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VACUUM PHOTOMULTIPLIER

FOCUSSING ELECTRODES FOR EFFICIENT
PHOTOELECTRON COLLECTION
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LARGE AREA: SIZES UP TO 50 cm Ø  
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SUPER KAMIOKANDE: 11,000 PHOTOTUBES IN ACRYLIC CONTAINER 
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R. Bagduev et al., Nucl. Instr. Meth. A 420 (1999) 138 

LAKE BAIKAL QUASAR TUBE
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SPECTRAL RESPONSE: CONVOLUTION OF 
• Photocathode quantum efficiency, 
• Window transparency, 
• Scintillation spectrum
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SECONDARY ELECTRONS EXTRACTION ENERGY (FIELD) DEPENDENCE:

e-

δ e-

δ : Secondary emission coefficient

PHOTOMULTIPLIER PH RESOLUTION:

δ=25δ=5

primary photoelectrons primary photoelectrons



Fabio Sauli - CHIPP Winter School 2010

  PHOTON DETECTORS   4 - 7/32PHOTOMULTIPIERS

GAIN AND RESOLUTION OF A MULTI-DINODE PHOTOMULTIPLIER

Single stage gain: R= δg 
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Variance of the gain:

For n stages of equal gain, M=Rn and the variance: 

for

! 

R 1 > R If the first dynode is operated at higher gain                  and: 

the resolution is dominated by the first stage.

For poissonian gain distributions the variance equals the average: 
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VOLTAGE DISTRIBUTION TO ELECTRODES 

STANDARD RESISTIVE:
GAIN INCREASE AT HIGH ANODE CURRENTS

RESISTIVE WITH VOLTAGE-STABILIZER ZENER DIODE:

PHILIPS Photomultiplier Tubes, Principles and Applications
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PHOTOMULTIPLIERS RESOLUTION

STANDARD PM: SINGLE PHOTON NOISE

ENHANCED (QUANTACON):
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MULTIANODE PHOTOMULTIPLIERS

HAMAMATSU PMT H-8500

Amplification
through collisions is a
set of specially
shaped metal grids



Fabio Sauli - CHIPP Winter School 2010

  PHOTON DETECTORS   4 - 11/32POSITION SENSITIVE PHOTON DETECTORS

BURLE MCP 85011

T. Hadig et al, IEEE-NSS04 (N35-2)
C. Field et al, Nucl. Instr. and Meth. 518(2004)565

BURLE MCP 85011

MULTIANODE PHOTOMULTIPLIERS WITH MICROCHANNEL PLATE AMPLIFIER

RELATIVE RESPONSE (QUANTUM EFFICIENCY)

TIME RESPONSE (ON LASER PULSE)

MCP

backscattered electrons
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PROXIMITY FOCUSING

VACUUM PHOTOTUBES WITH SOLID STATE SENSORS

e-

ELECTROSTATIC FOCUSING

V

DEP DELFT IMAGING SENSORS
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A. Braem et al, Nucl. Instr. and Meth. A504(2003)19  

CERN 10” HPD PROTOTYPE

FIELD MAP OF THE HPD
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Amplifiers

Silicon sensor with 2048 pads readout

Ceramic
support

QUANTUM EFFICIENCY

RESOLUTION

A. Braem et al, Nucl. Instr. and Meth. A504(2003)19  

CERN HPD 

1e

2e

3e
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HYBRID PHOTOMULTIPLIERS FOR LHCb - RICH
DEP 61-pixel prototype

K. Wyllie et al.,  Nucl. Instr. and Meth. A 530 (2004) 82

SILICON PIXELS SENSOR  32x256 pixels (62.5x500 µm) 

! 

G =
E
0
" E

T

3.6eV

GAIN:

E0: HV between cathode and anode
ET: Energy loss in entrance contact layer (1 kV)  

For E0=20 kV       G~ 5000

RESOLUTION:
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M. Adinolfi et al, Nucl. Instr. and Meth. A603(2009)287 

LHCb RICH
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HPD: STRONG SENSITIVITY TO EXTERNAL MAGNETIC FIELDS

⊗
B┴

B║

HPD shields

Detection plane

G. Aglieri Rinella et al, IEEE-NSS 2005 Conf. Rec. Vol.1, 413 (2005)

30 G axial

AFTER SOFTWARE
CORRECTION:

G. Aglieri Rinella et al, Nucl. Instr. and Meth. A553(2005)120 
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ION FEEDBACK DAMAGES

R. Forty, TIPP09
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CHANNEL ELECTRON MULTIPLIER

MICROCHANNEL PLATE MULTIPLIER (MCP)

MCP MANUFACTURING:
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SIMPLE MCP
POSITION-SENSITIVE (MULTI-ANODE)

REDUCTION OF POSITIVE ION FEEDBACK:
DOUBLE MCP WITH CHEVRON GEOMETRY
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COMMERCIAL MCPs

GAIN-VOLTAGE 
Hamamatsu F6584

PHOTONIS
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SILICON PHOTODIODES SPECTRAL RESPONSE
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AVALANCHE PHOTODIODE
Maximum gain ~ 200

QUANTUM EFFICIENCY
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LARGE AREA APD (45 cm2)

J. Grahl et al, Nucl. Instr. and Meth. A504(2003)44

 Figure 15. Photographs of an octagonal 45 cm2 (left) and a square 40
cm2 (right) planar APDs fabricated at RMD.
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M. McClish et al, IEEE-NSS04 Conf. Rec. 2, 1270 (2004)

GAIN AND NOISE AT -40ºC

RAD HARD APD FOR CMS ECAL (2.5 cm2) (HAMAMATSU)

~50
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P. Buzhan et al, Nucl. Instr. and Meth. A 504(2003)48

ARRAY OF INDEPENDENT AVALANCHE
PHOTODIODES OPERATED IN THE GEIGER MODE

Silicon Photomultipliers (SiPM)
Multi Pixel Photon Counters (MPPC)
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SINGLE PHOTON COUNTINGMPPC GAIN VS VOLTAGE:

LINEARITY OF RESPONSE (100-cells)

NPHOTONS~ 50

MIPS IN SCINTILLATOR:
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DARK COUNT RATE 

SPECTRAL RESPONSE

TIME RESOLUTION
(Laser Pulse)

σ ~ 150 ps 

S. Korpar et al, Nucl. Instr. and Meth. A 595(2008)161
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A. Akindinov et al, Nucl. Instr. and Meth. A539(2005)172

SIPM: PHOTON SENSORS FOR SCINTILLATORS IN CALORIMETRY
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V. Andreev et al, Nucl. Instr. and Meth. A540(2005)368

ARRAY OF SCINTILLATOS WITH WLS AND SIPM READOUT 



Fabio Sauli - CHIPP Winter School 2010

  PHOTON DETECTORS   4 - 31/32SILICON PHOTOMULTIPLIERS

S. Korpar et al,
Nucl. Instr. and Meth. In press (Dec. 2009)

SiPM ARRAYS FOR
CHERENKOV RING IMAGING

SPECTRAL RESPONSE:

BEAM TEST
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SUMMARY OF MAJOR CHARACTERISTICS

10-200105-1061-101105-1060.15-0.3400-550SiPM

10-1001-1031-1031-510-2000.7300-1700APD

0.1-100-1-1031-510.7300-1700PD

500-500010-103102-1057103-1040.1-0.3115-850HPD

10-60000.1-200102-1040.15-0.30103-1070.01-0.10100-650MCP

100-500010-104102-1050.7-10103-1070.15-0.25115-1100PM

COST ($)1 e NOISE (Hz)AREA (mm2)tS (ns)GAINQEλ (nm)TYPE

The Review of particle Physics, Physics Letters B667, 1 (2008)
 http://pdg.lbl.gov/

D. Renker, Nucl. Instr. and Meth. A598(2009)207


