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Diagnostics for BESSY VSR, an overview 
J.-G. Hwang, G. Schiwietz, M. Koopmans, M. Ries, A. Schälicke, P. Goslawski, T. Atkinson, 

and beam diagnostics team, BESSY II, Helmholtz-Zentrum Berlin (HZB) 
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BESSY Variable pulse-length Storage Ring (BESSY VSR) 

A. Jankowiak, J. Knobloch, et al., 

 “Technical Design Study BESSY VSR” 
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The effect of the beam on the accelerating field is called BEAM 

LOADING. The superposition of the accelerating field established by 

external generator and the beam induced field needs to be studied 

carefully in order to obtain the net Phase and Amplitude of acceleration. 

Transient beam loading 



4 J.-G. Hwang, ARD topical workshop for ST3 in GSI, 16-18 Oct. 2019 

Installation of 

large and stable 

optical table 

2016 

Streak camera 

with compact 

optical table 

2015 

Optical monitor 

test bench 

Streak camera 

IBSM 

fast Photodiode 

-Halo-monitor 

2017 

Move to new 

platform 

2018 

Diagnostics platform refurbish for BESSY VSR 

Optical 
diagnostics 
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Diagnostics platform refurbish for BESSY VSR 

Dipole  

BM1D7R 
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Sector 12 Dip1.1 - BM2T6R 

Longitudinal Bunch Size  

 (timing: streak Camera etc.) 

Dipolmagnet 

Toroidal Mirror M2 

Intermediate  

Focal Point  

and Slit 

Ellipsoidal  

Mirror M1 

M3 

M4 
M5 

X-Ray  

Blocking  

Baffle 
Planar  

Mirrors  

M4&M5: 

Select  

transverse  

direction 

Bunch-resolved temporal distribution monitor 
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M4 M5 

Select  

wavelength,  

bandwidth  

and  

polarization 

Select orientation of  

collimated light-beam 

MB 

Camshaft  

 PPRE  

MB 

Bunch-resolved temporal distribution monitor 

labyrinth 
4 ns 

(=125 MHz) 

Injected beam motion  

over 800 turns (= 6.4 ms) 

Low-α, Iring< 15 mA 

2 MV / 2 kHz y 

x 
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Standard BESSY-II user fill-pattern at top-up conditions  

near the center of the pseudo-single-bunch gap. 

1 x Camshaft bunch  

    (with 4mA partial ring current) 

  

1 x PPRE bunch  

    (3mA) for pulse picking by  

    resonant excitation * 

 

2 x MB bunch of the multi-bunch  

    train (0.8 mA per bunch) 

*  K. Holldack et al.,  

Nature Communications Vol. 5, 4010 (2014) 

➢Profile of a single bunch for both polarizations as function of white-noise excitation 

π-pol. σ-pol. 

M. Koopmans et al.,  

IPAC'19 proceedings, pp. 2491 (2019) 

2D (t-x or t-y) measurement 

M. Koopmans’s 

presentation “Bunch-

resolved 2D 

measurements at BESSY II” 

in TODAY poster session 

Geometrical resol. : 50 um rms 

(Abbe limit) 
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An interference pattern produced by double slit 

with a “point-like” source is given by 
 

𝐼(𝑥) = 𝐼0𝑠𝑖𝑛𝑐
2
𝜋𝑎

𝜆𝑅
𝑥 𝑐𝑜𝑠2

𝜋𝑑

𝜆𝑅
 𝑥 + 𝜙  , 

 

where 𝜆 is wavelength, 𝑅 is distance between slit 

and screen, 𝑑 is slit separation, 𝑎 is slit width, 𝜙 is 

phase difference. 

𝜎 = 40 𝜇𝑚 

Bunch-resolved lateral beam size monitor 

 

For a Gaussian distributed light source, the 

interference pattern is 
 

𝐼(𝑥) = 𝐼0𝑠𝑖𝑛𝑐
2
𝜋𝑎

𝜆𝑅
𝑥 (1 + 𝜸𝑐𝑜𝑠

2𝜋𝑑

𝜆𝑅
 𝑥 + 𝜙  , 

 

where 𝛾 denotes the visibility. 
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Bunch-resolved lateral beam size monitor 

CCD Measurement 

Visibility(𝜸) is given by the van 

Cittert-Zernike theorem : 

𝜸 =  𝒅𝒙 𝒇 𝒙  𝒆
−𝒊 
𝟐𝝅𝑫
𝝀𝒔
𝒙 

For Gaussian Distribution 

𝝈𝒙,𝒚 =
𝝀 𝒔

𝝅 𝑫𝒙,𝒚

𝟏

𝟐
 𝒍𝒏 

𝟏

𝜸𝒙,𝒚
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XXRapidFrame 

Based on 4 x 4 Picos ICCD camera 

Exposure time: 200 ps to 80 s  

Delay time: 0s, 10 ps to 80 s 

Delay and Exposure time step: 10 ps  

Low jitter : < 10 ps  

Multiple gate repetition frequency:  

- up to 200 kHz continuous  

- up to 3.3 MHz in burst mode 

Pixel size: 8.3 x 8.3 µm  

High dynamic Range: 12 bit 

Frame rate:12.5 / 20.0 / 23.0fps 

1 
2 

3 

4 
Cam1 : 1 → 5 → ∙∙∙ → 397 

Cam2 : 2 → 6 → ∙∙∙ → 398 

Cam3 : 3 → 7 → ∙∙∙ → 399 

Cam4 : 4 → 8 → ∙∙∙ → 400 

 

Scanning time for 400 bucket 

1 / 23 fps / 4 x 400 = 4.35 s 

# of gate repetition rate / frame (23 fps) with 

burst mode 

   →   1 / 23 fps * 1.25 MHz = 54 k 

 

# of photons / frame (23 fps) with burst mode 

   → 5.6 k photons * (area ratio) * 54 k   

       = 6.0 *106 photons / frame  

400 

399 

Bunch-resolved lateral beam size monitor 
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Monte Carlo calculation with realistic noise. 

112   : 10 nm bandwidth / 3 mm slit width / single scan 

1.1k  : 10 nm bandwidth / 3 mm slit width / 10 scan (25 Hz) 

11k   : 10 nm bandwidth / 3 mm slit width / 10 0scan (250 Hz) 

112k : 10 nm bandwidth / 3 mm slit width / 100 0scan (2.5 kHz) 

1.1M : 10 nm bandwidth / 3 mm slit width /  10k scan (25 kHz) 

 

6.0 M : 10 nm bandwidth / 3 mm slit width / 54k scan (1.25 MHz) 

Bunch-resolved lateral beam size monitor 

Working point 

130 μA 

 X 2.0 (new beamline) 

 X 2.0 (Quadrature) 

13 μA 
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Using two Evaluation Boards  

with AD9513,  

AD9514 or  

AD9515  

dividers  

OPTRONIS divider chain 

Jrms=2.2±0.2 ps 

(2.8x10-6) 

Jrms=2.6±0.3 ps 

(3.3x10-6) 

Needed:   improved revolution trigger 

Trigger system upgrade 

Revolution trigger  

(1.25 MHz = 800 ns) 

Jrms = 540 ps (6x10-4) 

Replace optical receiver 

Jrms = 100 ps (1.3x10-4) 
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Ground motion 

Slow motion (ground motion) of an optical table can cause a misleading 

result of beam diagnostics which is used slow detectors such as CCD that 

operate in the tens/hundreds of millisecond range. 

 

 

 

 

 

 

M > I  

M < I  

Examples 

  1) IBSM (CCD / ICCD) : Visibility reduction → Beam size increase 

  2) Pinhole : Beam size increase 

  3) Streak camera : Intensity fluctuation 

  4) Streak camera (+2D measurement) : Beam size increase 

M : Ground motion 

 I  : Integration time 

Image from THORLABS 
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Ground motion 

The visibility is measured with various integration time (shutter speed) of the camera. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Due to insufficient 

light intensity 

Due to the ground motion 

The total(integrated) rms displacement 
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2016 2017 2018 2020+ 2019 

VSR project launch  

Streak camera + IBSM  

 1. Performance optimization 

 2. Verification of IBSM 

ICCD Delivery (Nov. 2019)  

 1. Stanford computer optics 

  → Several delays due to their MCP supplier 

 2. Bunch-resolved lateral profile measurements 

Move to new platform 

New streak camera (Dec. 2018)  

 1. High resolution : 0.9 ± 0.1 ps (FWHM) 

 → Experimentally verified with fs laser 

 2. 2D (t-x / t-y) measurement 

Summary 

Cooling 

+ 

Shade 

Button 

Entrance pupil 

Objective lens 

Opaque 
Collimators 

Lyot stop 
Relay 

lens 

CCD cam 

Wavelength 

filter 

Field lens 

Injected beam motion  

over 800 turns (= 6.4 ms) 

1000 images overlap 

DtFWHM = 7.38 pixels 

(1.16 ps)  

Multibunch 

Single bunch (1 mA) 

TRIBs 

TRIBs 

Diffusion ~ 10-4 

Jrms=2.2±0.2 ps 

(2.8x10-6) 

Jrms=2.6±0.3 ps 

(3.3x10-6) 

Using two Evaluation Boards  

with AD9513, AD9514 or  

AD9515  dividers  

Roughness on useful area 

 < 0.5 nm RMS 
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Thank you for your attention 


