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Current and Future Neutrino Experiments

.« Atmospheric neutrino exp.;
' — SuperK, '
— HyperK/UNO,

— INO,TITAND,...

S S e -+ Solar neutrino exp.
W PEEE ofLioht..+ | — SNO,
i ) ] - :* . o g i i . GALLEX/SAGE’
— Borexino, XMASS, ...

Accelerator neutrino exp.
— T2K,

— Nova,

— Minos, OPERA,

— MiniBooNE,

Reactor neutrino exp.

— KamLAND (Japan),

— Daya Bay (China),

— Reno (Korea),

— Double Chooz (France)

Large Format PMTs for Neutrino Experiments



» Daya Bay Experiment: Layout

* Relative measurement to cancel Corr. Syst. Err.
=  2near Sites, 1far site
* Multiple AD modules at each siteto reduce Uncorr. Syst. Err.
= Far: 4 modules, near: 2 modules
. Multiple muon detectorsto reduce veto eff. uncertainties
=  Water Cherenkov: 2layers
=  RPC: 4layers at thetop + telescopes

Sin220,,= 0.092 + 0.016(stat) + 0.005(syst)

v2/NDF = 4.26/4 5.2 o for non-zero 9 ,
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Next generation Neutrino Experiment in China

60 km from Daya Bay and Haifeng

Daya Bay Il

SN The Main Scientific goals:
=>Mass Hierarchy
= Mixing matrix elements
= Supernovae
o (LR = geo-neutrinos

Reactor experiments:

Near Site Daya Bay Il
1.2 l Far Slt(.

1‘“‘#“ A

o
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% o ; Savam oscillation due to 6,
Measuring Mass Hierarchy o O Bugey
X Rovno
Huge Detector : LS + PMT 041~ @ Goesgen
) A Krasnoyark
Energy resolution ~ 3%/E 02 O PaloVerde Larige-amplitude
B Chooz O KamLAND o
0ok | : | | | osdillation due to 6;,
L. Zhan, et. dl., Phys.Rev.D 78:111103,2008 ' : E : : :
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KamLAND Daya Bay Il Daya Bay Il
~1 kt »>10 kt »>10 kt
Detector R e R
Liquid Scintillator Liquid Scintillator Liquid Scintillator

Energy Resolution 6%/NE 2%NE 3%/E

Light yield 250 p.e./MeV 2500 p.e./MeV 1100 p.e./MeV
How? 210
— =

« Ongoing R&D:
— Highly transparent LS: Attenuation length ;
Attenuation length: 15m - 25m; the Light Yield (% standard): X 1.5
Attenuation length: 15m - 30m; the Light Yield (% standard): X 2;
— High light yield LS: increasing PPO% ;
KamLAND: 1.5g/| - Daya Bay Il : 5¢/I;
Light Yield (% standard): 30%-> 45%; X 1.5
— Photocathode coverage :
KamLAND: 34% -> DayaBayll:~80% X 2~25
— High QE “PMT”: Quantum Efficiency (or Photon Detection Efficiency) X 2;




The Quantum Efficiency of PMT
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High QE PMTs: SBA (35%) and UBA (43%)

are only available in small format (< 5" diameter ?)

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% -2 40%
?? 20" New large area PMT ? Quantum Efficiency > 40% ?

or Photon Detection Efficiency: 14% -> 30%
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Conventional PMT

Radiation
by

Glass shell

Photocathode
Photoelectron

Aluminum mirror coating

The first PMT in the world in 1933

) “Kubetsky’s tube”
Glass Joint y

__ Dynode

. Anode

Signal %ase

Photomultipliers are constructed from a glass envelope with a high vacuum inside,
which houses a photocathode, several dynodes, and an anode.




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)

~ 41 viewi le!!
and reflective photocathode (back hemisphere) } Trviewing angie

Quantum Efficiency:
Transmission photocathode: 20%

1.Insulated trestle table
Reflection photocathode: 40%

2.Anode
3.MCP dodule MCP Collection Efficiency: 60%
4.Bracket of the cables Photon detection efficiency:

5.Transmission Photocathode — 200 * 60% = 12%
6.Glass shell
7.Reflection Photocathode —» 70% *40% * 60% = 17%

8.Glass joint

Total Photon Detection Efficiency: ~30%

Photon Detection Efficiency: 14% - 30% ; X~2 atleast!
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The Organization Chart

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

Collaboration Meeting

l

Program Executive committees

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

Program Industrialization :
committees '

Spokespersons | (yifang Wang)

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

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

(Shulin Liu)

! ! ! | Voo

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

Design Photocathode Alkali metal MCP Packing Test
Group Group & Glass Group Group Group Group




Project team and Collaborators
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Other company and institute (cooperated but not join us yet): ......

ﬁ:‘?‘: ﬁ%ﬁﬁﬁﬁm Eﬁg New PMT company in Hainan

Manjing Electronic Devices Institute




The R&D plan of MCP-PMT (schedule)

i 2]
B 5 EEEEEsEesesEEEEETET “ »
1 1157(8") prototype \ 20" prototype Mass
it 1! Transmission | Transmission o
4:; deflection ¢ +reflection P

The project of

Daya Bay I

Alkali metal Low price MCP

Prototype SPE
T
I
v —————|

Photomultiplier  Glass Shell Electronic
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The progress:
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The progress:

o

‘ 8" MCP-PM

5" MCP-PMT

transmission
photocathode

8" MCP-PMT



»Challenge 1. The Low radioactive background glass

»Large (8", 20”);

»Superb water-resistance characteristics;

»Low radioactive background glass;

Sampdis 1
10 :

i

el

e

L A . . |

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

Low background gamma
spectrometer in IHEP

Glass DM-308 DM-305 | Hamamastu %'\I'ai# MCQ;Z
Sample Mass 211.0g 131.1g 53.89 335.29 280.99

Test Time | 311023 424110 508930 315394 359618
238 21504010 | 42404014 | 8044027 | 1496008 <0.1
2327 18504032 | 6434023 | 12504060 | 4.78+0.16 <0.2
40K 2504001 | 41014003 | 03+002 | 3114001 <0.01




> Challenge 2: Large PMT evaluation system

1. The typical single photoelectron spectrum (SPE) test system;
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»Challenge 3: The Vacuum Transfer Equipment




Challenge 4: The High QE photocathode

——9116a-1930
—— 8116wa-10005
—— 0136wa-10005
—+— D822wa-142

+ Cs5Sb on MnO (S11, |
¢ (Cs)Na,KSb  (S20, |

peak @400nm, QE ~ 20%) [
. @400nm, QE ~ 30%)

. pea 30+ D822wa-139
AN : ~ 2094
¢ I{ &“Sl} (-I—peak (4‘4(){)111‘11’ (QE !)(_) 0) 254 --fik A e PN clectron o fubes
+ K,CsSh(0) (peare @400nm, QK ~ 35%)
L~ Q2047 3
: e : T :
»Use of highly purified materials for the photo cathode; 5 s
»>Optimal tuning of the material composition; . !
»Optimal tuning of the photo cathode thickness ; \
B ‘
»Optimal tuning of the anti-reflective layer;
0 42 ——————
» Optimal tuning of the Cs layer thickness ; 238900 33? 4°°| 450303 5510 =0 620 790
QE Comparison of semitransparent bialkali GE 350 : ‘ XTD
4 TV v I L = 300 | So(110
w0 WLMIM"m'm” ) 250 i
% 7~ S 200 |
g 2 [ ST %‘ 150
g 2 : ’/S:L;;/j D Example Data for g 100 E v\-m
o AN e R N7 e oo
\;srogn?eoo 0 : T I'""‘+A+‘
B 10 30 50 70 90
200 300 400 500 600 700 20 7/¢ (°)
Wavelength [nm]
b -~ The X-ray diffraction analysis result of Sb thin film.

K. Nakamura, et.al. Latest bialkali photocathode with ultra high sensitivity .NIM A 623 (2010) 276



Source: SAES? Hamamastus? Others? )
Setup position: inner? Outlier?

Active method: Current? High Frequency?>
Purity? Material ? Impurity?

The Know-How! ......

Oxygen Plasma: When? How Long? \
Baking: temperature? Time?
Growth method: fast? Slow?
Thickness of Sb: monitor and control? >
Anti-reflective layer: Material ? Thickness?

Thickness of K/Cs: Monitor and control?

The Know-How! ...... j

Composition

Alkali Metal

_

High QE
> photocathode

r ~

4

The AMD for
Industry

The growth
technology




Challenge 3: How to improve the performance of the MCP

\Sample Chamber

Baking Chamber

\

Electron Cleaning & Testing Chamber

packing Chamber




Challenge 3: How to improve the performance of the MCP

Microchannel plate for electron multiplier

Conventional MCP pore

ELECTRICAL
POTENTIAL

' i
‘ SEMICONDUCTING ]

LAYER

ELECTRODE _ '“f'—q: _ —
Bz S

PRIMARY \ ~ ouUTPUT
RADIATION SECONDARY GLASS ELECTRONS
ELECTRONMNS CHANNEL

ALD functionalized MCP pore

i ~10-6
SR High vacuum ~10-®Torr

\nput S1eSEER— =

Nicr
electrode

Endspoiling

Argonne MCP in TIPP2011 conference (Author: Anil U. Manea )



EMP-2004A

1. The ALLO, (Al) film covers the MCP for reducing the ion feedback;

2. The MgO. ZnO. ALO; inthe MCP channel for better gain and other

performance;

3. The Gd,O,film covers the MCP channel for thermal neutron detection;

4. The gallium nitride (GaN) photocathode for the Gaseous PMT,;

5. Produce the superconductive (NbTIN) material in the accelerate pipe.



ALD ANL CAS Company
MC (Keming) (BeneQ or Picosun)
Advantage Drawback Advantage Drawback Advantage Drawback
Cooperation Technology Cooperation
Income cost Cooperation Technology
Technology cost cost
Technology Cost Technology
NNV Cooperation Technology Cooperation
cost Cooperation cost
Other Cooperation Technology cost
Company Cost Cost Cooperation
In China Technology Cooperation | Technology




(o
= Summary =

1. A new type of MCP-PMT is designed for the next generation neutrino exp.
v’ Large ares: ~ 207;

v High photon detection efficiency: ~30%, al least X2 than normal PMT,;
v Low coat: ~ low cost MCPs;

2. The R&D process is composing with 3 steps.
(D 5”(8”) prototype with transmission photocathode;
(2 5”(8") prototype with transmission and reflection photocathode;

(3 20“ prototype with transmission and reflection photocathode;

3. The R&D work is divided into 7 Parts to product the prototype to detect SPE:
(MPhotocathode; @MCP; 3®Glass; @Photomultiplier;

Gvacuum equipment; ®Electronic; @Test system;

There are lots of work to do!

We need any help from other institute and company!



Daya Bay,

13

Thank! 5+35t!

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

~ 41 viewi le!!
and reflective photocathode (back hemisphere) } Trviewing angie

Quantum Efficiency:

g SR Transmission photocathode: 20%
2 R 1. up MCP _
i p- Reflection photocathode: 40%
’ 2 2. anode : ..
£ MCP Collection Efficiency: 60%
/ 3 3. down MCP _ o
s Y4 Photon detection efficiency:
f 4. insulated trestle table
I \
! o 2 5. transmission photocathode »20% * 60% = 12%
& i <) 6. glass shell
/ 7 7. reflection photocathode —+»70% * 40% * 60% = 17%
8 8. bracket of the cables
/ 9. glass joint

Total Photon Detection Efficiency: ~30%
Photon Detection Efficiency: 14% - 30% ; X~2 atleast!



The new design of a large area PMT

High photon detection efficiency + Single photoelectron Detection + Low cost

1) Using transmission photocathode (front hemisphere) o :
and reflective photocathode (back hemisphere) > ~ 41 viewing angle!!

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

Quantum Efficiency:

1. up MCP
5 arinds Transmission photocathode: 30%
3. down MCP Reflection photocathode: 35%
4. insulated trestle table ~MCP Collection Efficiency: 70%
5. transmission photocathode  Photon detection efficiency:
6. glass shell
30%+70% = 21%

7. reflection photocathode
8. bracket of the cables

40%+35%+70% = 9. 8%
9. glass joint

Total Photon Detection Efficiency: ~30. 8%

.

Photon Detection Efficiency:15. 4% 230. 8% X~2 at least



4.3 The Low cost MCP

Faceplate | 1

Fhotocathoda

Why the cost of the MCP is usually high?

---- optoelectronic imaging device

Dwual MCPF

AN~ 2000V / -
]
i | |

Anode

---- High timing resolution device

Low production yield! ~20%

COStﬁ Acceptable MCP
disqualified MCP -\ for SPE detection
for Imaging device : R

; cost
P,

4. emission flash

The MCP production company, which is the one of our partner has over

20 years of experience in MCP production.

Could supply us the MCP with low cost.



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

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



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

500, 1000, 1500

Channel Charmel

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



The performance of the MCP-PMT

. _ R3809U-50 R5912 MCP-PMT-8 R3600 MCP-PMT-20
Characteristics unit
(Hamamatsu) (Hamamatsu) (IHEP) (Hamamatsu) (IHEP)
size inch 2 8 8 20 20
Spectral Response nm 160~850 300~650 300~650 300~650 300~650
Photocathode M aterial - Multialkali Bialkali Bialkali Bialkali Bialkali
Electron Multiplier - MCP Dynode MCP Dynode MCP
Gain -- 2X10° =1X107 =1X10° =1X107 =1X10°
o o reflection transmission reflection
Photocathode mode -- transmission transmission o o
+ transmission + transmission
Cathode Sensitivity uA/Im 150 70 70 60 70 ~100
Quantum Efficiency (400nm) % -- 22 20~40? ? 20 20~40? ?
Electron Multiplier
, . % ~ 60% ~ 60% ~ 70% ~ 60% ~ 60%
Collection efficiency
Efficiency of
_ % - <13 > 20 <12 > 20
detecting photoelectron
Anode Dark Current nA 100 <700 <100 <1000 <100
Anode Pulse Rise Time ns 0.150 3.8 <5 10 <10
Transit Time Spread (TTYS) ns <0.025 2.4 <1 55 <2
Anti-Magnetic characteristics -- Good nor mal nor mal normal normal
Low-Potassium | Low-Potassium L ow-Potassium
Glass - - HARIO-32

Glass

Glass CN-2#

Glass- CN-2#




Characteristics unit 13# 16# 22# 25#
Test voltage % V -2000 -2000 -1970 -2020
Cathode current I nA -1.2 -3.46 -10.56 -31
Cathode luminous sensitivity Sk uA/lm 4.5 12.9 39.5 117
Anode Current (N nA 12.5 42 35.7 70
Anode Dark Current Ib nA 0.7 16.7 2.39 18
Anode luminous sensitivity S, Allm 2.57 5.5 7.22 9.15
Gain G - 5.7*10° 4.2*10° 1.8*10° 1.01*10°
Agilent Technologies SUN APR 10 21:12:09 2011
i 2w g ] 5 38861 1325 @ik b -400% | | — |
| S, = —K S,=—"* .
O\ D A
N
Sy

l @y =2.67*104Im

nE # PoE BK FERE M i -
SRE~2): | 25.996mV 56mv 8.1256mV 565 luminous flux:

THR ) - 1.8000ns 1.8ns 0.0s 1 @ ,=459*10°Im
EFHE~(1): I 3.9756ns 4.0ns 0.0s 1

TEER~(1): 10.|335ns 10.3ns 0.0s 1




