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The experimental Site: Kaiping county, Jiangmeng

11    

Experimental site 
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JUNO Civil ConstructionCivil Construction

2014/9/9 NOW2014 8

� Approved by CAS and government (2013)
� Geological survey completed (2013)
� EPC contract signed(2014.4.16)
� The land delivered (2014)
� Civil engineering design is nearly finished
� Expected construction period: 3 years
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JUNO Underground

18 

A 600 m vertical shaft 
A 1300 m long tunnel(40% slope) 
A 50 m diameter, 80 m high cavern  

Experimental Hall 
(EH) 

Vertical 
shaft 

EH 
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The JUNO detector concept

12    

Detector concept 

Requirements:  
Large detector: 20 kt  LS 
Energy resolution:  
3%/ E  1200 p.e./MeV 
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The JUNO Central Detector (baseline option)

� A large (D>35m) detector in the water pool 
z Mechanics, optics, chemistry, cleanness, assembly, …

� Default option: acrylic sphere + stainless steel truss
z Independent designs from multiple groups
z Acrylic performances research: strength, bonding, aging, creep 
z Connecting point R&D, making a part of sphere 

Central Detector (1)

2014/9/9 NOW2014 9

Stress analysis

Deflection analysis

0.1g seismic load Double nonlinearity

Aging test Connecting point test
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The JUNO Central Detector (alternative option)

� Backup option : stainless steel tank + acrylic panel + balloon
z Stainless steel tank design is in progress 
z Film material: ETFE/FEP/PEPA
z Requirements to leakage and dust 
z 12 m prototype design is underway

� PMT related
z PMT coverage, implosion-proof,

HV, sample test

Central Detector (2)

2014/9/9 NOW2014 10

Superlayer layout in 
latitude: >75% Module layout: >75% Possible implosion-proof structure 
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The JUNO Liquid Scintillator
2 JUNO LS: LAB + PPO + BisMSB :

3 no Gd doping: lower radioactivity
3 lower attenuation : 30 m (15 m in DYB)

2 Important R&D effort :
3 improve raw materials
3 improve the production

and the purification process:
3 colum purification (IHEP & TUM)
3 charcoal purification (IHEP & JINR)
3 vacuum distillation (IHEP & INFN)

� JUNO LS: LAB+PPO+BisMSB
z No Gd doping: lower radioactivity 
z Attenuation: 15m (DYB) -> 30m

� R&D efforts: 
z Improve raw materials 
z Improve the production process 
z Purification

• Column purification (IHEP&TUM)
• Purification by charcoal (IHEP&JINR)
• Vacuum distillation (IHEP&Perugia)

Liquid Scintillator
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Linear Alky 
Benzene (LAB)

Atte.  L(m)  
@ 430 nm

RAW 14.2 

Vacuum distillation 19.5 

SiO2 column 18.6 

Al2O3 column 22.3 
LAB from Nanjing, Raw 20

Al2O3 column 25

IPA 2014 Queen Mary, Aug 19, 2014Wei Wang

Liquid Scintillator Purification

• There are a few key points 
about liquid scintillator: 
light yield, optical 
transparency and 
radioactive purity 
– To improve optical 

transparency and reduce 
radioactive impurity, 
purification is needed

17

LAB column purification 
• Packing materials: 

– Al2O3 
• efficient in removing optical impurities 
•  suitable for various LAB samples 
• Radio-impurities in Al2O3 

– SiO2 

– Activated carbon  
– Resin 
– Molecular sieve (13A and 5A) 

 
 

LAB samples from Italy 
• 1st batch: ISORCHEM 113 LAB, HYBLENE 113 LAB 
• 2nd batch: TK L 18 (Egypt) LAB 
• 3rd batch: P500 Q LAB 
• No obvious difference in UV-Vis spectra when purified by Al2O3 

 
Abs A.L. 

ISORCHEM® 113 0.0066 3.99±0.05m 

HYBLENE® 113 0.0013 7.60±0.15m 

南烷厂201307市售LAB 0.0004 ~9m 

Helm LAB, TK L 18 0.0007 12.23±0.50m 

南烷厂201307市售LAB 0.0017 ~9m 

CEPSA PETRELAB 500Q 0.0121 1.8±m 

南烷厂201307市售LAB 0.0014 15.7±0.3m 

– Our Italian, Russian and German collaborators are also doing studies in 
parallel. We all see space for improvements and R&D activities are ongoing

Scintillator purification using an Al2O3 column

Fresh Al2O3
After purification of ⇡3l of
LAB

12 / 22LAB purification methods 
• Column purification  

– Various packing materials 

• Vacuum Distillation (V.D.) 
– Single stage V.D. in the lab at IHEP 
– Multi-stage V.D. in the lab at IHEP 
– Molecular distillation (commercially available) 
– Real boiling point distillation (commercially available) 
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JUNO LAB Characterization measurements

IPA 2014 Queen Mary, Aug 19, 2014Wei Wang

Scintillator Energy Response Evaluations

18

Electron quenching: set-up

I Conincidence between PMT and HPGe
I PMT signal ) Light output
I HPGe signal ) Deposited energy

19 / 22

2.5cm
6.5cm θ

8mm 9mm

4.7cm

LS.is.filled.in.a.d=5cm.and.
h=5cm.cup..One.PMT.is.under.
this.cup.

5cm

ScintillatorBPMT..A.
short.line.is.plotted.on.
the.PMT.to.assist.
aiming.

60cm

Collimator

7..LaBrBPMT

Setup I: IHEP

Setup II: TUM
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The JUNO PMT options

IPA 2014 Queen Mary, Aug 19, 2014Wei Wang

A New Type of PMT: MCP Replacing Dynode

• JUNO PMT plan B: Photonis China PMTs 

• JUNO PMT plan C: new 20” Hamamatsu SBA high QE PMTs

15

1) Using two sets of Microchannel plates (MCPs) to replace the dynode chain
2) Using transmission photocathode (front hemisphere)

and reflection photocathode (back hemisphere)

High photon detection efficiency Single photoelectron Detection Low costˇ ˇ

¾ The new design of a large area PMT

Photon Detection Efficiency: 15% Æ 30%  ;  h~2  at least !

~ 4˭ viewing angle!

1.Insulated trestle table

2.Anode

3.MCP dodule

4.Bracket of the cables

5.Transmission Photocathode

6.Glass shell

7.Reflection Photocathode

8.Glass joint

PD = QETrans*CE +TRPhotoQERef *CE = 30%*70% + 40%*30%*70%= 30%

100%

40%

30%

70%

30%

100%

30%

40%

30% 70%

Transmission rate of the glass: 40%
Quantum Efficiency (QE) :  of Transmission Photocathode 30% ; of Reflection Photocathode 30% ; 

Collection Efficiency (CE)  of MCP : 70%;

JUNO
 PM

T Plan A 

progressing well

3 Plans in Parallel 

by Collaborators

If nothing else changes, the detection efficiency (QE*CE) is 
nearly doubled by “saving” the ~40% transmitted photons.

Fully active sphere surface

AG (PD) JUNO 2 Dicembre 2014 10 / 20



The energy resolution challenge

Anatael Cabrera (CNRS-IN2P3 & APC)

motivation…!2

Δm312(IO)≠Δm312(NO) ⟹ δ~3% (i.e. δm2/Δm2)

⊕

JUNO*

JUNO*
JUNO*

JUNO*

Visible Energy (MeV)

JUNO* [1.2kPE/MeV only stochastic]!
JUNO* [DC-like, i.e. non-stochastic]!

JUNO* [b&c @ 1%; i.e. 2x DC]!
JUNO* [b&c @ 0.3%; i.e. 6x DC]→

σ(E)/E ≤ 3% total 
(→ including non-stochastic terms)

once [σ(E)/E]stoch ≤ 3%!
⟹ [σ(E)/E]non-stoch dominates!!!
!
(using DC as example)!
[σ(E)/E]non-stoch better by ~4x 
(never achieved before!!)!
!
caveat: DC ≠ JUNO (non-stoch 
terms)→ dedicated analysis 
[Soeren]!
[but DC is likely easier (small)]

3.8%

3.2%

~2.8%

Anatael Cabrera (CNRS-IN2P3 & APC)
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DC-III (Gd-n) Preliminary

control energy resolution to ~3%: possible? !3

control of response stability

RMS=0.35%
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DC-III (Gd-n) Preliminary

after stability calibration

(BiPo poor stats)

control of response uniformity

±1%

DC with 1200PE/MeV

non-stochastic terms (i.e. b & c): very sensitive to high energy level arm (understood?)

non-stochastic terms (b & c) have to be under control
and are very sensitive to the high energy level arm

Y. Abe et al, arXiv:14067763v3
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The Calibration system

2 Point radioactive source
calibration systemx :

3 an automatic rope system
is the primary source
delivery system

3 a ROV is more versatile

3 a guide tube system
covers the boundaries and
near boundary regions

3 considering short-lived
diffuse radioactive sources
to calibrate the detector
response

3 a UV laser system is being
designed to calibrate the LS
properties in situ

IPA 2014 Queen Mary, Aug 19, 2014Wei Wang

Calibration System Conceptual Designs

• Point radioactive source 
calibration systems 

– An automatic rope system is 
the most primary source 
delivery system 

– Considering a ROV to be more 
versatile 

– Considering a guide tube 
system to cover the boundaries 
and near boundary regions 

• Also considering short-lived 
diffusive radioactive sources 
to calibrate the detector 
response 

• A UV laser system being 
design to calibrate the LS 
properties in situ

19

A-B rope 
synchronous 
motion

A

B

Motor'A

Motor'B

sources

All-in-one'ROV

Programable*Laser Beam*
splitter Movable*along*

central*axis

Diffuser*ball

Fixed*location Fixed*location

UV*fiber*bundle*

Intensity*
monitor

electronics
EXT*trigger

sources
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Pelletron as a positron beam calibration source
2 Mature technology and commercially available:

3 is a positron gun to shoot positrons directly in the JUNO LS:

3 energy coverage: 0.5 – 6.5 MeV, uncertainty < 10−4

3 can shoot both electrons and positrons and below 5 MeV cheaper than LINAC

3 energy can be calibrated with a dedicated system (Ge detector) to 0.1% level

3 excellent energy stability. Super-K LINAC e-beam calibration reached 0.6%
absolute energy scale uncertainty

12DbͲ249
IPA 2014 Queen Mary, Aug 19, 2014Wei Wang

Pelletron Provides Direct Positron Controls

20

• Mature technology and commercially available. Energy coverage 0.5-6.5MeV 
and energy precision <10-4; Coverage is sufficient if reach 5MeV; Below 5MeV, 
pelletron is more economical than LINAC 

• Super-K LINAC e beam calibration reached 0.6% absolute energy scale 
uncertainty 

Bauer et al, The Stuttgart positron 
beam, its performance and recent 
experiments, NIM B50, 300 (1990)

Daya$Bay/JUNO$

e+$$electrosta3c$accelerator$$
(Pelletron$up$to$5$MeV)$
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The VETO system in JUNO
2 the VETO system is an outer detector providing information to understand the

cosmogenic background. It’s made of:
3 a Water Cherenkov
3 a Top Tracker

2 simulation and design studies are on going in order to optimize the design.
Several options for the Top Tracker are being considered:

3 the OPERA Target Tracker (scintillator bars) will be moved to JUNO

3 other detectors technologies are under investigation

IPA 2014 Queen Mary, Aug 19, 2014Wei Wang

Veto System Considerations and Designs

21

Muon track
Top tracker

Water Pool

Water Pool

Water Pool muon

AD

��µ ��

Rock muon

Rock

n

Central Detector muon

• Veto is not just a veto. We need tracking information to better 
understand and remove cosmogenic backgrounds 

• Various designs and options for the Top Tracker (TT) 

- OPERA scintillator calorimeters will be moved to JUNO 

- RPCs are being considered 

- Ar gas TPCs are being considered 

- NOvA like LS tubes are being considered 

• Simulation and design are going through iteration 

• Earth magnetic field shielding is being designed together with the 
veto system design
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Backgrounds in JUNO

2 expected IBD signal rate: ∼ 40 events/day

2 expected backgrounds :
3 accidentals
3 fast neutrons
7 cosmogenic 9Li/8He production

3 accidentals will be reduced thanks to reduced PMT radioactivity and LS
purification

3 high muon detection efficiency is important for fast neutrons

3 the biggest background contribution comes from cosmogenic 9Li/8He
muon tracking in JUNO (Central Detector and Water Cherenkov + Top Tracker)
is a key element

Rock overburden: 700 m
< Eµ >∼ 200 GeV
< Rµ >∼ 3 − 4 Hz
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Expected Significance on Mass Hierarchy

3 3σ if only a relative spectral measurement
without external atmospheric mass-squared
splitting inputs

3 4σ with an external ∆m2 measured to about
1% level in νµ beam oscillation experiments

3 1% in ∆m2 is based on combined T2K and
NOvA analysis
S.K. Agarwalla et al, arXiv:1312.1477

3 realistic reactor distributions have been considered

3 20 kt target mass, 36 GW reactor power, 6-year running

3 3% energy resolution, 1% energy scale uncertainty assumed
IPA 2014 Queen Mary, Aug 19, 2014Wei Wang

Expected Significance to Mass Hierarchy

•~3-sigma if only a relative 
spectral measurement without 
external atmospheric mass-
squared splitting inputs 

•~4-sigma with an external Δm2 
measured to ~1% level in νμ 
beam oscillation experiments 

- ~1% in Δm2
 is reachable 

based on the combined T2K
+NOvA analysis by  
S.K. Agarwalla, S. Prakash, 
WW, arXiv:1312.1477

23

✓Realistic reactor distributions considered 
✓20kt valid target mass, 36GW reactor power, 6-year running 
✓3% energy resolution and 1% energy scale uncertainty assumed
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Expected Precisions on Oscillation Parameters

IPA 2014 Queen Mary, Aug 19, 2014

Resolution�Scan

41

55�km�@�20�kT

Wei Wang

Expected Precisions on Oscillation Parameters

24

DRAFT
Nominal + B2B (1%) + BG + EL (1%) + NL (1%)

sin2 ◊12 0.54% 0.60% 0.62% 0.64% 0.67%
�m2

21 0.24% 0.27% 0.29% 0.44% 0.59%
|�m2

ee| 0.27% 0.31% 0.31% 0.35% 0.44%

Table 2.4: Precision of sin2 ◊12, �m2
21 and |�m2

ee| from the nominal setup totab:prec:syst
those with more systematic uncertainties. The systematics are added one by
one from the left cell to right cell.

and the background. The bin-2-bin (B2B) energy uncorrelated uncertainty,1

the energy linear scale (EL) uncertainty and the energy non-linear (NL)2

uncertainty will be discussed and the influence of background (BG) will pre-3

sented. As a benchmark, 1% precision for all the considered systematic errors4

is assumed. The background level and uncertainties are the same as in the5

previous chapter for the MH determination. In Table.
tab:prec:syst
2.4, we show the pre-6

cision of sin2 ◊12, �m2
21 and |�m2

ee| from the nominal setup to those with7

more systematic uncertainties. The systematics are added one by one from8

the left cell to right cell. We can notice that the energy-related uncertain-9

ties are more important because most of the sensitivity is from the spectrum10

distortion due to neutrino oscillations.11

In summary, we can achieve the precision of 0.5%-0.7% for three oscilla-12

tion parameters sin2 ◊12, �m2
21 and |�m2

ee|. Therefore, precision tests of the13

unitarity of the lepton mixing matrix and the mass sum rule are desirable14

with the unprecedented precision of these measurements. For the unitarity15

test, as both ◊12 from JUNO and ◊13 from Daya Bay are the spectral or rel-16

ative rate measurements, an absolute rate measurement from either reactor17

neutrino experiments or solar neutrino experiments is required to anchor the18

total normalization for the first row of the mixing matrix. For the test of mass19

sum rule, an independent e�ective mass-squared di�erence is needed besides20

�m2
21 and |�m2

ee|. The most promising one is the one from long-baseline21

accelerator muon-neutrino disappearance channel (i.e., |�m2
µµ|). If |�m2

µµ| is22

measured at the 1% level, a precision of better than 1.5% can be achieved23

for the sum rule.24

12

Precision vs Energy Resolution

Baseline�Scan

40

Better�than�1%

Three�energy�models

20�kT,�b=2.6%

Precision vs Baseline Independent checks by the U.S. working group
JUNO US working group, arXiv:1307.7419
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A Rich Physcis Program

IPA 2014 Queen Mary, Aug 19, 2014Wei Wang

Other Physics Potential of JUNO

• Supernova neutrinos 

• Diffused supernova neutrinos 

• Proton decay 

!
• Geoneutrinos 

– KamLAND: 30±7 TNU [PRD 88 
(2013) 033001] 

– Borexino: 38.8±12.0 TNU [PLB 722 
(2013) 295] 

– JUNO (preliminary):   
37±10%(stat)±10%(syst)TNU

25

• Solar neutrinos: high demand on the radioactive background purity. BOREXINO is 
the standard. 

• Atmospheric neutrinos: not much value in redoing what Super-K has done. With 
JUNO’s good energy resolution, atmospheric neutrinos could potentially aid the 
MH case (PINGU type signal) 

• ……
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The JUNO Collaboration
Collaboration Established

2014/9/9 NOW2014 18

Asia (25)
Beijing Normal U.
CAGS,
CIAE
DGUT
ECUST
Guangxi U.
IHEP
Jilin U.
Nanjing U.

Nankai U.
Natl. Chiao-Tung U.
Natl. Taiwan U.
Natl. United U.
NCEPU
Pekin U.
Shandong U.
Shanghai JT U.
Sichuan U.

SYSU
Tsinghua U.
UCAS
USTC
Wuhan U.
Wuyi U.
Xi'an JT U. 

US*
BNL, UIUC, Houston, 
Observers on behalf of US institutions

Europe (20)*
APC Paris
Charles U.
CPPM Marseille
FZ Julich
INFN-Frascati
INFN-Ferrara
INFN-Milano
INFN-Padova
INFN-Perugia
INFN-Roma 3
U. libre de Bruxelles (Observer)

IPHC Strasbourg
JINR
LLR Paris
RWTH Aachen U.
Subatech Nantes
TUM
U.Hamburg
U.Mainz
U.Oulu
U.Tuebingen

*Subject to funding agency approval
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The JUNO Schedule

21
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