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Abstract

PETRA IV can benefit from the fine control of the girders

that carry the storage ring elements to achieve the design

beam performance. Based on the corrector magnet strength

pattern it is desired to realign girders to stay within the align-

ment tolerances. In the current PETRA III configuration, the

girders in the Max von Laue Hall are equipped for remote

alignment, however, those have not been moved since their

initial installation and the alignment system is currently not

connected to the control system. In preparation for PETRA

IV, a movement test of one of the PETRA III girders should

confirm the ability to safely and precisely remote control the

equipment based on an optics model that describes the ef-

fect of the girder movement on the orbit. This paper studies

the feasibility of this test and prepares an initial mock-up

experiment to be performed on a spare girder.

INTRODUCTION

The PETRA III storage ring at DESY [1] is currently one

of the world’s brightest synchrotron light facilities in the hard

X-ray range. It is planned to be upgraded to PETRA IV [2,3],

which will be operated with an ultra-low emittance providing

diffraction-limited hard X-ray beams with more than two

orders of magnitude increase in brightness and coherence

compared to its precursor. Owing to the lower emittance,

PETRA IV will have a factor of two lower alignment and

aperture tolerances with respect to PETRA III. Nevertheless,

PETRA IV should be build within and extend the existing

infrastructure of PETRA III, where the buildings are based

on tunnels and halls from different construction periods.

Investigations at PETRA III related to long-term orbit

stability and its correlation to environment parameters, in-

cluding the tunnel temperature and the mechanical move-

ment of different tunnel segments with respect to each other,

revealed that without countermeasures the expected ground

motion could potentially impact the machine performance

of PETRA IV [1,4, 5].

Similar to other light sources, the storage ring elements in

the lattice of PETRA IV will be placed on girders that me-

chanically connect and carry a group of elements, such that

those can be assembled, transported and aligned as a unit. In

order to counteract the misalignment introduced by ground

motion and temperature effects, the girders will feature a

remote controlled alignment system. Based on the corrector

strength patterns and a response matrix, alignment correc-

tions will be applied to individual girders and so provide an

alignment stability within the required tolerances [6].
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Girder re-alignment based on corrector current data has

been successfully performed in other machines [7]. The

reconstruction however depends on the actual machine and

its properties, like optics, phase advances and arrangement

of girders. Therefore, the procedure and model have to be

proven individually for each machine.

In PETRA III the Max von Laue Hall (MvL) is equipped

with girders that have a remote controllable alignment system

(see Fig. 1). However, here the girders are not moved during

beam operation, the system has only been used during the

initial installation of the elements in the tunnel in 2009.

Thanks to the large tolerances, potential movements or drifts

are well compensated by the orbit correction system.

Figure 1: Top: View of a girder installed in the PETRA III

tunnel downstream of an undulator (yellow element on the

left), carrying three quadrupole magnets. Bottom: Zoom of

the motor and encoders installed on the cam-based alignment

system connecting the supporting feet to the girder table.
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