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Neutrino oscillation
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Jiangmen Underground Neutrino Observatory
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Jiangmen Underground Neutrino Observatory
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Jiangmen Underground Neutrino Observatory
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Jlangmen Underground Neutrino Observatory
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JUNO

Calibration House
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JUNO

= An antineutrino is caught by inverse beta
decay Ve+p9e++n

= The positron slows down and disperses its
energy into the scintillator and annihilates
with an electron

= The neutron with delay of 200 us is captured
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JUNO

= An antineutrino is caught by inverse beta
decay Ve+p9e++n

= The positron slows down and disperses its

energy into the scintillator and annihilates

with an electron

= The neutron with delay of 200 us is captured

by a proton 100

We need a great energy
resolution to distinguish
between normal and
inverted ordering

x103?

| 6 years of data taking —— No oscillations

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

2
L 4m~

Uy —

L Uy mmmmmm—
b V)

Es, (MeV)

—_-—10m

ab‘
— O0m
.

CD Central detector
CS Calibration system
LS Liquid scintillator
WP Water pool
TT Top tracker
[ ]Ar
E’ Rock

14/11/2026

DISCRETE 2026, TOMAS TMEJ




T \ Automatic Calibration Unit
E—

ROV guide rail

Calibration

= 1D:13/Cs, >*Mn, 49K, 98Ge, ®0Co,
Am-C, Am-Be, sensors, laser

Calibration house

[

Central cable

Side cabl

e

source storage

= 2D: Am-C, %8Ge, 137Cs

= 3D: cosmogenic background

AURORA

Sources/Processes | Type Radiation

187Cs ¥ 0.662 MeV
54Mn Y 0.835 MeV !
60Co ~ 1.173 + 1.333 MeV Source
10K v 1.461 MeV % &
58Ge e™ | annihilation 0.511 + 0.511 MeV )&6@ \ &*‘e’o

241 Am-Be n, vy neutron + 4.43 MeV (12C*) %"%/ Q 0&0"

2L Am-13C n, y neutron + 6.13 MeV (160*) "% d(s@b
(n,y)p v 2.22 MeV *@’é@ ,@\%OQ

(n,y)12C v | 4.94 MeV or 3.68 + 1.26 MeV e
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Energy nonlinearity =

5100
Ei —— Best fit v
. . . . o 0951 —— Predicted ¢~
= Nonlinearity is particle o — Predicted ¢+
dependent N ' D]
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= Birk’s quenching S et M ¥ —
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Effective Deposited Energy E.,, [MeV]

= Measured by calibration
sources at the center
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Energy nonuniformity

= The signal differs based on where it is created

LY [PE/MeV]

= Light yield:
= ~1600 PE/MeV for 8Ge
= ~1785 PE/MeV for neutrons

= Energy resolution

= ~3.5% for ©8Ge 2 X 0.511 MeV at the center <
= ~2.9% for 214Po for a at 0.93 MeV &
=
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Signal nonuniformity
Preliminary
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Energy resolution model

Energy Resolution at Detector Center
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" Geant4 simulation : ' ' ' ' ' ]
i -—-= eT at Center :
4 - |

0/Erec (%)

0 2 4 6 8 10 12
Erec (MeV) arXiv: 2609.37895v1 (2026)

T
20

14/11/2026 DISCRETE 2026, TOMAS TMEJ



https://doi.org/10.48550/arXiv.2609.37895

Energy resolution model

= Energy resolution depends on il
= Particle type !

Energy Resolution at Detector Center

T T T T T T T T T T

B e ® v Sources

(%)

= Energy
= Position

= R-dependent resolution model by using

2 4 6 8 10 12

[ [ Ep,. (MeV)
= a and y calibration sources vy (e |
desi gn: 0 Energy Resolution in Radial Shells

JE[MeV]

= Geant4 simulation

-==¢T at Center

= We are close to the design (goal) energy
resolution

0 2 4 6 8 10 12
Erec (MeV) arXiv: 2609.37895v1 (2026)
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Are we able to observe Ams,

° [ ?
oscillations:
arXiv: 2609.37895v1 (2026)
. . 250 N Antineutrinos (V,) Candidates Summary
= Taking data since August 2025 £ DAQ Tive time (days) 07a
N i, v, candidates 8204
200 | i ' . .
! \ JUNO live time: 207.2 days ~ Seiection Efficiencies (%) & Orel
h Y Fiducial volume 87.12% 0.96%
= ,“ L"'-., + JUNO Data PMT flasher rejection >999%  Negligible
S B0 g i — X?/ndf=495.27/500 1 veto 93.67%  0.02%
2 i by vesignal Multiplicity cut 95.94%  negligible
@ ll 1 === Non-oscillated 7,
§ 100! ! kS —— Li/*He Prompt-delayed coinc. 95.50% 0.32%
M= | '-1~ —— Qeo-neutrinos Correlated discriminator 98.99% 0.15%
] —— World reactors Total efficiency (&ot) 74.01% 1.02%
sol o zifi'zip‘; | V. signal (cpd)
€r backgrounds w/o &or corrected 36.02 £ 0.62
W/ €t corrected 48.67 + 1.08
0 Backgrounds (cpd) Pre-fit Best-fit
3 °Li/*He 1.05+£027 1.41+026
& e : * oty i e} '..‘: - . Geoneutrinos Free 2.12
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gz 0‘?3}“-5 N, * :':.Qg.a,. .* World reactors 0.92+0.09 0.92+0.09
a IR S . Yo Ok | , 214B;j 214pg 0424031 057+034
[ LB3C(a, n)'*0 0.05 + 0.02 0.05 + 0.02
1 £ 33471 1 F---==== B Fast neutrons 0.02+0.02 0.02+0.02
T Double neutrons 0.10+£0.10 0.13 +0.10
Atmospheric neutrinos ~ 0.09 £ 0.04 0.11 + 0.05

0.07+£0.01 0.07+0.01

Meas. osc.
Non-osc.

10 12 Accidentals

6 8
Prompt energy (MeV)
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x? analysis of the Am3,
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Conclusion

= JUNO takes data since August 2025

= JUNO'’s resolution design (goal):

3%
JE[MeV]

= Multiple ways of calibration
= Created nonlinearity and nonuniformity model

= Current energy resolution has not reached
JUNO's design (goal) yet, but it is close.

= We observe effects of the Am%; oscillations.
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