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Outline

* JUNO physics and requirements on the
detectors

* The central detectors
— The structure design
— The liquid scintillator
— The 20” and 3”” PMT
— The electronics readout
— The calibration system
— The shielding and veto

* Summary
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Status Operational Planned Planned  Under construction Under construction
Power 174GW 17.4GW 17.4GW 17.4 GW

¥ by 2020: 26.6 GW \J
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" Method from Petcov and Piai, Physics Letters B 553, 94-106 (2002)

Also refer to

P.o(L/E) = 1— Py — P31 — P35 arXiv1210.8141

Py = COS4(913) sin? (26012) sin? (Aoq)
P31 = 0052(912) Siﬂz E 2913) Siﬂ2 (ﬁ.gl}

ng — sin ( 12) 1112(2913) Eiﬂz(.ﬂ.gg)
2.

P.. =1 — cos® 613sin? 2615 sin? (A )

— sin? 2614 sin? (|As1])

— sin? 01 sin? 26043 sin? (Azy)cos (2[Az])

+ NH

sin” o
IH + TH sin? 2613 sin (2A91) sin (2|As31])

The big suppression is the “solar”
oscillation - Am?,, , sin20,,

“Large” value of 6,5 crucial

The NH or IH can be seen if the neutrino

spectrum with much quantity is as
precise as 3% @ 1MeV.



How to reach the 3% energy resolution with
a huge detector??

Photocathode coverage: ~ 75%
PMT photon detection eff.: ~27%
LS attenuation length: >20 m

=» abs. 60 m + Rayl. scatt. 30m

The good calibration

KamLAND

BOREXINO

*%l ‘ Linear Alkylbenzene
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Daya Bay

Target Mass 1 kt 300t 20t
PE Collection
(PE/MeV) 250 500 160 1200
Photocathode 34% 34% 1204 7504
Coverage
Sl 6%/\E 5%/\E 7.5%/E 3%/\E
Resolution
Energy o o o o
Calibration 2% L% L5 s
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- 3 JUNO Neutrino detection capabilities
e 4 P

Supernova v

5-7k in 10s for 10kpc
it Atmospheric v
several/day

Solar v
(10s-1000s)/day

Cosmic muons

~ 250k/day
0.003 Hz/m?
= 215 GeV
36 GW, 53 km I . 10% muon bundles
B Reactor v, 60/day , \ Geo-neutrinos
Bkg: 3.8/day

1.1/day
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JUNO Detectors

o
L AT
- ]
L - -
e
e

Calibration
“Top Tracker LS/Water
Filling room
Earth

Magnetic Field
shielding coils

Pool ' s 44me i

Central detector Water depth 43.5m

Steel Structure +
Acrylic sphere +
20kt Liquid Scin

~180002 0" P
~2500BMT3"’

Water pool diameter: 43.5m §
AS: Acrylic sphere; SSLS: stainless steel latticed shell



Structure Design Optimization@

* Optimization: i
— Reduce the max stress on the acrylic node

— Simplify the structure, reduce the weight
— evaluate the earthquake and fluid solid couplin
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How about the life time of acrylic?

— Strength reduce to ~70% for 20
years @ 5.5 Mpa

— Creep: over 100 years
Can the spherical panel be made?

— 3 companies made samples

— 2017.2 Donchamp won the bid.
How about the max stress control
on acrylic?

— <£3.5 Mpa
How strong the acrylic node?

— Max pulling load: ~ 8 tons

— Two formal samples: ~ 100 tons

How to control the radiation back-
ground and the quality of acrylic?

How to make the bulk-
polymerization on site?

Thermoforming the spherical panel
:3m x 8m x 120mm
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¥ Low radiation BG for acrylic and steel@

* Low radiation background requirements:

Hz

Acrylic 1 ppt 1 ppt
Node stainless steel 23.6 0.1 ppb 2 ppb
Shell stainless steel 583.79 1 ppb 5 ppb
Connection bar 67.18 0.1 ppb 2 ppb

* Process control for low radiation background
— Filter in MMA material

1 ppt
0.05 ppb 2 mBag/kg
0.2ppb 20

mBag/kg
0.05 ppb 2 mBaqg/kg

0.39
1.9
0.02

0.28

In the clean room class 10000 with the radon < 100

— Special reaction kettle/pipe Bg/m3, totally exposed time: less than 10 days

— Moulding: pure water/clean room

— Thermoforming: film or placket to shield the dust and radon

— Bonding: filled with clean air or N,

— Shield Rn: plastic film on the surface of the acrylic

— Clean the inner surfaces of the acrylic sphere: air cushion to support
— Filling: first to fill pure water then replace with LS / LS tank covered with pure N,

The samples for each batch of acrylic will be measured.
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The Biggest Acrylic Sphere @

Acrylic Material Needing:
Original Flat Panels: ~900 tons
Net Weight: ~600 tons

Fig. The Acrylic Separation Design for Panel and Nodes



S Liquid Scintillator @
pllOt plant

e Purified 20 ton LAB to test the overall design of Z:
the purification system at Daya Bay by replacing = . S B
the target LS in one detector :20
— Optimization of recipe e >20m @ 430 nm

Purified LAB Volumn (BV)

— Study of radioactivity background 1
' pilot plant

Distillation __ &

system s N

("‘iﬁ a _ i ~THI )
Steam ’ RN TSR
St”‘t’p'ng 5 RS Tt LAB
2RI W ""Ei | b TV storage
Water | tank
extraction
Ultra-pure Al,O,
nitrogen el
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Using a recipe inspired from Daya Bay’s
experience

Tested and changed to be more suitable
for JUNO

— High light-yield VS transparency:
« 2.5g/L PPO
* 1-4mg/L bis-MSB
Requirements and methods:

—  Attenuation length: > 20 m @430 nm
with Al,O; column purification

— Good radio purity:
e <10 g/gin U/Th
e <10 g/ginK

Linear alkylbenzene
(LAB) as solvent

non-radiativel

+ > 280nm
3 g/LPPO
+
non -radiative
9 390nm
15 mg/L
bis-MSB

Ilghf emission
> 430nm, T%4.4nS

&)

-
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20000 20" PMT

20-inch Hamamatus PMT-Dynode Ellipsoidal Glass

A

20-inch IHEP-MCP-PMT-Ellipsoidal Glass

« Contracts were signed in
2015

e 15000 MCP-PMT (75%)
from NNVT

« 5000 Dynode (25%) from

Hamamatsu

Characteristics unit MCP-PMT R12860
(NNVT) (Hamamatsu)
Detection Efficiency % 27%, >24%| 27%,> 24% 2 MCPS to replace Dynodes
(QE*CE*area)

P/V of SPE 3.5,>2.8 3,>25 it
TTS on the top point ns ~12,<15 2.7,<3.5 \ P
Rise time/ Fall time ns R~2, F~12 R~5, F~9 ' PN ENY
Anode Dark Count Hz | 20K, <30K 10K, <50K rubber rings Soywee o

prevent covers stainless stee
After Pulse Rate % 1, <2 10, <15 contact with glass glamps
= fix on the neck
238U:50 238U:400 ~==
Radioactivity of glass | ppb | 232Th:50 232Th:400 - ssal
40K: 20 40K: 40

NNNNNNN

INPUT
ELECTRON

—

INPUT ELECTRODE #|
TRIP CURRENT

PMT assembly 19



Delivery

Bl NNVT
Bl Hamamatsu

20" PMT Arrived

o \ I

il | [ l
I I
! -

Container: ~ 30 PMT to be tested one time

20



=
AR

e ) 25000 3" PMT @

* Together with the 20-in PMT as a double
calorimeter.

— Increase photon statistics by ~2.5%

— Energy measurement via “photon counting”,
better control of systematics

— Muon tracking, supernova detection ...
— Increase the dynamic range.
e 25000 3-inch PMTs, contracted to HZC (China)
*  Production is expected to start early 2018

DATE: 2017511
MADE [N CHINA |
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 LPMTs: ~75% coverage (18000)

« SPMTs:~2.5% coverage (25000)

 Collection of >1200 p.e./MeV
supper layer arrangement

method: 77.8% coverage
SANY YELr

EE YTy
»




Y Calibration

* The goal:

— Overall energy resolution: < 3%/VE

— Energy scale uncertainty: <1%

 Radioactive sources:

— V: 40K, 54Mn, GOCO, 137CS

Calibration house

ACU

Central cable

— e+: 22Na, %8Ge

— n: 2*Am-Be, 2**Am- 13C or 241pu- 13C, 232Cf

* Four complementary calibration systems

— 1-D: Automatic Calibration Unit (ACU) = for
central axis scan,

— 2-D:

Cable Loop System (CLS) = scan
vertical planes,

Guide Tube Calibration System (GTCS)
- CD outer surface scan,

— 3-D: Remotely Operated under-LS Vehicle
(ROV) - whole detector scan

ble

3\(\5_‘{2@

/. I ROV

Bridg

23



Readout Electronics

a b -
* s, e
]

1F3 scheme
HV ADU
HV ADU a9

Power Board

HV ADU

« PMT: photomultiplier tubes

« HV: High Voltage units

« ADU: Analog to Digital Unit

« GCU: Global Control Unit

« CAT cable: Category 5e cable

« High reliability needed

 Severe constraints by power consumption

Backend Card




Veto Detectors

e Cosmic muon flux
— Overburden: ~700 m

— Muon rate: 0.003Hz/m? Top Tracker
— Average energy: 214 GeV (3 x-y layers) ..

* Water Cherenkov Detector i
— ~4 m water shielding, Radon: <0.2 Bq/m3
— ~2000 20”"PMTs
— 40 kton pure water, HDPE lining on pool
— Similar technology as Daya Bay (99.8% efficiency)
* Compensation Coil for EMF shield
* Top muon tracker

— Decommissioned OPERA plastic scintillator

\AA AL
1 eutron ‘
NN A7
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Fig. 3. Schematic view of a plastic scintillator strip wall.



Y Summary @

 JUNO: Rich neutrino physics prospects

* The central detector: a huge LS detector with the
precise energy resolution
— The biggest acrylic sphere
— 20 kton of transparent LS
— 18000 20" PMT and 25000 3" PMT, ~75% coverage
— 4 calibration systems

* A lot of challenges

26



Thank you for your attention!
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