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From FD-1 towards FD-2
⚫ The Photon Detection Consortium of the DUNE Collaboration was 

formed in 2017 with the goal of designing, validating, constructing and 
installing the PD system of the  first Far Detector module (FD-1) of 
DUNE;

⚫ The PD Consortium has developed a solid design based on X-
ARAPUCA light traps, SiPM read-out, cold SiPM ganging and warm 
read-out electronics (DAPHNE) which will be fully validated in the 
second Run of protoDUNE in 2022;

⚫ Despite the mechanical constraints which had to be respected, the PD 
Consortium developed an excellent system. The Light Yield expected in 
the Time Projection Chambers, besides allowing to comfortably measure 
T0 for non-beam events, will allow to enrich the physics program of the 
experiment at low energy;

⚫ The energy resolution (with light) of events with visible energy below 10 
MeV is competitive to what can be done with charge;

⚫ The constraints of the shape and dimensions of the modules and the 
geometrical configuration of the TPC make the collection of light non-
uniform and limit the maximum LY.       
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From FD-1 towards FD-2
⚫ The PD system of FD-1 was brought to maturity by a highly

International Consortium made of 47 Institutions, equally 
distributed among Latin America (17), North America (12) and 
Europe (17)

⚫ The PD Consortium intends to found the PD system of FD-2 
on these same solid bases in terms of technology and of 
International Collaborations

⚫ FD-1 is the starting point for an improved, more efficient PD 
system for FD-2, which will meet the same minimal 
requirements but will be able to expand even more the physics 
reach of the experiment

⚫ The system will be based again on the X-ARAPUCA 
technology but with substantial differences: Power over Fiber 
and  Signal over Fiber (will hear a lot during the Workshop)    
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Goals of the workshop
⚫ The Consortium will show what the status of the PD 

system for FD-2 is;

⚫ We want to disclose to the International Community the 

opportunities that our system offers in terms of design, 

validation and construction;

⚫ We believe that the new technological challenges of the 

PDS for FD-2 can attract the interest of new groups from 

US, Europe and LA while keeping involved all the 

Institutions of the Consortium;

⚫ We intend to replicate the successful model of FD-1 with 

a strong International involvement and a broad sharing of 

responsibilities.
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Vertical Drift Concept

Field cage

Arapuca PDs

• Central cathode + two anode planes, one on the top and the other on the bottom
• Drift of the electrons along the vertical direction wrt to the floor
• Simpler design which allows to maximize the inner volume and to optimize the 

costs

6 Ettore Segreto | DUNE FD-2 PD Workshop



FD-2 PDS Baseline Layout

PD Active optical coverage on 3 
sides: Cathode (sitting at high 
voltage) + long sides of the Cryostat 
walls (at ground)

Field cage with 70% transparency

Xenon doping at 10 ppm level

• This configuration ensures a good 
uniformity in light collection -> 
increased Rayleigh scattering 
length wrt to pure argon 

• Low detection threshold
• Enhanced energy and position 

resolution 
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Average LY ~ 40 PE/MeV assuming the same detection efficiency for X-ARAPUCAs as in FD-1 
and same coverage.
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Tiles on the cathode are double
sided -> have dichroic filters on both
sides. Biased (Power over fiber -
PoF) and read-out (Signal over fiber
- SoF) through optical fibers.   

Tiles on the cryostat walls are single 
sided. Can be biased and read-out 
through traditional wires
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Tiles on the cathode are double 
sided -> have dichroic filters on both 
sides. Biased (Power over fiber -
PoF) and read-out (Signal over fiber 
- SoF) through optical fibers.   

Tiles on the cryostat walls are single 
sided. Can be biased and read-out 
through traditional wires

• PoF and SoF are the subjects of an intense R&D program
• We are very optimistic for both (see more in next 

presentations)
• There is space for significant contributions in this phase 

and in the test/validation and construction of these 
systems



X-ARAPUCA tile for FD-2

Credits: F. Terranova

• Tiles with ~ 60x60 cm2 area
• One wave-shifting plate of the same 

size
• SiPM mounted on the lateral surfaces of 

the plate
• For the tiles sitting on the cathode the 

biasing and read-out of the SiPM arrays 
are done through optical fibers
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Lot of optimizations and opportunities 
here:
• New tiles -> Improve transparency and 

light conversion
• Coupling of the SiPMs to the tile to 

improve the transmission of the 
photons from the tile to the SiPMs

• Optimize dichroic filters to improve 
trapping efficiency



WORKSHOP PROGRAM
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Day one – 26/07/2021
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Day two – 26/07/2021



Conclusions
• The PDS of FD-2 is being founded on the solid bases of the one 

of FD-1

• Baseline design allows to increase the overall Light Yield with 

almost the same active coverage of FD-1. Enlarged physics 

scope 

• System based on the X-ARAPUCA light trap, but with new 

technological challenges. Especially in the area of SiPM biasing  

(PoF) and SiPM read-out (SoF)

• There is space for substantial contributions in many areas and 

new contributors are highly welcome
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