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Abstract

A laser-based alignment system with a He-Ne laser has been newly developed in order to precisely align accelerator
units at the KEKB injector linac. The laser beam was first implemented as a 500-m-long fiducial straight line for
alignment measurements. We experimentally investigated the propagation and stability characteristics of the laser beam
passing through laser pipes in vacuum. The pointing stability at the last fiducial point was successfully obtained with
the transverse displacements of +40 uym level in one standard deviation by applying a feedback control. This pointing
stability corresponds to an angle of +0.08 urad. This report contains a detailed description of the experimental
investigation for the propagation and stability characteristics of the laser beam in the laser-based alignment system for

long-distance linear accelerators.
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Figure 1: Laser source and input optical system; PBS:
polarizing beam splitter, BD: beam dumper.
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Figure 2: Schematic layout of the laser-based alignment
system.
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Figure 3: Feedback control system for stabilizing the laser
pointing at the last QPD.
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Figure 4: Horizontal position sensitivity of the laser axis
at the last QPD as a function of step counts of the 5000
linear stage.
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Figure 6: Variations in the x and y beam widths along the
linac.
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Figure 7: Time traces of the x and y position
displacements of the laser beam at the last QPD with the
feedback control on and off during 13.5 hours.
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Figure 8: Time traces of the x and y position
displacements of the laser beam at the last QPD with the
feedback control on during 8 hours.

X 8 {Z FB ON RF(8h) Dtk 7 — & O R % 7R
T IOF— A ENARICREXE L REAK 9
RT. AR ONED S e O R EMEHEET D Z &
MTED, N x HEOEENIHA SR T T A5
FiE L TWABDTHINDRA T ¢ T EEMEITR
FHORBERICE SV TND EBEZTLW. ZoHlE
B x (V)FH OO E LR EMEIL, T T A5H &
WET 2 & FHMEITRERAUTOEMNTH 5.



— 5, HEHE(F ISR L 0=33@ Dum BNESRTZ. £
EREMICHEEET L 0,=66(82)nrad [ZH4T 5.
HEONT-RZTEEIIARBICEREINDT I A b
BEZRSWETH. 72, 3SHMEZB L% FB #
el C b — B O 2 MR ZEE DO T
W5,

600

<Ax>=-1um
6 =33 um
x

—fi— Horizontal

500
400

300 |

Counts

200 |

100 |

0

02 -0.15 -0.1 -005 0 005 0.1 0.15 02

Ax [mm]

Figure 9: Horizontal position displacement distribution at
the last QPD in the pointing stability of the laser beam
with the feedback control on.
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Table 1: Expected error sources in the laser-based
alignment measurement
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