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1. The new design of the MCP-PMT for JUNO; (2009-2011)
the 4 11 design; the MCP-PMT collaboration group; roadmap;

2. The MCP-PMT prototypes production; (2011-2015)
the 8 inch prototypes; the 20 inch prototypes; the high PDE;

3. The Mass production and Batch test; (2016-2019)

the mass production, the batch test system, the plan;



> 1.0 Jiangmen Underground Neutrino Observatory (JUNO)
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Requirement: High QE 20 inch PMT;Good SPE detection capability; Wide dynamic range;
Low radioactive background;Can withstand 0.4MPa Pressure;

> 20000 pieces; More than 20 years lifetime;



1.1 the primary design of the MCP-PMT in 2009

———————————————————————————————————————————————————————————————————————————————————————————————————

___________________________________________________________________________________________________

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

} ~ 4171 viewing angle!
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Transmission rate of the glass: 40% —

Quantum Efficiency (QE) : of Transmission Photocathode 30% ; of Reflection Photocathode 30% ;

Collection Efficiency (CE) of MCP : 70%;

PD = QE+,,,."CE +TRp},,1(cQERes “CE = 30%*70% + 40%*30%*70%= 30%
Photon Detection Efficiency: 15% - 30% ; x~2 atleast!




>~ 1.2 Project team and Collaborators
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1.3 The R&D plan of MCP-PMT (Roadmap —time)
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2. The MCP-PMT prototypes production; (2011-2015)

the 8 inch prototypes; the 20 inch prototypes; the high PDE;



2.1 8”prototypes with normal performance--2013

8-inch IHEP MCP-PMT
Vertical MCPs

8-inch IHEP MCP-PMT
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2.2 20”prototypes with normal performance--2014

20-Inch 11 IFP MCP-PMT
Vertical MCPs
Sphere Glass

0-nch HIFP MCP-PMT
Ilardzontal MCPs
tllipsoidal Glass
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2.3 The improvement of the MCP-PMT (2015)

%‘ A

2014: 15t20” 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

20-inch Hamamatus PMT-Dynode Ellipsoidal Glass




The Transmission + Reflection QE of the Photocathode

The High Collection Efficiency MCP

Dynode: A mesh MCP: Special MCP
covering the dynode for CE~100%

Retlecticn PC - Transmission FC ~

7 MCPs Focus

Good situation: Bad situation:

> Improve the total QE; —~ Larger Dark count;
> Improve the Detection Efficiency; > larger TTS;



2.4 The High PDE MCP-PMT--2015

20-inch Hamamatus PMT-Dynode Ellipsoidal Glass

20-inch IHEP-MCP-PMT-Ellipsoidal Glass
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2.5 The performance of the 20 inch prototypes

Characteristics unit MCP-PMT (IHEP) R12860 (Hamamatsu)
Electron Multiplier - MCP Dynode
Photocathode mode -- reflection+ transmission 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
Glass -- Low-Potassium Glass HARIO-32




Outline

3. The Mass production and Batch test; (2016-2019)

the mass production, the batch test system, the plan;



> 3.0.The PMT purchase of JUNO

High QE 20” PMTs for JUNO:
= Hammamatsu PMT with SBA photocathode

= A new design using MCP: 4r collection

2009: Design; 2011: Collaboration; 2012: DayaBay result; 2013: JUNO




the 75% order of PMT for JUNO (2015)

Dynede-FIAT- 20 Irem Hamamasty MCP-PIMT- 207 from NNVT

Specification in the Contracts

R12860
Characteristics unit MCP PMT (NNVC)
(Hamamatsn)
Netertion FAEL(OF*CF* area) % 27%, M 7%, 3 2%
PV ol SI'E 159,22% 3,215
TTS on the top point rs ~12,~15 27,535
Rise e/ kall Lrne s RZ2 |, 12 K™, </, ", <12
perriTEy Rynode-PMTSSS Rynode-FiM Iy Anade Dark Count |1z LUK, < JUK LUK, < 50K
Aller Pulse Rale % 1, <2 0,18
2381050 AL A0
Radivuctivity ol gluss ppb im0 . ;;h 3 1?"
10K 0 o
15k MCP-PMT (75%)
Contract for JUNO
Signed with NNVT

on Dec.16, 2015




3.1. The 20 inch MCP — PMT production line (2016)

* 2 units were working already in 2015; [ Cathode Transfer Equipment
* 6 units were ready on the summer 2016; e —_ o E ' )\
* 14 units were ready on the winter 2016; < T

One Unit could produce 3PMTs in Two days;
—> 22 Units for the mass production;

—> 33 PMTs/ 1 day;




The Production line was operated on Dec.25, 2016

30 pic PMTs per day!

The Bunch test system
will be finished Jan.20,2017
y 32 pic PMT together per day!



3.2 The plan of MCP-PMT batch test
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the design of the batch test system in NNVT

Batch Test

|

SPE-MPE Data Base
VME Test o

QE@410nm University Dark Count SPE. DE TTS,APR Linearity




the Review of the batch test system in NNVT

The Batch test system was reviewed on Feb.10,2017

The mass production Line: 30 pic PMTs per day.

The Batch test system: 32 pic PMTs per day.




3.3 The first ship for the MCP-PMT to JUNO

first 336 pics 20 inch MCP-PMT already send to JUNO on 15th.May 2017

i stn
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>~ 4. Summary of the Design and Production of the MCP-PMT

.11+ Production line 2017-2018
i1 11 bunch test sys

2014-2015

20" prototype
Transmission
+reflection

30 pic/ day for 2 years,

5”(8”) prototype
transmission

\
\
\
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Thanks for your attention!
Any comment and suggestion are welcomed!
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Thanks for your attention!
Any comment and suggestion are welcomed!



The Conventional PMT

Radiation
he
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Aluminum mirror coating
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Photon Detection Efficiency (PE)= QE;,, * CE =20% * 70% = 14%



Ceunt

The Relativity Detection efficiency of the Prototype
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>~ 4. Summary of the Design and Production of the MCP-PMT

2009: the design of the MCP-PMT;
2010~2011: 5’"MCP-PMT prototype without SPE;

Relleciom PC Transrnission PC

2012: 8"MCP-PMT prototype without SPE;

’ MCP. Mucus

2013: 8”prototypes with normal performance;
QE ~ 25%@410nm; CE ~ 60%; P/V of SPE> 2.0;

2014: 20” prototypes with normal performance;

QE ~ 25%@410nm; CE ~ 60%; P/V of SPE> 2.0;

2015: 20” prototypes with HDE performance;
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X-PMT workshop

Dynode-PMT,; MCP PMT Si-PMT, Gas-PMT,; et.al

PMT
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X-PMT Workshop

27-28 May 2017
Nanjing University, Gu Lou Campus (BR ASEEEX)

A3 Sranghal timezone
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