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+ A unified theory for exponential growth and superradiance - a
theory for saturation?

+ Vlasov-Maxwell analysis
# Exponential Growth
# Superradiance
+ Collective Variables analysis
# Review some pioneering work

# Comparison of the two difference analyses

+ Comparison with the experiment at SDL/NSLS/BNL.: qualitative
features

+ Future plan
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4+ Three regime in a seeded FEL [Giannessi, Musumeci,
Spampinati, J. Appl. Phys. (2005)]
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+ Vlasov-Maxwell analysis
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D, and D, : coupling coefficients

Y (6, p.Z )is the electron distribution function;
and E(1,z)= A0, Z ' withZ =k zand6 = (k. +k ¥ -w
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+ Laplace transform to solve the V-M equations to end up with
the integral representation for seeded FEL

_s(6-6' %1(2:0)3(9 -0')

A(H,Z)=fj; SZde '4(0',0)

# Let us use variable to absorb p.

z=2pk zand s = p[(kS + kwk - wst]
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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

g(2.5)= 3 f —exp[f(p 8]

# The phase

(p S) p(z 2S)+2ZS
pP

# The Green function is approximated by saddle point approach

e 5)- 2090 0 29)
271" (py.2.5)
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4+ Saddle point approximation for the contour integral

()
dp

# Saddle point condition > FEL resonance condition

4s =z 128§

# zeroth order solution in detuning parameter

1/3
P,=1".
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4+ Group velocity from resonance condition

4s =z -25 = ks+§kw z-wt=0

)

o)

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

c=2-06s

# Solution up to 3 order in detuning

P, =t -

2z

l-1/3§3

1/3
1/3 1 C_

1227

# Green function > Exp[f(p)] with

:1/3¢-2
f(p )~ 11/3/\ ! g

_ i1/3§—9i1/3 (§_2/6)2

Vo
4z Z
# Exponential growth
Sep 13, 2007 e N Juhao Wu
FEL Frontiers 07 — Superradiance Brookheave Ho auonalul.abo ";‘*-1_ jhwu@SLAC.Stanford.EDU




[ il (> -
— = Stanford Linear Accelerator Center

Stanford Synchrotron Radiation Laboratory

4+ Superradiance: growth mode

p3 ) 4l§ _O:p 41/3 1/3’\1/3
z-28 ’ (Z ZS)/3

+ Recall: the exponential growth mode generated from the pole

-1/3
zeroth -order = p_, =1

+ Interesting transition

1/3 A1/3
4

/3
(Z ZS)
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4+ Superradiance: growth mode
# The phase

10

(~3/2 )
Ay < explo Wi -26)]
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4+ Group velocity for superradiance

1/3 ~1/3
4779

(2-25)"

>> 1= 2 -25 << 1

whenz-25s=0=kz-wt =0
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+ Review of pioneering work [Bonifacio, DeSalvo
Souza,Pierini & Piovella, NIMA 296, 358(1990)]

%+% = b+1i04
dz 0z,
0b

;] — = —iP
0z
b
0z

b = <exr;(— i0 ) — bunching; 4 — field

P= < pexp (— i0 ) — momentum bunching
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4+ Superradiance solution
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Z, = 2 — 2§ Same expression!
5 — A
z = 4
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+ Why the resonance condition so special?

# In general we look for pole which is not a function of ,§

. 4is
Saddle point approach = p° - ———
z—28
Coherent condition : Z —25 =ns
s 4
= P, =—
n
1/3 1/3
4i\ . (4 . 2isn*”
= =(—| z—-|—| 25+
f(ps) 1 n (41)2/3
1/3
. X 2-’\ 2/3
= — i 25 + lS.nB =0
) n (41)2
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£ Coherence condition

Coherence condition: Z—2§ =ns

M =4 = resonance condition
p— J .
n=0= superradiance
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4+ Superradiance in a seeded FEL

_S(H_H.)+i(2p)3(9—9')

0
A©,2)= f%esz [doe s A4(0',0)

* EV°A4(p-E, o) L2 (g P13
~C(d 2Tela-£)e
[ gy

. 2
4+ Gaussian seed 0
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+ Source Development Lab Experiment

Z€lo,z,, |with Z, =1611

o, [fs] 90
Ly [M] 10
My [M] 0.039
P 10-3
A [NmM] 800
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4 Source Development Lab Experiment
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+ More detalils Z=Z,+05Z,
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4 Chirp

E(t,z)=14(0,Z )e ")
(I)(t,Z)= wt—kz- ¢(H,Z)

2
_ o,z % (-1 )+ 22 (-t F+..
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+ Wigner function
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