


Whatõs Available Today?

25 fs (< 10 fs with compression)

30 fs ð100 fs

Attosecond possible

~ 10 11 photons 
pulse - 1

20 eV60 eV
1.55 eV

60 meV



Ti:Sapphire CPA

ÅTi:Sapphire

ïGreat solid state laser material

ÅHigh thermal conductivity

ÅHigh energy storage density

ÅWide gain bandwidth = short pulses

ÅBroad absorption maximum @ 500 nm = 
pumping with cheap, high repetition rate 
frequency doubled Nd:YAG or Nd:YLF diodes

ÅChirped pulse amplification with 
multiple amplifier stages gives access to 
Petawatt powers



Ti:Sapphire CPA

ÅBut è
ïHigh repetition rate at high pulse energy limited by
ÅAvailability of suitable high average power pump and good beam 

quality

ÅThermal load on crystal (third of pump power converted to heat!)

ÅCryocooling (50 ð80 K) enables increased pump power

ïGrowing large crystals is challenging

ÅTW scale high repetition rate (~ kHz) amplifiers with 
cryocooling available commercially

ÅGeneration of very short pulses (< 20 fs) requires 
additional compression (eg. hollow fibre)

Astra - Gemini Ti:Sapphire Crystal



Wavelength Tunability

ÅTi:Sapphire provides 
high peak power to 
drive non - linear 
optical processes

ÅCommercial optical 
parametric amplifiers 
(eg Light Conversion 
TOPAS) can cover 
200nm ï20 m)

ÅUse BBO/LBO crystals

ÅContinuous tunability



VUV and XUV

ÅBelow about 200 nm (6 eV), solids are 
opaque

ÅNon - linear optical processes in gases 

ÅFour - wave mixing or high harmonic 
generation (HHG)

ÅHHG
ïHighest photon energy depends on 

ionization potential and the pump 
wavelength, pulse width and energy.

ïEfficiency depends on phase - matching 



High Harmonic Generation

ÅSeveral experimental geometries ïgas jet, 
gas cell or capillary waveguide. 

Intensity > 10 14 W cm- 2

Pulsed gas valve
Gas jet

Hollow capillary waveguide



Properties of HHG

Å10 7 ï10 10 photons per pulse per harmonic
ÅLow divergence (milliradian) coherent beam
ÅTunable by manipulating the pump spectrum


