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Deformation of longitudinal phase space
Occurs above the bursting threshold
CSR emission (THz range) in bursts
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Measurements
Energy spread above bursting threshold→ Increases with bunch current1

Energy spread and microwave radiation→ Same modulation period length

Simulation: Bunch length and CSR→ Same modulation period length

Idea: Time-resolved energy spread studies with single-turn resolution
and benchmark against CSR

1K Bane, K. Oide, M. Zobov, SLAC-PUB-11007 (2005).
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Synchrotron light source at KIT
Circumference: 110.4 m
Bunch spacing: 2 ns
Regular low-αc runs→ Short bunches
Studies of micro-bunching
instabilities
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Energy spread σδ
Measure the horizontal bunch size σx in dispersive section of storage ring

σδ =
1

Dx

√
σ2

x −βx · εx

Single turn base?→ Use a fast-gated intensified camera

CSR

Fast THz detectors: Schottky diodes
In-house developed DAQ (KAPTURE)

Synchronisation

Hardware synchronisation scheme
Triggered beam based calibration
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Energy spread σδ
Measure the horizontal bunch size σx in dispersive section of storage ring

σδ =
1

Dx

√
σ2

x −βx · εx

Single turn base?→ Use a fast-gated intensified camera

CSR
Fast THz detectors: Schottky diodes
In-house developed DAQ (KAPTURE)

Synchronisation
Hardware synchronisation scheme4

Triggered beam based calibration

M. Brosi, THOBA1

4B. Kehrer et al.; IPAC’16 (MOPMB014).
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Setup at visible light diagnostics beamline5,6

Based on previous works of J. Corbett, W. Cheng7 and A. Fisher8

5P. Schuetze et al., IPAC’15 (MOPHA039).
6B. Kehrer et al., IPAC’15 (MOPHA037).
7W. Cheng et al., PAC’09 (TH6REP032).
8A. Fisher et al., AIP Conference Proceedings (Vol. 868, No. 1, pp. 303-312).
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Setup at visible light diagnostics beamline5,6

Based on previous works of J. Corbett, W. Cheng7 and A. Fisher8

Camera
Andor iStar 340T
Gate width: 1.55 ns FWHM
Gate separation: > 6 turns (500 kHz)

Mirror
7 mm aperture
Galvo drive

Drawback: compromise between
resolution and time range
Ideal: Continuous turn-by-turn data

5P. Schuetze et al., IPAC’15 (MOPHA039).
6B. Kehrer et al., IPAC’15 (MOPHA037).
7W. Cheng et al., PAC’09 (TH6REP032).
8A. Fisher et al., AIP Conference Proceedings (Vol. 868, No. 1, pp. 303-312).



FGC: Data analysis
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FGC raw image

Determine spot size → 2D Gaussian fits
Timing calibration
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Schottky diodes + KAPTURE
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Required: CSR intensity once per bunch and turn

Detectors: Schottky barrier diodes

Room temperature
Response time < 200 ps
50 GHz up to 1 THz + narrowband detectors
Commercially available (ACST, VDI)

DAQ: KAPTURE

In-house developed DAQ system9

4 ADC with turn-by-turn and bunch-by-bunch capability (sampling with fixed
phase)
Continuous streaming

9M. Caselle et al., Journal of Instrumentation 12, C01040 (2017).
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Energy spread with same modulation pattern as CSR
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at onset of burst
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Study in more detail → 24 turns gate separation, 500 µs time range
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Simulations predicted weak instability below the bursting threshold10

Measured on CSR at ANKA11 for αc ≤ 2.64 · 10−4

Instability would lead to energy spread increase

10K. Bane et al., Phys. Rev. ST Accel. Beams 13, 104402 (2010).
11M. Brosi et al., IPAC’16 (TUPOR006).
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Fast-gated intensified camera versatile setup for energy spread
studies

Synchronous measurements
Coherent synchrotron radiation (CSR)
Horizontal bunch size → energy spread

For certain beam currents and machine parameters→ Energy spread with same modulation frequency as CSR bursts
Short bunch-length bursting (weak instability)→ Energy spread increase

Next steps
Continuous sampling and data streaming
For CSR already possible (KAPTURE)
Using a 256-pixel line array for turn-by-turn sampling of a single bunch
Longitudinal bunch profile: Electro-Optical Spectral Decoding
Horizontal bunch profile: Replace FGC to overcome resolution limit
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Thank you for your attention!
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Horizontal plane
Courtesy Paul Schütze
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