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The Neutrino Experiment in China

> JUNO Experiment

> Daya Bay Experiment




~ 1.1 Daya Bay Experiment: Layout (2011)
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1.2 Next generation Neutrino Experiment in China (2009)—DayaBay I

60 km from Daya Bay and Haifeng Daya Bay Il |

‘o Ay R Bt The Main Scientific goals:
= Mass Hierarchy

= Mixing matrix elements
= Supernovae

= geo-neutrinos
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~ 1.3 Jiangmen Underground Neutrino Observatory (JUNO) —2013
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| | ~15000 20” PMTs
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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;

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



1.4 the requirement for PMTs

KamLAND Daya Bay |l JUNO
~1 kt > 10 kt > 20 kt
Detector e e e
Liquid Scintillator Liquid Scintillator Liquid Scintillator
Energy Resolution 6%/VE 2%NVE 3%IVE
Light yield 250 p.e./MeV 2500 p.e./MeV 1200 p.e./MeV
2 x10
o
— T —
Ongoing R&D:

— Highly transparent LS: Attenuation length ;
Attenuation length: 15m = 25m; the Light Yield (% standard): x1.5
Attenuation length: 15m - 30m; the Light Yield (% standard): x2;
— High light yield LS: increasing PPO%
Light Yield (% standard): 30%—> 45%; x1.5
— Photocathode coverage :
KamLAND: 34% —-> DayaBayll:~80% x2~25
— High QE “PMT”:Quantum Efficiency(or Photon Detection Efficiency)x2;
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2. The new design of the MCP-PMT;

The new design, the collaboration group, the evaluation Lab;



2 The new design of the MCP-PMT

The Conventional PMT

Radiation
hr

100%

Glass shell

Photocathode

Aluminum mirror coating

Quantum Efficiency (QE) :
20%
Collection Efficiency (CE) of Anode:
70%

Glass Joint
2 Photon Detection Efficiency (DE)

___Dynode
(PE) = QE,,.. * CE = 20% * 70%
] ~ Anode Trans
|. Base =14%



The QE of 20“ PMT-R3600 The QE of SBA/UBA
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are only available in small format (< 5" diameter ?) (2011)

Can we improve the Quantum Efficiency of Photocathode or
Photon Detection Efficiency for the large area 20 PMT ?

?? 20” UBA/SBA photocathode PMT from Hamamatzu ? QE: 20% > 40%
?? 20" New large area PMT ? Quantum Efficiency > 40% ?
or Photon Detection Efficiency: 14% -2 30%




2.1 New type of PMTs under-development in ~2009
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2.2 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) o
and reflection photocathode (back hemisphere) } ~ 411 viewing angle!

100%

1.Insulated trestle table
2.Anode
% 3.MCP dodule
l"‘/g4.Bracket of the cables

7 . .
P 5.Transmission Photocal |
6.Glass shell

7 .Reflection Photocathoc

8.Glass joint

| St}

Quantum Efficiency (QE) : of Transmission Photocathode 30% ; of Reflection Photocathode 30% ;
Collection Efficiency (CE) of MCP : 70%;

Transmission rate of the glass: 40%

PD = QE; s CE +TRp010QERes “CE = 30%*70% + 40%*30%*70%= 30%
Photon Detection Efficiency: 15% = 30% ; x~2 atleast!



> 2.2 the large area MCP-PMT Patent

Inventor:
Yifang WANF (EEF)
Sen QIAN (#7%) ;
Tianchi ZHAO (#XKith)
Jun CAO (B18) ;
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2.3 Project team and Collaborators

Institute of High Energy Physics,

Microchannel-Plate-Based Large Area Photomultiplier Collaboration (MLAPC)

Collaboration Meeting

l

Program Executive committees

' Advisory Comittees : »{<

4
N

Program Industrialization

bR T L T LTI

...............................................................

(Shulin Liu)

.....

(Yifang Wang)

) Program secretary

e H
...................................................... -

(Qian Sen)

...............

committees

!

'

I

'

}

'

Design
Group

Photocathode
Group

Alkali metal
& Glass Group

MCP
Group

Packing
Group

Test
Group

effort by Yifang Wang;
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XIAN INSTITUTE OF OPTICS AND PRECISION MECHANKCS OF CAS

LrBARARNER LT

NORTH NIGHT VISION TECHNOLOGY CO.,LTD

gf OB (15) BXEr

CNNC Beijing Nuclear Instrument Factory




2.4 The R&D plan of MCP-PMT (Roadmap—Technology) (2009)

Photomultiplier Electronic

Requirement

Prototype Performance
[T Iy P
S E

L ot

SIS\

Glass Shell
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2.5 The Large PMT evaluation Lab

\inl

TREHEEWSFIESE = Work must first of its profits

e Location : underground of the MainBuilding;

¢ Function: Four Dark Room
Lab1: longtime aging test;
Lab2: QE for PMT, PD, MPPC, Si-PMT;
Lab3: Timing for PMT, PD, MPPC, Si-PMT;
Lab4: Geomagnetic field test for PMTs;

O S T,

SE & X Ne =
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2.6 The parameters of the MCP-PMT (testing in Lab)

Anode Pulse Rise Time;
Pre/Late/After Pulse;
Dark Count

The Single Photoelectron Spectrum;
The voltage distribution (BASE) ;
The Supply voltage;

Typical Gain Caracteristic;

Anode Dark Current

Eawets (1) [

res Spectral Response;

L Wavelength of Maximum Response;
\ Cathode Sensitivity: Luminous(2856K);
Y e ww Quantum efficiency with A

0000000

P ----"--- | e Photocathode efficiency Area;

£ l;ggg Photocathode efficiency Uniform;

o, WS I{ggg The position of the Sb, K, Cs;
IR -

The linearity of the PMT
\ Others Magnetic characteristics;
------ Transit Time Spread (FWHM)




2.7 The R&D plan of MCP-PMT (Roadmap —time) (2009)

} .‘ ()
I\
H T M ramy » 4
15(8”) prototype b :55 (87) prototype ‘ 20 prot_oty_pe Mass
I transmission | || Transmission ! Transmission dlichion
g J i1 +reflection +reflection P

The design of the The project of
=

IHEP-MCP-PMT DayaBay Il /JJUNO

5” MCP-PMT 2010%
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3. The MCP-PMT prototypes (2011-2014);
The 8 inch prototypes; the 20 inch prototypes;



> 3 The MCP-PMT prototypes (2011-2014)

Prototypes: Successful 8" and 20”prototypes with normal performance; (2014)

20 inch sphere Prototype 20 inch ellipsoidal Prototype

8 inch I : ! , 8 inch
sphere _ it B P - ellipsoidal
Prototype ' a > 1F > ' . 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, in 2014;
we also try to improve our design of the prototype in 2015.




3.1 First 5”prototypes without SPE --2011

The photoelectron spectrum of a prototype: 5” IHEP-MCP-PMT

o —

500, 1000, 1500

2050

.............................

MPE vs the Voltage of the PMT

Count
-
Counf

MPE vs the luminance of the LED light
**--adjust the working voltage of the LED to adjust the luminance of the LED light.



Count

3.2 First 8”prototypes without SPE--2012
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Count

3.3

8-inch IHEP MCP-PMT

Vertical MCPs
Sphere Glass

8-inch IHEP MCP-PMT
Horizontal MCPs

8”prototypes with normal performance--2013

Min:16.9%
Max:27.3%
Average:24.6%

MCP-PMT-38# SPE@2100V MCP-PMI-44# Dark Rate @ 10’
$Z 7 ndf 169.4 / 140
%0 F F Data Prob 0.04607 Threshold
C — Global Fit p0 2.127e+004
50l p1 389.2 bn = 2mV A "
. 1.662 L O\
- 98.24 Ytm v
40— -0.2412 g ';__ v sy
C 41.99 =10 Cre.
C 4413 < v
r 20.91 <
o 2.463 g
N -
r 5
20 a
C ng 11
- TREHE()
10— L)
- wE()
ol 1 Oy g 1 : ' g :
380 400 420 440 460 480 500 520 540 0 120 240 360 480 600
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

®X
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3.4 20”prototypes with normal performance--2014

20-inch IHEP MCP-PMT 20-inch IHEP MCP-PMT QE / %

Vertical MCPs Horizontal MCPs 20 l 40
Sphere Glass Ellipsoidal Glass

35

30

Y/cm

Min:12.7%
Max:28.5% 15
20l Average:22.2%

1 \ 10
-20 0 20
X/em
MCP-PMT-56# SPE@2000V 500 Agilent Technologies FRI JAN 02 232450 2015
2 -
- X Lot A - [« ]2mV-threshold se/ @ 500/ g 00060 2000/ @r § @8I
r T pO 1.57e+004 400 T ¢ 3mV-threshold
r — Global Fit p1 289.3 4mV-threshold
L p2 1.973 B850 [
— p3 27.2 -
n pa -0.07831 N 300 b
o p5 180.1 = -
L p6 351.1 O 280 o .
C p7 24.62 E "  u
C P8 7.624 w200 e s Y R N S S E
L =5 150 “we U o - -
C P/V = 3.100969 = _:.'-. """"""" W W e w0
. o
- Gain = 9.66E+006 100 ... 2 . "s.:.-i"'" 5....-...‘,;... ..- ...................... i
— -
c 50 [ AN TR R g? ¢ ol SN .. repospimtimmimntessemoronl TR 1208
L 0 1 1 1 1 1 EFRFE() 13408
o P AR RN AR AR APTATN APRPO i Moned ®'E(l): 109mv
280 300 320 340 360 380 400 420 440 460 480 0 2 4 6 8 10 12 s
Charge/25fC LSB Time After Closing the Dark Box (Hour)
HV Gain PV Rise Time Fall Time Dark rate @1E7 Gain(0.25PE)

2000V ~1E7 ~3 ~1.2ns ~15ns ~50kHz




~ 3.5 How to improve the performance of the prototype--2015




- 3.5.1 Improving the QE .

Prototype

MCP-PMT-56# MCP-PMT-76#

QE (Average) @410nm 20%

26%

1. Using the Transmission equipment for producing the photocathode in prototype;
2. Improving the technology of PC producing process;

100
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10 7 \C [ \\
g / \\ ;\? 10 f X
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£ \ s X
é 1 ‘l\ § ',- A
E \ E \
e \ e 1 t
= r
(=g 0.1 \ 5 L1
3
\
0.01 0.1
200 300 400 500 600 700

800 200 300 400 500 600

700 800
Wavelength (nm)

56# - MCP-PMT 20 inch

Wavelength (nm)

76# - MCP-PMT 20 inch



_2 Improving the Uniformity of the Photoc_

The methods we are trying:

1. Using the Transmission equipment for producing the prototype;

O
(=}

{1
] eIl [ I mp o T T 1T
SRR I IE AT AL

180°

Y/em

~
=

| Rl i
= W wun

588

=
o

w o~

270° .

X/cm

Min:24.5%
Max:29%
Average:26.5%

Min:12.7%
Max:28.5%
Average:22.2%

56# - MCP-PMT 20 inch 76# - MCP-PMT 20 inch




- 3.5.3 Improving the Collection Efficiency -

Prototype MCP-PMT-56# MCP-PMT-76#

Collection efficiency (Average) < 60% (~Open Area) > 95%

@ Gain=1.0*"10"7, SPE mode. DE =QE X

(@)
m

- : = 3001
| =3 -
=] ~ 8 B
© 40 = =
S i ; : 250—
- : : ; —}— R5912-100 : —+}— 8-inch Hamamatsu R5912
B : C —}— 20-inch MCP-PMT
B I S— Wi~ MCP-PMT-038# A . s e
= i . |~ McP-PMT-038%# B B
102 | 150_—
- — I
B 100{—
L S e | | e e | N T S C
= 50—
300 II‘350 lu;o' = l45'0I . Istl)o M 650 70C L ' (EJ ' I l ““M\"WW" l
900 250 300 350 400 450 500 550 600

QDC Channel Channel / 25fC LSB

I N O O L E T E

Dynode 1 35% 100% Dynode 1 25% 100%
MCP 0.3 20% ? ~60% MCP 1 26% ? ~110%

38# - MCP-PMT 20 inch 76# - MCP-PMT 20 inch



change

CE =60%

The p.e. into the channel
directly ~60%

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%;

®

@.

N
CE =100%

\j 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%

" A F




Dark Rate (KHZ)

3.5.4 Reducing the dark noise count

Prototype

MCP-PMT-56#

MCP-PMT-76#

Dark rate @1E7 Gain(0.25PE)

~50kHz

~30kHz

1. Using the Transmission equipment for producing the photocathode in prototype;

500 500 L
450 |ooooeei 2mV-threshold 40 p
00 b o 3mV-threshold 400 [® [ = |2mV-threshold
4mV-threshold M ¢ 3mV-threshold
B0 Moo 350 |
5 n
300 g 2 300 E
280 o s 250 |
Ad | E .’.
1| R
; *: .. ; 200 -E'|
- A
150 ':“\.. """""" -_—;.—-_—----_—-----_—'-- """""""""""""" a 150 4.
. I
L “‘s.:..n"".ﬁ"-. WKy o P ‘ﬁ,'.; """"""""""" 100 .
e L0t e 0 o0 WA " -
(| I SR o o o-- PR o2 % ,,,.,,-.m ......... 50 L
0 1 | 1 1 . | B
0 2 4 6 8 10 12 0 ) ' : '
. . 0 4 6 8 10
Time After Closing the Dark Box (Hour)
Time / Hour

56# - MCP-PMT 20 inch

76# - MCP-PMT 20 inch



.5 Slow down the Rise time of the prot

Prototype MCP-PMT- A# MCP-PMT-B#

Rise Time ~1.7 ns ~4.5ns

>1. Adjusting the construct of the MCPs module;

e T e g e
1 v : : I : i ' ' : f : : 1 : : : '

B e ra TH A L.
Ny Jf'\’nv\f\j S P \)./'\\/ \J/\‘
{ o 8 "

: : : - ( ) I 2,506/ % € ’ 61 ‘
['10.0ns G R (3GPE , 92630008 1 2 S5 36m W | 10: 21: 04
09: 55: 57

| @+%31.4000ns ™ 10k -368mV




3.6 Whythe TTS is Large

The p.e. from where?

-->the Transmission Photocathode
-->the Reflection Photocathode

The p.e. to where?

-->to the channel of MCP directly

-->to the electrode and then reflect to
the MCP channel indirectly

The contribution to the TTS
(D The distance between the PC to the MCP;

= =By adjusting the Electronic optical focusing

The prototype @ The difference between the Trans. & Ref. PC;
--> with Trans. + Ref. PC for better QE; = =No way to adjusting; (for better QE)
--> with special MCP for better DE; @) The second electron emission part of the MCP;

But the TTS will be worse! = =No way to adjusting; (for better DE)



The second electron emission part of the MCP (channel or electrode);

70
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With the contribution of the second electron from the electrode (40%),

the spectrum of the TTS present several peaks, which made it’s TTS worse.



The Transmission + Reflection QE of the Photocathode

The High Collection Efficiency MCP

Transmission PC

Focus

Good situation:

- Improve the total QE;

- Improve the Detection Efficiency;
Bad situation:

- Larger Dark count;

- larger TTS;




How to improve the JUNO PMT’s time resolution?

= optical coverage: 78%
- 15,000 large PMTs (20“) =2 75%
- 36,000 small PMTs (3“) 2 3%
(double calorimetry + timing)

HZC Hamamatsu MELZ
3-inch 3-inch 3-inch
XP53B20 R6091 10 dynodes

TTS @ top
center
R12860 (20" ~2.8ns
MCP-PMT(207) ~12ns
3" PMT ~1.5ns




Outline

4. The High PDE MCP-PMT—2015;
How to improve, QE, CE, DR, The new 20 inch prototypes ;



4.0 The High PDE MCP-PMT--2015

2014: 1st 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

20-inch Hamamatus PMT-Dynode Ellipsoidal Glass 20-inch IHEP-MCP-PMT-Ellipsoidal Glass
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The typical

Waveform of the Prototype
GOL - W oo O s 0 -t owooees T £
"
D/
« ECEE =
The SPE of the Prototype
i ndf 177.5/137 |
.§ : e Prob 0.01133
300} ‘ 0 1.7710+004
k- — Global Fit p1 235
p2 3262
250 3 23.95
: ! .
200: pb 2064
: o7 19.51
150~ p8 41,08 |
- MV =s81081
100/
. Gain = 9.60E+006
of
b M angd
Py SN P PP BT ST RS S Liasdiistiad
220 240 260 280 2300 320 340 380 380 400
Change/25(C LSH
TTS of the Prototype
2000 WA RAARE RARRE LA LS AL RAREE [ LS
1800 E._ hist_spe_time _.E
1600 :_ Voires e _:"
8 Mown A 3
1400 3 s s o
lzm;'_ I L —‘;
1000 ;._ Comtant 3000 & 18 _.:
8()() :_ Mean AT Ao _:
“K) :— Sigwa  SAIN 002 _:.
200 3
0 - i i L i 1 -
0O 10 20 30 40 50 60 70 80

Single P.E. Transit Time / ns

Dark Rate ' KHz

Quantum § Mickency
-3 3 %%

performance of the 20 inch

QE of the Photocathode
40
— 00 h MCPPMT M
LLY —NCPPMT N

— 491 200
200 mah Hamsamatun 0| 2000

o0 ra— T ——
Wavelength / nm
Relative Collection Efficiency
400, +
ssoi
m; nﬂ + :mmm
200/ |
E / ]J; 1
200, P [ '| .,
1o i)
100] \! \
0 f ’Lll'n A
o Yo et o]
900 B I - ) 450'.M5N
Channel / 25/C LSB
Dark rate of the Prototype
450
400 [T& ] 2mVethreshold

*  3mVsthreshold

MCP-PMT

Uniformity of the Photocathode

0 .
-
-
-4
= -”»
- -ar
-"n
- - mE .. -
= o "
- . m -
. - EE_T W . ™ =
1 I::
- - - . ;
= = -
- - HEEEe P
jand = 5
..
= = -
- = =
=
u w
b e

Relative collection efficiency

0
0 10 20 30 40 50 60 70 B0 9%
Incident position (degree)

After Pulse of the Prototype

I ———t ' L ' A e

h uénﬁmmmmuﬁq_m



Quantum Efficiency (%)

4.1 The QE of the Photocathode

20 inch Prototype R12860 MCP-PMT
QE@410nm ~30% ~26%
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- ~ 4.2 Photocathode QE Uniformity

Hamamatsu R12860 MCP-PMT
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4.3 Waveform of the Prototype

Rise Time

Fall Time

R12860

~6.7ns

~17.7ns

MCP-PMT

~2.2ns

~10.2ns
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4.4 The SPE of the Prototype;

HV Gain PV
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Hamamatsu R12860-ZB8240 SPE@ 1650V - ] % [ ndf 17751137
=
- ¥% [ ndf 7221172 3 - D Prob 0.01133
£ 220F Prob 0 G 3001 e p0 1.771e+004
o - - == Global Fit 1 235
© 200 Data p0 7229 B D
C i ‘ p1 306.8 - p2 3.262
160 p3 45.29 B p4 -0.08242
C pd -0.1258 200 p5 226.2
140 pS 125.3 - p6 296.4
. p6 375.3 B p7 19.51
120:— pg 18.84 150 p8 41.03
sof- PV = 3.737946 B PV =5.610813
E Gain = 1.07E+007 Lo '
60| B Gain = 9.60E+006
af 50—
20— B
0:, L Ll L ""J"--'_.__u. O_m_JL|.,]f||||1|||1|||||||||||||1||||||||||||]|||
300 350 400 450 500 220 240 260 280 300 320 340 360 380 400
Charge/25fC LSB Charge/25fC LSB

Hamamatsu R12860

MCP-PMT



Count

4.5 The TTS of the Prototype;

HV Gain TTS @ top center
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4.6 The Dark count of the Prototype;

Time After Closing the Dark Box (Hour)

Hamamatsu R12860
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Counting
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4.7 The After Pulse Rate of the Prototype
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4.8 The Relativity Detection efficiency of the Prototype

HV Gain Relativity PDE
R12860 1650V ~1.1E7 90%
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The performance of the 20 inch prototypes

MCP-PMT R12860
Characteristics unit
(IHEP+NNVT) (Hamamatsu)
Electron Multiplier -- MCP Dynode
Photocathode mode -- reflection+ transmission transmission
Quantum Efficiency (400nm) % 26 (T), 30 (T+R) 30(T)
Relativity Detection Efficiency % ~100% ~90%
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

5. The Mass production Line and Batch test system;
The mass production, the batch test about 2500pics PMT;



5.1 The Mass production Line and Batch test system
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The deS|gn of the PMTs installed in JUNO




5.1 The JUNO Detector and the PMTs

Electronics

Calibration

illing +
Overflow

Top Tracker

’A. z b -0-—-
-

i \ 3
.........

Central detector - ' —*/ . .' -r—x A x
SS latticed shell

Acrylic sphere
(20Kt LS in it)

Acrylic Sphere:
ID: 35.4m
Thickness:120mm

SSLS:
ID: 40.1m
OD: 41.1m

~18000 20” PMT
+~36000 3” PMT

Water pool

ID: 43.5m

Height: 44m

Water Depth: 43.5m

Water Cherenkov

~2000 20” PMT
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Pool 1D:43.5m 53




Dynode-PMT- 20” MCP-PMT- 20”

MCP-PMT- 8” Dynode-PMT- 9” Dynode-PMT- 8”




Specification in the Contracts

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

R12860
Characteristics unit MCP-PMT (NNVC)
(Hamamatsu)
Detection Eff.(QE*CE*area) | % 27%, > 24% 27%, > 24%
P/V of SPE 3.5,>2.8 3,25
TTS on the top point ns ~12,< 15 2.7,<3.5
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: 50 223?‘ : 380
40K: 20 '




5.2 the 75% order of PMT for JUNO (2015)

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

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

on Dec.16, 2015




5.3 The celebration for the 20 inch MCP — PMT production line (2016)

* 2 units were working already in 2015;

* 6 units were ready on the summer 2016; i%

* 14 units were ready on the winter 2016; *
One Unit could produce 3PMTs in Two days;
—> 22 Units for the mass production ;

—> 33 PMTs/ 1day ;

I il

Mﬁﬁﬁﬂi!ﬁﬂﬂf*i%ii? Bl I
Aim:

1PMT need 2 days

total 33 pic/ day;
30 pic PMTs (OK!) /day




5.4 The Batch test platform (2016.10-2017.02)

UKEESE (CE)
BRI EEKE (TTS)
{E5KH (RT/FT)
fthiingEH (EM)

IHEP.OPT

MCPZ # js (Gain)
BEYtFiRM (SPE) [ERKHE (APR)
Hillzk# (DE) SEHATERKE (TTS)

A& (Linearity)

=FUE (QE) [EhkihZ%E (APR)
1951 (Uniformity)
5iTEE (DR)

gt AS K (Radioactive background)
IR ~T (Size)

{5 AR 3 M#W3EE (mechanical strength)



B QE@410nm

KRR  (ERER) | EFME (QE) L SRR % (QE-

Photocathode test (Current Mode) )\)

1551 (PC Uniformity)

i8#% (Gain)
iEE (DE)
B3R (SPE) EET E KR (TTS)
BRI (RMER) ek (apm)  FUBERGEE) (EM)

Anode test (pulse mode) JE1E (Linearity)
(5K (RT/FT)
git#% (DR)



QE@
410nm

QE-Un
QE-A
SPE
Gain

DE
TTS

APR

Linearit
y

RT/FT

DR

JUNO

Contract
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A
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A

A

Batch Test

QE@410nm Uniformity Dark Count

QE sub-system

>Equipment: 2 pic;
—> 80 LED for testing;

>Time: 0.5h/PMT;

20min for cooling PMT;

10min for scanning test;
>0ne Day: 30 PMTs;
>Test Ratio: 100%;

SPE. DE TTS,APR Linearity

SPE Batch Test sub-system

>Equipment: 2+1 Dark Room:;
—> 1 dark room = 32 PMTs
>Time: 48h (2 days)/ PMT,;

> One day: for training PMTs;

> One day: for testing PMTs;
>0ne Day: 30 PMTs;

>Test Ratio: 100%;

A: will be test 100% one by one; B: will be test 10%~20%, part of them.




QE sub-system SPE Batch Test sub-system

>The DAQ sys.

>The surface light >The container sys.

R e

>The logic construction of the SPE test syste

- LED 405 nm Multiplexed fiber
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5.5 The MCP-PMT International Evaluation

20 InCh MICfO'Channel Plate The MCP-PMTReview Committee
Photomultiplier Tube International
. N C Signatur
Evaluation on 28th.May 2017 me . |Tomeny)  ewe
Chairman Weiguo Li [HEP / W
—> The production line and testing Member | Paolo Lombardi NN (L. LS
procedures and equipment are world- | Member | Bayato Lubsandortiov | IR | /5K
class with unique capabilities. Member | DemarteauMarcel | ARL | F
. b ioacchi i - :
—> The design of the MCP-PMT has Member | GoacchinoRamucei | INFN %7&"'
Member Zizong Xu USTC ,72%‘5'7

acquired a patent of invention and
intellectual property rights.

Member Jiawen Zhang [HEP % g){

—
o

| I
—r——
L ST
1 e\ O\ NN
| 1




finish-336

finish-648
finish-1008
finish-1344
finish-1680
finish-2016
finish-2351
finish-2687
finish-3023
finish-3360
finish-3696
finish-4031
finish-4366
finish-4703

o o0 9 &N U B W

2017.5.15
2017.6.14
2017.7.4
2017.7.26
2017.8.24
2017.9.12
2017.9.25
2017.10.09
2017.10.26
2017.11.08
2017.11.22
2017.12.21
2018.01.21
2018.02.23

28.95%
29.36%
29.47 %
28.83%
29.01%
29.09 %
29.62%
29.79%
29.35%
29.17%
29.92%
29.35%
29.28%
29.48%

5.6 The transport by road for the MCP-PMT to JUNO

312
360
336
336
336
336
336
336 n.
336

336

335
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6. The Batch test result of 4700 PMTs;
the batch test data;



> 6.0 the MCP-PMT parameters Test in NNVT for JUNO

JUNO data in NNVT BT mass
Parmaeters Contract Contract test yp production

B QE@410nm >26.5% ~26%
5% (QE Uniformity) B <15% A <10% ?
SN fZ (QE-A) B 300nm ~ 650 nm B(50%) 300nm ~ 650 nm 2
BHFEM (SPE-P/V) A >2.8 A ~5.6 ?
BEED#IE (SPE-ER) A <40% A ~41% ?
1% (Gain) A 1E+07 A 1E+07 ?
=E (HV) A < 2800V A ~ 1980V ?
HRNELZE (DE) B > 24% A ~26% ?
git#E (DR) A < 30KHz A ~ 30KHz ?
ERLAT E)KE (TTS) B < 15ns A ~12ns ?
FRKHRZER (APR) B <5% A ~2.5% ?
EL 1 (Linearity) <10% B > 1000pe A ~ 1000pe ?
SR (RT) A <2ns A ~1.2ns ?
S5 (FT) A <12ns A ~10.2ns ?

A: will be test 100% one by one; B: will be test 10%~20%, part of them.



6.1 The Quantum Efficiency @ 405nm

MCP-PMT ~300 ~1000 ~4703
PMTs Hamamatsu
prototype MCP-PMTs MCP-PMTs MCP-PMTs
QE @ 405nm 30% 26% 29.5% 29.2% 29.3%
MCP-PMT—prOtOtype Average : 29.19 1000 Sh]pped MCP-PMTS
100 - \\'a\'el:ngth 708
(nm) .
— Entries 1008 =
390 2632155
] 400 26.18978 200
. [ 410 26.058
- f Y 440 23.4516 £
E_f [ o450 2237645 £ 100
5 >
g 1 1)
g \ ~ 50
i
| 0
o1 | 15 18 21 24 27 30 33 36
) “’a\'eI;nglh(nm) QEZ [%]
Hamamatsu Prototype Average: 29.3 total shipped MCP-PMTs: ~4703
Wavelength QE
LN (om) Entries 4703
/ \ 300 200283
10 / X 400 30.7108 1000
< " Sl awees
£ f \ o | o 750
= { 440 27.253 =
= 450 25.9221 £ 500
N “ 250
3
0.1 \ 0
200 300 4(‘):) I500h( 600 700 800 ] 5 ] 8 2 -I 2 4 2 7 30 3 3 3 6

QE@405nm: [%]



~ 6.2 The Uniformity of the Photocathode

QEUNiformity: [%]

PMT: Hamarmat MCP-PMT ~300 ~1000 ~4703
S amamatst prototype MCP-PMTs MCP-PMTs MCP-PMTs
Uni-QE @ 410nm <10% <10% 8.1% 7.8% 7.4%
MCP'PMT'prOtOtype Average : 7.77 1000 Sh]pped MCP-PMTs:
m ] _E Entries 1008
. > 200
.Il.:.lll.. ” 8‘150 ‘
- ﬂ | =2 100 ‘
] | =
.I | :.l | l.:- | 2‘3 8 50 ‘ I III
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AR | ol il HEmmm_
m n ; 0 3 6 9 12 15 18 21
o o QEUnNiformity: [%]
Hamamatsu PrOtOtype Average: 7.43 total Sh]pped MCP-PMTs: ~4703
, Entries 4703
800
g 600
= 400 |
=
0 [ I.-.-
0 3 6 9 12 15 18 21



the Uniformity of the Quantum Efficiency in NNVT

the Uniformity of the DE is mainly affected by the uniformity of QE

QE: PA1612-143
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the Uniformity of the Detection Efficiency in FanYa



l The average data of 2688 piece PMTs . I The good situation

50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.000

0.000

The bad situation of the QE uniformity l

0
50.00
50.00
50.00 45.00
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6.3 The P/V of the SPE

MCP-PMT ~300 ~1000 ~4703

PMTs Hamamatsu prototype MCP-PMTs MCP-PMTs MCP-PMTs

SPE @ Gain~1X1077 3.7 5.6 8.2 7.1 7.0

MCP-PMT-prototype Average : 7.07 1000 shipped MCP-PMTs:
5 [ Tndf 1775/ 137
c F Prob 0.01133
8 3001~ o pt:o 1.771e+004 Entries 1008
= === Global Fit p1 235 2 5 O
C 2 3.262
o0 z3 23.95
C p4 -0.08242 200
: m: | o
- z7 19.51 £ 150
150 p8 41.03 =
C 3 100
5 PNV =5.610813 U
100 50
B Gain = 9.60E+006
501 0
C (0] 3 6 9 12 15 18 21 24 27
002260 280 500 520 340 360 380 400
Charge/25(C LSB PeakToValley
A : 7.03 : .
Hamamatsu Prototype veraes total shipped MCP-PMTs: ~4703
Hamamatsu R12860-ZB8240 SPE@ 1650V
. xZ I'ndf 722/172 Entries 4703
5 220 Prob 0
3. F — 0 7229 1250
0 200; i:;mbanm 51 306.8
3 r 4529 1000
1601 p4 -0.1258 >
" p5 1253 = 750
: w| 2
100E P8 4673 3 500
F = ()
80j PNV = 3.737946 2 5 0
C Gain = 1.07E+007
=
400 0
b (0] 3 6 9 12 15 18 21 24 27
ot R = 4n%oﬂ‘ e PeakToValley

Charge/25fC LSB



6.4 The Relativity Detection Efficiency of SPE @ 405nm

PMTs Hamamatsu MCP-PMT ~300 ~1000 ~4703
prototype MCP-PMTs MCP-PMTs MCP-PMTs
DE @ Gain~1X1077 27% 26% 28.9% 29.3% 29.3%
MCP-PMT-prototype Average : 29.27 1000 shipped MCP-PMTs:
;5:400: ﬁé;df 8203014/322 Entries 1008
O ool Constan .
350; l\/l_eant t ggig 250
300? Sigma 21.94 200
250% g 150
0= = 100
E o
150;— o 50
100;— o
50F- 15 18 21 24 27 30 33 36 39 42
90:o R R R R R DE: [%]
Charge / 25fC LSB
Hamamatsu Prototype average: 2232 total shipped MCP-PMTs: ~4703
= 400 %2 I ndf 99.93/52
5350; oDt Entries 4366
s @ | 1000
250%— o 750
: =
200E = 500
g 3
150
: “ 250
100
of- 0
- 15 18 21 24 27 30 33 36 39 42
T R R

Charae / 95iC | SR DE: [%]



6.5 The time characteristics of the PMTs in JUNO @ Gain~1X1027

PMTs Hamamatsu = MCP-PMTprototype = ~300 MCP-PMTs ~1000 MCP-PMTs  ~4703 MCP-PMTs
TTS @ FWHM 2.8 ns 13.2 ns 19.2 ns 19.5ns 20.4ns
TTS @sigma 1.19 ns 5.62ns 8.17ns 8.30ns 8.64ns
RT @ Gain~1X1017 6.7 ns 1.2ns 1.4 ns 1.4 ns 1.4 ns
FT @ Gain~1X1077 17.7 ns 10.2 ns 244 ns 25.2 ns 25.5ns
Hamamatsu Prototype MCP-PMT-prototype

| 5.000GSals v _4 4NNNANAN
Agilent Technologies MON SEP 15 10:47:19 2014 GOL H 1000ns 500" ccamsrsmrrssarsssasssssa D -440000000ns T
v

5008/ @ v #5 43608 20008/ Bl -331% v
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=
e | %2/ ndf 204.6 / 157 e , : — : ; .
S 160F Prob 0.006388 2000 £ =
i - Constant 136+ 1.6 = i i 3
140 Mean 2291+ 0.4 1800 nist_spe_time 3
C Sigma 34.22 + 0.31 1600 E fneres R
120 — — Mean 35.47 -
- 1400 :_ RMS 6.649 _:
100 :_ 1 200 ;_ x* / ndf 901.9 /28 —;
80 :_ 1 OOO :_ Constant 2000 %= 14.6 _:
- - Mean 35.87 = 0.04 3
60 :— 288 — Sigma  5.618 + 0.025 3
b 400 - =
20— 200 —
E" | 0 = - 1 1 1 3
lade, b, e e ], LT T T [N TN TN TN TN [N T T T T [N T SO S S e o ol
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6.14 The low background glass of MCP-PMT

;%_04; E_ + U238 ------- U238 Req.%
4 E

35 E—
E
25 E—
2 E-
1.5 E—
1 E-
0.5 E—

0 2400117 23002117 2500317 240417 24005/17 23/06/17

ays

e r— T L

Before improvement

Last year collaboration 5 days 2.96+0.08 LS er it 2.8:0.3
meeting results 10 days 2.70+0.10 0.97+0.05 1.8+0.3
Period1 2.0 0.7 1.2
Last collaboration meeting Period? 17 0.6 0.6
results
Period3 1.5 0.4 0.2

2.5(with Ra226
correction)

PMT Requirement 2.50 0.50 0.50

Since last collaboration 0.3 0.3



6.15 The Aging behaviors of the MCP-PMT

1.2
Pulse Generator $1.00-
—‘l NIM Crate VME-DAQ P S
~| differentiator [—{LT-Dis | g o T e
.‘_’ 0.6 — . _—
\ ;‘H o MCP-PMT|—{ Delay QbC - T S
';’ - V965 % :—______________:____::'s-_‘uq'
, [ XP2020 | Delay g o2f

: ool 1+, NP BRI BN B B S S
L |L53\l713| 0 2 a4 6 8 10 12 14 16

Anode charge /C

Oscillograph

: “ H 2014: 8inch MCP-PMT  (normal MCP)
RN High Voltage system SYIS27  preresesesin o TCPAP E> Test condition: 1000pe, gain=1X10/7
A=&-, Gain of MPE: The gain reduced by 70%@ 16C

The performance of new type MCP-PMT was largely improved (420 days @ with

ope1|r:étn 1000 pe )

0.9 i' I » _

0.8 o ‘ '

07 B == = — = = = - — = — — - = 2= q = = e AL ) : -

0.6 I

0.5 E 2016: 20inch MCP-PMT81# (Special MCP) :
[

—s=— MPE-gain

0.4 —e— SPE-gain

Test condition: 1000pe,gain=1X1077

0.3 |
0.2 Gain of MPE: The gain reduced by 12%, when the cumulative output charge was41C.

Relative gain

8(1) Gain of SIPE: The gailn reduced bY 30%, whenI the: cumulatlive output chlarge was 41|C.
0 5 10 15 20 25 30 35 40

Cumulative Output Charge/C




6.6 the MCP-PMT parameters Test in NNVT for JUNO

. 4000 mass 1000
Par;han:ters Cilr::gct Cd:r:tar:::t AT e E: ZRLETIE
in NNVT by JUNO
BREKQE@410nm A > 26.5% A ~ 26% 29.2% —
941 (QE Uniformity) B <10% A <10% 7.6% 7%
SRR (QE-A) B 300nm ~ 650 B(50%) 300nm ~ 650 300nm ~ 650 _
nm nm nm
BFIRM (SPE-P/V) A >2.8 A ~5.6 6.9 6.7
BEE 0 ZE (SPE-ER) A < 40% A ~4M% 33.1% 32.7%
184 (Gain) A 1E+07 A 1E+07 1E+07 1E+07
=E (HV) A < 2800V A ~ 1780V 1743V 1810V
. 29.3% 27.3%
':'\':|'!|, # (DE > 0 ~ o
RzE (DE) B 24% A 26% @405nm @420nm
BitEE (DR) A < 30KHz A ~ 30KHz 39.8 KHz 23.4 KHz
FEATERKE (TTS) B < 15ns A ~12ns 20.2ns 22.6ns
[EbkiHhE (APR) B < 5% A ~2.5% 0.7% 0.4%
e (Linearity) <10% B >1000pe A ~1000pe 1285pe —
E5EF (RT) A < 2ns A ~1.2ns 1.4 ns 1.4ns
E5EE (FT) A <12ns A ~10.2ns 25 ns 25.4ns

A: will be test 100% one by one; B: will be test 10%~20%, part of them.



Overview of the Design and Production of the MCP-PMT

Mass
2016 :u\ production
e
1! 1 Production line ;  2017-2019
1 ii batch test sys
2014-2015 -" ErliEln

20" prototype
Transmission
+reflection

2009 2010-2013 4

15(8”) prototype
i . Transmission
: . +reflection

1
1
1
1
1
1

I

"nllli
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Thanks! J
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Thanks for your attention!
Any comment and suggestion are welcomed!




