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LARGE AREA: SIZES UP TO 50 cm O

R5912 R7081 R8055 R3600-02
R5912-02 R7081-20 R7250
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SUPER KAMIOKANDE: 11,000 PHOTOTUBES IN ACRYLIC CONTAINER
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LAKE BAIKAL QUASAR TUBE
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R. Bagduev et al., Nucl. Instr. Meth. A 420 (1999) 138
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PHOTOMULTIPLIERS

SPECTRAL RESPONSE: CONVOLUTION OF
* Photocathode quantum efficiency,

* Window transparency,

« Scintillatior
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SECONDARY ELECTRONS EXTRACTION ENERGY (FIELD) DEPENDENCE:

6 . Secondary emission coefﬁcient from Photonis Application Book
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GAIN AND RESOLUTION OF A MULTI-DINODE PHOTOMULTIPLIER
Single stage gain: R= dg

n-stages gain: M = ﬁRi =ﬁ6igi
i=1 i=1

OR) , _o(R,)
R, "RR,.R,

Variance of the gain: o(M)=0(R) +

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

R _
o(M) = o( )(R—l)R”" o( )R_1 for R" >>1

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

Oo(M)=0(R)+0(R)= R

m the resolution is dominated by the first stage.

For poissonian gain distributions the variance equals the average: O(R)=R

1
oM) = Rl for equal gain stages

for higher gain in first stage

=

R
o(M) = =

R(R-1

|~
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PHOTOMULTIPLIERS

VOLTAGE DISTRIBUTION TO ELECTRODES

STANDARD RESISTIVE:
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GAIN INCREASE AT HIGH ANODE CURRENTS
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PHILIPS Photomultiplier Tubes, Principles and Applications
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PHOTOMULTIPLIERS RESOLUTION
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STANDARD PM: SINGLE PHOTON NOISE
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MULTIANODE PHOTOMULTIPLIERS
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MULTIANODE PHOTOMULTIPLIERS WITH MICROCHANNEL PLATE AMPLIFIER
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VACUUM PHOTOTUBES WITH SOLID STATE SENSORS
PROXIMITY FOCUSING
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CERN 10” HPD PROTOTYPE

FIELD MAP OF THE HPD

A. Braem et al, Nucl. Instr. and Meth. A504(2003)19
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CERN HPD QUANTUM EFFICIENCY
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HYBRID PHOTOMULTIPLIERS FOR LHCb - RICH
DEP 61-pixel prototype
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LHCb RICH

150

Radiator Vessel 5
100
Detector Housing d
S 50

2209 \:’:;‘;“: ;r\lz\‘-"ﬁndm.r
o HPD column
% -
//

N

-150 =
-900
100 -

Y (mm)
=

-100

M. Adinolfi et al, Nucl. Instr. and Meth. A603(2009)287
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HPD: STRONG SENSITIVITY TO EXTERNAL MAGNETIC FIELDS
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POSITION SENSITIVE PHOTON DETECTORS

ION FEEDBACK DAMAGES
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CHANNEL ELECTRON MULTIPLIER
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SIMPLE MCP
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MICROCHANNEL PLATE

COMMERCIAL MCPs

CURRENT GAIN

GAIN-VOLTAGE

Hamamatsu F6584
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PHOTONIS




SOLID STATE PHOTON DETECTORS PHOTON DETECTORS 4 -22/32

Anode ﬁ Cathode

SILICON PHOTODIODES SPECTRAL RESPONSE
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AVALANCHE PHOTODIODE ¥
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Fig. 4. Structure of an avalanche photodiode (Hamamatsu type S8148).
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AVALANCHE PHOTODIODES

RAD HARD APD FOR CMS ECAL (2.5 cm?) (HAMAMATSU) LARGE AREA APD (45 cm?)
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J. Grahl et al, Nucl. Instr. and Meth. A504(2003)44

M. McClish et al, IEEE-NSS04 Conf. Rec. 2, 1270 (2004)
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ARRAY OF INDEPENDENT AVALANCHE Vi
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P. Buzhan et al, Nucl. Instr. and Meth. A 504(2003)48
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MPPC GAIN VS VOLTAGE: SINGLE PHOTON COUNTING
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SILICON PHOTOMULTIPLIERS
SPECTRAL RESPONSE

Photon detection efficiency * (%)

Dark count (kcps)
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TIME RESOLUTION
(Laser Pulse)
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S. Korpar et al, Nucl. Instr. and Meth. A 595(2008)161
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SIPM: PHOTON SENSORS FOR SCINTILLATORS IN CALORIMETRY
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A. Akindinov et al, Nucl. Instr. and Meth. A539(2005)172
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ARRAY OF SCINTILLATOS WITH WLS AND SIPM READOUT

L1

V. Andreev et al, Nucl. Instr. and Meth. A540(2005)368
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SILICON PHOTOMULTIPLIERS

SiPM ARRAYS FOR
CHERENKOYV RING IMAGING
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S. Korpar et al,
Nucl. Instr. and Meth. In press (Dec. 2009)
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SiPM PDE
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SUMMARY OF MAJOR CHARACTERISTICS

TYPE A (nm) QE GAIN tg (ns) AREA (mm?) 1 e NOISE (Hz) COST (9)
PM 115-1100 0.15-0.25 10%-107 0.7-10 10%-10° 10-10* 100-5000
MCP 100-650 0.01-0.10 10%-107 0.15-0.30 10%-10* 0.1-200 10-6000
HPD 115-850 0.1-0.3 10°-10* 7 10%-10° 10-10° 500-5000
PD 300-1700 0.7 1 1-5 1-10° - 0.1-100
APD 300-1700 0.7 10-200 1-5 1-10° 1-10° 10-100
SiPM 400-550 0.15-0.3 10°-10° 1 1-10 10°-10° 10-200

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

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