Requirements and status of PETRA IV Fast
Orbit Feedback System
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Closed-loop schematic of the FOFB system identifying the individual subsystems collection and distribution.
Proposed topology .
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» Orbit correction for the full range of disturbance spectrum i.e. from quasi-DC to high frequency (1 kHz). LOC > Ps | > BPM,
« 789 beam position monitors (BPMs) and 322 vertical and 200 horizontal fast correctors. —> R ef _._ : - >
« Extended star topology (latency optimized) having 15 local nodes (LOC) and 1 global central node marked as GLO. <> : :
 BPM crates and power supply (PS) racks to be the peripheral nodes for each local star. “» PS, [(—» _: BPM,
 BPM crates in the MicroTCA.4 form factor, housing multiple BPM processors coupled with a data aggregation AMC for transferring
the corresponding BPM data to LOC. GLO : : PETRA 1V|
* PS units to be distributed into racks with a single optical link per rack.
* The GLO and LOC to have similar hardware of MicroTCA.4 form factor. » PS, |—» :: BPM,
« GLO will have bidirectional optical links up to 1.2 km long with all 15 LOCs. Each LOC will have optical links with the local BPM B .
crates and local PS racks. > > | oc g L
» Optical links to both neighboring LOCs (upstream and downstream) and experimental stations. ! » PS, —» | BPM,
« Data propagation within the MicroTCA.4 backplanes is latency-optimized of the order of 270 ns, while the optical cable paths are <
bandwidth optimized. <
« Data transfer times are up to 6 ys for the longest communication path between LOC and GLO, and expected latency of less than Simplified block diagram for central data processing around the PETRAIV ring. Optical
one microsecond for each local communication, i.e. LOC to PS and BPM. communication links, displayed as colored lines, from up to k=789 BPMs via up to 16 LOCs and
1 GLO to about 522 PSs, locally distributed over the corresponding LOC
- - Orbit response matrix Betatron oscillations
Analytical modelling of subsystems
\BmPn The update rate for FOFB system = 130 kHz. Betatron
BPMs Rinn = 3 Gineo) 0% (07 = I#m = al) frequencies v,= 23.43 kHz and v, = 35.156 kHz need to be
included into modeling. The transfer function model for
BPM electronics is based on Libera Brilliance+ system providing turn-by-turn data with a resolution of where 8 and u denote the beta Betatron excitation is,
at least 100 nm and an update rate of 130 kHz. A maximum latency of 3 turns, i.e. 23 pus. function and phase advance at BPM P
and corrector locations marked as m ~ Hun = VBumPn Im( ] ) H= =50y ri=-(z%jwr)

Cable and corrector magnets Sty
All 3 horizontal and 2 out of 4 vertical fast 1

correctors per cell (in the current lattice of Jres = 27 \/L mag Ceableleable.
PETRA 1V) overlap the locations of slow
correctors. So the combined AC/DC corrector
magnet design is proposed capable of 800
urad DC deflection and 30 prad integrated
deflection up to 1 kHz. The aperture diameter
of 25 mm and length no longer than 150 mm
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vertical planes, respectively. b Po " bandwidth of PETRA IV FOFB system.
Q =600 Hz But not included yet in these simulations.
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around notch. Hence, a closed-loop current The notch in current in the coaxial cable connected with magnet coil, at

controller shall be limited to a few hundred Hz. 8.3 kHz seen by the source point of view S umma ry an d O Utl 00 k

Corrector power Supply In this paper, a preliminary analysis of requirements and proposed topology for global FOFB

Design not finalized yet, but the considered option includes two paths: slow regulation (feedback system for PETRA IV is presented. Analytical subsystem modeling is also presented in order to
based) up to a maximum of a few hundred Hz for mainly slow drift compensation and fast uncontrolled evaluate the feasibility 1 kHz disturbance rejection bandwidth. The interaction of FOFB system with
(feed-forward) action for fast corrector to overcome mismatch in the current readback using DCCT at the synchrotron oscillations shall be studied as a next step.

PS output. This solution provides low latency, the update rate of 130 kHz, no feedback but a lead-lag

component is required for the fast corrector coil to reach at least 1.3 kHz open-loop BW. Refe rences
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