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» 1. The JUNO and MCP-PMT
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A A R RN + High QE 20” PMTs for JUNO:
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= A new design using MCP: 4r collection

H i
Huizhou
NPP

manada

»20" Hammamatzu PMT § »20” MCP- PMT-IHEP

Requirement: High QE 20 inch PMT;Good SPE detection capability; Wide dynamic range;Low
radioactive background;More than 20 years lifetime;Can withstand 0.4MPa Pressure;> 20000 pieces;



2. The new design of the MCP-PMT prototypes;

The researchers (Microchannel-Plate-Based Large Area Photomultiplier Collaboration (MLAPC)) in

IHEP designed a new type of MCP-PMT for JUNO (Jiangmen Underground Neutrino Observatory)
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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;

Reflection PC Transmission PC —

2014: 20” prototypes with normal performance;
QE ~ 25%@410nm; CE ~ 60%; P/V of SPE> 2.0;

2015: 20” prototypes with HDE performance;
QE ~ 26%@410nm; CE ~100%; P/V of SPE> 3.0;

2016: for the high QE improvement. -




3.1 8”prototypes with normal performance--2013
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. 8-inch IHEP MCP-PMT
Vertical MCPs

Count

50

40

30

20

Horizontal MCPs ’
Sphere Glass 30

26
ol

l__ 24

ﬂ- 22

v Py

Min:16.9% 8
" Max:27.3% 0
Avera@24.6%

‘ 10

MCP-PMT-38# SPE@2100V

60 ¥ o TR Threshold 1 284 5000 1840 2006/ A
= {- Data o . " 'l
F — Glabal Fit p0 2.127e+004
B p1 389.2 = 2mV . NP PP SR M L SN W\ N . WP S W——
p2 1.662 ImV T o ’
2 5
a2 pd -0.2412 S '3_. sy
C p5 41.99 =10 = ¥ o
C 06 wiz| % T T
p7 20.91 "
pd 2.483 é
£ =
il PV = 3.95964 | &
N Gain = 8. 14E+006 nE Siy Fa L [ HEME itk
TR E[) 1.3ns 13.91Ins  900ps 72.2n5 16.862ns 28
10 Eedidl3) 8.8ns 25.13%ns 1.6ns 126.9n5  29.982ns 31
C ’J WEE(] S9mv 19.167aV  3mV 126my 34.193m¥ 36
N P R R T B AR . || EELT 1 * . ; > : *
0%sgn 400 420 44D 460 480 500 520 540 0 120 240 360 480 G600
Charge/25fC LSB Time / Minute
. . . . Dark rate @1E7
HV Gain PV Rise Time Fall Time

Gain(0.25PE)

2100V ~1E7 ~4 ~1.3ns ~8.8ns ~3kHz




3.2 20”prototypes with normal performance--2014
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Vertical MCPs Horizontal MCPs 0
Sphere Glass Ellipsoidal Glass
3
-
20 L
MCP-PMT-56# SPE@2000V 500 Agilent Technologies ) 2015
L S e [ = |2mV-threshold 0 o5 @ s/ § 000w/ @i FOE I
EiG p0 1.57e+004 w0l + 3mV-threshold
——— pl 289.3 4+ 4mV-threshold
L p2 1.973 B0 e oo
r p3 27.2 =
C pd -0.07831 g 200 gl N L o0 i i e F b Sy 1-'\.f\/'\ R R i iy
C p5 180.1 | o
C p6 351.1 % 250 LM M |
- p7 24.62 § * - LN
p8 7.624 = 200 4-;,.—--- ------------------------------------------------------------------- N “‘j N .
. . B 150 e "oy n | ,J‘
PV = 3,100969 = _"":.'g """"""" L |
| Gain = 5.66€+006 | 100 _‘:“ﬁh;:‘.— ! L h
| 5oLk m.,..;uu.q-;ﬂvm. "..:':' ......... |rommnmimmmimmiesoeced TR ) 1208
J[ s 0 . . . . . TFREN 1380
580500 520 340 560 360 400 420 440 360 460 0 2 4 6 8 10 1 W1 10 dmV
Charge/25fC LSB Time A fter Closing the Dark Box (Hour)
HV Gain PV Rise Time Fall Time Dark rate @1E7 Gain(0.25PE)

2000V ~1E7 ~1.2ns ~15ns ~50kHz




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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4.1 The QE of the Photocathode

20 inch Prototype R12860 MCP-PMT
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4.2 Waveform of the Prototype

Rise Time Fall Time
R12860 ~6.7ns ~17.7ns
MCP-PMT ~2.2ns ~10.2ns
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4.3. The SPE of the Prototype;
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4.4. The TTS of the Prototype;
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4.5. The Dark count of the Prototype;

Time After Closing the Dark Box (Hour)

Hamamatsu R12860
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Counting

4.6. The After Pulse Rate of the Prototype

Time distribution After Pulse Rate
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4.7. The Relativity Detection efficiency of the Prototype
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4.8 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 45 4, 17
After Pulse Rate % 3 10
Glass -- Low-Potassium Glass HARIO-32




5. The PMT purchase of JUNO

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

15k MCP-PMT (75%)
Contract for JUNO
Signed with NNVT

on Dec.16, 2015

-MCP-PMT- 8”



Prototypes: Successful 8” and 20”prototypes with normal performance;

20 inch sphere Prototype 20 inch ellipsoidal Prototype

8 inch F % ol | 8 inch
sphere = NI v | 1 b Ty | ellipsoidal
Prototype 1 . Bl 4 A Prototype

We could successfully produce the 8 / 20 inch MCP-PMT prototype for good SPE and QE
And better for CE of the MCP; Uniformity of CE, QE, TTS,

we also try to improve our design of the prototype.



Thank! #t45f!

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






The Conventional PMT

Radiation
by

Glass shell

Photocathode

Aluminum mirror coating

-

~~_Glass Joint

__ Dynode

Quantum Efficiency (QE) :
20%
Collection Efficiency (CE) of Anode:
i iciency (CE) _ Anode

70% — ‘ K
Signal Base

Photon Detection Efficiency (PE)= QE;, . * CE = 20% * 70% = 14%




The new design of a large area PMT

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

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

} ~ 411 Viewing angle!

1 100%

\,;’//% 1.Insulated trestle table
e .i 2.Anode i
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6 6 A 40%

4 Bracket of the cables i

7 ..
| ~— 5.Transmission Photoca
6.Glass shell

7.Reflection Photocatho

8.Glass joint

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;,1s*CE +TRp} ;1o QERes *CE = 30%*70% + 40%*30%*70%= 30%
Photon Detection Efficiency: 15% 2 30% ; X~2 at least!



