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Deep Underground Neutrino Experiment – DUNE

• 3 major components: beam, near detector, far 
detector

• Fermilab (Chicago, IL) to former Homestake 
gold mines (Lead, SD)

• International collaboration
• Czech member institutions:

- FZU
- Czech Technical University
- Charles University

25/11/2021 Viktor Pěč | DUNE Physics

Far 
Detector

2

Long-Baseline Neutrino Oscillation Experiment
A leading-edge international experiment for neutrino science and proton decay studies

Near 
Detector

Neutrino beam 1

- 1.2 MW beam power

- Upgradeable up to 2.4 MW

Near Detector (ND)2

- 574m from the beam

- Unoscillated flux monitoring

- 𝜈Ar cross-section measurements
(energy spectra & composition)

Massive Far Detector (FD)3

- 1300 km from the ND

- Measurement of oscillated neutrinos

- Technology: LArTPC
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Far 
Detector
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Long-Baseline Neutrino Oscillation Experiment
A leading-edge international experiment for neutrino science and proton decay studies

Near 
Detector

Measurement of 𝜈e appearance and 𝜈µ disappearance for a 
wide range of neutrino energies [0-10 GeV]

- 5𝜎 measurement of the neutrino mass ordering

- Discovery potential for CP violation (wide range of 𝛿CP)

- Precise measurements of neutrino mixing parameters 

No Beam Physics:

- Proton Decay

- Supernova Neutrino Bursts (SNB)

DUNE PHYSICS

- Solar neutrinos & BSM physics

16 of 24

! → #! %̅
• )*; = ,-./01 (~28 cm in LAr; if p at-rest)

• )8 → 283< (64%)

- "## = %&'()* (~52 cm in LAr)

• DUNE will see kaons (unlike in water 
Cherenkov detector) and mono-energetic 4

• Major background from atmospheric 3<CC

- Similar topology (if + energy is right)

- Possible misidentification of proton as K

• Can discriminate on direction

• Difficult to distinguish when short tracks

• Caveat: in DUNE p decays inside Ar nucleus

25/11/2021 Viktor Pěč | DUNE Physics
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Fig. 32 Event display for an easily recognizable p → K+ν signal
event. The vertical axis is TDC value, and the horizontal axis is wire
number. The bottom view is induction plane one, the middle is induction
plane two, and the top is the collection plane. Hits associated with the
reconstructed muon track are shown in red, and hits associated with
the reconstructed kaon track are shown in green. Hits from the decay
electron can be seen at the end of the muon track

are shown in red, and hits associated with the reconstructed
proton track are shown in green. Hits from the decay electron
can be seen at the end of the muon track.

The proton decay signal and atmospheric neutrino back-
ground events are processed using the same reconstruction
chain and subject to the same selection criteria. There are
two preselection cuts to remove obvious background. One
cut requires at least two tracks, which aims to select events
with a kaon plus a kaon decay product (usually a muon). The
other cut requires that the longest track be less than 100 cm;
this removes backgrounds from high energy neutrino inter-
actions. After these cuts, 50% of the signal and 17.5% of the
background remain in the sample. The signal inefficiency
at this stage of selection is due mainly to the kaon tracking
efficiency. Optimal lifetime sensitivity is achieved by com-
bining the preselection cuts with a BDT cut that gives a signal
efficiency of 0.15 and a background rejection of 0.999997,
which corresponds to approximately one background event
per Mt · year.

The limiting factor in the sensitivity is the kaon tracking
efficiency. The reconstruction is not yet optimized, and the

Fig. 33 Event display for an atmospheric neutrino interaction, νµn →
µ− p, which might be selected in the p → K+ν sample if the proton
is misidentified as a kaon. The vertical axis is TDC value, and the
horizontal axis is wire number. The bottom view is induction plane one,
the middle is induction plane two, and the top is the collection plane.
Hits associated with the reconstructed muon track are shown in red, and
hits associated with the reconstructed proton track are shown in green.
Hits from the decay electron can be seen at the end of the muon track

kaon tracking efficiency should increase with improvements
in the reconstruction algorithms. To understand the poten-
tial improvement, a visual scan of simulated decays of kaons
into muons was performed. For this sample of events, with
kaon momentum in the 150 MeV/c to 450 MeV/c range,
scanners achieved greater than 90% efficiency at recogniz-
ing the K+ → µ+ → e+ decay chain. The inefficiency
came mostly from short kaon tracks (momentum below
180 MeV/c) and kaons that decay in flight. Note that the
lowest momentum kaons (< 150 MeV/c) were not included
in the study; the path length for kaons in this range would also
be too short to track. Based on this study, the kaon tracking
efficiency could be improved to a maximum value of approxi-
mately 80% with optimized reconstruction algorithms, where
the remaining inefficiency comes from low-energy kaons and
kaons that charge exchange, scatter, or decay in flight. Com-
bining this tracking performance improvement with some
improvement in the K/p separation performance for short
tracks, the overall signal selection efficiency improves from
15% to approximately 30%.
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Details about DUNE physics in 
L. Perez-Molia talk



LArTPCs: liquid argon time projection chambers
— 4 modules: 70 kton total mass —

Sanford Underground Research Facility (SURF)

1500 m underground (4300 m.w.e.)

Detector deployment in stages:

4 detectors in 2 caverns

DUNE FAR DETECTOR (FD)

- DUNE PHASE-I (Modules 1 & 2)

- DUNE PHASE-II (Modules 3 & 4)

4

1st Module

2nd Module

3rd Module

4th Module

PHASE-I

PHASE-II

66 m 

18 m 

19 m 

The two-phase approach will allow 
implementation of improvements in the 

technology during PHASE-II 

1st Module

2nd Module

3rd Module

4th Module

PHASE-I

PHASE-II

66 m 

18 m 

19 m 
Phase-II also includes a 2.4 MW beam and a 

full ND (LArTPC + GArTPC + tracker)
4



Chapter 1: Executive Summary 1–11

Figure 1.5: The general operating principle of the SP LArTPC. Negatively charged ionization electrons
from the neutrino interaction drift horizontally opposite to the E field in the LAr and are collected on
the anode, which is made up of the U, V and X sense wires. The right-hand side represents the time
projections in two dimensions as the event occurs. Light (“) detectors (not shown) will provide the t0
of the interaction.

Figure 1.6: The general operating principle of the DP LArTPC. The ionization charges drift vertically
upward in LAr and are transferred into a layer of argon gas above the liquid where they are amplified
before collection on the anode. The light detectors (PMTs) sit under the cathode.

Introduction to DUNE The DUNE Technical Design Report

Example of single phase & horizontal drift

500 V/cm

Photosensors

WORKING PRINCIPLE OF A LArTPC
Interactions in a LArTPC

ionisation electrons scintillation photons

two signals proportional to the energy deposit

~27000 e-/ MeV

For 500V/cm drift field

Time zero (t0) and 
complementary calorimetry

Precision tracking 
and calorimetry

~24000 𝛾 / MeV

Drifted and collected in 
charge readout planes

observed by the photon 
detection system

10 of 24

Principles of LArTPC
• Liquid Argon Time Projection Chamber

• 3D image – time plays role of 1 coordinate

• Far Detector – multiple readout wire planes 
à multiple 2D views

25/11/2021 Viktor Pěč | DUNE Physics You Inst Logo

Liquid Argon Time Projection Chamber (LArTPC)

7 HQL 2021 Wanwei Wu | Status, Progress, Plans and the Expected Physics of DUNE

Primary detector technology for DUNE
• Detailed images of events
• Excellent spatial and calorimetric 

resolutions 6 GeV pion

X

5



DUNE PHOTON DETECTION SYSTEM: X-ARAPUCA
X-ARAPUCA system based on SiPMs

6

1) PTP converts VUV light to a wavelength < dichroic cutoff (128 nm -> 350 nm) 

2) The dichroic filter allows the pass of the 350 nm photons.  

3) Wavelength shifter bars (WSB) shift the light above the dichroic cutoff  (350 nm -> 430 nm) 

4) The light is trapped and after several reflections reaches the SiPMs

The idea is to maximise the collection of photons by trapping them in a box

PTP
Dichroic Filter

SiPM SiPM

VUV  light (128 nm)

WLS guide

(350 nm) (430 nm)

LAr

LAr

A SiPM is a p-n junction 
working in reverse mode



DUNE SINGLE PHASE LArTPCs (FD-HD & FD-VD)
FD-HD (Horizontal Drift)DUNE MODULE 1 —> Single Phase + Horizontal Drift

19

Chapter 1: Executive Summary 1–5

scintillation light, which crosses the detector on a timescale of nanoseconds, is shifted into the
visible and collected by photon detector (PD) devices. The PDs can provide a t0 determination for
events, telling us when the ionization electrons begin to drift. Relative to this t0, the time at which
the ionization electrons reach the anode allows reconstruction of the event topology along the drift
direction, which is crucial to fiducialize nucleon-decay events and to apply drift corrections to the
ionization charge.

The pattern of current observed on the grid of anode wires provides the information for recon-
struction in the two coordinates perpendicular to the drift direction. A closer spacing of the wires,
therefore, results in better spatial resolution, but, in addition to increasing the cost of the readout
electronics due to the additional wire channels, a closer spacing worsens the signal-to-noise (S/N)
of the ionization measurement because the same amount of ionization charge is now divided over
more channels. S/N is an important consideration because the measurement of the ionization
collected is a direct measurement of the dE/dx of the charged particles, which is what allows us
to perform both calorimetry and particle identification.

1.3 The DUNE Single-Phase Far Detector Module

Figure 1.2: A 10 kt DUNE far detector (FD) SP module, showing the alternating 58.2 m long (into the
page), 12.0 m high anode (A) and cathode (C) planes, as well as the field cage (FC) that surrounds the
drift regions between the anode and cathode planes. On the right-hand cathode plane, the foremost
portion of the FC is shown in its undeployed (folded) state.

The DUNE SP LArTPC consists of four modules of 10 kt fiducial mass (17.5 kt total mass), con-
tributing to the full 40 kt FD fiducial mass. Figure 1.2 shows a 10 kt module, and the key param-
eters of a SP module are listed in Table 1.1. Inside a cryostat of outer dimensions 65.8 m ◊17.8 m

The DUNE Far Detector Single-Phase Technology The DUNE Technical Design Report

3.6 m 3.6 m

4 horizontal drift regions

Drift distance 3.6 m

Photon detectors 
mounted in the anode 
planes

Vertical cathode and 
anode planes

Photon detection 
system based on SiPMs

The technical design of 
this FD module is fixed

JINST 15 (2020) 08 T08010

(288.000 SiPMs units in total)

Photon 
detectors

21

HV

Basic concept developed in fall 2020

2 volumes separated by a cathode plane

2 anodes planes (top & bottom)

Very Preliminary Design!

Photon detection system based on SiPMs

Bottom CRP
Cathode Plane

Volume 1

Volume 2

6.5 m

6.5 m

Anode

Anode

Anode

Photosensors

DUNE MODULE 2 —> Single Phase + Vertical Drift

Electrons collected at the top and bottom 7

FD-VD (Vertical Drift)

4 horizontal drift regions (3.6 m)
Vertical cathode and anode planes

Photons detectors integrated in the anode planes

2 vertical drift regions (6.5 m)

Horizontal cathode and 
anode planes

Photons detectors 
integrated in the 
cathode and the 
TPC walls

Photon detectors

Photon 
detectors

Anode Anode AnodeCathode Cathode

Charge readout based on wires

Charge readout 
based on perforated 
PCBs
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X-Arapuca - Horizontal Drift

-50 x 10 cm2 

-6 dichroic filters

-48 SiPMs in total (8 strips)

-Strips with 6 SiPMs

-SiPMs 6x6 mm2


-One readout channel only 

Rectangular arrangement for easier 
integration in the anode planes

X-Arapuca Supercell HD

X-Arapuca Supercell HD Picture

read out

8

FD Module1 - Horizontal Drift

Chapter 1: Executive Summary 1–10

events. The PD t0 is also vital in fiducializing nucleon-decay events, which allows us to reject
cosmic-muon-induced background events that will occur near the edges of the detector modules.
We must be able to do this throughout the entire active volume with >99% e�ciency, leading to a
requirement of at least 0.5 photoelectrons per MeV detected for events in all parts of the detector.
These requirements are discussed later in Chapter 5.

PD modules, shown in Figure 1.6, are 209 cm◊12 cm◊2 cm bars, ten of which are mounted in each
APA between the wire layers. Each bar contains 24 X-Arapuca1 cells, grouped into four supercells.
An X-Arapuca cell is shown in Figure 1.7. The outer layers are dichroic filters transparent to
the 127 nm scintillation light. Between these filters is a wavelength-shifting (WLS) plate, which
converts the UV photons into the visible spectrum (430 nm); one WLS plate runs the full length
of each supercell. Visible photons emitted inside the WLS plate at an angle to the surface greater
than the critical angle reach SiPMs at the edges of the plates. Visible photons that escape the
WLS plates are reflected o� the dichroic filters, which have an optical cuto�, reflecting photons
with wavelengths more than 400 nm back into the WLS plates.

Figure 1.6: Left: an X-ARAPUCA PD module. The 48 SiPMs that detect the light from the 24 cells
are along the long edges of the module. Right: X-ARAPUCA PD modules mounted inside an APA.

The 48 SiPMs on each X-Arapuca supercell are ganged together and the signals are collected by
front-end electronics, mounted on the supercell. The design of the front-end electronics is inspired
by the system used for the Mu2e cosmic-ray tagger [7], which uses commercial ultrasound ASICs.
The front-end electronics define the 1 µs timing resolution of the PD system.

1.6 High Voltage, Cathode Planes and Field Cage

The design voltage at which the DUNE TPC will operate is ≠180 kV, corresponding to 500 V/cm
across each drift volume. This voltage is a trade o�. A higher voltage results in more charge

1An arapuca is a South American bird trap, the name used here in analogy to the way the X-Arapuca devices trap
photons.

The DUNE Far Detector Single-Phase Technology The DUNE Technical Design Report

X-Arapuca Module HD

1

2

3

4

- 50 x 10 cm2 

- 6 dichroic filters

- 48 SiPMs in total 

- SiPMs 6x6 mm2


- One read out channel only 

Rectangular arrangement for easier 
integration in the anode planes

X-Arapuca Supercell HD

Final Design ->Test of 160 supercells in 
ProtoDUNE II at CERN about to start
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4 supercells

2 m

X-Arapuca Supercell HD Picture

read out
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DUNE PHOTON DETECTION SYSTEM: FD1-HD
PHOTON DETECTION SYSTEM FOR THE FD-HD



X-Arapuca VD
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PHOTON DETECTION SYSTEM FOR THE FD-VD

X-Arapuca - Vertical DriftX-Arapuca Supercell VD (preliminary)

60 cm

- 62 x 62 cm2


- 36 dichroic filters (tentative)

- 160 SiPMs in total 

- Two read out channels 

Square arrangement for easier 
integration in the cathode plane 

and in the walls

Hanging from 
the membrane

embedded in 
the cathode
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15/09/202- DUNE CM C.M. Cattadori

v1: the 2021 CB1 prototype 

X-Arapuca v1
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PHOTON DETECTION SYSTEM FOR THE FD2-VD

Square arrangement for easier integration 
in the cathode plane and the walls

-60 x 60 cm2 

-160 SiPMs in total (8 strips)

-Flex strips with 20 SiPMs

-SiPMs 6x6 mm2


-Two readout channels

X-Arapuca cell VD

Embedded in the 
cathode (-300 kV)

Hanging from the 
membrane

Details about signal and power 
transmission in S. Sacerdoti talk
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ProtoDUNE-VD

ProtoDUNE-HD

- ProtoDUNE-HD run in summer 2024:
NEW Runs: 

Goal: Test upgraded components in their  
final design and take more beam data

- ProtoDUNE-VD run in summer 2025:

✅

Goal: Test the VD concept for the first 
time at large scale

⏳

ProtoDUNEs at CERN 
Technology choices based on the performance of the ProtoDUNEs at CERN

・Size: 800 t LAr total (1/20 of a total FD module) 

・Successful run in 2018 - 2020

D
U
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- Test of 40 X-Arapuca modules 

- Test of 16 X-Arapuca modules 



DUNE SiPMs 

DUNE PHASE-I will have an enormous amount of SiPMs

Hamamatsu Photonics K.K (HPK) - Japan

- Different SiPM technologies proposed (cell pitch, high/low 
resistance, packaging, design…)

11

Fondazione Bruno Kessler (FBK) - Italy

- A thorough down-selection campaign among different 
labs identified the best models to be operated in DUNE

FD-HD (~300.000 SiPMs)

FD-VD (~100.000 SiPMs)
- Two different vendors:

Results published at: - Cryogenic Characterisation of Hamamatsu HWB MPPCs for the DUNE Photon Detection System (JINST 19 (2024) T01007)

- Characterisation of FBK SiPM sensors for the DUNE Far Detector (to be submitted soon)

 JINST 19 (2024) T08004 



DUNE SiPM CHARACTERIZATION 

• Parameters to be studied:

12

- Breakdown voltage (VBD) 
- Quenching resistance (RQ) 
- DCR, after pulses (AP) and crosstalk (XT)

• Procedure:
- IV curves 
- Dark measurements

Every SiPM must be characterised prior its final 
installation in the detector

before and after thermal stress to 
check reliability in LAr

DUNE STRATEGY
The VBD, RQ and DCR will be 
measured for each SiPM in 

dedicated facilities to guarantee 
that all the SiPMs installed in 

DUNE are operational

A sub-sample (~10%) will undergo a 
complete characterisation to identify 

damaged batches

(Test ~400.000 SiPMs)



DUNE SiPM MASS-TEST SETUP (I)

13

- Characterisation both at room and LN2 temperatures  
- Automatic LN2 refilling (55 L) 
- Translator stage for controlling LN2 immersions 
- Custom low-noise cold and warm electronics  
- FPGA based counter with programmable charge 

discriminator for DCR

Developed by the Ferrara and Bologna Universities/INFN groups

CACTUS allows for the characterisation of 
120 SiPMs in parallel



DUNE SiPM MASS-TEST SETUP (II)

14

Electronics:
- Warm board: mother board + microcontroller unit 

(Arduino MKR Zero) + 15 daughter boards

- Cold board: connect SiPMs to the warm board

- A Raspberry SBC handles the IV characterisation

Cold Board

Warm Board

- Voltage precision 10 mV  
- Dynamic range for IV curves [10nA - 3mA]



DUNE SiPM MASS-TEST SETUP (III)

15

- All the labs taking data 
- Two years of testing per site 
- 2400 SiPMs per month 
- Data uploaded to a common database

5 CACTUS facilities in Europe
(Ferrara, Bologna, Granada, Milano Bicocca & Prague)

The CACTUS facility successfully tested the SiPMs already 
installed in both ProtoDUNEs at CERN



SUMMARY:
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- The DUNE experiment will count on the LArTPC technology for its FD. 

- Collection of VUV photons in the TPCs is crucial to fulfil the DUNE physics goals 

- The DUNE photon detection system has the potential to enhance the experiment 

physics capabilities 

- The light detection system will be the X-Arapuca device, based on SiPMs. 

- The ProtoDUNEs (HD & VD) at CERN provide an opportunity to test the configuration of 

the X-Arapucas under real operation conditions. 

- The mass testing of DUNE SiPMs is on-going and it will last one year more, prior 

the final installation of the SiPMs in the detector.



Back Up



DUNE SiPM MASS-TEST SETUP (I)
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- Characterisation both at room and LN2 temperatures  
- Automatic LN2 refilling (55 L) 
- Translator stage for controlling LN2 immersions 
- Custom low-noise cold and warm electronics  
- FPGA based counter with programmable charge 

discriminator for DCR

Developed by the Ferrara and Bologna Universities/INFN groups

CACTUS allows for the characterisation of 
120 SiPMs in parallel



DUNE SiPMs

SiPM: matrix of single-photon avalanche diodes (SPADs)

Properties:

Dark Count Rate (DCR):

- Mechanical robustness 
- Reduced cost and size 
- Magnetic field immunity  
- High light sensitivity  
- High dynamic range

- Intrinsic background of the device happening also in absolute darkness 
- Main disadvantage for low photon count applications 
- DUNE requirement: DCR < 100 mHz/mm2 at LAr temperature

p-n junction working 
in reverse mode

19



DUNE PHOTON DETECTION SYSTEM: X-ARAPUCA
X-ARAPUCA system based on SiPMs

PHOTON DETECTION SYSTEM FOR DUNE

23

X-ARAPUCA system based on SiPMs
The idea is to maximise the collection of photons by trapping them in a box

1) Working principle

Dichroic filter behaviour

In
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400 nm

Transmittance Reflectance

Chapter 5: Photon Detection System 5–256

Figure 5.6: Simplified conceptual model depicting a X-ARAPUCA cell design sensitive to light from
both sides: assembled cell (left), exploded view (right). The yellow plates represent the dichroic filters
(coated on their outside surfaces with p-terphenyl (PTP) WLS), the pale blue plate represents the
wavelength shifting plate, and the photosensors are visible on the right side of the cell. The size and
aspect ratio of the cells can be adjusted to match the spatial granularity required for a PD module. .

of the narrow sides of the cell perpendicular to the windows, parallel to and up against the light
guide thin ends. Half of the SiPM active detection area collects photons from the light guide, a
quarter of the area on either side of the guide is free to collect the fraction of photons reflected o�
the cell walls and windows. This fraction of photosensor coverage for photons emerging from the
light guide ends is a result of using a standard 6◊6 mm2 SiPM placed symmetrically with respect
to the mid-plane of the bar. Simulation of two additional SiPM geometries with the same active
area (4◊9 mm2 and 3◊12 mm2) showed no substantial di�erence in the detection e�ciency that
would justify a custom geometry for the SiPM.

The basic mechanical design of the X-ARAPUCA-based PD modules is similar to that of the two
prototypes produced for ProtoDUNE-SP. The prototype design was modified to include mechanical
changes to allow both single-sided and dual-sided readout; an increase in the light collection area
made possible by larger slots in the APA; and a modified cabling and connector plan necessary
to move the PD cables out of the APA side tubes while reducing cable requirements to one Cat-6
cable per PD module.

An X-ARAPUCA module is assembled in a bar-like configuration with external dimensions in-
side the APA frame of 2092 mm◊118 mm◊23 mm, allowing insertion between the wire planes
through each of the ten slots (five on each side) in an APA. In addition, there is a header block
5 mm(long)◊135 mm(wide) at the insertion side of the module used to fix the module inside the
APA frame, bringing the maximum length to 2097 mm and the maximum width to 135 mm. The
module contains four X-ARAPUCA supercells, each with six dichroic filter-based optical win-
dows (for the single-sided readout) or twelve windows (double-sided readout) with an exposed
area of 78 mm◊93 mm. The total window area for each (single-sided) supercell X-ARAPUCA is
43,524 mm2. The internal dimensions of a supercell are approximately 488 mm◊100 mm◊8 mm.
A WLS plate (Eljen EJ-286) of dimensions 487 mm◊93 mm◊3.5 mm is centered in the supercell
midway between the dichroic windows.
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Figure 5.6: Simplified conceptual model depicting a X-ARAPUCA cell design sensitive to light from
both sides: assembled cell (left), exploded view (right). The yellow plates represent the dichroic filters
(coated on their outside surfaces with p-terphenyl (PTP) WLS), the pale blue plate represents the
wavelength shifting plate, and the photosensors are visible on the right side of the cell. The size and
aspect ratio of the cells can be adjusted to match the spatial granularity required for a PD module. .

of the narrow sides of the cell perpendicular to the windows, parallel to and up against the light
guide thin ends. Half of the SiPM active detection area collects photons from the light guide, a
quarter of the area on either side of the guide is free to collect the fraction of photons reflected o�
the cell walls and windows. This fraction of photosensor coverage for photons emerging from the
light guide ends is a result of using a standard 6◊6 mm2 SiPM placed symmetrically with respect
to the mid-plane of the bar. Simulation of two additional SiPM geometries with the same active
area (4◊9 mm2 and 3◊12 mm2) showed no substantial di�erence in the detection e�ciency that
would justify a custom geometry for the SiPM.

The basic mechanical design of the X-ARAPUCA-based PD modules is similar to that of the two
prototypes produced for ProtoDUNE-SP. The prototype design was modified to include mechanical
changes to allow both single-sided and dual-sided readout; an increase in the light collection area
made possible by larger slots in the APA; and a modified cabling and connector plan necessary
to move the PD cables out of the APA side tubes while reducing cable requirements to one Cat-6
cable per PD module.

An X-ARAPUCA module is assembled in a bar-like configuration with external dimensions in-
side the APA frame of 2092 mm◊118 mm◊23 mm, allowing insertion between the wire planes
through each of the ten slots (five on each side) in an APA. In addition, there is a header block
5 mm(long)◊135 mm(wide) at the insertion side of the module used to fix the module inside the
APA frame, bringing the maximum length to 2097 mm and the maximum width to 135 mm. The
module contains four X-ARAPUCA supercells, each with six dichroic filter-based optical win-
dows (for the single-sided readout) or twelve windows (double-sided readout) with an exposed
area of 78 mm◊93 mm. The total window area for each (single-sided) supercell X-ARAPUCA is
43,524 mm2. The internal dimensions of a supercell are approximately 488 mm◊100 mm◊8 mm.
A WLS plate (Eljen EJ-286) of dimensions 487 mm◊93 mm◊3.5 mm is centered in the supercell
midway between the dichroic windows.
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SiPM
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1) PTP converts VUV light to a wavelength < dichroic cutoff (128 nm -> 350 nm) 

2) The dichroic filter allows the pass of the 350 nm photons.  

3) Wavelength shifter bars (WSB) shift the light above the dichroic cutoff  (350 nm -> 430 nm) 

4) The light is trapped and after several reflections reaches the SiPMs

The idea is to maximise the collection of photons by trapping them in a box

PTP
Dichroic Filter

SiPM SiPM

VUV  light (128 nm)

WLS guide

(350 nm) (430 nm)

LAr

LAr
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LAr LIGHT AND ITS IMPORTANCE IN DUNE

-> Luminescence mechanisms: recombination + self-trapped excitation

Time t0

Calorimetry

Further possibilities

- Essential for proton decay searches 
- Proper location of supernova event vertex 
- Complementary trigger for supernova events

- Crosscheck for the charge signal 
- Improved energy resolution (charge + light)

- Enhance DUNE potential at few-MeV scale events

LAr VUV (vacuum ultraviolet) scintillation light: 128 nm



DUNE SiPM CHARACTERIZATION 

Parameters to be studied:
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- Breakdown voltage (VBD) 
- Quenching resistance (RQ) 
- DCR, after pulses (AP) and crosstalk (XT) 
- Gain (G) and signal to noise ratio (SNR)

Procedure:
- IV curves 
- Dark measurements 
- LED acquisition

Every SiPM must be characterised prior their final 
installation in the detector
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To measure these quantities:
� IV curve
� Dark noise measurement
� LED acquisition

Important physical quantities:
� VBD and RQ
� DCR, AP and CT
� Gain and SNR

RQ

VBD

IV-forward

IV-reverse

Amplitude vs οt distribution Amplitude histogram

before and after thermal stress to 
check reliability in LAr


