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SASE Saturation at LCLS
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Spontaneous Undulator Radiation
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Shot Noise

electrons SASE
........ undulator 2

Tb Z=0 Z:Lw

t; - arrival time of j™ electron at z=0

t; stochastically distributed over 0<t; <T,
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Radiated Field in Linear Regime Before Saturation
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Distributions for Instantaneous Power and Pulse Energy

Central Limit Theorem implies instantaneous power
follows the Negative Exponential Distribution:

p(P)— exp(—P/ I:)av)
The energy in a smgle SASE pulse Is

W (z )« j|E (z,t) °adt
Pulse Energy fluctuatlon
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Green’s Function

Ne
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In exponential regime, the Green’s function (red) is well

approximated by a Gaussian (blue).
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Simulation of Intensity and Phase Evolution
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LEUTL: FROG Measurements
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Distributions Characterizing Intensity Spikes

Dhase Driftlat Maximum
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Spike Width
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LEUTL: FROG Measurements

Pulse Time-Bandwidth Product Pulse Energy

@7 otk (b) -

- R
T

B
00 [mrq |, |, | 2o

0 1 2 3 4 5 Yo 1 2 3
¢=tbwp/0.5 n=W/<wW>
Y. Li et al (2005)

dp(C)/dg

M = 2(tbwp) = 1.8
Pulses with the highest energy had lowest

time-bandwidth product (tbwp).
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SASE Statistics: Time Domalin
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SASE Statistics: Frequency Domain

I & o N1 =

i I ——
L,k == ”/MR

} Mfw i ™
M=20,0, Number of Modes in Pulse
Q, =2z 0, Average Spectral Width
Q. =Q,/M=vz/o,  Range of Spectral Coherence

(60)= Qo IN27 RMS Spike Width
(Aw)=+27 I o, RMS Spike Separation

BROOKHFEAEN

NATIONAL LABORATORY
1 6 BROOKHAVEN SCIENCE ASSOCIATES



Mathematical Formalism

Wigner Function has Properties of Phase Space Density

jdf< (t——jE*(t+2j>exp(—ia)r) Wigner Function

2 do
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Time Domain

Define Number of Modes M to be ratio of phase space area

occupied by pulse divided by minimum phase space area
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Definition of Pulse Width

1 jdt<\E(t)(2>2
® (Jafeor))

Top Hat Distribution: <\E(t)(2>:{
T, =T

E; 0<t<T
0 otherwise

Gaussian Distribution: <\E(t)12>= E, exp(— t zj
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Frequency Domain
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Energy Fluctuation

o, = [t e )t )t )

For Gaussian Process with Zero Mean
(SASE Before Saturation)

(EG)E*()]" =(|EG B )~ ([EG N )EC )

1 [udt[(EQE* ()] o2
i} W 2 W 2

BROOKHFEAEN

d&wh. U.S. DEPARTMENT OF
4 ) ENERGY NATIONAL LABORATORY
21  BROOKHAVEN SCIENCE A SSOCIATES




Simplified Model of SASE Pulse

Gaussian Electron Bunch
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Model Wigner Function
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Model Statistical Properties
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Freguency Chirped SASE

Energy chirped electron beam 7i~70 _ ai_i
Yo b
|_eads to frequency chirped SASE
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Wigner Function for Frequency Chirped SASE
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Pulse Slicing Using Monochromator
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Region Near Pulse Length Minimum
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Region Near Pulse Length Minimum: o, ~ o, /|u

Unchirped Chirped Filtered
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Spectrum of HGHG at SDL/BNL and unsaturated SASE at 266 nm
under the same electron beam condition
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