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ABSTRACT  
Cyclotron at panjab university is a variable energy accelerator. It can accelerate protons, 
deutrons and alpha particles at 1-4 MeV/c, 4 MeV and 1-8 MeV respectively. Protons beam  of 
energy 2-4 MeV at Cyclotron Laboratory is suitable for proton induced X-ray(PIXE) study.  In 
this review paper we will discuss about the cyclotron accelerator and  the PIXE setup.  
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I. INTRODUCTION 

 
In 1929, the concept of cyclotron acceleration was given by E. O Lawrence. The  basic 

components of the cyclotron are RF electric and magnetic field, both the fields are 
perpendicular to each other. In this way same electrode can be used for the acceleration to the 
charged particle and the perpendicular magnetic field bends the charge particle between the 
same electrodes.  The principle of the cyclotron is that charged particles will undergo 
acceleration in a circular path inside two semicircular metallic electrodes, which are connected to 
RF ,  under the uniform magnetic field. At the centre of these two electrodes charged particles 
are produced with the help of ion source. These charged particles undergo acceleration between 
the gap of the two electrodes due to RF generator and follow circular path when entre inside the 
semicircular electrode. With this repetitions, the particles gains velocity and therefore the radius 
of the path and energy of particle increases.  With the help of deflector, these energetic charged 
particle beam can be extracted from the cyclotron for the further experimental purposes. First 
particle accelerator based on the concept of cyclotron was built by E.O Lawrence in 1930 and 
produced a  1.25 MeV protons beam.  

Received  : April 2022                                                                                    
Accepted  : May 2022 
Published : June 2022      



 

 

 
50 years of Variable Energy Cyclotron at Panjab University Chandigarh: A Review 

   
 

12 

 Emperor Journal of Education 

Cyclotron at Panjab University, Chandigarh: 
The cyclotron at panjab university was initially proposed and built at Department of 

Physics, Rochester University, Rochester, New York, USA and used by Prof. H W Fulbright  in 
1959. This variable energy cyclotron was gifted and adopted from Rochester University and its 
components were assembed at department of Physics, Panjab University, Chandigarh with the 
initiative of Prof. H.S Hans and Prof. I. M Govil. In 1974-75, the Physics Department 
Professors and Co-workers were able to extract the beam from this cyclotron with the help of  
Mr W B Powell of the University of Birmingham.  

The cyclotron at Panjab University has only single Dee instead two Dees. It has RF 
capacity from 10 to 20 Mhz and 14k gauss of magnetic field. With these ranges a variable energy 
of beams can be extracted from this accelerator. The total power consmpution of the whole 
cyclotron mechine using all its accessories is 110 kW . The main layout of the cyclotron lab at 
Panjab University is shown in the fig . 1 [1] .  

Figure: 1. Layout the cyclotron laboratory at Panjab University, Chandigarh 

Main Components: 
The general features of the cyclotron at panjab university has been expressed in ref[2]. 

The cyclotron consists of four coils (two coil on each side of the chamber) and each coil was 
operated at 100V and 100 A current. DC generator supplied the current to each current carrying 
coil. Using the NMR probe, magnetic field stability of the current carrying was 1 in 103. The 
field at cyclotron was as shown in the fig 2 [1] and therefore conclude that there was no shifting 
in the beam centre. For the purposes of PIXE analysis at this laboratory this stability was not 
enough. In this view M/S Danfysik, Denmark, Model 853 power supplied replaced the older 
one.  The stability of 10ppm with output power supply is 400A/125V is achieved.  
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Fig. 2 Main magnet field variation in the chamber  

RCA 5771 tube was used for the purpose of oscillator with power dissipation of 25 
kVA. Quarture of wavelength mode was implented in the oscillator for better performance of 
the machine. Vacuum tube rectifier was used to provide the power supply to the oscillator. This 
power supplied is replaced with Voltage Silicon Diodes Network(VSDN). With this 
advancement the dee voltage stability has been enhanced and therefore beam characteristics.  

The ion source is remote controlled and is a hooded arc ion source .  

The ion source can be moved in 3D spatial coordinate for the placement of plasma at 
desired position inside the machine.  DC power supply of 6.5 V and 300A is provided to the 
filament of the ion source. Electrostatic type of deflector is used with 70kV of DC power 
supply. Rotary pump are being used for the vaccum system for this machine and as well for the 
beam line.   

PIXE at Cyclotron Laboratory: 
Different laboratory all around the world related to PIXE have shown interest in the 

field of Environmental sciences, Archaeology, Biomedical  and Geology. In india we have 
different laboratory such as Institute of Physics, Orissa, Variable Energy Cyclotron at Panjab 
University, Chandigarh and  National Centre for Compositional Characterisation of Materials, 
Hyderabad.  

The PIXE chamber designs [4-8]  are different in different laboratory all around the 
world. The PIXE chamber at Panjab University cyclotron laboratory was fabricated by M/S 
New Poona Industries, Pune, India. The systematic view of this chamber [2] is shown in the fig. 
3. Stainless steel shell of thichness 4mm and 300 nm diameter and height of 300mm is being 
used at this facility. With this PIXE chamber semiconductor detector like Lithium induced 
Silicon Si(Li) and Germanium Ge(Li) , High Purity Germanium detector  and target holder 
wheel (which can mount 12/24 samples) can be mounted.  
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Figure: 3. Systematic view of PIXE Chmaber at Panjab University Chandigarh 

The calibration of PIXE setup generally done using 3 MeV protons beam at cyclotron 
laboratory facility. The concentration can be evaluated using the following expression . Where 

is the thickness density per unit area and the remaining symbals have usable  meanings. 

   

Using PIXE setup at Panjab University, Chandigarh different samples of Aerosole, 
water ,  soil , kindney stone etc were analyzised and publised in reputed journals. The figure 4 
show  the PIXE spectra of aerosole [3] taken from industrial town Gobindgarh, Punjab, India 
and analyzised at Panjab University PIXE setup using Cyclotron protons beam.  

 

 

 

 

 

 

 

 

Fig: 4. PIXE spectra from aerosole sample. 
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It is great oportiunity for us that a PIXE setup is availabe at Panjab University, 
Chandigarh and different sample can be analysed using this facility in near future.  
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