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Introduction 

❖  Diagnostics is the “organ of sense” of an accelerator

❖  Instrumentation for daily check

❖  profile measurements, charge, beam position, …

❖  Instrumentation for commissioning and accelerator 
development

❖  emittance and bunch length measurements (and 
more and more)
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Motivation 
❖  Particle beam properties in the transverse phase space are characterized by the 

transverse beam emittance

❖  Key parameter both for light sources (spectral brilliance) and colliders (luminosity)

Measure for phase space density of photon flux Measure for the collider performance

connection to machine parametersconnection to machine parameters

[A/(m*mrad)2]



enrica.chiadroni@lnf.infn.it, vladimir.shpakov@lnf.infn.it

Transverse Emittance 

❖  The transverse emittance is the projected phase space area
❖  Liouville’s theorem: transverse emittance is conserved in linear beam optics and 

under linear forces
❖  any particle moves on an ellipse in phase space (x,x’)

❖  ellipse rotates in magnets and shears along drifts, but area is preserved

❖  Propagation along the accelerator implies the knowledge of the magnet structure 
=> beam optics
❖  Transformation from initial (i) and final (f) location

Single particle transformation Transformation of optical functions



enrica.chiadroni@lnf.infn.it, vladimir.shpakov@lnf.infn.it

Transverse Emittance 

{
R

Single particle transformation

❖  Propagation along the accelerator implies the knowledge of the magnet structure 
=> beam optics
❖  Transformation from initial (i) and final (f) location
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Transverse Emittance Ellipse 
❖  The transverse emittance is described either in the form of an ellipse equation via 

the Courant-Snyder or Twiss parameters as

❖  or as statistical definition

❖  characterization of beam charge distribution by its 2nd statistical moments

rms size rms divergence correlation
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Emittance and Beam Matrix 

❖  The emittance itself is not directly measured 

❖  The measurable quantities are the projections onto both axes, i.e. beam profile or beam divergence

❖  Beam matrix based schemes, e.g. Twiss parameters or mapping of the phase space

❖  exploit the transfer properties of the beam matrix

Let assume uncoupled motion: 2D sub-space

Beam matrix
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Beam Matrix based 
Measurements 

The observable is the rms beam size

and must be inferred from beam profiles taken under various transport conditions,

The emittance is determined by measurement of 3 matrix elements.

Since Σ(s) → determination of Σ required at same location.

therefore the knowledge of transport matrix R is required

Beam size measurements for at least 3 different matrix elements are required in 
order to solve for the 3 independent unknown parameters:     ,    and

measurement: 
profiles

known: 
transport optics

deduced: beam matrix 
elements at 

initial location
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Beam Matrix based 
Measurements 
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Emittance measurement at the waist point 

For the thin lens approximation we can evaluate the
 emittance by only two points

In focal plane (L=f):

0 0
At the same time this point is the waist of the beam:

After that You already know two out of three coefficients, thus to find thir
d we can simply use one more point (basically any point):
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Transport matrix 

Emittance of the perfect
 Gaussian laser beam



– Aristotele

“Ciò che dobbiamo imparare a fare, lo impariamo 
facendolo.” 
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Final goal of the experience 

❖  Measurement of the emittance of the laser beam

❖  transverse beam size

❖  definition of the imaging system

❖  CCD+objective

❖  calibration of the CCD

❖  magnification

❖  resolution (USAF target)

❖  Depth of Field

❖  region of confusion (Siemens target)
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Experimental Setup 

Laser

Movable lens

screen

CCD + objective

Test setup
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Experimental setup 

Item LDM635

CCD camera Basler scout 
scA640-74gm 

resolution 659×494 px

pixel size 9.9×9.9 μm

Size of the matrix 6.5×4.9 mm 

❖  In the same position of the screen characterize:
❖  calibration

❖  dot grid target (spacing: 0.5 mm)
❖  resolution

❖  USAF 1951-target 
❖  focusing

❖  Siemens star (n = 314, l=d/100)

Item LDM635

Wavelength, Typical 531.9 nm

Wavelength, Min/Max 625 - 645 nm

Beam Diameter 3.5 mm

Power 4.5 mW
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Dot grid target 
∆x = 52.35 pix <=> 1000 µm

∆x = 52.35 pix <=> 1000 µm

∆x = 52.35 pix <=> 1000 µm

19.1 µm/pix

19.69 µm/pix

19.43 µm/pix
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USAF 1951-target 
The  targets  consist  of  “groups”  of  6 
“elements” each.  The group numbers 
at  the  top  of  the  group,  the  element 
numbers are located at the sides of the 
groups.
Each  element  consists  of  three 
horizontal and three vertical bars.

Group “-1” with the 
elements “1-6”

Group 1: 
element 5 is 

still resolved; 
element 6 can’t 

be resolved 
(the bars blur)

The size of the square:

S=2.5/value from the table 
[mm] 



enrica.chiadroni@lnf.infn.it, vladimir.shpakov@lnf.infn.it

USAF 1951-target 
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Siemens star 
❖  It consists of alternating black and white thin "pie shaped" segments: moving 

towards the center of the star, the lines get closer and closer together. 
❖  The higher the resolution of the system generating the star pattern, the closer 

to the center of the star they will appear to merge.

circle of confusion
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CCD readout 

Set camera acquisition 
parameters, e.g. gain
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ImageJ Introduction 
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ImageJ Introduction 

- =
Signal       -       Background
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