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Located near Kaiping, Jiangmen in
Guangdong province in Southern China

Designed to measure reactor neutrinos from
two NPP at 52.5 km distance (~700 m deep)
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e Located near Kaiping, Jiangmen in
Guangdong province in Southern China

Top tracker and
- calibration house

Earth magnetic
field compensation
coils

e Designed to measure reactor neutrinos from
two NPP at 52.5 km distance (~700 m deep)

e Designed for unprecedented energy
resolution (3% at 1 MeV)
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e Located near Kaiping, Jiangmen in
Guangdong province in Southern China

e Designed to measure reactor neutrinos from
two NPP at 52.5 km distance (~700 m deep)

e Designed for unprecedented energy
resolution (3% at 1 MeV)
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Multi-purpose detector:

Neutrino Oscillations: mass ordering (30 in ~6 years)

Sub-percent precision for 3 out of 6 neutrino oscillation parameters
Geoneutrinos

Atmospheric neutrinos

Solar neutrinos

Supernova collapse neutrinos

Supernovae (SN) v | Geoneutrinos

New
physics
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1 TNU (Terrestrial Neutrino Unit) = 1 event / 1032 target protons (~1kton LS) / year with 100% detection efficiency

Geonu = Lithosphere + Mantle

Lithosphere (crust + CLM) predictions

: Signal Uncertainty
Lithosphere model [TNU] (%]
Global +6.5 +21
[Prog. in Earth and Planet. Sci. 2, 5. 2015] 30.9 -5.2 -17
JULOC +5.6 +14
[Phys.Earth.Planet.Inter. 299, 2020] 40.4 -5.0 -12
Three groups of BSE models for mantle:

e Cosmochemical (CC): ~2 TNU

e Geochemical (GC): ~10 TNU

e Geodynamical (GD): ~20 TNU

Accessible via anti-ve measurement
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Contribution to Earth’s heat

Refer to talk given by Virginia Stratti
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https://doi.org/10.1186/s40645-015-0037-6
https://www.sciencedirect.com/science/article/abs/pii/S0031920119301931?via%3Dihub

JUNO Timeline

2022-2023 Installation
2023 Completion of the
construction

2024 Filling and

commissioning




Automatic Calibration Unit
lEJ Calibration sources will be Non-linearity calibration curve

ROV guide rail

Caliration house regularly inserted into
| i detector i
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[JUNO collaboration, JHEP 2021, 4 (2021)]
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https://link.springer.com/article/10.1007/JHEP03(2021)004

Prompt signal Delayed signal:

Inverse Beta-Decay (IBD): t};ndle for neutriAno energy: - IBD tag: 2.2 and 4.9 MeV within ~200 ps
_ v = Lie+ + AMp—p + \/\
Ve+p—et +n ~.

(reaction threshold: 1.8 MeV)

Selection of IBD candidates: 0.9 X102

measured reactor spectrum
(without oscillations)

e Muon veto 08
e Selection cuts (~10* suppression of IBD-like events): o
o Prompt energy: [0.7, 12.0] MeV

o Delayed energy: [1.9, 2.5]U[4.4, 5.5] MeV

o Time difference: 1 ms
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e Neutrinos “change” their flavour on the way to the detector.
(more precisely, the probability to be detected in the same flavour eigenstate as
created depends on energy and travel distance)

e Only electron antineutrinos are visible in JUNO
(via inverse beta-decay)

e Both geo- and reactor antineutrinos oscillate, but the oscillation
pattern is different:
o Reactor neutrino: fixed baseline (52.5 km) — very clear oscillation pattern
o  Geoneutrino: different baselines (distributed in the Earth) — averaged

probability is a working approximation, but an accurate calculation is
important when considered together with reactor.

Oscillation parameters must be taken into account. JUNO will measure
some of them — important help for geoneutrino measurement!

MMTE-2023: Geoneutrino Sensitivity of JUNO July 4-7, 2023

6 years of data taking

Events per 1 MeV

—— No oscillations

~== Only solar term
—— Normal ordering
—— Inverted ordering

| 6 years of data taking
Geoneutrinos

Events per 1 MeV

= With oscillations
-~ No oscillations
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Signal — geoneutrino
e about 1 event per day
e contributed by ?32Th and 28U decays

Irreducible background — reactor neutrinos
e No way to distinguish (in the energy window
of geoneutrinos)
e Much higher rate (x35)
e Affected by neutrino oscillations, which
JUNO will also measure

Other backgrounds
e Highly suppressed by selection cuts
e May still impact geoneutrino measurement

Events per 20 keV
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—— Fake dataset
- Example fit
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e Inclusion of the oscillation parameters in the fit - the main effect

Reactor Neutrinos

e Updated detector response modeling 7 ceoneurino
e Updated set of backgrounds 0? [\L o Word Reacior
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e Use of reactor antineutrino spectral shape constraint from Daya
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e Increased exposure (83.0% -> 91.6%) thanks to improved muon Visible Energy [MeV]
veto strategy Rate Rate Shape
[counts per day] uncertainty uncertainty
e New and complementary analyses: Geoneutrinos 12 - 5%
Reactor Neutrinos 43.175 - Daya Bay
o  Asimov datasets (without statistical fluctuations) Accidentals 08 1% -
— two Working groups SLil®He 0.8 10% 10%
. ) 13C(a,n)'®0 0.05 50% 50%
o  Toy Monte Carlo datasets with all fluctuations Fast Neutron 01 100% 20%
—one Working group World Reactor Neutrinos 1 5% 5%
Atmospheric Neutrinos 0.16 50% 5%

* Previous publications: Yellow Book (2015), R. Han et al. (2016)

[Yellow Book (2015)]
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https://doi.org/10.1088/0954-3899/43/3/030401
https://iopscience.iop.org/article/10.1088/1674-1137/40/3/033003
https://doi.org/10.1088/0954-3899/43/3/030401

Fit configuration:
Th/U abundance fixed to the chondritic ratio (3.9)

Geo- and reactor neutrino rates are free
Other background rates are constrained
Shape uncertainty

Energy scale uncertainty (negligible impact)

Oscillation parameters free

Existing measurements:
2020 Borexino 17% with 8.9 years [M.Agostini et al.. Phys. Rev. D 101, 2020 ]
2022 KamLAND 15% with 14.3 years [S.Abe etal.. Geophys. Res. Lett. 49 (16), 2022 ]

Expected geoneutrino precision*
(assuming Th/U mass ratio fixed to 3.9)

1 year ~22%
6 years ~10%
10 years ~8%

* These and further sensitivity
numbers are shown for the first
time. Paper under preparation.

Refer to talk given by Livia Ludhova
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https://doi.org/10.1103/PhysRevD.101.012009
https://doi.org/10.1029/2022GL099566

Distribution of possible fit results with fixed
oscillation parameters

N
o
(@)

=

(@)

o
1

Fit result: 232Th events / 1 year
o

0
Fit result: 238U events / 1 year

High statistics is crucial:
after 1 year there is a large chance to get Th
railed to 0 even with fixed oscillation parameters

Th and U are strongly anticorrelated:
JUNO can disentangle the Th and U contributions
and make a very good measurement of their sum

Expected precision

6 years 10 years

232Th; ~40% ~35%
238, ~35% ~30%
232Th+238Y; ~18% ~15%

232Th/238Y ratio: ~70% ~55%
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Assuming no difference in spectral shapes for lithosphere and mantle: Existing lithospheric prediction:

Global: 30.9"5_ TNU
[Prog. in Earth and Planet. Sci. 2, 5. 2015]

Mantle = Total Geonu Measurement — Lithosphere Prediction JULOC: 40.47° ;  TNU

[Phys.Earth.Planet.Inter. 299, 2020]

Existing measurements:

[ ]
2020 Borexino: 20.8"%4 , TNU
[ M.Agostini et al., Phys. Rev. D 1d1, 20201
2022 KamLAND: 4.8+5'6_5 9 TNU
[ S.Abe et al.. Geophys. Res. Lett. 49 (16), 2022 ]
[ ]

Refer to talks of Livia Ludhova
and Virginia Stratti

Ongoing effort on making a better prediction
for the lithospheric signal near JUNO with
local geo-model: better precision for mantle
measurement

Estimation of discovery potential (strongly
depending on the chosen BSE model) is ongoing
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https://doi.org/10.1103/PhysRevD.101.012009
https://doi.org/10.1029/2022GL099566
https://doi.org/10.1186/s40645-015-0037-6
https://www.sciencedirect.com/science/article/abs/pii/S0031920119301931?via%3Dihub

Highest geoneutrino statistics — the main advantage w.r.t. other experiments
JUNO will collect more geoneutrino events than all the other experiments in 1 year.

The main challenge is disentangling the geoneutrino signal from the dominant
reactor neutrino signal: JUNO is designed to measure it!

Precise measurement of total geoneutrino flux:
o JUNO will reach the level of Borexino and KamLAND (~15%) within few years,
assuming fixed chondritic Th/U, and improve it to ~10% in 6 years
o Making no assumption on Th/U ratio JUNO will reach ~15% in 10 years

Potential to observe signal from mantle: JUNO is expected to provide the most
statistically significant measurement, complementary to KamLAND and Borexino.
Ongoing effort on the local geological model will improve the result.

Full release of updated sensitivities soon
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NO 10

Probability of finding the a neutrino flavor
in the i-th neutrino mass eigenstate. The
CP-violating phase is varied (0—21).

[P.F. de Salas et al, arXiv:1806.11051]
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An innovative apparatus:

e 1 ton fiducial volume / 2.6 tons of Gd-LS
e Almost full coverage with SiPM (~50% PDE @ -50°C)

(Gaussian sigma)

~2% at 1 MeV energy resolution

30 x JUNO statistics

©2100

- !.‘

Measurement of reactor v, spectrum at 30 m distance from a

Taishan NPP core (no oscillations):

e Wil be sensitive to fine structure with better precision

Relative Uncertainty

e Provide model-independent reference spectrum for JUNO

e Improvement of nuclear databases

0.06

Reactor antlneutrlno spectral shape uncertalnty

_— TAO based (arXiv: 2005 08745)

—— DYB-based (Phys. Rev. Lett.123, 111801) J
~——— Model-based (Phys. Rev. Lett. 112, 202501) n
|| === JUNO Yellow Book (J. Phys. G: 43 030401) 1

Daya Bay

[ Improyed precision on reactor spectral shape, from TAQ,_]|
1 2 3 4 5 6 7 8

Visible Energy (MeV)

v Book
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Composition:
LAB +
PPO (2.5 g/L) + bis-MSB (3 mg/L)

LAB purification:
1. ALQ, filtration column (optical
properties improvement)
2. Distillation (heavy elements
removal/
transparency improvement)
Water extraction (U/Th/K
radioisotopes removal)
5. Steam/nitrogen stripping
(removal of Ar, Kr, Rn gaseous
impurities)

s

Solvent:

Linear alkylbenzene
(LAB) as solvent

% non-radiativel

- 280nm
Fluor:
2.5 g/L PPO
+
Wavelength | non-radiative
shifter: - 390nm

15 mg/L
bis-MSB M
‘"";;hf emission

> 430nm, t=4.4ns

[JUNO collaboration, NIM-A
988, 2021]

Monitored during filling by OSIRIS
(Online Scintillator Internal
Radioactivity Investigation System)

Automatic
Calibration Unit

Water Tank:

9m x 9m, 550m3 \

4x Top
Muon Veto PMTs ————— "7

Head Tank

optical separation
7m x 8m

Inner PMT Array:
64x 20”-PMTs

Acrylic Vessel
17t of scintillator
3mx3m

8x Ground g =
Muon Veto PMTs —— [ & T4

[arXiv:2103.16900 (2021)]
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—— median = 15.18
up(+34%) = 2.57
5 ow(-34%) = 1.89




