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What is a Spectrometer?

A Spectrometer is a device that separates the components of 
a beam according to their energy.  The function of 
spectrometers is the same for both photons and charged 
particles.  The physics, however, is a little different.

K++= 2λλ
BAn

[ ] [ ]
[ ]TB

MeVEmR
8.299

=



What do we need spectrometers for?
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Energy Measurement
Spectrometers are ubiquitous instruments 
that allow us to measure beam energy and 
energy spread. 

This is critical for producing useful beams 
and for proving that our advanced 
accelerators actually work.

Advanced Uses
If beam energy can be correlated to 
other quantities, spectrometers can 
measure much more than just energy.

The Transition trapping experiment will 
use energy to discriminate between the 
drive beam and captured beam

Deflecting cavities correlate energy 
with longitudinal position, allowing 
spectrometers to measure a beams 
temporal structure.



Spectrometers in 
Real Life



Spectrometer Design Factors:

Energy Range Magnetics            Optics  

Energy Resolution             Mechanics Particle Detection

Spectrometer Pole Face Design

Vertical Focusing 
Entrance Edge

Broad Spectrum 
Exit Edge

General Design Parameters:

Gap:  2 cm

Max Field:  1600 Gauss

Radii of Curvature:  10cm - 58cm

Energy Range of Spectrometer 
at Field =

1550 Gauss:  4.7 – 27 MeV

180 Gauss:  740 KeV – 3.17 MeV  
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Sorting momentum effects from optical ones

All real beams have a finite emittance or phase space area and therefore 
(in the absence of focusing) grow in size as they propagate.
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Consequently, we want the observation point of the 
spectrometer to be an optical focus, so that the 
dispersion of the beam is due solely to momentum.  

Achieving this will require a little linear 
algebra.  The focusing properties of a 
system can be represented by a matrix:
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For a Typical Spectrometer:
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Why bends focus

For the New Plasma Experiment 
Spectrometer we Choose:



The Point-to-Point Condition:

Satisfying the point-to-point condition insures that angular spread of 
the beam will not impact the beam size at the spectrometer 
observation point.  Mathematically this takes the form:  
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To Satisfy this our spectrometer 
must obey the relation:

With



Particle Detection
With high energy beams we can just put a foil at the exit edge of the 
spectrometer and place a phosphor or other detector where ever the 
point-to-point condition dictates.

Low energy beams, however, will not make it though foils and the
atmosphere so detection must be done in vacuum.
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Please note that the equation 
describing the point-to-point condition,
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Is not linear.   Making a vacuum vessel 
with this figure is next to impossible, 
so, like all good physicists, we 
linearize:
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Is Linearizing Good Enough?

To find out I computed the size of the expected beams at the spectrometer 
observation point due to both the momentum dispersion and the optical error 
and compared the two.

The max error is less 
than 1% so this design 
should work, but will 
it hold vacuum . . . 


