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Abstract 

A variable-dispersion electron spectrometer is being in
stalled for use by the Stanford Superconducting Accelerator 
in conjunction with its Free Electron Laser program. The 
system has been designed to operate with electron beam en
ergies from 20 MeV to 200 MeV, with a maximum energy 
resolution of 0.01% FWHM. The maximum energy accep
tance is approximately ± 5%, as determined by the bending 
magnet aperture. Resolution is controlled by adjusting the 
focal conditions at the entrance to a 90° bending magnet, 
while the dispersion is controlled by changing the magni
tude and polarity of the field in a quadrupole magnet which 
immediately follows the bending magnet. 

Introduction 

An unusual spectrometer system is being installed as 
part of a new beam dump for the SCA/FEL. The design 
goals for the spectrometer were that it be able to analyze 
electron beams with energies from 20 to 200 MeV with three 
operating modes: high resolution, low resolution, and no res
olution. In the high-resolution mode, the design goal was a 
resolution of 0.01% FWHM. This mode will be used for an
alyzing the beam directly from the Superconducting Linear 
Accelerator (SCA). The low-resolution mode as intended to 
have an energy acceptance of nearly ± 5%, with a resolution 
of approximately 0.2 %. This mode will be used to analyze 
the spent beam from the Free Electron Laser (FEL). A third 
mode was also desired, in which the beam can be focussed to 
a relatively small spot regardless of the energy spread. Us
ing this mode will allow one to make substantial adjustments 
to the accelerator and/or FEL without having to adjust the 
spectrometer. 

Background 

The momentum resolution of a 90° sector magnet is high
est when the beam is focussed to a small waist at the en
trance to the magnet, and is zero when the beam has a waist 
at the center of the magnet. Quadrupoles before the bending 
magnet can thus be used to vary the resolution from zero up 
to the maximum which is possible given the beam emittance 
and resolution of the detection system. Quadrupoles follow
ing the bending magnet can be used to change the dispersion 
at the detection plane. A defocussing quadrupole will in
crease the dispersion by accentuating the bend-induced an
gular spread, while a focussing quadrupole will counteract 
this divergence and reduce the dispersion at the detection 
plane. 

The system was designed using the computer programs 
TRANSPORT!'! and POISSON.!2! TRANSPORT does 
beam-envelope ray-tracing, and can include second-order 
terms. This program was used to determine the positions 
and strengths of the quadrupoles in order to achieve the de
sign goals for all three modes. POISSON is a finite-element 
program used for analyzing electromagnets, and was used to 
design the bending magnet and the quadrupole which imme-

diately follows it. Existing quadrupoles were judged to be 
suitable for the other locations. 

Design 

The layout for the final design is shown in Figure 1. 
The two qua'drupoles before the bend allow the resolution 
to be varied over a wide range while keeping the beam size 
small in the non-bend plane. The bending magnet design is 
a "window frame", chosen for its simplicity and good field 
uniformity. Calculations using POISSON predict that the 
field will be uniform to 0.01 % over the central 5 cm of 
the aperture, and uniform to 0.025 % over the central 9 
cm. Measurements of the central field versus current show a 
deviation from linearity of 1 % at 7000 gauss, demonstrating 
the absence of any significant saturation effects up to the 
design maximum of 6670 gauss. 
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Figure 1. Physical layout of the system components. 

In order to vary the dispersion, there must be an ad
justable quadrupole following the bending magnet. This 
quadrupole must be defocussing for high dispersion, and fo
cussing for low dispersion. In fact, this quadrupole would 
have to be very strong in order to reduce the dispersion to 
a manageable level when operating with a beam having an 
energy spread of a few percent. To reduce the field strength 
required from this quadrupole in the low-resolution mode, 
the output pole face of the bending magnet was rotated 
by 30°. This provides focussing which reduces the disper
sion of the bending magnet. The field strength require
ments for the third quadrupole are now symmetrical: the 
sign changes but the magnitude stays the same when go
ing from high-resolution mode to low-resolution mode. The 
fourth quadrupole is turned off for the low-resolution mode, 
and is set to be strongly defocussing for the high-resolution 
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mode. The resulting maximum dispersion gives rise to a 2 
mm shift at the detection plane for a change in energy of 

0.01 %. 

The quadrupole which immediately follows the bending 
magnet must have an aperture in the bend plane which is 
equal to that of the bending magnet. Since this is nearly 
4 inches across, the quadrupole would be quite bulky and 
expensive if its aperture were circular. Instead, a so-called 
"window frame" or "Panofsky" quadrupole '3.'1 with an as
pect ratio of 4:1 is being used. A cross section of this mag
net is shown in Figure 2. An idealized version of a Panofsky 
quadrupole would consist of uniform current sheets lining a 
rectangular aperture in an infinitely permeable material. In 
this case a perfect quadrupole field is ensured by symmetry, 
rather than by the shaping of pole faces as in a conven
tional quadrupole. Coils of finite thickness do not destroy 
the symmetry, provided that the current density is uniform. 
Perpendicularity of the walls forming the aperture is crucial 
to maintaining the proper symmetry. 

steel 
(1" all around) 

Figure 2. Schematic cross-section of the Panofsky 
quadrupole. 

Beam profile plots for the three operating modes are 
shown in Figures 3 through 5. The plots are for an en
ergy of 100 MeV, with a normalized emittance of 20 7f mm 
mr, and a nearly parallel beam at the entrance to the first 
quadrupole. The quantity plotted is the full width at half
maximum, as computed by TRANSPORT. For each mode, 
the width is shown for a beam with no energy spread and 
for a beam with a FWHM energy spread as indicated in the 
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Figure 3. Beam profile (FWHM) for a lOG-MeV beam 
with a normalized emittance of 20 7f mm-mr, shown for 
the spectrometer set in the high-resolution mode. 

12 

figure. The beam profile in the non-bend plane is similar 
in all three cases. The first two quadrupoles give a small, 
weakly converging beam which is not much affected by the 
other magnets. In the high-resolution mode, when the last 
2 quadrupoles are strongly focussing in the non-bend plane, 
a waist is formed near the detection plane. 
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Figure 4. Beam profile for the same beam parame
ters as Figure 3, but with the spectrometer in the low-
resolution mode. 

01 02 BEND03 04 (OFF) 

D D DO D 
6 

E 
/' 

I " 

2 llE / E = 5% --I " 
I , 

I 
I-
0 
::; 
~ « 
w 
a::J 

4 I ' 
I " I , 

I ' 
I " 

2 - llE / E = 0 I ' 
I ' 
I " I , 

I , 
I , 

/ , 
0 

, 
0 2 4 6 8 10 12 

DISTANCE ALONG BEAMLINE (m) 

Figure 5. Beam profile for the same beam parame
ters as Figure 3, but with the spectrometer in the no
resolution mode. 

Status 

The bending magnet and its power supply have been 
built and bench-tested. The Panofsky quadrupole has been 
assembled and checked for mechanical accuracy. The other 
quadrupoles were already in our possession. Nearly all of 
the support structures and beamline components have been 
fabricated, and installation is scheduled to take place in Oc
tober of 1988. Testing with an electron beam will take place 
in November or December. 

Conclusion 

An electron spectrometer has been designed for the 
SCA/FEL which allows the resolution and dispersion to be 
varied over a wide range. This spectrometer should prove to 
be a valuable diagnostic of the electron beam, both directly 
from the accelerator and after interaction with the Free Elec
tron Laser. In addition, the no-resolution mode will allow it 
to be used as a simple dump magnet regardless of the energy 
spectrum. 

Proceedings of the 1988 Linear Accelerator Conference, Williamsburg, Virginia, USA

386 WE3-31



Acknow ledgements 

We wish to thank the entire staff of the SCA for their 
assistance with this project. We are especially grateful to 
Werner Wadensweiler, whose experience and attention to de
tail have been invaluable. 

References 

1. K. L. Brown, F. Rothacker, D. C. Carey, Ch. Iselin, 
TRANSPORT - A Computer Program for Designing 
Charged Particle Beam Transport Systems, SLAC-91, 
Rev. 2 (May 1977). 

2. Los Alamos National Laboratory Publication LA-UR-
87-115 and LA-UR-87-126. 

3. L. N. Hand and W.K.H. Panofsky, Rev.Sci.Instr. 30, 
421 (1959) 

4. Klaus G. Steffen, High Energy Beam Optics, Wiley, 
New York (1965). 

Proceedings of the 1988 Linear Accelerator Conference, Williamsburg, Virginia, USA

WE3-31 387


