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The most complex light sensors

These seemingly best-known imaging light sensors measure 
colour in the a relatively wide band (400 – 700 nm) as well 
as the light intensity within a 
• dynamic range of 13 orders of magnitude !
• angular resolution ~ 1‘ (oculists call it 100 % sight) 
• integration time ≥

 
30 ms, 

•threshold value for signals 
• 5-7 green photons (after few hours adaptation in the darkness)
• 30 photons on average

 
in the dark

http://www.acclaimimages.com/cgi-bin/photobase/comps.pl?do=get_comp&image_number=0449-0612-1900-5804
http://www.sxc.hu/browse.phtml?f=download&id=498274
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Photograph of the 576-pixel imaging camera of MAGIC-I.
In the central part one can see the 396 high resolution pixels
of 0.10° size. Those are surrounded by 180 pixels of 0.20°.

H.E.S.S.

VERITAS camera
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Running target: light sensor improvements. Successfully pushing the 
PDE higher up. Shown for several types of PMTs

Instrumental/technological improvements

• Some 6 years ago we 
have launched a QE 
improvement program 
with manufacturers 
Hamamatsu (Japan), 
Photonis (France) and 
Electron Tubes 
Enterprises (England).
• The results were very 
encouraging 
• Since about 1.5 years 
a new program has 
been launched for 
CTA; the results are 
shown on the left 
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PMTs: improve the TTS and the 
Collection Efficiency
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The most recent production of
PMTs by Hamamatsu Photonics

Already now they came very 
close to requested parameters

The <QE> peak is approaching
~ 35 %. The ph.e. collection 
efficiency is 95-98 %.

Requested afterpulsing < 0.02 %. 

More improvements requested like 
much less variations in the gain 
of dynodes

Currently launching a 2-year 
development contracts with 
Hamamatsu and ETE (England)
Financial support by CTA 
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Perkin-Elmer

Few examples of SiPMs, 
still under development

SiPMs with ~ 50-60% PDE and low cross-talk 
(< 1%) could be anticipated already in this year 

Miyamoto, TIPP-09
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A 22mmx22mm SiPM based
pixel for a telescope

4-SiPMs of
5x5 mm²,
includes
cooling,
signal
shaping

The same
as on the
left but
4-times
larger
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2010: 1440-Pixel G- 
APD-Kamera

DAQ in Kamera integriert

38 cm

Größe eines
MAGIC Pixels
3 cm

Lichteinfall

Detail structure of the camera

Größe eines
CT3 Pixels
2 cm
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High Optical cross-talk and afterpulsing
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Current status of SiPM and the 
prospects

• Currently there is a lot of enthusiasm about the new 
devices but the deep understanding is not simple, it 
comes only slowly

• It is not easy to measure the PDE, that shall be 
disentangled from the X-talk and afterpulsing.

• The afterpulsing in PMTs is a ~1% effect (@single ph.e.) 
while for current MPPC’s (Hamamatsu) it is a 20-30 %

• Often real value of PDE is << than the claimed 
(advertised) one. The reason is low applied overvoltage. 

• For ~100 % Geiger efficiency and a high PDE one needs 
to apply overvoltage ~15 %. Most commercially available 
devices cannot do this yet

• Hamamatsu, Philips, Perkin-Elmer, Zecodec,… and 
more companies are working on it.
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(Patent pending)
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Overvoltage U, V

 = 310 nm

Overvoltage +15%

Overvoltage +20%

Overvoltage = operational voltage – breakdown voltage

A PDE and gain of a 1x1 mm² SiPM produced by team of 
Dolgoshein in cooperation with PEI measured at +20°C
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Conclusions
• It is very likely that in a time scale 1-2 years from now 

one can buy SiPMs with outstanding characteristics, 
probably from several manufacturers. 

• Their sizes could span initially 1-3-5 mm, but later 
perhaps also until 8-10 mm.

• SiPM cost will be reduced due to the availability of full 
CMOS designs. Several USD per mm² is not unrealistic.

• They could offer PDE of 60-65 %, x-talk < 1% and low 
temperature and voltage dependences.

• These devices are going to substitute classical PMTs 
and APD in many applications, including those in physics 
instrumentation in, for example, nuclear medicine (time- 
of-flight PET,…). 
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P. Buzhan, B. Dolgoshein, et al., 2009 
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Test-product of PEI
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The 17m Ø MAGIC IACT project for VHE 
 astrophysics at E~ 25 GeV - 30 TeV

Laser beams of the
Active Mirror Control
system become
visible on foggy night

wwwmagic.mppmu.mpg.de
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