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PDS dedicated Cold Box Run
All the readout electronics has been integrated in a single board: “DCEM”

DC-DC and 
LDO

New more 
efficient  GaAs 
photoconverters

Laser board 
for the SoF



Overview of the main upgrades:

● More efficient and compact power system:
Previous Si photoconverters have been replaced with GaAs devices:

○ Total number of devices: from 6 to 2 (+1).
■ 2 new GaAs operating at ~30% of the maximum power can provide the need power (3rd is for 

redondance).
■ Each module is powered with ~0.5 W lasers vs. ~1.3 W of the old Si devices.

○ The ~6V bias from the 3 PoF is shared between SiPM and analog electronics, obtaining 
the desired voltage (5V and 47V) using DC-DC and LDO. 

● A daughter board for the SoF lasers make easier to replace SoF lasers allowing quick tests of 
multiple devices version/kind

● X-Arapuca with different design are installed to test mechanical response to thermal stress.



Cold Box Run B++ (PDS only)

● 2 X-Arapuca on the cathode
● 1 X-Arapuca on the wall
● 2 mini-Arapuca on the wall

6 analog channels 
+ 

1 digital channel
A totally new digital readout 

board has been installed, 
reading a full X-Arapuca.



Cold Box Run B++ (PDS only)

● PD modules configuration same as previous run (B+)
● Modified cold electronics to address noise issues.

● Improved fiber 
shielding to reduced 
light leakage from 
SoF & PoF



Cold Box Run B++ (PDS only)
● 4 analog channels work fine (2 ch of “v2” and 2 ch of “Argon2” on the wall).
● 2 analog channels (“v3”)  and 1 digital channel (“v1”) have problems.

● V3:
● ch1 seems died.
● ch2 shows an offset but no SiPM signal.

● V1 (digital):
● Slow control works, low signal output.

The 4 working channels have FC connector laser 
(MM fibers). 

The 2 channels showing problems are assembled 
with pigtailed lasers (SM fibers + MM fibers), 
however  problems seems related to the 
SiPM/DCEM bias.



Cosmic Signal from the 4 analog devices:

Note: the 4 
channels have 
different gain due to 
different SoF lasers 
and readout setup.



Data taken

A large amount of data have been collected:

● Calibration run (using external LED driven inside by fibers)
● Cosmic events (self trigger on a given channel)
● Cosmic events (external trigger on the CRT)
● Random trigger (long waveforms, noise study)
● Dedicated runs to study the impact of the PoF/SoF on the observed high PE 

rate inside the cold box.



Wall PD Modules Performance: (LED calibration runs)

● Both mini-Arapucas channels (Argon2x2 board) shows a SPE SNR~4.9.
● “47V” board is assembled with SiPM form an old production (before 2017).

From stand alone test the new “47V” devices shows behaviour similar to the “37V” ones.

miniArapuca_37V miniArapuca_47V



Mini-Arapuca signals

Cosmic event

SPE example:
Note: the two channels have different gain: 
Ch1 ~2x Ch2 (this is reflected in both signal 
amplitude and baseline level).

Horizontal: 1 μs/div

CH2: 10 mV/div

CH1: 20 mV/div



PoF Laser Impact (light leakage) looking at the wall 
detector modules

● Wall readout “Argon2x2” board and the two SiPM boards (“37V” and “47V”) are biased 
through copper, fiber transmission is used only for the signal (SoF).

● A correlation between background light and PoF powering (for “V2” and “V3” on the 
cathode) has been observed using the two mini-Arapuca on the wall.

PoF (V2 and V3) onPoF (V2 and V3) off



X-Arapuca on the cathode 



X-Arapuca on the cathode 

X-Arapuca on the cathode is 
powered with PoF.

When X-Arapuca is on the PoF 
light leakage is everytime present.

Moreover the large size of the 
detector collects a lot of this 
background light.

Working in progress to extrapolate 
more information..



Summary:

● 1 X-Arapuca (PoF/SoF) on the cathode (V2) working fine.
○ Full chain PoF/SoF is implemented.

● 2 mini-Arapuca (only SoF) working fine. 
○ Not full chain but useful to monitor the light leakage.

● 1 X-Arapuca (PoF/SoF) on the cathode (V3) has problem.
○ Once cathode is out we have to investigate it.

● 1 X-Arapuca digital readout (on the wall) not clear.
○ Work in progress remotely by digital developers at Fermilab.

Fibers shielding has been improved but light leakage is still present.

New sealed pigtailed lasers test not conclusive (because only on V3).



Next step:

● We need cathode out in NP02 clean room.

● X-Arapuca Visual inspection to check effects due to mechanical stress when they cool down.

● “V3”: need to be inspected:
○ SiPM connections, 
○ power electronics, 
○ warm test.

● Digital need to be inspected.



Plans for Next CB run:

● Upgrade the analog readout boards:
○ Test tw new DC-DC converters, replacing the current one.
○ Upgrade of the laser model for the SoF.
○ Faraday and light box isolation for the analog boards.

● Further improve the fibers shielding.

● A new X-Arapuca “V4” is being assembled. 
○ We are deciding if include it in the next cold box.



How to find the PDS data:

Data acquisition done with CAEN Digizer DT5730SB (2 Vpp 14 bits 500 MS/s):

- There is a README explaining the conditions and how data was taken.

- Data stored at lxplus:

/eos/experiment/neutplatform/protodune/experiments/ColdBoxVD/September2022run

- To access data, please, register in the np-comp e-group:

https://e-groups.cern.ch/e-groups/EgroupsSearchForm.do

https://e-groups.cern.ch/e-groups/EgroupsSearchForm.do

