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Introduction (1)



Introduction (2)



Introduction (3)



Introduction (4)

• Our method 

– Construct numerical impedance model (Quasi-
green function) 

– Check the models with beam measurements 

– Simulate with VFP solver 

• Advantages of numerical impedance model 

– More physical 

– Predict loss factor and HOM power 

– Identify effects of different impedance sources 
(Geometrical, Resistive wall and CSR)



Numerical impedance model (1)

• Vacuum components: Take into account as many as 
possible. Crab cavity, FB, tapers, gate valves… 

• Careful modeling: SR masks, flange gaps, pumping ports…



Numerical impedance model (2)

• Geometrical wake (GW) potential of 0.5mm bunch 
– Main improvements are wakes of SR masks and flange gaps 

– Contributions from crab cavity, FB, tapers and gate valves are 
relatively small



Examples of improving impedance calculation

• 0.5mm bunch drives “trapped” modes in gaps 



CSR impedance of dipoles by Oide’s code (1)

• For dipoles, no big difference w/ and w/o 
antechamber 

• Drifts between dipoles have large effects



CSR impedance of dipoles by Oide’s code (3)

• Log-Log plot



CSR impedance of wigglers by Oide’s code (1)

• For wigglers, drifts have very serious effects on 
CSR 

• Different with the case of dipoles, the sign of 
imaginary part change when wave number goes 
higher(>500) 



CSR impedance of wigglers by Oide’s code (3)

• Log-Log plot



CSR wake potential of 0.5mm bunch (1)

• Dipoles



CSR wake potential of 0.5mm bunch (2)

• Wigglers 

– Drifts relax CSR wake



GW, RW and CSR wake potential of 0.5mm bunch



GW, RW and CSR wake potential of 3mm bunch



GW, RW and CSR wake potential of 4.58mm bunch



GW, RW and CSR wake potential of 6mm bunch



Compare with Cai’s resonator model

• 4.58 mm bunch length



Loss factor from calculated wake potential (1)

• Calculated loss factor is much smaller than measurement 
when sigma<5mm, but higher when sigma>7mm 

• Loss factor due to CSR decays quickly when bunch length 
increases



Loss factor from calculated wake potential (2)

• Loss factor as function of bunch length can be 
well described by a simple power function



HOM power (1)

• RF power balance (originated idea from PEP-II)



HOM power (2)

• The models



HOM power (3)

• KBlog data during injection are used to 
calculate current dependent beam power 



Total beam power

• Use polynomial fitting to extract linear part



Energy loss per turn

• The fitted SR power agree with estimation by 
optics model



HOM power with different beam energy

• SR power is estimated using optics model when 
subtracting SR power from the total beam power



HOM power and loss factor (1)

• E=3.128585 GeV



Compare with direct beam measurements



HOM power and loss factor (2)

• E=3.314401 GeV



HOM power and loss factor (3)

• E=3.499152 GeV



HOM power and loss factor (4)

• E=3.594074 GeV



HOM power and loss factor (5)

• E=3.643685 GeV



Simulations using VFP solver (2)

• Machine parameters (KEKB LER)



Simulations using VFP solver (2)

• Natural bunch length: 4.58mm 

– Pure inductive wake of around 90nH should be added to 
the numerical impedance model to get the similar bunch 
lengthening as measurement shows!



Simulations using VFP solver (3)

• Natural bunch length: 4.58mm 

– But when pure inductive wake is added, the Microwave 
instability threshold gets higher(?) 

– CSR is important for microwave instabilities



Simulations using VFP solver (4)

• Turn-by-turn energy spread and bunch 
length with numerical impedance model 

– Beam becomes unstable when bunch 

population reaches 10x10^10



Simulations using VFP solver (5)

• Turn-by-turn energy spread and bunch 
length with resonator model 

– Beam becomes unstable when bunch 

population exceeds 6x10^10



Simulations using VFP solver (6)

• Natural bunch length: 3mm 
– GW+RW dominate the bunch lengthening 

– With the numerical impedance model (GW+RW+CSR), 
the bunch lengthening is similar to the case of 
SuperKEKB (short bunch option)



Simulations using VFP solver (7)

• Natural bunch length: 3mm 

– With the numerical impedance model (GW+RW
+CSR), the MWI is also similar to the case of 
SuperKEKB (short bunch option)



Simulations using VFP solver (8)

• Turn-by-turn energy spread and bunch 
length with GW+RW+CSR 

– Beam becomes unstable when bunch 

population exceeds 5x10^10



Simulations using VFP solver (9)

• Turn-by-turn energy spread and bunch 
length with GW+RW 

– Beam becomes unstable when bunch 

population exceeds 6x10^10



An attempt to extract impedance directly from 
bunch profile (with help from Y. Cai and A. Chao)

• Idea: inverse problem of Haissinski 
equation 

• Data: Streak camera 

• Challenges 

– Noise 

– Bunch center 



An attempt to extract impedance directly from 
bunch profile (with help from Y. Cai and A. Chao)

• Recent progress 

– SSA(Singular Spectrum Analysis) technique 
applied to remove noise 

– CZT(Chirp Z-Transform) applied to improve 

frequency resolution



An attempt to extract impedance directly from 
bunch profile (with help from Y. Cai and A. Chao)

• First result



Summary (1)

• Loss factor 

– The numerical impedance model predict lower 
loss factor at sigma<5mm and higher loss 
factor at sigma>7mm (Gaussian bunch) 

– RF power balance method roughly agrees with 
beam phase measurements, more work need 
to be done 

• Bunch lengthening 

– The numerical impedance model predict much 

weaker bunch lengthening than measurements 
and Y. Cai’s resonator model 

– The discrepancy is around 90nH



Summary (2)

• Microwave instability 

– The bunch current threshold predicted by 
numerical impedance model is around 0.7mA 

– CSR can be important source of MWI 

• Open questions 

– Other sources of impedance not taken into 
account? 

– CSR is well calculated?





Backup (1)

• Negative momentum compaction 
(sigma0=3mm)


