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DAPHNE
• Detector electronics for Acquiring 

PHotons from NEutrinos

- Warm readout electronics for the 

DUNE Module 1 PDS 

• Developed as a partnership 
between FNAL and Latin America 
based off of the FNAL design of the 
Mu2e cosmic ray veto FEB

- Visits to FNAL by Javier Castaño 

and Juan Vega Martinez in 2019 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Why Neutrinos?
- Second most 

abundant particle in 
the universe.


- Relics of the Big 
Bang


- Neutrino interactions 
may have changed 
the balance between 
matter-antimatter
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DUNE Collaboration

- 1317 members

- 208 institutions

- 33 Countries


- Strong International 
partnership to build 
a mega neutrino 
science project 
based at US
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DUNE: Deep Underground Neutrino Experiment

- Is able to give an 
answers to all the 
neutrino puzzles and 
address additional 
physics questions
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DUNE: Deep Underground Neutrino Experiment
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• 10kT fiducial volume


• 150 APAs, 200 CPAs


• Photon detector integrated

• Start of installation 2024


• First module ready by 
2026


• Neutrino Beam by end of 
decade

DUNE Module 1
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• An international Consortium including 47 
Institutions: LA(18), US(12) and  EU(17)


• The PDS is responsible for the Light 
Collection


• Determination of initial time of 
events


• Triggering the detector


• Identification and reconstruction


• Three main elements:


• Light collection System: Arapucas


• Light detection: Silicon Multiplier 
(SiPMs)


• Readout electronics

DUNE SP-PD Overview (I)
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Arapuca Concept: Developed in 
Brazil by Prof. Ana Machado and 
Prof. Ettore Segreto



LAr scintillation light collector based 
on the X-ARAPUCA concept


PD modules, ten per APA, each 209 
cm long by 12cm wide, consist of 4 
“supercells”, each of which consists 
of 6 X-ARAPUCAs


Photon detectors are mounted inside 
the APA frame structure on stainless 
steel rails.

DUNE SP-PD Overview (II)
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DUNE SP-PD Electronics (III)
Signals read out with 6 x 6 mm2 SiPM 
photosensors Hamamatsu (Japan), FBK (Italy)


• 6 photosensors ganged passively


Cold active ganging electronics


• Sums 8 groups of 6 photosensors


Individually shielded twisted pair cables carry 
signals from 4 X-ARAPUCA supercells through 
APA frame to feedthrough 


Warm Readout Electronics (DAPHNE) 
responsible for digitizing signals and shipping 
to DAQ
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Cold Electronics - ganging tests
● Cold amplifier prototypes tested in Milano-Bicocca

● Demonstrated good S/N at with 48x SiPM from both vendors

● Fine tuning in progress

48x Hamamatsu HR-50 (50um cells) 
at +4Vov (45%PDE)

S/N = 4.6 at the scope (1 MHz 
BW) 

= 7.3 with offline filtering

48x FBK Triple Trench (50um cells) 
at +4.5Vov (45%PDE)

S/N = 6.6 at the scope (1 MHz 
BW) 

= 8.6 with offline filtering

(Not to be intended as a comparison 
of SiPM performance)



DUNE SP-PD Electronics (III)
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DAPHNE dev,  
Hard. Design  
FNAL (USA):  
Terri Shaw 
Jamieson Olsen 
Miguel Marchan  
Matt Toups 
Sarah Lockwitz 

DAPHNE dev,  
Hard. Design  
U. Mich (USA):  
Josh Spitz 
Jon Ameel 

DAPHNE Team Members



DAPHNE internal Design
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• Bare PCB Boards ready the 10th of March


• Fully assembled boards arrived at Fermilab on the 
19th of March


• Inspected soldered components using microscope


• Impedance checks on power rails on all 10 boards


• Prototype testing ongoing & docs being developed

• Goal is to identify any hardware fabrication issues 


• Aside from one ADC not working on first board tested, 
only minor issues found so far

DAPHNE Boards roadmap



Testing prototypes plan
 DAPHNE prototypes plans


- 3 in FNAL 

- 2 in Colombia 

- 2 Italy

- 1 in CERN 

- 1 CSU

- 1 Unicamp/FIUNA


• DAPHNE prototypes are already in Colombia for additional software and Gateway 
development.



PLANS FOR FUTURE DAPHNE PRODUCTION IN COLOMBIA
• Institutions with equipment and 

previous knowledge on 
electronics production have 
been identified

• Small projects are under 

development to test  local 
capacities

• Motivate industry and 

government to joint the project

• Main Goal: Create a local 

environment for the production 
of High Performance Electronics

• Plan: Assembly of DAPHNE 

boards in Colombia
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Summary
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• LBNF/DUNE has become a global international collaboration

• DUNE has a broad and rich physics program including CP violation probes, mass 

ordering determination, precision neutrino oscillation measurements. SN neutrinos 
and BSM searches


• 2021: First DAPHNE prototypes already tested

• 2022: Test of DAPHNE boards at ProtoDUNE II 

• 2024: Start of Module 1 installation

• Plenty of room for more Colombian and LA participation.

• The participation in DUNE experiment is an unprecedented opportunity to make a 

contribution of great responsibility at the regional level; also to understand the 
challenges related to community work.



Backups 
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Neutrinos?

- Fermions

- Come in three  

Flavors

- Massless in the 

Standard Model
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Why Neutrinos?
- Nuclear reactions in the sun 

produces billions of 
neutrinos per second


- Abundant amounts of 
Neutrinos are produced in 
Reactors
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Why Neutrinos?
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Why Neutrinos?

- Neutrino oscillation

- Very low mass

- Small interaction cross-

section

- Neutrino mass 

Hierarchy problem 

- Complement to many 

studies performed at 
LHC

30 14/09/2020
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• New detector scheme for second 
module


• Long Vertical drift (VD)

• It includes single phase photon 
detector technology


• R&D ongoing 

• ProtoDUNE-VD in 2023

LAr TPC Vertical Drift
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Electronics Simulation
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DAPHNE Gateware
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• 32-bits Microcontroller STM32H753 

• Zephyr RTOS                                

C/C++ programming

• Developers:Juan Vega (CONIDA, 

Peru), Miller Santos and Javier 
Castaño (UAN), Mauricio Henao, 
Santiago Jiménez, Manuel 
Arroyave (EIA)


• FPGA Artix-7 
• Developers: Manuel 

Arroyave,Javier Castaño Diego 
Aranda, Carlos Montiel (U. de 
Asunción)


• Gateware: developed on Migen/
Litex using co-design Python/
Verilog/VHDL


• OPCUA Slow Control 

• Full-mode 4.8 Gbps module



Testing prototypes plan
Testing plan included the following:


- Demonstrate that the ultrasound ADC chip works in the mode where the baseline 
restoration is turned off and allows us to get about 13 bits of range out of the ADC 


- Demonstrate successful interface with cold electronics 

- Show single-pe readout of 48-ganged SiPMs 

- Demonstrate slow control functions (bias adjustment, ADC gain) 

- Confirm successful interface and data transfer to DAQ at 4.8 gbs 

- Demonstrate readout through near-final cable harness 

- Investigate DAQ integration and x-talk with TPC in ICEBERG2 

- Test bed to allow development of firmware for the next generation of DAPHNE 




DUNE Block Diagram
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