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Optical implementaion

• Dazzler located at the Front-end of the CPA laser

• DazScope located at the output of the compressed pulse
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• Time-Spectrum description of a highly chirped pulse

� pulse duration >> TF pulse duration (~1/∆ω)

� group delay as a function of frequency is monotonic (φ’’(ω) ≠ 0)

SHG of a chirped pulse
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Pulse can be interpreted as a sequence of independent pulses of fixed spectral 
width but of unequal duration and intensity
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• Second harmonic spectrum of a highly chirped pulse

SHG of a chirped pulse
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Rigorous: stationary phase approximation
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1. Start from a roughly optimized pulse

2. Add a set of purely linear chirps to the pulse (min = 2)

3. Record for every chirp the SHG spectrum of the pulse

4. Use stationary phase formula to extract spectral phase:

Pulse measurement technique – recursive
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Intuitive figures: simulations

Added second order (fs2)
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Pure third order
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Pure fourth order

• Basically, the caustic (the loci) of maxima follows φ’’(ω)
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Effect of second order phase - simulations
(Gaussian pulse of 30nm FWHM)

-200 -100 0 100 200
0

0.2

0.4

0.6

0.8

1

Time (fs)

N
or

m
al

iz
ed

 in
te

ns
ity

Added second order (fs2)

S
H

G
 s

pe
ct

ru
m

 (
nm

)

 

 

-3000 -2000 -1000 0 1000 2000 3000

385

390

395

400

405

410

415

420

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-200 -100 0 100 200
0

0.2

0.4

0.6

0.8

1

Time (fs)

N
or

m
al

iz
ed

 in
te

ns
ity

Added second order (fs2)

S
H

G
 s

pe
ct

ru
m

 (
nm

)

 

 

-3000 -2000 -1000 0 1000 2000 3000
380

385

390

395

400

405

410

415

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-200 -100 0 100 200
0

0.2

0.4

0.6

0.8

1

Time (fs)

N
or

m
al

iz
ed

 in
te

ns
ity

-200 -100 0 100 200
0

0.2

0.4

0.6

0.8

1

Time (fs)

N
or

m
al

iz
ed

 in
te

ns
ity

-200 -100 0 100 200
0

0.2

0.4

0.6

0.8

1

Time (fs)

N
or

m
al

iz
ed

 in
te

ns
ity

-200 -100 0 100 200
0

0.2

0.4

0.6

0.8

1

Time (fs)

N
or

m
al

iz
ed

 in
te

ns
ity

Added second order (fs2)

S
H

G
 s

pe
ct

ru
m

 (
nm

)

 

 

-3000 -2000 -1000 0 1000 2000 3000
380

385

390

395

400

405

410

415

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Time intensity Autocorrelation

+500fs2

-500fs2

31.4fs 44.4fs

76.6fs54.2fs

76.6fs54.2fs



Effect of third order phase - simulations
(Gaussian pulse of 30nm FWHM)

+10 000fs3
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Effect of fourth order phase - - simulations
(Gaussian pulse of 30nm FWHM)
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Dazscope Experimental data:
20Hz, TW class Ti:Sa CPA system

• Outline of the experimental data:

•Data obtained on a 20Hz TW class Ti:Sa CPA system

•Initial experimental conditions: a DazScope optimized pulse

•Further experimental data:

•Added known amount of second, third and fourth order phase 
using the quantitative Dazzler pulse shaper



Dazzler Optimization result on a 20 Hz TW class Ti:Sa laser 



Second order value of -2000fsec square added to the optimized pulse



Third order value of 70000fsec cubic added to the optimized pulse



Third order value of -70000fsec cubic added to the optimized pulse



Third order value of 105000fsec cubic added to the optimized pulse



Third order value of -105000fsec cubic added to the optimized pulse



Fourth order value of -1260000fsec4 added to the optimized pulse



Fourth order value of -2260000fsec4 added to the optimized pulse



Dazscope Experimental data:
30fsec class ,KHz, multimilliJoule output Ti:Sa CPA system



Dazscope Experimental demonstration:Data obtained on a 
30fsec class ,KHz, multimilliJoule output Ti:Sa CPA system



Conclusions

• Very simple optical setup (almost optics less !)

• Intuitive interpretation of results

• High sensitivity

• Quantitative determination of polynomial phase expansion

• Demonstrated on 20Hz and kHz amplified laser systems, 
with pulse durations from 20 to 100fsec


