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Motivation: Explain Experimental DataMotivation: Explain Experimental DataMotivation: Explain Experimental Data
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Wigner Fcn for a Chirped Gaussian Seed Pulse WignerWigner FcnFcn for a Chirped Gaussian Seed Pulse for a Chirped Gaussian Seed Pulse 

The electric field of the chirped seed laser is assumed to be,

The Wigner function for the seed laser is a Gaussian:

The Wigner function is defined as, Chirp
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Chirped Seed Pulse: Longitudinal CoherenceChirped Seed Pulse: Longitudinal CoherenceChirped Seed Pulse: Longitudinal Coherence

The moments of the Gaussian seed are as follows:

The longitudinal emittance of the Gaussian seed is defined as:
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Using an FEL Green function approach pioneered by J.M. 
Wang to solve the self consistent Vlasov-Maxwell eqns, 
the electric field is given by 

Coasting Beam High Gain FEL AmplificationCoasting Beam High Gain FEL AmplificationCoasting Beam High Gain FEL Amplification
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Evaluating the integral yields,
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E-field is of the same form as seed but with z-dependent moments!

Chirped Seed Green Fcn
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Wigner Fcn & Coherence After FEL InteractionWignerWigner FcnFcn & Coherence After FEL Interaction& Coherence After FEL Interaction

WF is of the same form as seed but with z-dependent moments:
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Compute Compute εε(z) = (z) = ½½ ⇒⇒ Coherence is Preserved!Coherence is Preserved!

Coherence Length ~ 1/σω(z)
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Phase Space Evolution: Numerical ExamplePhase Space Evolution: Numerical ExamplePhase Space Evolution: Numerical Example

ρ = 10-3

λ = 800 nm
T

FWHM = 1 ps
ωFWHM =7 nm
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Evolution of the Moments: Numerical ExampleEvolution of the Moments: Numerical ExampleEvolution of the Moments: Numerical Example



BROOKHAVEN SCIENCE ASSOCIATES

Canonical Transformation & ABCD MatrixCanonical Transformation & ABCD MatrixCanonical Transformation & ABCD Matrix

The convolution integral is of the general form of an integral 
representation of an ABCD canonical transform, as such the 
phase space area & longitudinal coherence is preserved:

Associated with the canonical transformation is a symplectic
ABCD matrix with GVDGVD (ReB) & gaingain (ImB):
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to obtain the new chirp and pulse duration after the FEL 
interaction confirming the results computed as moments 
of the Wigner function.

ABCD Matrix & Complex Pulse ParameterABCD Matrix & Complex Pulse ParameterABCD Matrix & Complex Pulse Parameter
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As in diffraction problems, the ABCD matrix can be used to 
transform the complex Gaussian pulse parameter, complex Gaussian pulse parameter, pp((zz),),

as follows,
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Concluding RemarksConcluding RemarksConcluding Remarks

• FEL Coasting Beam High Gain Green Function can be 
Characterized by an ABCD Canonical Transformation

• FEL Process = GVD & Gain Modifies the Seed Chirp, 
Pulse Length & Bandwidth

• Longitudinal Coherence of the Seed is Preserved in 
the High Gain Exponential Regime
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