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DUNE Near Detector
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DUNE ND-LAr TPCs

Light detectors are along the electric field
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Intention of the Light Detection System

• Provide t0-trigger for track correction
• Resolve pile-ups and associate tracks in time
• Assign detached energy events (~ns) 

by DUNE collaboration



ND LArTPC Module Design

LCM group and ArCLight are fully interchangeable

LCM group

ArCLight

Feedthrough
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6×6 mm2

by DUNE collaboration



2x2 Modules: 0.75m × 0.75m × 1.6m
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Light Detectors
Design drivers:
- Dielectric materials 
- Large surface covering
- Relatively high PDE

TPB

Dichroic Mirror

WLS Plastic10 mm

SiPM
 PC

B

SiPM

280 mm

1.5 m
m

   3 m
m

6 mm

112 μm

3 μm

Both approaches are based on shifting UV light (128 nm) into visible (425 nm) by TPB

+ Provides more rigid construction
+ Spatial resolution in depth

- PDE ∼ 0.2% (Currently)
- Heavier

+ Easy to scale -> Fibers have long attenuation
+ Doesn’t loose efficiency (PDE) with scaling up. PDE ∼ 0.6%
+ Can be used as 1 DAQ channel 

- Complex and flexible 
- No spatial resolution in depth
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Light Detectors
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ArCLight

LCM



Cold Electronics
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Front-End Electronics
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ADC

Synchronization with other subsystems by means
 of absolute time given by GPS
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SiPM Power Supply
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Calibration System
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- LED unit on board: λ = 425 nm

- PTFE Diffuser unifies the light field

- 4 Calibration units per TPC: TOP & BOTTOM // LEFT & RIGHT

- 50Ω impedance matched



TPC prototype testing at Bern
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Light System Performance
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PDE studies by Bern 



Light System Performance
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100 ns, LED double pulse

∼ 250 ns pile-up, Michel event

SiPM Calibration spectrum

pile-up ∼ 3-5 events/10us



Light System Performance

TIPP2023, A. Selyunin, September 6, 2023 17

ArCLight spatial resolution ∼ 5-6cm Common vertical spatial resolution ∼ 2-4 cm Common spatial resolution along beam ∼ 2 cm

ArCLight spatial resolution reconstructed 
from SingleCube data (Vertical direction)

Light Readout spatial resolution simulation
for ArgonCube TPC (Vertical direction)

Light Readout spatial resolution simulation
for ArgonCube TPC (along beam direction)

Spatial resolution (preliminary, Bern simulation)
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2x2 Version ∼20 m of WLS fiber

FSD Version ∼30 m of WLS fiber

LCM for Full Scale Demonstrator (FSD)
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Cryogenic stand at JINR
- Studies with real LAr signal
- Pre-test of the readout chain in LAr

We use 
241Am ⍺-sourcePurity of LAr at level 10-5 - 10-6



Cold PCB for FSD
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Flexible PCB

- E-PCB carrying 6 preamps 
- Cold preamps (LMH6624) Gain ∼ 5
- Power ∼ 30-40mW each @ BW of ∼ 30MHz 
(∼ 10 ns rise time)
- Interface to 3 SiPM boards (3 LCMs or
1 ArCLight)
- Metal screens use to cancel clock pick up
from Charge readout. 
- Samtec connectors
- Left and right boards

2x2 Version FSD Version

- FSD PCB carrying 6 preamps + 6 SiPM
- 6 SiPM are integrated onto the board
- Cold preamps (LMH6624) Gain ∼ 5
- Power ∼ 30-40mW each @ BW of ∼ 30MHZ 
(∼ 10 ns rise time).
- Metal Screens
- Interface to 3 LCMs or 1 ArCLight
- SiPM number can be doubled 
- Samtec or flex cable connector 

Samtec microcoaxial cable



VGA for FSD
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Summary

- Light Detection System demonstrates good 

performance in prototype testing

- LDS fulfill requirements the DUNE ND LArTPC 

(rely on prototype testing results)

- 2x2 testing with 𝜈-beam will demonstrate 

modular approach

- Production for FSD is ongoing 
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