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BEAM DIAGNOSTICS AND 
RADIATION DETECTION SYSTEM 

1. Introduction 
Particle accelerators are the main tool in 

high-energy physics. In addition, a large 
number of synchrotron radiation sources and 
free electron lasers are operating and under 
construction in the world. Particle accelerators 
are also used in industry and for medical 
purposes. Very high requirements are imposed 
on the quality of beams in modern accelerators; 
therefore, the efficient operation of accelerator 
facilities is practically inconceivable without 
accurate and reliable systems for beam 
diagnostics, which provide the possibility of 
regular tuning of the accelerator parameters 
based on the measurement results [1-7]. 

Efforts to achieve the beam with small sizes 
are ongoing. Collider luminosity is directly 
dependent on cross beam size at the interaction 
point, therefore, measuring and controlling a 
small beam size (<< 1 um) is critical to collider 
experiments. Free electron lasers (FELs) also 
require a high brightness beam. In the 
plasma-based accelerator, the beam size should 
be in the range less than millimeters [8-14]. A 
compact electron accelerator whose structure is 
a femtosecond laser pulse (dielectric laser 
accelerator), excited dielectric microstructure 
requires a sub-um beam size measurements. 
Therefore, measuring a beam with a 
micrometer size is an important task in 
accelerator physics [15-20]. 

The beam diagnostics can be considered in a 
transverse (spatial) and longitudinal 
(temporal) directions. The methods and 
associated apparatus for these diagnostics are 
sometimes similar but have certain differences 
for particular cases [21-40]. Here we will 
consider the most common transverse and 

longitudinal diagnostics methods. For more 
details, readers advised to follow references at 
the bottom of the article. 

 
2. Transverse beam diagnostics 
 
2.1 Luminescent screens 
The simplest and most accessible means of 

visual observation of a particle beam is a 
luminescent screen (phosphor screen) placed in 
the path of the beam [41-43]. A phosphor screen 
is a plate (usually aluminum) with a layer of 
phosphor deposited on it - a substance that 
emits photons of visible light when beam 
particles hit it. Interacting with the phosphor 
substance, the beam particles lose part of their 
energy for ionization, and, in turn a part of the 
ionization losses is converted into optical 
radiation. The radiation process takes place in 
three stages: 1) absorption of the energy of the 
beam particles by the atoms of the substance; 
2) transfer of a part of the absorbed energy to 
the luminescence centers with their excitation 
to the emitting state; 3) return of luminescence 
centers to the ground state with emission of 
photons. The mechanisms of luminescence at 
the molecular level in different luminophores 
are different. 

 
Fig. 1. Typical screen monitor vacuum chamber 

and a screen holder. 




