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Current two beams piecewise undulator

V. 1.R.NICULESCU", L. SANDRU? M. R. LEONOVICI®, S. MICLOS®, V. BABIN, A. VOINESCU*

NILPRP, Bucharest, Romania

3physics Department, Petrol Gas University (UPG), Ploiesti, Romania’

bFaculty of Physics, Bucharest University, Bucharest, Romania, E-mail: Iminola@yahoo.com
‘Researches and Development National Institute for Optoelectronics, Bucharest, Romania
dComputer Department, “Politechnica’ University, Bucharest, Romania

A new undulator structure for free electron lasers was presented. Current PIECEWISE devices produce magnetic fields
which are spatially periodic. The current has alternating directions in wires stacks. The Biot - Savart law was analytically
evaluated. The structure versatility cover longitudinal undulator or wiggler design for one or two beams devices with

transverse momenta.
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1. Introduction

Free-electron lasers (FEL) imply the elaboration of
compact devices [1, 2, 3]. The phenomenon of tuned
coherent radiation is given by undulator the FEL principal
component. The radiation is obtained by means of a
relativistic electron beam injected in a periodic magnetic
field produced by spatially periodic structures formed by
permanent magnets or currents (undulator, wiggler). As a
result a coherent radiation is generated in the Z - direction.
In the new longitudinal undulators the Z magnetic field
components are periodic with Z and the incoming
electrons have transverse momenta. The described
structure is proper for analytical evaluation of undulator
magnetic components.

2. Model

The transverse cross section PIECEWISE undulator is
composed 10 linear segments (Figure 1) and there are 25
wires stacks / meter (Fig. 2).

The segment wire is described by:

X=X+ (X =X Y=Y, +(y. -y, z=constant (1)

E.g., the neck value is given by h = 0.007 m.

The transverse momentum of electrons determines the
transversal characteristic of the model. In this new
structure, the current in each wire has opposite sense with
that of neighboring wires.
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Fig. 1. The transversal PIECEWISE current undulator
structure.

The magnetic field of each loop was computed with
flows in the Biot - Savart law. The B, ,B, , B, magnetic

field components for a segment of the loop are computed
with formula based on integrals multiplied by the factor

“’O“r J i
4

where M, is the vacuum  magnetic

permeability, L, is the relative magnetic permeability, J
is the current, z is wire position on Z axis, and
(X =0, y=0.028) are the coordinates of the point
where the magnetic field components are evaluated:
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In the evaluation of magnetic components for a
segment, do appear the integrals of type 1, and I, [4]:
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where:

A= ( i X)z"'(yi_Y)z"‘(Zi_Z)z’
B= 2(X|+1 xi)(xi _X)+2(yi+l _yi)(yi _Y)
C= (X|+1 i)2 + (yi+1 - )2

and M, N depend of the segments coordinates.
Figs. 2 and 3 show the periodic behaviour of the
magnetic field components.
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Fig. 2. The undulator magnetic field component y.
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Fig. 3. The undulator magnetic field component z along
Z

The z magnetic field component is ten times greater
than B, component. The x magnetic field component is
negligible. Electrons with transverse momenta are created
with Kicker magnet [5].

3. Conclusions

In this paper a new model of an undulator for free
electron lasers is presented. The current undulator
structure is a series of PIECEWISE wires. Each wire

presents C, symmetry. The magnetic field integrals

components are analytically evaluated. So the
computational time is reduced. The magnetic field is
mainly longitudinal and the y component is very low. So,
the electrons with transversal components injected in the
undulator longitudinal magnetic field emit radiations. The
model is developed for structures with two simultaneous
electron beams. This new model describes the way to get
two radiations beams with different wavelengths in
synchrotron radiation.
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