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JUNO Experiment
| NPP_| DayaBay | Huizhou | Lufeng | Yangjiang | Taishan

Status Operational Planned Planned  Under construction Under construction
Power 174GW 17.4GW 17.4GW 17.4 GW 18.4 GW
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JUNQO Detector

Calibration

Top Tracke

Central detector
SS latticed shell

Acrylic sphere
(20Kt LS in it)

~17000 20” PMT
+~34000 3” PM

Water Cherenkov
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Acrylic Sphere:
ID: 35.4m
Thickness:120mm

SSLS:
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Water pool
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I\/Iajor Challenge Photoelectron Yield

L energy resolution vs rec_energy

J : - MC simulation based
= - on Daya Bay MC
- To be updated
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* 77% photocathode coverage
*  PMT peak QE: 35%

* Maximum photocathode coverage

+ 36 000 3-inch PMTs for double-calorimeter _‘;tf:l;‘s‘fzt;"; lffi‘g;;.osfci‘::;om
KamLAND BOREXINO JUNO
LS mass 1 kt 0.5 kt 20 kt
Energy Resolution 6%/\E 5%/ E 3%/VE
Light yield 250 p.e./MeV 511 p.e./MeV 1200 p.e./MeV




Motivation of the MCP-PMT

Started PMT R&D in 2008, chose
Glass shell MCP-PMT in 2009

Photocathode

Aluminum mirtor coating Optimize for p.e., with large effective
area and large detection efficiency

Detection Efficiency (DE) = QE
@410nm x Collection Efficiency (CE)

= Small light blocking enable
reflection photocathode

Simpler structure, “free” MCP, etc.

Radiation
hr

Photoelectron

100%

1.Insulated trestle table
2.Anode
5

3.MCP dodule

4 Bracket of the cables

Patent by
Y.F.Wang, S.Qian,
T.C.Zhao, J.Cao
in China (2009), US,
Russia, Japan,
(EU under review)

5.Transmission Photoca
6.Glass shell
7 .Reflection Photocatho

8.Glass joint

Design evolved later



Roadmap of the MCP-PMT R&D

2009: the design of the MCP-PMT

2010~2011: 5” MCP-PMT prototype without SPE
2012: 8” MCP-PMT prototype without SPE
2013: 8” prototypes with normal performance

2014: 15t 20” prototype, with normal performance

=  QE ~ 25%@410nm; CE ~ 60%; P/V of SPE > 2

2015: 20” prototypes with normal performance

= QE ~26%@410nm; CE ~ 100%; P/V of SPE > 3

2016: High QE R&D, Production Line (1000 PMT prod.)
2017~2019: Mass Production for JUNO

otyp otyp




Characterization of Several 20-in MCP-PMTs

20-inch MCP-PMT 20-inch Hamamatus PMT
Horizontal MCPs, refl. Photocathode, Ellipsoidal Dynode




QE of the Photocathode

20 inch Prototype R12860 MCP-PMT
QE@410nm ~30% ~26% (transmission)
~200
Wavelength 30% (trans. + reﬂ.)
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Photocathode QE Uniformity

Hamamatsu R12860 MCP-PMT
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Detection Efficiency Uniformity

Hamamatsu R12860 MCP-PMT
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QE

Relative collection efficiency
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Relative Detection Efficiency
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Hamamatsu R12860
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Relative Detection Efficiency
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MCP: Large area PC (Rrf. + Tran.)

50mm MCP

| RelativityDE  QE

Dynode: A mesh covering the dynode

)

Dynode-PMT ~ 100% | 30%
MCP-PMT 110% | 26%

Reflection contribution
Higher collection efficiency
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Hamamatsu 20-in, old vs new

Total detection efficiency
QE x CE measured by hit counting efficiency
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e High QE and CE were confirmed in measurements.
O QE 22% - 30%
O CE 67% - 95% (Calculated in ®46cm)

20-1n (old)
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Relative Detection Efficiency

Daya Bay 8-in (R5912) vs 20-in R12860

] 1.2

Relative Detection Efficiency : 8"(shield)
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R5912 25% 70% 17.5%
R12860 30% 90% 21%

1.54 1.5
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SPE of the Prototype
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Waveform of the Prototype

Rise Time Fall Time
R12860 ~6.7 ns ~17.7 ns
MCP-PMT ~2.2 NS ~10.2 ns
Agilent Technologies MON SEP 15 10:47:19 2014 MeTo) B H 1000ns 5'?339;23 v
5007/ B v/ i 43608 2000 b 3319 ™
Hamamatsu R12860 MCP-PMT

D -440000000ns T
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TTS of the Prototype

Count

HV Gain TTS @ top center
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Dark count of the Prototype

Time After Closing the Dark Box (Hour)

Hamamatsu R12860
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Counting

80

A0

After Pulse Rate of the Prototype

Time distribution

After Pulse Rate
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Performance of the 20-inch PMTs

Glass

Characteristics unit MCP-PMT (H ar\r)isriigcsu)
Electron Multiplier -- MCP Dynode
Photocathode mode -- Refl. + trans. transmission

Quantum Efficiency (400nm) % 26 (T), 30 (T+R) 30 (T)
Relativity Detection Efficiency | % ~110% 100%
P/V of SPE >3 > 3
TTS on the top point ns ~12 ~3
Rise time/ Fall time ns R~2, F~10 R~7, F~17
Anode Dark Count Hz ~30K ~30K
After Pulse Time distribution us 4.5 4,17
After Pulse Rate % 3 10
L ow-Potassium Glass HARIO-32
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Specification in the Contracts

Evaluate both the PMT characteristics’ impacts on MH hierarchy and the cost.
Finished 20” PMT bidding at end of 2015:

-- 15000 MCP-PMT (NNVT)

-- 5000 Dynode-PMT (Hamamatsu)

R12860
Characteristics unit MCP-PMT (NNVC)
(Hamamatsu)
Detection Eff.(QE*CE*area) | % 27%, > 24% 27%, > 24%
P/V of SPE 3.5,>2.8 3,>2.5
TTS on the top point ns ~12,< 15 2.7,<35
Rise time/ Fall time ns R~2 , F~12 R™~5, <7; F~9, <12
Anode Dark Count Hz 20K, < 30K 10K, < 50K
After Pulse Rate % 1, <2 10, < 15
238U:50 238U:400
Radioactivity of glass ppb 232Th: 50 232T}:}:4DG
40K 20 40K: 40

23



ch 30 (6 years)

LS Radius to rea

Bidding Strategy

Risk + Cost
Risk = multiple vendors (Hamamatsu, NNVT, HZC)

Cost =2 fix the goal: 36 MH determination in 6 years 2
compensating the PMT performance with fiducial volume
-> convert all specifications to cost (figure of merit)

Radioactivity, dark noise, TTS, ......

%2/ ndll 0.05183/5 F ¢/ ndf
4 P

7 18.6F v F
Prob 1| g o
P 31.29+0.5209 g £17.95F
—osm3rooass | 2 184F < E
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Q — = r
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= = C
ﬁ 176 E
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172 17.7F
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QE * CE * (Effectie Area) (%) Dark noise (kHz) Radioactivity (x Schott glass)
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Different type of PMTs

Dynode-PMT- 20” from Hamamastu MCP-PMT- 20” from NNVT

o

N
| Dynode-PMT- 9”
MCP-PMT- 8” from HZC Dynode-PMT- 8”




Summary

Bidding started on Oct. 23, 2015, completed on Nov. 17,
2015

No constraint on PMT type or size. E.g. 20k 20-inch PMT,
or 8/9-in PMT or 3-inch PMT with equal photocathode
coverage.

15k MCP-PMT contract signed with NNVT on Dec.16, 2015

5k dynode-PMT contract signed with Hamamatsu in May,
2016

MCP-PMT: building production line, improve QE. Will
start to receive PMTs from the end of 2016.

Improvements of both the dynode-PMT (1.5x DYB) and
MCP-PMT (1.6x DYB) make the 3% E resolution feasible.

Cost is significantly reduced with multiple vendors.
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