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From linear to circular and back to linear

Wideroe —> Lawrence —> Richter —->  ILC/CLIC







Energy Physical system
20 TeV SUSY, ... ?
1 TeV Higgs, W , Z , top
1 GeV p,n masses

quark mass, µ mass
1 MeV transitions between nuclear states

e� mass
1 keV transitions between inner atomic shells
1 eV transitions between atomic elections

1 meV phonons, lattice vibrations
⌫ masses

1 µeV ?



History 1895 Roentgen discover x-rays 
1897 J.J.Thomson discovers electron 
1905 Einstein pe effect, special relativity 
1907 Schott theory of synchrotron radiation 
1911 Rutherford uses alpha particles to discover nucleus  
1920 Greinacher builds first cascade generator 100 kV 
1924 Ising proposes linac 
1927 Wider builds first linac and accelerates Na and K ions 
1928 Dirac predicts anti-matter 
1931 Van de Graaff builds first high-voltage generator 
1932 Cockroft and Walton build first accelerator, p+Li —> He+He 
1932 Lawrence and Livingston build cyclotron, 1.2 MeV protons 
1932 positron (Anderson) and neutron (Chadwick) are discovered  
1939 Klystron invented (Hansen, Varian) 
1941 Betatron (Kerst, Serber) 
1941 concept of particle storage ring (Touschek, Wideroe) 
1943 concept of synchrotron (Oliphant) 
1947 proton linac (Alvarez) 
1947 electron linac (Ginzton) 
1950-52 concept of strong focussing 
1954 R.R. Wilson builds first strong focussing synchrotron (Cornell) 
1956 first use of synchrotron radiation for spectroscopy 
1960 first e+e- collider, ADA at Frascati 
1972 first pp collider, ISR at CERN 
1981 first p-pbar collider, SPS at CERN



Weak focussing: cyclotron, betatron

Strong focussing: proton synchrotron

Beam stability 
RF:  kV/m —> MV/m —> 40MV/m —> 150MV/m 
                       Tevatron         ILC             CLIC (2-beam) 
e: radiates and cools;  “hot” —“cold” 
p: does not radiate:  “hot” stays hot 
6d phase space. 
machine backgrounds: dB —> out of stability —> scrape 
beam-gas —> muon “halo” 
p+p+ machine “pumps” the vacuum 
beamstrahlung:  3 TeV at ILC 
beam optics:  transfer matrices. 
e+e-:  LEP, SPEAR,PEP,PETRA 
          SLC, ILC (337 ns), CLIC (0.4 ns) 
Synch. radiation:  γ4/R2    
Asylum machines:  e+e- —> BB~








