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Electron Beam: First Optimization

Initial

“Adjusting the 
accelerating 
phase shifts of 
ACC2 and ACC3”
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“Adjusting the Phase Shifts for Different Currents”

1300A

2500A
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Bandwidthfwhm = 1.5 %

Pulse-durationfwhm= 33fs

∆γ / γmax = 10 / 1350 = 0.74%

Seeding Pulse and the Two Energy Arms



10

Seeding Multiple Energy Arms
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Commingling 
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Second optimization: “Optimizing ACC1 and ACC39”

1000A

2200A
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Comparison of the Second and the First Optimization
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1000A

2200A

Second Optimization; Different Currents



15

-4x10-5 -2x10-5 0 2x10-5 4x10-5

0,0

0,5

1,0

1,5

2,0

 1000A-second
 2200A-second

 

 

E
ne

rg
y 

sp
re

ad
 in

 γ

Pulse-length in m

-4x10-5 -2x10-5 0 2x10-5 4x10-5

0,0

5,0x10-7

1,0x10-6

1,5x10-6

2,0x10-6

 1000A-second
 2200A-second

 

 

H
or

.E
m

itt
an

ce
 in

 m

Pulse-length in m

-5x10-5 -4x10-5 -3x10-5 -2x10-5 -1x10-5 0 1x10-5 2x10-5 3x10-5 4x10-5 5x10-5

0,0

5,0x10-7

1,0x10-6

 1000A-second
 2200A-second

 

 

V
er

.E
m

itt
an

ce
 in

 m

Pulse-length in m

-4x10-5 -2x10-5 0 2x10-5 4x10-5

0

500

1000

1500

2000

2500

 1000A-second
 2200A-second

 

 
C

ur
re

nt
 in

 A

Pulse-length in m

Second Optimization; Different Currents



16

ORS 1Laser

Chicane

ORS 2

• Wavelength: 270nm 

• Pulse-durationfwhm: 33fs

• Bandwidthfwhm : 1.5 %

• Rayleight length: 4m

• Waist position:4.93m 
behind undulator entrance

Seeding Pulse
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The maximum achievable K-parameters of s-FLASH-undulators: 

Beam energy: 700 MeV

Kmax-rms = 1.92 λs = 39nm. 

Kmin-rms= 0.8 λs = 14nm

From  7th up to 19th harmonics!

Preparation
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The slice energy spread 
increases due to the 
seed degrading the FEL 
gain length!

Slice energy spread along the bunch
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Increased Energyspread
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Gainlength for Different Wavelengths

Restricts us to 

7th up to 11th 

harmonics 
for 1000A-case

7th up to 9th

harmonics 
for 2200A-case
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Radiation in the First 3 Undulator-Modules; 1000A-C ase

After the 
First
Second
Third 
module

After the 
First
Second
Third 
module

Superradiance
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Superradiance

Giannessi FEL2005
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Radiation in the First 3 Undulator-Modules; 2200A-c ase

After the 
First
Second
Third 
module

After the 
First
Second
Third 
module

Starting Superradiance
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Summary

Adjusting the Phase Shifts of ACC2 and ACC3 is not enough. A 
careful optimization of all accelerator modules is mandatory!

For a beam energy of  700 MeV and the sFLASH-undulators, the 
resonant wavelength ranges from λs = 39nm to λs = 14nm, 
corresponding to 7th -19th harmonics of the Seeding wavelength of  
λs = 270nm.

Due to the increase of the energyspread only a wavelength range 
from 7th up to 11th harmonics is accessible.

For the low energyspread indicated in the simulations and the high 
seeding power aimed, the required R56 is small and almost the 
same for all wavelengths. Thus “the undulator modules pick the 
wavelength”!

Generally it seems as if the saturation of the SASE process takes 
place within the first three undulator-modules so that we can expect 
superradiance after the third undulator. 


