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Analytical and Numerical Approaches
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Analytical and Numerical Approaches
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Analytical and Numerical Approaches
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Analytical and Numerical Approaches

~ 1.5 kA

~2.5 kA

slice emittance > 2µm

slice emittance ~ 0.3 - 1µm

Q=1 nC

Q=0.5 nC

Rollover Compression vs. Linearized (FLASH)
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Analytical and Numerical Approaches
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Analytical and Numerical Approaches
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Analytical and Numerical Approaches
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Compression for Different Charges
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Compression for Different Charges
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Compression for Different Charges
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Compression for Different Charges

Parameter Unit

Bunch charge nC 1 0.5 0.25 0.1 0.02

Peak current (gun) A 43 24 13.5 5.7 1.2

Bunch length (gun, FWHM) ps 25 22 20 17 17

Slice emittance (gun) µm 0.8 0.5 0.3 0.21 0.09

Projected emittance (gun) µm 1 0.7 0.6 0.3 0.1

Compression 114 233 363 877 3833

Peak current kA 4.9 5.6 4.9 5 4.6

Bunch length (FWHM) fs 178 72 39 12 2.2

Slice emittance µm 1 0.7 0.5 0.3 0.17

Projected emittance µm 3.5 2.2 1.5 0.84 0.26

Slice energy spread 

(laser heater off)
MeV 0.45 0.44 0.6 0.6 0.8

Beam parameters from S2E simulations
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Compression for Different Charges
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Zagorodnov I., Dohlus M., Numerical FEL studies with a new
code ALICE, in Proceedings of FEL09, Liverpool, 2009.
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Compression for Different Charges
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Compression for Different Charges

Bunch charge, nC 1 0.25 0.02

Wavelength, nm 0.1

Beam energy, GeV 14

Peak current, kA ~ 5

Slice emmitance,mm-mrad 1 0.5 0.2

Saturation length, m 85 60 45

Energy in the rad. pulse, mJ 1-4 1-2 0.1-0.4

Radiation pulse duration FWHM, fs25-50 10-20 1-2

Averaged peak power, GW 10-50 10-100 50-150

Spectrum width, % 0.15-0.3 0.18-0.5

Radiation Properties from S2E
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Strong Compression
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Strong Compression

Parameter Unit

Bunch charge nC 1

Peak current (gun) A 43

Compression 116 228

Peak current kA 5 9.8

Bunch length (FWHM) fs 178 75

Slice emittance µm 1 1

Projected emittance µm 3.5 8

Slice energy spread 

(laser heater off)
MeV 0.45 1

Q=1 nC



Igor Zagorodnov|  1st  Meeting of  EXFEL Accelerator Consortium |  17. April 2012  |  Seite 19

Strong Compression for 250 pC
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Strong Compression for 250 pC
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Strong Compression for 250 pC
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Strong Compression for 250 pC
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Strong Compression for 250 pC
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Strong Compression for 250 pC
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Strong Compression for 250 pC
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Strong Compression for 250 pC
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Strong Compression for 250 pC
Beam core parameters vs. R56

20 21 22 23 24
0

10

20

30

40

50

20 21 22 23 24
0

5

10

15

20

25

20 21 22 23 24
0.2

0.3

0.4

0.5

0.6

20 21 22 23 24
0

1

2

3

4

[kA]I

[µm]slice
xε [µm]slice

yε

[fs]tσ

56,3 [mm]R−56,3 [mm]R−

56,3 [mm]R−56,3 [mm]R−

70% of particles



Igor Zagorodnov|  1st  Meeting of  EXFEL Accelerator Consortium |  17. April 2012  |  Seite 28

Strong Compression for 250 pC
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Strong Compression for 250 pC
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Strong Compression (SLAC)
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Strong Compression for 250 pC

Radiation energy vs. compression rate
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Strong Compression for 250 pC
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Strong Compression for 250 pC

20 21 22 23 24
0

100

200

300

400

500

600

700
175mz =

[a.u.]I

56,3 [mm]R−
20 21 22 23 24

0

50

100

150

200
60mz =

max
[GW]P

[a.u.]I

max
[GW]P

56,3 [mm]R−

Radiation power vs. compression rate



Igor Zagorodnov|  1st  Meeting of  EXFEL Accelerator Consortium |  17. April 2012  |  Seite 34

Summary

� Bunches with charge 20-1000 pC can be 
compressed to 5 kA and higher

� Radiation energy drops down at “full” 
compression

� Overcompression scenario can be used 
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