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> 0. The Neutrino Experiment in China

> JUNO Experiment

T T ————

.....

- Daya Bay Experiment

Generation 1: DayaBay: ~3,000 8-inch Dynode-PMTs from Hamamatsu
Generation 2: JUNO: ~20,000 20-inch PMTs from Where?



Outline

1. The R&D of the MCP-PMT for JUNO; (2009-2015)

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

3. The improvement of the MCP-PMTs; (2016-2018)

the High QE prototypes, the fast prototypes;



1.0 The design of the MCP-PMT in 2009

Photon Detection Efficiency : PDE = QE . .ref - CE
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=20% * 70% = 14% (2009) =27% * 100% = 27% (2016)

= 30% * 90% = 27% (2015)



1.1 The prototypes without SPE at the beginning
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The First 5 inch MCP-PMT was produced in 2011, which was the first large MCP-PMT
for the single photon detection, but this prototype can not “see” the SPE.
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The 8 inch MCP-PMT was produced in 2012, which could get the best signal of the MCP
modules, but still without the SPE anyway.



1.2 The 8 inch prototypes with normal performance--2013

IN 2013, the 8 inch MCP-PMT was produced with two shapes, vertical and horizontal
ones, both of these two types of MCP-PMTs has the best MCP modules for the single
photon detection, and the P/V of the SPE is better than the Dynode-PMTs.
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The performances of these types of 8 inch MCP-PMT were as good as the ones of
normal dynode-PMTs, but the CE was only 70%, not the same as we designed.

Dark rate @1E7

HV Gain P/V Rise Time Fall Time Gain(0.25PE)

QE@400nm CE

2100V ~1E7 ~4 ~1.3ns ~8.8ns ~3kHz 25% 70%




1.3 the 20 inch prototypes with normal performance--2014

IN 2014, the 20inch glass was produced, and also the 20 inch MCP-PMT was produced

with two shapes, vertical and horizontal ones, and both of them were good at the SPE test.

MCP-PMT-56# SPE@2000V
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The performances of these types of 20 inch MCP-PMT were as good as the 8 inch ones.
And we did lots of work to improve the QE and CE, but the CE was still only 70%.

» — o o T Eall T Dark rate QE@400nm CE
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2000V ~1E7 ~3 ~1.2ns ~15ns ~50kHz 25% 70%




In 2015, the MCP-PMT work group did the best to improve the CE of the MCP modules,
and finally, the CE of the MCP-PMTs was improved from 70% to 100% successfully.
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1.4 the 20 inch prototypes with HDE performance--2015
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The QE of the Trans.+Ref. photocathode together could be 30% @400nm; The CE of
the MCP increased to 100%, so the total DE of the MCP-PMT could be 30% @400nm;
The Glass of the MCP-PMT is also special with the low potassium glass to decrease

the radioactivity of the PMT materials.

Because of the large area Trans.+Ref. photocathode, the high collection efficiency

MCPs, the small electronic focus, the TTS of the 20inch MCP-PMT was worse.



1.5 PMT Purchasing of JUNO

R12860 . .
Characteristics unit MCP-PMT (NNVC) Decision based on
(Hamamatsu)
Detection Eff.(QE*CE*area % 27%, > 24% 27%, > 24% 1
( ) o o ) o ) rlsk,
P/V of SPE 3.5,>28 3,>2.5
TTS on the top point ns ~12,< 15 2.7,<3.5 prlce,
Rise time/ Fall time ns R~2 , F~12 R™~5, <7; F~9, <12 . .
performance merit for physics
Anode Dark Count Hz 20K, < 30K 10K, < 50K
After Pulse Rate % 1, <2 10, <15 ot
238U0:50 238U:400
Radioactivity of glass ppb 232Th:50 232Th:400
40K: 20

15k MCP-PMT (75%) from NNVT

5k Dynode (25%) from Hamamatzu
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2. The Mass production and Batch test; (2016-2019)

the High QE prototypes, the fast prototypes;



2.1 The Batch Result —Quantum Efficiency (QE)

20 inch PMTs Dynode-PMTs MCP-PMT prototype ~6047 MCP-PMTs
QE.Trans @ 400nm 30% 26% 29.6%
Uni-QE @ 400nm <10% 7.8% 7.2%

—-The Quantum Efficiency of the photocathode is really improved during the mass production process.
The QE of the transmission photocathode is achieving 30% @ 400nm.
—The DE Uniformity of the PMT is affected by the QE Uniformity of the Photocathode;

We need to control the Uniformity of the QE less in 10%,
The average data of 6K pics is about 7.2%, which is better than the Dynode-PMT.
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2.2 The Batch Result — The time characteristics of the PMTs

20 inch PMTs Dynode-PMTs MCP-PMTprototype ~6047 MCP-PMTs
TTS @ FWHM 2.8 ns 13.2 ns 20.2ns
TTS @sigma 1.19 ns 5.62ns 8.61ns

RT @ Gain~1X10"7 6.7 ns 1.2 ns 1.4 ns

FT @ Gain~1X10*7 17.7 ns 10.2 ns 254 ns

—The Rise time of the MCP-PMTs is really fast within 1.4ns for the average of 6K pics.

—For better shape of the waveform, the Fall time is enlarged from 10ns to 25ns in production.

--> the large area photocathode for better QE, The TTS of the MCP-PMTs is also enlarged:
--> the special MCPs for better CE, from the prototype data 13ns to

--> the special HV distribution for better SPE, 20ns in mass production process
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2.3 The Batch Result — The P/V, DE of the SPE

20 inch PMTs Dynode-PMTs MCP-PMT prototype ~6047 MCP-PMTs
P/V of SPE @ Gain~1X10/7 3.7 5.6 7.0
DE @ 400nm 27% 26% 29.5%

—With the special MCP modules, the special HV distribution of the PMT,

the P/V of the SPE is improved from 5 to 7 in the mass production process, better than the Dynode one.
—With the special MCP modules, the CE of the MCP modules is about 100%;
—With the improved technology of photocathode, the QE is increasing to 30%;

the DE of the MCP-PMTs is improved from 26% to nearly 30% (the average data of the 6K pics)

—the improving of the Photocathode Quantum Efficiency is continuing for better ......
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—The DE of the MCP-PMTs from the NNVT bath test is about 29.46% @ 400nm;
But the JUNO ordered the DE@420nm.
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—The QE in different wavelength with different DE. The peak wavelength of the PC is
about 390nm~400nm, so the data of the DE@420nm is smaller than the DE@400nm;
—The average DE@420nm of 5K MCP-PMTs is about 27.48% in the NNVT batch test.

—The average DE@420nm of 2.5K MCP-PMTs is about 27.49% in the JUNO batch test;

More about the PMTs tested in JUNO, see the Wei Wang & Zhonghua Qin’s talk in the Detector section.




2.4 the MCP-PMT parameters Test in NNVT for JUNO

PMT Parameters data in Contract Prototype 6000pic PMTs

Quantum Efficiency - QE@400nm =>26.5% ~ 26% 29.6%
QE Uniformity <15% <10% <7.2%
SPE-P/V >2.8 ~5.6 ~7.0
HV@1X10/7 ~ 2800V ~ 1930V ~ 1745V
Detection Efficiency @400nm ? ~ 26% @400nm ~ 29.5%@400nm
Detection Efficiency @420nm > 24% @420nm ? ~ 27.5% @420nm
Dark Rate < 50KHz ~ 30KHz ~ 36KHz
TTS <15ns ~12ns ~20ns
APR < 5% ~2.5% <1%
Linearity <10% = 1000pe ~ 1000pe ~ 1200pe
Rise Time <2ns ~1.2ns ~1.4ns
Fall Time <12ns ~10.2ns ~29NS
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3. The improvement of the MCP-PMTs; (2016-2018)

the High QE prototypes, the fast prototypes;



3.1 the improvement of the QE & DE for JUNO
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—The QE of the PC is improved from 30% to 35% @peak wavelength for the type of HQE-MCP-PMT.
— The DE of the PMT is also improved by the increasing QE;

The average DE=27.5% @420nm of 6K pics normal MCP-PMTs
The average DE=30.8% @420nm of 200 pics HQE-MCP-PMTs

~6000 ~200
PMTs Hamamatsu MCP-PMT prototype Normal MCP-PMTs HQE-MCP-PMT
QE @ 400nm 30% 26% 29.5% 32%

DE @ 420nm 28% — 27.5% 30.8%



3.2 the improvement of the TTS for HyperK

Normal focusing electrode :> Flower-like focusing electrode

—By changing the constructer of the focusing electrode, using the flower-like one, the TTS of the
PMTs is improving from 20ns to 5ns, but the CE of the prototype is decreasing to 85%,

—By decrease the area of the photocathode for better TTS, the dark rate of the PMT also much
better than the normal one, from 40KHz to 20KHz.
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w r- ~ ~
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o 10 F%‘g 33;% 613 gon 8?e7f ]80 90 Anode Dark Count ~40KHz ~20KHz



The summary of the R&D of the MCP-PMT

o

Mass production
2016 \ Batch test

------------------------

g il batch test sys 2017-2019

————————————————————

2014-2015 ! HQE PMT:
20" prototype New type?
Transmission

+reflection

2009 2010 2013 :\‘

—(@ The MCP-PMT group has already produced 6K pics
normal MCP-PMTs (DE=27%@420nm) for JUNO;
—(@ The HQE-MCP-PMT with the DE=30%@420nm is

researched and produced for the last PMTs for JUNO;
—@ The new type of Flower-liked MCP-PMT with TTS

= 5ns is ready for the HyperK;




.

Vo "dthrw. 2
A GROUP ¢
Cr

Morth Night Vislon te

chnelogy oo Iad YY)
ImEnsfier & s high power PPy, NEP and FOP
oA of expoidents b mmssaiching 8 o
Ftwiriog for wmage Intensiliers . The

qen

B
2 high pecformance with sorey of 15mm. ‘2
W water wverting | pan iverting. Sagine ard

sompanerts NYT = new pmiects mecean micock

N
urn NORTH NiGeT VISK

ON TECHNOLOGY co uan

PNITL InGans Satid-State Luw-Lignt Device, T15 Soid -4t Loa Light ol =

NVT'S Prnoncts ane tonfome: (0 Mjitary Sandaer

) s
R :

Flower-liked
20”MCP-PMT
for HyperK

HQE
20”MCP-PMT
for JUNO

“hanks for our attention!
Any comment and suggestion are welcomed!

new desgi

spectiam |}

sherl A

Jiing St
eficiens
gain =24
rezame
Mecenidly,
by stage

breas

8

ghode M0

0

NOLOGY co

T vISION TEC H*

1 NIGH

winly nppltes

Camparih

& vty high quantum
electron amplifier, the
v SUperor temporal
fier channel.

fe is optimized stage
MCP-PMYT has a major
3 efficiency has reached

N gl l;.mn Hpw

Tum



Many Thanks!
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How to improve the Collection Efficiency of the MCP modules (2015)

change

@

CE=70%

The p.e. into the channel
directly ~70%

The Diameter of the MCP: 33mm; 50mm;

The Diameter of the Hole: 6um; 8um; 10um; 12um:;
The Inclined Angle: 0°; 8°; 12°;

The Open Area Ratio: 60%:; 77%;

®‘ |@I

\/

CE =100%
\/ The p.e. into the channel
directly ~70%

The p.e. from the electrod
indirectly ~ 30%




MCP: Large area PC (Rrf. + Tran.)

Relativity  Relativity

DE DE
Dynode-PMT 100% 90%
MCP-PMT 110% 100%
Dynode: A mesh covering the dynode MCP: Special MCP for CE~100%

r
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How to improve the TTS

Why is the TTS so Large!

-

With the contribution of the second electron from
the electrode (30%),

the spectrum of the TTS present several peaks,

o ! !
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which made it’s TTS worse.
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--> with Trans.+Ref.PC for better QE; e
--> with special MCP for better DE; i i
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