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Abstract 
A new low energy ion beam facility (LEIBF) is being 
developed for providing the mass analyzed highly 
charged intense ion beams of energy ranging from a few 
tens of keV to a few MeV for atomic, molecular and 
materials sciences research. The new facility will 
consist of an all permanent magnet 10GHz Electron 
Cyclotron Resonance (ECR) ion source (Nanogan) 
installed on a high voltage platform (400kV) which 
provides large currents of multiply charged ion beams. 
Higher currents and emittance at low energy of ion 
beam put a tremendous challenge to the beam optical 
design of this facility. The beam line consists of mainly 
the electrostatic quadrupoles, an accelerating section, 
switching magnet and suitable beam diagnostics 
including vacuum components. The accelerated ion 
beam is analyzed as well as guided to three different 
lines along 75o, 90o and 105o using a large acceptance 
switching magnet. It will be possible to perform both 
implantation and irradiation of target samples with 
multiply charged intense ion beams. The details of 
transverse beam optics to all the beam lines using 
realistic case of Argon ion beam including space charge 
effects with TRANSPORT, GICOSY and TRACK 
beam optics codes are described. 

TRANSVERSE BEAM OPTICS  
The ion beam parameters are given in Table-1. The ion 
beam extracted from ECR ion source [1] have all possible 
charge states distribution which collectively get 
accelerated using an electrostatic column up to 400kV 
and focussed to the object point of large acceptance 
switching magnet [2,3] using an electrostatic quadrupole 
triplet [4]. The different charges states are focussed in a 
short zone before the switching magnet as shown in fig. 3. 
The particular charge and mass are then selected and 
switched to any of three beam lines at 75o, 90o and 105o. 
The beam optics [5,6,7] is extensively studied with space 
charge effects, different acceleration schemes and 
emittance etc. by TRANSPORT code [8]. It has been 
observed the double focusing distance of switching 
magnet increases with decreasing bending angle and is 
maximum for 75o beam line due to less bending.  So the 
beam is focussed to target chamber with the help of an 
electrostatic quadrupole triplet collectively for 75o beam 
line. The beam optics of switching magnet along different 
lines is shown in Fig. 1 using the TRANSPORT code. 
The ion optics is also studied for different charge states of 
Ar [10] beam and is collectively simulated using code 
TRANSPORT as shown in Fig. 3 for a constant extraction 
and accelerating potential and current. The beam optics of 

whole facility is also simulated using the code GICOSY 
[9] and is shown in Fig. 2. The layout of LEIBF as per 
optics design is shown in Fig. 4.  

 

Table 1: Beam Parameters 
Emittance (εx and εy) 100 π mm-mrad  

Initial Energy (E) 30 keV/q 

Max. ME/q2 along 75o, 90o and 
105o lines (MeV.amu) 

44.44, 30.09, 22.96 

 

Switching Magnet 

BMAX = 1.55T @ 240 A 

Bending angles 
                   =  75o,  90o , 105o 
Bending Radii (mm) 

            = 641.75,  529.1,  460   

Edge angles at the entrance 
and exit (deg.)                        
= 29.05, 15.95, 30.66, 43.09     

Pole Gap  = 65 mm 

 

Figure 1: Beam optics of switching magnet using the 
TRANSPORT code 

 

Figure 2: Beam optics of LEIBF using the GICOSY code   



 
Figure 3: Transverse beam optics of Ar ion beam in different charge states with constant extraction and acceleration 
potential in full LEIBF using TRANSPORT code  

 

 
Figure 4: Layout of LEIBF (All dimensions are in meters) 

CONCLUSION  
The extensive ion optics calculation has helped for 

proper planning and commissioning of different beam 
lines of the LEIBF in terms of placement of beam optical 
components, diagnostic devices and vacuum pumps. All 
the components are installed accordingly with accurate  

 
positioning and alignments for proper beam tuning in  

whole facility. 
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ECRIS:  Electron Cyclotron 
               Resonance Ion Source 
AS:        Accelerating Section 
SW:       Switching Magnet 
EQD:     Electrostatic Quadrupole 
              Doublet 
EQT:     Electrostatic Quadrupole 
              Triplet 
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