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The FEL pulse is modeled as a Gaussian beam that has a plane phase front at the plane 
z = zO inside the undulator. The FEL electric field amplitude during the pulse, at a 

downstream position (x, y , z) , is then 

E(x, y, z,t) = eim.t . e-w-zd . p.wo’ .k 
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The Gaussian waist and phase curvature are functions of the distance from zO : 

w(z--zo)z = ‘z;$” +wo” 
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Il(i-zo)=(z-zo)+-$E. 
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The parameter NJ, is the 2 dimensional RMS radius of the electric field amplitude at 

z = z. , where the distribution is narrowest. It is assumed that the electric field amplitude 

at z = zO matches the spatial distribution of the electron beam in the undulator. 

The spatial distribution of the electron beam is a Gaussian of the form: 
I (x2+3) 

pe,ectrr,n = 2T;;2 . e-‘T 
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with (17~ varying between 36.2 microns at an electron kinetic energy of 

Tmin = 4.54. GeV to 30.5 microns at T,, = 14.35. GeV . The assumption that the 
electric field amplitude and the transverse electron beam distributions overlap at 

z = z, implies that wO = 212.0, . 

The plane z = z, is assumed to be 1 Rayleigh length, LR (a) = 
29l7qf 

iz , from the exit 

of the undulator: z, = zeXit - LR (a> . In the coordinate system whose origin at z = 0 is at 

the center of the undulator, the undulator exit is at z,,, = 50. meters. 

The electric field intensity at a given z integrated over the duration of the pulse is: 

(El2 . Tbunch = IpI2 . q& . wo’ 
w z-z0 ( > 

The density of photons passing through the plane z is proportional to the electric field 
intensity so the photon density is of the form: 
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A,,euk (z) , the peak photon density at x = y = 0 , is obtained by setting the integral over 

the transverse coordinates equal to the total number of photons. The result is: 

Apeok (z> = 2 . Nphoton 
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