
Moses Chung | Accelerator Summer School (Lecture 1) 1

mchung@unist.ac.kr, https://mchung.unist.ac.kr/

입자가속기의 종류와 원리 개론: 
Part 1
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What is the Accelerator?



Moses Chung | Accelerator Summer School (Lecture 1) 3

What is the Accelerator?

가속기
(加速器) = 

AI Accelerator
(AI 알고리즘을빨리 처리하기 위해 설계된 chip)

Accelerator pedal

Ultrasonic humidifier

가습기(加湿器)
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Accelerator = Particle source + E/B fields
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Accelerator = Particle source + E/B fields

<3 MV/m

(DC Kilpatrick criteria)

Cockcroft-Walton accelerator

DC
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RF Acceleration

Particle velocity

~Wave velocity

Particle velocity

<< Wave velocity

Wideröe

(1928)
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Electromagnet

 Superconducting magnet (ex, Tevatron/LHC dipoles)

Sextupole: Control chromatic aberration

 Permanent magnet 

(ex, undulator, very strong field gradient)

 Electromagnet

(most popular)

Dipole: Changing direction

Quadrupole: Focusing
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Self Ac(De)celeration and (De)Focusing

Space charge effects

Nonlinearity, resonance, coupling

(cf., plasma wakefield)(cf., scattering effect)

Dominant for low energy Dominant for high energy
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Zoo of Accelerators

[From KOMAC]
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Pros VS Cons of Accelerators 

[From KOMAC]

[From A. Seryi]
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Comparison between Circular Machines

- Weak transverse 
focusing
- Essentially no 
longitudinal focusing

- AG: 
Alternating Gradient

- Isochronous:
Arriving at the same 
time

[From PSI]

vs. time
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Comparison between Linac Sturctures
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Cartoons Might Be Better!

The voltages are swapped to make sure 

that the positive protons are always 

leaving a positive electrode. The coils 

provide a magnetic field that keeps the 

particles in orbit. Field increases as 

energy increases.

- Blue: Electric fields
- Red: Magnetic fields
- Yellow: Charges
- Orange: Beam bunches 

[From STFC]

Harmonic number h = 2
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Various Actions of Accelerated Beams

[From “Unifying Physics of Accelerators, Lasers and Plasma”]
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What can the Accelerator do for us?
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What Accelerators Can Do

[From NSRRC]

 Electron accelerator  Photons
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X-ray

First medical X-ray 

by Röntgen in 1895 

?
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What Accelerators Can Do

[From KOMAC]

 Proton / Heavy ion accelerator  Neutron / Secondary particles
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Neutron

The world's first artificial nuclear reactor:

Enrico Fermi  (1942)

Reactor:

Accelerator:

Neutron scattering:

Clifford G. Shull

Bertram N. Brockhouse

 Intense pulsed neutron source

High power CW proton linac

Reactor 

core
Target

 Subcritical nuclear reactor
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X-ray VS Neutron

[From KOMAC]
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What Accelerators Can Do

“It is estimated that accelerator science has influenced almost 1/3

of physicists and physics studies, and on average contributed to 

physics Nobel Prize-winning research every 2.9 years.” 
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What Accelerators Can Do
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Why You Can’t Live Without A Particle Accelerator

1. Is your milk carton sealed? An accelerator did it.

2. A lot of natural gas is wasted. Accelerators can fix that problem.

3. Want your spinach E. coli free? Accelerators may have cleaned it.

4. Can coal be a clean fuel? Yes, if you attach an accelerator to the smokestack.

5. Antibiotics harm fish? Accelerators can turn pharmaceuticals into fertilizer.

6. Your new computer has arrived. Thank an accelerator for building it.

7. Accelerators make us live longer. They kill cancer.

8. Can nuclear reactors be accident-proof? Yes, if particle accelerators control them.

9. The world still runs on oil. Accelerators can find it.

10. Accelerators keep watch for weapons of mass destruction.

https://nautil.us/10-reasons-why-you-cant-live-
without-a-particle-accelerator-2047/
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What are the frontiers of the accelerator?



Moses Chung | Accelerator Summer School (Lecture 1) 25

Frontiers of Accelerators

 Science goals/Society needs push limits of accelerator performance

Driving comfort/

Option

SpeedCapacity
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Important Figures of Merit

• Neutron source: Power

[From Fermilab]

40 MeV  D

for fusion neutron spectrum
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Power

Space charge issues: ≤10 mA for cyclotron
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Important Figures of Merit

• Light source: Brightness (Brillance)

Energy (eV)

CW Linac
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Emittance

Quantum excitation + Dispersion

~ Radiation damping

Diffraction limited:

[From PAL]
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Technology 
Superconducing RF

Superconducing Magnet
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Large Accelerators in Korea

2.5  3 GeV

NC  SC
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Large Accelerators in Korea

Parameter PLS-II KOMAC PAL-XFEL RAON

Species Electron Proton Electron Proton ~ Heavy ion

Energy 3 GeV 100 MeV 10 GeV 200 MeV/u for U79+

Beam 

current
400 mA 20 mA (1.33 ms) 3 kA (0.2 nC/100 fs) 8 pmA U79+

Rep. Rate
499.973 MHz 

(ring)
60 Hz 120 Hz CW

Accelerating 

Structure

NC S-band 

(linac)

SCRF 

(ring)

Vane-type RFQ

350 MHz DTL

3 Bunch 

Compressor

2.856 GHz (S-band)

SCRF:

QWR (81.25 MHz), 

HWR (162.5 MHz),

SSR (325 MHz)

Research

Areas

Condensed matter,

Surface/Cluster,

Material science,

Chemistry/Biology,

Energy/Medicine

Nano, Bio, IT, Space, 

Radiation, Medical etc.

Atomic/Molecular, 

Condensed matter,

Surface/cluster,

Material science,

Chemistry/Biology,

Non-equilibrium plasma,

Warm-dense plasma

Nuclear physics,

Bio-medical science,

Material science,

Neutron science

~ front end of 

SNS/ORNL ~ LCLS/SLAC 
~ FRIB/MSU ~Typical 

3GSR
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What is accelerator physics?
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Accelerator Physics from Wikipedia
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Accelerator VS Plasma Physics

[From A. Chao]
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Publish or Perish

“Accelerator physics—a field where 

often work of the highest quality is 

buried in lost technical notes or even not 

published; 

one has only to think of Simon van der 

Meer’s Nobel prize work on stochastic 

cooling — unpublished in any refereed 

journal.”

(CERN director)
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Main Results of Special Relativity
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• Relativistic parameters: Don’t be confused with Twiss parameters.

• The total energy, mechanical momentum, and kinetic energy of a rest mass 𝑚:

• The relation between total energy and momentum in the absence of EM fields: 

38



Energy and Mass Units

Moses Chung | Accelerator Summer School (Lecture 2)

• To describe the energy of individual particles, we use the eV, the energy that a 

unit charge 

gains when it falls through a potential, Δ𝜙 = 1 volt.

• We can use Einstein’s relation to convert rest mass to energy units.

• For electrons,

• For protons,

39



Boundary Conditions
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Q: 다음은 한국원자력연구원 양성자가속기의
파라미터입니다. 최대 빔파워는 얼마일까요?

Parameters Value

Output energy (MeV) 100 

Macro pulse current  (mA) 0.1 ~ 20

Macro pulse width (ms) 0.05 ~ 1.33

Maximum repetition rate (Hz) 60


