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SYSU has 5 Campuses in 3 Major Cities
School of Physics is on the South Campus in Guangzhou

IFCEN is on the Zhuhai Campus
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One Page History of Discovering Reactor Neutrino

Oscillations
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Which Mixings Drive Which Reactor Neutrino Oscillations?
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K n o w n3 EmAbles Neutrino Mass Hierarchy at Reactors @
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Pp.—p, = 1 —jcos™ 013 sin" 20,5 sin Agli N Mass hierarchy reflected in the spectrum

—isin? 20, 3(cos? 013 sin® Ag; + sin? 615 sin? Agy) i N Independent of the unknown CP phase

Petcov&Piai , Phys. Lett. B533 (2002) 94 -106
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Plausible Extracting the Mass Ordering Information? Yes! @

J.G.Learned,S.T.Dye,S.PakavasaR.C.Sovobota PHYSICAL REVIEW D 78, 071302(R) (2008)
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Challenges in Resolving MH using Reactors
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Suitable Nuclear Power Plants (very easy now) in China
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Jiangmen Underground Neutrino Observatory (JUNO)

A Proposed as a reactor neutrino experiment for mass ordering in 2008 (PRD78:111103,2008; PRD79:073007,2009)
T driving the design specifications: location , 20 kton LS , 3% energy resolution , 700 m underground

A Rich physics program in solar, supernova, atmospheric, geo-neutrinos, proton decay, exotic searches
A Approved in 2013. Construction in 2015-2024
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@ JUNO
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The JUNO Central Detector

Top Tracgker (TT)
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Acrylic Sphere:
Inner Diameter (ID): 35.4 m
Thickness:12 cm
Stainless Steel (SS) Structure:
ID: 40.1 m, Outer Diameter (OD): 41.1 m
17612 20-inch PMTs, 25600 3-inch PMTs
Water pool:

ID: 43.5 m, Height: 44 m, Depth: 43.5 m
2400 20-inch PMTs

AE o b? 2
—_ — a S N
E E E?

\

Energy leakage & Phoéw Noise
non-uniformity statistics (~background)
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The Detector Performance Goals @
KamLAND Daya Bay PROSPECT (De‘]gg'n%gfn”uﬁﬁén )
Target Mass ~1kt 20t ~4t ~20kt
Eggteﬁgzt:‘)de ~34% ~12% (Effective) ESR + PMTs ~80% (75%+3%)
PE Collection ~250 PE/MeV ~160 PE/MeV ~850 PE/MeV ~1200 PE/MeV (1665)
Energy Resolution ~6 %/ aE ~7. 5%/ &k ~4 . 5%/ atk 3%/ aE
Energy Calibration ~2% 1.5%Y 0. 5 % ~1% <1%

An extremely demanding detector and a challenging job
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Packing PMTs as Tight as Possible and Keep Them Safe

Supper Iayer arrangement method 77.8% 200 RMgK)
— ‘ MCP-PMT (~13K) -
Hamamatsu HQE (5K)

30s P MBK)~ ~
HZC XP72B22 (Photonls)
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Double Calorimetry: Large PMTs and Small PMTs

2 0 DPMT (~18K)

MCP-PMT (~13K) + Hamamatsu HQE (5K)

3 0s P MBbK)~
HZC XP72B22 (HZC Photonics)

Flash ADC based
electronics

(charge integration)

N N\ Photon counting
VS " a5 ba_se_d electronics
(digitaléanalog)
- T
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lllustration

’ lllustration
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...... « .« Threshold *
L L
A 3 éPMT photocathode coverage: ~2.7% (~75.2%
for LPMTS)
A

Eancellatlon
More importantly, double calorimetry for energy

S S S S
R> = Rygni. RNU RNS RQNL
Always same Upon detector
I i enery deposgzi)‘:rr:mon event \.rerte::"..ning
non - Inearlty Independent PMT geométry
U For details, searXiv. 2104.02565
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200

A Potting Lab of 650m 2 in the PMT workshop

A Potting technique developed and matured in 2019;
Assemble line built and potting started in Jul 2019,
with a capacity of 401 50 PMTs/day;

A The technique has been very successful: No leaks
found after leakage tests (sampled) using

pressurized water (@ 5 bar) and SF 4 gas sniffing

P MT -PWwaf Patting

Polyurethane

Epoxy

SS shell
T

Wei Wang/ SYSU
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200 PMT | rRmVverieni Sysiem

- ; Acrylic cover
PMT protection design (9%11mm thickness )

Hole for assembly
hole

Rubbe PMT

Z Jx assembly unit

Stainless-steel covers

SS clamp B = ( 2mm uniform
EESae _‘L thickness )

Top cover: acrylic, 9~11mm, mass production
started and 6,000 have been delivered
Bottom cover: stainless-steel, 2mm; stainless-
steel covers production started

Multiple implosion tests have been carried out A
SAFE!
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Characterizing/Testing Every Single PMT with Great Care

Wei Wang

Neutrino Physics and Its Applications to World Peace, with a tribute to Prof. John Learned
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PMT System Summary

A 20-inch PMT: 15,012 MCP-PMT (NNVT) + 5,000 Dynode PMT(Hamamatsu HPK)
3.1-inch PMT: 25,600 Dynode PMT (HZC XP72B22)

I All PMTs delivered and their performance tested OK
A Water proof potting done: failure rate < 0.5%/6 years

A Implosion protection: acrylic top & SS bottom (JINST 18 (2023), P02013)
I Mass production completed

LPMT (20-in) SPMT (3-in)
Hamamatsu | NNVT HZC
Quantity 5,000 15,012 25,600
Charge Collection Dynode MCP Dynode
Photon Det. Eff. 28.5% 30.1% 25%
Dy”?(;'j'lcogal\;‘g\e/ for [0, 100] PEs [0, 2] PEs
Coverage 75% 3%
Reference Eur.Phys.J.C 82 NIM.A 1005
(2022) 12, 1168 (2021) 165347
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The 200 PMT El ectroni cs

Front-end bellows and
cables (1.5m)

PMTs GCU, HV, Splitters and

Cooling

éack-end bellows and cables
i‘0-100m) -

CEXPOODI (47

A The 1F3 system cases Splitter, HV FEC, ADC, GCU&FPGA in the underwater
boxes

A Two cables, one CAT5 and one CAT6, supply low voltage DC power, timing

signal and data transfer
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The 30 PMT El ectronics System Sch

f Front-End board

3-inch PMT: ’/ UnderWater Box
- / /
production concluded heat sink ~_ | /

‘ Under-water connectors

r 1 Toward PMTs
/

m Coax cable Signal+HV
| 9%

= High voltage splitters

~ Global Control Unit

" heat sink

l | < Same HV will be set for 16 PMTs
I ﬁ 200 underwater electronics box in total
) x 128
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The Construction of the Central Detector

arXiv: 2311.17314 (2023)

i A 35.4m spherical acrylic

vessel containing 20kton LS
i Supported by the 41.1 m
Stainless Steel structure via

590 supporting bars
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JUNO Detector and Tightly Packed PMTs arxiv: 231117314 (2023)
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