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JUNO Experiment: International cooperation

I 694 physicists mainly from China and Europe, 77 institutes including 5 at IN2P3

Country Institule I Counlry Institule Country Lnstitute
Armenia  Yerevan Physics lustiute China Tsmghua L Germany U7, Tuchingen
Belgium Universite hine de Bruxelles | China LCAS Ttaly INFN Catania
Brazil ruc China LSIC Ttaly INTN di Frascati
Brazil 1JEL China [ of South China Italy INI'N-Terravs
P PCUC China Wi i UL Ttaly INTN-Milano

China Wulan 17, Ttaly INTN-Mikmo Bicocea
China Xi'an 11 L Llaly INFN-Padova
Benmng Nonnal U China Xumucen Umversity 1taly INEN-Perugia
China Zhengzhon 11 Traly INFN-Roama 3
ChongQiug Universily China NUDT Tatvia TFCS
China CTAF China CUG-Beijing Pakistan PINSTECTI (PATC)
C'hina DGUT China LCUT-Nanchang City Russin INR Moscow
China CGunangxi 1. Croatia PDZ/RBL Russia JINR
China Iarbin Instilute of Technology §Czech Charles U, Russia MSU
China IHEP Finland Umversity of Jyvaskyla Slovakia FMPICU
China Jihu UL France LICLub Orsay Laiwan-China | National Chiso-lung U.
China Jinan U, France [.P2i Bordeaux Talwan-China [ National Taiwan T
C'hina Nanjing 7. France CPPM Marscille Taiwan-China | National Unired U
China Nankai T France [PIIC Strasbourg Thailand NARIT
China NCEDPU I'rance Subatech Nantes L hailand PPRICU
China Pekan U, Cermany | RWTH Aachen U, 1 hailund SuUl
China Shandong 1J. Germany | TUM UK. 7. Warwick
('hina Shanghai ITTJ Germany | 7. Hamburg T'SA UMD-G
China 1GG-Teiling Germany | TZJ-TKP TSA U7C Trvine

SYSu1

Germany

7 Manz

13/06/2023

Journées des Métiers de I'Electronique de I'IN2P3 et de I'lRFU @ LPC Caen



JUNO Experience : Goal

= Determine the order of neutrino masses using electron antineutrinos emitted from two nuclear
power plants in China
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JUNQO Experience : Detector
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JUNQO Detector Performance

= Detect 100,000 neutrinos in 6 years of data collection = 20,000 tons of liquid Scintillator (LS) in
a sphere with 35 m diameter
= Energy resolution of 3%/VE(MeV)
- System of 18000 PM 20” and 26000 PM 3" (78% angular coverage) to detect ~1500
photoelectrons / MeV
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JUNO sPMT Project

JUNO — SPMT : (FRANCE, CHINA, CHILE)

» PMTs:
» 25600 photomultipliers 3"
v CHINA (HZC)
» Electronic
< Front End Electronics for sSPMTs
v France: IN2P3
< High Voltages Splitters
v Chile
< Global Control Modules
v China
» Mechanical
» 200 UWB (Under Water Box)
v’ France, Chile, Ching | fromndPboard
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JUNO sPMT : ABC Block Diagram
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Mem - Operational
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JUNO-SPMT : ABC PCB Overview

I 12 Layers Thickne Single Differential
55 p | SS impedance impedance
owers plans (um)
I compatible with IPC standards
> IPC 7351, IPC 2222, IPC 1 4> >0 100
2221 3 18 40,50
» IPC 4101 4 18 40,50
I 1902 Components 6 18 40,50
» CMS technology 8 18 40,50 80,100
I 45 differential pairs 10 18 40,50 80,100
12 45 40,50
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ABC Production and Tests at FEDD company

e N\ )
PCB PCB control
Manufacturin g review b (Z"-PZi
__vianu & ) Vo= Boards serialization: 1808001
r N\ ( \ Cleaning & steaming - 1SO13485
Components R Components - EN9100
. . . - IPCAG600: printed circuits
L provisioning )\ control review ) - IPCAB10: card wiring

- IPCA620: wired cabling

CMS and feedThrough Burning Takaya
Components soldering Test test
BGA X Ray Inspection FPGA Programming
Placement Inspection CATIROC ship slow control
Automatic Optical Inspection All interfaces verifications
Functional performances
DAQ test
*  Pedestal noise
’ ’ *  HG/LG verification
June’21 - Jan’22 L
*  Coarse/Fine Time verif.

\ 4

Tropicalization Final Quality Packaging 1 * LP2i
Coating Control shipping J Bordeaux
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LP2IB Combined test bench

128 3" JUNO PMTs

Control Power and readout of ABC through GCU (V1.1)
Control and power of HV Splitter boards (V0.3.2) through GCU

JUNO grounding scheme policy
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LP2IB Combined test bench

128 JUNO 3" PMTs in a dark room

80 meter bellow connection
Detail of GND connection
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Acceptance and calibration test sequence

I Sequence step by step and deliverable

Pedestal Pedestal 4
Installation and measurement in measurement in | Sr-]cur\r/]e Ifjn _
ABC powered High Gain Low Gain threshold tuning
HV OFF/ON HV OFF/ON
- Control of the = HG Mean el 2 LG Mean el - Nominal trigger
current (~0~5'0-6 A) 2> HG Sigmachanne/ 216 Sigmachannel threShOIdsAsic
PMT measurement \ HV variation
| In Dark Rate mode LED ON from 1100 to
> . —_—> —>
@ nominal HV and @ nominal HV 1400 V by
nominal thresholds step of 50 V
= Charge Resolution - HG/LG verification and - Fine charge calibration
- Dark Rate rough charge calibration parameters in HG with SPE

» All the sequence lasted ~25’ and was fully automatized
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ABC readout front-end board performances from

production
Mean and sigma pedestal distributions Calibration parameters in High Gain

2 1000 1
S FF [ R - FE o v 1 v COT 5] n
8 it & 8 = HAHVORREMG; . 5 = P1 slopes with no LED point Hlsr‘?—m—no—LED
s A0 £ L Maidie MR8 g L Entries 27777 +
a —— HGHVONPING | [wean 7598 a F —— HGHVONPING Mean 2341 s B ) Mean 123.9
ol e g 8001 P1 slopes with LED point Std Dev 541
T L
sl e =
10°F Histo_p1_with LED
= Entries 28160 - -
r Mesa 2319 s001— Entries 27777
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r = StdDev  4.886
F Sigma o
200—
10 -
TN T A I B R B T BRI B IR IR
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Slope parameter (ADCu/pc)
K3 |‘| . o
11 T N N > High Gain range [1/3 - 10] PE @Gain 20
1
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Mean (ADCu) Sigma (ADCu)

> Low noise achieved Calibration slope in Low Gain

~4% PE / <1% PMT resolution s 5 g ]
E Mean 13.98
10° StdDev  0.7214

" Full slopes

£ dis. in LG LED only

» Front-End boards parameters )
delivered for integration E

15. “210““2-%““30
SlopeLG (ADCu/pC) ping

» Low Gain range [10 - 150] PE @Gain 20
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ABC mass testing: summary

220 ABC front-end boards have been produced, delivered and tested
212 have been accepted for the SPMT system (96.4%)

ABC Mass Testing
200 100%
o Tomltested
| WTotal Accepted
_________________________________________________________________ 80%
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JUNO-SPMT ABC Firmware Progress

I ABC Firmware 1.0 (2021-2022): deployed for PMT testing and UWB integration
I ABC Firmware 2.0: Q/T data stream

v’ perfectly fits CATIROC performances
I ABC Firmware 3.0: Q/T + Discriminator Data Stream (DDS)

v’ Trigger width gives information on the charge

v’ (allows to recover charge of hits triggered during

v’ charge integrator dead-time)

v’ First measurement: DDS principle is working !
v’ To be finalised and delivered in 2023
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ABC Firmware 1.0

Ethernet

—_— A WR /)
. SCLK([7..0] RD P link
Catiroc DOUT7..0] o IPBus
Master
S|OW P SELECT W'
h ouT
Contr0| RST e SPI Bus

NELELS

)
N © § 16 bits
Catiroc 5 = 72 m
d % = g . Custu |
ata e T — protoco
t i >'c O —>
streaming AN 2 .
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—>
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ABC Firmware 2.x

Catiroc DOUT[7..0]

S | ow SELECT

Control -

NELELS

Ethernet

Data capture is done in a parallel mode

R A/ WR
SCLK([7..0] RD P link
i IPBus
) pacE Master
DIN
b — SPI Bus
-
)
DINJ[7..0] > 8 ’
\_____J ~
block_data_Capture #0 16 bits
. 64 Custum
g _qﬁ’p
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J 4———R'D—
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I > EMPTY
! -
1
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Catiroc trig. deadtime vs Firmware 2.x deadtime

= (Catiroc trigger deadtime : due to trigger
processing in analog part of circuit

s [
c
E I - e L L
5 L
B o
8 ool
~At < 60 ns At >90 ns
osl- 1 signal 2 signals
0.4_—
B 2 £ ndf 2297 /10
02— po 7217 = 0.1083
B pi 2.838 = 0.07426
O_IldAAhlL‘- IIIII IIIIIlIIIIIIIIIIIIIII
0 20 40 60 80 100 120 140 160 180

time from previous hit AT [ns]

- the curve of the trigger efficiency is not
affected by the Firmware 2.0

- No additionnal deadtime added by the
firmware 2.0

Using ABC board and firmware 2.0 with
pulse generator in burst mode in the

same channel

Pulse #0

120

100

80

Trigger efficiency recovery (%)

© At<60ns
© 1 signal
20
0

0 20 40
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At >90 ns
2 signals

60 80 100 120 140
Delta_T (ns)
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JUNO-SPMT ABC Remote Programming

FIRMWARE STRUCTURE

1. Install Master JTAG ON GCU Kintex7

> Dedicated firmware on GCU
FLASH
! =3
JTAG Sp6 — K7

TCK
JTAG TDO

2. Configure ABC Kintex7 as Gateway for Flash
programmer

™ g — 1 i
MASTER e — » Dedicated firmware on ABC
IPBUS JTAG Igg E
ETH MASTER ™S 4
SWITCH el —

3. Install ABC Flash Programmer on GCU

1 IPBUS .y ABC Kintex

> Dedicated firmware on GCU
g JTAG K7 — K7
°

4. Download a Bitstream to ABC Flash
» FPGA_Prog Software

 The whole procedure is automated with Shell scripts, and can be applied to the 200 ABC boards of the
experiment
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The End
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