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JUNO: a multi-purpose neutrino observatory

4
i

Supernova v’'s  Atmospheric v’s

~104in 10 s several/day “//
for 10 kpc /|
A Y
Solar v’s \ I T
(10-1000)/day \ 1700 m Cosmic muons
: - 250k/ day
\ I 0.004 Hz/mz2, 215 GeV
\ : 10% multiple-muon
26.6 GW,,, 53 km
pre T L == Geo-v’s
reactor v’s | 1-2/day
~60 / day

From J. Pedro Ochoa-Ricoux

Primary physics goal

- NMO with reactor’

- Precision meas . of osc.
parameters

Rich program of physics:
- Solar’

- Supernova’

- Atmospheric’

- Geo-’

- Nucleon decays

- Indirect DM search
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A Neutrino oscillation is now well established and
described by the 3-flavor paradigm
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A However, some open guestions remains:
A Mass ordering: sign of atmospheric splitting?

A Is CP violation seen by neutrinos?

A Are there more than 3 -neutrinos and non -
standard interactions?

A Are neutrinos their own anti-particles?

@ Open guestions regarding neutrinos
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JUNO Overview

Daya Bay | Daya Bay
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@ Reactor neutrino oscillation at JUNO
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spectrum A challenging requirement
for energy resolution
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Reactor neutrino detection

AReactor anti-neutrinos 3, are detected through inverse beta decay (IBD)

AThe coincidence of prompt positron and the sub-sequent delayed neutron
capture provides a powerful background rejection

AThe energy of positron preserves information of energy of incident 3

---- Emitted spectrum

----- Cross-section
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JUNO Detector

Top Tracker
3 plastic scintillator layers

Outer Cherenkov Detector
35 kilotons ultrapure water
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Acrylic Vessel
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Comparison with LS detectors

KamLAND Borexino SNO+ JUNO
Target Mass 1000 300 780 20,000
[tons]
Number of PMTs 1900 2200 10,000 17,596 + 25,600
PMT Coverage ~34% ~30% ~50% 8%
Light Collection ~250 ~450 ~520 >1600
[PE/MeV]

x20 increase in the scale AND surpassing performance at the same time!

fPrediction of Energy Resolution in the JUNO Experimento Chinese Phys. C 49, No. 1 (2025) 9



https://iopscience.iop.org/article/10.1088/1674-1137/ad83aa
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https://iopscience.iop.org/article/10.1088/1674-1137/ad83aa
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Pushing the limits

A More than just an increase of detector scale
A High-QE MCP PMTs developed by/for JUNO
A Optimized LS recipes to improve light yield
A LS purification for better transparency

Y x
transmission

PC

A Pushing the limits of both engineering and MiasEmEiEE R
technologyt o achi eve JUNOOS gygyoar
use
KamLAND JUNO Relative Gain «— KamLAND
as reference
Total light level 250 p.e./MeV | >1200 p.e./ MeV 5 +—— target
FUSSEEITaE 34% ~78% ~2 < |ots of PMTs
coverage

Light yield 1.5 g/l PPO 2.5 g/l PPO ~15 <.

. optimized LS
Attenuation length / R 15/16 m 20/35 m ~0.8 -

re efficient
PMT QEXCE 20%X60% ~ 12% ~30% R vias
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JUNO Construction & Timeline

€
- S

2024 Dec, detector

2015, civil _ _
construction EEEN installation completed, 2025 Aug, LS
started = water filling started filling completed
2013, project 2022, detector 2025 Feb, LS 2025 Nov, first

e assembly started filling started physics resullts!
N\ it e | by o4 i

A long journey over 12 years since the project started in 2013!
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2015, civil
construction started

2022, detector
assembly started







2024 Dec, detector
installation completed,
water filling started

| | | |
2022, detector
assembly started
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Height(m)

2024 Dec, detector
installation completed,
water filling started

JUNO Liquid Level Display

1 2025-07-16 03:24:57

LS: 44.28 m
Vis: 17615.4 m?

Height(m)

CD Water: 15.38 m
LSIn: 0.0 m*h

WaterOut: 0.0 m*/h

2025 Aug, LS
filling completed

JUNO Liquid Level Display

1 2025-08-23 16:57:38

WP Water: 42.91 m 0.0

CD Water: 0.0 m
LSIn: 0.0 m3/h

LS: 46.92 m
Vis: 23231.6 m?

WP Water: 43.74 m
WaterOut: 0.0 m3/h
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Fraction of good run time (%)

2025 Aug, LS
filling completed

2025 Nov, first
physics results!

[9)]
o

w
o

Cumulated duration (days)
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First detector performance and physics results based on 59.1 days of data
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P,

A Large PMT
A 17612-16 LPMTs installed for CD
A 2400-1 LPMTs installed for VETO
A ~15 dead PMTs & electronics
A ~300 flashing PMTs
A Longer afterpulses observed: 10-150

us, up to 2ms
A Small PMTs

A 25600-13 sPMTs installed
A ~18 dead PMT&electronics

A Good grounding and low noise
ARMS: ~2.8 ADC A ~0.055 PE
A PMT threshold: 0.2-0.3 PE

A Dark count rate
A LPMTs: ~20 kHz
A sPMTs: ~530 Hz
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PMT and electronics performance

Waveform of a typical SPE
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Light yield and energy scale

AmC (n-H Capture) at CD Center

A Light yield: 1600 PE/MeV for ¢8Ge and 1785 PE/MeV for —————
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A Evaluated naturally-present alphas (214Po, 21°Pg), nH- . | | :
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Energy non-uniformity

AEnergy response is uniform within majority of the detector

AEdge effects still exists, <1% towards the edge for R<16.5m
A can be improved with more calibration data and reconstruction
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Energy non-linearity

?105 a I]HC 1(50 Iane b Xz/de:DTU 1-05 —-———I—————:————:————JI[—————I—————I ————— e !: ————— e .— ————I—————JI——————I——
5 4 ! ok i : | ————— ]
E 1 ook 3 10 —]iestﬂl j ._.__,:ﬁ-"'_::_ ————— -f'e'
£ X%/ d.of=0.75 3 -- B | B Cia g 15
= [ ~ 1 - R & i
50'95 ——— Best fit *E 2 ]. 00 - A S R :__]'_]‘_C _______________ T {J_ n
E . sw’f o3 nH | :
= 0.90 ¢  Single-y source P s S !’_ﬁ ) l { ! !
'E, $  Multiple-y source \""c;:]- :,- 4 ! !

0.85} | R ¢ 60 i i
- _10'} = 095 s SLC o .
S 3 S 3 e ety 3 ¢ | MC LPMT
A e e v P “Mni |---- ---- Non-model line
s o 2 4 6 8 10 S 2 4 6 8 10 12 14 16 18 [ 137 | ' i - |
= Effective gamma energy (MeV) ~ Reconstructed energy (MeV) 090 __"".‘ ot 'J'b":"" CD § Slngle v ]

68 Ge i ¢ Hlultl-"}f

125t € x*/d.of=1.09 = R [ i
£ o0 — Best Fit & 2 T T T T
= b ou . = i a a
2 3 - 9 ! | :
—0.75 ] ] ]
Z £ Best fit + 68% C.L. %} - IR : : :
£ 0.50 § e 0 —‘é_""—'p""'-i'e"‘-‘-.__':_- : —
) = —_— [ (@] i @ l TN ——— e |

0.25 = — —~ E E i -?-G)
S 3 = _9 i L
_é 0'—-'0'——r:-r-—g-r:-'-'—_——-—-.—‘-——-‘—r—'———- E 0 2 4 6
g - 1o 12 L4 1.6 1.8 2.0 4 6 8 10 12 .

e b e U True energy (MeV) Effective Gamma E [MeV]

A Calibration sources (I ), cosmogenic isotopes 12B (f ), 11C (f *) are used to characterize
energy response

A The response are understood to <1% precision -



@ Energy Resolution

AEnergy resolution is approaching design goal
A <3.0% for 214Po-|
A ~3.4% for 68Ge-

AFurther improvements are possible by better calibration and reconstruction
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