
2 FILL 4399, FS=8.36 KHZ, ITHR ≈ 0.2875 MA

Figure 5: Substructures in spectrogram at low frequencies

Figure 6: Substructures in spectrogram around 40 kHz
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The ANKA Storage Ring
Key Parameters

circumference: 110.4 m
revolution time: 368 ns
bunch spacing: 2 ns
harmonic number: 184

2

Normal operation mode
beam energy: 2.5 GeV
multi bunch mode
bunch length: > 30 ps

Low αc optics:
bunch length: ~ 1 ps
multi and single bunch

Bunch shape

CSR Ring 
impedance

Requirements for THz detectors:
response time << 1 ns
high dynamic range
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THz Detectors at ANKA
Golay Cell

3

picture: http://www.tydex.com

Schottky Diode Detector

Hot Electron Bolometer (HEB)
high sensitivity in THz range
response time: ~100 ms

spectral range: depends on antenna
response time: <130 ps

room temperature cryo temperature

based on: SC niobium 
nitride
spectral range: depends 
on antenna
response time: <160 ps

YBCO Detector
based on: YBa2Cu3O7-δ (YBCO)
spectral range: depends on antenna
response time: down to 1 ps

pulses. The detector chip of 3! 3mm2 was embedded in a
coplanar readout on a Rogers substrate (TMM 10i). The sim-
ulation of the reflection parameter of the detector block
including all details (Rogers, bonds, connector, etc.) resulted
in a "3 dB roll-off frequency of 30 GHz. The detector signal
was then fed by a broadband semi-rigid cable (f¼ 65GHz) to
a room-temperature bias-tee with a bandwidth of $65GHz. A
1m long flexible cable (f¼ 65GHz) was used to feed the de-
tector signal to the 62.8GHz real-time oscilloscope of Agilent
(DSA-X 96204Q). The effective readout bandwidth of the
complete system can be calculated according to Ref. 21 to feff
$ 23GHz which results in a temporal resolution (FWHM) of
15 ps (rms temporal resolution of 6.4 ps).

The measurements of the THz response of the YBCO
detecting system were performed at the IR1-beamline of
ANKA, the synchrotron light source of the Karlsruhe Insti-
tute of Technology. The ring was operated with low-alpha
mode at a beam energy of 1.3GeV filled with a single bunch.
The synchrotron frequency was set to 4.49 kHz and the volt-
age per cavity was chosen to 150 kV (0.6 MV total accelerat-
ing voltage). For these settings the rms bunch length rz is
not constant but a function of bunch current as a result of tur-
bulent bunch lengthening. It scales according to26

rz ¼ k % I3=7bunch (1)

with an experimentally obtained k¼ 10.3 for ANKA.8

The bunch current Ibunch for the pulses shown in Fig. 3
was 0.8 mA. The rms bunch length is determined by Eq. (1)
to rz¼ 9.4 ps which corresponds to a pulse width of 22 ps
(FWHM).

The average of 20 single shots recorded with the YBCO
detection system is shown by the solid line in Fig. 3(a). The
Gaussian fit (dashed line) to this data revealed a rms bunch
length of 9.3 ps which is in very good agreement with the
bunch length according to Eq. (1). This shows that the
YBCO detection system allows for the direct analysis of the
emitted picosecond pulses in the THz frequency range.

Furthermore, it is worth mentioning that the YBCO system
is not limited to averaged measurements. Due to high signal-to-
noise ratios above 10 it is possible to analyze single shots. In
Fig. 3(b) a single shot for the ANKA settings stated above is
displayed. While from 0 to 60ps the combined noise of the
detecting system and the ANKA source is seen, the detected
CSR is clearly visible at about 90 ps. The bunch length was as
short as 6.8 ps. The falling edge is influenced by reflections
which can be explained by imperfect matching of the detector
impedance to the 50 X readout impedance. This leads to a
slightly enlarged pulse width (FWHM) of 17ps. The possibility
to resolve the temporal evolution of the emitted THz pulses in
single shots opens routes for the study of turn-by-turn bunch-
length monitoring on a very short timescale.

We have developed an ultra-fast YBCO detection sys-
tem with a temporal resolution of $15 ps (FWHM) which is
one order of magnitude faster compared to a NbN detector
based system. The YBCO thin-film detectors with critical
temperatures of 85K were installed in a cryogen-free system.
The time-domain measurements at the IR1 beamline of
ANKA demonstrated the ultimate temporal resolution of our
detection system allowing for real-time single-shot measure-
ments of the emitted THz pulses at ANKA. Rms bunch
lengths as short as 6.8 ps were resolved.

For ultimate time resolution of the CSR pulse shape the
impedance matching and the bandwidth of the detector block
require further optimization.

FIG. 2. The YBCO THz detection setup: The YBCO detector block (inset)
made from copper is attached to the cryocooler cold finger. The detector
chip is glued to the embedded silicon lens (1). The THz radiation enters the
cryogen-free system through a polyethylene window (2). The detector is bi-
ased with a battery-driven source (3) and is read out via a room-temperature
bias tee (4) connected to an oscilloscope. By adjusting the cooling power of
the compressor (5) a temperature between 50 and 300K is set with a temper-
ature stability <0.1 K.

FIG. 3. (a) Averaged YBCO detector response (solid line) of 20 single shots.
The rms pulse length was determined by a Gaussian fit (dashed line) to
9.3 ps. (b) Single shot of the YBCO detector system. Pulse lengths as short
as 6.8 ps were recorded.

142601-3 Thoma et al. Appl. Phys. Lett. 101, 142601 (2012)
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Schottky - HEB Comparison

4

ANKA IR 1
beam lineHEB

Schottky
IR/THz
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Spectrograms

Dynamics of sub-structures lead to bursts of CSR

5

THz signal in the time domain
measured with HEB for different currents
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Schottky - HEB Comparison

6

HEB
saturated for high currents
more sensitive at low currents

Schottky
more sensitive at high currents
blind at low currents
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Fast FPGA Digitizer Board for ANKA
simultaneous monitoring of all 184 buckets
turn-by-turn acquisition
continuous acquisition up to 100k turns
data rate: 4GB/s ~ 12TB/h
⇒HDD write speed limited
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Long Range Bunch-Bunch Correlations
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Summary

Fast THz detectors
Cryo and room temperature detectors
Response times of 160 ps or below
HEB and Schottky diode detectors yield similar results
Allow to study bursting pattern

Fast FPGA digitizer board
Enables continuous monitoring of all 184 buckets on a turn-by-turn basis
Established correlation of THz emission over distances of about 10 buckets

9

Sonntag, 10. November 2013



ANKA Synchrotron Light Source at KITM. Schwarz - Fast THz DetectorsDESY 2013, 12 Nov 2013

Acknowledgements

10

KIT ANKA, Karlsruhe, Germany:
A.-S. Müller, M. Brosi, N. Hiller, E. Huttel, V. Judin, B. Kehrer, S. Marsching,
S. Naknaimueang, M.J. Nasse, M. Schuh, N.J. Smale, J. Steinmann

DLR, Berlin, Germany:
A. Semenov, H.-W. Hübers

KIT IMS, Karlsruhe, Germany:
M. Siegel, P. Thoma, J. Raasch, S. Wünsch

KIT IPE, Karlsruhe, Germany:
M. Balzer, M. Caselle, M. Weber

Thank you for your attention!

Sonntag, 10. November 2013


