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1. What’s HPD? (Merit/demerit, potential)
2. Developed sensors
①High speed HPD
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Electron Bombarded GainElectron Bombarded Gain
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HPD compared with PMTHPD compared with PMT

＜ＰＭＴ＞<Hybrid Photo Detector (HPD)>
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Pulse Height DistributionPulse Height Distribution
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HPD compared with PMTHPD compared with PMT

＜ＰＭＴ＞<Hybrid Photo Detector (HPD)>

GAIN:
1x106

DYNODE： ５ｘ５ｘ５・・

AD

AD Gain: 30～100

Total gain: ～1x105

PD

EB Gain: 1000～2000
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ElectroElectro--static Focusing Typestatic Focusing Type

Cylindrical Ceramic

Photocathode: φ8 mm

Photons
Electron

AD: φ1 mm
Photocathode 
Voltage　-8kV

Stem High-speed 
HPDAD Voltage 400V

Output
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Proximity FocusingProximity Focusing

Input window
(FOP)

Multi-pixel AD
16x16 mm2

8x8 pixels

Output pins

2.5 mm

Photons

Multi-pixel 
HPD

Multi-alkali 
Photocathode

φ25 mm
(-8 kV)

Ceramic sidewall

Stem
(Multi-layer ceramic)
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High speed HPDHigh speed HPD

AD anode pin

SMA connector

AD cathode pin
-HV cable

20 mm
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Structure of High speed HPDStructure of High speed HPD

Output

Plano-Concave Faceplate

Cylindrical Ceramic

Avalanche Diode (AD)

Photocathode (Bialkali φ8 mm)

Photons

Electron Bombarded Gain  (x 1600)

Avalanche Gain  (x 110)

Electron

SMA Connector

φ20 mm

18 mm

Photocathode 
Voltage　-8kV

Stem

AD Reverse 
Bias Voltage 400V
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Gain CharacteristicsGain Characteristics

Electron Bombarded Gain

1600 at –8 kV
Avalanche Gain

110 at 405 V
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Pulse Height DistributionPulse Height Distribution
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Rise Time :  360 ps

Fall Time : 340 ps

Oscilloscope : 1.5 GHz Bandwidth

Load Impedance 50 ohm

Photocathode Voltage : -8 kV

AD bias Voltage : 380 V 
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Setup for Timing ResolutionSetup for Timing Resolution

ND filter

fs-Laser
(<50fs, 405nm)

Mirror

HPD Amp
Half mirror

PIN-PD CFD

STOP START

TAC MCA
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Timing ResolutionTiming Resolution
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Comparison with simulation Comparison with simulation 
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Photocathode Sensitivity (QE)Photocathode Sensitivity (QE)
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Bialkali: Bialkali: 34 %34 % at 350 nm GaAsP: GaAsP: 46 %46 % at 500 nmat 350 nm at 500 nm
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High speed HPD SummaryHigh speed HPD Summary

28 ps
φ 1mm

14 ps
φ 1mm

38 ps21 ps
φ3 mm

φ 3 mm

46 %

GaAsP

34 %Photocathode Quantum 
Efficiency at the peak

Fall Time 340 ps
φ8 mmTiming Resolution σ for single 

photon (Estimated)

Rise Time 360 ps
Time Response

2 x 105Gain
φ 8 mmEffective Area

Bialkali

The world fastest HPD is realized!!



Electron Tube Division 

Collaborators for High speed HPD Collaborators for High speed HPD 
DevelopmentDevelopment

• High Energy Accelerator Research Organization (KEK)

J. Haba, H. Nakazawa
• Hamamatsu Photonics K.K.

Solid State Division

K. Yamamoto, Y. Ishikawa, M. Muramatsu
Electron Tube Division

J. Takeuchi, T. Morita, S. Muramatsu, Y. Negi, 
Y. Egawa, K. Shinmura, S. Kimura, M. Suyama,
A. Kageyama

This work was partially supported by the Grant-in-Aid for Scientific Research 
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