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Presenter
Presentation Notes
Thank you for inviting our company to this Workshop.
My name is Yuji Yoshizawa. I’m from Hamamatsu Photonics Electron tube center. I’m in charge of technical support for PMT in scintillation application, especially for HEP experiment. I will talk about Recent Development in Vacuum Devices.
First, I will briefly explain you What Hamamatsu Photonics is. Then, I will show you latest trend of development and large format detector.
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Hamamatsu City
(Industrial city)

Hamamatsu is a name of a city.
HONDA, YAMAHA and SUZUKI
(famous motor cycle companies)
are located in the same area.

Population : 600K

Where is Hamamatsu Photonics ?

Presenter
Presentation Notes
Where is Hamamatsu Photonics ?
Hamamatsu is a name of a city. It’s located just between Tokyo and Osaka.
HONDA, YAMAHA and SUZUKI, these are famous motor cycle companies, which are located in the same area. So Hamamatsu is an industrial city. Its population is about 600K. When we have sunny day, we can see Mount Fuji from there.
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Hamamatsu Photonics

Established :
Sept 29, 1953

Net Sales : (2004)
62,245M yen

Employees : 2,500
(As of Sept. 2004)

Electron Tube CenterSolid Sate Division System Division

Laser GroupCentral Research Lab

Presenter
Presentation Notes
Hamamatsu Photonics was established in 1953, net sales of last year was about 500M dollar, number of employees is about 22 hundreds.
We have 4 production divisions. These are Solid State Division, Electron Tube Center, System Division and Laser Group. We also have Central Research Laboratory.

1. Solid State Division makes Opto-Semiconductors. Main products are Silicon PhotoDiodes, APD and Image Sensors.
2. Electron Tube Center (other slides)
3. System division makes streak camera, high resolution digital camera, oxygen monitor for premature baby and so on. This picture shows body line scanner, which is used for research purpose.
4. Laser group makes High Power Laser diode, which is used for material process and maybe Laser fusion in near future.
5. CRL (another slide)
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Electron Tube Center
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Electron Tube Center has these technology. Vacuum, Material Processing, Glass Fabrication and Electron-Optics Design. Based on these technology, products are made.
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PMTPMT’’ss

PMT  ModulesPMT  Modules

Image IntensifiersImage Intensifiers

Ion DetectorsIon Detectors Fiber Optic Plates Fiber Optic Plates 
with Scintillatorwith Scintillator’’ss

UV Spot Light SourcesUV Spot Light SourcesMicrofocus XMicrofocus X--Ray Ray 
SourcesSources

XX--Ray Image Ray Image 
IntensifiersIntensifiers Scientific Scientific 

Light SourcesLight Sources
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Presentation Notes
Major products are PMTs and Modules, Image Intensifiers, Ion Detectors, X-ray Image Intensifiers, Microfocus X-ray Sources, Fiber Optic Plates with Scintillators, Scientific Light Sources and UV Spot Light Sources. 
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Large Format PMTs for 
Neutrino Experiments

Large Format PMT Lineup

Presenter
Presentation Notes
Next topics is large format PMTs for neutrino experiments. This picture shows Large Format PMT Lineup. I will explain you about examples of neutrino experiments, which use these PMTs.



Hamamatsu Photonics K.K.  Electron Tube Division

Improved type
of former R1408

R5912 (8 inch) 
R5912-02 (14-ST)

Presenter
Presentation Notes
At first, 8 inch PMT. This is R5912, its improved type of former R1408.
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Heavy Water (1000 ton)
in 12 m acrylic vessel
(NaCl is included)

Solar Neutrino Experiment

Pure Water
9,600 pcs of R1408

30 m

Solar neutrino = 66 billion/cm2・sec

Solar neutrino = Electron neutrino

SNO at Sudbury/Canada

Presenter
Presentation Notes
This is a sketch of SNO experiment at Sudbury in Canada. This is solar neutrino experiment, and it uses 9,600 pcs of R1408. 1,000 ton of heavy water is set inside of this 12 m acrylic vessel, it contains NaCl. PMTs are attached to this cage, and are looking to this acrylic vessel. Pure water is filled in this external tank for supporting this vessel. As you know, SNO found that solar neutrino, which is electron neutrino coming from sun, is 2/3 of expectation. It indicates that neutrino has oscillation.
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Research for VHE gamma ray
with its direction and energy 

< Location >
The Jemez Mountains
near Los Alamos
New Mexico/USA R5912

VHE gamma
=> Shower in air
=> Cherenkov

Large water pond

MILAGRO at LANL/USA

Presenter
Presentation Notes
This is a sketch of MILAGRO experiment. It’s located in the Jemez mountains near Los Alamos in New Mexico. The purpose is research for VHE gamma ray while detecting its direction and energy. About 800 pcs of R5912 are set in a large water pool to see Cherenkov light produced by VHE gamma ray. Precisely speaking, this is not neutrino experiment though.
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Fits for 13 inch
Glass Sphere

R7081 (10 inch) 
R7081-20 (14-ST)

Presenter
Presentation Notes
Next is 10 inch PMT, R7081.
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the South PoleAMANDA

ICECUBE
Planned Location 1 km east

Skyway

ICECUBE at the South Pole

Dome

R7081-02 is a candidate PMT.

IceCube is based upon work supported by the United 
States National Science Foundation under Grant Nos. 
OPP-9980474 (AMANDA) and OPP-0236449 (IceCube), 
University of Wisconsin-Madison.

Presenter
Presentation Notes
This is South-pole again. This sketch shows location of experiments. AMANDA is here, and ICECUBE is 1 km east from here. R7081-02 is a candidate PMT.
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ICECUBE 
at South Pole

R7081-02

1500m

2000m
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This is a sketch of AMANDA experiment at South-Pole. I think that there are some members of AMANDA experiment in this workshop, I don’t comment about the experiment so much, but I show its overview. About 800 pcs of R5912-02 are set below 1500 m in the ice. This is for detecting high energy neutrino coming from universe. Right now, it works well and ICECUBE experiment as its upgrade is under going.



Hamamatsu Photonics K.K.  Electron Tube Division

R7081-20

ANTARES at Marseille in the Mediterranean Sea
0.1Km2 as prototype
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Presentation Notes
This is ANTARES experiment. Again, I think that there are some members of ANTARES experiment in this workshop, I don’t comment about the experiment so much, but I show its overview. The location is in front of Marseille in the Mediterranean Sea. 900 pcs of R7081-20 are used for 0.1Km2 as prototype of ANTARES experiment.
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Fits for 17 inch
Glass Sphere

R8055 (13 inch)
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This is 13 inch PMT, R8055. Prime feature of this PMT is short length while using metal stem flange. It can be set inside 17 inch glass sphere.
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R8055 (2 tubes)

NESTOR at Pilos/Greece 
in the Mediterranean Sea
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Presentation Notes
This is a sketch of NESTOR experiment. As there are some members of NESTOR experiment in this workshop, I don’t comment about the experiment so much. Its location is at PILOS/Greece in Mediterranean sea. It’s nice place and food is also very good. Its prototype was installed in March 2003, and is taking data right now.

http://www.nestor.org.gr/intro/main.htm
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R3600-02 (20 inch)

Presenter
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This is 20 inch PMT, R3600-02. It’s the largest PMT in the world.
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20 inch PMT
(11,200 pcs)

42 m

40 m

ν e- => e-
Atmospheric neutrino
Muon neutrino => Tau neutrino

SUPER-KAMIOKANDE 
Kamioka mine in Japan

<Purpose>
Neutrino Astronomy
Neutrino Oscillation
Proton Decay

Presenter
Presentation Notes
This is a sketch of SUPER-KAMIOKANDE experiment at KAMIOKA mine in Japan. The size of water tank is 40 m in diameter and 42 m in height. 11,200 pcs of 20 inch PMT are set inside the tank. 2,000 pcs of 8 inch PMT are also used for anti-counter. The purpose of this experiment are Neutrino Astronomy, Neutrino Oscillation and Proton Decay. As you know, it found Neutrino Oscillation with atmospheric neutrino in 1998. K2K experiment is going. Neutrino beam from KEK to Kamioka is used.
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Boat

SUPER-KAMIOKANDE 
Kamioka mine in Japan

Presenter
Presentation Notes
This is a picture inside of the SUPER KAMIOKANDE. Some stuff are checking PMTs on a boat.
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New electrode
for fast timing.
Effective area
is 17 inch.

R7250 (20 inch)

Presenter
Presentation Notes
The last one is new 20 inch PMT, R7250. It has new electrode, Box and Grid dynode, for fast timing. Effective area is limited as 17 inch.
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Liq. Scintillator (1000 ton)
in 13 m dia. Balloon 

Stainless Steel Tank
with 1,330 pcs R7250
and 550 pcs of R3600

Pure water with
250 pcs of R3600

Detection of neutrinos come
from Nuclear Power Plants

anti-electron neutrino

KamLAND at Kamioka 
mine in Japan

Presenter
Presentation Notes
This is a sketch of KamLand experiment at Kamioka mine in Japan. The purpose is detecting of neutrinos coming from Nuclear Power Plants. It consists of Liq. Scintillator in 13 m diameter balloon. Stainless steel tank is used for supporting it. Pure water tank is used as VETO counter. Total of more than 2,000 pcs of 20 inch PMTs are used.  
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< Type numbers and Examples of Experiments >
SUMMARY

8 inch R1408 : SNO / CANADA, LSND / LANL
R5912 : MILAGRO / LANL, mini-Boone / FNAL
R5912-02 : AMANDA / South-Pole

10 inch R7081-02 : ICECUBE / South-Pole
R7081-20 : ANTARES (0.1km2) / Marseille

13 inch R8055 : NESTOR / Pilos/Greece

20 inch R7250 : KamLAND / Japan
R3600-02 : SUPER-KAMIOKANDE / Japan

?? Inch XXXX : KM3 EXPERIMENT
?? Inch XXXX : Other New Experiments

8 inch R1408 : SNO / CANADA, LSND / LANL
R5912 : MILAGRO / LANL, mini-Boone / FNAL
R5912-02 : AMANDA / South-Pole

10 inch R7081-02 : ICECUBE / South-Pole
R7081-20 : ANTARES (0.1km2) / Marseille

13 inch R8055 : NESTOR / Pilos/Greece

20 inch R7250 : KamLAND / Japan
R3600-02 : SUPER-KAMIOKANDE / Japan

?? Inch XXXX : KM3 EXPERIMENT
?? Inch XXXX : Other New Experiments

Presenter
Presentation Notes
This is summary of Neutrino experiments. We are expecting that ICECUBE would use our R7081-02 and KM3 experiment will select one of our photodetectors.

My presentation is over, thank you for your attention.
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