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The Jiangmen Underground Neutrino Observatory  
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interaction: Inverse Beta Decay (IBD)  

JUNO

Yangjang NPP 
Taishan NPP 

total power : ~26.6 GWth

Hong Kong

Medium-baseline experiment: 
 53 km from nuclear reactors  

JUNO
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Mass Ordering (quasi) in-vacuum (independent of 𝛿CP): unique result!

‣ Large detector volume (20 kilo-tons of Liquid scintillator)  
‣ Unprecedented energy resolution: 3%/√E (MeV)  and energy scale 

accuracy (<1%) 

The main goal: the neutrino Mass Ordering (MO) 

Interference between slow (solar) and 
fast (atmospheric) oscillation modes 
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Mass Ordering (quasi) in-vacuum (independent of 𝛿CP): unique result!

The main goal: the neutrino Mass Ordering (MO) 

3σ sensitivity in 6 years  
(≿ 5σ from combined analyses with  ORCA or T2K/NO𝜈A)

Interference between slow (solar) and 
fast (atmospheric) oscillation modes arXiv:2108.06293

JUNO+ORCA

arXiv:2008.11280

3 σ 

JUNO+LB𝜈B

5 σ 

3 σ 

5 σ 

French contributions 

‣ Large detector volume (20 kilo-tons of Liquid scintillator)  
‣ Unprecedented energy resolution: 3%/√E (MeV)  and energy scale 

accuracy (<1%) 
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Oscillation parameters determination 

Interference between slow (solar) and 
fast (atmospheric) oscillation modes 

Precision to sub-percent level for Δm221, sin2θ12  and Δm231 in 6 years of data 
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A vast physics program 
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tens / day 

Diffuse Supernova 
Background (DSNB) ν  

2-4/year

NMO, oscillation parameters 

Details in J. Phys. G 43 (2016) no.3, 030401 and arXiv:2104.02565

(Also presented in CS IN2P3 2018)

• Additional rare events  physics studies 
(proton decay, sterile 𝜈,…)

Main IN2P3 
contributions
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Acrylic spherical 
vessel filled with 
liquid scintillator

Water pool

Top tracker and 
calibration house

Earth magnetic 
field compensation 

coils

Photo-multiplier 
tubes

Acrylic supporting 
nodes

700 m underground

20 kt Liquid 
scintillator 

The JUNO Detector
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Top Tracker

Details in : J. Phys. G 43 (2016) no.3, 030401, 
Updates: JUNO Collaboration, arXiv:2104.02565

‣ 2.8 tons Gd-LS (1t FV) 
‣  30 m from Taishan reactor 
‣  precise measurements of 

reactor anti-𝜐 spectrum
To reduce accidental background 

Radiopurity control 
(Central Detector) 

Muon tracking for cosmogenic 
background reduction 

TAO detector

~3
6 

m 17612 Large PMT (20’’)

25600 Small PMT (3’’)
Dual Calorimetry
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Where we are: Civil construction 
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Acrylic sphere 
100% flat panel produced; Radiopurity control in progress 
Cleaning strategy being defined

Liquid Scintillator  
200 tons of LAB filled into the 5 kt LAB tank  
Al2O3 column plant installed in the LS surface hall

Steel structure 
Production: 95% finished 
anchors of SS structure and lifting platform: installed

LPMT (20”)  
22416 LPMT produced and tested;  
Electronics under mass production

SPMT (3”)  
All 26000 SPMT produced and tested 
Potting and acceptance test ongoing. Electronics under production 

Pre-assembly of acrylic sphere 
on installation platformScanning stations for LPMT

Al2O3 column plant in LS hall

Calibration system  
Calibration house: Production completed 

…. (and many more)

Integration of SPMT, HV dividers, 
frontend cable and connector 

Where we are: Instrumentation 

Top Tracker  
Already at JUNO site, full electronics chain being 
finalized, mechanical structure well defined

Top Tracker containers 
in China 
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Project timeline 

10

Detector Installation in 2022
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JUNO collaboration 
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Now : ~700 collaborators,  77 institute members

Country Institute Country Institute Country Institute
Armenia Yerevan Physics Institute China IMP-CAS Germany FZJ-IKP
Belgium Universite libre de Bruxelles China SYSU Germany U. Mainz
Brazil PUC China Tsinghua U. Germany U. Tuebingen
Brazil UEL China UCAS Italy INFN Catania
Chile PCUC China USTC Italy INFN di Frascati
Chile SAPHIR China U. of South China Italy INFN-Ferrara
China BISEE China Wu Yi U. Italy INFN-Milano
China Beijing Normal U. China Wuhan U. Italy INFN-Milano Bicocca
China CAGS China Xi'an JT U. Italy INFN-Padova
China ChongQing University China Xiamen University Italy INFN-Perugia
China CIAE China Zhengzhou U. Italy INFN-Roma 3
China DGUT China NUDT Latvia IECS
China ECUST China CUG-Beijing Pakistan PINSTECH (PAEC)
China Guangxi U. China ECUT-Nanchang City Russia INR Moscow
China Harbin Institute of Technology Croatia UZ/RBI Russia JINR
China IHEP Czech Charles U. Russia MSU
China Jilin U. Finland University of Jyvaskyla Slovakia FMPICU
China Jinan U. France IJCLab Orsay Taiwan-China National Chiao-Tung U.
China Nanjing U. France CENBG Bordeaux Taiwan-China National Taiwan U.
China Nankai U. France CPPM Marseille Taiwan-China National United U.
China NCEPU France IPHC Strasbourg Thailand NARIT
China Pekin U. France Subatech Nantes Thailand PPRLCU
China Shandong U. Germany FZJ-ZEA Thailand SUT
China Shanghai JT U. Germany RWTH Aachen U. USA UMD-G
China IGG-Beijing Germany TUM USA UC Irvine
China IGG-Wuhan Germany U. Hamburg

Collaboration established in 2014
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JUNO International structure
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Several other responsibilities at 
L3-level and in review committee

• International Scientific Committee  
• Kate Scholberg (Chair) 

• Serguey Petkov

• Schönert Stefan

• Yoichiro Suzuki

• Atsuto Suzuki

• Berrie Giebel

• Victor Matveev 

• Yuanning Gao

• Marco Palaviccini

• Jennifer Thomas  
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The IN2P3 teams 
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48 members: 18 scientists  
and 30 technical staff 

members
Since 2019 

National organisation chart and main sub-systems and contributions  

Main physics contributions  
 - Measurement of 𝜈 oscillations  
 - Dual calorimetry calibration for MO 
 - Radioactivity control for MO 
 - Muon reconstruction and cosmogenic background  for MO 
 - Core Collapse Supernova Neutrinos (CCSN) 

CENBG, IJCLab, 
Subatech 
+OMEGA

IPHC 
+OMEGA

CENBG 
CPPM

IPHC 
+CCIN2P3

+

3 PhD completed  
and 3 ongoing 

Technical staff (FTE)

Based on NSIP 2021 (1st semester) 

Subatech
6

IPHC
4

IJCLab
2

CPPM
1

CENBG
5

Scientists  

6	(3.5	FTE)

4	(3	FTE)

(3.3	FTE)

(1.2	FTE)

(0.05	FTE)

CENBG		
(1.9	FTE)

OMEGA		
(0.3	FTE)

IJCLab		
(0.2	FTE)

CC-IN2P3		
(0.2	FTE)

IPHC	
(3.9	FTE)



Scientific contributions
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The SPMT and dual calorimetry for MO
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JHEP03 (2021) 004 
(Participation to the Edition) 

JUNO collaboration 

Dual Calorimetry Calibration 
Correct the charge non-linearity (QNL) of the LPMT at single channel level  
‣ UV laser at detector center: SPMT as linear reference for the LPMT

SPMT (3’’ PMT) system to control the non-stochastic terms in the energy resolution at <1%

Stefano Dusinia), Giuseppe Salamannab)* on behalf of JUNO Collaboration
a)INFN-Padova, Padova, Italy; b)Università degli Studi Roma Tre, Roma, Italy;

*corresponding author: salaman@fis.uniroma3.it 

Double Calorimetry System of the 
JUNO experiment

stochastic terms

A new concept of double calorimetry
To disentangle the non-linear effects in the calibration from the non-uniform response of 
the detector we have introduced a second set of small PMT (SPMT) whose mean 
illumination is such that they operate mainly in photon counting regime.  

LPMT

SPMT

Simulated 60Co calibration campaign at different radii. The reconstructed energy with 
LPMT is biased compared to MC, while the bias can be corrected by the SPMT 
measurement.

•Large-PMT (LPMT): measure energy via “charge 
integration”, increase photon statistics ⟹ stochastic effect

•Small-PMT (SPMT): measure energy via “photon counting”, 
control systematics ⟹ non-stochastic effects 

LPMT SPMT

Charge measurement of single channel 

Double calorimetry 
in liquid scintillator neutrino detectors

Margherita BUIZZA AVANZINIa, Anatael CABRERAb, Stefano DUSINIc, Marco GRASSId, Miao HEd*

aCNRS/IN2P3/LLR, Palaiseau, France; bCNRS/IN2P3/APC & LNCA Laboratories, Paris, France;  
cINFN-Padova, Padova, Italy; dIHEP, Beijing, China

*corresponding author: hem@ihep.ac.cn

Liquid scintillator detectors

Liquid scintillator detectors are known for their remarkable ability to provide high precision 

energy measurements in the context of neutrino detection for fundamental research.

Hamamatsu 
20-inch 
R12860

NNVT 
20-inch 
MCP

Investigation of PMTs from different suppliers

Determination of neutrino mass hierarchy requires a precision measurement of reactor 

antineutrino spectrum with 3% energy resolution at 1 MeV.

Taking JUNO as an example, light level is so high (1200 photoelectrons/MeV) that the 

requirements for the calorimetry systematics reach the unprecedented sub-percent level.

The large dynamic range of the single channel charge measurement makes it a challenge to 

control systematics.

A new concept of double calorimetry

● Large-PMT (LPMT): measure energy 

via “charge integration”, increase photon 
statistics → stochastic effect

● Small-PMT (SPMT): measure energy 

via “photon counting”, control 
systematics → non-stochastic effect

Simulation of double calorimetry for JUNO

Borexino Double Chooz Daya Bay KamLAND JUNO

Charge measurement of single channel

Geometry of the dual-PMT system have been implemented with 

Geant4 in the JUNO offline software framework SNiPER.

A simulated event with PMT 
responses, color corresponds 
to number of PEs in a PMT.

Implementation of two PMT 
systems in Geant4.

A natural extension to high energy physics with SPMTs

Simulation of cosmic muons Simulated charge map of a muon bundle

Cosmic muons, muon bundles and high energy atmospheric neutrinos produce huge amount 

of photons inside the detector. It’s very likely that a large part of LPMTs will be saturated 
while SPMTs are sufficient to extend energy measurement and provide better timing.

LPMT: very likely 
saturation

SPMT: no 
saturation

Non-linearity
(single channel) 

Non-uniformity
(position dependent) 

Spoils resolution
(full detector) 

Simulated energy non-uniformity along z-axis. The reconstructed 
energy with SPMT represents the truth while with LPMT is biased.

Hamamatsu
3-inch
R6091

HZC 
3-inch 

XP53B20

A mixture of two PMT systems

Optical photons are detected by photomultiplier tubes (PMTs). The 

charge extraction for single photon is straightforward but for 

multiple photons are non-trivial.

The dynamic range is very different 
between detector center and edge. 

Three ways have been tested to reconstruct the PMT charge based on 

the sampled waveform with overshoot and noise

❶ charge integration ❷ waveform fitting ❸ waveform deconvolution

Charge integration
20% nonlinearity

Waveform fitting or deconvolution
still 5% nonlinearity

Since SPMT works in the “photon counting” regime, the single-channel 
nonlinearity is negligible and the detector non-uniformity is easy to be 
controlled → use SPMT to calibrate the LPMT energy response, reduce 
systematics and improve energy resolution.

Implementation for JUNO: ~17,000 20-inch 
PMTs and ~34,000 3-inch PMTs
The physics concept was approved by JUNO 

collaboration in July 2015. The project design 

was approved in January 2016, while the 

number of SPMTs depends on the funding.

P3.063

Optical photons are detected by 
photomultiplier tubes (PMTs). 
The charge extraction for single 
photon is straightforward but for 
multiple photons is non-trivial.
Noise and overshoot can 
introduce a non linear response 
in the measurement of the 
charge in case of multiple 
photons.

Double calorimetry 
in liquid scintillator neutrino detectors

Margherita BUIZZA AVANZINIa, Anatael CABRERAb, Stefano DUSINIc, Marco GRASSId, Miao HEd*

aCNRS/IN2P3/LLR, Palaiseau, France; bCNRS/IN2P3/APC & LNCA Laboratories, Paris, France;  
cINFN-Padova, Padova, Italy; dIHEP, Beijing, China

*corresponding author: hem@ihep.ac.cn

Liquid scintillator detectors

Liquid scintillator detectors are known for their remarkable ability to provide high precision 

energy measurements in the context of neutrino detection for fundamental research.

Hamamatsu 
20-inch 
R12860

NNVT 
20-inch 
MCP

Investigation of PMTs from different suppliers

Determination of neutrino mass hierarchy requires a precision measurement of reactor 

antineutrino spectrum with 3% energy resolution at 1 MeV.

Taking JUNO as an example, light level is so high (1200 photoelectrons/MeV) that the 

requirements for the calorimetry systematics reach the unprecedented sub-percent level.

The large dynamic range of the single channel charge measurement makes it a challenge to 

control systematics.

A new concept of double calorimetry

● Large-PMT (LPMT): measure energy 

via “charge integration”, increase photon 
statistics → stochastic effect

● Small-PMT (SPMT): measure energy 

via “photon counting”, control 
systematics → non-stochastic effect

Simulation of double calorimetry for JUNO

Borexino Double Chooz Daya Bay KamLAND JUNO

Charge measurement of single channel

Geometry of the dual-PMT system have been implemented with 

Geant4 in the JUNO offline software framework SNiPER.

A simulated event with PMT 
responses, color corresponds 
to number of PEs in a PMT.

Implementation of two PMT 
systems in Geant4.

A natural extension to high energy physics with SPMTs

Simulation of cosmic muons Simulated charge map of a muon bundle

Cosmic muons, muon bundles and high energy atmospheric neutrinos produce huge amount 

of photons inside the detector. It’s very likely that a large part of LPMTs will be saturated 
while SPMTs are sufficient to extend energy measurement and provide better timing.

LPMT: very likely 
saturation

SPMT: no 
saturation

Non-linearity
(single channel) 

Non-uniformity
(position dependent) 

Spoils resolution
(full detector) 

Simulated energy non-uniformity along z-axis. The reconstructed 
energy with SPMT represents the truth while with LPMT is biased.

Hamamatsu
3-inch
R6091

HZC 
3-inch 

XP53B20

A mixture of two PMT systems

Optical photons are detected by photomultiplier tubes (PMTs). The 

charge extraction for single photon is straightforward but for 

multiple photons are non-trivial.

The dynamic range is very different 
between detector center and edge. 

Three ways have been tested to reconstruct the PMT charge based on 

the sampled waveform with overshoot and noise

❶ charge integration ❷ waveform fitting ❸ waveform deconvolution

Charge integration
20% nonlinearity

Waveform fitting or deconvolution
still 5% nonlinearity

Since SPMT works in the “photon counting” regime, the single-channel 
nonlinearity is negligible and the detector non-uniformity is easy to be 
controlled → use SPMT to calibrate the LPMT energy response, reduce 
systematics and improve energy resolution.

Implementation for JUNO: ~17,000 20-inch 
PMTs and ~34,000 3-inch PMTs
The physics concept was approved by JUNO 

collaboration in July 2015. The project design 

was approved in January 2016, while the 

number of SPMTs depends on the funding.

P3.063

Even with sophisticated wave form 
analysis, it is very difficult to reduce the 

non-linearity below a few percent.

Anatael Cabrera (CNRS-IN2P3 & APC)
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non-linearity 
(channel-wise)

non-uniformity 
(position-wise)

[QI regime variations]

worsens resolution 
(full detector)

realistic pulse reco (QI) non-linearity (QI)

calibration 
mimicking

20%→5%

(no gain bias)

non linearity
(channel-wise) 

worse resolution
(position-wise) 

non uniformity
(position-wise) 

Three ways have been tested to reconstruct the PMT charge based on 
the sampled waveform with overshoot and noise simulated
1) charge integration
2) waveform fitting
3) waveform deconvolution 

JUNO: an unprecedented Liquid Scintillator Detector
Determination of the neutrino mass hierarchy requires a 
precision measurement of reactor antineutrinos with 3% 
energy resolution at 1 MeV and a calibration error lower 
than 1% over a huge detector.  

The large Liquid Scintillator (LS) 
volume and the large (20”) PMT’s 
surface imply an unprecedented 
PMT dynamical range which 
represents a challenge for the 
control of the systematic 
uncertainties.
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3% resolution 
at 1 MeV is 

pivotal

a - stochastic term 

Maximise the 
detected light 

Control  
systematics

Large photo-coverage
Transparent 
scintillator
High QE 

Challenge over 
huge detector
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Using figure 13 and the approximation in equation (2.12), we can study different effects of
detector design parameters and optimize the corresponding requirements.

The energy resolution of the JUNO detector is projected in appendix A.2.2 with a full
MC simulation. Toy MC is also used to study the degradation due to the PMT charge
resolution, dark noise, quantum efficiency variation, and smearing from the vertex
reconstruction, as shown in table A4 . Besides the detector response and reconstruction, the
variation of the neutron recoil energy also degrades the resolution of the reconstructed
neutrino energy, which introduces a degradation of 0.1MH

2cD � on the MH sensitivity.

2.3.4. Statistical interpretation. In this section, we shall present a brief summary of the MH
statistics and relation to the sensitivity. The following discussion is crucial to properly
understand the sensitivity results shown in figure 12. The determination of MH is equivalent
to resolving the sign of m .31

2D From the statistics point of view, the determination of MH is a
test to distinguish two discrete hypotheses (NH versus IH).

First let us employ the commonly used approach in the Frequentist statistics. Given a null
hypothesis H0 and the alternative hypothesis H1, we can choose a test statistic T in order to
test whether data can reject the null hypothesis H0. The CL 1( )a- to reject H0 is related to
the type-I error rate α, where,

• type-I error rate α is defined as the probability of rejecting the null hypothesis H0, if H0

is true.

From the definition, one can define the relation between a critical value of the observation
Tc
a and the the type-I error rate α as

Figure 13. The iso- MH
2cD contour plot as the function of the event statistics

(luminosity) and the energy resolution, where the vertical dashed–dotted line stands for
the nominal running of six years with 80% signal efficiency.

J. Phys. G: Nucl. Part. Phys. 43 (2016) 030401 Technical Report
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Considerations on resolution

Detector Resolution:

a - stochastic term
3% resolution at 

1MeV is pivotal
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Implementation for JUNO
• The physics concept of Double Calorimetry was approved 

by the JUNO collaboration in July 2015. 
• The project design was approved in January 2016. 
• The final number of SPMT and their positions in the 

detector depend on physics optimisations (on-going)

Current baseline design 
•~18,000 20-inch PMTs
•~36,000 3-inch  PMTs  

Investigation of PMTs 
from different 

suppliers

NNVT 
20-inch 
MCP

Hamamatsu 
20-inch 
R12860

HZC 
3-inch 

XP53B20

Hamamatsu 
3-inch
R6091

MELZ 
3-inch

10 dynodes

Simulated charge map of a muon bundle

LPMT: very 
likely saturation

SPMT: no 
saturation

• Extend the dynamical range beyond 
the region where LPMT are no longer 
linear or even saturated.

• Improve time and vertex resolution due 
to the lower TTS of the small PMTs.

• Improve muon tracking with better 
timing and higher granularity to control 
9Li/8He backgrounds.

• Improve the supernovae neutrino 
detection with less pile-up compared 
to LPMT.

• Provide an independent measurement 
of solar neutrino oscillation parameters 
with similar resolution and time frame 
as LPMT measurement. We can use 
the solar neutrino oscillation 
parameters to cross check for possible 
systematics on the energy 
reconstruction. 

Other benefits from SPMT

Results

Fitting examples

full set of SPMTs
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 / ndf 2χ  142.9 / 90
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fitting quality is fine

energy resolution decreases with reducing SPMT number

Yury Malyshkin Solar Parameters with SPMTs 2016.07.26 9 / 14

MC simulation of 1 year 
of JUNO data taking 
with 36,000 SPMT

Sensitivity to mass hierarchy in units of σ2 as a function of 
energy resolution and years (1.00=6 yrs)

N
(2

0’
’ P

M
T)

Non-stochasticstochastic 

QNL control down to 0.3% with SPMT 

Dual Calorimetry System: proposal lead by APC+Subatech groups in 2014, approved in 2016 

‣  SPMTs in photon-counting mode: (~ 1 P.E./PMT in 95% of reactor 𝜈 
cases) vs LPMT in charge mode (possible non-linearity)  
‣  Possible quasi-independent cross-check and analyses (e.g., solar 

oscillation parameters, muon reconstruction, core-collapse supernova) 
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Oscillation parameters determination 
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JUNO (6 years): measurement of  (θ12, ∆m221, |∆m231|) 
to a precision better than 1%

• SPMT independent analysis (event correlated with LPMT) 
for solar oscillation parameters (θ12, ∆m2

21)

• General analysis  

- 4 independent approaches (IN2P3 in two of them)  
- Common inputs (energy resolution, non-linearities, backgrounds) 

Draft for Collaboration publication 
(Participation to the Edition) 

6 years data taking 
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Background control for      spectrum
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Impact of residual background on the neutrino spectrum 
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}

‣ Accidentals (material radioactivity) 
‣ Radiopurity control 
‣ Fiducial volume cuts 

‣ Time/space coincidence for prompt and delayed signals


 

‣ Cosmogenic (9Li/8He) 

‣ Muon reconstruction/veto (Top Tracker, Central detector, 
Water Pool)  

‣ Geo-neutrino 
‣ U/Th decays in the Earth’s mantle/crust 

(1) 

(2) 

(3) 

Blue: IN2P3 
contributions

Radiogenic accidental background 
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Radioactivity measurements 
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Acrylic sphere: K/U/Th <10-12 g/g requirement (256 panels, 580 tons) 

3 complementary methods to select the acrylic panels:  
•  Neutron activation (Milano) → concentration K/U/Th in volume  
•  ICPMS (IHEP) → U/Th in volume  
•  Laser Ablation-ICPMS (CENBG/IPREM): U/Th on surface 

Measurements by gamma spectroscopy at PRISNA and LSM

SPMT contributions: PMT+ HV divider: 66%, UWB: 21%, Potting: 13%  (150 mHz in fiducial 
volume, <300 mHz requirement) 

• Radon requirement in the Water Pool : Activity < 10 mBq/m3


• Radon measurements of critical materials in 2018-2021: PMTs, electronics, liner 
• Validation of the liner and the critical materials by Radon diffusion and Radon 

emanation measurements

JHEP 111 0721 (2021) 
(Co-editor of the paper) 

6-28 µm thickness

Acrylic  Panel 

HV splitter (76%)

Total SPMT-UWB: 

30 mHz in fiducial volume


Requirement 200 mHz achieved! 

HV	splitter

Heat	sink

Cables

UWB	connect.

UWB	structure

ABC

GCU
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Core Collapse Supernova Neutrinos (CCSN)
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Enormous explosion and rate of events : 
Major challenge for electronics and DAQ 

Impact of SPMT electronics

Analysis in preparation: 


• Vertex/Energy Reconstruction of CCSN events;  
• Event selection for multiple detection channels and spectrum unfolding 
‣ Extension to MM-trigger and transient sources 

• Impact of SPMT electronics on CCSN 
detection and ensure enough buffer on 
readout board 

• <5% charge loss at the maximum peak rate 
for a SN at 3 kpc

‣ Galactic CCSN rate ~ 1-3 / century. One expected during JUNO operation 
‣ Energy spectrum  and Real time evolution of the neutrino signals  
‣ Constrains CCSN models and progenitor masses; Hints on 𝜈 properties 
‣ Multiple detection channels, dominated by IBD and pES (~ 7000 events at 10 kpc) 

Worst case:  
~25% hits loss  
(~ 2% charge loss)

3 kpc

5 kpc



Technical contributions
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Overview SPMT system 
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A total of 200 UWB for 25600 SPMTs

To the DAQ 

128 SPMT for each 
Under Water Box

Asic Battery Card (ABC): IN2P3 responsibility  
Participation to:  
• SPMT specifications and company selection 
• UWB conception and preliminary tests   
• UW Connectors and cables (designed by AXON-France, produced by AXON-China)   
• GCU board: participation to the interface firmware with ABC  
• DAQ: collaboration with China

SPMT production, potting, tests: China 
UWB: Chile  → production China 
HV splitter board: Chile 

ABC (readout board): IN2P3 

GCU: China + Italy (developed for LPMT) 

DAQ: China 

Main responsibilities 
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Readout board: ASIC Battery Card (ABC)
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• Charge and time measurements 
• Trigger-less operation mode 
• Discriminator Signal digitized on FPGA 

to overcome CATIROC dead time JINST 16 P05010 2021 
(S.A.L., Main authors)

Hardware  
Designed in 2016 → 4 prototype versions produced 
Performance tests and thermal studies → ABC_v0 for SPMTs acceptance tests in China 


ABC_v1.2 mass production @ FEDD (June - Oct 2021): 220 boards

→ ABC acceptance tests and calibration 

‣ Deliver to China by December 2021 

CATIROC 

8 CATIROC per board = 128 PMTs

FPGA (Kintex 7) 

1 Gb DDR

CATIROC CATIROC 

CATIROC 

Time schedule OK

Firmware and DAQ 
‣ ABC test firmware (successfully used for SPMT acceptance tests)  
‣ ABC final (physics) firmware : in progress 
‣ ABC+GCU firmware in progress Remote integration/installation (2022)   

Integration/installation responsibility transferred to IHEP 

2000 CATIROC produced 
and tested in 2019

(Int. Responsibility)
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ABC and SPMT acceptance tests  
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• Acceptance and calibration of the 220 ABC  
• Final (physics) Firmware test on the complete SPMT electronics 

chain (ABC+GCU)

Example of 
measured SPE 
(128 SPMTs)

3 test-benches (HV splitter + ABC_v0 and software) delivered to China; commissioned Jan 2020

• Acceptance Test of all the 26000 
SPMTs at Guangxi University 


• 10000 SPMTs already tested, 

1% rejected or to be re-tested 
(JUNO-SPMT publication) 
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The Top Tracker system : overview 
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~2.5 m

Electronics access

3-layer TT

Side view

Top view 

Use existing modules from OPERA’s Target Tracker 
New electronics chain and supporting structure

60% coverage of the JUNO 
projected surface

Modules (OPERA): IN2P3  
Mechanical Structure: JINR  
Electronics:  IN2P3 + INFN/CAEN  (see next slide) 
DAQ:  JINR

Main responsibilities 

- 60 Tonnes 
- 1000 PMT 

- 64000 electronic  channels   
- Expected rate (radioactivity)  50 kHz/PMT  
- Muon Track reconstruction: 0.2° precision
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Electronics developments for the TT 
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Electronics Component  for 1 wall (x16)

ROB (INFN) PMT FEB (IN2P3)

Concentrator Board (IN2P3)  

Global 
Trigger 
Board

Components of a TT wall : 
• 16 PMTs

• 16 Front End Board (with MAROC by OMEGA) 

• 16 Read Out Board (ROB)

• 1 Concentrator Board (CB): responsible for the L1 trigger 

Components Global system  
• Global Trigger Board (GTB): 

2 kHz event rate

1200 FEB produced and tested  80 boards 
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TT electronics tests and prototype 
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All FEB and connection cables delivered to China 
in August 2021


Concentrator Board start mass production by end 
of 2021

TT prototype @ IPHC

• 4 layers of scintillateur, 1/16 of a TT wall surface  
• 2 FEB + ROBs per layers  
• CB validation (HW/FW)  
• Also used for µ flux measurement and 

simulation/reconstruction validation 

16 ROB arrived from INFN 
for CB+ROB tests
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Software contributions 
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‣ Implementation of the electronics simulations in the official 
JUNO software


‣ Vertex and energy reconstruction 

‣ ML studies (just started) for event reconstruction and selection

• Standard approach  (released in JUNO software):  
‣ 3D points defined from x-y strips coincidences;  
‣ fit all combinations in different TT layers  
‣ 0.2º median resolution  

• Hough method under development to improve performances 

Muon simulations and reconstruction

with the Top Tracker  

SPMT simulations and reconstruction

e-,  DN + TTS (1σ)          
e+,  DN + TTS (1σ)          

Efficiency [%]

Synergies with SPMT analyses and 
cosmogenic background studies  

Example of charge 
reconstruction 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
)°Opening Angle true-reco (

0.00

0.02

0.04

0.06

0.08

0.10

R
at

e 
(H

z)

50% 95%

Event display  
of the TT prototype 

µ reconstruction  
performance in official JUNO code

Vertex reconstruction 

‣ Orto-positronium generator and 8He/9Li correct decay 

General / Geant4  
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Computing resources
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(*) 40 GB/s produced at DAQ level, event selection on the local 
farm to reduce data to 60-70 MB/s before transfer to IHEP

(*)

Data Backup in the European Computing Center:  
‣ Shared resources between Italy (CNAF), France (CCIN2P3) and Russia (JINR and MSU)

‣ MoU under definition 

‣ in-kind participation to running costs (under evaluation) 


 Estimated CC-IN2P3 contribution:

Disk requirement: ~ 3PB/year 
• Raw data : 2.4 PB/year  
• Calibration: 36 TB/year 
• Reconstructed :  600 TB/year

Computing resources: ~ 12k CPU cores  
• Data quality: 1000 cores  
• Reconstruction: 6000 cores  
• Simulation:  3000 cores 
• TAO: 2000 cores 

2000 cores 200 TB (disk) 1PB/yr (tape)
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Financial resources
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Top Tracker (in-kind contribution) : ~3.2 M€ 

Hardware contributions: 

SPMT: ~600 k€ 
TT: ~700 k€  

Yearly contributions: 

Functioning costs: ~200 k€  
Running costs: ~100k€ 
  
Computing costs (in-kind contribution): under evaluation 
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Conclusions 
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JUNO on the forefront in neutrinos physics in the next decade 

JUNO detector installation in 2022

‣ IN2P3 participation to the installation reduced by covid pandemic (remote installation strategies or limited on-site 

participation under evaluation)  

Data taking expected soon


IN2P3 leading role in SPMT and TT systems

‣ French expertises recognized and demanded.  
‣ Further technical participation to TAO (limited to supply 4 ABC).  
‣ Solid and coherent participation to the physics program

JUNO included in the national roadmap 
of the research infrastructure 2021


