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Laser Phase Errors in Harmonic Seeding 

Outline 
 

1. What is laser phase? 

2. Laser phase effects on harmonic seeding 

• High Gain Harmonic Generation (HGHG) 

• Echo-Enabled Harmonic Generation (EEHG) 

3. Measuring and controlling phase in the UV 
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Laser Phase 

Spectral domain: 

Time domain: 
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Time domain: 
Carrier 

frequency 
Chirp 

Laser Phase 

Linear Chirp  Quadratic Phase! 

LiTrack, LCLS parameters 
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Transform Limited Pulses 
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Flat Phase  Minimal TBP* 

Time Bandwidth Product =  

* For the given spectrum! 
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Laser Phase Studies 
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Transverse Laser Modes 
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LCLS Drive Laser  

K. Hacker, T. Dortmund and H. Schlarb 
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Model for HGHG Seeding   

Electron phase space copies laser E-field 

X-ray output determined by 

electron density spikes 

 Bunching factor  
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Model for HGHG Seeding   

Electron phase space copies laser E-field 

X-ray output determined by 

electron density spikes 

 Bunching factor  
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Bandwidth proportional to H 

Flat-top Laser 
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Bandwidth increases 

LINEARLY with 

harmonic number, 

NOT as H2! 

Harmonic number 
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Electron Bunching Phase 

Laser Spectral Phase: 

Electron Spectral Phase 
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Electron Bunching Phase 

Electron Spectral Phase 
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Electron Bunching Phase 

Electron Spectral Phase 
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Electron Bunching Phase 

Electron Spectral Phase 
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10th harmonic 

Fundamental 



   

Laser Profile 

Fundamental 

10th Harmonic 

15 

R
M

S
 P

u
ls

e 
L

en
g
th

 

Simulation 

H-1/3 scaling 
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Gaussian Laser Profile 
 

2nd Harmonic 
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Higher Order phase 
No analytical solution  use simulation 

 

 
Third Order Phase Example 
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Higher Order phase 
No analytical solution  use simulation 
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Odd order phase has 

weaker effect on 

bandwidth of 

harmonics! 
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FERMI Experimental Results 
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(Preliminary) 
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Echo Enabled Harmonic Generation 
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First stage 
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bunching 

Second stage increases 
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Practical Example 
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Legend Elite USX 
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Phase Measurement Methods 
 

Frequency Resolved Optical Gating (FROG) 

Figures from A. Monmayrant, S. Weber, and B. Chatel 22 

What are prospects for measuring phase in the UV? 
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Spectral Phase Interferometry for Direct Electric-field Reconstruction  

(SPIDER)  

I. Walmsley and C. Dorrer 

Phase Measurement Methods 
 

A. Monmayrant, S. Weber, and B. Chatel 23 

What are prospects for measuring phase in the UV? 
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Phase Measurement Methods 
 

Challenges for extending techniques to short wavelengths: 

• Need high intensities for nonlinear effects 

• Few nonlinear materials 

• Spectrometers more challenging 
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What are prospects for measuring phase in the UV? 
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Measurements in the UV 
 

SPIDER 

FROG 

25 



Laser Phase Errors in Harmonic Seeding 
   

Summary 
 

1. Laser phase affects both EEHG and HGHG 

2. Time-bandwidth product scales linearly or sub-linearly 

3. Even order phase has greater effect than odd order 

4. Need to develop new techniques for measuring and 

controlling UV laser phase 
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Averaged Bunching Factor Slice Bunching Factor 

Gaussian Laser Profile 
 

How does time domain change effect of laser phase? 
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Multipulse Intrapulse Interference Phase Scan (MIIPS) 
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Known phase Pulse phase 

Phase Measurement Methods 
 What are prospects for measuring phase in the UV? 

Use known phase to control AND correct phase 
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Practical Example 
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Legend Elite USX 
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Practical Example 
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Legend Elite USX 


