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Normalized FEL model
(~Saldin et al, 2000 „The Physics …“, 1D normalization)

ˆˆ
ˆ
i

i
d P C
dz
ψ

= +

ˆ ˆˆ( ) cos ( ) ( , )
ˆ
i

i i r i z i i
dP u r r E r
dz

ψ ψ ψ⊥ ⊥ ⊥⎡ ⎤= + −⎣ ⎦

(1)1 ˆ( ) 2 ( )
ˆ2 i i

d u r a r
iB dz

⊥ ⊥
⊥

⎡ ⎤∆ + = −⎢ ⎥⎣ ⎦

2 0

0

4ˆ
p

s

j
E

π
ωθ

Λ =

2
2

2 2
0

ˆ
T

εσ
ρ ε

Λ =

4 2
2 0

2 2
ˆ z

emit
γ ε
ρ β

Λ =

2 2
03

2
0

s JJ

z A

j A
I c

π θ ω
γ γ

Γ =

2
zcγρ
ω
Γ

=

2 ( )
( )

(0)
1

ˆ ( ) ( )ˆ ( , ) sin( ( ))
( )

n
p i ni

z i i i i
ni

r j rE r n r
nj r

ψ ψ ψ
⊥ ⊥∞

⊥ ⊥
⊥

=

Λ
= +∑

- space charge parameter

- energy spread parameter

- effective energy spread (emittance) parameter
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optβ • Most important is effect of emittance.

• Longitudinal space charge field can 
be neglected

[m]

[ ]n mm mradε ⋅



Normalized parameters
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0.1nmλ =Gain length scan
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ALICEGenesis

• only 3D 
• 3D Cartesian field solver (ADI)
• Runge-Kutta integrator
• Dirichlet boundary conditions
• transversal motion
• many other physics

• 1D/2D/3D 
•3D azimuthal field solver (Neumann)
• Leap-Frog integrator
• Perfectly Matched Layer
• parallel motion
• tested by me on the examples from 
the book of SSY
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(~Saldin et al, 2000 „The Physics …“,)



Genesis vs. ALICE / Energy Spread 
(round Gaussian beam, Gaussian energy spread, parallel motion only)
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How to simulate emmitance with parallel particle motion only?
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Genesis vs. ALICE / Emmitance
(round Gaussian beam, Gaussian energy spread)
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Genesis vs. ALICE (emittance parameter fit)
1.1a =
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Genesis vs.ALICE (emittance models)
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Emittance scan (ALICE)
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Emittance scan (ALICE)
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Conclusion
The effective undulator length (200m) and the design emmitance 

(1.4 mm*mrad) allow the energy spread up to 4MeV

transverse motion has to be realized in ALICE

estimation of the emittance impact requires yet additional efforts 
(with optimal beta function etc.)

spectrum?

0 1 2 3 4 5
140

160

180

200

220
[ ]satL m

[MeV]Eσ

10
10

10

15

15

15

20

20

20
25

25

25

30

30

35

35

40

45

1 1.5 2
0

1

2

3

4

5[MeV]Eσ

[ ]n mm mradε ⋅

[m]gL

0.1g satL L


