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Accelerator Hamiltonian

A beam of particles in a cathode-ray tube 
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A magnet cell of an Australian light source: Green is a 
sextupole, yellow is a combined function dipole and 
red is a quadrupole

LHC tunnel: a long periodic lattice of 
superconducting 80 kGs (8T) magnets
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Simple things useful in accelerator physics
sgs <->   SI  <->  eV/TeV

• 1 meter = 100 cm;    1kg=103 g;     1J = 107 erg; seconds are universal 

• Speed of the light  2.9979 x 1010 cm/sec  ~ 3 x 1010 cm/sec 

• Electron charge, e         4.803 x 10-10 ESU  1.602 x 10-19 C
• EM field, Gs         1 Gs = 299.79 (~300) V/cm      1 T =104 Gs

• Energy    1 eV =1.602 x 10-12 erg  =1.602 x 10-19 J  

• Energy/rigidity (pc) e x 1 Gs cm = 299.79 eV  ~ 0.3 keV

•                                      e x 1 T m = 299.79 MeV   ~ 0.3 GeV
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I found one useful unit in old British – modern USA system:
1’ = One foot ~ 30 cm ~ c*10-9 sec  

This how I remember it: one foot is ~ 1 nsec x speed of light

We will introduce more “handy” formulae/relations in the future 
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Standard AP frame: counterclockwise (CCW)trajectory
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Important note: direction of motion can change from 
clock-wise to anti-clock-wise and vise versa
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Repeat definition
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Most General Form of 
the Accelerator Hamiltonian

We always have a choice of the reference orbit (e.g. K and κ) as well as of the 
gauge of 4-potential. We can use this flexibility for our benefit! 

We will use a specific gauge to express components of 4-potentail as explicit 
functions of electric and magnetic fields  



What we learned today?
•  That distance along the reference particle trajectory, s,  is a natural 

choice of independent coordinate in accelerator physics
– Remember, magnets and vacuum chambers are bolted to the floor and are not floating in time

• Accelerator coordinate system than determined by curvilinear 
Frenet-Serret coordinates, e.g. we can not use just simple Cartesian 
coordinates in most of the cases

•  With s as independent variable, -P2 becomes the accelerator 
Hamiltonian with (x,P1), (y,P3) and (t,-H) being Canonical pairs
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About differential operators in curvilinear coordinates read: 
https://www.jfoadi.me.uk/documents/lecture_mathphys2_05.pdf 

https://www.jfoadi.me.uk/documents/lecture_mathphys2_05.pdf

