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Analysis of absolute position alignment and absolute position deviation of the

high energy photon source storage ring tunnel
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Abstract: The design emittance of the High Energy Photon Source (HEPS) is < 60 pm-rad, and its brightness reaches
1x1022 phs-s™I-mm~—2-mrad—2-(0.1%bw)~1. This places higher demands on the absolute position accuracy of the storage ring equipment. To achieve the
technical indicators of the HEPS and ensure smooth light emission, the accelerator alignment team precisely aligned the equipment of the 1360.4m
circumference storage ring to its theoretical design position. The precise alignment of the storage ring ensures the position accuracy of the synchrotron
radiation light emission equipment and provides a relatively smooth track under absolute position accuracy control for the efficient operation of the
electron beam. In view of the narrow and long space inside the tunnel and the inability to have a wide field of view, to improve the absolute position
measurement accuracy, a control network layout scheme based on precise measurement with a laser tracker and a dual-instrument synchronous
measurement method were adopted. To reduce the systematic error of the instrument, the laser tracker used the double-sided measurement method for
observation. Through displacement adjustment, the final alignment accuracy achieved a maximum deviation of 0.305Smm and a standard deviation of
0.136mm for the absolute position of the storage ring unit magnets, both of which are better than the design indicators.
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INTRODUCTION repeatability of the two rounds of measurements.
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The entire HEPS device consists of a linear accelerator,a booster, a storage ring,

, , Table 2 Absolute deviation of storage ring devices from theoretical positions
and beamline stations.

The storage ring has a circumference of 1,360.4 meters and 1s divided into 288 The deviation between th? actual position and the theoretical position of the
sections at intervals of approximately 6 to 8 meters. A total of 1,440 control — — storage ring magnet (only unit points)

- deviation statistics MR/mm MT/mm MH/mm
points form the tunnel network. e deviation 0 107 1300 ) 175
For the control network coordinate system of the entire High Energy Photon — - ' ' -
Source (HEPS) facility, 1ts origin 1s set at the center of the storage ring. The due Minimum deviation -0.305 -0.163 -0.129
north direction 1s defined as the Y - axis, the X - axis 1s perpendicular to the Y - RMS | 0.136 0.056 0.061
axis, and the Z - axis indicates the elevation direction. The definition of the mean deviation -0.058 -0.001 -0.004
coordinate system for the entire facility 1s presented in Figure 1. The displacement method was adopted to precisely and directly adjust the

theoretical position of the storage ring.

- METHODS

After the absolute position alignment, a comprehensive measurement was
conducted again using two instruments 1n parallel. The coordinate
deviations 1n the radial, tangential, and vertical directions and the standard
deviation of the single measurement are shown 1n Table 1.

The comprehensive measurement results after the absolute position
alignment show that the maximum deviation of the absolute position of the

magnet 1s 0.305 mm and the standard deviation of the absolute position is
0.136 mm, from table 2.

The subsequent test indicators of the high energy photon source all meet or
exceed the approved acceptance indicators, and the precise and direct
adjustment of the theoretical position of the storage ring meets the accuracy
requirements.
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Figure 2 Laser tracker measurement diagram

The comprehensive measurement of the storage ring adopts a dual-instrument
parallel comprehensive measurement scheme.

The double-sided measurement method with a laser tracker was adopted for
observation, and the observation quantity at each point was doubled.

The observation conditions of the same station, time, weather and measurement
points for two rounds of tunnel network measurements have been achleved, (a) Radial absolute position deviation (b) Vertical absolute position deviation

minimizing random errors to the greatest extent and significantly improving the Figure 3 Absolute position deviation of unit magnets after absolute position alignment of the
storage ring
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