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HAMAMATSU
PHOTON IS OUR BUSINESS

VUPYIIYIIL X 1A AU |

Optical Sensors (Photomultiplier Tubes)

Electron Tube Division



X-Ray Related Products
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Microfocus X-ray source
( non-destructive X-ray inspection)

e 2 e

BGA joint IC bumps (50pm)

- " DETECTOR

BELT CONVEYOR

MICROFOCUS
X-RAY SOURCE
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Pharmaceutical & Medical Research™

m Kinetic plate reader

. Assists developing new drugs synthesizing large amounts of chemical compounds
using high-speed, cell-based assay screening systems and functional analysis..

*Kinetic Plate Reader for Cell-based Assay " Cell-based Assay System

mDigital slide scanner
The NanoZoomer 2.0 converts glass slides into the digital
format by quick scanning with high resolution.

UOISIAIQ SWaISAS

NanoZoomer-XR NanoZoomer-SQ S  '.‘. L2 " .,: _,/’ Digital slides can be observed at any posi-
(Process up to 320 slides (DeSktOp and ||ght Ak o~ v 4 mouse or keyboard as if one were operating

. : L ey % amicroscope.
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HAMAMATSU

Semiconductor QC and Process ==

M Failure detection and analysis
This system visualizes and analyzes failures semiconductor devices by detecting
weak light emissions, heat emissions or electrical changes caused by failures.

ESD damage
localization

FET rush current Be Metal wiring defect
= analysis using the IR-

caused by a short or
open circuit R s === OBIRCH method

.......



HAMAMATSU
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Si photodiodes APD/ MPPC Photo ICs PSD
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Flat panel sensors Mini-spectrometers Opto-semiconductor  Automotive devices LCOS-SLM
modules
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HAMAMATSU

Silicon detectors for medical @ =
and dental field
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Si photodiode array MPPC module for PET X-ray flat panel sensor CMOS area image sensor
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Silicon detectors for Academic research

Observation of outer
galactic space

Image example taken by HPK CCD
/SUBARU observatory
(courtesy of National Astronomical
Observatory of Japan)

CCD area image sensor

High- energy particle
detection
SSD Si APD

CMS tracker
(courtesy of CERN)

Detection of substances
on asteroid surfaces

Asteroid explorer “"HAYABUSA” :
(courtesy of JAXA) :

CCD InGaAs
image sensor image sensor
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HAMAMATSU

Contribution to Nobel Prize =

2002 Dr. Koshiba, was awarded the Nobel Prize in
physics, as a result of research conducted at the

Kamiokande for Neutrino detection using Hamamatsu
20”PMT.

2013 Dr. Englert and Dr.Higgs won the Nobel

Prize in Physics. The Higgs boson, which is predicted by
the standard model, was discovered in the experiment at
LHC. Hamamatsu contributed to detect the Higgs boson as
¢ the main detector supplier (SSDs, APDs, and PMTs )

2015 Dr. Kajita and Dr. McDonald, were awarded

the Nobel Prize in physics, working two different neutrino
observatories. Dr. Kajita worked on neutrino oscillations
at the Super-Kamiokande using Hamamatsu 20” PMT.
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HAMAMATSU

Neutrino Detection “Super Kamiokande® =~
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There are 11,200 20”PMTs in 13-million gallon steel water
tank buried nearly a mile beneath a mountain

to detect light produced when neutrinos interact with the 20" PMIT
water.
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HAMAMATSU
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CERNLHC (Large Hadron Collider)

underground 100m, circumference 27km and with the ability to
collide the proton and proton of energy to maximum 7TeV.




CMS-SSSDs

S9153, S9154 series

HAMAMATSU

PHOTON IS OUR BUSINESS

31 Nations, 150 Institutions, 1870 Scientists

TRACKER

Austria, Belgium, CERN, Finland, Frafce,

Germany, ltaly, Japan®, Switzeriand, §K, USA i
L RYSTAL ECAL |

Belarus, CERM, Chir®®

Portugal, Russia, Sw Il

TRIGGER & DATA
ACQUISITION

Austria, CERN, Finland, France, Greece,
Hungary, ltaly, Korea, Poland,
Portugal, Switzerland, UK, USA

{

Barrel: Czech Rep., Estonia, Germany, Greece, Russia
Endcap: Japan®, USA

., CERN, Greece,
India, Russia, Taiwan (PC),
Uzbekistan

SUPERCONDUCTING
MAGNET

Al countries in CMS contribute
to Magnat financing in particular:
Finland, France, ltaly, Japan®,

Korea, Switzerland, USA
Hungary, Iran, Russia, Turkey, USA

HCAL
Barred: Bulgaria, India, Spain*, USA MUON CHAMBERS
Total weight : 12500 T Endeap: Belarus, Bulgaria, Russia, Ukraine Barrel: Austria, Bulgaria, CERN, China,
Overall diameter : 150 m HO: India Germany, Hungary, Italy, Spain,
Endcap: Belarus, Bulgaria, China, = 0nly through

Overall length r 215 m
Magnetic field : 4 Tesla

Korea, Pakistan, Russia, USA industrial contracts

provided from CERN experiment groups
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PHOTON IS OUR BUSINESS

ATLAS-SSSDs R

Poly-Si resistor

Biasring \ he_pap

Guard
ring

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel defector \

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker

provided from ATLAS experiment groups

1 Sensor on 4 inch wafer

6 type of S8536 series
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HAMAMATSU

Development of Si detectors "

B Cherenkov telescope
MPPC - High sensitivity for UV
MPPC - Lower dark count

B Dark matter research
MPPC - High sensitivity for VUV
MPPC — Low RI

Calorimeter

MPPC — High dynamic range
MPPC — Radiation hardness
PAD — Larger size
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Wwww.hamamatsu.com
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MPPC S13360/S13361 series

DN NI N N

High PDE

High gain

Low crosstalk

Low dark count

Single & Multi channel type

(P

Photon detection efficiency (%)

(Typ. Ta=25%C, pixel pitch 50pm)
T T T

== Epoxy window
= Silicone window
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MPPC for VUV

v' High sensitivity for VUV

v' Suitable for cryogenic temperature

v Suitable for detection of Liq. Xe or Lig. Ar
scintillation light

g) S13370 series ikl PDE measurement data
— 728nm Vover = 4V, in vacuum
Q. . 40% :
)] v 359 | —VUV4-50ump
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S13371-6050CQ-02 120 140 160 180 200

Designed for MEG-II experiment wavelength (nm)




