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Motivations 

> Ellipsoidal photocathode laser shaping 

 3D space charge linearization 

 Complicated technology  high maintenance 

coupled shaping (r-t), with rotational symmetry 

laser shape conservation through harmonic generation 

low efficiency: Gaussian  flattop  ellipsoidal 

… 

 Central slice emittance higher than projected emittance 

Core slice emit. 100% Proj. emit. 

PITZ - 1 nC (pulsed gun) 0.5 0.4 

LCLS2 - 0.1 nC (CW gun) 0.15 0.12 
~25% higher 

PITZ -  1 nC 
Flattop  ellipsoidal: ~10% improvement 

on core slice emittance 

LCLS2 -  0.1 nC 
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Motivations 

> Ellipsoidal laser shaping simplification 

 Decouple t shaping and r shaping 

 

 

 

 

 

 Longitudinal shaping: 1D 

A real parabola shaping by SLM 

Or approximate parabola distribution by Gaussian distribution 
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 Half circle distribution 

 

Parabola distribution 

 

 
2

2
2

2

max

2
1

1

2

2

z

z

r
er

z

z
z

z























zz 2max 

Parabola distribution naturally exists at 

the core of Gaussian distribution. 

shaping 

No 

shaping 



Houjun Qian  | Page 4 

Motivations 

> Ellipsoidal laser shaping simplification 

 Decouple t shaping and r shaping 

 

 

 

 

 Transverse shaping: 2D 

A real half circle shaping 

Or cut Gaussian into half circle 
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Motivations 

> LCLS experience: (prst ab 15, 090701 (2012)) 

 115 MV/m, 150 pC, pancake photoemission  

 UV laser 1 

Longitudinal: 3 ps stacking  6.5 ps ‘flattop’ 

Transverse:  1 mm BSA, uniform 

 UV laser 2 

Longitudinal: remove stacking  3 ps Gaussian 

Transverse:  1 mm BSA, uniform 

 UV laser 3 

Longitudinal: remove stacking  3 ps Gaussian 

Transverse:  1 mm BSA, truncated Gaussian 

 

Emittance no 

obvious change 

Emittance reduction by 

25%, big UV laser 

efficiency improvement. 

uniform Truncated Gaussian 
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Laser shaping comparison 

> Different laser shapings 

 Ellipsoidal approx. A 

A1: Long. Parabola, Transverse truncated Gaussian 

A2: Long. Parabola, Transverse uniform 

 Ellipsoidal approx. B 

B1: Long. Gaussian, Transverse truncated Gaussian 

B2: Long. Gaussian, Transverse uniform 

 Flattop C 

C1: Long. Flattop, Transverse truncated Gaussian 

C2: Long. Flattop, Transverse uniform 

> Injector setup 

 Current PITZ beamline with 60 MV/m gun gradient 

 Emittance optimization at EMSY1 

 Beam peak current: ~ 45 A 

Ellipsoidal & parabola laser: 6.1 ps rms, 19 ps FWHM 

Gaussian laser:                       8 ps rms, 18 ps FWHM 

Flattop laser:                                           22 ps FWHM, 2 ps edge 

 Beam charge: 0.5 & 1 nC 

 Optimization parameters 

Laser BSA, Gun phase, booster gradient, solenoid focusing 
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Laser shaping comparison 

> slice emittance 

 

 

Ellipsoidal 
Parabola Gaussian Flattop 

A1 A2 B1 B2 C1 C2 

0.5 nC 0.35 0.26 0.42 0.27 0.42 0.26 n/a 

1 nC 0.51 0.38 0.73 0.37 0.73 0.4 0.57 

 Transverse shaping is key for core slice emittance, not longitudinal shaping. 

 Truncated Gaussian Vs Ellipsoidal case, ~25% improvement on core slice emittance. 

 Transversely truncated Gaussian is better than uniform distribution, improving core slice 

emittance by 30% to 50%. 
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1 nC slice emittance 
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0.5 nC slice emittance 

Ellipsoidal Flattop Parabola Gaussian

0.5 nC 1 nC 

ellipsoidal 0.28 0.40 

Parabola 0.31 0.47 

Gaussian 0.53 0.72 

flattop 0.28 0.44 

Average slice emittance 

Core slice emittance 
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Laser shaping comparison 

> Peak current (1 nC) 

 Ellipsoidal Parabola 

Gaussian Flattop 

Sigz 

mm 

emit_z 

mm.keV 

Ellipsoidal 2.1 76 

Parabola 2.1 68 

Gaussian 2.5 118 

Flattop 2.2 73 
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Laser shaping comparison 

> Peak current (1 nC) 

 Ellipsoidal Parabola 

Gaussian Flattop 

Sigz 

mm 

emit_z 

mm.keV 

Ellipsoidal 1.9 45 

Parabola 1.9 46 

Gaussian 2.3 92 

Flattop 2.0 42 
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Laser shaping comparison 

> Projected emittance for transversely truncated Gaussian laser 

 Flattop (truncated Gaussian) vs Ellipsoidal 

0.5 nC: negligible difference 

1.0 nC: 10% difference for 100% emittance 
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Laser shaping comparison 

> XFEL case with Gaussian laser 

 12 ps at XFEL operation 

 18 ps in simulation here 
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Gaussian laser 

1 nC, uniform 1 nC, truncated Gaussian

0.5 nC, uniform 0.5 nC, truncated Gaussian

0.5 nC 1 nC 

100% proj. core slice 100% proj. core slice 

uniform 0.68 0.44 1.1 0.73 

Truncated Gaussian 0.58 0.27 0.87 0.37 

improvement 15% 39% 21% 49% 

Truncated Gaussian 

is better than uniform! 
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Dowell’s distributions 

> D. Dowell shows a parabolic radial distribution can linearize transverse 

space charge 

Truncation at 0.8 sigma Truncation at 0.9 sigma Truncation at 1.0 sigma 

Not ellipsoidal? 

No linearization? 

Radial parabolic, 

linearized space 

charge? 

cathode 
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UV laser transverse shaping for truncated Gaussian 

> A spatial filter before BSA 

 Clean Gaussian distribution 

> A telescope before BSA 

 Tune Gaussian rms size, sigma=BSA/2 

> … 
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Summary 

> Simulations show transverse shaping is the key for improving core slice 

emittance, not longitudinal shaping. 

 Truncated Gaussian vs uniform distribution: 30% - 50% improvement 

 Truncated Gaussian vs Ellipsoidal: 25% improvement 

> For 100% projected emittance 

 Truncated Gaussian vs uniform distribution 

   1 nC: ~20% improvement 

0.5 nC: ~15% improvement 

 Flattop (Truncated Gaussian) vs Ellipsoidal 

 1 nC: ~10% difference 

0.5 nC: negligible difference 

> For current XFEL operation with Gaussian laser 

 12 ps at XFEL, 18 ps in simulation here 

 Truncated Gaussian vs uniform distribution (for 18 ps) 

0.5 nC: ~39% improvement on core slice emittance, ~15% on proj. emittance 

   1 nC: ~49% improvement on core slice emittance, ~21% on proj. emittance 
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Backup slides 

> 1 nC 

Ellipsoidal 

 

 

Parabola-uniform 

 

 

Parabola-truncated Gaussian 

 

 

Gauss-truncated Gaussian 

 

 

 

Gauss-uniform 

 

 

Flattop-truncated Gaussian 
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Backup slides 

> 0.5 nC 

Ellipsoidal 

 

 

Parabola-uniform 

 

 

Parabola-truncated Gaussian 

 

 

Gauss-truncated Gaussian 

 

 

 

Gauss-uniform 

 

 

Flattop-truncated Gaussian 


