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Introduction

The present talk aims at presenting the characteristics of the radiation
~ emitted by electron beam crossing a planar undulator in terms of spectral flux
0 and bandwith. We will see that the spectrum emitted by a monoenergetic
: divergence free electron beam presents a series of lines with thickness of the
¥ order of 10*and even less. However, how do the optical performances and
= also the bandwith evolves if the electron beam owns an energy spread and
also an angular divergence and position? How is the spectrum changed if the
g‘ electron beam motion is disturbed when crossing the undulator?

Z | will try to point out these effects to estimate the impact on the optical
Z performances of a planar undulator owning a longitudinal field component on
its pr
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Motion of electrons in a planar
sinusoidal undulator

The electron motion is ruled by the Lorentz equation: ym, Zv = —eB X B. In ‘ 2 X / e
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Resonant Energy
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Radiated electric field
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Natural bandwith, angular
divergence and source size
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Spatial distribution
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Twiss parameters

The electron beam optics of a synchrotron facility is defined by the Twiss parameters:
e The emittance in horizontal and vertical plane: respectively ¢, and g,

* The betatron functions in horizontal and vertical plane: respectively B, and 3,

* The dispersion functions in horizontal and vertical plane: respectively n, and n,

| And also the relative energy spread c/E or ¢, /y.
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a The Twiss parameters determines the electron beam size and divergence at the undulator location:
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Photon source size and angular
divergence

*  Sourcesize: Sy, = /0y ,° # 0,2 VL
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Spectral broadening
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Spectral distribution: emittance and
energy spread
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Spectral distribution: beta function
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Spatial distribution
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Magnetic defaults

KAg
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*  Local dK result in trajectory magnitude variation

—>Increase of the source size
~ Local 8K result in phase error increase coming
. \ From the non steady regime of photon burst

Emission.
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= o, is the standard deviation of ¢, (gaussian distribution).

g One can estimate the reduction factor of the radiation intensity:
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Adding a longitudinal field
component (1/6)

A longitudinal component B, is superimposed to the vertical periodic field. What will be the
motion of particule and how will the emission be changed. The motion respects the analytical
relations:
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B,(s) = By cos(kgs)

L B, and B, are calculated by Runge-Kutta integration taking into account the initial conditions at

J the entrance of the undulator (B,, and B,,). The positions X and Z are also deduced by simple
integration of the normalized speed and taking into account the initial conditions at the entrance
of the undulator (X, and ZO)



Adding a longitudinal field
component (2/6): magnetic field
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Adding a longitudinal field
component (3/6): Motion
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Adding a longitudinal field
component (4/6): Motion

Although oscillating in the horizontal plane, electron beam rotate around the undulator axis
: : : . B
and describes a helix at the precession pulsation w = °>s

that is with a step length of

Yymo
9
AL = Zmocie[GeV]. The amplitude of the helix depends on the longitudinal field amplitude
. and entrance angle
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Adding a longitudinal field component
(5/6): Motion vs entrance angle
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Adding a longitudinal field component
(6/6): Flux density vs entrance angle
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Flux density from a real beam

To take into account the emittance and the energy spread of the beam, one considers electrons distributed
gaussianly independently in position, angular divergence and energy:
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Summary and conclusions

* Undulator radiation of composed of series of
lines (harmonics)

The amplitude and the bandwith of the
harmonics strongly depends on the beam optics:
emittance, energy spread, betatron and
dispersion functions.

Changes in the particle trajectory:

— Magnetic defaults: = intensity reduction and
bandwidth increase

— Adding a longitudinal field: = No significant impact on
the spectral performances




