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Abstract

For a recent precise linear accelerator, such as the x-ray free electron laser facility, SACLA, the beam orbit and the
beam envelop should be properly calculated from the beam dynamics model of a traveling wave accelerating structure
(TWA). Therefore, we compared a predicted beam orbit by a TWA model with a measured orbit by rf cavity beam
position monitors. Although the beam orbit in the crest acceleration part was appropriately reproduced, that of the oft-
crest acceleration part did not agree with the prediction. We found out that the discrepancy came from a quadrupole
field in the coupler cell of the TWA. The strength of the quadrupole field was estimated by using 3-dimensional rf
simulation and the TWA model was modified by the addition of the quadrupole focusing effect. By using the modified
model, the beam orbit was properly reproduced in both the crest acceleration part and the off-crest acceleration part.
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Figure 1: Beam orbit distortion induced by a steering
magnet in the crest acceleration part. The open circles are
RF-BPM data and the solid line is a calculated orbit.
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Figure 2: Beam orbit distortion induced by a steering

magnet in the off-crest acceleration part. The open circles
are RF-BPM data and the solid line is a calculated orbit.
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Figure 3: Correction factor for the edge focusing effect at
the entrance of the traveling wave accelerating structure
as a function of the rf phase. The horizontal axis shows a
phase difference from the crest. The blue diamonds are
the correction factors for horizontal focusing and the red
rectangles are those for vertical focusing.
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Table 1: Focusing Force in the Coupler Cell

Monopole Quadrupole
Phase Coupler [Tm/m] [Tm/m]
Zero- input -0.0024 -0.0170
crossing | oueput -0.0001 -0.0166
input -0.0247 -0.0117
45 deg.
output 0.0220 -0.0122
input -0.0326 0.0005
Crest
output 0.0312 -0.0007
I N R

Figure 4: C-band accelerator model for 3-dimensional rf
field simulation.
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Figure 5: Contour plot of the E-field (left) and B-field
(right) in the coupler cell.

0.06

0.04}

0.02¢

)8

B-field [T]

-0.02¢

0.04] 4=

i

B e S B VB B B B R
Position [mm]

Figure 6: Transverse B-field in the coupler cell.
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Figure 7: Quadrupole focusing field on the beam at the
zero-crossing phase. The E-field strength is converted to
the focusing field equivalent to the B-field.
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Figure 8: Quadrupole focusing field on the beam at the
crest phase.
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Figure 9: Beam orbit distortion induced by a steering
magnet in the off-crest acceleration part. The quadrupole
edge focusing effect of the accelerator is implemented in
the calculated orbit. The open circles are RF-BPM data
and the solid line is the calculated orbit.
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