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      High intensity high current proton accelerators are finding increasing use of H negative ion 
sources due to its unique advantages in dealing with the space charge problem at the time of 
injection in the rapid cycling proton synchrotron. The multi-cusp magnetic field configuration 
has been found most suitable technique for plasma confinement and invariably used for 
generation of H- ions through volume production. This arrangement has the capability to 
generate uniform and dense plasma, which can produce high negative ion current density in the 
presence of appropriate filter magnetic field. Two most important parameters of multi-pole 
configuration are the cusp field strength and the central field free region (Usually taken as |B| < 
10 Gauss) as they determine the leak width and the uniform density plasma volume in the ion 
source.  
 
      The field intensity calculated by Liberman [1] in the approximation, showed that the 
magnetic field decay exponentially inside the plasma chamber, similarly it has been mentioned 
that in picket fence of multi-polar arrangement using permanent magnets around the cylindrical 
geometry by Koch et al. [2], the field decays exponentially inside the chamber. N.Tomozeiu and 
W.I. Milne [3] used an exponentially decaying functional fit to predict the behavior of magnetic 
field in multi-pole arrangement and interpret their experimental results by applying appropriate 
correcting factors to get the proper fit. However, in the present analytical study using the vector 
potential and Fourier decomposition method, we have determined that the magnetic field 
intensity varies as power law rather than exponential decay as the best approximation in such 
geometry. In order to verify above predictions, accurate magnetic field measurement of cusp 
magnetic field is being carried out using the Hall-probe method. It has been observed that the 
power law predicts the field free region more accurately. At the same time in some situations, 
the exponential decay predicts spurious results. The results of analytical calculations, magnetic 
filed measurements for multi-cusp field and other important aspects of magnetic cusp geometry 
shall be presented. 
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