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M ti tiMotivation Motivation 
T l T F db k Oth t d t t b k t t bl P thl th C ti M t O ill t F db kTransversal Tune Feedback Other systems need tunes to be kept stable: Pathlength Correction — Master Oscillator Feedback 
Beam quality depends on pointing stability and stable shape

y p
 RF Knockout system Single bunch purity

g
Adjusting the RF master oscillator to the real pathlength ofBeam quality depends on pointing stability and stable shape  RF Knockout system - Single bunch purity Adjusting the RF master oscillator to the real pathlength of 

and size of synchrotron beam. These parameters transform  Bunch by bunch feedback systems the beam is a central measure to keep beam energy stableand size of synchrotron beam. These parameters transform 
to electron beam orbit and tune stability

 Bunch-by-bunch feedback systems the beam is a central measure to keep beam energy stable 
at the desired valueto electron beam orbit and tune stability.  Pulse picking by resonant excitation (PPRE) at the desired value.  Pulse picking by resonant excitation (PPRE) 

Transversal Tune FeedbackTransversal Tune Feedback Transversal Tune Feedback 

Standard ID-gap FeedforwardStandard ID-gap Feedforward 

Multi Source Tune determination
 
1st d ti f ID i d d t hift Multi-Source Tune determination1st order correction of ID-induced tune shift Multi Source Tune determination 

Error Handlingmade by interpolating empirically produced
from general Beammotion Error Handling made by interpolating empirically produced 
from general Beammotion g

tune-feedforward tables g  tune feedforward tables  
(27 tune shifting parameters × Bad correction(27 tune-shifting-parameters × Bad correction 

T ti
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max 49 quadrupole magnets Two consecutive   max. 49 quadrupole magnets  

1059 ti t bl )
o co secu e

ineffective corrections → 1059 active tables). ineffective corrections )

Diagonal Striplines  
M t EPickup ElectrodeDiagonal Striplines Measurement Error Pickup Electrode 

Analysis of spectrum Measurement deliversAnalysis of spectrum Measurement delivers  
t bl d t t ito find the correct tune unstable data or tune is

Fast ADC/PXI dimtelto find the correct tune unstable data or tune is  
undeterminable Ch k fFast ADC/PXI dimtel undeterminable Check for

LabVIEW, FFT Bunch-by-bunch FDBK 
P k fi d

Check for 
f lLabVIEW, FFT Bunch by bunch FDBK Peak find  

T h t t successful
Typically not the best choice Too much to correct successful 

tiTypically not the best choice 
Measured tune is outsi correctionMeasured tune is outsi-

f f
correction 

 
Peak find smoothed de of configured windowPeak find smoothed de of configured window 

of allowed automaticBetter but tune-peak often not highest of allowed automatic  Better, but tune peak often not highest 
corrections corrections 

Area above thresholdArea above threshold 
C f f Peak/notch finderCurrent method of choice if tune is Peak/notch finder Current method of choice if tune is  
identifiable Lower threshold untilidentifiable. Lower threshold until Applyingseveral separate peaks exceed  Applying  several separate peaks exceed 

d l t th k ith hi h t
Source selector correctionand select the peak with highest area 
Source selector correction p g

below “with caution”below 
Stripline Spectrum

with caution  
Stripline Spectrum  

displayed for             displayed for 
verification                     verification 

No corrections ifNo corrections if 
 Bunch by bunch Feedback not running Bunch-by-bunch Feedback not running 
 Minimum ring current not reached Minimum ring current not reached 
 Too close to injection Too close to injection 
 V i ti f t t hi h Variation of tune too high g

Pathlength CorrectionPathlength Correction Pathlength Correction 

Sl O bi F O biSlow Orbit Fast Orbit Master oscillator frequencySt i ht f d i lSlow Orbit Fast Orbit Master oscillator frequency Straight forward imple-
Feedback Feedback

aste osc ato eque cy
h i l l t d f

Straight forward imple
t ti f SOFBFeedback Feedback change is calculated frommentation of SOFB change is calculated from 

t th f
mentation of SOFB  

h f dif ib t excess average strength ofschema for modifyingbut excess average strength of  
h i t l t tti

schema for modifying 
t ill t ibut horizontal corrector settingsmaster oscillator is horizontal corrector settings  

di t i l
master oscillator is  

t ibl f FOFB!H i t l M t according to previouslyH i t l not possible for FOFB!Horizontal Master according to previously 
b d l ti

Horizontal not possible for FOFB! Horizontal 
C t

Master 
O ill t observed relations

Horizontal 
C t

   

I t d lCorrectors Oscillator observed relations Correctors Instead excess valuesCorrectors Oscillator Correctors Instead, excess values  
accumulate in setpoints ofaccumulate in setpoints of 

A f h i li d FOFBhorizontal corrector As frequency change is applied, FOFB  
Beam Path Beam Path

horizontal corrector  q y g pp ,
reduces corrector settings accordinglyBeam  Path +Beam  Path families reduces corrector settings accordingly 

Position Length   + Position Length families Position Length Position Length 

No corrections ifNo corrections if ... 
 Fast orbit feedback is not running Fast orbit feedback is not running g
 Minimum ring current not reached Minimum ring current not reached 
 Too close to injection Too close to injection 

Error HandlingError Handling 
 
Bad correctionBad correction 

i ff ti ti d t t dineffective correction detected 

Left:Left: 
Pl t f 400 thl th ti 5 dPlot of ~ 400 pathlength corrections over 5 days  p g y
after one week of low current low-α operation.after one week of low current low α operation.  
Shown are the sum of the weighted excessShown are the sum of the weighted excess  
corrector settings and the resulting RF frequencycorrector settings and the resulting RF frequency.  
BPM RMS d l bl i hi 1BPM RMS and mean values are stable within 1µm µ
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