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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Particle Motion in the ELF Wiggler*

Jonathan ‘S. Wurtele and Andrew M. Sessler
Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720
June 28, 1982

Particle motion in the ELF wiggler was examined analytically and
numericé]ly.:4rhree quadrupole focusing schemes -~ two quadrupoles per meter,
-three quadrupoles per meter_and continuous focusing - were investigated. The
effects of finite wiggler width was inc]dded by assuming the magnetic field in
the hor1zonta1 (wiggle) plane to be |

B = [8 sin (k z2)(1 - ax2 - sx4) - q(z)x]y.
Here B‘J 1s_ the maximum mgg]er field, i—:— = Ay 1s “the wiggler waQe]ength,
a and g mode}'a computer generated field based on th actual wiggler design,
:ahd q(z)‘represents the externa{4quadrupole focusing. 

In the absence of finite width effects (a=e=d);'the-wiggler is neutral in
the horizontal plane and external focu51ng is requ1red to tranSport the beam
(E = 5 Mev, I = 1 ka. ¢ ~ 30 » mr-cm) through the WIQQ]EF (x = 10 cm, B, ~

3-5 kG). This study shows-contlnuous focusing to be superior to the other

schemes considered;;-:The external quadrupoles create horiiontalf betatron

- oscillations with o

* This work was supported by the Director, Advanced Energy Systems, Basic

Energy Sciences, Office of Energy Research, U. S. Department of Energy un-
der’ Contract No. DE-AC03-76SF00098. o
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where BQ/LQ is the quadrupole gradient. When a, 8, 4 O,
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where Q, = T The wiggler provides natural small amplitude focusing in the
( . .

-vertical plane which is adequate to overcome the defocusing from the quadru-

poles.

Many numerical calculations have been made, an exémple of which is shown

inFigo lc
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| Fig. 1. Electron orbit in wiggle plane, with y = 8, By.= 5 kG Ay = 5 cm,

9X(0) = -0.50, a = 1.08 x 1073, 8 = 6.68 x 10-5 and 30 G/cm
dz quadrupo]e focusing.
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ABSTRACT

Particle motion in the ELF: wiggler was investigated numerically and

' ﬁfanalytically. A transport system was designed using continuous quadrupole

.focusing in the wiggle plane and natural wiggle focusing in the non-higgle'

plane. .
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§ ,* This wofk was supported by the Director, Advanced Energy 'Systems Basic

Energy Sciences, . Office of Energy Research, U. S. Department of Energy un-
" der Contract No. DE-ACQ3-76SF00098. ' ) -
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This report was done with support from the
Department of Energy. Any conclusions or opinions

" expressed in this report represent solely those of the

author(s) and not necessarily those of The Regents of

the University of California, the Lawrence Berkeley

Laboratory or the Department of Energy. o
Reference to a company or product name does

"not imply approval or recommendation of the |-
product by the University of California or the U.S. -

Department of Energy to the exclusion of others that
may be suitable.
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