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FEL UV Beam line for HKS Target Tests 
 

L. Osborne, J. Boyce, and D. Douglas 
 
Abstract 
An experiment has been approved for beam time in Hall C. These experiments require 
thin foil-type targets exposed to the CEBAF GeV electron beam. The electron beam 
currents and energy to be used have raised questions as to the structural integrity of the 
foil targets. The FEL electron beam could possibly be used and was proposed to be used 
to test the targets before placement into Hall C. This tech note examines the proposal and 
provides limits to the beam characteristics. Electron beam transport codes were used to 
establish the electron beam parameters for meeting the requirements of the Hall C Users 
collaboration. 
 
Introduction & Requirements 
The HKS collaboration has proposed a series of material science experiments using the 
electron beam of the FEL impinging on the targets the collaboration was to use in its Hall 
C experiment [1]. They wanted to conduct tests on an assortment of different target 
materials and thicknesses.  The amount of high energy particles being kicked off the 
target by the electron beam wanted to be limited.  The Hall C Users wanted to be extra 
careful to not put too powerful a beam through the target, because of possible destruction 
(equating to loss of time, resources). 
 
Placement of the actual physical experimental equipment in relation to the Free Electron 
Laser (FEL) setup was discussed (See Figure 1).  Initially, it was proposed to use the the 
straight ahead beam line so the electron beam could travel directly into that beam dump.  
The Hall C Users desired the tightest beam possible, approximately 200 microns rms, and 
it seemed this would be the best design.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Layout of the FEL vault. Electrons travel in a counter clockwise direction. 
Ellipse A is the “straight ahead” area initially considered. Ellipse B shows the area finally 
chosen for these target tests and the beam studies of this Tech Note. 
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However, after further review, it was determined that it would be physically difficult to 
place the equipment at the end of the primary beam.  At this point, there were designs for 
the UV beam line planned the line to branch off from the IR line at dipole MGX2F10.  
(ellipse B of Figure 1.) The electrons in the beam would be directed to slightly off the IR 
track as soon as they entered the magnet.  The following are parametric values 
appropriate to use in this transport line. 
 
Bend Radius: 2.4 meters 
Bend Angle: 23.1374996° 
Entrance Angle: 2° 
Exit Angle: -18.24606538° 
 
(The negative exit angle merely represents a chosen orientation of magnetic fields) 
 
The new UV line was designed to include a series of quadrupole magnets and drifts 
which simply acted as spacers between the magnets.  The beam size determined by the 
specific magnets would stay reasonably consistent through the length of the drift.  The 
drift length was predetermined to be 1.4428482 meters.  Figures 2 and 3 illustrate the 
initial concept for using the FEL UV beam line. 

 
 
Figure 2. Plan view layout of the FEL UV beam line region showing the HKS targets 
assembly and electron beam dump. Not shown are the quadupoles QX3F01-7, upstream 
from the HKS targets assembly, that were the focus of this study. 
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Figure 3. Concept layout of HKS target testing assembly and the electron beam dump. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Layout showing the location of the quadrupoles, HKS target assembly, and 
beam dump. 
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Calculations & Discussion 
The goal of this exercise was to control the size of the electron beam using the 
quadrupole magnets to provide the user a small, controlled, tight beam of high-intensity 
light.  Ideally, only 4 quadrupole magnets would be needed – thus reducing costs and the 
time of installation.  A mobile container holding the test target would be positioned at the 
point determined to have the optimal light conditions.  The target was planned to be 
inserted from the side because of space requirements.  Figure 4 illustrates the location of 
the quadrupoles, target assemply, and beam dump. 
 
A computer simulation model implemented through Microsoft Excel was used to 
determine the exact settings needed to supply the tightest beam possible.  The model 
included two graphs, each dealing with the size of the electron beam.   
 

• The first graph depicted the beta functions, beta x and beta y, whose magnitudes 
could be taken and used to determine the diameter of the beam.  The beta 
functions are not physically observable.  Also, on this graph was the momentum 
spread which shows the beam’s inclination to spread, becoming less tight, as it 
moves through the line.  The graph’s scale was in meters.   The region of interest 
is inside the ellipse.  

 
 
 
 
 
 
 
 
 
 

• The second graph depicted the sigma functions, sigma x (horizontal, blue) and 
sigma y (vertical, red), whose magnitudes directly represented the spot size of the 
beam.  The sigma functions are physically observable.  The graph illustrated the 
beam spot size through the length of the line, scaled by the root mean square, 
measured in millimeters. 

 
 
 
 
 
 
 
 
 

The first step was to examine how the beam could best be directed into and around the 
large dipole at left end of the FEL track to make sure the beam was more easily 

-10

0

10

20

30

40

50

0 20 40 60 80 100 120 140 160 180

beta x
10*eta x
beta y

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 20 40 60 80 100 120 140 160 180

sigma x

sigma y

sigma x observed

sigma y observed



JLAB-TN-05-007 
11 February 2005 

5 of 6 

controlled into the UV line.  This was done by controlling a series of 6 quadruple 
magnets labeled: QX2F01, QX2F02, QX2F03, QX2F04, QX2F05, QX2F06.  As soon as 
the fields in the dipole MGX2F10 direct the beam into the UV line the quadrupole 
magnets take over.  Quads QX3F01, QX3F02, QX3F03, QX3F04 were controlled along 
with the 2F quads to provide a beam that had beta function magnitudes of no larger than 
20-30 meters and had a spot size of under 0.5 millimeters.  Ideally the momentum spread 
was zero on the beta function graph at the spot size. 
 
After the best beam model was calculated an additional quadrupole in the 3F region was 
used, in hopes of creating a tighter beam.  Quads QX3F05, QX3F06, QX3F07 were 
added one at a time, each providing improvements on the beam quality. 
 
Because of the nature of the quadrupoles, the beam is constantly focused and defocused, 
causing the controls to be rather tricky.  The beam is quite sensitive to some quads and 
almost unresponsive to others. 
 
The priority in the quadrupole controls was the magnets from the (1) 3F region 01-04, (2) 
2F region 01-06, (3) 3F region 05-07. 
 
 
Conclusions 
In conclusion, the experiments proposed by the HKS collaboration in regards to target 
testing using various materials and material thicknesses was evaluated.  It was 
determined that if operation of the 6 quadruple magnets (QX2F01, QX2F02, QX2F03, 
QX2F04, QX2F05, QX2F06) is allowed, a 0.2 mm rms spot size is possible.  This value 
is within the established limits of the Hall C Users and would provide the necessary beam 
characteristics required for a meaningful and worthwhile engineering experiment.  As a 
result, testing could be done in an effectively and timely manner.   
 
N.B.   Due to scheduling difficulties with both the FEL and CEBAF, this effort was not 
completed. It was decided to incorporate target testing in situ in Hall C prior to the HKS 
experiments.      
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Appendix A: Parameter specifications for FEL HKS Target Tests 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


