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Overview

● BESSY II @ HZB (Helmholtz-Zentrum Berlin)

– Motivation for BESSY VSR

– BESSY specialties: Time resolved user experiments at BESSY II

● From BESSY II to BESSY VSR

– BESSY VSR – The Variable Pulse Length Storage Ring

– Adding advanced timing capabilities to BESSY II
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BESSY II specialities: fillpattern

Timing Experiments are well supported @ BESSY II

● Multi Bunch Hybrid Fill pattern since 2015, multi-mode fill pattern
● 300x multi bunch: 0.9 mA / bunch, 10 ps
● 1x camshaft bunch: 4 mA, 17 ps, purity > 104 (pump, probe)
● 1x PPRE bunch: 1.25 MHz, 800ns, 107 - 109 photons/s 0.1%BW for ARTOF setup

(Pulse Picking Resonant Excitation)
● 3x fs-slicing bunch: 4 mA / bunch, 17 ps -> 100 fs photon pulses, 

106 photons/s 0.1%BW 

Multi-mode fill pattern 
since 2015

R.Müller et al., Proceedings of IPAC2016, Busan, Korea, WEPOW011
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BESSY II specialities: single and few bunch

Timing Experiments are well supported @ BESSY II

● 2 - 4 weeks true single bunch (SB): 
1.25 MHz, 800ns, 13.5 mA, 27 ps

● Since 2017 few bunch:
SB weeks weekends

5 MHz, 200ns, 32mA, 
4 bunches x 8 mA / bunch, 21 ps

or

10 MHz, 100 ns,
8 bunches 

C. Tusche, P. Goslawski et al., App. Phys. Lett. 108, 261602, (2016) 
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BESSY II Future -> BESSY VSR

Low emittance upgrade for 3rd generation light sources

● Many existing SR facilities in the 2nd decade of operation are aiming for an 
emittance, brilliance, spatial coherence upgrade
● ESRF, Spring-8, APS, ALS, SLS, … following the DLSR concepts

● Need to go for multi-bend achromat lattices (global upgrade):
new magnet system, new vacuum system due to smaller apertures, 
sometimes new injector/injection

● Significant long dark time for users (1 – 2 years)

BESSY VSR – Variable Pulse Length Storage Ring
HZB follows different upgrade path for BESSY II

● Conserving photon brilliance for all users and 
● Add short intense pulse operation at all beam lines in parallel
● Shaping the longitudinal phase space by additional cavities (local upgrade)

● Strengthen the Timing Experiment Community @ BESSY II / VSR
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BESSY VSR first ideas

2006 - gradient upgrade:

But: 

All bunches will be short! 

350 x 0.86 mA @ 1.7 ps

-> severe impedance problems 

and bad lifetime expected

-> more flexible solution needed

2011 – voltage beating scheme:

Short and long bunches 

simultaneously
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BESSY VSR main challenges

● Short intense bunches - scaling behavior bunch-length vs. current

● Developement and operation of high gradient superconducting cavities

● 1.5 GHz and 1.75 GHz @ 20 MV/m gradient in cw
-> 200W @ 1.8 K cooling plant (30% margin)
-> particle free (clean) vacuum araound cavity straight, 10-10 mbar

● Control of coupled bunch instablilites 

● Induced by sc cavitiy impedance, higher order modes
-> proper HOM damping desgin of sc cavities, waveguide HOM dampers
-> sufficiently strong bunch by bunch feedback 

● Operation with large transient beam loading 

● Phase shift over bunch train, lifetime reduction
-> careful set up and control of RF-parameters
-> appropriate low-level RF-control

● TopUp operation: injection into short VSR bunches

● Bunch lenght from booster 70 ps, injection efficiency > 60% / 90%
-> bunch compression in booster by factor 2 needed
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BESSY VSR: time line

Since 2013 VSR Science Workshops @ HZB

2015 Technical Desgin Study ready
Application to Helmholtz Association submitted
(strategic investement, 19 M€ + 10 M€ HZB)
Scientific evalutaion of application: “Outstanding project”
Full support by German Committee for Research with SR

2016 BESSY VSR not prioritised, application maintained
Support of Berlin and local Administration: start of 2 R&D projects for 
SRF cavity developement and BunchByBunch diagnostics (3 M€)
Diamond & Soleil study implementation of VSR scheme in their upgrade

2017 Successful applied for EFRE funding (via State of Berlin, 7.5 M€)
11.8 M€ granted by Helmholtz Association (from 2018 on)
BESSY VSR fully funded !

2020/2021 Preparatory Phase: 2 x 4 cell 1.5 GHz cryo module in operation with
20 MV/m @ BESSY II (only short bunches – landau cavity)

2021/2022 Start of user operation with full VSR (ca. 22 weeks dark-time for 
installation and commissioning, distributed over 2-3 shutdowns)

doi:10.5442/R0001
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Conclusions, Summary

The BESSY VSR project

● combines high brilliance with short intense pulses
-> Simultaneously long and short bunches
-> Shorter bunch than in low α, but bunch current as in standard user
-> Structure and Dynamics

-> Introducing strong focusing and strong HOM damped 
    sc cavities in cw operation

● is attractive for the portfolio of light sources
-> unique, complementary to FEL sources

● opens a new regime of storage ring operation
-> future combination of DLSR + VSR? (in a certain energy range)

● is the ideal upgrade path of BESSY II
-> addressing the needs of the existing user community (timing experiments)  
-> attracting new users
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Thanks to all Colleagues contributing to BESSY VSR:
Institute for    Accelerator Physics,   SRF Science and Technology,   Instrumentation and Methods

    Undulator,   Operation Departement
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