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« PMT delivering & testing: finished all

— All 20012 PMTs delivered and tested, in which
15012 are MCP-PMTs and 5000 dynode PMTs

— Average PDE of all PMTs reached 29.6% (30.0%
for MCP-PMTs, 28.4% for dynode PMTs), after a
correction of aging effects of the testing system

— More than 15 parameters are tested with the most
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Mass Testing and Characterization of 20-inch PMTs for JUNO

Angel Abusleme, Thomas Adam, Shakeel Ahmad, Rizwan Ahmed, Sebastiano Aiello, Muhammad Akram, Abid Aleem, Tsagkarakis Alexandros, Fengpeng An, Qi An, Giuseppe Andranico, Nikelay Anfimoy, Vito Antonell, Tatiana Antoshkina, Burin Asavapibhop, Joao Pedro Athayde Marcondes de
Andre, Didier Auguste, Weidong Bai, Nikita Balashov, Wander Bldini, Andrea Barresi, Davide Basilico, Eric Baussan, Marco Bellato, Antanio Bergnoli, Thilo Birkenfeld, Syhie Blin, David Blum, Simon Blyth, Anastasia Bolshakova, Mathieu Bongrand, Clement Bordereau, Dominique Breton, Augusto
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Hain goal of the JUND experiment s to determine the neutrino mass ordering using a 20kt iquid-scintlator detector. ks key feature is an excellent energy resolution of at least 2 % at 1 MeV, for which s instruments need to meet a certain qualy and thus have to be fully characterized. More than 20,000 20-inch PHTs have been received and
assessed by JUNO after a detailed testing program which began in 2017 and elapsed for about four years. Based on this mass characterization and a set of specific requirements, a good qualty of all accepted PNTs could be ascertained. This paper presents the performed the designed as el as the
statistical characteristics of all 20-inch PITs intended o be used in the JUNO experiment, covering mare than fifteen performance parameters including the photocathode uniformiy. This consttutes the largest sample of 20-inch PUTs ever produced and studied in detail to date, i. 15,000 of the newly developed 20-inch MCP-PMTs from
Northern Hight Vision Technology Co. (NNVT) and 5,000 of dynode PHTs from Hamamatsu Photonics K. K. (HPK).
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« PMT Potting & protecting

— Al 20012 JUNO PMTs potted for waterproof,
no leaks found

— More than 10,000 acrylic covers for implosion
protection has been delivered

— Bottom SS cover passed the review.
Production just started.

— Cover installation and testing in water is
under way.

Validation of mass produced acrylic
and SS covers, with the final
connection structure
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Mass production and characterization of 3-inch PMTs for the JUNO
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25,600 3-inch PMTs will be installed in Jiangmen Underground Neutrino
Observatory (JUNO) to achieve more precise energy calibration and to
extend the physics detection potential. Performances of all bare PMTs
have been characterized and these PMTs are being instrumented with the
high voltage divider, underwater front-end cable, and connector. In this
paper, we present a dedicated study on signal quality at different stages of
the instrumentation. An optimized high voltage ratio was confirmed and
finalized which improved the PMT transit time spread by 25%. The signal
charge was attenuated by 22.5% (13.0%) in the 10 m (5 m) cable and it
required the addition of 45 V (23 V) to compensate for the loss of PMT
gain. There was a 1% overshoot following the PMT signal and no sign
of reflection in the connector. A group of 16 3-inch PMTs with the full
instrumentation was installed in the JUNO prototype detector together
with a few 8-inch and 20-inch PMTs, which showed good stability and
demonstrated a photon detection system with multiple types of PMTs.
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» Have tested almost all the PMTs (99%).

» Totally, 0.67% (149/22240) unqualified PMTs inside
22240 tested PMTs, since:

» Low gain.

» High dark counting rate
» High resolution
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Underwater
connector
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SPMT &St HY

Thermal sink 2

» Global Control Unit

UWB

High Voltage Splitter

GCU for SPMT

» ABC (ASIC Battery Card): Eight 16-channels
CATIROC (Charge And Time Integrated Read

Out Chip) from Omega Lab, Kintex-7 Field
Programmable Gate Array (FPGA)
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Thank you for your attention!
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@.) A Multipurpose Neutrino Observatory -3
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SPMT Under Water Box
128 ch. Photomultipliers
High Voltage
Decoupling HV/Signal
Frond-End + digitalization
Electronics
Global Control Unit (GCU)
LPMT Under Water Box
3 ch. Photomultipliers
'ER BOX X ~200  High Voltage
4 * Decoupling HV/Signal
» Frond-End + digitalization Electronics
 Global Control Unit
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