
. -. AA(L/A’so/cp.- %’47’7

Low Ene~gy Spin-Wave Excitations in the Bilayer Manganite LatiSr,J@O,

S. Rosenkranz, R. Osbom, and J. F. Mitchell
Materials Science Division, Argonne National Laboratory, Argonne, IL 60439 USA

L. Vasiliu-Doloc and J. W. Lynn
NIST Center for Neutron Research, National Institute of Standards and Technology,

Gaithersburg MD 20899 USA..— *

S. K. Sinha
Advanced Photon Source, Argonne National Laboratory, Argonne, IL 60439 USA

.

Abstract Submitted for the (l@ annual conference on Magnetism and Magnetic Materials, To be
Published in the Journal of Applied Physics, San Jose, Ca.liforni%November 15-18,1999

●

The submitted manuscript has beerrcreatad
by the University of Chicago as Operator of
Argonne National Laboratory ~Argonne=)
under Contraot No. W-31-109-ENG-38 with
the U.S. Department of Energy. The U.S.
Government retains for itself, and othera act-
ing on its behalf, a p~.d-up, nonexclus.we,
irrevocable worldwfde license in said artk.le
to reproduce, prepare derivative works, dK-
tribute copies to the public, and perform pub-
licly and display publicly, by or on behalf of
the Government.

This work was supported by the U.S. Department of Energy, OffIce of Basic Energy Sciences
Division of Materials Sciences, under contract #W-31-109-ENG-38 and the NSF DMR 97-01339
and on SPINS by NSF 94-23101.

—- ——.—. —



DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or 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 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. .The views and
opinions of authors expressed herein do not necessarily
state or reflect those’ of the United States Government or
any agency thereof.

,.

‘- .,..,. .. . . .,,- —,... .. T--: ,:.d .,.,-.4. ~~~. . . . . .,,;. *<”., , .... ._&.o ., , ,,A.!, .,, ,.. . . . . . .
.>--



DISCLAIMER

Portions of this document may be iilegible
in electronic image products. Images are
produced from the best avaiiable original
document.

- — -.---.-$, -T-, . .A ,. -+’?=,. /.? . >.,....’! s.?.>- >. . ,,. —>7-, . . . 8 . . =—---7:—— -----— .



1. Introduction

The computer code RON (“Roger Oleg Nikolai”) was derived from a system of linear
integral equations for the particle distribution function in a high-gain FEL [1, 2] and was
developed to aid in the actual undulator design of the SASE FEL at Argonne [3, 4].
Specifically it can take into account nonideal magnetic systems, such as segmented
undulatory with arbitrary focusing and real measured magnetic fields. A series of
comparisons with other codes was conducted recently, and the results are presented
elsewhere [5, 6].

The system of linear equations describes the evolution of the Fourier harmonics of the
electron beam current density (a set of “thin” beams simulates the emittance of the real
beam) versus the longitudinal coordinate z, which in the exponential growth regime scale
self-similar to the radiated power. To simulate the SASE mode, i.e., the growth of
initially uncorrelated density fluctuations, the initial currents for all but one beam were
set to zero (similar to the calculation of the Green’s function for density fluctuations). It
corresponds to the situation when one particle (delta function of the electric current) is
added to the beam with a time-independent (constant) current; then the charge density
perturbation in the beam caused by the radiation of the particle is calculated. The code
also allows for the input of an external electromagnetic wave (the seed signal) in the
form of a Gaussian beam.

2. Calculations

Initially we used RON to calculate signal growth of the Fourier harmonics of beam
current density under different conditions and to determine tolerances for the beam and
the alignment of the undulator segments. More recently we have added “explicit
calculation of the radiation field (on an arbitrary grid) and the capability to study the
effect of real magnetic field errors on the performance. Further, since the code is fast, it
has been feasible to run the code in au optimization algorithm to determine the optimal
break length between undulator segments. In the following, we present some of our
recent results.

2.1 Beam and mechanical tolerances

The code was initially used to investigate a variety of different undulator mechanical
designs including finding tolerances of important parameters for the design. First we
showed that a high-gain FEL could be built without any significant loss in performance
by using a focusing approach with separated quadruples in break sections (between
planar undulator sections) instead of a combined focusing undulator design. Second,
alignment and beam tolerances were determined for the current FEL design with
quadruple focusing. We found that the undulatory need to be aligned to better than 50
~m vertically, but both longitudinally and horizontally the tolerances are much more
relaxed (1.0 mm). A summary of the results including beam tolerances is given in
references 7 and 8. We also made initial investigations of the sensitivity to magnetic
field errors and found that a AKZK- 0.01/3.1 - 0.3% variation between undulator
segments was well within an acceptable range. This value was later confiied using a
measured magnetic field as input - also see section 2.4 below.
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2.2 Optimal break length between undulatorsegments

The calculation of the optimal length of the breaks between undulatory has to take
into account the real magnetic field at the ends of undulatory. It was possible to run the
code in an optimization loop to optimize the break length between undulator segments
because of its speed (less than one minute on a Pentium II 333 MHz PC per fimction
evaluation). Optimization was carried out by varying two parameters: the detuning
parameter (radiation frequency) and the break length. The value of the current density
after five undulator segments was chosen as the figure of merit, and the optimization was
done using the sequential Parabolic interpolation method. A typical o@imization run
took abou{ one ho~r.
approximately 40 cm in

2.3 Radiation jield

Th; results obti&ed here guided us to- ~se a ~reak length of
the real design – also see section 2.4 below.

In the actual design, equipment ‘is installed in each break section for beam and
radiation diagnostics. It is important to be able to calculate the radiation that can be
measured experimentally, and we have therefore extended the code to calculate the
radiation field on an arbitrary grid outside any undulator segment. We calculate the
electrical field in the partial approximation that is given by the following expression
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where c is the speed of light, k = ak is the wave number, &~is the x-component of the n-
th beam current, and 7 is the screen coordinate. The radiation pattern shown in Fig. 1
was obtained near the fundamental wavelength at 518 nm at 8.0 m from the end of the
f~st undulator segment (when only one undulator segment is installed) using a beam
energy of 220 MeV.

2.4 Results using measured magnetic field+s

Magnetic measurements of the undulatory consist of large arrays of field values with
typically up to one hundred points per undulator period. The period-averaged code RON
needs a transformation of these arrays to smaller arrays with a fewer number of points,
which to f~st order have the same influence on the particle motion. At each integration
step in RON, the v@es of the undulator deflection parameter K and the vertical and the
horizontal kick angles are read from an input data fde. (The integration step is typically
one or several periods long.) A utility code was written that finds the arrays of undulator
deflection parameters (K values) and horizontal kicks from measured vertical magnetic
fields. (For the Argonne FEL, there is no horizontal focusing by the undulatory.) The
array of kicks was calculated to provide the same horizontal displacement at the end of
each step as the averaged real field. The array of K values was derived from the slope of
the phase versus distance. An “effective” magnetic length of the undulator was also
determined by adjusting the length of the first and the last integration step. The typical
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change in the K value found from the utility code, from one step to the next, was about
0.3%.

The calculated trajectories at 220 MeV from measured magnetic fields of five
undulatory are shown in Fig. 2. (The particle was given a kick at the entrance of the
fourth undulator to make the trajectory straight-the other trajectories were not adjusted.)
The measurement and tuning techniques of the undulatory have been reported elsewhere
[9]. In addition, just recently, a new phase-shimming technique was developed that
allows for adjustment of the break length by about + 2 cm [10], and we therefore decided .
to use a fixed break length of 40.0 cm for the Argonne FEL (as measured from the next-
to-the-last pole of the upstream undulator to the second pole of the downstream
undulatory).

The calculated bunching of the beam current density using the five measured
magnetic field files as input (trajectories as shown in Fig. 2) is shown in Fig. 3 for a
matched beam at 220 MeV and no undulator alignment errors. Clearly, the result
indicates that the magnetic field errors alone have little influence on the FEL
performance (the estimated power reduction here is 25% after five undulatory; note there
was no attempt to make the trajectories straight for all undulatory; in the real design there
are corrector magnets for this purpose and the reduction will be less). This is indeed a
very important result, and it indicates that the undulatory fabricated for this project are of
high quality and shimmed for straight trajectories. For shmdation purposes, as a first
step, the undulatory may therefore be treated as ideal.

2.5 LQw gain calculations for the Gaussian eigenmode

Another application of the code has been the calculation of the small-signal gain for
an FEL-oscillator with optical resonator. For example, such a calculation was performed
for the new WV FEL project at the Duke FEL Laboratory [11]. The helical undulator
will consist of four sections with magnetic bunchers and focusing quadruples between
them. The finite beam emittance and energy spread reduce the gain several times, and
therefore carefi,d optimization of the buncher and quadruple strengths is required. The
typical dependence of the gain on the emittance is shown in Fig. 4.

3. Discussion

We have provided a few examples of the flexibility of the code RON, which has been
valuable in the actual design of the undulator and break sections of the Argonne FEL.
Further developments of the code include a more accurate simulation of undulator
displacements and improvements to the initial transverse beam distribution functions (for
simulation of the ernittance), which is especially important for simulation of shorter
wavelength FELs. The option to take into account horizontal field errors is also in
progress.
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I
4. Figure Captions

Figure 1. Angular distribution of the radiation field (square of the amplitude of the
electric field). The angles are given in units of the inherent radiation opening angle
J=, where 2 is the wavelength and L is the length of one undulator segment.

Figure 2. Calculated trajectories at 220 MeV ffom measured magnetic fields of five
undulatory for the Argonne FEL. The beam was given a kick of 85 prad at the entrmce of
the fourth undulator (the other trajectories were not adjusted). The real break length of
40.0 cm between undulator segments was used.

Figure 3. The calculated natural logarithm of the Fourier harmonic of the beam current
density (top) and the dimensionless scaling factor (bottom) for the Argonne FEL using
the measured magnetic fields for five undulatory as input (dotted curve) versus an ideal
field with a K value of 3.10 (solid curve) near 518 nm for a matched beam and perfectly
aligned undulatory. The beam energy was 220 MeV, the emittance was 2.50x 10-8nm-
rad, the peak cuirent was 100A, and the beam energy spread was 0.15%.

Figure 4. Calculated gain versus the beam emittance for the Duke VUV FEL.
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