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Wh at 1 S NPhot

AiThe technol ogy of gene
light and other forms of radiant energy whose

guantum unit 1 s the pho
Spectra magazine)

A In our context it is

I The detection of light generated by some process
related to the measurement of some property of
particles (e.g. Energy or velocity).

I The transmission and reception of analogue & digital
iInformation connected with the electrical signals from
particle detectors.



What systems are used in HEP?

A Ca|0rimetel’$which measure energy and position)
I Scintillation light detected by a photodetector
I Cherenkov light detection

A Time-of-flight

I Fast scintillators used to determine the speed of a
particle

A Readout of electronics in lardpermeticdetectors.



First use of photonics

A Detection olo. particles (He nuclei)

I Historic experiments of Geiger & Marsden (1909)
using ZnS(Ag) scintillator screens

I Visual detection of scintillation light
i Rate limited to about 60's
I Each detected flash contained around 300 photons
entering the observeros e
A Last important visual experiment was the
disintegration of Li neuclei by protons (Cockcroft
& Walton (1932)

I Used a human coincidence counter technique



Photodetectorssolid state

A These use thimternal photoelectric effect

A A photon with energy larger than the bandgap of
the material generates an electrmie pair (eh
pair) with some probability < 100%

A The ehpair is separated by an internal field (e.g. a
junction inside a diode)

A The current pulse is externally amplified and
digitised.



Photodetectorssolid state
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Photodetectorssolid state

A Silicon is the primary material since in general we are
detecting fast scintillation or Cherenkov light (near UV to
visible)

A Silicon diode technology is well advanced and the
guantum efficiency (QE) is high (around 80% peak)

A Silicon devices are tolerant to quite high radiation levels,
although there are problems with hadrons.

A Silicon photodiodes are linear over many orders of
magnitude

A TheAvalanche Photodiodeas internal gain of about 30
(optimum value).

A See


http://www.hpk.co.jp/Eng/products/ssd/si_pd_e/si_pd.htm

PHOTO SENSITIVITY (A/W)

A large area silicon PIN diode
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Note 8 to 10 decades of
linear response

Data from Hamamatsu Photonics



B Quantum efficiency vs. wavelength
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B Gain vs. reverse voltage
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Data from Hamamatsu Photonics



Photodetectorssolid state

A Silicon isnotcheaper per unit area than vacuum
photodetectors (for areas greater than a fewy)mm

A Really large devices cannot be made (20(%msm
the upper limit)

A Problem of damage from high neutron flux in
nadron collider experiments such as those at the
_HC.

A Need low noise (= expensive) paeplifiers
A Hard to dophoton counting




Multi-Pixel APD

AA fAisilicon photomultipl

A Array of very small APD devices operating in
nGel ger o mode

A Excellent for photon counting

A Very small area (up to 9 n#n

A Photodetection efficiency up to ~ 70%
A See
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Multi-Pixel APD

A Gain in fiGeiger modeo of order 105
A Much higher than typical APD gain of 100

A Potentially destructive, so current quenched by

Imiting resistors.

A Pulse output per pixel independent of number
of photons per pixel.

A Wire together an array of pixels, then delivered
charge is proportional to number of photons.




Photodetectorsvacuum

A A freeelectron is liberated fromghotocathode
(photoelectric effect) into a vacuum under an electric field

T The free electron is accelerated to a few hundred volts and hits a
dynode

I Low energysecondary electrorare liberated from the dynode (4
to 10 dependent on voltage and material of dynode)

I Each secondary electron is accelerated and hits the next dynode
i And so on ¢é&

A A typical tube used in HEP has 10 to 14 dynodes
A Thus a high gain is achieved 16 10)

A Large areas (hundreds of gmare possible, but low QE
compared to silicon devices

A Most PMT are very sensitive to magnetic fields
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dynodes. Gain is therefore of
order 12 ~ 250000.
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Photomultipliers
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Data from Electron Tubes
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Photodetectorsvacuum

A Hamamatsu
http://[p.hamamatsu.com/en/product info/index.htm

A Electron Tubes (now ET Technoldgy
I http://www.electrortubes.co.uk

A Photonis

http://www.photonis.com/industryscience/products
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Photodetectors hybrid

A Generate free photoelectrons in a vacuum
(like a photomultiplier tube)

A Accelerate photoelectrons to a high (10 to
20 kV) energy

A Use a silicon diode asparticle (electron)
detector Get approximately 2500 gbairs
for each photoelectron at 10 kV

A Largephotocathode plusmallarea diode



Hybrid detector
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Application- Calorimetry

A Conversion of particle Energy into light by
either thescintillation process or by the
Cherenko\effect.

A Number of UV/visible photons is
proportional to energy deposit=
measure the light with a fast and linear
photodetector.



The CompactMuon Solenoid Detector for
LHC

CAYSTAL ECAL =
CALOPMET ER /‘\
ECAL \ I

Total welg it : 12,500t

Overalldlameter: 15.00m
TOtaI Mass - 12,500t CMS-PARA-DD1-11/07/37 JLELFP

Overall Diameter: 15.0m
Overall Length:  21.6m
Magnetic field: 4T
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Photodetectors: barrel

Avalanche photodiodes (APD)

AOperated at a gain of 50 Each crystal has two 5x5
: 2
AActive area of 2 x 25mm?/crystal mm?2 APD

AQ.E.~80% for PbWO, emission

AExcess noise factor is F=2.2

Alnsensitive to shower leakage particles (d;~6
pm)

Alrradiation causes bulk leakage current to
increase ¢ electronic noise doubles after 10 yrs -

acceptable

- : Si0, window
: p photon conversion
i P } e acceleration

n e multiplication
B )
SEPERE 7 G - drift
() e dri
RSN
at ¢ collection




Photodetectors: end caps

Vacuum Phototriodes (VPT)

B-field orientation in end caps favourable for VPTs

(Tube axes 8.5°< 0] <25.5° with respect to field)

Vacuum devices offer greater radiation hardness =26.5mm
than Si diodes

AGain8-10atB=4T
AActive area of ~280 mm?/crystal
AQ.E.~20% at 420 nm
Ansensitive to shower leakage patrticles
MESH ANODE

AUV glasswindow-1 ess expensive than 6quartzo
- more radiation resistant than borosilicate glass

Alrradiation causes darkening of window
C Loss in response <20% after 10 yrs-
acceptable

Order placed with RIE (St Petersburg)
> 16000 devices (100%) delivered,
tested and installed.



