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Introduction


The Paul Scherrer Institute PSI has four particle accelerators, which are described in this booklet.


1. Proton Ring Cyclotron 590 MeV


The project for a powerful proton accelerator started at ETHZ, the Swiss Federal Institute of Technology in Zurich, under professor J.P.Blaser in 1962. From the physicist Paul Scherrer he took over a small project group and redirected them towards the plan for a so-called meson factory. Hans Willax, the leader of this project, came up with a brilliant idea: he split up the conventional magnet of a cyclotron into separate sector magnets, making room in between them for powerful RF cavities. The first protons from this novel ring cyclotron were extracted in January 1974. The design goal of a current of 100 μA was reached in 1976. From the beginning it was realized that the current limit of the ring cyclotron was much higher than the one from the 72 MeV injector cyclotron from the Philips company. Thus a new Injector II cyclotron was conceived, and started operation in 1984. To increase the beam current to new and unexplored limits, the RF cavities of the ring cyclotron were replaced with more powerful ones. In 2009 a record value of 2.4 mA beam current could be reached, a value 24 times higher than the already ambitious design goal. At 590 MeV the average beam power is thus 1.4 MW, a world record to this day. The high energy protons produce spallation neutrons for materials science as well as pions and muons in record quantities.


2. Compact superconducting Proton Cyclotron, 250 MeV, used for irradiation of tumours


Starting in 1984, protons from the original 72 MeV cyclotron were used to irradiate eye tumours. But to eliminate deep-seated tumours one needs higher energy protons. Starting in 1996 a very small fraction of the 590 MeV proton beam was first degraded to energies between 100 and 250 MeV and then directed towards Gantry 1. With the so-called 3-dimensional spot scanning technique, invented by the physicist Eros Pedroni, tumours with complicated shapes can be irradiated. With steering magnets the proton beam can be deflected in the horizontal and vertical direction. In the third dimension - the direction of the beam - the range of the stopped beam can be changed by scanning the proton energy.


The increased demand of this successful method required an independent accelerator. The choice fell on a compact superconducting cyclotron from the German company ACCEL, based on ideas from the physicist Henry Blosser from Michigan State University. Irradition with protons has one big advantage over X-rays: it gives lower doses to the healthy tissue surrounding the tumour. This is very important when brain tumours or tumours close to the spinal cord are irradiated. It is especially crucial for the treatment of children. To treat more of these critical cases, and to further develop the scanning technology, Gantry 2 was built and came into operation in 2013. The latest treatment device (Gantry 3) was installed in a research collaboration with the company Varian Medical Systems, and started clinical operation in 2018. To date, over 8’000 patients have benefited from PSI's longstanding expertise with proton therapy.


3. Swiss Light Source SLS


Electrons, circulating in a storage ring of 280m circumference, produce intense X-ray beams, as thin as a hair, for materials science. The electrons are accelerated in a linear accelerator and in a booster synchrotron to the final energy of 2.4 GeV, before being injected into a storage ring. There the electrons make about one million revolutions each second. About 0.5% of the circulating electrons are lost in the next 2.5 minutes due to collisions with residual molecules, or with other electrons in the beam. These lost electrons are replaced by turning on the booster again for about two seconds. This so called top-up-operation was pioneered at PSI. It keeps the intensity of the circulating beam practically constant at a level between 400mA and 402mA. The SLS project was granted by the Swiss Parliament in 1997, thanks to the efforts of former PSI directors Meinrad Eberle and Wilfred Hirt. Starting in 2000 with four X-ray beamlines, there are now 23 in operation, producing beams from infrared to hard X-rays around the clock. Especially intense are the X-rays produced by so-called undulators, installed in some straight sections of the storage ring. The bright beam of hard X-rays makes it possible to reconstruct microscopic objects, e.g. blood vessels, in three dimensions. The determination of the structure of protein molecules is vital for the development of new pharmaceuticals. The pharmaceutical industry in Basel was initially sceptical about the SLS, but later sponsored a special beamline for protein crystallograpy. Beam time on the SLS is in great demand from groups all over the world, and is heavily overbooked.
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