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Particle accelerators, fundamental tools in physics, are presently becoming part of 

everyday life, being extensively used in industry, medicine and, in the future, also for energy 

production and nuclear waste transmutation. Accelerator technology is very important not 

only for the progress of science but also because it often finds unforeseen application a long 

time after its development. Different particle types, different energy range and different 

applications require different kinds of accelerators. Electrostatic accelerators provide DC 

beams but are limited in energy to about 20 MeV per charge unit; for higher energies, rf 

accelerators are required. In circular accelerators, like synchrotrons, the beam is passing many 

times through the same rf accelerating structures in order to acquire the requested energy; the 

limits come from synchrotron radiation and magnetic field intensity that force the construction 

of very large rings. Cyclotrons are cheap machines suitable for intermediate energy cw beams 

(up to hundreds of MeV); they are limited in current and in energy by extraction problems and 

by dipole magnet size. Linear accelerators, where the beam goes only once through rf 

accelerating structures, can provide cw beams from very low to very high energy (they are not 

limited by synchrotron radiation), and they can allow for the highest beam current, up to 

hundreds of mA (figure 1). The next frontier in energy, after the construction of the LHC 

synchrotron at CERN, will be probably reached by a superconducting linac. 

The technology of accelerating structures also changes with energy, current and particle 

type. While electrons travel since the very beginning near the speed of light in accelerators, 

requiring essentially only one type of resonator, hadrons become relativistic after reaching the 

GeV range; to reach this energy, a large number of different resonators types are required, 

Figure 1. Superconducting 
resonator for β=0.61 protons, 
and cryomodule scheme (SNS, 
Oak Ridge). 
 



with a somehow specialized technology (figure 2). Resonators must produce the highest 

accelerating field with the lowest possible power dissipation. The technology, in this case, has 

made a breakthrough since the application of rf superconductivity. Even if the surface 

resistance of superconductors is not zero in the presence of rf electromagnetic fields, rf power 

consumption of superconducting cavities is by many orders of magnitude lower compared to 

normal conducting ones; this is only partially counterbalanced by the power required to 

maintain liquid Helium temperature. Superconductivity is almost mandatory in low current ion 

linacs, where the power delivered to the beam is negligible in comparison to the one dissipated 

in the resonators walls. This is the case for the large radioactive ion beam facilities proposed 

in USA (RIA) and Europe (EURISOL). Also in high intensity linacs, however, SC resonators 

are the best choice for CW operation, since normal conducting cavities cannot be operated at 

high gradient due to cooling problems. Even in large pulsed machines, like the Spallation 

Neutron Source under construction at Oak Ridge, the use of the superconducting technology is 

suggested by cost and reliability reasons. 

A special category of accelerators, which is living a time of important development, is 

the one of the high intensity (in the mA range and above) proton linacs. Special issues of such 

machines are the presence of high beam power, space-charge dominated non relativistic beams 

with “halo”, accelerating structures for nearly every beam velocity. A large variety of possible 

applications (nuclear waste transmutation, spallation neutron production, energy amplifier, 

radioactive ion production, neutrino factories, etc.) prompted many studies and proposals of 

new machines with final energy ranging typically from a few tens of MeV to about 1 GeV; 

high power requirements and reliability issues introduced new kinds of problems in linac and 

Figure 2. Different kinds of superconducting cavities the low- and intermediate-

energy beam acceleration (LNL, ANL, …). 



resonators design. Typical requirements are low beam losses (anyhow <1W/m to avoid excess 

of activation), high reliability and, in some cases (sub-critical nuclear reactors powered by 

particle beams), absence of beam interruptions longer than 0.3 s. Although cyclotrons could 

reach the performance up to about 1 mA, only linacs are presently competitive at higher 

current.  

The consolidated scheme of such kind of accelerators includes a normal conducting 

(NC) injector and an RFQ (β≤0.1), a low- and intermediate-energy section (∼0.1≤β≤0.5) 

containing the normal to superconducting transition, and a superconducting (SC) high energy 

section (figure 3). Efficiency, gradient and aperture are larger in SC cavities than in NC ones, 

and they allow a more flexible and modular design. A variety of superconducting cavity types 

cover the many different proposed applications. The trend is to extend the superconducting 

sections as low as possible in energy, taking advantage of the large acceptance of short 

superconducting cavities in order to increase linac reliability and, in some cases, to allow 

acceleration of deuteron beams.  

The field of Superconducting linacs is nowadays more active than ever, with many 

laboratories involved. The construction of new accelerators, (radioactive ion linacs, high 

energy electron linacs and high intensity proton ones like the SARAF project at SOREQ in 

Israel) has started or is foreseen, and new proposals are coming for new applications. High 

beam power and reliability requirements brought new kinds of problems that required a new 

approach in proton accelerator design. While the high-β linac technology is mature and well 

established, the low- and intermediate-β one still presents different competing schemes where 

beam dynamics studies and cavity development are steadily evolving. Significant effort is 

being put worldwide in these activities at the frontier of accelerator technology.   
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Figure 3: Schematic layout of a high intensity proton linac. 


