
1

PHY 554 
Fundamentals of Accelerator Physics

Mon, Wed 6:30-7:50PM Physics D103

Yichao Jing, Vladimir N. Litvinenko, Jun Ma and Gang Wang

Center for Accelerator Science and Education
Department of Physics & Astronomy, Stony Brook University

Collider-Accelerator Department, Brookhaven National Laboratory

http://case.physics.stonybrook.edu/index.php/PHY554_Fall_2024



Transverse (Betatron) Motion
Linear betatron motion
Effects of imperfections of magnets
Dispersion function of off momentum particle 
Simple Lattice design considerations







C1/2/(1-n)1/4, C1/2/n1/4, where	C	is	the	circumference.
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The first thing to learn is how to optimize the arrangement of beam 
control elements in achieving the wanted beam properties.
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1. focusing quadrupole:
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2. de-focusing quadrupole:

Thin lens approximation: Let |K|ℓ→1/f as ℓ→0.

3. Dipole:  Kx(s)=1/ρ2. ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
→
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

−
=

1     0
     1

cos

sin
   

sin

cos
),(

10

!
!

!

!

!

ρ

ρ

ρρ

ρ ρ
ssM

4. Drift space: K=0 ⎟⎟
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The ambiguity in the sign of sin can be resolved by requiring β to be 
a positive definite number if |Trace(M)| ≤ 2, and by requiring 
Im(sinΦ)>0 if |Trace(M)| > 2. The definition of the phase factor  is 
still ambiguous up to an integral multiple of 2π. This ambiguity will 
be resolved when the matrix is tracked along the accelerator 
elements. Using the property of matrix J, we obtain the De Moivere’s
theorem:
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The most general representation of the matrix M(s) with unit 
modulus is given by the Courant-Snyder parameterization. 
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Example: FODO cell
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A FODO cell is a basic block in beam 
transport, where the transfer matrices for 
dipoles (B) can be approximated by drift 
spaces, and QF and QD are the focusing 
and defocusing quadrupoles.
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Example: FODO cell

Questions:
1) Will Φ of these above matrix identical?
2) Will α and β of these matrices identical? 
3) What is the meaning of these parameters?
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Stability of accelerator cells: FODO cell example
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Stability condition: (necktie diagram)



TEVATRON

6.28 km circumference, 1 TeV p p-bar



A half-cell is composed of a quadrupole, a mini-straight section for correction coil 
spool piece, and 4 dipoles. A cell deflects the beam by 3.5º.

The inductance of a typical “half cell”, that is the 
inductance of either the upper or lower bus through 
the cell, is about 0.18 H. The inductance for the entire 
ring of 36 H. The inductive stored energy at 1 TeV
(4440 A) is 350MJ.

17 cells for each 
sector. Since each 
sector bends the 
beam 60 degrees.


