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The JUNO experiment 4 Large-PMT readout electronics

~700 m underground
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Neutrino Observatory (JUNO) S ) - clectronies * 6670 GCUs « 1CTU
is a neutrino medium baseline cthometoaoie | * 138 BECs

experiment with an expected o= 1o m

unprecedented energy resolution Water pool: | 3 3 PMTs connected to 1 UWBO)f;
of 3% at 1 MeV, under 35 kton pure water  ; 48 GCUs Conn-eCtEd to 1 BEC Yla the
construction in China [1, 2]. 2400 20" veto PMTs link:and to 1 switch
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Main tasks: digital conversion of the analog signals from the PMTs, local trigger

Ex;enswe nheut.rmo physics g(e)rI\:ral (li.ete.(cjtor. (C_IIDI): CD PMT slystem: generation, charge reconstruction, timestamp tagging, temporary storage in local
an astrop_ysncs program: 20 ton liqui .SCIntI ator 17612 20" Large-PMTs FPGA memory, data transfer to DAQ.
* Reactor v,: 60 IBD/day inside an acrylic vessel 25600 3" Small-PMTs
* Supernovae burst: (2 35.4 m), supported by a  photocoverage > 75% Electronics specifications [1,3]
5000 IBD + 2300 ES stainless-steel latticed shell * Waveform sampling: 1 GS/s * Reliability: 0.5 % failure rate over 6 yr
in 10 s (@ 10 kpc) * Wide dynamic range: 1-1000 pe « System synchronization: 8 ns clock
« DSNB: 2-4 IBD/yr * Acquisition rate up to 10 kHz
e Solarv: 0(103)/yr Normal hierarchy Inverted hierarchy
. Under Water Box (UWB) ustom sinahua
* Atmospheric v: O(102)/yr m} | — ;o b G oo (o]
* Geo-v: ~400/yr solar: 7.5 x 10> eV/2 High | neo e . cower s A
v | ADC ) .
atmospheric: N B m; el I L A0C ) ! -
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Main physics goals: atmospheric: (signaland H) E | |

* neutrino mass hierarchy , ¥V 2.4 x 1073 eV2
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Mass testing of the Large-PMT readout electronics at Kunshan production site
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|ntegration tests in Kunshan’ China: E E 1_0:_ @ - vieenen @ -vrerernnann PO @ nrnnen .z_. ]
simultaneous mass testing of 344 GCUs at 14000 - T - Event loss startsat | ]
production site. Each day 60 GCUs are exchanged. | Baseline and noise ] 09F ~30 kHz (~460 Mb/s) | & :

12000 n - Well above JUNO ;

o - ﬂ l ] 0.8 expected rate A ]
Waveform digitization: 5 10000 - i i I - : 1
304ns-waveform generated by the integrated £ ook i | Integration window [ go7E .
calibration circuit. Waveform length and position of S i i ; 2 I o :
waveform can be changed online via IPbus protocol [4]. < 6000f- i i . f :
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Bandwidth measurement: 0 i i ; ; :
external pulser at 1-100 kHz frequency, data acquisition 2000 | | | i 04 ]
from 3 channels of 1 GCU, fixed packet size 1 evt = 5.12 kb. - ' sk ¥ -
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oF 1. S: 2. i :‘. i ¥ LowganADC - Test protocol:
- : - L & ] ] 1. Ping test: to check performances of connection of the GCU to the network;
— . F LI ] '
£ 0.08k 1 B 2s0F 2 ‘saturation regime for . send 100 56-byte packets in 1 second to each GCU.
© - 1 o N . . ] . . . . . . .
E 1 2,00F ¢ thehighgain ADC E 2. Linearity test: calibration of each channel, evaluate gain for High gain and
% 0.06 12 ¢ ] Low gain ADCs; short runs at various test pulse amplitude.
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S .04 13 F f __.-" ! 3. Stability test: check stability of parameter over time: baseline, baseline
) ] 1o0p ¢ _.-—" - sigma, integrated charge; long run at fixed test pulse amplitude.
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0.02- ’ 50 5' " - 1 4. Slow control monitoring:
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4 ;' _ E sal 4 . coub 3 guantities are read through the asynchronous link via IPbus protocol [4].
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