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=y © Atmospheric neutrino exp. i
— SuperK,

— HyperK/UNO,
— INO,TITAND,...

Soed f Sesserlss i : e o Solar neutrino exp.
: A 2 e Of Light, Frrerers = — SNO,

— Borexino, XMASS, ...

e Accelerator neutrino exp.
, — T2K,
— Nova,
— Minos, OPERA,
— MiniBooNE,
e Reactor neutrino exp.
— KamLAND (Japan),
Daya Bay (China),
— Reno (Korea),
— Double Chooz (France)
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Neutrino Experiments
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ST IHEP

* Big demanding for PMT
—Large area

—Big quantity: low prices
—Low Radiation Background
—High QE
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& KamLAND: an Example of Reactor Neutrino Experiment
== [HEP

e Current benchmark:

1. Liquid Scintillator (LS)
—The Mass of LS: ~1kt

— Attenuation length of LS: ~15m
— Light yield of LS: ~~ 8000 photons/MeV

2. Photon Detector (PMT)
—Hamamatsu PMT:~~17 inch and 20 inch
—Quantum Efficiency: ~20%

—Collection efficiency of first dynode: ~70%
—Photon detection efficiency: ~14%

Photocathode coverage : ~¥34%

20” PMT 17”7 PMT
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G » B The Main Scientific goals:

=Mass Hierarchy
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= Mixing matrix elements

= Supernovae
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How to get the precisely energy measuring?

Detector ~1 kt Liquid Scintillator 20 kt Liquid Scintillator
Energy Resolution 6%/\E 3%/NE~??2%/\E
Light yield 250 p.e./MeV 1000~??2500 p.e./MeV
How?
— =

e Ongoing R&D:
— Highly transparent LS: Attenuation length X 2.5 ;
KamLAND: 15m —> Daya Bay Il : 25m;
— Photocathode coverage : X2
KamLAND: 34% —> DayaBay Il :~ 80%
— High QE “PMT”: Quantum Efficiency X 2;
20” UBA/SBA photocathode PMT from Hamamatzu ? QE > 40%
New large area PMT ? QE > 40% ?
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Conventional PM1
= IHEP
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_ The first PMT in the world in 1933
. ot . “Kubetsky’s tube”
( > ~Glass Joint
~_ Dynode
' ull f ‘
‘ i Ny ,/"':‘/)K Anode
g g “"’ - Si\g hal ‘i:ﬁase

Photomultipliers are constructed from a glass envelope with a high vacuum
inside, which houses a photocathode, several dynodes, and an anode.
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»High QE PMTs: SBA (35%) and UBA (43%)
are only available in small format (< 3" diameter ?)
»QE of Hamamatsu 20" PMT photocathode is about 20%

~Photoelectron collection efficiency (first dynode) is ~ 70%

»Overall photon detection efficiency is ~14%




The new design of a large area PMT

5. T}

1) Using two sets of Microchannel plates (MCPs) to replace the dynode chain

2) Using transmission photocathode (front hemisphere) } ~ 47t viewing angle!!
and reflective photocathode (back hemisphere)

Quantum Efficiency:

Transmission photocathode: 20%

1. up MCP Reflection photocathode: 40%
2. anode MCP Collection Efficiency: 60%
3. down MCP
4. insulated trestle table Photon detection efficiency:
5. transmission photocathode = 20% 7 60% = 12%
6. glass shell
7. reflection photocathode > 70% *40% * 60% =17%
8. bracket of the cables
9. glass joint

Total Photon Detection Efficiency: ~30%

S
»012/6/13 Photon Detection Efficiencynd4% m.30% ; X~2 at least ! 11



Collaboration and organizing
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g g ) ffort by Yifang Wang;
Institute of High Energy Physics, CAS S e
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3 O T CNNC Beging Nuclear bastrument Factary (e ‘ (.:‘ I~ ‘//:
“ LAadEARDARLE €2 BN
NORTH NIGHT VISION TECHNCLOGY CO.LTD
Other company and institute (cooperated but not join us yet): ......

EREFEAEHRMN E ﬁ%g New PMT company in Hainan
Nangng Electronic Devices Institute

Spokespersons (Yifang Wang)

Program Executive Program secretary
N ] ..................................................... 3
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Design Photocathode Alkali metal MCP Packing Test
Group Group & Glass Group Group Group Group
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The Simulation work — 20” MCP-PMT
e T

Simulate the possibility of the 20” spherical MCP-PMT

--Electron Multiplier: small size MCP($d=18mm) = large Dynode chain ;
--photocathode area: transmission+ reflection, nearly 4mn effective area ;

--Could the small Electron Multiplier MCP collect all the photoelectron? Yes

Electron
Multiplier

2012/6/13 PhotoDec 2012
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. The Simulation work — properties of MCP-PMT

800
700 — -

800 |
oz 500 |
ﬁ 100 |
# 300
200 [
100 }

% 30 50 70 30
HTASME (degree)
Hit Angle of the photoelectron in
the MCP

Enivin)

Electric field intensity distribution

2012/6/13

T EH

2000 -
1600 ‘
1200
15ns
o ———
800
400
% -+ -2 o0 1 8

o TR FFA (ns)

Transit Time Spread (TT.S)

electric potential distribution
Effective diameter of MCP is 18mm;

Working voltage: V_ i104e=-2500V; Vi, cus electrode=-2000V; V,cp =-2000V; V,

=0V,

node
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»Large (8", 207 );

»Superb water-resistance characteristics:

»Low radioactive background glass;

o’
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chane!

radioactive background test of different PMT glass (unit: ppb)

Low background gamma

spectrometer in IHEP

Glass DM-308 DM-305 Hamamastu %I\;ff ,\2:::‘?. !
Sample Mass 211.0¢g 131.1g 53.8¢g 335.2¢ 280.9¢
Test Time 311023 424110 598930 315394 359618
By 21504010 | 42.40+0.14 | 8.04+0.27 | 14.96+0.08 <0.1
22Th 18.50+032 | 6434023 | 12.504+0.60 | 4.78+0.16 <0).2
K 2504001 | 41.01+0.03 0.3+0.02 3.11+0.01 <0.01
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The Base with preamplifier

The electron multiplier
consists of two
conventional MCP,

10°~ 106 gains

2012/6/13

Current-sensitive preamplifier

Equivalent noise charge

< 2000 electron

Unity-Gain bandwidth 300 MHz
Rise time 1~2 ns
Amplification 20X~ 50X
Output impedance 50 Q
Signal polarity negative
| L] PreAMP
i L

——

.-/
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Cathode

+ ('s,Sb on MnO (S11,| seak @400nm, QE ~ 20%)

Potassi:Jm
1% ¢ (Cs)Na,KSb (820, | .., @400nm, QE ~ 30%)
sium o i Q o
l\_,( She] i) (I“Pvuk @400nm, QE ~ 30 0)
¢ K,CsSb(0) (... @100nm, QE ~ 35%)
w peal
»Use of highly purified materials for the photo cathode;
w v »Optimal tuning of the material composition;
| O:A#% »Optimal tuning of the photo cathode thickness ;
- ‘ »Optimal tuning of the anti-reflective layer;
o8
p »Optimal tuning of the Cs layer thickness :

»Alkali Metal Dispensers (AMD)

2012/6/13 PhotoDec 2012 18



Test equipment for V
e HV

* Coating

* length-diameter r:

vl _.
v vd vl vZ 3

QIASHNY NG MouSsaEY

< @,
S

: 3 5y

\Sample Chamber

Baking Chamber

\ Electron Cleaning & Testing Chamber

=
Coating MgF, Assembly of ' a_ § Eet\fi/ nent
and MnO two MCPs -packing Chamber. b aup

for MCP test

-
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Prototypes

= IHEP

The progress:

-

8" MCP-PMT

5" MCP-PMT

transmission
photocathode

8" MCP-PMT
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i . . | LeCroy
: Rise time: ~ 2ns; |
Fall time: ~3ns; |
Signal amplitude ~7mV; , i R PO MO R
1.00 367.8 nm \ “‘;"
0.90
0.80
B/E 0.70 ::I.;‘, R v e " 157 (i
S =
& Spectral Response 300~ 750 nm
=
% 0.50
& Peek wavelength 370 nm
0.40
0.30 Anode Dark Current <50 nA
020 Cathode luminous sensitivity > 50 uUA/Lm
0.10 _ » e
Gain > 1003 | |
00300 350 400 450 500 550 650 600 700 750 800
Wavelength (nm)
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The single photoelectron spectrum and the multi-

photoelectron spectrum of the PMT

—_—

The photoelectron spectrum of the XP2020 PMT
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SPE vs the luminance of the LED light

**__adjlistthé working voltage of the LED to adjust the IUififaAcéCf the LED light.



Channel Channel

2012/6/13

MPE vs the luminance of the LED light
**_-adjust the working voltage of the LED to adjust the luminance of the LED light.
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8" ellipse MCP-PMT

--Electron Multiplier:

small size MCP (p=18mm)

Ili_-il ” \
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|
I} prototype | __photocathode area:
|:| |: transmission ,l o .
R i transmission + reflection

’ photocathode

The photoelectron collected by the
electron multiplier MCP
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The overview of the prototype
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Summary

L

= IHEP

1. A new type of MCP-PMT is designed for the next generation neutrino

exp.
* Large ares: ~ 20”;
* High photon detection efficiency: ¥30%, al least X2 than normal PMT;
* Low cost: ~ low cost MCPs;
* Low radiation background

2. The R&D process is composing with 3 step.

5”(8”) prototype with transmission photocathode;
* 5”(8”) prototype with transmission and reflection photocathode;

* 20 prototype with transmission and reflection photocathode;

3. The R&D work is divided into 6 Parts to product the prototype to detect

SPE:
(DPhotocathode; @MCP; 3Glass; @Photomultiplier;®vacuum equipment; ©Test.

The Prototypes are being made and tested, a lot of works continue!
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The end! #f#4!

Thanks for your attention!
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Light ¥ield [% standard]
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FRPO concentration [a/]
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For PPO < 1gll
in PXE, PC,...

For PPO ~ 2.1 gl
In dodecane
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