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LArTPC technology approaches the limits of its full reconstruction capability* 
when event energy falls below the ~ten(s) MeV range: 

     - This is where an important part of rare UG Physics may lie 

     - This is where traditional large Volume Liq. Scintillator UG experiments   
        successfully operate - e.g. Borexino, or were proposed - e.g. LENA

While developing the (new) VD LAr detector concept                                    
for DUNE FD(UG) Module ,  

exploiting abundant LAr scintillation light (complementary to ionization charge) 
appeared as a “natural” way to enhance/extend detection sensitivity for UG 

low-energy rare events. 

The key point is to extend PD Optical Coverage as close to 4  as 
possible: to embed it into LArTPC layout is a big technological challenge.   

≥ 2

π

* complete Topology (vtx, energy, position, direction, ptcl. Id.) - En. Threshold in  can be much lower, in the ~tens keV, depending on S/N  Edep



Next-generation LArTPC concept:  
a Vertical Drift Solution with PCB based 

Charge Readout 
complemented by a robust X-ARAPUCA 

Photon Detection System



•PDS cannot be located at the Anode Plane (as in the DUNE SP Module#1) ! 

• If a solution for operating a PD on HV surfaces is found: 

           PD Active Optical Coverage distributed onto 5 sides of the LAr Volume (Cathode side and 4 Field Cage sides) 

                                                                                  +  

                        PD Passive Optical Coverage (reflector) onto Anode side (laminated on perforated PCB) 

                                                                      + 

                             Xe doping (minimize Rayleigh scatter for light at far distance ) 

This would allow ~4  coverage:  

                ~uniformity of response, low detection threshold, energy resolution and position resolution capability 
It would be a second detector - for Ar Light Signals - complementary to LArTPC (directionality):  

 complete exploitation of LAr features (collect all energy deposited) 

 Guarantee highest Live Time (PD active also when LArTPC may be OFF for purity drop/maintenance, HV issues/
maintenance,.. ) very relevant for UG Physics 

Start data taking (SN observer) six months/one year before LArTPC (while LAr filling)

π
⇒

Conceptual design for a  PD System for the VD LAr Volume∼ 4π



0 1 2 3 4 5
0.001

0.005

0.010

0.050

0.100

0.500

1

(ArS, ArT+ArXe+Xe) & (Xe) 

detectable Light Time Distribution


Time (μs)



• requirements, base solutions, alternatives  

✴ PD based on SiPM (low Bias V, minimal occupancy) 

✴ SiPM Bias Voltage Supply (IN), SiPM transmit Signal (OUT) 

✴ PoF (Bias V) Receiver & PoF (Signal) Transmitter 
✴ PoF Receiver (Bias V) & WiFi/RF (Signal) Transmitter  

✴ SiPM Cold Electronics (if used, it also requires Power => more from PoF receiver) 

• Detector design and coverage: existing (X)ARAPUCA technology with SiPM photosensors 
is suitable for this application (flexible design opposite to PMT, optimization for Xe light) 

• Fiber Routing (IN and OUT)

R&D
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] Design Effort

Major

Where’s the challenge ??   
Operating PD on HV surface



LBNFVertical Drift Director Review12.11.20/237

Heriques Frandini - 
 UNICAMP, Campinas, BrPhoton Detector into the Cathode frame under conductor mesh


(exploded view) 
Photon Detectors hanging on Field Cage Walls

 PD System design for the VD LAr Volume∼ 4π
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 PD System design for the VD LAr Volume∼ 4π



• The role of Xe doping 

•  - the detector Light Yield with a  Optical Coverage 
• Energy Reconstruction and Energy Resolution for low-E UG events 
• Position Reconstruction and Space Resolution for low-E UG events 

• First evaluation of Trigger Efficiency in Fiducial VD Volume for low-E UG events 

• Time Resolution study in progress (not reported today) 

LY(x, y, z) ∼ 4π

Ph. Detector 
Performance: 

Expectation from 
first MC simulations 

of Response 
 L. Paulucci, Universidade Federal do ABC, Santo André, SP, Brazil 
  F. Marinho, Universidade Federal de São Carlos, Brazil 
  D. Totani, University California Santa Barbara, USA

* I. Gil-Botella - for fundamental advice on Low-E Physics and PD concepts
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This supports the choice of Xe-doped Ar as scintillation medium.

The collected light is found to be ∼30% larger for Xe-doped Argon (8.2% of the 
total emitted photons reach the PD optical surface vs 6.3% in case of pure Ar), 
due to the effect of the longer Rayleigh scattering length enhancing collection 

probability for light emitted at longer distances from the PD-detectors
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Calorimetric Energy reconstruction  
from detected photon counting

Energy Resolution
from statistical fluctuation (p1) on the number of detected PEs and  

to uncertainty on energy calibration (p0)
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Position reconstruction and 
 Spatial Resolution

Graphical projection of the simulated portion of the 
VD PDS volume on a 2D surface
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position reconstruction from the barycenter of 
the detected light pattern of the event

Edep = 10 MeV at the upper volume center 



σx σy σz

Edep = 5 MeV

Reconstructed position in space for a sample of 
5 MeV MC events generated at a fixed position

Position resolution inversely proportional to the square root of the  
number of photons detected in the event  

≈

Timing in formation (not used here) should improve Space Resolution 

Good Position resolution in   
worse in , due to less n. of PD tiles along VD direction

̂x, ̂z (σx,z ≤ 30 cm)
̂y (σz ≤ 1 m)
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Majority Trigger condition(NPE, MTile)−

Relaxing (N,M)-Majority requirements 
enhance trigger efficiency, but also 

increase rate of false-positive triggers
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Majority Trigger

Trigger Efficiency  for 
interactions with   

expected in 100 % of a 10 kT 
Fiducial Volume

≥ 99 %
Edep ≥ 5 MeV



Enlarging the DUNE Physics Scope
John Beacom

• It is is critical to lower Trigger E-threshold to extend range 
of SN detection (toward and beyond Galaxy edge). 

• It is critical to guarantee good Time resolution and improve 
Energy resolution for SN-signatures in time & energy spectra

Solar

SuperNova



Poer 

POF Technology for VD application  
Two Parts

How to supply bias voltage to the photo-sensors (in the range of 50 V or less) on the HV surfaces
 and to read-out the signal out of HV surface

Warm

WarmCold

Cold
• SiPMs cold electronics module 
• Gang some number of SiPMs 
• Passive or/and Active (w/ preAmp&Shaping) 
• (2) Signal to fiber 
• Convert electrical to light 
• Eleds – analog light Transmitters 

• Transmit via fiber 

• SiPMs warm electronics module  
• Fiber to copper 
• Signal conditioning 
• Signal processing

• (1) Power to fiber  
• Convert electrical power to light 
• Four Laser modules to generate 48 V 
• Each are 4 watt laser systems 
• Individual adjustable output power 
• Interlocked – to protect laser/personnel  

• Transmit via fiber 
   
• Fiber optic Receivers  
• Four receivers tied in series  48 volt for SiPM 

            and power for LEDs for calibration 
• Typical conversion efficiency  22 % 
• 14 W dissipation (heat) 

⇒

W. Pellico - FNAL


