
JUNO in a nutshell
• ν mass hierarchy and ν oscillation

parameters measurement using
reactor νe

• large scintillator mass (20 kton
LAB) and high photo-coverage:
18 k (20”) PMTs + 25 k (3”)
PMTs (double calorimetry)

• high statistics expected (O(105)
events in 6 years), excellent
energy resolution (3% at 1 MeV)
and linearity required

• Several physics topics accessible :
supernovae, solar, atmospheric
and geo-neutrinos
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JUNO Scientific Potential

νe spectrum at JUNO, L = 52.5 km
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REACTOR NEUTRINOS
● Mass hierarchy

– The key requirement is fine energy 
resolution: 
~3% @ 1 MeV

– Independent of θ23, δCP and the 
matter effect

– 3σ sensitivity after 6 years

● Precise measurement of sin22θ12, 
Δm21

2 and Δmee
2 to better than 1%

TERRESTRIAL AND EXTRATERRESTRIAL NEUTRINO SOURCES
● Supernovae, solar, atmospheric and geo-neutrinos

EXOTIC PHYSICS AND OTHER STUDIES

A. Garfagnini [Preventivi JUNO 2018] 1



JUNO Large PMTs

 05/06/18 9 Björn Wonsak

JUNO 20” PMTs

● 15000 MCP-PMTs from NNVT 
● 5000 dynode PMTs from Hamamatsu
● In production since 2016
● Already >9000 delivered
● More than 5000 tested

(Northern Night Vision Technology)

JUNO PMT with implosion 
protection cover

A. Garfagnini [Preventivi JUNO 2018] 2



JUNO Small PMTs

 05/06/18 10 Björn Wonsak

3” PMTs

● Double calorimetry
● Always photon counting

→ Better control of systematics
(Calibration of non-linear response of large PMTs)

● Increased dynamic range

→ Helps with large signals

● 25000 PMTs contracted to HZC
● 4000 produced, 3000 tested at HZC

(e.g. muons, supernova signal)

JUNO custom design: 
XP72B22

QE 24%  ,  P/V 3.0
SPE resolution 30%
TTS 2-5 ns

Prototype already built

200 boxes × 128 PMTs

A. Garfagnini [Preventivi JUNO 2018] 3



A near detector for JUNO

• according to several studies, reactor spectrum might show micro-structure

A. A. Sonzogni, et al. arXiv:1710.00092, D. A. Dwyer & T. J. Langford, Phys.

Rev. Lett. 114,012502 (2015), D. V. Forero et al. arXiv:1710:07378

• during the last year the JUNO Collaboration has decided to design and build a
1 ton scale near detector. Possible options:

R&D started

• ∼ 3 ton Gd-LS in spherical vessel with outer buffer oil in stainless steel vessel

• central detector size: 2 m × 2 m × 2 m

• very close to ractors (∼ 35m): after 1 year, 10× JUNO planned 6 years statistics

Readout sensors under evaluation

• SiPM (need ∼ 10m2),
INFN interested to contribute
Ü1.7% energy resolution goal (need
to operate at −50◦C)

• 3.5” PMTs (need 2300 PMTs)
Ü2.5% energy resolution goal

252 H.-X. Wang et al. / Nuclear Physics B 918 (2017) 245–256

Fig. 4. The geographic map of the optimal candidates near the Yangjiang NPP (YJ NPP) and the optimal range near the 
Taishan NPP (TS NPP) identified for the ND of the JUNO experiment.

Table 1
The properties of candidates of ND. The mass of ND is fixed as the optimal 4 kton.

Experiment JUNO RENO-50

Candidate C1 C2 C3 C4 C5 C1 C2

Baseline (km) 10 10 17 10 15 9 12
!χ2 15.5 14.6 14.7 15.7 15.3 8.7 9.2

ILL-Vogel fissile antineutrino model) could be 4% or even larger. As the primary uncertainty, 
shape uncertainty dramatically affects the MH sensitivity for a single detector case, therefore it 
must be effectively controlled. However, the two-detector configuration can significantly reduce 
the impact of the shape uncertainty relative to the one-detector configuration because the ND 
with great statistics can be used to constrain the shape uncertainty.

To illustrate the ND effects on the energy spectrum shape uncertainty, we compare the one 
detector configuration with a FD of 24 kton at the baseline of 52.5 km and the two detector 
configuration with a ND of 4 kton at the baseline of 12.5 km and a FD of 20 kton at the baseline of 
52.5 km, where the reactors distribution is marginalized. The MH sensitivity as a function of the 
reactor shape uncertainty is shown in Fig. 6. The solid black line shows the sensitivity of the one 
detector configuration, and the dash red line is the sensitivity of the two detector configuration. 
With the increase of the shape uncertainty, !χ2 of the one detector configuration reduces rapidly, 
while the !χ2 of the two detector configuration first reduces and then becomes stable. In the limit 
of the shape uncertainty goes to infinity, !χ2 for the one detector configuration will be close to 
zero, but the two detector configuration can determine the MH with a high sensitivity because 
of the ND constraint on the shape uncertainty. For 4% or even larger shape uncertainty, we can 
obtain a best !χ2 of ∼8.4 for a single 24 kton detector configuration, while a almost stable !χ2

of ∼17.2 can be obtained for the two-detector configuration with the same 24 kton target mass.

H. Wang, et al. Nucl. Phys. B 918 (2017) 245
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JUNO PMT Readout Electronics
Readout Systems

6

THREE 20’’ PMTs’ 
signals go into ONE
underwater box.

1GHz 14bit-FADC in 
very front of each 20” 
PMT

128 3’’ PMTs’ signals go 
into ONE underwater box

• HV: High Voltage units
• ADU: Analog to Digital Unit
• GCU: Global Control Unit
• CAT cable: Category 5e cable
• High reliability needed
Severe constraints by power consumption

A. Garfagnini [Preventivi JUNO 2018] 5



Global Control Unit - 1F3 Block Diagram

Major Design Specifications

• 3⇥ 1 Gs/s 14 bit ADC readout

• 3⇥ 50 kHz average trigger primitive generation

• 1000BASE-T Ethernet support for data readout

• Power-Over-Ethernet support

• Trigger modes: global trigger and auto trigger (supernova support)

• distributed clock alignment within 16 ns

• full remote reprogramming support

• standard FMC expansion support

• 3⇥ RS485 support for HVU programming/control

• low power consumption (10 W / channel)

• high reliability

A. Garfagnini (UniPD/INFN-PD) 2
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GCU : prototypes status

1F3 Prototypes Status

• design completed

• routing completed (at CERN)

• Signal Integrity simulation ongoing

• Thermal simulation ongoing

• a technical design review has been done in Padova at the end of April

• 20 prototypes PCBs have been ordered

• PCB production will be done in China at Dongguan Somacis Graphic

• 2-3 boards will be assembled and tested

• is tests passed, all the other prototypes will be populated with components

A. Garfagnini (UniPD/INFN-PD) 5

1F3 Prototype Front Side

Power

ADUs

Kintex-7

DDR3

Spartan-6

PHY

A. Garfagnini (UniPD/INFN-PD) 6
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GCU: 1F3 Firmware Data Flow Block Diagram

1F3 Dataflow block diagram:

Multiply X 3 main functional blocks

1F3 review, Padova April, 19 2018

A. Garfagnini [Preventivi JUNO 2018] 8



GCU: IPbus from software perspective

• few parameters for each channel
can be set in a config file

• native C++ and python bindings
are available

• a simple python library has been
developed for testing the GCU

• 3 function calls needed to acquire
data from GCU

• simple event display with ROOT
developed

IPBUS from software perspective; single 

channel readout: Super Easy usage from Host  

 Few parameters (each channel) in a config file
 Native C++ and python bindings ( a simple python 

lib has been developed for the GCU)  
 3 function calls to acquire a data chunk from GCU 

1F3 review, Padova April, 19 2018

IPBUS from software perspective; single 

channel readout: Super Easy usage from Host  

 Few parameters (each channel) in a config file
 Native C++ and python bindings ( a simple python 

lib has been developed for the GCU)  
 3 function calls to acquire a data chunk from GCU 

1F3 review, Padova April, 19 2018
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GCU System Test setup in Legnaro (Padova)

Electronics Integration Test Facility
PMT first test: dark current noise (I)

The	PMTs	were	 tested	using	 the	dark	 current	noise.	 They	were	 supplied	at	 the	
nominal	voltage.	The	signal	was	checked	with	an	oscilloscope.		

PMT	2	
Bandwidth	1	GHz	

Rise	+me	
10%	-	90%	
~ 4-5	ns	PMT	2	

All	PMTs	provieds	a	
signal.	

Work	has	to	be	done	to	
reduce	the	noise.	

6	
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Electronics Integration Test Facility
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The LAB scin-llator

Thank	to	F.	Or+ca	

LAB	
Scin5llator	

The	same	concentra+on	of	Daya	Bay	was	used:		
LAB	+	PPO	3g/l	+	bisMSB	15	mg/l		
in	order	to	match	the	PMT	response.		

5	
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Electronics Integration Test Facility
JUNO Electronics test system
A test system for JUNO electronics is under construction at Legnaro National
Laboratories (Italy). It will be composed by:
✓ ~ 17 liter of LAB liquid scintillator;
✓ 48 Philips XP2020 (diameter of 2’’) PMTs with their bases;
✓ Two plastic scintillator to have a trigger on cosmic rays (one on the top of
the system and one on the bottom);

✓ Black plastic structure to avoid the light inside the system;

Mechanical 
Design

Bases PMTs Liquid 
Scintillator

Light-tight 
structure

A. Garfagnini (UniPD/INFN-PD) 33
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Attività JUNO elettronica a Padova

• in gruppo di Padova è coinvolto nello progettazione e produzione di una parte
dell’elettronica dei fototubi (large and small PMTs)

• A. Garfagnini è coordinatore (L2) dell’elettronica di JUNO e coordinatore (L3)
della Global Control Unit (GCU). Regolarmente organizziamo un workshop
dell’eletronica a Padova (ultimo: aprile 2017). Prossimo workshop previsto per
primavera 2019.

• nel 2018 abbiamo sviluppato il nuovo design della GCU, seguendo lo schema 1F3.
Al momento i nuovi prototipi sono in produzione.

• 20 schede saranno prodotte e assemblate durante l’estate.

• da settembre partirà un importante test di integrazione di tutta l’elettronica con
48 canali (16 schede GCU). Si prevede di qualificare tutta la catena
dell’elettronica (dal PMT al trigger e DAQ) e di avviare un test di lunga durata.

A. Garfagnini [Preventivi JUNO 2018] 11



Attività previste nel 2019

Elettronica

• l’attività preponderante riguarda lo sviluppo dell’elettronica dei fototubi

• la gara di elettronica si effettuerà nel 2019, e l’investimento INFN da 2 Me sarà
ripartito su 2019 e 2020

e fisica

• S. Dusini è uno dei conveener del gruppo di fisica con gli small PMT

• L. Stanco, C. Sirignano e F. Sawy stanno sviluppando metodologie innovative per
la determinazione della gerarchia di massa con i dati di JUNO

Dettaglio elettronica:

• test prototipi elettronica GCU

• test di integrazione con le altre componenti e caratterizzazione della catena
completa

• finalizzazione disegno e scrittura capitolato per gara

• definizione e progettazione dei test di qualifica delle schede per la produzione

A. Garfagnini [Preventivi JUNO 2018] 12



JUNO Preventivi 2018

Anagrafica : 6.3 FTE
R. Brugnera 30% F. Chiarello 100% S. Dusini 30%
A. Garfagnini 70% A. Giaz 100% I. Lippi 40%
M. Mezzetto 10% F. H. Sawy 100% C. Sirignano 30%
L. Stanco 30%
M. Bellato 50% F. Dal Corso 20% C. Fanin 20%

Richieste 2019 - CSNII
Missioni 80 k Consumo 60 k
Trasporti 10 k Inventariabile 20 k
Costruzione Apparati 2 M
[Gara GCU]

Richieste 2019 - Servizi Sezione
U. Tecnico 0.4 mu disegno test facility 48 PMT e sistema di test
O. Meccanica 0.4 mu realizzazione test facility elettronica
S. Elettronica 24.0 mu sviluppo elettronica e sistema di test
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