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Many feedbacks (FBs) are around

• RF FBs

• Kicker FBs

• Intra Bunch Train FBs

• slow RF FBs

• orbit FBs

• …

Area of interest very different – but in general two domains

• intra train

• over several pulses
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Slow FBs

• main purpose is to stabilize and compensate slow drifts

• two most important slow FBs are:

• Transversal FB = orbit FB

• Longitudinal FB = slow RF FB

• DOOCS middle layer server based

• exact same software as at FLASH (just configured differently)

• same look & feel as at FLASH (use same panels)

• some differences in underlying interfaces (e.g. magnets)
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Fast FBs

• most relevant for XFEL: Intra Bunch Train FB (IBFB) – transversal

• in-kind contribution from PSI

• uses fast kickers (instead of magnets)

• can feed back on individual bunches

• goal: < 5 um beam stability within undulators

• (at FLASH: Fast arrival time FB – longitudinal)



Page 5

Slow and fast FBs
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How to get there
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Slow and fast FBs
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How to get there – how it has been 1 year ago
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Slow and fast FBs
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How to get there

Longitudinal FBs

Transversal FBs

IBFB
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The Longitudinal FB

Main purpose

• stabilize longitudinal phase space

• main source for disturbances is RF (phase, energy)

è control RF phase + energy relevant for bunch compression

è monitor bunch compression process

Actuators: RF phases, energy of A1 + AH1, L1, L2, L3

Monitors: Bunch Compression Monitors (BCMs)
Beam Arrival Monitors (BAMs)

• practically linear dependency between actuators and monitors
è simple controller is sufficient
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The Longitudinal FB

• DOOCS DAQ based middle layer server

• Simple P controller with integrator

• 8 FB loops configured so far (17 monitors and 17 actuators)

[Details see also: ICALEPCS 2013 THPPC121]
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n inverse Response Matrix

n Matrix formalism (GNU Scientific Library + DOOCS MDFA)

n Gets complex if all parameters of the longitudinal phase space are 
considered

The Longitudinal FB – 'under the hood'

courtesy of M. Vogt
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The Longitudinal FB – Operators View

Panels reflect topology and architecture

• Topology: e.g. INJ to L3 (causality!)

• Architecture: e.g. Monitors, Actuators form 'groups'
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The Longitudinal FB – Operators View
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The Transversal FBs

Main objective

• stabilize orbit (trajectory ;) to a given one ('golden orbit’) – slow FB

• equalize trajectory of individual bunches – fast FB

• disturbances: e.g. magnet vibrations, power supply noise, wake-fields, …

Actuators: Magnetic correctors (slow FB), kickers (fast FB)

Monitors: Beam Position Monitors (BPMs)

Injector L1 L2 L3

SA1 SA3

SA2 T5D

T4D

TL
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The slow Transversal FB – Architecture 

+

-

bpm setpoint
Xsp, Ysp

bpm measured
Xmeas, Ymeas

Instantaneous 
position errors

Δx
Δy

+

∫Δh
∫Δv +

Steerer 'DC' setpoints
Hdc, Vdc

Steerer 'Sol'
Hsol, Vsol

Cumulated 
steerer deltas

g

 Integrator
gain (<1)

+
+

[Inv RMx] Δx= Δh

[Inv RMy] Δy= Δv

Instantaneous
computed steerer 

deltas

Δhcomp
Δvcomp

Instantaneous
applied steerer 

deltas

Δhapp
Δvapp

BPM and Steerer 'DC' setpoints 
would be restored from the 
chosen SCR Reference file

BPM and Steerer 'DC' setpoints 
would be restored from the 
chosen SCR Reference file

DOOCS Middle layer based FB (J. Carwardine, R. Kammering)

§ Systematically designed controller (P-controller with FIR filter)

§ Global FB using inverse Orbit Response Matrix (ORM)
§ Tight integration into control system (e.g. decoupled from BPM front-ends)

[see: PCAPAC2010 WEPL015]
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The Transversal FBs 
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The Transversal FBs – operation  

Monitors - horizontal

Monitors - vertical

Actuators – both planes

Controls (basic)
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The Transversal FBs – operation  
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The Transversal FBs – operation  
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The Transversal FBs – operation  
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The Transversal FBs – operation  
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The Transversal FBs – operation  
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Excurse: The adaptive orbit FB

for details: Sergey Tomin
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The IBFB
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The IBFB – in action

pk2pk ~ 30 μm

pk2pk ~ 6 μm
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The IBFB – in action



Thank you


