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Why we accelerate particles?
เราเรงอนุภาคทําไม?

- as a tool probe

- as a time machine

Synchrotron/Spectroscopy 

Facilities

Collider



Synchrotron/Spectroscopy Facilities

European Synchrotron 
Radiation Facility (ESRF)

https://www.esrf.fr/


Synchrotron/Spectroscopy Facilities

Super Photon ring-8 GeV = “Spring-8”



Collider

“Tevatron”, FermiLab



Collider

Large Hadron Collider, “LHC”, CERN



Accelerator as a tool probe
-We observe everything around with EM wave [𝜆𝜆]

𝜆𝜆 < 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑠𝑠𝑜𝑜𝑜𝑜

Resolved



𝜆𝜆 =
𝑜𝑜
𝑜𝑜

=
3 × 108

5 × 109 = 0.06 𝑚𝑚 = 6 𝑜𝑜𝑚𝑚



Accelerator as a tool probe

- What if we want to observe atom?
Size ≈ 1 Å = 10−10 𝑚𝑚

EM wave 𝜆𝜆 ≈ 1 Å = 10−10 𝑚𝑚
= 10−8 𝑜𝑜𝑚𝑚

≈ X-ray



Accelerator as a tool probe

- What if we want to observe deeper?

Impossible 
to produce 
EM wave at 

these 
wavelength 



Accelerator as a tool probe
- What about using ‘matter wave’?

- According to De Broglie wavelength, we can decrease wavelength of matter wave by 
increasing Kinetic energy in term of momentum.

𝜆𝜆 =
ℎ
𝑝𝑝

=
ℎ𝑜𝑜
𝑝𝑝𝑜𝑜

Exp.

• Wavelength of electron with 50 eV kinetic energy 𝐾𝐾 =
𝑝𝑝2

2𝑚𝑚𝑒𝑒
=

ℎ2

2𝑚𝑚𝑒𝑒𝜆𝜆2
→ 𝜆𝜆 =

ℎ
2𝑚𝑚𝑒𝑒𝐾𝐾

= 1.7 × 10−10 𝑚𝑚



Courtesy: T. Chanwattana, SLRI



Accelerator as a tool probe

𝜆𝜆 𝑝𝑝

What we want.

𝑘𝑘𝑠𝑠𝑘𝑘𝑠𝑠𝑜𝑜𝑠𝑠𝑜𝑜 𝑠𝑠𝑘𝑘𝑠𝑠𝑒𝑒𝑒𝑒𝑒𝑒

What we want to do.

What we have to do.



Accelerator as a 
time machine

- Simulate the early 
universe state
- Observe matter



Particle energy
- New physics can be found at larger energy

- Energy for particle creation: centre-of-mass 
energy, 𝐸𝐸𝐶𝐶𝐶𝐶

- Fixed target gives 
a lot of collision

- Collider gives a 
lot of energy



Forces
Electric force Magnetic force

Acceleration 
--> Energy gain

Change direction 
--> Control & Focus

�⃑�𝐹 = 𝑞𝑞(𝐸𝐸 + �⃑�𝑣 × 𝐵𝐵)



Basic components of accelerator

- Particle source

- Accelerating system

- Guiding system

- Focusing system



Particle sources

particle emitter

- Charged particle emitter
- Extraction system

layout



Accelerating system - Electric field is a key !

Static field (DC) acceleration Time varying field (RF) acceleration



Accelerating system – DC Field
- The simplest acceleration method: DC Voltage

- Energy kick ∆𝐸𝐸 = 𝑞𝑞𝑞𝑞

- Breakdown at ≈10 MV



Accelerating system – RF Field : Disc-loaded



Accelerating system – RF Field : Drift Tube



Accelerating system – RF Cavity



Accelerating system – RF Cavity



Guiding system (Dipole) – Magnetic field is a key !



Guiding system (Dipole)



Focusing system (Quadrupole)



Focusing system (Quadrupole)



Large Hadron Collider - LHC
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