
Lecture 12 

Scope of the Lecture 
 

1. Atomic gas lasers 
2. Ion-gas lasers 
3. Molecular lasers 
4. Excimer lasers 
5. Chemical lasers 
6. Free electron lasers 
7. How to choose a laser 

 
 

Reading: Ch. 10 
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Gas lasers: Metal vapour 

Cu: 510 nm, 578 nm 

• Self-terminated 3-level system 

• Applications: material processing, dye-amplifier pumping 

 

He-Cd: 441, 353, 325 

• Up to 200 mW CW 

• Applications: lithography, , microscopy 

 

 Inefficient, bulky, limited lifetime 
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Gas lasers: Alkali matel vapour (Rb, K, Cs) 

First laser diode-pumped gas laser: Rb (2003) 

• 3-level system 

• Low quantum defect (2%): large efficiency (98%) 

• Dipole-allowed transitions: careful design required 

• Operation temperature 120 C 

• Designs for MW-class CW lasers investigated 

• Applications: material processing, power beaming 
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Gas lasers: Noble gas lasers Ar+, Kr+ 

• CW, or mode-locked 

• Visible lines:  

Ar: 488 nm, 514 nm, 244 nm 

Kr: 530 nm, 568 nm, 647 nm, 676 nm 

• Up to 20W 

• Applications: holography, microscopy 

• Inefficient, bulky, limited lifetime 
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Gas lasers: Molecular lasers 

CO2: ro-vibrational transitions at 9µm -10 µm 

CO: ro-vibrational transitions at 4µm – 5 µm  

 

 High-pressure (1atm) operation possible 

• CO2 CW powers in 100 kW class 

• CW, Q-switched, mode-locked 

• Applications: material processing, welding, cutting, etc. 
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Laser employing electronic transitions in molecules  



Gas lasers: Excimer lasers 

Noble gas+halogen+He: XeF 353 nm, XeCl 308 nm, KrF 248 nm,  

 ArF 193nm. 

1 atm operation 

• Pulsed ~10 ns, J class 

• Applications: lithography, material processing, dye-amplifier pumping 

• Corrosive gasses, limited lifetime, safety issues, poor beam quality. 
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Chemical Lasers (ro-vibrational transitions) 
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Chemical lasers 

CW MW-class  DF laser 3.6 µm – 4.2 µm 
  
 

MIRACL DF laser: 
High Energy Laser Systems Test Facility  
White Sands Missile Range, New Mexico 
Cost: 800 M$  



FELs 
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• W class CW or ultrashort pulse 

 

• Applications: research 

 

• Major facility, large running costs 
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Lecture 12 3.4 km long linear e –accelerator 
Superconducting RF cavity acceleration 
Electron E~17.5 GeV 
 

FEL: FLASH, European XFEL Hamburg 

Comissioning costs 1.22 B€. Annual running costs: ~118 M€ 

t<100 fs 
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Coherent soft x-ray generation 

• Atom ionization by electric field of the optical pulse 
• Three-step process: e- tunneling, e- acceleration, e-recombination 
• High-harmonic generation 
• Attosecond pulse train 
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Coherent Hard X-ray generation 

• Xe54: (Kr)4d105s25p6   

• Xe(L shell),  hollow-core multiphoton excitation 
• Radiative lifetime ~50 fs (allowed x-ray range) 
• Exitation @ 248 nm, t<50fs, I>1016W/cm2 

• X-ray peak power can exceed PW (1015  W) 
• Pulse length should be about 35 as (10-18  s)  
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X-rays in laser-driven plasma wakefield 

acceleration 

F. Albert et al, Phys. Rev. Lett. 111, 235004 (2013) 

200 TW laser: 60fs, 12 J, 1 shot/30 min 
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Laser-driven accelerators 

 ”table-top” X-ray FELs 

Courtesy J. B. Rosenzweig, UCLA 



Critical parameters and laser choice Lecture 12 

 
 

• High peak intensity: SSL, fiber, NLO 
  
• High CW power: LD, SSL, fiber, chemical, CO2  

  
• High energy: SSL, chemical, NLO 
  
• Short pulses: SSL, fiber, LD, NLO 
  
• Compact: LD 
  
• Cheap: LD 
  
• Extreme wavelengths:  FEL, Excimer, NLO, CO2 
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Choosing laser 
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