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6 talks of 30 minutes each (20+10)

• Injection R&D at Diamond and Diamond II
Riccardo Bartolini

• Injection and Top-Up experience at SOLEIL
Alexandre Loulergue

• Kickers correction system for transparent Top-Up at SPRing-8
Dr. Chikaori Mitsuda

• Issues with modelling the BESSY-II transfer line optics
Peter Kuske

• Experience at ESRF
Simon White

• Last studies of injection system at PETRA III transport line and PETRA IV 
upgrade
Xavier Nuel Gavaldà

TWIIS, HZB, Berlin, 28.-30.08.2017 



Covered Content:

• injection schemes & injection efficiency maximization

• TopUp transient / residual motion of stored beam
 kickers: bump closure, parameters, coatings

• TopUp schemes and boundary conditions  table
(radiation protection, machine protection, accelerator physics)

• transfer line optimization / modeling

• progress on NLK implementation
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Table summarizing Injection Conditions
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KickerBumpAmplitude / mmoffAxisInj / mmcontacts Remarks Links

Machine Operation Mode TopUpEnergy / GeVCurrent / mA1shot InjEffavg Inj Effavg Lifetime / hmin Currentmax CurrentIds open Ids closed Ids openIds closedtime between slots / s# shots per slot# bunches per shothorizontalvertical horizontalverticalRadProtMachProtAccPhys

BESSY II Multibunch x 1.70 300 60% 90% 5.00 200.00 300.00 96% 92% 120 1 5 7000 x

single bunch x 1.70 15 60% 90% 1.00 8.00 30.00 96% 92% 1 1 7000 x

low-alpha stable decay 1.70 16 decay decay decay decay decay 30% decay decay decay decay 40000 x

low-alpha bursting decay 1.70 100 decay decay decay decay decay 30% decay decay decay decay 40000 x

DIAMOND Standard x 3.00 300 0% 50% 7.00 50.00 500.00 85% 75% 13.0 13.0 600 ~50 1 2700 8 x Ian Martin Standard=900 bunches 300mA, gap of 36 bunches

Hybrid x 3.00 300 0% 50% 7.00 50.00 500.00 85% 75% 11.0 11.0 600 ~50 1 2700 8 x Ian Martin Hybrid=686bunches,gap,SB 3nC, gap

Timing Mode x 3.00 136 0% 50% 7.00 50.00 500.00 85% 75% 9.0 9.0 600 ~20 1 2700 12 x Ian Martin every 6th bunch populated

low-alpha stable x 3.00 20 0% 10% 10.00 7.00 35.00 20% 20% 25.0 25.0 3600 ~250 1 4500 40 x Ian Martin 400 buncheshttp://accelconf.web.cern.ch/AccelConf/IPAC2013/papers/mopea070.pdf

low-alpha bursting x 3.00 10 0% 5% 5.00 7.00 15.00 15% 15% 25.0 25.0 3600 ~250 1 4500 40 x Ian Martin 200 bunches

ALBA Multibunch x 3.00 150 0% 0% 10.00 20.00 250.00 90% 90% 25.0 20.0 1200 20 64 4000 ? x Montse Pont

Spring-8 Multibunch x 8.00 100 0% ? ? ? 100.00 92% 87% 200.0 ? 20 1 1 2300 ? x Chikaori Mitsuda

Hybrid x 8.00 100 0% ? ? ? 100.00 92% 87% ? ? 20 1 1 2300 ? x Chikaori Mitsuda

single bunch x 8.00 1 0% ? ? ? 100.00 92% 87% 15.0 ? ? 1 1 2300 ? x Chikaori Mitsuda

SLS Multibunch x 2.40 400 doseL doseL doseL doseL doseL 98% 95% 10.0 10.0 180 9 1 5000 10 x Michael Boegelifetime feedback (manual) through skew quads --> 10h constant

CamShaft x 2.40 400 doseL doseL doseL doseL doseL 98% 95% 10.0 10.0 180 9 1 5000 10 x Michael Boegelifetime feedback (manual) through skew quads --> 10h constant

Femto x 2.40 400 doseL doseL doseL doseL doseL 98% 95% 10.0 10.0 180 9 1 5000 10 x Michael Boegelifetime feedback (manual) through skew quads --> 10h constant

SOLEIL Uniform x 2.75 500 40% 40% ? 450.00 500.00 95% 80% 15.0 12.0 180 1 100 4000 40 x 18 7 MAT

Hybrid x 2.75 450 40% 40% ? ? ?

8 bunch x 2.75 ? 40% 40% ? ? ?

single bunch x 2.75 ? 40% 40% ? ? ?

low-alpha x 2.75 ? 40% 40% ? ? ?

ESRF Multibunch decay 6.00

16x6 x 6.00 1200

4x10 x 6.00 3600

PETRA III 40 AD bunches x 6.00 100 doseL doseL doseL doseL 100.00 60% 60% 1.2 1.2 40 20 1 1200 12 x 39 Heiko Ehrlichmann, Xavier Nuel Gavaldà

960 AD bunches x 6.00 100 doseL doseL doseL doseL 100.00 60% 60% 8.0 8.0 300 50 1 1200 12 x Heiko Ehrlichmann, Xavier Nuel Gavaldà

APS 24 bunch x 7.00 100 0% 0% ? ? ? 80% ? ? 9.0 120 1 1 3000 50 x ? 8

Hybrid x 7.00 100 0% 0% ? ? ? 80% ? 6.0 60 1 1 3000 50 x ? 8

324 bunch decay 7.00 100 0% 0% ? ? ? 80% ? 50.0 43200 1 1 3000 50 x ? 8

ALS Multibunch x 1.90 500 ? ? 0.00 ? 500.00 100% ? ? 12.0 ? ? ? 2000 30 x ? ? C. Pappas

2 Bunch x 1.90 35 ? ? 0.00 ? 200.00 100% ? ? ? ? ? ? 2000 30 x ? ? C. Pappas

ELETTRA

SPEAR3 Hybrid x 3.00 500 ? 40% ? doseL doseL 50.00 500.00 95% 80% 7.5 7.5 300 50 1 10000 10 x 22 11 Xiaobiao H. rms/sqrt(beta)

MAX IV

SIRIUS

new machines & upgrades starting here ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DIAMOND II

ESRF-EBS

ESRF

SLS II

PETRA IV

APS-U

ALS-U

general machine parameters reason of InjEff Limitavg. InjEff

relative 

residual avg lifetime / h TopUp schemeemittance / rad pm (bare lattice)Limit



Table summarizing Injection Conditions
TopUp boundary conditions
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Machine Mode Current 1shotEff avgEff Lifetime Min Cur Reason

BESSY II Multibunch 300 mA 60 % 90 % 5 h 200 mA RadProt

DIAMOND Standard 300 mA 0 % 0 % 7 h 50 mA RadProt

ALBA Multibunch 150 mA 0 % 0 % 10 h 20 mA RadProt

Spring-8 Multibunch 100 mA ? ? ? ? RadProt

SLS Multibunch 400 mA doseL doseL doseL doseL RadProt

SOLEIL Uniform 500 mA

ESRF

PETRA III 40 ad bunches 100 mA doseL doseL doseL doseL RadProt

APS 24 bunch 100 mA 0 % 0 %

ALS Multibunch 500 mA

ELETTRA

SPEAR Hybrid 500 mA ? 40 % ? doseL doseL 50 mA RadProt

MAX IV



Table summarizing Injection Conditions
TopUp scheme
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Machine Slot interval Shots
per slot

Bunches 
per shot

meas InjEff
IDs open

meas InjEff
IDs closed

BESSY II 120 s 1 5 96 % 92 %

DIAMOND 600 s ~ 50 1 85 % 75 %

ALBA 1200 s 20 64 90 % 90 %

Spring-8 20 s 1 1 92 % 87 %

SLS 180 s 9 1 98 % 95 %

SOLEIL 180 s 1 100 95 % 80 %

ESRF

PETRA III 40 s 20 1 60 % 60 %

APS 120 s 1 1 80% ?

ALS 100%

ELETTRA

SPEAR 300 s 50 s 1 95% 80%



Table summarizing Injection Conditions
Residual Orbit Motion
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Machine

BESSY II

DIAMOND

ALBA

Spring-8

SLS

SOLEIL

ESRF

PETRA III

APS

ALS

ELETTRA

SPEAR



thank to the speakers for their contribution

thank to the audience for lively discussion
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Injection R&D at Diamond and Diamond II
Riccardo Bartolini
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• septum moved closer to reference orbit 
(2015)

• transparent injection is considered to 
be a “10-years-vision”

• issues with Ti coating in kicker vessels

• R&D:
• compensation kickers
• nonlinear kicker

• DIAMOND II
• new design candidates with lower 

emittance and on-axis injection explored



Injection and Top-Up experience at SOLEIL
Alexandre Loulergue
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• TopUp since 2009

• Kicker pulse investigation by turn by 
turn BPM data analysis
 successive optimization

• Residual orbit motion
• Horizontal: 6 % beam size
• vertical: 25 % beam size
• no user complaints so far

• NLK installation 2018

• FeedForward correction scheme



Kickers correction system for transparent Top-Up 
at SPRing-8  -- Chikaori Mitsuda

• Stored beam oscillation dominated 
by kicker bump

• Optimization
• DC septum

• sextupoles within bump

• FeedForward scheme using fast 
correction kickers in user operation
• 80% peak suppression

• Consecutively upgraded 
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Issues with modelling the BESSY-II transfer line optics
Peter Kuske

• Discrepancies between model 
and measurement

• Quadrupole scans applied

• Model refined by
• Defocussing element at TL start

• QF

• Proposed transverse emittance 
exchange in TL eventually 
yielding 20% emittance in SR
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Experience at ESRF
Simon White
• TopUp since 2016

• Injection efficiency tuned by hand 
at the beginning of each run: 
Booster & SR

• Sextupoles inside kicker bump

• Automated tuning of transferline

• No TopUp in Multibunch mode
 perturbations too strong

• Added copper shims in kickers to 
generate a nonlinear field

•
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Last studies of injection system at PETRA III transport 
line and PETRA IV upgrade -- Xavier Nuel Gavaldà

• PETRA IV design will also affect 
pre-accelerator
• Reduction of DESY II emittance

• New booster lattice based on ALBA 
booster
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