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Beam dynamics of short bunch operation 

of BESSY VSR with sc rf systems 
ARD-ST3 Picosecond and Femtosecond Electron and Photon Beams Martin Ruprecht, HZB 

Present short bunch mode: 

• Dedicated low-α shifts (12 days/year) 

• 3 ps (rms) bunchs at low current 

From BESSY II to BESSY VSR 
A Variable Pulse Length Storage Ring 

HOMs and coupled bunch instabilities 

Counter measures: 

• Adjust optics parameters (limited!)  

• Landau damping 

• Chromaticity 

• Feedback 

 

Bunch length: 

 

• α: momentum compaction factor 

• V‘: time derivate of accelerating 

voltage 
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Bunch length vs. Current scaling 

f = 1.75 GHz, V = 17 MV  

V‘=2π·30 MV GHz 
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RF upgrade: 80 x gradient V‘ 

    80 x more current  

BESSY II BESSY VSR (short bunches) 

user optics low-α optics user optics low-α optics 

Bunch length (rms) 15 ps 3 ps 1.7 ps 0.34 ps 

sb-curent 0.9 mA 0.04 mA 0.9 mA 0.02 mA 

mb-current < 300 mA 14 mA < 140 mA 3.5 mA 

Influence of RF jitter on bunch size 

noise 

spectrum 

300 fs bunch 1 ps bunch 10 ps bunch 

σt σδ σt σδ σt σδ 

none 0.33 ps 8.5·10-4 1.0 ps 7.1·10-4 9.8 ps 6.9·10-4 

x 1 0.34 ps 8.0·10-4 1.0 ps 7.0·10-4 13 ps 9.3·10-4 

x 10 1.0 ps 19·10-4 1.0 ps 7.0·10-4 31 ps 26·10-4 

• Realistic noise spectrum of 

CW operation (A. Neumann et 

al., SRF 2011, p.262): 

• Amplitude jitter < 1.0·10-4  

• Phase jitter < 0.02 deg 

• Measured spectrum  applied 

in elegant  simulation 

• Estimate limits: 10 x jitter 

• Applied on 1.75 GHz cavity 

M. Ruprecht et al., IPAC 2013, Shanghai, China Expected jitter not critical! 

High-gradient cavities: 

• superconducting 

• multi-cell 

• high frequency  

higher order 

modes 

(HOMs) 

HOMs drive coupled bunch instabilities (CBIs) 

Impedance thresholds calculated for BESSY II with BERLinPro cavity model 

5 cell, 1.5 GHz, 20MV/m 

Development of tracking software: 

• Particle-impedance interaction in 

6D tracking (phasor scheme) 

• Nonlinearities 

• Many particles per bunch 

• Transient beam loading 

trapped HOM 

Bunch motion in time domain (60 out of 400 

bunches); Fast growing CBI (elegant simulation) 

Key publications: 

BESSY VSR: Add sc multi cell RF cavities 

► Long and short bunches simultaneously ►Available at all beam ports 

f = 0.5 GHz, V = 1.5 MV 

V‘=2π·0.75 MV GHz 

f = 1.5 GHz, V = 20 MV 

V‘=2π·30 MV GHz 

long bunches short bunches long & short bunches 

Discussion and perspective 

 BESSY VSR: New domain for short pulses in storage rings;      

  scheme also in discussion with  

 Study of beam dynamics is ongoing, cooperation with 

 HOM driven coupled bunch instabilities need to be evaluated 

 Study of beam dynamics    cavity design 

 Countermeasures (Landau damping, feedback) need to be 

evaluated    simulations and measurements planed 

10 ps 

1 ps 

300 fs 

Collaboation with            and   

Proceedings of the BESSY VSR - Workshop "The Variable pulse length Synchrotron Radiation source“ 14.10. - 15.10. 2013, Berlin.  

G. Wüstefeld et al., ‘Simultaneous Long and Short Electron Bunches in the BESSY II Storage Ring’, IPAC 2011, San Sebastian, Spain, 2011.  

M. Ruprecht et al., talk ‘Single Particle Tracking for Simultaneous Long and Short Electron Bunches’, IPAC 2013, Shanghai, China, 2013. 

present nc cavity nc + 1 sc cavity nc + 2 sc cavity systems 

SUPERCONDUCTING

CAVITIES

20 MV @ 1.5 GHz and  

17 MV @ 1.75 GHz 

longitudinal phase space 
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Resonator voltage induced by point charge 

CSR bursting threshold: I~α  


