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Optical Photons - Introduction

 Technically, should belong to electromagnetic 
category, but:
 optical photon wavelength is >> atomic spacing
 treated as waves -> no smooth transition between optical and 

gamma particle classes

 G4OpticalPhoton  <> G4Photon

 UI command
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particleGun->SetParticleDefinition(G4OpticalPhoton::OpticalPhotonDefinition());

/gps/particle opticalphoton
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Processes producing optical photons

 Optical photons are produced by:
 G4Cerenkov
 G4Scintillation
 G4TransitionRadiation

 Classes located in
 processes/electromagnetic/xrays

 Warning: these processes generate optical photons 
without energy conservation
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Optical Physics - Initialization

• since 9.3 a physics builder exists:
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  G4OpticalPhysics* opticalPhysics = new G4OpticalPhysics();

  // adjust some parameters for the optical physics

// wave lenght shifting
  opticalPhysics->SetWLSTimeProfile("delta");

  // scintillation
  opticalPhysics->SetScintillationYieldFactor(1.0);
  opticalPhysics->SetScintillationExcitationRatio(0.0);

// cerenkov
  opticalPhysics->SetMaxNumPhotonsPerStep(100);
  opticalPhysics->SetMaxBetaChangePerStep(10.0);

  // general
  opticalPhysics->SetTrackSecondariesFirst(true);
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Optical Photons - Interactions

 Optical photons undergo:
 Rayleigh scattering                                                                                      
 refraction and reflection at medium boundaries
 bulk absorption
 wavelength shifting

 Classes located in processes/optical

 Geant4 keeps track of polarization
 but not overall phase -> no interference!

 Optical properties can be specified in G4Material by user
 reflectivity, transmission efficiency, dielectric constants, surface 

properties
 Photon spectrum properties also defined in G4Material 

 scintillation yield, time structure (fast, slow components)

16165



Andreas Schälicke (DESY) - Geant4 Tutorial 2011

    Absorption and Rayleigh 
Scattering

 G4OpAbsorption
 uses photon attenuation length from material properties to get 

mean free path
 photon is simply killed after a selected path length

 G4OpRayleigh
 elastic scattering including polarization of initial and final 

photons
 builds it own private physics table (for mean free path) using 

G4MaterialTable
 may only be used for optical photons
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Optical Properties
• optical properties are stored in the 
G4MaterialPropertiesTable, Example:
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  // *** Material definition
  G4NistManager *man = G4NistManager::Instance();
  G4Material *LXe = man->FindOrBuildMaterial("G4_lXe");

  // *** Material properties tables
  const G4int nE = 3;
  G4double LXe_energy[nE]    = { 7.0*eV , 7.07*eV, 7.14*eV };

  G4double LXe_scint[nE] = { 0.1, 1.0, 0.1 };
  G4double LXe_rindex[nE]  = { 1.59 , 1.57, 1.54 };
  G4double LXe_abslength[nE]  = { 35.*cm, 35.*cm, 35.*cm}; 

  LXe_mt = new G4MaterialPropertiesTable();
  LXe->SetMaterialPropertiesTable(LXe_mt);

  LXe_mt->AddProperty("FASTCOMPONENT", LXe_energy, LXe_scint, nE);
  LXe_mt->AddProperty("SLOWCOMPONENT", LXe_energy, LXe_scint, nE);
  LXe_mt->AddProperty("RINDEX",        LXe_energy, LXe_rindex, nE);
  LXe_mt->AddProperty("ABSLENGTH",     LXe_energy, LXe_abslength, nE);
  LXe_mt->AddConstProperty("SCINTILLATIONYIELD",12000./MeV); 
  LXe_mt->AddConstProperty("RESOLUTIONSCALE",1.0);
  LXe_mt->AddConstProperty("FASTTIMECONSTANT",20.*ns);
  LXe_mt->AddConstProperty("SLOWTIMECONSTANT",45.*ns);
  LXe_mt->AddConstProperty("YIELDRATIO",1.0);
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Optical Photons - Interactions (2)

 Geant4 demands 
particle-like behavior for 
tracking:
 thus, no “splitting”
 event with both refraction 

and reflection must be 
simulated by at least two 
events

 q
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Exampe:  Wavelength Shifting

 Handled by G4OpWLS
 initial photon is killed, one 

with new wavelength is 
created

 builds it own physics table for 
mean free path                              

 User must supply:
 absorption length as function 

of photon energy
 emission spectra parameters 

as function of energy
 time delay between 

absorption and re-emission

 .
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• Provide parameter

• Time profile may be “delta” or “exponential”
–set using G4OpWLS::UseTimeGenerator

  G4MaterialPropertiesTable* fiberMPT = new G4MaterialPropertiesTable();

  const G4int ne = 4;

  G4double Fiber_energy[] = {2.00*eV,2.87*eV,2.90*eV,3.47*eV};

  G4double Fiber_rindex[ne]={ 1.60, 1.60, 1.60, 1.60};
  G4double Fiber_abslength[ne]={9.00*m, 9.00*m, 0.1*mm, 0.1*mm};
  G4double Fiber_emission[ne]={1.0, 1.0, 0.0, 0.0};

  fiberMPT->AddProperty("RINDEX",       Fiber_energy, Fiber_rindex,ne);
  fiberMPT->AddProperty("WLSABSLENGTH", Fiber_energy, Fiber_abslength,ne);
  fiberMPT->AddProperty("WLSCOMPONENT", Fiber_energy, Fiber_emission,ne);
  fiberMPT->AddConstProperty("WLSTIMECONSTANT", 0.5*ns);

Andreas Schälicke (DESY) - Geant4 Tutorial 2011

Exampe:  Wavelength Shifting
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             Boundary Interactions

 Handled by 
G4OpBoundaryProcess
 refraction or reflection
 absorbed/detected

 User must supply surface 
properties using 
G4OpticalSurfaceModel
(glisur, unified, LUT)

 G4SurfaceType
 dielectric-dielectric
 dielectric-metal
 dielectric-LUT

 G4OpticalSurfaceFinish
 polished
 ground
 front-, back-painted, ...
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http://www-geant4.kek.jp/Reference/current/G4OpticalSurface_8hh.html#688be3179a2bd3ab386e215d053280e4fa12970b0a80c493f58e4b7eab5cb1da
http://www-geant4.kek.jp/Reference/current/G4OpticalSurface_8hh.html#688be3179a2bd3ab386e215d053280e4fa12970b0a80c493f58e4b7eab5cb1da
http://www-geant4.kek.jp/Reference/current/G4OpticalSurface_8hh.html#688be3179a2bd3ab386e215d053280e42a419b68411ca2db600be8c06b4da350
http://www-geant4.kek.jp/Reference/current/G4OpticalSurface_8hh.html#688be3179a2bd3ab386e215d053280e42a419b68411ca2db600be8c06b4da350
http://www-geant4.kek.jp/Reference/current/G4OpticalSurface_8hh.html#688be3179a2bd3ab386e215d053280e45eeb9d3117a58301d8e9c8847a6cf3b8
http://www-geant4.kek.jp/Reference/current/G4OpticalSurface_8hh.html#688be3179a2bd3ab386e215d053280e45eeb9d3117a58301d8e9c8847a6cf3b8
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             Boundary Interactions

• G4OpticalSurface 
– defines propeties

• G4LogicalSkinSurface or G4LogicalBorderSurface
– defines boundary 
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  G4OpticalSurface* wrapper = new G4OpticalSurface("wrapper");
    

  new G4LogicalBorderSurface("wrapper", slab, expHall_phys, wrapper);
    

  wrapper->SetType(dielectric_metal);
  wrapper->SetFinish(polished);
  wrapper->SetModel(glisur);

  const G4int NUM = 2;
    

  G4double pp[NUM] = {2.0*eV, 3.5*eV};
  G4double reflectivity[NUM] = {1., 1.};
  G4double efficiency[NUM] = {0.0, 0.0};
  

  G4MaterialPropertiesTable* wrapperProperty = new G4MaterialPropertiesTable();

  wrapperProperty->AddProperty("REFLECTIVITY", pp, reflectivity, NUM);
  wrapperProperty->AddProperty("EFFICIENCY", pp, efficiency, NUM);
  

  wrapper->SetMaterialPropertiesTable(wrapperProperty);
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             Boundary Interactions

• G4OpticalSurface 
– defines propeties

• G4LogicalSkinSurface or G4LogicalBorderSurface
– defines boundary 
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  G4OpticalSurface* wrapper = new G4OpticalSurface("wrapper");
    

  new G4LogicalBorderSurface("wrapper", slab, expHall_phys, wrapper);
    

  wrapper->SetType(dielectric_metal);
  wrapper->SetFinish(polished);
  wrapper->SetModel(glisur);

  const G4int NUM = 2;
    

  G4double pp[NUM] = {2.0*eV, 3.5*eV};
  G4double reflectivity[NUM] = {1., 1.};
  G4double efficiency[NUM] = {0.0, 0.0};
  

  G4MaterialPropertiesTable* wrapperProperty = new G4MaterialPropertiesTable();

  wrapperProperty->AddProperty("REFLECTIVITY", pp, reflectivity, NUM);
  wrapperProperty->AddProperty("EFFICIENCY", pp, efficiency, NUM);
  

  wrapper->SetMaterialPropertiesTable(wrapperProperty);

The surface concept is not needed, if perfectly 
smooth surface exists between two dielectic 
materials, the only relevant property is the 
index of refraction of both media.



• available since 9.3
• based on 

–M. Janecek, W. Moses IEEE Trans.Nucl. Sci.55 (2008)

• many typical HEP “finish” provided:
 2 

incident angle. 

III. METHODS  

A. Instrument 

An instrument for measuring the angular distribution of 

reflectance has been designed and built [22]. Table I displays 

some important characteristics of the instrument and a 

mechanical drawing is displayed in Fig 2. 

A laser beam, which can be rotated from theta -90º to +90º, 

is aimed towards the center of a 50.8-mm diameter plate, 

which holds a reflector sample. The laser beam is reflected by 

the reflector and the reflected light distribution is measured by 

a movable semi-circular array of photodiodes. The array can 

(independently) be rotated from theta -90º to +90º and can 

thereby measure the angular distribution over the entire 2! 

solid angle.  

The laser is a 440-nm un-polarized TEM00 laser with 

<0.8 mm beam diameter and 1.0% power stability over 

48 hours. The array consists of 36 Hamamatsu [Japan] S8729 

PIN photodiodes. The 4 x 5 mm
2
 photodiodes are mounted in 

two rows, offset to each other by half the length of a 

photodiode, with each diode subtending 6.3º. All photodiodes 

are mounted at the same distance from the reflection spot and 

cover equal solid angles. The currents from the photodiodes 

are switched through a multiplexer to a digital multimeter, 

where the current is recorded. The current measurement has a 

dynamic range of 10
5
:1. A LabVIEW program controls the 

motion of the laser and photodiodes, the multiplexer switch, 

and the data collection. The mechanical set-up is placed inside 

of a light-tight box. 

 
Fig. 1.  Theoretical Lambertian angular distribution. The coordinate system is 

defined in Fig. 2.  

 

TABLE I 

INSTRUMENT CHARACTERISTICS 

 

 
Fig. 2.  Scale drawing of the instrument for measuring the light distribution. A 

laser, mounted on an arch, is aimed towards a center spot. The laser can, with 

a stepper motor, be rotated from theta = -90º to +90º. The photodiode array is 

mounted on a second arch, and can be rotated from theta = -90º to +90º with a 

second stepper motor. The theta and phi angles display the coordinates for the 

detectors, which are mounted on the detector arch. The entire set-up can fit 

inside of a 380 x 370 x 220 mm3 box (width x depth x height), with full 

rotational freedom for the laser.  

B. Methods 

Each reflector sample was examined for laser incidence 

angles from +2º to +82º in steps of 4º. For each laser incidence 

angle, the photodiode array was stepped from theta –90º to 

+90º with 4º steps. At each photodiode theta angle, all 36 

photodiodes were read out. Each photodiode measurement 

was averaged for 3 s. (The digital multimeter reads the current 

at discrete times, so 3 s acquisition time is equivalent to 10 

single consecutive measurements). The data was saved for 

each laser angle in separate text-files for post-processing.  

To eliminate the effect of the dark current and any stray 

light, a background subtraction was performed for all the 

acquired data. The background was measured in a separate 

acquisition with a black hole in the center of the set-up. The 

black hole was simply a hole through a black cloth with more 

black cloth covering the insides of the hole. 

We use a 4º (theta) x 5º (phi) angular grid to display our 

results. The photodiode centers are located 5º apart, while a 

photodiode covers 4º in the theta direction. Because of this, we 

chose the theta step size for the photodiode arch to be 4º, as 

previously mentioned at the beginning of this section. Our 

results, after each photodiode precise location was calculated 

for each current measurement, were rebinned to this 4º x 5º 

grid.  

Linear interpolation was thereafter performed for any un-

sampled areas. Un-sampled areas occur when the laser and the 

detector arch are at the same value of theta, as the detector 

arch blocks the incident laser beam. When this occurs, signals 

that vary rapidly with angle (e.g., specular reflection) cannot 

be accurately determined. However, slower varying functions 

(e.g., diffuse distributions) can still be estimated with linear 

interpolation. We have removed some material from the 

support arch for the photodiode array to minimize the range of 
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Look-Up-Tables (LUT)
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polishedlumirrorair,  polishedlumirrorglue, polishedair, polishedteflonair, 
polishedtioair, polishedtyvekair, polishedvm2000air, polishedvm2000glue, 
etchedlumirrorair, etchedlumirrorglue, etchedair, etchedteflonair, 
etchedtioair, etchedtyvekair, etchedvm2000air, etchedvm2000glue, 
groundlumirrorair, groundlumirrorglue, groundair, groundteflonair,   
groundtioair, groundtyvekair, groundvm2000air, groundvm2000glue  

 wrapper->SetType(dielectric_LUT); 
 wrapper->SetModel(LUT);
 //mechanically polished surface, with tyvek
 wrapper->SetFinish(polishedtyvekair); 
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Examples of user applications
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Zeppelin III, courtesy of H.Araujo (Imperial 
College London & UK Dark Matter 
Collaboration)

Borexino, courtesy of A. 
Etenko, I. Machulin - 
Kurchatov Institute

G.Santin, HARP Cerenkov, 
CERN
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Summary
 G4OpticalPhoton describles long-wavelength photons
 Optical processes handle 

– photon production by scintillation, Cerenkov and transition radiation, and
– reflection, refraction, absorption, wavelength shifting

 A simulation may start with a charged particle and end with optical photons,
all within the same event loop

 Documentation
 http://cern.ch/geant4  User support 
  Application Developers Guide  Optical photon processes
 http://cern.ch/geant4  User support 
  Physics reference manual  Optical photons

 Examples
– examples/novice/N06
– examples/extended/optical/LXe

 Forum
 http://cern.ch/geant4  User support 
   User forum  Processes Involving Optical Photons
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