1

LS Note 280

Benchmark and Comparisons of FEL Simulation Programs

TDA3D and GENESIS

Y.-C. Chae, S. V. Milton

Argonne National Laboratory

Advanced Photon Source

9700 South Cass Avenue, Argonne, IL60439

June 30, 1999

I. Introduction

A low-energyundulator test line (LEUTL) is under construction at the Advanced Photon

Source (APS). This line will initiallybe used to demonstrate a free-electron laser (FEL) based on the self-amplified spontaneous-emission (SASE) process. The FELsimulation programs, TDA3D

[ 1,2,3] and GENESIS [4] , together with several other codes have been used for the LEUTLproject. In order to increase the confidence on the simulation results, we attempted to benchmark two programs TDA3D and GENESIS. The results are reported here.

The programs TDA3D and GENESIS solve the paraxial FELequations with the approximation that the amplitude of the radiation field is slowlyvarying ;

d dz

k

a a f s

s w B s

g

g q f = - + sin( ) , (1)

d

dz k k p a a a a f

w s w s s w B s q q f

g

= -

+ + + - +

^

1 2

2

2 2 2

2 cos( )

, (2)

dp

dz a

r

G x e y e w

Q x y

^

^

= - -

1

2

2

g

¶

¶ g

B

� �

( ), (3)

dr

dz p

^ ^ =

g

, (4)

2 2 0

2 ik

z a e eZ If

mc a e

s s i B w i

s

¶

¶ g f q

+ Ñ é

ë ê ù

û ú

= -

^

-

, (5)

where

l

w

= undulator period,

k

w

= 2 p / l

w

,

2

B

w

= rms/peak magnetic field of a planar/helical undulator,

a

w

= eB

mck w

w

, normalized undulator vector potential,

f

B

= [J

0

(b)-J

1

(b)], b=a

w

2 /(1+ a

w

2 ), for a planar undulator, and

1 for a helical undulator,

G

Q

= B´/(B r) , external focusing byquadrupole,

w

s

= angular frequencyof the radiation field,

l

s

= wavelength of the radiation field,

k

s

= 2 p / l

s

,

E

s

= rms/peak electric field of the radiation from a planar/helical undulator,

a

s

= eE c

mck s

s

/

, normalized radiation vector potential,

f

s

= the phase of radiation vector potential,

g = the particle energyin the unit of mc 2 ,

q = ( k

s

+k

w

)z-w

s t, the particle phase,

p

^

= the transverse canonical momentum in the unit of mc,

r

^

= the transverse particle coordinate,

Z

0

= m

0 c, impedance of free space,

I = beam current,