
Neutrino Physics with JUNO

Speaker: Alberto Garfagnini (PI)

Group members: Riccardo Brugnera, Marco Grassi

Andrea Serafini, Andrea Triossi

Alberto Garfagnini Università di Padova 0



Neutrino oscillations
• neutrinos are created in one flavour, but can be detected in another

• each flavour state is a superposition of mass states(
νe
νµ

)
=

(
cos θ sin θ
− sin θ cos θ

)(
ν1

ν2

)
Three flavour oscillation
• The mixing matrix (PMNS matrix) can be written in terms of 3 angles and 1

phase. Usually factorized into components directly related to the experiments:

- the (12) sector: Solar and Reactor L/E ∼ 15,000 km/GeV

- the (23) sector: Atmospheric and Accelerator L/E ∼ 500 km/GeV

- the (13) sector: Reactor and Accelerator L/E ∼ 500 km/GeV
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Neutrino ∆mass2 and ordering

• neutrino oscillation experiments can access the mass square differences:

∆m2
21 = (7.53± 0.18)× 10−5 eV2 |∆m2

32| = (2.453± 0.033)× 10−3 eV2

R. L. Workman et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2022,
083C01 (2022)

• ν1 is (by convention) the mass
eigenstate with the largest νe
component

• we do not know which mass
eigenstate is the lightest → mass
hierarchy (ordering)problem:

- normal ordering: ν1 lightest

- inverted ordering: ν3 lightest
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JUNO contribution to neutrino oscillations

• JUNO will detect reactor νe and

Ü determine neutrino mass ordering, at ∼ 3− 4σ with 6 years of reactor data

- the measurement is independent of δCP and sin2 θ23

Ü measure at sub-percent level the neutrino oscillation parameters

- sin2 2θ12, ∆m2
21 and |∆m2

32|

JUNO Simulation Preliminary

A. Abusleme at al., Chin. Phys. C 46 (2022) 123001
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• First experiment to be simultaneously sensitive
to two oscillation frequencies

• Neutrino Mass Ordering at 3σ with 6 years of
data-taking

• No dependence on δCP and θ23

• Complementary to long baseline experiments

• Sub-percent precision in less than 2 years on
three parameters: ∆m2

21, sin 2θ12, and ∆m2
31

• Precision measurement of oscillation
parameters as a powerful tool to test the
standard 3-flavor neutrino framework

• Unitarity of the PMNS matrix (Electron Row
Unitarity test)
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JUNO in a nutshell

• it’s going to be the largest ever built liquid
scintillator (LS) detector for neutrino and rare
events physics (including dark matter)

• the main target is the determination of the
neutrino mass hierarchy, one of the still
unanswered questions in neutrino physics

• thanks to the large mass (20 kt) and
overburden (1800 m.w.e.), JUNO will be able
to exploit several neutrino physics channels

~52.5 km

JUNO

Yangjiang NPP
6×2.9 GWth

Taishan NPP
2×4.6 GWth

TAO

8 reactors 
26.6 GWth

JUNO

~700 m
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JUNO rich physics programme
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FIG. 1 Grand Unified Neutrino Spectrum (GUNS) at Earth, integrated over directions and summed over flavors. Therefore,
flavor conversion between source and detector does not a↵ect this plot. Solid lines are for neutrinos, dashed or dotted lines for
antineutrinos, superimposed dashed and solid lines for sources of both ⌫ and ⌫. The fluxes from BBN, the Earth, and reactors
encompass only antineutrinos, the Sun emits only neutrinos, whereas all other components include both. The CNB is shown for
a minimal mass spectrum of m1 = 0, m2 = 8.6, and m3 = 50 meV, producing a blackbody spectrum plus two monochromatic
lines of nonrelativistic neutrinos with energies corresponding to m2 and m3. See Appendix D for an exact description of the
individual curves. Top panel: Neutrino flux � as a function of energy; line sources in units of cm�2 s�1. Bottom panel: Neutrino
energy flux E ⇥ � as a function of energy; line sources in units of eV cm�2 s�1.

Biggio et al., 2009; Ohlsson, 2013), spin-flavor oscillations
by large nonstandard magnetic dipole moments (Ra↵elt,
1990; Haft et al., 1994; Giunti and Studenikin, 2015), de-
cay and annihilation into majoron-like bosons (Schechter
and Valle, 1982; Gelmini and Valle, 1984; Beacom et al.,
2003; Beacom and Bell, 2002; Denton and Tamborra,
2018b; Funcke et al., 2020; Pakvasa et al., 2013; Pagliaroli
et al., 2015; Bustamante et al., 2017), for the CNB large
primordial asymmetries and other novel early-universe
phenomena (Pastor et al., 2009; Arteaga et al., 2017), or
entirely new sources such as dark-matter decay (Barger

et al., 2002; Halzen and Klein, 2010; Fan and Reece, 2013;
Feldstein et al., 2013; Agashe et al., 2014; Rott et al.,
2015; Kopp et al., 2015; Boucenna et al., 2015; Chianese
et al., 2016; Cohen et al., 2017; Chianese et al., 2019; Es-
maili and Serpico, 2013; Bhattacharya et al., 2014; Higaki
et al., 2014; Fong et al., 2015; Murase et al., 2015) and an-
nihilation in the Sun or Earth (Srednicki et al., 1987; Silk
et al., 1985; Ritz and Seckel, 1988; Kamionkowski, 1991;
Cirelli et al., 2005). We will usually not explore such
topics and rather stay in a minimal framework which of
course includes normal flavor conversion.

F. An et al., Neutrino Physics with JUNO, J. Phys. G 43 (2016) 030401, arXiv:1507.05613
A. Abusleme at al., Prog. Part. Nucl. Phys. 123 (2022) 103927 arXiv:2104.02565
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https://arxiv.org/pdf/1507.05613
https://arxiv.org/pdf/2104.02565


The JUNO experimental site

slope tunnel: 1265 m
(slope: 42%)

vertical tunnel: 563 m

Overburden: 650 m

(1800 m.w.e.)
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The JUNO detector construction
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JUNO large PMT Electronics
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Figure 1: JUNO large PMT electronics Read-Out electronics scheme. A description of the di↵erent parts
is given in the text.

• three High Voltage Units (HVU): programmable modules which provide the bias98

voltage to the PMT voltage divider. Each HVU independently powers one Large-99

PMT. The HVUs are mounted on a custom Printed Circuit Board (PCB), the100

splitter board that provides mechanical stability to the modules, and decouples the101

PMT signal current from the high voltage.102

• a Global Control Unit (GCU): a motherboard incorporating the Front-End and103

Readout electronics components. The three PMT signals reaching the GCU are104

processed though independent readout chains.105

The PMT analog signal reaching the GCU is processed by a custom Front-End Chip106

(FEC), which duplicates the input signal and amplifies it with a low-gain and high-107

gain transimpedance amplifiers (see Figure 1). The two signals are further converted108

to a digital waveform by a 14 bit, 1 GS/s, custom Flash Analog-to-Digital Converter109

(FADC). The usage of two FADCs per readout channel has been driven by the design110

requirement of providing a wide dynamic range in terms of reconstructed PEs: from 1 PE111

to 100PEs with a 0.1 PE resolution (high-gain stream) and from 100 PEs to 1000 PEs112

(low-gain stream) with a 1PE resolution [1, 6].113

A Xilinx Kintex-7 FPGA (XC7K160T) is the core of the GCU and allows to further114

4

UWBox under water (-40 m)

UWBox with electronics

Under Water Electronics

Dry Electronics
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Real-Time charge reconstruction in JUNO

• real-time monitoring
of transient
phenomena acquired
by the JUNO
detector (PMT
tubes)

• based on a Baseline
Tracking algorithm
and a Continuous
Over-Threshold
Integration (COTi)

• firmware developing
(VHDL) for the
FPGAs of the GCUs
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JUNO Electronics setup (LNL)

• small complete setup with LS (20 liters), 48 PMTs
+ JUNO electronics readout (full chain)

• allows several measurements with different sources:
laser, γs, cosmic µs and test beam particles

µ
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JUNO Electronics for OSIRIS

• Online Scintillator Internal Radioactivity
Investigation System (OSIRS) : stand-alone (20 t)
LS detector to verify the quality and radiopurity of
JUNO LS during filling

• OSIRIS : small JUNO : 20 t LS read by 75 LPMTs

• in installation phase: it’s commissioning will help
to verify the performances of electronics and the
whole DAQ and reconstruction phase

• now detector filled with water, replacement with
LS ongoing

• the JUNO LNL setup is fundamental in
commissioning the radout software and analysis
chain

OSIRIS	Update

JUNO	Collaboration Meeting
Plenary Session	2
09	February 2023

Michael	Wurm
(JGU	Mainz)

DAQ	adaptation

Michael	Wurm	(Mainz) OSIRIS 12

§ basic idea:	adaptation of existing Event	
Builder to communicate with GCU	cards
in	the UnderWater Boxes	(UWBs)

§ challenge:	different	protocols for commu-
nication used,	only recently data transfer
defined as TCP-IP with GCUs	as the server

§ can be tested in	Legnaro Mini-JUNO	setup
àmany thanks to Padova crew!
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Recent Publications

• R. Triozzi et al., Implementation and performances of the IPbus protocol for the
JUNO Large-PMT readout electronics, submitted to Nucl. Instr. Meth. A
https://arxiv.org/abs/2302.10133,

• A. Coppi et al., Mass testing of the JUNO experiment 20-inch PMTs readout
electronics, submitted to Nucl. Instr. Meth. A
https://arxiv.org/abs/2301.04379,

• V. Cerrone et al., Validation and integration tests of the JUNO 20-inch PMTs
readout electronics, submitted to Nucl. Instr. Meth. A
https://arxiv.org/abs/2212.08454,

• A. Abusleme et al., JUNO Collaboration, JUNO physics and detector, Progr.
Part. Nucl. Phys. 123, (2022) 103927
https://arxiv.org/abs/2104.02565
https://doi.org/10.1016/j.ppnp.2021.103927

• Z. Qian et al., Vertex and Energy Reconstruction in JUNO with Machine
Learning Methods, Nucl. Instr. Meth. A 1010 (2021) 165527.
https://arxiv.org/abs/2101.04839
doi:10.1016/j.nima.2021.165527

• A. Bellato et al., Embedded readout electronics R&D for the large PMTs in the
JUNO experiment, Nucl. Instr. Meth. A 986 (2021) 164600.
https://arxiv.org/abs/2003.08339
doi:10.1016/j.nima.2020.164600
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JUNO thesis topics

• analysis of the first data collected by JUNO and determination of the neutrino
oscillation parameters

• supernova detection in JUNO: development of online triggering algorithms and
data reconstrution

• machine learning inspired algorithms applied to event reconstruction, data
selection and analysis in JUNO

• commissioning of the OSIRIS detector and reconstruction of the first physics
events: calibration data, cosmic muons, radioactive background (U/Th chains)

• real-time charge reconstruction with the large PMTs of the JUNO detector

• measurement of LS performances with test beam particle at LNL
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