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Circumference: 110.4 m
fRF: 500 MHz
Energy: 0.5 - 2.5 GeV
Single or multi bunch mode
Beam current: up to 180 mA

Short bunch mode
Lower momentum compaction
factor αc→ Reduce bunch length
Coherent Synchrotron Radiation
(CSR)→ Micro-bunching instabilities

Diagnostics requirements
Single turn resolution
Single bunch resolution
Long time range
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Horizontal bunch profile: Fast-gated intensified camera (FGC)

CSR emission: THz detectors
Longitudinal bunch profile: Electro-optical monitor

Systems distributed around the ring
Recently implemented: synchronization
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Horizontal bunch profile:
Fast-gated intensified camera (FGC)
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Setup at visible light diagnostics beamline1,2

Camera
Andor iStar 340T
1300 x 512 pixel
Gate width: 1.55 ns FWHM
At least every 6th turn

1P. Schuetze et al.; IPAC’15 (MOPHA039).
2B. Kehrer et al.; IPAC’15 (MOPHA037).
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Setup at visible light diagnostics beamline1,2

Camera
Andor iStar 340T
1300 x 512 pixel
Gate width: 1.55 ns FWHM
At least every 6th turn

Mirror
7 mm aperture
Galvo drive
Voltage ramp from waveform generator

Time range and gate repetition rate set by software
∼ 65 spots on CCD image
Also possible: ‘Streak images’

1P. Schuetze et al.; IPAC’15 (MOPHA039).
2B. Kehrer et al.; IPAC’15 (MOPHA037).



Fast-gated intensified camera: Basic principle
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Measuring the horizontal bunch position and size

Pick & Track
Pick one bunch
Track it over every n-th turn

Pick
Camera gate (image
intensifier) on/off
Track
Fast rotating mirror

Sweep images over
CCD sensor
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Measuring the horizontal bunch position and size

Pick & Track
Pick one bunch
Track it over every n-th turn

Pick
Camera gate (image
intensifier) on/off
Track
Fast rotating mirror

Sweep images over
CCD sensor Courtesy: Paul Schütze
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Measuring the horizontal bunch position and size

Pick & Track
Pick one bunch
Track it over every n-th turn

Pick
Camera gate (image
intensifier) on/off
Track
Fast rotating mirror

Sweep images over
CCD sensor

Sample picture: Gate separation set to 14 turns
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CSR emission: THz detectors
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Hot electron bolometer (NbN)3

Cryogenic (LHe)
Response time < 165 ps
200 GHz up to 4 THz
High sensitivity

YBCO detectors
Cryogenic (LN2)
Response time < 15 ps
30 GHz up to 2.5 THz
Developed at KIT4

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

3A.D. Semenov et al.; IEEE Transactions on Microwave Theory and Techniques 55 (2007) 239.
4P. Thoma et al.; IEEE Trans. Appl. Supercond., vol.23, no.3, pp.2400206, 2400206, June 2013.
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Hot electron bolometer (NbN)3

Cryogenic (LHe)
Response time < 165 ps
200 GHz up to 4 THz
High sensitivity

YBCO detectors
Cryogenic (LN2)
Response time < 15 ps
30 GHz up to 2.5 THz
Developed at KIT4

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

Fast readout: KAPTURE

3A.D. Semenov et al.; IEEE Transactions on Microwave Theory and Techniques 55 (2007) 239.
4P. Thoma et al.; IEEE Trans. Appl. Supercond., vol.23, no.3, pp.2400206, 2400206, June 2013.
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KArlsruhe Pulse Taking Ultra-fast Readout Electronics
FPGA based read-out for fast detectors5 (see also talk by M. Brosi)
4 ADC with turn-by-turn and bunch-by-bunch capability→ Here: 2x Schottky diodes

+ 1x APD for incoherent radiation
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5M. Caselle, IBIC’14 (MOCZB1).
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KArlsruhe Pulse Taking Ultra-fast Readout Electronics
FPGA based read-out for fast detectors5 (see also talk by M. Brosi)
4 ADC with turn-by-turn and bunch-by-bunch capability→ Here: 2x Schottky diodes + 1x APD for incoherent radiation
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Longitudinal bunch profile:
Electro-optical monitor
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Electro-optical spectral
decoding (EOSD)6

Sampling the near field
Imprint bunch profile in chirped
laser pulse

Spectrometer based on
KALYPSO (KArlsruhe Linear
arraY detector for
MHz-rePetition rate
SpectrOscopy)

256 pixel line array (50µm)
Sample up to every 3rd turn
(Upgrade to higher rate
planned)

Courtesy: Nicole Hiller

6N. Hiller et al; IPAC’13 (MOPME014).

6N.Hiller; PhD thesis; 2013.
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Main goal: Synchronous measurement
Use Timing system8 for common trigger→ Arm trigger: Acquisition starts with next revolution trigger

EVG

EVR 1

EVR 2

EVR 3

FGC

KAPTURE

EOSD

Time Delay

Event generator Event receiver Setups

8MRF, www.mrf.fi
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Calibration: RF phase jump
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Induce RF phase jump
Fast Gated Camera
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Induce RF phase jump
Electro-optical spectral decoding (EOSD)
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Induce RF phase jump
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Calibration: beam loss I
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Trigger a beam loss (switch off RF)
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Trigger a beam loss (switch off RF)
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Calibration: beam loss II
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Trigger a beam loss (switch off RF)
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Different setups for time-resolved studies in operation
Fast-gated intensified camera → horizontal bunch profile
Fast THz detectors → coherent synchrotron radiation (CSR)
Electro-optical bunch length monitor → longitudinal bunch profile

Single turn and single bunch resolution

Measurements successfully synchronized

Confirmed by
RF phase jumps
Triggered beam loss
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Backup



Visible Light Diagnostics Beamline
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5◦ port of a dipole magnet
Parallel operation of different devices required→ Split in different wavelength regions

TCSPC
Time-Correlated Single
Photon Counting
λ < 400 nm

FGC
Fast-gated Intensified
Camera
400 nm < λ < 500 nm

SC
Streak Camera
λ > 500 nm



Fast-gated intensified camera: optical path

18 2016/02/10 Benjamin Kehrer - Simultaneous detection of longitudinal and
transverse beam signatures at ANKA

KIT

5◦ port of a dipole magnet
4 Mirror form intermediate image on optical table

2 planar mirror
2 off-axis paraboloid mirrors
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Fast-gated intensified camera: control scheme
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Fast-gated intensified camera: time to reach
CCD
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