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Abstract

PETRA IV is the upcoming low-emittance, 6 GeV, fourth-

generation light source at DESY Hamburg. It is based upon

a six-bend achromat lattice with additional beamlines as

compared to PETRA III. A stringent stability of the elec-

tron beam orbit in the ring will be required to achieve a

diffraction-limited photon beam quality. In this regard, the

requirements and the proposed topology of the global orbit

feedback system are discussed for expected perturbations.

An initial analysis based upon system requirements, design

and modeling of the subsystems of the orbit feedback system

is also presented.

INTRODUCTION

Multi-bend achromat (MBA) lattice design in fourth-

generation light sources provides the possibility of achiev-

ing a high degree of transverse coherence and brightness

of photon beams by generating extremely low emittance

electron beams. But the effort must be complemented by

the transverse orbit stability against dipolar perturbations

arising within the ring and from ground motion. Moreover,

the transverse orbit stability requirement has drastically in-

creased in the fourth-generation light sources also due to the

smaller size of the electron beam in both transverse planes.

The upcoming PETRA IV of DESY Hamburg, which is an

upgrade of the existing ring of PETRA III will have a six-

bend achromat lattice [1] with additional beamlines having

transverse beam position and pointing angle stability require-

ment of 5% to 10% of the electron beam size and divergence,

respectively. A fast orbit feedback (FOFB) system is being

developed to achieve disturbance rejection up to 1 kHz on the

closed orbit. The main strategy for designing the FOFB sys-

tem is to identify the requirements and design the subsystems

around these requirements using lattice-based simulations.

The required performance criteria for the fast orbit correc-

tion is defined by the beam size and divergence at insertion

devices (given in Table 1). Even a generally accepted target

of keeping RMS variation of electron beam position and

pointing angle to 10% of RMS beam size and divergence [2]

requires stabilization of 297 nm and 100 nrad (RMS) in the

vertical plane of PETRA IV. The beam size and divergence

are given with f =

√

Vn + f2

�
[2 and f′

=

√

n
V

, where n

and V are the emittance and beam size, respectively. The

energy spread f� and the dispersion [ is assumed to be zero

∗ sajjad.hussain.mirza@desy.de

Table 1: Electron beam parameters at IDs.

Parameter Value

VG,H (m), standard cell 2.2

VG,H (m), flagship IDs 4

Nat. emittance nG,H (pm rad) 20, 4

Beam size fG,H (`m), standard cell 6.6 , 2.97

Beam div. f′

G,H (`rad), standard cell 3.02 , 1.34

Beam size fG,H (`m), flagship IDs 8.9, 3.98

Beam div. f′

G,H (`rad), flagship IDs 2.23 , 1.0

at the location of IDs. The reuse of the old tunnel of PE-

TRA III will come with relatively larger static and dynamic

errors [3]; a stability task force was formed to model the

error spectrum. The ground motion is expected to be below

100 Hz but a disturbance rejection bandwidth of 1 kHz is tar-

geted to achieve reasonable attenuation on the lower side of

the frequency spectrum where most of the disturbances are

expected. This is necessary to achieve the above-mentioned

stability criteria, which further requires a latency-optimized

system. The update rate of the closed loop is planned to

be 130 kHz (equal to the revolution frequency) to reduce

the latency in the closed loop. In this case, the betatron

frequencies (aG = 23.43 kHz and aH = 35.156 kHz) cannot

be disregarded in the FOFB modelling because, on the one

hand, they are within the Nyquist sampling frequency and,

on the other hand, they may be in the region where the sen-

sitivity function could have a magnitude larger than 1.

This contribution discusses the proposed topology for the

global FOFB system. In addition, analytical modeling of

the subsystems is presented, which plays an important role

in their design and in identifying the technical challenges to

achieve 1kHz Hz interference rejection for SISO simulation.

PROPOSED TOPOLOGY FOR THE FOFB

SYSTEM

FOFB system for PETRA IV is planned to perform or-

bit correction for the full range of disturbance spectrum i.e.

from quasi-DC to high frequency (1 kHz). Larger static orbit

offsets will be corrected by the slow correctors distributed

along the ring. The FOFB system will correct fast perturba-

tions referenced to the orbit maintained by slow correctors

during machine commissioning. A total of 789 beam posi-

tion monitors (BPMs) and 322 fast correctors in the vertical

plane, and 200 fast correctors in the horizontal plane will

be available for the FOFB. The FOFB system for PETRA








