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Motivation

Pontecorvo-Maki-Nakagawa-Sakata
(PMNS) mixing matrixνeνµ

ντ

 =

Ue1 Ue2 Ue3

Uµ1 Uµ2 Uµ3

Uτ1 Uτ2 Uτ3

ν1

ν2

ν3



U=

1 0 0
0 c23 s23

0 −s23 c23

 c13 0 s13e
−iδcp

0 1 0
−s13e

iδcp 0 c13

 c12 s12 0
−s12 c12 0

0 0 1

e iη1 0 0
0 e iη2 0
0 0 1



θ23 ∼ 49
◦

Atmospheric
Accelerator

θ13 ∼ 9
◦

Reactor
Accelerator

θ12 ∼ 34
◦

Solar
Reactor
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GS98 (NuFIT 4.1)

GS98

AGSS09
KamLAND

NuFIT 5.1 (2021)

Mass hierarchy (MH)

Normal Hierarchy (NH): m1 < m2 < m3

Inverted Hierarchy (IH): m3 < m1 < m2

Check for Pee upturn and MSW effects.

∆m2
21 tension between KamLAND and solar

experiments (∼ 1.4σ)
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https://arxiv.org/abs/1707.09279v1


JUNO detector

LS

VETO PMTs

Cal. House

SS Structure

Acrylic Sphere

CD PMTs

Supporting Legs

Connecting Bars

Chimney

Water

TT

Cover

[arXiv:2104.02565 (2021)]

Multipurpose detector:

Reactor neutrinos (∼ 60/day)
Solar neutrinos (∼ 10 - 1000/day)
Atmospheric neutrinos (∼ several/day)
Geo, Supernova neutrinos

Overburden: ∼ 700 m

Cosmic background suppression

Target: 20 kton liquid scintillator (LS) placed in

an acrylic sphere (35.4 m)

Water pool: Cherenkov detector, shielding
Plastic scintillator strips on top as Top
Tracker.

Light detection: Photo-multiplier tubes (PMTs)

18000 20q PMTs + 25600 3q PMTs
Photo-coverage >75%
∼ 1300 p.e./MeV

Energy resolution: 3% at 1 MeV

Automated calibration unit: periodical calibration

Rebin Raj IRN Neutrino Meeting 02 Dec, 2021 4 / 15
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JUNO scintillator

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

Optimized for high light yield and
transparency

LAB purification:

Al2O3 filtration column (improvement
of optical properties)

Distillation (heavy elements removal
improving transparency)

Water extraction (U/Th/K
radioisotopes removal)

Steam/nitrogen stripping (removal of
Ar, Kr, Rn gaseous impurities)

Continuously monitored by OSIRIS
(Online Scintillator Internal

Radioactivity Investigation System)

[Eur. Phys. J. C 81, 973 (2021)]
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https://doi.org/10.1140/epjc/s10052-021-09544-4


Solar neutrinos 8B Cross

[Phys. Rev. C 88, 025501 (2013)]

[Phys. Rev. C 54, 411 (1996)]
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Aim & challenges:
Measurements with a reduced 2 MeV analysis
threshold on the recoil electron energy.

Day-night asymmetry

LS radioactivity: 10−17g/g (solar phase)

Neutrino flux and spectrum:
Flux: (5.25± 0.20)× 106/cm2/s from SNO
NC measurements

Spectra: Bahcall et al.
http://www.sns.ias.edu/∼jnb/

Detection:
Main channel: ν-e ES

να + e− → να + e−

Other channels: νe−13C CC & ν−13C NC

νe + 13C→ e− + 13N & να + 13C→ να + 13C + γ
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Solar neutrinos 8B: External backgrounds
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Fiducial volume (FV) cuts:
Large volume advantage

FV cut removes events with reconstructed vertex outside the geometrical volume (radius R)

High energy gamma:

External neutron capture: < 0.001 cpd with R < 16.5 m

Decay of 208Tl (γ 2.61 MeV): negligible with 5 m shielding

Optimized FV cut

FV cut R < 16.5 m R < 15 m R < 13 m
Energy (MeV) > 5 (3,5) (2,3)
Target mass (kt) 16.2 12.2 7.9

[Chinese Phys. C 45 023004 (2021)]
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Solar neutrinos 8B: Internal backgrounds tab

LS impurity target concentration

238U, 232Th, 14C 10−17 g/g
40K 10−18 g/g
210Pb 10−24 g/g
39Ar/85Kr 1 µBq/m3

210Po 2600 cpd/kt

2 MeV analysis threshold achievable:
210Bi and 40K are not easy to be removed.

Alpha energy after quenching is < 2 MeV.
214Bi, 212Bi and 208Tl can be removed by
cascade decays.

PMT pulse shape discrimination for α and
β decays.

Removal efficiency ∼ 99%
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Solar neutrinos 8B: Cosmogenic backgrounds tab

Cosmogenic muons:
Flux: 0.004 Hz/m2

Mean energy: 207 GeV

Muon rate in LS: 3.6 Hz

Isotope yields are scale from measurement
by Borexino and KamLAND.

Veto strategy
Muon veto:

Muons identified in LS or water: veto
whole detector 2 ms

Muons identified without tracks: veto
whole detector 1 s.

Cylindrical veto around muon track.

Dead time: ∼ 44%

Three-Fold Coincidence cut (TFC):

TFC: Muon, spallation neutron capture,
isotope decay

Spherical veto around spallation neutron

Dead time: ∼ 4%
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Solar neutrinos 8B: Signal

Systematics

  

Source of 
systematics Value Reference

Detection 
efficiency

1% Borexino
[Phys. Rev. D, 101(6):062001]

Detector 
energy scale 0.3% Daya Bay

[Nucl. Instrum. Meth. A, 940:230-242]

The 8B ν flux 3.8% SNO
[Phys. Rev. C, 88:025501]

8B ν spectrum 
shape

- Bahcall
[Phys. Rev. C, 54:411-422]

Backgrounds - This study: table below

Signal and background spectra
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[Chinese Phys. C 45 023004 (2021)]
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Solar neutrinos 8B: Results
Day night asymmetry ADN = 2(RD−RN)

RD+RN

RD, RN: background-subtracted signal rates for Day (cos θz < 0) and Night
(cos θz > 0)

10 years data

Energy range (MeV) ADN

2 ∼ 3 (−2.1± 3.2)%
3 ∼ 5 (−2.5± 1.7)%

5 ∼ 16 (−3.4± 1.2)%
2 ∼ 16 (−2.9± 0.9)%
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Uncertainty dominated by statistics, most systematics are cancelled.

Super-k results @ Neutrino 2020: ADN = (−2.1± 1.1)%

JUNO will reach SK 20 yr uncertainty in less than 10 yr due to the better S/B
ratio
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Solar neutrinos 8B: Results

Parameter sensitivities
χ2 fitting with both energy and solar zenith
angle.

Statistics/flux dominate the uncertainty of
∆m2

21 and sin2 θ12.

Worse conditions:
210Po count reach 104 cpd/kt:

208Tl could not be reduced
Sensitivity: dashed line in the right panel.

238U/232Th ∼ 10−15 g/g:

Energy threshold be 5 MeV
Sensitivity: dotted line in the right panel.
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In summary

An analysis threshold of 2 MeV is achievable

60,000 signal and 30,000 background events in 10 yrs.
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Atmospheric neutrinos

Flux: Honda et al. HKKM14

Flavour identification:
Classification of events to charge current (CC)
νµ, νe and neutral current (NC) events

νµ CC: muons in the reaction are minimum
ionizing and form long tracks.

νe CC: short e track, point like events

NC: Geometry of event depends on the
particles produced.

A time residual-based variable tres is defined
for each hit on the 3q PMT system.

t ires = t ihit −
R i
v ·n
c

Selection based on RMS of the profile σ(tres).

Type σ(tres) logNPELPMT Eff. Cont.

νµ > 95 ns (5.7, 7.2) 35% 20%
νe < 75 ns (5.0, 7.2) 26% 5%

[Eur. Phys. J. C 81, 887 (2021)]

[Phys. Rev. D 92, 023004]
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https://doi.org/10.1140/epjc/s10052-021-09565-z
https://doi.org/10.1103/PhysRevD.92.023004


Atmospheric neutrinos: Spectrum unfolding

[Eur. Phys. J. C 81, 887 (2021)]

[arXiv:2104.02565 (2021)]

Probabilistic method to extract the energy spectrum from detector observables.

Based on Iterative Bayesian Unfolding
G. D’Agostini, Nucl.Instrum.Meth.A 362 (1995) 487-498

5 yrs of exposure
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https://doi.org/10.1140/epjc/s10052-021-09565-z
https://arxiv.org/abs/2104.02565
https://doi.org/10.1016/0168-9002(95)00274-X


Summary:

An analysis threshold of 2 MeV is achievable for 8B solar neutrinos

Expected 60,000 8B solar neutrino signal and 30,000 background
events for 10 yrs

Atmospheric neutrino energy spectrum can be measured within a
25% uncertainty in 5 yrs of detector livetime.

First measurement with a LS - based detector.

———————————— Thank You ————————————
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Return

  

Cross-section calculation:
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Return

  

Density profile

Density profile of the Earth

BS05(OP) Electron Density
2005, ApJ, 621, L85 (astro-ph/0412440)

Preliminary reference Earth model
physics of the Earth and Planetary Interiors, 25 
(1981) 297—356
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Return

  

Correlated cuts: internal background
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Return

  

Cosmogenic Isotope scaling
ϵ

c
 mass fraction of C atoms

ρ density of target
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Return

  

Cosmogenic selection
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