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Detection Techniques & Lasers: talk overview

ÅOptical Detection Techniques

ïScintillators & Scheimpflug

ÅCameras

ïCCD and CMOS; noise and uniformity

ÅPhotodetectors

ïSi, InGaAs, Schottky

ïAPDs, PMTs, SiPMs

ÅLasers: principles and parameters

ïCavity modes & linewidth

ïQ-switched / mode-locking

Outline
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Thanks to all BI colleagues especially
 Beata Walasek-Höhne (BI CAS 18) & 

Enrico Bravin (Scintillators 19)
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How can we use light to measure particles?
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1. Directly measure
Synchrotron Radiation 

from the beam

2. Beam interacts with 
primary laser generated 

photons

3. Beam interacts with 
target (e.g. scintillator) to 

produce secondary 
photons

4. Beam-field induces 
optical radiation in 

adjacent target

5. Electro-optic conversion 
of the beam signal

Last lecture we considered five categories of optical beam instrumentation
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1. Directly measure
Synchrotron Radiation 

from the beam

2. Beam interacts with 
primary laser generated 

photons

3. Beam interacts with 
target (e.g. scintillator) to 

produce secondary 
photons

4. Beam-field induces 
optical radiation in 

adjacent target

5. Electro-optic conversion 
of the beam signal

Typical detection technologies:

Viewing optic
+ camera

camera
or photodiode

(e.g. Schottky diodes)

Laser
+

camera /
ultrafast 
detector

Laser
+ photodetector
(2D sensor for 

emittance)

Extraction optics
+ camera
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E.g. What are the challenges when imaging a beam?

ÅPrecise measurements of the size, profile and position of a particle beam striking a 
scintillator screen requires a carefully designed optical system to transfer scintillation 
light to the camera, so the true particle distribution can be reconstructed.

ÅAim to capture a clean, sharply focused image of the scintillation plane, free of 
distortion, optical aberrations, non-linearity, or optical backgrounds (OTR).

Particle 
distribution

Interaction in 
scintillator 

screen; 
isotropic 
emission

Raw image 
acquisition 
on camera

Optical transfer

Reconstructed 
particle 

distribution

Light 
propagation via 
optical system

Image capture and post processingInteraction and scintillation

?

Chromatic 
aberrations

Field-of-view at camera
Resolution / pixel size
Non-linearityDiffraction 

effects

Refraction at 
scintillator boundary

Geometric distortion,
focus, depth-of-field

Challenges:
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Fig. 1. Scheme of intercepting scintillating screen setup.

Fig. 2. Original image from a CCD camera and the projections of the beam

spot in horizontal and vertical axis.

The performance and safe operation of particle accelerators

isclosely connected to thematching of thetransversebeam dis-

tribution (seeFig. 2). For this reason, many investigationshave

been done over the years to precisely monitor the particle dis-

tribution along accelerator chains with scintillating screens.

Reviewing common applications[1], among themost impor-

tant properties of good scintillators are:

Åsufficient efficiency in energy conversion into light;

Å large dynamic range and good linearity between incident

particle flux and light output;

Åemission spectra matched to the spectral response of the

photon detector (e.g., standard CCD camera);

Åno absorption of emitted light inside the bulk material to

prevent artificial broadening by stray light;

Åshort decay time for observations of time dependent beam

size variations and reduction of saturation effects;

Ågood mechanical and thermal stability;

Åhigh radiation hardness to prevent material damages.

The most widely used materials for manufacturing of scintil-

lating screens in beam diagnostics are the following:

TABLE I

SIMPLIFIED OVERVIEW OF SCINTILLATOR USAGE IN BEAM

DIAGNOSTICS AND HIGH ENERGY PHYSICS

ÅCrystals, e.g., YAG:Ce , BGO

, LYSO or CWO

. Scintillatorsmadeof singlecrystalshavebeen

proposed for beam diagnostics a long time ago. However,

their usage is limited by the demand of screens in big

sizes. Crystalsgivegood light yield, but show degradation

effects under high current beam irradiations.

ÅPowder crystals, e.g., P43 , P46

or P47 . These

screens are manufactured by deposition of luminescence

powder on a glass or metal base. They can be designed in

flexible sizes and shapes, but easily damaged due to me-

chanical stress. The sensitivity of such phosphors is high

and they are characterized by good linearity. The emitted

light is reflected many times in thematerial before theexit

from the grain of the powder. This leads to scintillation of

the whole grain, whereas the resolution is limited by the

average grain size.

ÅCeramics, e.g., , , , ,

ruby ceramics , AlN or BN. Ceramicsscreens

are usually made by sintering of powder. These materials

havemoderate light yield, but their radiation hardnessand

thermo-mechanical properties are better.

II. SCREENS AT HADRON ACCELERATORS

The response of scintillating materials depends on beam pa-

rameters such as energy, intensity, ion species and time struc-

ture. Therefore, scintillating materials have to be tailored with

respect to specific application demands required at accelerator

facilities. Due to the direct beam interaction, many investiga-

tions described in this paper were performed for particle fluxes

much higher than for typical scintillator applications in med-

ical imaging or high energy physics. Table I gives a simplified

overview of scintillator usage in beam diagnostics at ion and

electron accelerators, and typical high-energy physics applica-

tions, e.g., PANDA detector at FAIR.

Scintillatorscan reveal complex beam structures(seeFig. 3),

but at low kinetic energies, thedeposition of energy and charge

in the intercepting material leads to heating problems and elec-

trical charging. To ensure that the materials used in hadron ac-

celerator facilities will survive the ion bombardment, several

scintillating materials were evaluated and tested.

Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025
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Common scintillator layouts

6

PRSTAB 18 082802 (2015) 

Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025
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Scintillator

Depth of field

Å In the typical setup, the camera-lens must focus on a scintillator 
plane surface that is at an oblique angleΧ

ÅThis works for very small electron beams of only 10 mm or so, 
when the distribution is well within the depth-of-field of the lens.

ÅHowever, for larger beams only part of the scintillator plane will 
be in focus:

Scintillator

Depth of field:
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DOF:

camera
Focal 
Plane

ÅWhat we really need is this:

Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025
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5ŜǇǘƘ ƻŦ ŦƛŜƭŘΥ ǘƘŜ ǾƛŜǿ ŎŀƳŜǊŀ

ÅFortunately, this is a solved 
problem in photography and is 
ǘƘŜ ōŀǎƛǎ ƻŦ ǘƘŜ άǾƛŜǿ ŎŀƳŜǊŀέ

How to focus on all the Wawel wall of Krakow?
http://upload.wikimedia.org/wikipedia/commons/thumb/3/38/DOF-ShallowDepthofField.jpg/300px-DOF-ShallowDepthofField.jpg

ÅView cameras can move 
the lens in x & y tilt, and z 
translation; and are still 
made today:

Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025

http://en.wikipedia.org/wiki/File:DOF-ShallowDepthofField.jpg
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The Schiempflug Principle

Å /ŀǇǘŀƛƴ ¢ƘŜƻŘƻǊ {ŎƘŜƛƳǇŦƭǳƎ ǿŀǎ ŀƴ !ǳǎǘǊƛŀƴ !ǊƳȅ ϧ bŀǾŜƭ ƻŦŦƛŎŜǊ ǿƘƻ 
ǳǎŜŘ ŀŜǊƛŀƭ ǇƘƻǘƻƎǊŀǇƘȅ ǘƻ ƳŀƪŜ ŀŎŎǳǊŀǘŜ ƳŀǇǎ ǿƛǘƘ ǳƴŘƛǎǘƻǊǘŜŘ ƛƳŀƎŜǎ 
ŦǊƻƳ ōŀƭƭƻƻƴπǎǳǎǇŜƴŘŜŘ ŎŀƳŜǊŀǎ όƴƻǘ ǇƻƛƴǘƛƴƎ ǎǘǊŀƛƎƘǘ ŘƻǿƴύΦ

Å Iƛǎ ǇǊƛƴŎƛǇƭŜ ǎǘŀǘŜǎ ǘƘŀǘ ƛŦ ǎǳōƧŜŎǘ ǇƭŀƴŜΣ ƭŜƴǎ ǇƭŀƴŜ ŀƴŘ ƛƳŀƎŜ ǇƭŀƴŜ 
ƛƴǘŜǊǎŜŎǘ ƛƴ ŀ ǎƛƴƎƭŜ ƭƛƴŜ ŀǎ ǎƘƻǿƴΣ ǘƘŜƴ ǘƘŜ ǎǳōƧŜŎǘ ǇƭŀƴŜ ƛǎ ŎƻƳǇƭŜǘŜƭȅ ƛƴ 
ǎƘŀǊǇ ŦƻŎǳǎΦ
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78 Merklinger:  FOCUSING THE VIEW CAMERA

X

Y

Z

A B

b

a

http:// www.trenholm.org/hmmerk/download.html
https:// en.wikipedia.org/wiki/ Scheimpflug_principle

Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025
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Depth of field: the view camera

Photo by J-E Nyström, Helsinki, Finland

Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025
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Scheimpflug layout for BI

f
Front focal plane

Camera

Lens

Viewport

Scintillator screen

Particle 

beam

Scheimpflug  

line of 

intersection

Lens plane

Hinge 

line

Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025

Zemax model
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Example of Scheimpflug beam diagnostic (for OTR)

12

V. Scarpine, Proc of PAC 2005

Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025
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A modern Scheimpflug mount

13Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025

Å MCSM1-01X: an adjustable macro lens compatible with 
any C-mount camera

Å Enables the image focus to be retained across any tilted 
object plane
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Scale for calibration of magnification and distortion

Å Illuminated target screen with graticule

14

Screen mechanism

Å
Screen with graticule

U. Raich  CAS Frascati 2008

Beam Diagnostics

44

Screen m
echanism

Å
Screen with graticule

U. Raich  CAS Frascati 2008

Beam
 Diagnostics

44 U Raich, CAS Frascati 
2008 Beam Diagnostics

Å Image distortion can be calibration by adding a known network of lines or dots on the target: 
e.g. keystoned (trapezoid) image may be post-processed to compensate for distortion

Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025
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Distortion mitigation: telecentric lens

15

Å Unlike a standard lens, the magnification of a telecentric lens does 
not change with the object distance.

Å Such lenses are often useful in machine vision applications:

Å When measuring dimensions, a telecentric lens will yield the same 
measurement regardless of changes in object distance or position. 

Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025
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Bi-telecentric lens with Scheimpflug adjustment

16

Å In a bi-telecentric lens, the principal rays are parallel to the 
optical axis at the object and the image.

Å Thus the magnification in independent of the object or 
image distance.

Å Can combine this lens with Schiempflug adjustment:

Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025
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Beam imaging at CERN
Over 200 BTV (beam television) stations at CERN:

Å In vacuo moveable screen, typically chromox or Ti

Å Illuminator + optical density filter wheel

ÅCamera*
ï80 stations use VIDICON: analogue video tube cameras

ï20 stations use CIDs (ThermoFisher)

ï100 stations use CCDs ( CCTV) 

Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025

* E. Bravin, Scintillation 
workshop, ARIES, Krakow 2019

Typical BTV station

e.g. first turn of LHC:
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Beam imaging at CERN

Stephen Gibson ς Optical Detection Techniques & Lasers ς BI CAS, 22 Nov. 2025

e.g. first turn of LHC:


