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What is ñPhotonicsò

ÅñThe technology of generating and harnessing 
light and other forms of radiant energy whose 
quantum unit is the photonò (from Photonics 
Spectra magazine)

ÅIn our context it is

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

ïThe transmission and reception of analogue & digital 
information connected with the electrical signals from  
particle detectors.



What systems are used in HEP?

ÅCalorimeters (which measure energy and position)

ïScintillation light detected by a photodetector

ïCherenkov light detection

ÅTime-of-flight

ïFast scintillators used to determine the speed of a 
particle

ÅReadout of electronics in large hermeticdetectors.

ÅFibre backbone for Local and Wide Area 
Networks



First use of photonics
ÅDetection of particles (He nuclei)

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

ïVisual detection of scintillation light

ïRate limited to about 60 s-1

ïEach detected flash contained around 300 photons 
entering the observerôs eye

ÅLast important visual experiment was the 
disintegration of Li neuclei by protons (Cockcroft 
& Walton (1932)

ïUsed a human coincidence counter technique



Photodetectors ïsolid state

ÅThese use the internal photoelectric effect

ÅA photon with energy larger than the bandgap of 

the material generates an electron-hole pair (eh-

pair) with some probability < 100%

ÅThe eh-pair is separated by an internal field (e.g. a 

junction inside a diode)

ÅThe current pulse is externally amplified and 

digitised.



Photodetectors ïsolid state

Figure from Hamamatsu Photonics



Photodetectors ïsolid state
ÅSilicon is the primary material since in general we are 

detecting fast scintillation or Cherenkov light (near UV to 
visible)

ÅSilicon diode technology is well advanced and the 
quantum efficiency (QE) is high (around 80% peak)

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

ÅSilicon photodiodes are linear over many orders of 
magnitude

ÅThe Avalanche Photodiodehas internal gain of about 30 
(optimum value).

ÅSee

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

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


A large area silicon PIN diode

Data from Hamamatsu Photonics

Note 8 to 10 decades of

linear response



A large area silicon APD

Data from Hamamatsu Photonics

Note sensitivity to

voltage and temperature



Photodetectors ïsolid state

ÅSilicon is notcheaper per unit area than vacuum 
photodetectors (for areas greater than a few mm2)

ÅReally large devices cannot be made (200 mm2 is 
the upper limit)

ÅProblem of damage from high neutron flux in 
hadron collider experiments such as those at the 
LHC.

ÅNeed low noise (= expensive) pre-amplifiers

ÅHard to do photon counting (but see the hybrid 
photomultiplier tube and multiple APD).



Multi -Pixel APD

ÅA ñsilicon photomultiplierò

ÅArray of very small APD devices operating in 

ñGeigerò mode

ÅExcellent for photon counting

ÅVery small area (up to 9 mm2)

ÅPhoto-detection efficiency up to ~ 70%

ÅSee http://sales.hamamatsu.com/en/products/solid-

state-division/si-photodiode-series/mppc.php
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Multi -Pixel APD

ÅGain in ñGeiger modeòof order 105

ÅMuch higher than typical APD gain of 100

ÅPotentially destructive, so current quenched by 

limiting resistors.

ÅPulse output per pixel independent of number 

of photons per pixel.

ÅWire together an array of pixels, then delivered 

charge is proportional to number of photons.



Photodetectors ïvacuum

ÅA freeelectron is liberated from a photocathode 
(photoelectric effect) into a vacuum under an electric field

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

ïLow energy secondary electronsare liberated from the dynode (4 
to 10 dependent on voltage and material of dynode)

ïEach secondary electron is accelerated and hits the next dynode

ïAnd so on é

ÅA typical tube used in HEP has 10 to 14 dynodes

ÅThus a high gain is achieved (106 to 107)

ÅLarge areas (hundreds of cm2) are possible, but low QE 
compared to silicon devices

ÅMost PMT are very sensitive to magnetic fields



Data from HamamatsuPhotonics
See http://jp.hamamatsu.com/products/sensor-etd/pd002/index_en.html

Typical dynode gain is about 5 

and a typical PMT has 12 

dynodes. Gain is therefore of 

order 125 ~ 250000.

http://jp.hamamatsu.com/products/sensor-etd/pd002/index_en.html
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Photomultipliers

Data from Electron Tubes
See http://www.electron-tubes.co.uk/technical-information/

A typical 2ò tube designed for high blue-green response

Total supply voltageEffect of different windows
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Photodetectors ïvacuum

ÅHamamatsu
ïhttp://jp.hamamatsu.com/en/product_info/index.html

ÅElectron Tubes (now ET Technology)

ïhttp://www.electron-tubes.co.uk

ÅPhotonis
ïhttp://www.photonis.com/industryscience/products

http://jp.hamamatsu.com/en/product_info/index.html
http://www.electron-tubes.co.uk/
http://www.electron-tubes.co.uk/
http://www.electron-tubes.co.uk/
http://www.photonis.com/industryscience/products


Photodetectors ïhybrid

ÅGenerate free photoelectrons in a vacuum 
(like a photomultiplier tube)

ÅAccelerate photoelectrons to a high (10 to 
20 kV) energy

ÅUse a silicon diode as a particle (electron) 
detector. Get approximately 2500 eh-pairs 
for each photoelectron at 10 kV

ÅLargephotocathode plus smallarea diode



Hybrid detector

C. Joram, CERN,Large Area Hybrid Photodiodes

6th International conference on advanced technology and particle 

physics, Como, Italy, October 5-9, 1998
See lhcb-doc.web.cern.ch/lhcb-doc/presentations/conferencetalks/postscript/1998presentations/como.pdf

Note the incredible resolution

of 1,2,3,é photons <n> = 5.4

file:///D:/Old Sony Laptop/USER/Peter_Hobson on Brunel-di9huw70/Department/Teaching/Goldsmith Course/lhcb-doc.web.cern.ch/lhcb-doc/presentations/ conferencetalks/postscript/1998presentations/como.pdf
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file:///D:/Old Sony Laptop/USER/Peter_Hobson on Brunel-di9huw70/Department/Teaching/Goldsmith Course/lhcb-doc.web.cern.ch/lhcb-doc/presentations/ conferencetalks/postscript/1998presentations/como.pdf
file:///D:/Old Sony Laptop/USER/Peter_Hobson on Brunel-di9huw70/Department/Teaching/Goldsmith Course/lhcb-doc.web.cern.ch/lhcb-doc/presentations/ conferencetalks/postscript/1998presentations/como.pdf


Application - Calorimetry

ÅConversion of particle Energy into light by 

either the scintillationprocess or by the 

Cherenkoveffect.

ÅNumber of UV/visible photons is 

proportional to energy deposited 

measure the light with a fast and linear 

photodetector.



The Compact Muon Solenoid Detector for 

LHC

Total mass :        12,500t

Overall Diameter:  15.0m

Overall Length:      21.6m

Magnetic field:            4T

ECAL

http://cms-project-cmsinfo.web.cern.ch/cms-project-cmsinfo/Detector/index.html
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Photodetectors: barrel

Each crystal has two 5x5 

mm2 APD

Avalanche photodiodes (APD)
ÅOperated at a gain of 50

ÅActive area of 2 x25mm2/crystal

ÅQ.E. 80% for PbWO4 emission

ÅExcess noise factor is F =2.2

ÅInsensitive to shower leakage particles (deff 6

m)

ÅIrradiation causes bulk leakage current to 

increase Č electronic noise doubles after 10 yrs -

acceptable



Photodetectors: end caps

Vacuum Phototriodes (VPT)
B-field orientation in end caps favourable for VPTs

(Tube axes 8.5o < | | <25.5o with respect to field) 

Vacuum devices offer greater radiation hardness 

than Si diodes

ÅGain 8 -10 at B = 4T

ÅActive area of ~ 280mm2/crystal

ÅQ.E.~20% at 420nm

ÅInsensitive to shower leakage particles

ÅUV glass window - less expensive than óquartzô

- more radiation resistant than borosilicate glass  

ÅIrradiation causes darkening of window

Č Loss in response < 20% after 10 yrs -

acceptable

= 26.5 mm

MESH ANODE

Order placed with RIE (St Petersburg)

> 16000 devices (100%) delivered, 

tested and installed.


