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Synchrotron Light Interferometer at location 1C12





In high dispersion areas

(such as you see in the picture)

D2(δE/E)2
>> βε

and the beam energy spread:

δE/E = σbeam/D

σ2
beam = βε + D2(δE/E)2



Beam emittance. 

• Observe all the particles and measure both their position x 
and angle x’
• We get a large number of points on our phase space plot, 
each corresponding to a pair of x,x’ values for each particle 

The emittance is the area of the ellipse, which contains all 
(or certain percentage) of the points or particles
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Measurement of the Transverse Beam Emittance

Method: quadrupole scan

With then

The  (11)-element of the beam transfer matrix is found after algebra to be:

which is quadratic in the field strength, K

Principle: with a well-centered

beam, measure the beam size

as a function of the quadrupole

field strength

Here 

Q is the transfer matrix of the quadrupole

R is the transfer matrix between the quadrupole

and the beam size detector

with

o



Measurement: measure beam size versus quadrupole field strength

recall:

data:

fitting function (parabolic):

equating terms (drop subscripts ‘o’),

solving for the beam matrix elements:

o



The emittance is given from the determinant of the beam matrix:

With these 3 fit parameters (A,B, and C), the 3 Twiss parameters are also known:

as a useful check, the beam-ellipse parameters should satisfy (βxγx-1)=α2
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A typical wire scanner (WS) at Jefferson Lab
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Beam Emittance Measurement Tool
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Beam Emittance 
Measurement  Tool

GSL QwtQt





Beam Emittance 
Measurement  Tool

GSL

CAMAC

Library

QwtQt

Common Device

Control Library

















GSL library is called to 

perform all mathematical 

calculations

QWT library provides all 

data presentation graphics







- The new Beam Emittance Measurement Tool significantly simplifies

beam emittance measurement procedures for accelerator operations

and contributes to a very high availability of the CEBAF machine for

nuclear physics program at Jefferson Lab 

- Tool software is computer platform independent but is mostly used

on LINUX PCs recently installed in the accelerator control room

Summary






