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The JUNO Site

Status Operational Planned Planned  Operational Under construction
Power 17.4 GW 17.4 GW 17 4 GW 17. 4 GW 18.4 GW
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JUNO Detector Design

LS Mass [kton] 0.278 ~0.04 x 8
E resolution@ 1 MeV 6% 5% 8% 3%
Photo-coverage 34% 30% 12% 77%
E calibration 1.4% 1% 0.5% 1%
Calibration room
Top Tracker
PMTs

Central detector
SS latticed shell
Acrylic sphere

17,600 20” PMTs +
25,000 3” PMTs:
coverage 77.5%

Liquid scintillator
20 kton

Water Cherenkov

35 kton pure water
2,000 20” veto PMTs
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Neutrinos at JUNO /s

Supernova v 5-7k in 10 s for 10 kpc

Atmospheric v
several/day

Solar v
(10s-1000s) /day \ Cosmic-ray
~ 250k /day
\ 0.0037 Hz/m?
\ 215 GeV

A 10% muon bundles

® 36 GW,, 53 km Geo v

>

d Reactor v, 60 /day 1.1 /day
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Neutrino Oscillation at Jiangmen Underground
Neutrino Observatory (JUNO)
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Sensitivity of NMH Determination
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JUNO MH sensitivity with 6 years' data

assuming full reactor power
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Current precision

Precision Measurement

/_\“n':,%l \Am%l\ sin? 019 sin” 13 sin s | 6
Dominant Exps. | KamLAND | T2K SNO+SK | Daya Bay | NOvA | T2K
Individual 1o 2.4% 2.6% 4.5% 3.4% 5.2% 70%
Nu-FIT 4.0 2.4% 1.3% 4.0% 2.9% 3.8% 16%

Probing the unitarity of U,,,\s to ~1%, more precise than CKM matrix elements!
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Liquid scintillator

* Requirements for JUNO LS Solvent:
— Low background: 238U < 105 g/g, 232Th < 10°1° e
g/g, *°K< 10" g/g
— High light yield: 10* PE/MeV y
— High transparency: Attenuation length > ;;u:,tppo E }
20m@430nm
e Purification pilot plant fote'éngth lnon—radfative
shirter: - 390nm
— Distillation: Remove heavy metal and improve 12 gL -
transparency MM"':}
— Al,0O5 column purification: Remove impurity n, light emission ‘&

> 430nm, t=4.4ns

— Water extraction: Remove U/Th/K
— Gas stripping: Remove Ar/Kr/Rn

— Use one DayaBay AD for R&D

— 222Rn suppression > 94%

— Attenuation length > 20m @ 430nm

Jiajie Ling (SYSU) MOOD2019 workshms



OSIRIS

» Online Scintillator Internal Radioactivity

Investigation System (OSIRIS);

> Measure the radioactive contamination of
LS before filling into JUNO detector;

> Sensitivity: 101%g/g for U/Th within 24h
measurement;
» Measure ~19t LS per day;
» Detector:
e O3m*H3m Acrylic tank;
e 2.5m water shielding;

* 81 PMTs for photon detection;
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Central detector

* Acrylic sphere: ID 35.4m, thickness: 120 mm
e 265 pieces of 3 m X8 m panels

e Stainless steel: ID 40.1 m, OD41.1m
* 30 longitudes and 23 layers

* Transparency >96% in pure water

* 1ppt level of U/Th/K in acrylic sample

* Production company: Donchamp acrylic

o S i
B AT o
. .. — | S
Acrylic panel Onsite assembly Bonding machine Node test
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Double calorimetry

e 20” PMTs (75% photon-coverage)
— 15,000 MCP-PMTs from NNVT
— 5,000 dynode PMTs from Hamamatsu

 3” PMTs (2% photon-coverage)
— 25,000 PMTs from HZC

— Photon counting
— Extend dynamic range of muon

measurements
Characteristics unit| MEP-PMT R12860
(NNVOC) (Hamamatsu)
Detection Efficiency 0 o 0
(QE*CE*area) % 28.3% 28.1%
P/V of SPE 3.5,>2.8 3,>25
TTS on the top point ns ~12,<15 2.7,<3.5
Rise time/ Fall time ns 2/12 5/9
Anode Dark Count Hz 20K, < 30K 10K, < 50K .
After Pulse Rate % 1, <2 10, < 15 3" HZC-PMT
238U 50 238U 400 JUNO custom design: XP72B22
Radioactivity of glass | ppb | 232Th:50 232Th:400 QE*CE 25%, P/V 3.2, SPE resolution
40K: 20 40K: 40 33%, TTS 4.9 ns
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Energy calibration
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.
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Muon veto

Top Tracker

Goal of muon veto
e Active and passive shielding
* Muon tracking and cosmogenic isotope
study
e Earth magnetic field shielding for 20” PMTs

* Water Cerenkov detector
e ~2000 20” PMTs inside EMF veto
e 35 kton ultrapure water with circulation
* Muon detection efficiency > 95% :
* Radon control < 0.2 Bgq/m3 e e
* Fast neutron background ~0.1 /day aLRRuEt

Water Cerenkov detector

* Top tracker
* Reuse OPERA’s target tracker
* Cover half of the top area

EMF coil shielding
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Fine Structure in Reactor Spectrum

— 1 T T T T T T T T 7 normal hierarchy, JEFF & ENDF vs. Huber-Mueller
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JUNO-TAO

e Taishan Antineutrino Observatory (TAO), a ton-level, high energy resolution LS

detector at 30 m from the core, a satellite exp. of JUNO.

* Measure reactor neutrino spectrum with <2% E resolution.
— model-independent reference spectrum for JUNO
— a benchmark for investigation of the nuclear database

e Ton-level Liquid Scintillator (Gd-LS)
* Full coverage of SiPM w/ PDE > 50%
e Operate at -50 °C (SiPM dark noise)
* 4500 p.e./MeV

* Taishan Nuclear Power Plant,
30-35 m from a 4.6 GW_th core

« 2000 IBD/day in FV (4000)
e Onlinein 2021
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JUNO Schedule

*  Complete the
construction

2019-2020 and start data

* Electronics  taking
production starts

PMT potting *  Civil construction

10P Putkatig. s P : i PP
S Gt P P 83 e 1 e 0 399 37332001

Technical Report

Neutrino physics with JUNO

lemenza
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Summary

* JUNO can have independent determination of
neutrino mass hierarchy at >30.

* JUNO also can have sub-percent measurement
2 2
on 84,, Am5,, Ams,

* JUNO will largely advance the reactor neutrino
physics and liquid scintillator technology. It
will be complementary to the DUNE.
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Backup
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Am?_, Definition

Reactor v oscillation

P =1 —cos*#;;sin"26 ,sin" A,

. 1 7 . ) . ) . 1
— 8in~26 3 (fos 6,s1n" Ay + sin“f;s1n~ A5,

™

Daya Bay’s 2-v approximation

P, = | — cos*@,35in?20,,sin%A,, — sin*20,5sin* A,

— In the standard 3-v framework: sin’? A,, = cos® 0, sin® Ay, + sin® 0, sin® A5,

* The Am?_, definition is irrelevant to JUNO, since the 2-v

approximation is not valid. Am?;; and Am?2;, should always be
used.

Detailed information is in arXiv:1905.03840
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NMO Sensitivity with External v, Constraints

Y-F. Li, et.al. Phys.Rev.D.88, 013008 (2013)

-== v, 0.6GeV + 295km

0.15 i —— U 4MeV + 50km 5+
L Normal true MH
—_— 20
% 0.10 :.Améee(SOkm,ArMeV) ~ 0.12 x 107 3eV? -~ 7
i ~® 15}
T | Am3,,, (295km, 0.6GeV) =~ 0.05 x 103eVZ when 8¢p = —7/2 £
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- = —— False MH (o,, = 1.0%)
o 0 1 1 1 1 " 1 " 1 " " L
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Ocp

H.Minakata, et.al. Phys.Rev.D.74, 053008 (2006)

Am?2,= cos?0,,Am3, + sin?0,,Ams3,

Amf, = sin®0,,Am3; + cos?6,,Am5, + coscpsinb,3sin26;,tanb,zAms,

Sensitivity with 100k events (20k ton LS + 6 years with 36GW,, reactor power)
* 3% energy resolution@1 MeV, <1% energy calibration
* Ax?>9 (4x? > 16 with external 1% |Amj, | constraint)
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Supernova Neutrinos in JUNO

« Core-collapse SN at 10kpc

Events for different (E,) values

Channel Type

12 MeV 14 MeV 16 MeV

= Opens new physics window: Ve+p—et +n CC 43 x10¢ BOX10® HTXI0
V+p—=U+p NC 0.6 x 103 1.2 x 103 2.0 x 103

* Test SN models yib e = pEE ES 36x102 36x102 3.6 x 102

v+ 12C o iy NC 1.7 x 102 3.2 x 102 5.2 x 102

* [nformation about MH CC 05x102  09x102 1.6 x 102

ce 0.6 x 102 1.1 x 102 1.6 x 102

JUNO collab., arXiv:1507.05613
Huge statistics + Flavour information

* Multi-messenger astronomy
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Geo-neutrinos

« Exploring origin and thermal evolution of the Earth
* Uncertainty on flux: 17% (1 yr) / 6% (10 yr)  U/TH ratio fixed
* For comparison:

e KamLAND 14.3+4.4 evts PLB 722 (2013) 295

* Borexino 116+28-27 evis PRD 88 (2013) 033001

JUNO10 year free U/TH-ratio

E ao00f- JUNO collab.,
Q : arXiv:1507.05613
* Uncertainty for UTH flux:  : :::::
« U: 11% (JUNO 10 yr) k] Th signal
+ Th: 24% (JUNO 10yr) ol U signal
B 7

1 2 3 4 5 6 7 &8 9 1o

Visible energy [MeV]
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