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The Advanced Test Accelerator (ATA) has 
solenMdal magnets to focus and guide the 
electron beam. The transverse position of the 
center of mass of the beam is msasured at many 
positions along the accelerator using the wall 
current monitors. With the steering coils off, 
the beam drifts off axis a few cm in the length 
of the machine. The drift is independent of 
several parameters: field strength, beam 
current, and beam energy. Further measurements 
to locate the source of the misalignment will be 
discussed. 

Introduction 

The Advanced Test Accelerator (ATA) has 
solenoidal magnets to focus and guide the beam. 
The transverse position of the center of mass of 
the beam is measured at many positions along the 
accelerator using the wall current monitors or 
"Beam Bugs." With the steering coils off, the 
beam drifts off axis a few cm in the length of 
the machine, see Fig. 1. The drift is 
independent of several parameters: beam current, 
field strength and beam energy, i.e., the drift 
1s a single particle effect and not a self field 
effect. Also the effect is Independent of the 
timing of the accelerator pulsed power relative 
to the current pulse from the injector. These 
observations suggest that the magnetic flux line 
that starts on axis drifts off axis vs the axial 
coordinate. However these measurements are not 
Ideal for plotting the flux line trajectory for 
two reasons: 

a) There is only one beam bug per cell 
block, -350 cm, and 

b) the high T beam notion is non-adlabatlc 
since the cyclotron motion wavelength is 
long compared to the length in which a 

flux line can change direction. In this 
case a particle started parallel to 8 can 
develop a perpendicular component of 
momentum and be located a significant 
distance from the guiding center flux 
line. 

Fig. 1. Transverse position of beam center of 
mass vs beam bug number, full B z, no steering. 

Flux line Plots 

Method 

Magnetic flux lines have been plotted In 
the Injector and first three cell blocks of 
MA. Before starting the flux line plots, all 
the cell blocks are aligned in an average sense 
by mounting cross hairs on the two ends of each 
cell block and moving the blocks to position the 
cross hairs on a HeNe laser beam. The blocks 
are aligned, one-at-a-time with the rest of ATA 
evacuated to avoid refraction of the light beam 
due to a transverse temperature gradient In 
air. The alignment people claim that the cross 
hairs were aligned within 0.5 mra of a straight 
line. The purpose of the flux Hne plot 1s to 
search for bends 1n the nagnetlc flux lines 
within a cell block or within an Intercell « m e t 
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region. Figure 2 shows a typical setup for 
checking two cell blocks and the Intercell 
magnets between them. A low energy probe 
electron beam is started on the mechanical axis 
at the end of one cell block. The beam follows 
the starting flux line closely since the motion 
is adiabatlc, i.e., since the cyclotron wave 
length 1s short compared to the minimum length 
for a flux line to bend. A glass plate with 
fluorescent paint is mounted on a cart rolling 
on a track and pulled through the region under 
study. The transverse position of the beam spot 
on the plate is observed with a T.V. camera 
mounted on the adjacent cell block. The T.V. 
system is aligned to cross hairs mounted on the 
two ends of the region under study. There are 
two horizontal and two vertical adjustments of 
the alignment. The lens from a surveyors 
transit is used on the T.V. camera. The lens 
has internal cross hairs to establish the axis. 
It is necessary to adjust the focus or" the lens 
for different distances of the target, and the 
surveyors lens has the good feature that the 
pointing 's independent of focusing. Just 
behind the fluorescent plate 1s an illuminated 
fiducial plate to give the transverse distance 
scale. The beam spot diameter was about 1 mm. 
The resolution for measuring the transverse 
position of the spot was about 0.5 mm when 
viewing at the longest distance (6.6 m). 
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Intercell magnets between 15 and 16, and moves 
up 2 mm in the downstream part of the cellblock 
between 16 and 20. There was no detectable 
error ^n the Injector magnets or the Intercell 
magnets between 20 and 21. The flux line moves 
up 3 mm in the cell block between 21 and 25. 
There is a smaller amount of horizontal motion. 
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fig. 3. Flux line trajectory and B z plot 
-between stations 12 and 20. 

Interpretation 

In order for the flux line to deflect 
cumulatively 1n the same direction through many 
colls, the colls must all be tilted in the same 
direction as depicted in F1g. 4. For long colls, 
the flux line offset per colls is half the axial 
offset of the cells. [7] For the nine coils 
between station 12 and 15, the flux line offset 
per coil is about 0.5 mm, so the axial offset 
per coil 1s about 1 mm. 

The next important step is to find out why 
the coils are tilted — then there is the 
possibility of correcting the problem in ATA and 
also we can avoid making the same mistake in 
future machines. 

Fig. 2. ATA magnetic flux line plotting set up. 

Be.su Its 

Figure 3 shows the fluxline trajectory for 
the case with the gun mounted at station 12 and 
the viewing chamber at station 20. The fluxline 
moves up 6 rrn 1n the cellblock between 12 and 
15, moves up 2 mm at a bellows in the intercell 
magnets, then goes straight in the rest of the 

Fig. 4. 

Mechanical axis 

Flux line trajectory due to coils all 
tilted the same. . *r 
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