plan to construct a 1m3 demonstrator expected in 2021/22 aiming at a larger scale apparatus in a
later stage.

Primary author: MESSINA, Andrea (Sapienza Università di Roma & INFN)
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CMOS based SPAD Arrays for light detection in rare
event search experiments

Friday, 17 September 2021 09:00 (15 minutes)

Experiments searching for rare physics events using scintillation in liquid noble gases are steadily
increasing in size. They require detector systems capable of measuring individual optical pho-
tons with excellent efficiency while covering large areas. In addition, the radioactive background
introduced by such systems must be extremely low. We propose SPAD arrays based on CMOS
technology as a possible solution for such an application case. This technology allows for manu-
facturing SPADs and the associated CMOS readout logic side by side, creating a fully functional
photon detector system one a single silicon die. No further discrete components in direct vicinity
and only few digital signals are required to operate a chip so that large areas can be covered in a
straight forward way with very low material budget. We have developed a chip architecture which
offers a very low power dissipation and a high fill factor. We have operated a prototype chip with
different SPAD geometries at low temperatures of 100/160K and measured dark count rates of
0.01/0.1Hz per mm2 of active SPAD area, respectively. Our data driven readout architecture has
an idle power consumption of only 1.75mW and a signal dependent contribution of about 15µW
per 1000 hits per second. Based on these results we propose a full detector concept to cover large
areas with high fill factor requiring only 7 electrical signals for operation.

Primary author: KELLER, Michael (Heidelberg University)
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Very-thick transparent GEMs with
wavelength-shifting capability for noble element

TPCs
Friday, 17 September 2021 07:45 (15 minutes)

A new concept for the simultaneous detection of primary and secondary scintillation in time pro-
jection chambers is described. Its core element is a type of very thick GEM structure machined
from a wavelength shifting material and supplied with PEDOT:PSS-based transparent electrodes.

Such a device is scalable to very large surface areas needed by future generations of noble element
TPCs. Because of its optical properties it can significantly improve the light collection efficiency,
energy threshold and resolution of conventional micropattern gas detectors as well as wire mesh
TPCs.

Production, optical and electrical characterization, first measurements performed with the new
device will be reported. Further tests and R&D steps will also be discussed.
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Modeling the Effect of Impurities on the Electron
Lifetime in Liquid Xenon for nEXO

Friday, 17 September 2021 10:30 (15 minutes)

nEXO is a 5 tonne liquid xenon (LXe) time projection chamber (TPC) planned to search for the
neutrinoless double beta decay of 136Xe with a target half-life sensitivity of about 1028 years. Elec-
trons from an event within the TPC will be drifted up to 1.3m and to ensure minimal charge loss
nEXO aims to reach an electron lifetime of 10ms. This lifetime is inversely proportional to the
concentration of electro-negative impurities, for which multiple species with different attachment
cross-sections may be important. Various sources for impurities such as diffusion out of commonly
used plastics, desorption from metal surfaces and leaks to atmosphere were investigated. This talk
will go over measurements of outgassing from plastics and relevant parameters to extrapolate to
the effect impurities have on the electron lifetime in large liquid xenon detectors.
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Primary Scintillation in Ar-based Mixtures Aimed at
Providing a To-signal in DUNE ND-GAr

Tuesday, 14 September 2021 10:45 (15 minutes)

The usage of optical information is ubiquitous in neutrino detectors, essential for spill-assignment,
background suppression, and triggering. Enabling an independent and complete physics program
at the ND-GAr component of DUNE’s near detector suite will undoubtedly benefit from this fea-
ture. We discuss in this presentation the prospects towards simultaneous readout of ionization and
scintillation signals in ND-GAr and the R&D currently performed in this direction. In particular,
we will focus on the scintillation of Ar-based mixtures at high pressure.

Primary authors: Dr GONZÁLEZ-DÍAZ, Diego (University of Santiago de Compostela); AMEDO,
Pablo (Instituto Galego de Física de Altas Enerxías (IGFAE, USC)); Mrs LEARDINI, Sara (IGFAE); SAA-H-
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DAVID, Gonzalez (IGFAE)
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Prospects of S2 analysis in single-phase liquid xenon
TPCs
Thursday, 16 September 2021 07:15 (15 minutes)

Proportional scintillation in liquid is a possible alternative scheme for charge-to-light signal con-
version in future large-size liquid xenon TPCs. Based on detailed simulations we explore the im-
plications on charge signal (S2) analysis arising from this fast scintillation process. The peaked
signals allow precise reconstruction of the individual electrons and thus a quantized measure of
the S2 strength. Counting the number of electrons significantly improves the S2 resolution for
small signals, relevant for low-energy ER studies and sub-GeV WIMP searches. The direct mea-
surement of the electron arrival times improves S2-only reconstruction of the event depth and
allows for powerful discrimination between single site and multiple site interactions. We discuss
these prospects in the context of a future multi-ton liquid xenon experiment such as DARWIN,
assuming a single-phase design with minimal change compared to state-of-the-art dual-phase de-
tectors.
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Band and Time - Resolved Scintillation for Alpha
and Beta Particles in Xenon, as a Function of Pressure

and Electric Field
Wednesday, 15 September 2021 07:15 (15 minutes)

In standard conditions, Xenon is the only gaseous element with a naturally occurring isotope un-
dergoing double-beta decay. Hence exploiting a gaseous TPC as a tool for accurately reconstruct-
ing the topology of bb0nu events is very natural. When considering i) sensitivity to the lifetime of
the decay and ii) energy resolution to separate it from regular bb2nu events, a high pressure elec-
troluminescence TPC self-suggests. At the moment, the NEXT TPC is the most advanced imple-
mentation of this idea, relying deeply on common-wisdom assumptions like the monochromaticity
of both primary and secondary scintillation (around 172nm), the lack of charge recombination for
beta-events, or the validity of density-scalings for secondary scintillation. Looking into the future,
the unambiguous elucidation of these phenomena becomes necessary in view of the upcoming ton
and multi-ton scale experiments aimed at completely exploring the inverted hierarchy of neutrino
masses.

Motivated by this, we conducted systematic measurements of S1 and S2
signals in a mini-TPC read out with wires, for varying pressures (1-10bar), pressure-reduced elec-
tric fields (0-100V/cm/bar) and wire voltages (up to 4kV). Systematic measurements of the time
constants and scintillation yields obtained in these conditions will be presented, for alpha and
beta sources in the VUV, UV and visible bands, and its impact on next generation xenon TPCs
discussed.

Primary authors: SAA-HERNANDEZ, Angela (IGFAE); GONZALEZ, David (IGFAE, Universi-
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Neutral bremsstrahlung calculations for TPCs
Thursday, 16 September 2021 14:15 (15 minutes)

Neutral bremsstrahlung (NBrS) in the gas phase of Argon and Xenon TPCs has been measured
recently, with little ambiguity, by groups in Novosibirsk and Coimbra/Santiago. While its implica-
tions for future experiments are intriguing, and so far open-ended, a lack of reliable calculations
precludes the full exploitation of the phenomenon.

We have recently created a simulation module in the electron-transport code Pyboltz,implementing
the original theoretical framework introduced by Buzulutskov et al., and showed an excellent de-
scription of NBrS data. The framework, soon to be accessible through GitHub, allows calculations
of NBrS in any noble element mixture, as well as in weakly-quenched mixtures, at all electrical
fields of interest below the excitation thresholds. For illustration purposes, we will present results
obtained in cases of interest, discuss the analytical limits, future improvements, and the scope of
this project.

Primary authors: Mr AMEDO, Pablo (Instituto Galego de Física de Altas Enerxías (IGFAE, USC)); Dr
GONZÁLEZ-DÍAZ, Diego; Dr HENRIQUES, C.A.O.; Ms TEIXEIRA, J.M.R.; Dr AZEVEDO, C.D.R.; Dr
SAA HERNANDEZ, Ángela; Prof. DOS SANTOS, J.M.F.; Dr MONTEIRO, C.M.B.
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Boosting background suppression in the NEXT
experiment through Richardson-Lucy deconvolution

Thursday, 16 September 2021 13:45 (15 minutes)

The NEXT collaboration aims to observe neutrinoless double beta decay in gaseous 136Xe using a
high pressure gaseous Xe time projection chamber with signal amplification by means of electrolu-
minescence (EL). One of the advantages of the technique is that it allows for track reconstruction
making use of a sensor plane equipped with SiPMs located nearby the EL region. However, the
signals recorded in the TPC are degraded by electron diffusion and spread of light produced in the
EL process, limiting the potential of the detection scheme.

We have recently developed an improved reconstruction procedure based on the Richardson-Lucy
deconvolution, an iterative algorithm well-known in image processing and de-blurring. Deconvo-
lution allows reversing the smearing mechanisms in the NEXT TPC and significantly enhances the
definition of reconstructed tracks. Consequently, detector performance is strongly boosted, with
a five-fold improvement in background rejection demonstrated on experimental data.

In the talk we will detail the algorithm application in the context of the NEXT experiment with
a focus on the performance in NEXT-White, a 50 cm TPC currently operating underground at
Laboratorio Subterráneo de Canfranc. We will describe the procedure applied to characterize the
optical response of the chamber by obtaining the point spread function that best describes the
observed signals. We will also discuss the potential of the algorithm to ease the tracking hardware
requirements of future detector iterations.
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Measurement of the Scintillation Light Triggering
Efficiency in MicroBooNE

Wednesday, 15 September 2021 14:30 (15 minutes)

The MicroBooNE Liquid Argon Time Projection Chamber (LArTPC) has been collecting data since
2015 as part of the Short-Baseline Neutrino (SBN) program using the Booster Neutrino Beam (BNB)
at Fermilab. Its primary physics goal is to contribute to addressing the elusive eV-scale sterile neu-
trino anomaly. MicroBooNE records and utilises both the ionisation charge and scintillation light
produced inside the TPC to reconstruct its events. The latter is collected through a plane of Pho-
toMultiplier Tubes (PMTs) and is used for accurate event timing and cosmic muon rejection. A
data-driven method to estimate the scintillation light triggering efficiency from prompt scintil-
lation light for low energy cosmic muons will be presented. Results obtained from this method
are crucial for many analyses that aim to measure low energy interactions, and inform triggering
strategies in LArTPCs in the SBN and future DUNE programmes.
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The SBND Photon Detection System
Thursday, 16 September 2021 11:15 (15 minutes)

The Short-Baseline Near Detector (SBND) is a 112 ton Liquid Argon Time Projection Chamber
(LArTPC) that will be part of the Short-Baseline Neutrino (SBN) program at Fermilab. The SBN
programme’s main goal is to resolve the eV-scale sterile neutrino short-baseline anomaly. SBND
will measure the un-oscillated beam flavour composition at an unprecedented number of neutrinos
due to its proximity to the beam target. One of the major features of SBND will be its state of the
art photon detection system. The active system will consist of photomultiplier tubes, as well as
X-ARAPUCA devices, placed behind the wire planes providing a high granularity light collection.
The active system will be enhanced by highly reflective panels covered with the wavelength shift-
ing compound tetra-phenyl butadiene (TPB) inserted into the cathode plane. The combination of
the active system and enhancers in SBND will ensure a high and more uniform light yield through-
out the detector which will help to enable low energy physics triggering. This talk will provide an
overview of the photon detection system of SBND and its current status.
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Track imaging in noble liquid detectors
Thursday, 16 September 2021 10:30 (15 minutes)

Large volumes of liquid Argon or Xenon constitute an excellent medium for the detection of Neu-
trino interactions and for Dark Matter searches. The established readout method for large noble
liquid detectors is based on charge collection in a Time Projection Chamber, triggered by the scin-
tillation light produced by Ar (128˜nm) or Xe (185˜nm).
This scintillation light can however also be used to attempt a direct reconstruction of charged
particle tracks, provided the photon sensor has imaging capabilities. The primary benefit of this
technique is rate capability, especially relevant for the near detectors of accelerator based experi-
ments.
The design of such an imaging detector, however, presents several challenges: the performance
of both current single photon detectors and conventional optical elements in the Vacuum UV is
generally inferior compared to the visible spectrum; a large number of densely packed detectors
and their dedicated readout electronics must be operated at cryogenic temperatures; the optical
system must provide a sufficiently wide and deep field of vision and a large aperture, in order to
minimize the amount of detectors for a given fiducial volume.
Silicon PhotoMultipliers (SiPMs) are the ideal photosensor for this application, since their noise is
suppressed at cryogenic temperature and they can be fabricated in large arrays composed of many
small pixels; their lower VUV sensitivity is also being addressed by suppliers with optimized de-
signs. The large channel count requires the development of a dedicated cryogenic ASIC, for which
several steps have been taken. Multiple options exist for optical systems, which offer different
compromises between ease of construction, performance and deployment on specific detector ge-
ometries. In this contribution we will present the simulation of novel optical systems and the
performance of small scale prototypes. The progress on larger prototypes and the simulation of
realistic detector geometries will also be reported.

Primary authors: MONTANARI, Alessandro (Istituto Nazionale di Fisica Nucleare - Sezione di
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Status and perspectives of the PETALO project
Wednesday, 15 September 2021 10:30 (15 minutes)

PETALO (Positron Emission Tof Apparatus with Liquid xenOn) is a novel concept for positron
emission tomography scanners, which uses liquid xenon as a scintillation medium and silicon
photomultipliers as a readout. The large scintillation yield and the fast scintillation time of liquid
xenon makes it an excellent candidate for PET scanners with Time-of-Flight measurements. In this
talk I will review the status of the PETALO project, which is now commissioning the first prototype,
devoted to demonstrate the potential of the concept, measuring the energy and time resolution
and to test technical solutions for a complete ring. The prototype consists in an aluminum box
filled with liquid xenon, with two arrays of SiPMs on opposite sides facing the xenon. A beta+
emitter source generating 511-keV pairs of gammas is placed in a central port and the SiPMs record
the scintillation light produced by the gamma interactions, allowing for the reconstruction of the
position, the energy and the time of the interactions. Finally, I will discuss the potential of a total-
body PET based on this technology.

Primary author: FERRARIO, Paola (Donostia International Physics Center (DIPC))

Presenter: FERRARIO, Paola (Donostia International Physics Center (DIPC))

Session Classification: Applications (2B)

Track Classification: Applications (dark matter, neutrino, medical physics etc.)

May 22, 2023 Page 71



LIDINE 2021: LI … / Report of Contributions Characterizing electroluminescen …

Contribution ID: 77 Type: not specified

Characterizing electroluminescence region of the
NEXT high pressure gaseous xenon TPC with Kr gas

Wednesday, 15 September 2021 13:30 (15 minutes)

The NEXT experiment is a neutrino physics program searching for neutrinoless double beta de-
cay using high pressure gaseous xenon time projection chambers (HPGXeTPC). The HPGXeTPC
technology offers several advantages, including excellent energy resolution, topological event dis-
crimination, and calibration with gaseous, radioactive krypton. We will discuss the power of this
calibration technique for characterizing the electroluminescence region, where S2 signals are pro-
duced. We discuss the impact of variation in the voltage on light production and event detection,
as well as demonstrating capability to extract structural information about the EL gap from Kr cal-
ibration data. We will furthermore show an improved understanding of diffusion related effects
in our detector.
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Improved quality tests of R11410-21 photomultiplier
tubes

Friday, 17 September 2021 07:15 (15 minutes)

Photomultiplier tubes (PMTs) are often used in low-background particle physics experiments,
which rely on an excellent response to single-photon signals and stable long-term operation. In
particular, the Hamamatsu R11410 model is the light sensor of choice for many detectors utilising
xenon as target material. In the past, this PMT model has shown issues affecting its long-term
operation, including light emission and the degradation of the PMT vacuum through small leaks,
which can lead to spurious signals known as afterpulses. In this talk, we present an improved
PMT testing procedure that includes newly developed tests targeted at the detection of intermit-
tent light emission as well as vacuum degradation. The use of both new and upgraded facilities
allowed us to test in total 368 new PMTs for the XENONnT detector in a cryogenic xenon environ-
ment. We exclude the use of 26 of the 368 tested PMTs and categorise the remainder according to
their performance. Given that we have improved the testing procedure compared to XENON1T,
yet we rejected fewer PMTs, we expect significantly better PMT performance in XENONnT.

Primary authors: HOETZSCH, Luisa (Max-Planck-Institut für Kernphysik); BROWN, Adam (Uni-
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A 10-kg LAr bubble chamber for sub-keV nuclear
recoil detection – Update and Calibration Strategies

Wednesday, 15 September 2021 11:30 (15 minutes)

The Scintillating Bubble Chamber (SBC) Collaboration is developing noble liquid bubble chambers
for the detection of sub-keV nuclear recoils, enabling both high-exposure GeV-scale dark matter
searches and CEvNS measurements using reactor neutrinos. Nuclear recoils (NRs) in these cham-
bers produce both a single bubble and a coincident flash of scintillation light, while electron-recoil
(ER) backgrounds produce scintillation only. The physics reach of these chambers depends crit-
ically on what NR bubble nucleation threshold can be achieved while remaining ER-blind. This
threshold will be explored with SBC’s first physics-scale device: a 10-kg LAr bubble chamber, now
under construction, that will operate in the MINOS tunnel at Fermilab. I will give an update on the
status of this chamber and describe the calibration strategies we will use to measure the chamber’s
sensitivity to nuclear recoils with energies down to 100-eV.
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HeRALD: A Superfluid Helium Sub-GeV Dark Matter
Detector

Wednesday, 15 September 2021 11:15 (15 minutes)

HeRALD, an experiment within the SPICE/HeRALD collaboration, is a proposed sub-GeV scale
dark matter detector based on a target of superfluid helium 4 and monitored by a Transition Edge
Sensor based readout system. Several promising readout channels exist, including through mon-
itoring quasiparticle (phonon and roton) and atomic (singlet photon and triplet) excitations. The
quasiparticle channel (measured through the detection of quantum evaporated helium atoms) is
of particular interest for low mass dark matter direct detection, with sensitivity to DM as light as
1 MeV. I will describe the proposed experiment and the potential reach of both shovel ready and
future detectors, as well as recent R&D progress.
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Assembly and test of a prototype nEXO
charge-readout module with built-in, cryogenic ASIC

readout
Thursday, 16 September 2021 11:00 (15 minutes)

The nEXO experiment aims to discover neutrinoless double beta decay of xenon 136, with a life-
time sensitivity goal of greater than 10ˆ28 years. Compared to using long cables to transmit sig-
nals outside of the detector, mounting amplification and digitization circuitry directly on detector
submodules reduces noise and improves measurement fidelity. A cryogenic application specific
integrated circuit (ASIC) called CRYO ASIC has been designed by SLAC and fabricated for direct
attachment to the nEXO charge readout modules. In this talk, the electrical characteristics of the
nEXO charge readout will be discussed along with ASIC performance considerations. A prototype
nEXO charge-readout module with attached ASIC has been assembled and operated in a liquid
xenon time projection chamber; this module’s performance using a full chain of ASIC-controlling
circuit boards will be presented.
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Noble Element Detectors for Rare Event Searches
(Keynote)

Tuesday, 14 September 2021 07:45 (40 minutes)

Particle detectors with noble element targets have grown increasingly popular in rare event search
physics experiments. The use of noble gases as the interaction medium enables high purity, large
mass, and multi-channel signal detection in these experiments. When operated underground, no-
ble element detectors have achieved extremely low background levels, and unprecedented sensitiv-
ity to rare interactions such as those arising from neutrinos and (as yet hypothetical) dark matter
particles. In this presentation, I will review the benefits and challenges of rare event detection with
noble elements, and discuss their applications in ongoing and planned experiments. In particular,
I will focus on the experiments in which the interactions do not deposit significant energy, and
discuss the R&D required to further lower the achievable energy thresholds in these experiments.
This work was performed under the auspices of the U.S. Department of Energy by Lawrence Liv-
ermore National Laboratory under Contract DE-AC52-07NA27344.
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The LZ Krypton Removal Chromatography System
Friday, 17 September 2021 11:00 (15 minutes)

Trace radioactive noble gases are a source of electron recoil backgrounds in liquid xenon dark mat-
ter experiments, and cannot be mitigated by self-shielding. Naturally occurring krypton, which
contains trace amounts of the beta emitter krypton-85, is found in commercially available research-
grade xenon at a level of 1-100 parts-per-billion. In the LZ dark matter experiment, we require the
xenon in the detector to contain no more than 300 parts per quadrillion krypton. This limit reduces
the rate of electron recoil events from krypton-85 to be comparable to the solar neutrino contribu-
tion. To achieve this, krypton is removed from the xenon using gas charcoal chromatography prior
to its deployment in the detector. In this talk, I will present an overview of the krypton removal
chromatography system, which was designed, built and operated by LZ at SLAC.
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Status and prospects of the NEXT experiment
Wednesday, 15 September 2021 10:15 (15 minutes)

NEXT is a staged experimental program aiming at the detection of neutrinoless double beta (ββ0ν)
decay in 136Xe using successive generations of high-pressure gaseous xenon time projection cham-
bers. The collaboration is presently concluding four years of operation of NEXT-White, a radiop-
ure 50-cm diameter and length TPC operated with enriched xenon at 10 bar, at the Laboratorio
Subterráneo de Canfranc. NEXT-White has successfully demonstrated the two key features of the
technology, namely excellent energy resolution (1% FWHM at the Q-value of the decay) and highly
effective topological-based background discrimination and served to provide an independent mea-
surement of the 136Xe two-neutrino double beta decay half-life. The next stage of the program
is NEXT-100, planned for construction in 2022, which will be twice larger than NEXT-White, and
operated with 97 kg of enriched xenon at 15 bar, with half-life sensitivity on the scale of 1026 y.
NEXT-100 will be superseded by a tonne-scale detector with a sensitivity of 1027 y around 2026.
Parallel to the incremental increase in TPC size, the collaboration pursues an extensive R&D pro-
gram to develop the capability of detecting the 136Ba daughter resulting from 136Xe double beta
decays inside a running TPC using single molecule fluorescence imaging. This effort can lead to
a background-free search for ββ0ν decay on the tonne-scale, with half-life sensitivities close to
1028 y. This talk will present the status of the program, summarizing our experience with the
NEXT-White TPC, provide an overview of the barium-tagging activities, and outline the future
steps of the experiment.
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Barium Tagging for the NEXT Neutrinoless Double
Beta Decay Program

Friday, 17 September 2021 12:15 (15 minutes)

The NEXT collaboration is pursuing a phased program to search for neutrinoless double beta decay
(0nubb) using high pressure xenon gas time projection chambers. The power of electrolumines-
cent xenon gas TPCs for 0nubb derives from their excellent energy resolution (<1%FWHM), and
the topological classification of two electron events, unique among scalable 0nubb technologies.
Xenon gas detectors also also offer a further opportunity: the plausible implementation of sin-
gle barium daughter ion tagging, an approach that may reduce radiogenic and cosmogenic back-
grounds by orders of magnitude and unlock sensitivities that extend beyond the inverted neutrino
mass ordering. In this talk I will present recent advances in the development of single ion barium
tagging for high pressure xenon gas detectors. Topics to be covered will include advances in single
ion microscopy in high pressure gas, molecular sensor development including color-shifting and
turn-on barium chemosensors, methods for concentrating ions to sensors and/or actuating sensors
to ions, and plans for demonstrator phases that aim to prove barium tagging in-situ, on a 3-5 year
timescale.
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The Bubble-Free Liquid Hole-Multiplier: a New
Concept for Primary and Secondary Scintillation

Detection in Noble-Liquid Detectors
Friday, 17 September 2021 08:00 (15 minutes)

The bubble-assisted liquid hole-multiplier (LHM) concept, introduced several years ago, has been
thoroughly investigated as a detection element for primary (S1) and secondary (S2) scintillation
light detection in noble-liquid TPCs. The basic LHM idea relies on a CsI-coated perforated electrode
immersed in the liquid, with a bubble of the liquid vapor trapped underneath. Radiation-induced
Ionization electrons liberated in the liquid and S1 VUV-induced photoelectrons from the CsI pho-
tocathode are collected into the holes; as they cross the liquid-vapor interface into the bubble they
generate intense electroluminescence (EL) signals.
In this contribution, we will discuss a new, simpler, concept – the bubble-free LHM. Here, the
liquid-vapor interface lies above the perforated electrode, which now has CsI on its bottom face;
the electrode is fully immersed within the liquid, with no bubble underneath. Ionization electrons
created in the drift volume below the electrode and S1-induced photoelectrons emitted from the
photocathode are focused into the holes from below and pass through them with nearly no losses.
A strong field above the electrode (taking here the role of the “gate” in conventional dual-phase
TPCs) ensures transmission of the electrons into the vapor phase, where they produce intense S1
and S2 EL signals. The main advantages of this concept are that single-VUV photon detection ef-
ficiencies can potentially be of the order of 20%, and that individual VUV photons generate large
EL signals which cannot be faked by dark counts. Bubble-free imaging LHMs can therefore allow
the use of VUV SiPMs or CMOS sensors, despite their high dark-count rates.
The talk will describe the basic principles of the new concept and summarize our current experi-
mental results in LXe. These include photoelectron extraction efficiency into LXe, electron focus-
ing efficiency into the LHM holes of both ionization electrons and photoelectrons, and the transfer
efficiency of electrons towards the liquid-vapor interface. These results validate the new concept,
providing a promising basis towards further studies and future applications.
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Organic photosensors for detection of VUV
scintillation light

Thursday, 16 September 2021 10:15 (15 minutes)

Organic semiconductors have gained considerable attention in recent years for use in a wide range
of applications from OLEDs, OFETs, to optical sensors. They can be prepared on rigid as well
as flexible substrates over large areas through low-cost fabrication techniques with performance
rivaling low-noise silicon photodiodes. These properties make them a potentially attractive option
for future large-area noble element detectors. In this talk, we will address the feasibility of using
organic semiconductors for vacuum ultraviolet (VUV) scintillation light detection. The prospects
and challenges of using organic semiconductor technologies will be discussed. We will present
first measurements on cryogenic operation of organic photodiodes and ongoing R&D into making
these devices sensitive to VUV scintillation light.
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Dielectric Strength of Noble andQuenched Gases for
High Pressure Time Projection Chambers

Thursday, 16 September 2021 08:30 (15 minutes)

Dielectric breakdown strength is one of the critical performance metrics for gases and mixtures
used in large, high pressure gas time projection chambers. We have experimentally studied di-
electric breakdown strengths of several important time projection chamber working gases and
gas-phase insulators over the pressure range 100 mbar to 10 bar, and gap sizes ranging from 0.1to
10 mm. Gases characterized include argon, xenon, CO2, CF4, and mixtures 90-10 argon-CH4,90-
10 argon-CO2and 99-1 argon-CF4. We developed a theoretical model for high voltage breakdown
based on microphysical simulations that use PyBoltz electron swarm Monte Carlo results as input
to Townsend- and Meek-like discharge criteria. This model is shown to be highly predictive at high
pressure, out-performing traditional Paschen-Townsend and Meek-Raether models significantly.
At lower pressure-times-distance, the Townsend-like model is an excellent description for noble
gases whereas the Meek-like model provides a highly accurate prediction for insulating gases.
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Low Threshold Operation of the Scintillating Xenon
Bubble Chamber

Thursday, 16 September 2021 09:00 (15 minutes)

A scintillating bubble chamber with pure xenon was first operated in 2016 and has previously
demonstrated coincident bubble nucleation and scintillation detection at thermodynamic thresh-
olds above 4 keV. We now report on operation of the xenon bubble chamber at thermodynamic
thresholds as low as 0.5 keV, including tests of bubble nucleation associated with gammas, and
sensitivity to low energy neutrons from a 88Y-Be photoneutron source at thresholds around 1
keV. Additionally, these results again demonstrate coincident bubble nucleation and scintillation
with 252Cf and background neutrons, and the scintillation channel allows us to make an efficient
background-reducing cut for a nuclear recoil efficiency analysis, which is ongoing.
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GammaTPC: a LAr TPC for MeV Gamma Rays
Tuesday, 14 September 2021 09:00 (15 minutes)

I will describe GammaTPC, a proposed new LArTPC MeV gamma ray instrument concept. The
MeV gamma ray sky is essentially unexplored due to the challenge of measuring multiple Compton
scatters over a large detector volume. A TPC with low Z material has significant advantages for
this measurement, and enables a relatively inexpensive detector with large mass and thus high
sensitivity in the current era of sharply reduced costs of launching mass to space. A novel ultra
low power, fine-grained charge readout is needed to match or exceed the imaging capabilities
of currently proposed missions based on Si (or Ge) strip technology. Key developments are also
needed for space deployment.
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Long afterglow: physical and chemical effects of
impurities in bulk media and on surfaces in Ar and

Xe detectors.
Tuesday, 14 September 2021 12:15 (15 minutes)

As field of application of noble elements detectors is expanding, it is becoming important to un-
derstand effects related to presence of impurities. Here we present several examples of known
energetic long-living molecules which can be produced in detectors under action of ionizing radi-
ation and UV light.
This work was performed under the auspices of the U.S. Department of Energy by Lawrence Liv-
ermore National Laboratory under Contract DE-AC52-07NA27344. LLNL-ABS-824442-DRAFT
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Results from the Xeclipse Liquid Purification Test
System for XENONnT

Friday, 17 September 2021 10:00 (15 minutes)

As liquid xenon detectors grow in scale, novel techniques are required to maintain sufficient purity
for charges to survive across longer drifts. The Xeclipse test facility at Columbia University was
built to test the removal of electronegative impurities through cryogenic filtration powered by
a liquid xenon pump, making possible a far higher mass flow rate than gas-phase purification
through hot getters. This talk will outline the results of this R&D, which were used to guide the
design and commissioning of the XENONnT liquid purification system. Thanks to this innovation,
XENONnT has achieved an electron lifetime greater than 10 milliseconds in an 8.5 ton target mass,
perhaps the highest purity ever measured in a liquid xenon detector.
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Study of Charge and Light Correlation in Electron
Beam Energy Response in DUNE’s prototype

ProtoDUNE-SP LArTPC
Tuesday, 14 September 2021 10:15 (15 minutes)

The Deep Underground Neutrino Experiment (DUNE) is a cutting-edge experiment for neutrino
science and proton decay studies. The single-phase liquid argon prototype detector at CERN
(ProtoDUNE-SP) is a crucial milestone for DUNE that will inform the construction and operation of
the first, and possibly subsequent 17-kt DUNE far detector modules. We have studied the response
of DUNE LArTPC prototype detector ProtoDUNE-SP to test beam positrons via both ionization
and scintillation signals. We searched for (anti) correlation between fluctuations of both scintilla-
tion and ionization in liquid argon, on event-by-event basis. Preliminary results, to be presented
at the conference, reveal anti-correlated statistical fluctuation between scintillation and ionization
in liquid argon.
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Measurement of the total neutron cross section on
argon in the 30 to 70 keV energy range

Wednesday, 15 September 2021 14:45 (15 minutes)

The use of liquid argon as a detection and shielding medium for neutrino and dark matter experi-
ments has made the precise knowledge of the cross section for neutron interactions on argon an
important design and operational parameter. Nevertheless, there has been a lingering discrepancy
between the total cross-section in the 30-70 keV region given in the Evaluated Nuclear Data File
(ENDF) and the single measurement done in the 1990’s by an experiment optimized for higher en-
ergy. This discrepancy is significant in that the former predicts a large negative resonance in the
region while the measurement did not report such a feature, giving rise to significant uncertainty
in the penetration depth of neutrons through liquid argon. This talk presents results from the
Argon Resonant Transport Interaction Experiment (ARTIE) at the Los Alamos Neutron Science
Center (LANSCE), the first dedicated experiment optimized for this energy region. The ARTIE
measurement of the total cross-section as a function of energy confirms the existence of a nega-
tive resonance in this region, but not quite as deep as the ENDF prediction.
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Searches for new physics with a stopped-pion source
at the Fermilab accelerator complex

Wednesday, 15 September 2021 12:15 (15 minutes)

The PIP-II complex at Fermilab is slated for operation later this decade and can support a MW-
class O(1 GeV) proton fixed-target program in addition to the beam required for DUNE. Proton
collisions with a fixed target could produce a bright stopped-pion neutrino source. The addition
of an accumulator ring allows for a pulsed neutrino source with a high duty factor to suppress
backgrounds. The neutrino source supports a program of using coherent elastic neutrino-nucleus
scattering (CEvNS) to search for new physics, such as sensitive searches for accelerator-produced
light dark matter and active-to-sterile neutrino oscillations. A key feature of a program at the
Fermilab complex is the ability to design the detector hall specifically for HEP physics searches. In
this talk I will present the PIP-II project and upgrades towards a stopped-pion neutrino source at
Fermilab and studies showing the sensitivities of a O(100 ton) liquid argon scintillation detector
with a standard PMT-based light detection system to the physics accessible with this source.
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The liquid argon scintillation detection system for
LEGEND-200

Wednesday, 15 September 2021 10:00 (15 minutes)

The LEGEND-200 experiment at LNGS will search quasi-background free for the neutrinoless
double-beta decay in 76Ge. Bare high-purity Ge detectors enriched in the isotope 76Ge are op-
erated in liquid argon, which serves as a coolant and active shielding. Background events are
identified by their interaction typologies. The key to search background-free for 0νββ decays is
the identification of events which deposit simultaneously energy in the germanium detectors and
in the liquid argon. The latter interactions are identified by scintillation light at 128 nm wavelength.
The LAr instrumentation consists of two concentric, wavelength-shifting green fiber barrels coated
with TPB that shift the photons from the primary LAr light at 128 nm to the green. The photons
are read out with arrays of SiPMs at the ends of the fibers. Due to the close proximity of the
LAr instrumentation to the Ge detectors, strong restrictions apply with respect to the radioac-
tivity of the components. Many commercially available components (e.g., packaging of SiPMs)
exceed this limitation. This talk will present the design, construction, and first performance of a
wavelength-shifting, ultrahigh-purity LAr scintillation detection system which will be operated in
the LEGEND-200 experiment.
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A novel cryo-resilient wavelength shifter material
for the DUNE X-Arapuca light concentrator

DUNE is a long-baseline accelerator experiment currently in construction at Fermilab and SURF
(South Dakota).
The science objectives of DUNE are the study of CP violation in the neutrino sector, the identifica-
tion of the neutrino mass hierarchy, observation of supernova neutrino bursts and the search for
proton decay.
The DUNE physics reach are remarkably enhanced by the DUNE Photon Detection System (PDS),
which is based on a light concentration technology named X-Arapuca: at its core a polymeric slab
acts both as secondary wavelength shifter and as lightguide to the photosensors.

In this talk, we will present the latest results achieved in the framework of the DUNE PDS Consor-
tium activities, on the R&D and production of a photon downshifting (WLS) polymeric material,
alternative to the off-shell baseline product, for both the Dune Horizontal and Vertical Drift mod-
ules and for SBND: it is an high performing low cost material, that allows to cover the large surfaces
required in DUNE.
It will be discussed how the new WLS material enhances the light efficiency and cryo-reliability of
the X-Arapuca with respect to the baseline WLS, and how it may be adapted for the Xe doping of
Liquid Argon. Moreover the talk will review the strategies adopted to optimize the light trapping
and the optical coupling of the WLS slab to the SiPMs. This to match the required photon detection
efficiency for the detection of supernova neutrino bursts, while allowing for a reduced number of
SiPMs per unit area of the X-Arapuca device, hence reducing the power dissipated in LAr by the
power over fiber technique.
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Development Towards a Camera Readout Tracking
Plane for the NEXT Collaboration

Neutrinoless double beta decay (0 ) is an extremely rare nuclear decay that occurs when two
neutrons in a nucleus simultaneously beta decay without producing any antineutrinos. If observed,
0 would be the rarest decay process observed, and long target half-lives of 1028 years neces-
sitate development of new background suppression and signal identification methodologies. The
NEXT collaboration is searching for this decay using gaseous 136Xe, a xenon isotope capable of
undergoing double beta decay, and is pursuing an aggressive R&D campaign to develop techniques
that may allow for ton-scale detectors with effectively zero background. One such way that this is
being explored is via the Camera Readout And Barium-tagging (CRAB) technique, which will use
a VUV Image Intensifier coupled to a single high speed, high quantum efficiency TimePix camera
to directly image the VUV track light while coincidentally detecting the barium daughter isotope
produced when 136Xe decays. This approach is intended to circumvent technical challenges asso-
ciated with densely multiplexed SiPM planes for tracking and yields a detector concept that can be
upgraded to incorporate to a low voltage barium tagging cathode in a second phase. We will show
preliminary results from CRAB-0, a system at the University of Texas at Arlington using a Hama-
matsu imagEM X2 EMCCD camera coupled into a prototype VUV Image Intensifier, imaging in
10 bars of Xe gas with high resolution in two dimensions; and discuss progress toward the demon-
strator phase, NEXT-CRAB, at Argonne National Laboratory that will enable three dimensional
track imaging with the VUV without internal electronics or sensors.
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Role of a-Se device configuration in UV detection
efficiency characterized by Time of Flight

Wednesday, 15 September 2021 09:00 (1 hour)

Amorphous selenium (a-Se) detectors have made significant advances in the last few decades, with
applications in X-ray, UV, and visible light detection and potential for high energy particle detec-
tion. A vertical architecture, in which light passes through a transparent conductor to the a-Se
layer, is common in commercial devices; however, a lateral structure, in which light passes only
through the selenium positioned between two contacts, presents an opportunity for improved de-
vice performance and application. In this work we compare the performance of vertical devices
with a-Se thicknesses of 5, 10, and 15 um and lateral devices with electrode spacing of the same dis-
tances, using time of flight (TOF) and conversion efficiency, and introduce optical slits for lateral
structures as a way to better perform carrier specific TOF in a-Se devices.
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Sensitivity of the nEXO neutrinoless double beta
decay experiment

Tuesday, 14 September 2021 08:45 (15 minutes)

The nEXO experiment is a proposed next-generation search for the neutrinoless double beta de-
cay (0νββ) of Xe-136. The detector will be a 5-tonne, monolithic liquid xenon TPC with a target
enriched to 90% in the isotope of interest. In this talk, we will discuss a new evaluation of the
experiment’s sensitivity to 0νββ, given recent updates to the detector design and improved mod-
eling of the signal readout. Specific improvements include detailed, data-driven modeling of sig-
nal development in the charge readout tiles (and subsequently improved modeling of the energy
and position reconstruction), the development of new machine-learning analyses to improve sig-
nal/background separation, and an updated detector geometry. We will discuss how these changes
lead to a projected 90% CL exclusion sensitivity on the 0νββ halflife of 1.35 × 1028 yrs in nEXO,
approximately two orders of magnitude beyond existing experimental limits.
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Lightmap reconstruction in nEXO with an internal
xenon 127 source

Wednesday, 15 September 2021 14:00 (15 minutes)

The nEXO experiment is a planned ton-scale liquid xenon time projection chamber (TPC) designed
to search for neutrinoless double beta decay (0vBB) with a half-life sensitivity beyond 1028 years.
Optimal energy resolution in nEXO requires the precise reconstruction of the scintillation light
signal, corrected by the position- and time-dependent light collection efficiency (or “lightmap”)
throughout the active volume. An injected xenon 127 source is being considered for the lightmap
reconstruction as it allows for in-situ calibrations of the light response, particularly in the center
of the TPC where the use of external sources is limited by the attenuation of gammas in the liquid
xenon. Multiple potential techniques for lightmap reconstruction are being explored, including a
neural net and a kernel smoothing algorithm. This talk will present projections of the lightmap
reconstruction capability from simulated xenon 127 decays and a discussion of the techniques
involved.
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Nucleation efficiency of nuclear recoils in bubble
chambers

Thursday, 16 September 2021 14:45 (15 minutes)

Bubble chambers using liquid xenon (and liquid argon) have been operated (resp. planned) by the
Scintillating Bubble Chamber (SBC) collaboration for GeV-scale dark matter searches and CEvNS
from reactors. This will require a robust calibration program of the nucleation efficiency of low-
energy nuclear recoils in these target media. Such a program has been carried out by the PICO
collaboration, which aims to directly detect dark matter using C3F8 bubble chambers. Neutron
calibration data from mono-energetic neutron beam and AmBe source has been collected and ana-
lyzed, leading to a global fit of a generic nucleation efficiency model for carbon and fluorine recoils,
at thermodynamic thresholds of 2.45 and 3.29 keV. Fitting the many-dimensional model to the
data (34 free parameters) is a non-trivial computational challenge, addressed with a custom Markov
Chain Monte Carlo approach, which will be presented. Parametric MC studies undertaken to vali-
date this methodology are also discussed. This fit paradigm demonstrated for the PICO calibration
will be applied to existing and future scintillating bubble chamber calibration data.
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Precision CEvNS measurements with liquid argon
scintillators for COHERENT

Wednesday, 15 September 2021 11:45 (15 minutes)

The COHERENT collaboration has deployed a suite of low-threshold detectors in a low-background
corridor of the ORNL Spallation Neutron Source to measure coherent elastic neutrino nucleus scat-
tering (CEvNS) on an array of nuclear targets employing different technologies. This has produced
CEvNS cross section measurements with CsI and liquid argon scintillator detectors. These measure-
ments confirm the N2-dependence predicted by the Standard Model and have enabled searches for
non-standard interactions and accelerator-produced dark matter. We aim to construct and deploy
a ton-scale liquid argon detector to provide precision measurements of the CEvNS cross section,
improve our search for dark matter, and investigate charged-current interactions in argon. In this
talk, we will present an overview of the COHERENT experiment with a focus on our liquid argon
program.
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Measurement of the Light-Yield in MicroBooNE with
Isolated Protons

Wednesday, 15 September 2021 09:00 (1 hour)

The MicroBooNE detector is an 85-ton active mass Liquid Argon Time Projection Chamber (LArTPC)
located on-axis along the Booster Neutrino Beam (BNB). It serves as a part of the Short-Baseline
Neutrino (SBN) program at Fermilab, which was primarily designed to address the eV-scale sterile
neutrinos. The primary signal channel in the LArTPC is ionisation, but the argon also emits large
quantities of scintillation light. Prompt scintillation light in MicroBooNE is recorded with an ar-
ray of 32 PhotoMultiplier Tubes (PMTs). The scintillation light is used to determine the timing of
neutrino interactions and to reject cosmic-ray activity.We present a new method of measuring the
light-yield using isolated proton events, which enables a position-dependent light-yield measure-
ment to map the response of the detector across its volume. This method can be used to calibrate
the light response in large-scale LArTPC detectors as well as to test assumptions used in simulating
scintillation light.
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Polyethylene naphthalate wavelength shifter
development and comparison with TPB using 2PAC

Friday, 17 September 2021 08:30 (15 minutes)

The number of rare event search experiments using liquid argon as the active volume is increasing.
As the scintillation light emitted from liquid argon following the interactions peaks at 128 nm, a
wavelength shifter (WLS) is required for efficient detection of such signals. In the experimental
setup dubbed 2PAC (2 Parallel Argon Chambers) operated at LNGS, two identical liquid argon de-
tectors are used to compare two WLS candidate materials: PolyEthylene Naphthalate (PEN) and
TetraPhenyl Butadiene (TPB). In each chamber, the inner surface is covered with specular reflec-
tors and one of the candidate WLS, while SiPMs are used as photosensors, covering approximately
1% of surface area, in order to imitate the configuration of the future large scale detectors. Experi-
mental results of the light yield from both chambers, supported by the Geant4 simulations, will be
discussed and compared, giving the first low temperature comparison of the wavelength shifting
efficiencies of PEN and TPB in a true 4pi geometry, and the highest reported so far PEN conver-
sion efficiency from an industrial grade of PEN. Future R&D plans for PEN as WLS will also be
discussed.
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Charge and Light Sensing in Noble Liquid TPCs
(Keynote)

Tuesday, 14 September 2021 13:00 (40 minutes)

Noble liquid time projection chambers (TPCs) are of interest for experiments in the quest to answer
some most basic questions in both particle and nuclear physics. The charge and light in both LAr
and LXe in response to particles of interest are at the limits of detection sensitivity and accuracy
of their respective charge sensing electrodes and light sensors, such as silicon photomultipliers
(SiPMs). Both will be applied on a large scale in terms of the sensitive areas covered with fine
segmentation and large numbers of signal channels. All TPCs under design or planned will depend
critically on the use of low noise electronics immersed in the cryogenic liquid (“cold electronics”)
to be operated for a decade or longer. Valuable experience has been gained from the already seven
years of operation of the TPC with the lowest noise so far, the MicroBooNE. Some highlights of
the experience with charge sensing in that TPC will be presented. The two proposed and planned
experiments, DUNE second 10-kton LAr module and nEXO 5-ton LXe TPC will present similar
charge sensing signal-to-noise challenges, but much more severe light sensing challenges. This is
due to the very large areas of SiPMs required. Methods to address the light sensing challenge, to
achieve single-photoelectron sensitivity on an array of SiPMs where the avalanche charge signal
is deposited on a capacitance of tens of nanofarads, will be described and the results presented.
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LArTPC for Neutrino Detection (Keynote)
Tuesday, 14 September 2021 07:05 (40 minutes)

The Liquid Argon Time Projection Chamber (LArTPC) represents one of the most advanced ex-
perimental technologies for physics at the Intensity Frontier due to its full 3D-imaging, excellent
particle identification and precise calorimetric energy reconstruction. Reviewing current experi-
mental efforts and potential technology upgrades, this talk summarizes the exciting physics we
can explore using LArTPCs.
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Introduction
Tuesday, 14 September 2021 07:00 (5 minutes)
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Optical Light Collection Amount Studies for
Dedicated Measurements

Thursday, 16 September 2021 12:15 (15 minutes)

In long baseline Neutrino experiments like T2K, NOVA and the future DUNE, the Far Detector
includes a Photon Detection System to help identify the physics signals from the noise presented.
The signals correspond to the physical processes produced when a neutrino or antineutrino beam
is sent from the near detector. When data is taken, one or multiple processes can be presented in
a signal, and also one or multiple neutrinos can produce a signal, therefore, High Energy Physics
methods and others are used to establish the correspondences and to identify the properties and
characteristics of the processes. In the case of NOVA and DUNE, the photon detection system is
built for a Liquid Argon chamber, and they share a common analysis tool which is LArSoft. In this
presentation, one of the variables of the Photon Detection system is discussed, the Optical Hits
module, which gives us the Optical Light Collection Amount. A fictitious detector is used to show
how dedicated measurements can be done and how this variable can be used for the Calibration
and Commissioning of the Photon Detection System.
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