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Three regime in a seeded FEL [Giannessi, Musumeci,
Spampinati, J. Appl. Phys. (2005)]
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 Vlasov-Maxwell analysis
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Laplace transform to solve the V-M equations to end up with
the integral representation for seeded FEL
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To complete the integral, we do the contour integral first
 Green function and then seeded FEL  seed convolved with Green function

 The phase

 The Green function is approximated by saddle point approach
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Saddle point approximation for the contour integral
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 Saddle point condition  FEL resonance condition

 zeroth order solution in detuning parameter
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Group velocity from resonance condition

ws

s
g

sws

kk

v

tzkkszs

3

2

0
3

2
ˆ2ˆˆ4

+

=!

="#
$

%
&
'

(
+!"=

)

)

 Refer to the pioneering work [Bonifacio, DeSalvo Souza,Pierini
& Piovella, NIMA 296, 358(1990)]
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Detuning

sz ˆ6ˆ !="
 Solution up to 3rd order in detuning

 Green function  Exp[f(ps)] with

 Exponential growth
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Superradiance: growth mode

Recall: the exponential growth mode generated from the pole
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Superradiance: growth mode
 The phase

 The Green function is approximated by saddle point approach, and gives
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Group velocity for superradiance
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Review of pioneering work [Bonifacio, DeSalvo
Souza,Pierini & Piovella, NIMA 296, 358(1990)]
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Superradiance solution

Same expression!
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Why the resonance condition so special?
 In general we look for pole which is not a function of ŝ
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Superradiance in a seeded FEL

Gaussian seed
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Source Development Lab Experiment
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Source Development Lab Experiment

σt : 90  50 fs
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More details
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Chirp

( ) ( ) ( )

( ) ( )

( ) ( ) ( ) ...,           

,,

,,

2

2

2

,

+!
"

#"
+!

"

#"
+#=

!!=#

=

==

#!

c

tt

c

tt

c

ss

zti

tt
t

tt
t

zt

Zzktzt

eZAztE

cc

$%&

$

!
!
"

!!
#

$

%

%
&=

%

'%
%

%
+=

%

'%

2

2

2

2

2

(

)
*

(

)
**

s

ss

t

t



Sep 13, 2007
FEL Frontiers 07 – Superradiance

Juhao Wu
jhwu@SLAC.Stanford.EDU

21

Chirps

Red shift
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Wigner function up0  5.0 ZZZ +=
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Genesis simulation

z = 1.6 (red),
3.2 (yellow),
4.8 (green),
6.4 (light blue),
8.0 (blue),
10.0 (purple) [m]
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