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Outline 
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• What is accelerator ? 
• What is accelerator physics ? 
• Frontiers of accelerator physics 
 A powerful particle smasher 
 A bright photon source  
 An intense neutron driver 

• Accelerator projects in Korea 
• Conclusions 

If time permits 



가속기란? 
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What is the Accelerator? 
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가속기 =  

AI 연산 가속기 
(AI 알고리즘을 빨리 처리하기 위해 설계된 chip) 

Accelerator pedal 

 Ultrasonic humidifier 



가속기 = 하전입자 + 전기장 + 자기장 
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<3 MV/m 
(DC Kilpatrick criteria) 

Cockcroft-Walton accelerator 



RF Acceleration 
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입자속도~파동속도 입자속도<< 파동속도 

Wideröe 
(1928) 



Magnetic Fields due to Currents  
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 또는 초전도 전자석 

수차 보정 

 Permanent magnet (ex, Undulator) 
 Electromagnet 



Zoo of Accelerators 
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Things Accelerators Can Do  
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Things Accelerators Can Do  
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“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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Accelerators Are Big Business 
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가속기 물리학이란? 
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Accelerator Physics: From Wikipedia 
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Accelerator Physics: From chatGPT 
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Accelerator Physics: ~Beam Physics 
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• Particle beams are collections of charged particles all travelling in nearly the 
same direction with nearly the same speed (possibly relativistic). 
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• Much of modern accelerator physics is concerned with intense beams that have 
very strong self-forces, and display characteristics of plasmas (ionized gases). 



Intense Beams 
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• Macroscopic self-fields are most often termed space-charge when they arise 
from the near-field of the beam’s charge distribution and wake-fields when they 
arise from the beam’s collectively radiated fields. 

Space charge effects 
Nonlinearity, resonance, coupling 
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(cf., plasma wakefield) (cf., scattering effect) 

Dominant for low energy Dominant for high energy 



Accelerator VS Plasma Physics 
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[From A. Chao] 



Beam as a Nonneutral Plasma 
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Pure ion plasma  

Quasi-neutral plasma  

Pure electron plasma  

Ion beam  

Electron beam  
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“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) 



가속기 물리학의 최전선 
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 Science goals/Society needs push limits of accelerator performance 
Frontiers of Accelerator Physics 
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Three main aspects in this talk: 
 
• Particle/Nuclear physics: A powerful particle smasher 
• Photon science: A bright photon source  
• Neutron science: An intense neutron driver 

Accelerators are Workhorses 



Important Figure of Merit 
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• Particle collider: Energy & Luminosity 
 
 

 
 
• Light source: Brightness 

 
 
 
 

 
• Neutron source: Power  
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Accelerator: A powerful particle smasher 
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Rutherford scattering 
experiment using alpha 

particles in 1909  

The Large Hadron Collider: p – p  

The Tevatron Collider: p – pbar  
(Both beams share the same beam pipe and magnet aperture) 
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The Alps 

-100m 



Accelerator: A bright photon source 
First medical X-ray  
by Röntgen in 1895  

Most powerful (x1012) X-ray 
 in 2009 at SLAC/LCLS 

SASE (Self-Amplified Spontaneous Emission) 
 Coherent transversely, chaotic temporally 

? 
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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 

Accelerator: An intense neutron driver 
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강력한 입자/핵 분쇄기로서의 
가속기: Energy 
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 Present LHC will reach its limits in the early 2020s 
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Large Hadron Collider Upgrade 

 The HL-LHC 
project funding 
has formally 
been approved 
by the CERN 
Council in June 
2014.  

 21 M EUR for 
HL-LHC,  

 (7.5 B EUR for 
LHC) 

Accelerator physics issues: 
- Impedance, Electron cloud, Intra-beam scattering, Beam-Beam 
- Crab cavities, Halo collimation, Magnet 
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Beyond LHC: Lord of the rings 
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Future Circular Collider (FCC) 
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[F. Zimmermann] 
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International FCC collaboration (CERN as 
host lab) to study:  

• pp-collider (FCC-hh) 

 

• e+e- collider (FCC-ee) as potential intermediate 
step 

• p-e (FCC-he) option 

• HE-LHC with FCC-hh technology 

• CDR and cost review by 20182019 

~16 T ⇒ 100 TeV pp in 100 km 

~25 조원 

https://fcc-cdr.web.cern.ch/ 



China’s Proposal: CepC and SppC 
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Qinhuangdao  
(친황다오) 

easy access 
300 km east  
from Beijing 
3 h by car 
1 h by train  

CepC Circular Electron Positron Collider 

SppC Super proton-proton Collider 

100 km  
50 km  

[F. Zimmermann] 
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Accelerator physics issues: 
 - Damping ring studies for electron- 
cloud mitigation 
 - Generation of small emittance 
beams, preservation, and focusing to 
nm-beamsize 
 
 
 
 
 - 1.3 GHz SCRF technology 

Japan has expressed strong support  
for hosting the ILC 

International Linear Collider 
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Pros: 
• Muon is a lepton 
• 200 time heavier than electron  less 
synchrotron radiation 
• Muon collider is compact relative to e+e- 
colliders 

Cons: 
• The muon lifetime is 2.2 µs at rest 
• Muon production, manipulation, 
acceleration to high energy and into 
collision within muon lifetime 
• Needs muon cooling by large factors 

µµ νµπνµπ +→+→ −−++ ,

Accelerator physics issues: 
 - Ionization cooling 
 - RF cavity operation in strong 
magnetic fields  

MuCool Test Area 
(Fermilab/MAP) 

Muon Collider 
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Advanced Accelerators 
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 한국도 LWFA 분야에서는 세계적인 Player 
(GIST, IBS, UNIST, KAERI, KERI, PAL 등) 

 Good parameters achieved 
individually, but not simultaneously 

에너지  
스프레드 

DWFA (미국 용어) 



FFTB  
(SLAC) 

FACET 
(SLAC) 

Transformer ratio limit  Proton-driven  AWAKE (CERN) 

Advanced Accelerators 
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Advanced  
Accelerator 
d= table top 
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FCC/CepC 
C = 100 km 



밝은 빛 공장으로서의 
가속기: Quality 

38 Moses Chung | Accelerator Physics: Present and Future 



39 

4th generation (직선형) 
 명칭 다소 혼동 
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3rd  generation 



Ultimate (4th Generation) Storage Ring 

APS 
upgrade 

π
λεε

4
≈≤ xy

Quantum excitation + Dispersion 
~ Radiation damping 

Accelerator physics issues: Low emittance & High current 
 - Multi-Bend Achromat (MBA) lattices with compact magnet 
design (MAX IV, Sweden) 
 - Coupling control 
 - Chromatic aberration and Non-linearity due stronger focusing 
 - Intra Beam Scattering (IBS) 
 - Transverse and Longitudinal (cavity HOMs) beam instabilities 
 - Injection   
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X-ray Free Electron Laser 
LCLS II 

(CW Linac) 

- Replacing first kilometer of  the normal conducting S-
band linac by 4 GeV SCRF linac (ILC technology, 35 x 1.3 
GHz CM and 3 x 3.9 GHz CM for HL) 

HL/BC1 BC2 

LH 

Self-seeded 

- XFEL Oscillator: 

Full coherence with ultra-pure 
spectrum (Kwang-Je Kim) 

Linac-To-Undulator 
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- Seeding / Attosecond generation 



5th Generation Light Source ? 
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approx. 500m 

Energy recovered during deceleration is used to 
accelerate new bunches. 

 

Energy Recovery Linac (ERL) 

• High average brilliance 
• Full spatial coherence 
• fs to ps pulses 
• Many experiments 
• Ready tunability 
• High flux 
• Stability 
• High-energy x-rays 
• Flexible pulse characteristics 
• 109 pulses/s 
• Narrow energy spread 
• Flexible machine parameters 
• Drive XFELO, high rep-rate XFEL 

XFEL 

Storage Ring 

ERL 

[Joel D. Brock] 
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FEL/Undulator 

Energy efficient / Little beam loading  
/  Not cyclic / High average current 

Merger (CW) 



Advanced FEL’s 
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Challenges: Repetition rate, Energy spread, Higher electron energy? 

- A compact light source driven by a Laser Plasma Wakefield Accelerator: 
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중국과학원(CAS) 



고강도 중성자원으로서의 
가속기: Power 
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Intensity (Power) Frontier 
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Low energy applications: High energy applications: 
10 MeV 

10 MeV 
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1 A 

1 A 



Spallation Neutron Source 

No ring  Proton beam 
 
Accelerator physics issues:  
 - Emittance growth 
 - Beam halo/Beam loss 
 - Space-charge resonances 

- European Spallation Source (ESS) 

A stepping stone to other high power facilities 
- Spallation Neutron Source (SNS/ORNL) 

- 1 GeV superconducting H- linac 
- 26 mA  average linac macropulse current 
- 1 ms long linac macropulse / 1 µs ring revolution time  
- Accumulator ring with ~1000 turn charge exchange injection 
- A short-pulse neutron source (1.4 MW,700 ns pulse on target) 
- Power upgrade by 2025 ( 2.8 MW) 
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International Fusion Material Irradiation Facility 

- IFMIF is an essential facility in the 
world fusion program. 
- It will become a fusion relevant 
neutron source.  

Accelerator physics issues:  
  - Significantly higher beam 
currents than any existing or 
planned machines (125 mA CW) 
  - Space-charge issues 
  - Deuterium beam operation  

Prototype Accelerator  

Deuterium-Lithium  
stripping reactions 
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Accelerator Driven System (ADS) 

http://www.acceleratorsamerica.org/ 

~30 n 

High power CW proton linac 
(~1 GeV, >20 mA, CW) 

Reactor core 
(keff < 1, wide range of fuel)  

LBE(Lead–Bismuth 
Eutectic) target 
(~30 n) 

Accelerator physics issues: 
    - Minimize beam trips (<50/year for t>5 min) 
to reduce thermo-mechanical stresses on target 
and reactor 
    - Long-term operation of high-power CW 
front-end 
    - Beam halo/Beam loss (<1 W/m) 
    - High dynamic range (>106), high-resolution 
measurement of beam particle distributions  
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Heavy Ion Fusion (HIF) 
- Heavy ion accelerator (~10 GeV) can 

deposit enough energy (>10 keV) for 
D-T fusion 

- High rep. rate and high efficiency 
- Robust final optics 
- But, could be very expensive 

US 

Europe 

Accelerator physics issues: 
    - Space-charge dominated beam 
    - Beam compression 
    - Driver for high energy density physics 

~ 1 mm 
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국내 대형가속기 현황 
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Accelerator Projects in Korea 
2.5  3 GeV 
NC  SC 
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Beam Parameters 
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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 pµA 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  
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~Typical  
3GSR 



Conclusions 
• Over the decades, accelerator physics has grown into a unique and 

mature field of applied physics.  
 

• Many exciting and challenging accelerator projects await young and 
talented accelerator physicists. 
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