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The ANKA synchrotron radiation facility

Circumference: 110.4 m 
Energy range: 0.5 - 2.5 GeV 
RF frequency: 500 MHz 
Revolution time: 368 ns
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Advantages Challenges 
Compact and integrated setup  Lower interaction time 

Lower Emax Î Easier measurement  More sensitive to alignment errors 
Versatile instrument  Match between laser and electrons 

Setup at ANKA 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
¾ Gamma ray detection system 
• High purity Ge (HPGe) spectrometer (ORTEC GEM-M5970)  

• Crystal section shielded by lead blocks 

• Pre-aligned by laser tracker 
 

¾ CO2 laser and optical system 
• CO2 laser (λ ~10.2 μm @ 10R22): Emax within the sensitivity range of our HPGe 

• CW, ~20W, frequency specially stabilized (σEL/EL~10-6): PID loop + FPI (DLR) 

• Laser coupled through an ion pump 

• Cylindrical lens: laser focused to ~600 μm (4σ) vertically 
 
 
 
 
 
 
 
 
¾ Compared to conventional head-on collision (φ = π): 

Determination of Collision Angle  
¾ Reference line (RL): mechanical centers of two quadrupoles 
 
 
 
 
 
 
 
¾ Laser direction: 
• Camera position measured with laser tracker: 91.648°  

• Beam centroid monitored by the camera 

 

 

 

 

• Laser beam is 91.630 ° ± 0.010° relative to the RL 
¾ Electron beam orientation 
• BPM reading: -0.010° relative to the RL 

• Uncertainty estimation < 0.1 mrad/0.006° 
¾ Collision angle φ = 91.620° ± 0.012°, σφ/tan(φ/2) = 2.0 × 10-4 

 

 

Determination of Emax by edge fitting 
 
 
 
 
 
 
 
¾ (a) laser off; (b) laser on. S/N~3 

 

¾ Compton edge curve fit by a six-parameter erfc-like function 
  

¾ Emax = 1580.44 keV ± 0.28 keV, σEmax/Emax = 1.8 × 10-4 (χ2/ndf~524/555) 

  pos1 pos2 

X center of 10000 samples (µm) 13901 14285 

ΔX (4σ) (µm) 557.62 634.64 

Distance between pos. 1 and 2 (m) 1.2010 

Preliminary results 
¾ 1.3 GeV: Ee ± σEe= 1287.0 MeV ± 0.2 MeV (above) 

 

¾ 0.5 GeV: Ee ± σEe= 495.65 MeV ± 0.06 MeV (bottom left) 
 

¾ 1.6 GeV: Ee ± σEe= 1582.1 MeV ± 0.2 MeV (bottom right) 
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Preliminary results 
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Preliminary results 
¾ 1.3 GeV: Ee ± σEe= 1287.0 MeV ± 0.2 MeV (above) 
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2.5 GeV

Compton Backscattering - Results

2.5 GeV:  2476.4 ± 0.3 MeV
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ANKA status - new mission 2015 

Photon science facility and technology platform 
New operation/usage strategy in preparation  
Open for R&D 
Operation: two mayor failures in 2015  

Power cut - main transformer station tripped 
Resistor in bending magnet power supply burned 

Refurbishment and consolidation continued 
New project: EuroCirCol – FCC H2020 Project – 
The European Circular Energy-Frontier Collider 
Study
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ANKA refurbishment and upgrades

Orbit correction software upgrade 
0.02 Hz ➔ 10 Hz (now hardware limited) 
No need for triggered ramping corrector power supplies 
Local correction schemes introduced for IDs for scanning during operation 

Electric load to manipulate quadrupoles to compensate impact of ID 
Continue control system migration to EPICS 

Vacuum started 
RF in progress (LLRF completed) 

Refurbishment 
Replacement of vacuum controllers 
Continue exchange of power supplies in the injector
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3D bunch by bunch feedback system

Longitudinal kicker cavity installed 2015-01  
3D BBB feedback system in operation 
Diagnostic features are heavily used in MD shifts 
Multi bunch instability analysis

6

E. Blomley

3.4. Longitudinales Feedback 15

Abbildung 3.8: Einbau der longitudinalen Kicker-Kavität im Januar 2015 zur e↵ek-

tiveren Anregung und Dämpfung von longitudinalen Oszillationen.

3.2. Experimenteller Einsatz zur Untersuchung von Multi-Bunch
Wechselwirkungen 9

als auch die Flexibilität zu jeder Zeit und in jedem Operationsmodus ohne zusätz-

lichen Aufwand Messdaten zu nehmen, erö↵net neue Möglichkeiten. So kann z.B.

der komplette Injektionsprozess genau untersucht werden. Eine einzelne Messung

besteht dabei bereits aus bis zu einer Millionen Messpunkte. Über eine Injektion

werden dabei 400 - 500 Messungen aufgezeichnet. Systematische Studien erfordern

nun die Aufnahme vieler Injektionen. Dadurch kommen schnell Datenmengen jen-

seits der 100 GB zusammen. Ein nicht unerheblicher Aufwand steckt damit auch in

der Prozessierung, Analyse und Darstellung der Messungen. Für die Injektionsstu-

dien wurde jede einzelne Messung hinsichtlich ihrer Schwingungsmoden analysiert

und dann dem korrespondierenden Injektionsstrom gegenüber gestellt. Durch die

Aneinanderreihung der einzelnen Messungen ergeben sich mit der erwähnten Mess-

häufigkeit ein geschlossenes Bild über die ganze Injektion (Abb. 3.4). Auf ähnliche

Weise lassen sich aber so nun auch andere Situationen untersuchen, z.B. die Ener-

gierampe in Abbildung 3.5. Diese Messungen wurden bereits verö↵entlicht [1].
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Abbildung 3.4: Moden im longitudinalen Phasenraum während der Injektion. Dieser

Plot zeigt die Stärke aller möglichen Schwingungsmoden der Elek-

tronenpakete zueinander abhängig vom Gesamtstrahlstrom, also der

Dichte der Elektronenpakete (Kondensat aus ca. 100 GB Messda-

ten). Zu sehen ist dabei eine Zunahme der Modenstärke im Bereich

von 40-50 mA. Prominent zu sehen ist die charakteristische Mode

40.

Injection
10 3. Wissenschaftliche Ergebnisse
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Abbildung 3.5: Moden im longitudinalen Phasenraum während der Energierampe.

Vergleichbar zu Abbildung 3.4, nun aber bei konstanter Elektronen-

dichte während der Energierampe von 0.5 bis 2.5 GeV. Innerhalb der

ersten 500 MeV sind dabei alle Eigenmoden stark angeregt, was auf

einen hoch instabilen Zustand hinweist.

3.3 Untersuchungen zur Wirksamkeit des Feedback-

systems

Neben den ausgedehnten Mess- und Analysemöglichkeiten des Feedbacksystems ha-

be ich analysiert wie die Auswirkungen des Systems von anderen, unabhängigen

Messungen wahrgenommen wird. Dazu gibt es an ANKA eine Reihe von weiteren

direkten und indirekten Messmöglichkeiten. Beispielhaft dafür ist die Messung der

Strahllage an sog. Beam Position Monitors (BPMs). Für die hier gezeigte Messung

an einem der 40 BPMs wurde der Strahl bewusst aus der stabilen Strahllage aus-

gelenkt und damit starke Oszillationen erzwungen. Abbildung 3.6 zeigt dabei wie

sich das Dämpfverhalten des Strahls an dieser Stelle im Speicherring mit und ohne

Feedback verhält.

Sehr wichtige Parameter an einem Beschleuniger sind die sog. Arbeitspunkte und

sich daraus ableitende E↵ekte höherer Ordnung (sog. Chromatizität). Das Feedback-

system ermöglicht eine kontinuierliche Messung des Arbeitspunkts in jeder Schwin-

gungsebene ohne zusätzliche Anregung, die sonst bisher notwendig war. Dadurch

lässt sich schnell und lückenlos auf einen Blick feststellen, ob sich der Speicherring

Energy ramp
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New digital LLRF system

Dimtel LLRF9/500 
Installed and commissioned 
2015-09/10 
Better diagnostics and 
control 
Operation aspects 

Keeps synchrotron tune 
constant during ramp 
Amplitude and phase 
modulation to excite the 
beam 
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Beam kicked by one deg phase jump

M. Brosi
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SC IDs @ ANKA

SCU15: In operation since January 2015 

SCU20: Mockup tests

8

CLIC wiggler: On site tests
ANKA Synchrotron Radiation Facility 8 Overview of the superconducting undulator development program at ANKA  
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Why a SCU with 20 mm period length for ANKA? 
Large vacuum gap 7 mm instead of 5 mm              

longer period lengths Develop superconducting undulators  (SCUs) for ANKA 
 and low emittance light sources 

Focus on SCU20 

             SCU15 

Motivation 
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ANKA Synchrotron Radiation Facility 

 
Cooling time 7 days 
Warming up 4 days 

 
 
 
 

 

ANKA-BNG collaboration 
NbTi wire 
Conduction cooling 
Movable vacuum chamber 

 
Common design ANKA and BNG 
Manufacturing: BNG 
Testing: ANKA 

With respect to permanent magnet undulators 
SCUs can generate: 
 

Harder X-ray spectrum 
 
Higher brilliance X ray beams] 

 
Why? 
Larger magnetic field strength for  
the same gap and period length 

 
 

Achievements  
with SCU20 Mockup 2 

 Mechanical accuracies at 300 K < 60 µm 
Test in LHe and in conduction cooling 400 A 

    reached without quench (nominal current 380 A) 
Correctors can compensate field integrals 

 
 

Precise magnetic field measurements 
 

 
 

HTS tape stacked  
undulator  

for table top FELs 
KIT collaboration ANKA with ITEP: 
W. Goldacker, R. Nast 

Beam heat load measurements 

Collaboration: 
R. Bartolini, M. Cox, 
 E. Longhi, G. Rehm,  
J. Schouten, R. Walker, 
M. Migliorati, B. Spataro 
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Reliable operation 
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diameter at 14.9 m normalized to 
Ibeam =100 mA 
 

main coils at 150 A 
E = 2.5 GeV 

From 3rd harmonic position  
B = 0.73 T > B=0.62 T of CPMU using 
PrFeB with the same period length of 
15 mm and beam stay clear of 7 mm 

CASPER II CASPER I 

SCU20 Mockup 2 
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SCU15: tests with beam 
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Reliable operation 
Good thermal decoupling between coils and liner separated by 0.2 mm 
along 1.5 m to minimize difference between magnetic gap and vacuum 
gap = 1 mm and maximize peak field on axis 
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Advantages Challenges 
Compact and integrated setup  Lower interaction time 

Lower Emax Î Easier measurement  More sensitive to alignment errors 
Versatile instrument  Match between laser and electrons 

Setup at ANKA 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
¾ Gamma ray detection system 
• High purity Ge (HPGe) spectrometer (ORTEC GEM-M5970)  

• Crystal section shielded by lead blocks 

• Pre-aligned by laser tracker 
 

¾ CO2 laser and optical system 
• CO2 laser (λ ~10.2 μm @ 10R22): Emax within the sensitivity range of our HPGe 

• CW, ~20W, frequency specially stabilized (σEL/EL~10-6): PID loop + FPI (DLR) 

• Laser coupled through an ion pump 

• Cylindrical lens: laser focused to ~600 μm (4σ) vertically 
 
 
 
 
 
 
 
 
¾ Compared to conventional head-on collision (φ = π): 

Determination of Collision Angle  
¾ Reference line (RL): mechanical centers of two quadrupoles 
 
 
 
 
 
 
 
¾ Laser direction: 
• Camera position measured with laser tracker: 91.648°  

• Beam centroid monitored by the camera 

 

 

 

 

• Laser beam is 91.630 ° ± 0.010° relative to the RL 
¾ Electron beam orientation 
• BPM reading: -0.010° relative to the RL 

• Uncertainty estimation < 0.1 mrad/0.006° 
¾ Collision angle φ = 91.620° ± 0.012°, σφ/tan(φ/2) = 2.0 × 10-4 

 

 

Determination of Emax by edge fitting 
 
 
 
 
 
 
 
¾ (a) laser off; (b) laser on. S/N~3 

 

¾ Compton edge curve fit by a six-parameter erfc-like function 
  

¾ Emax = 1580.44 keV ± 0.28 keV, σEmax/Emax = 1.8 × 10-4 (χ2/ndf~524/555) 

  pos1 pos2 

X center of 10000 samples (µm) 13901 14285 

ΔX (4σ) (µm) 557.62 634.64 

Distance between pos. 1 and 2 (m) 1.2010 

Preliminary results 
¾ 1.3 GeV: Ee ± σEe= 1287.0 MeV ± 0.2 MeV (above) 

 

¾ 0.5 GeV: Ee ± σEe= 495.65 MeV ± 0.06 MeV (bottom left) 
 

¾ 1.6 GeV: Ee ± σEe= 1582.1 MeV ± 0.2 MeV (bottom right) 
 
 

90° collision angle 
0° scattering angle 
Very compact setup (laser coupled in via ion 
pump port) 
Detector uses a temporarily free 0° front-end 
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Preliminary results 
¾ 1.3 GeV: Ee ± σEe= 1287.0 MeV ± 0.2 MeV (above) 

 

¾ 0.5 GeV: Ee ± σEe= 495.65 MeV ± 0.06 MeV (bottom left) 
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2.5 GeV

Compton Backscattering - Results

2.5 GeV:  2476.4 ± 0.3 MeV

Nicole.Hiller@kit.edu - Energy Measurements at ANKA 

2nd DEELs Workshop - 15-16 June, 2015, ALBA, Spain 

1212

KIT – University of the State of Baden-Wuerttemberg and 
National Research Center of the Helmholtz Association 

Compton Back-Scattering (CBS) 
 
 
 
 
Î                                           (θ=0) 

 
 

 

¾ With measured φ, Emax & known mc2 and EL Î Ee can be determined 
 

¾ Relative uncertainty 
 

 
 

 
                           
         
 
        
 
 
 
 
 

FIRST RESULTS OF ENERGY MEASUREMENTS WITH A COMPACT 
COMPTON BACKSCATTERING SETUP AT ANKA  

C. Chang, E. Bründermann, E. Hertle, N. Hiller, E. Huttel, A.-S. Müller, M. J. Nasse, M. Schuh, J. L. Steinmann, Karlsruhe 
Institute of Technology (KIT), H.-W. Hübers, H. Richter, Deutsches Zentrum für Luft- und Raumfahrt (DLR) 

Institute for Photon Science and Synchrotron Radiation (IPS) 

L
s

L e

E (1- cos )
E

1 cos E / E [1-cos( - )]
E M

 
�E T� T M

  2 2 2max

max 

[ ] [ ] [ ]
2 2 tan( / 2) 2

e L

e

EE E

LE EE
IV VV V
I

 � �

Acknowledgment 
We like to thank R. Klein at MLS for the inspired discussion, as well as S. Kaminski at SUM/KIT for 
valuable instructions. We also acknowledge all colleagues at ANKA, in particular: N.J. Smale, R. 
Lang, A. Voelker, T. Fischboeck. S. Marsching, J. Schmid, M. Hagelstein, D. Bachelor, B. Kehrer, M. 
Ahmad and D. Breitmeier. 
This project has received funding from the European Union’s Seventh Framework Programme for 
research, technological development and demonstration under grant agreement no 289191.  

2
max

e
L

Emc
E

E2sin
2

|
I

Advantages Challenges 
Compact and integrated setup  Lower interaction time 

Lower Emax Î Easier measurement  More sensitive to alignment errors 
Versatile instrument  Match between laser and electrons 

Setup at ANKA 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
¾ Gamma ray detection system 
• High purity Ge (HPGe) spectrometer (ORTEC GEM-M5970)  

• Crystal section shielded by lead blocks 

• Pre-aligned by laser tracker 
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• Laser coupled through an ion pump 
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¾ Compared to conventional head-on collision (φ = π): 

Determination of Collision Angle  
¾ Reference line (RL): mechanical centers of two quadrupoles 
 
 
 
 
 
 
 
¾ Laser direction: 
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Preliminary results 
¾ 1.3 GeV: Ee ± σEe= 1287.0 MeV ± 0.2 MeV (above) 

 

¾ 0.5 GeV: Ee ± σEe= 495.65 MeV ± 0.06 MeV (bottom left) 
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2.5 GeV

Compton Backscattering - Results

2.5 GeV:  2476.4 ± 0.3 MeV

Preliminary results: 
0.5 GeV: 495.64 ± 0.06 MeV 
1.3 GeV: 1287.0 ± 0.2 MeV 
1.6 GeV: 1582.1 ± 0.2 MeV 
2.5 GeV: 2476.4 ± 0.3 MeV

Educating Students & Outreach   
CBS@ANKA: 
https://youtu.be/0OPmkPef5y8
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Alpha measurements

Measure energy with 
CBS for different RF 
frequencies to obtain 
alpha 

Use measured alpha as 
input for prediction of 
CSR bursting threshold 
and compare it with 
measurement
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Preliminary

C. Chang
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THz signal dynamics - development of 
detectors, readout & (online) analysis
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Laboratory for Application of Synchrotron
Radiation - THz-Group

Analysis of Multi-Bunch Micro-Bunching Instabilities

M. Brosi (miriam.brosi@kit.edu), M. Caselle, E. Hertle, V. Judin, A.-S. Müller, N. Smale, J. Steinmann

KIT – University of the State of Baden-Wuerttemberg and
National Research Center of the Helmholtz Association www.kit.edu

g Motivation g

Challenge:
low-alpha operation mode
short bunch length (ps scale)
! CSR emission up to several THz
higher bunch current
! outbursts of CSR emission
! microbunching instability

Goals of Investigations:
bursting characteristics
longitudinal particle dynamics
multi bunch effects due to wake fields
bursting usability for experiments

Solution:
multi bunch acquisition system
fixed reference bucket for all measurements
online analysis on FPGA/GPU
control system GUI

g Detector g

Zero biased Schottky Diodes
Manufacturer:
ACST
Sensitivity range:
50GHz - 2THz
Typical NEP:
6 pW/Hz power 1/2@100GHz
100 pW/Hz power 1/2@1THz
4 GHz video BW:
Pulse FWHM: 130 ps

picture: www.acst.de

g DAQ g

KAPTURE:
KArlsruhe Pulse Taking and Ultrafast Readout Electronics
Scientific collaboration between several institutes at KIT:
IMS (Institut für Mikro- und Nanoelektronische Systeme)
IPE (Institut für Prozessdatenverarbeitung und Elektronik)
IPS (Institut for Photon Science and Synchrotron Radiation)/ANKA/LAS

courtesy M. Caselle

simultaneous monitoring of all 184 buckets
continuous turn-by-turn read-out of each
bucket (500 MHz) -> 24 Gb/s
four 12 bit ADC channels
adjustable delay for each channel in 3ps
steps
local sampling rate up to 300 GS/s
alternative: read out multiple detectors si-
multaneously
online analysis on FPGA/GPU
new possibilities in diagnostics

)

g Results g

Method principle and monitoring features
intensity changes over current bursting threshold transition

Instantaneous acquisition of full bursting spectrogram

Spectrograms depend on accelerator settings

Instantaneous threshold determination

Summary & Outlook
KAPTURE system successfully commissioned at ANKA
simultaneous monitoring of all buckets possible
instantaneous spectrogram acquisition in multi-bunch mode

high potential for multi-bunch measurements
access to multi-bunch interactions and wake field influences
four channels can be used for detector tests and comparison

Michele Caselle High frequency technologies for high-data rate DAQ systems 

High-speed readout system based on “GPUDirect “ technology 

!  Real-time elaboration for synchrotron science " by Graphics Processing Unit (GPU) 

!  “GPUDirect” data streaming " from FPGA to GDDR5 Memory (GPU cards)  

#  New high flexibility back-end readout card for scientific 

applications 

#  Firmware based on KIT-DMA architecture - PCIe GEN 3 

x 16 lanes for both system memory and GPUDirect, 

operating > 100 Gb/s (streaming) 

#  High-flex card " under production 

Driver 

GPU/CPU 
algorithms 

Driver 

GPU/CPU 
algorithms 

Data 
evaluation 

Data source 

From Detectors 

GPUs/CPUs infrastructure 

GPU Card GPU/CPU 
algorithms 

Real time  
analysis  

PCIe GEN 2/3  
X8 or x16 lanes 

Up to 
0.25 GB/s 

Optical /electrical 

Data 
Storage 

FP
GA 

Memory 

FP
GA 

Input 
stage 

Memory 
FPGA 

C
onnectio

n 

DDR - Memory 

PCIe 

Back-end readout card On-line 
display 

Real-time feedback to FPGA 

Open GL 

M. Caselle, et al.,  Journal of Instrumentation, 9(01):C01024 (2014)

M. Brosi, et al., IPAC 2015, MOPHA042 

P. Thoma, et al., Appl. Phys. Lett. 101, 142601 (2012) 
A. Schmid et al., 3rd ARD ST3 Workshop (2015) 

Fakultät für Elektrotechnik und Informationstechnik 

Institut für Mikro- und Nanoelektronische Systeme 

3 16.07.2015 

Integrated array with four detectors 

Integrated planar array 
Frequencies: 140 GHz, 350 GHz, 650 GHz, 1.02 THz 
Narrowband double-slit antennas 

Measurement results  
Continuous-wave sources (IMS THz Testbench) 
Pulsed radiation (ANKA Synchrotron) 

03-07-2014 Institut für Mikro- und Nanoelektronische Systeme 

A real-time YBCO detection system … 

Picosecond response time & 
Electrical field sensitivity 
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Fast gated intensified camera

Task: Monitor size and position of a single bunch over consecutive 
revolutions in a multi-bunch environment. 
Fast gated intensified camera: 

Optical gate width < 2 ns 
Maximum gate repetition rate of 500 kHz:  
Imaging of every 6th turn 

A rotating mirror deflects consecutive  
pulses to different positions on the sensor 
Acquire up to 100 slices  
Focusing optics optimized for  
horizontal plane
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Sensor

Rotating 
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Abbildung 5.11: Messung von periodischen Anregungen der Bunche mittels des Bunch-
By-Bunch.png Feedbacksystems. Gezielte Ablenkungen durch einen hori-
zontalen Kickermagneten bewirken kollektive Oszillationen und eine Stei-
gerung der horizontalen Bunchgröße. Die Anregungen wurden mit einer
Periode von 10 ms durchgeführt, diese lässt sich mit den beiden vorge-
stellten Methoden mit guter Übereinstimmung rekonstruieren.

Time in ms

H
or

iz
on

ta
l P

os
iti

on
 in

 p
ix

el
Grow Damp Measurements

P. Schütze, B. Kehrer
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An ultra-fast line array  
detector system - KALYPSO

KArlsruhe Linear arraY detector for MHz-rePetition rate SpectrOscopy 
First measurements at ANKA with 900kfps
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Collaboration

Preliminary!
N. Hiller, M. J. Nasse, G. Niehues, P. Schönfeldt, S. Walther, L. Rota, M. Caselle

ANKA Synchrotron Light Source at KITA.-S. Müller - Short Bunches and Fast DiagnosticsA&T Seminar, 4.8.2015

Three consecutive laser spectra

Last week: laser spectrum with InGaAs sensor for 3 consecutive laser 
shots, recorded at 900 kfps. 

43

shot 1 shot 2 shot 3

EO spectral decoding with 900 kfps now possible!
L. Rota, N. Hiller et al.
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Summary and outlook

New operation/usage strategy for ANKA: 
Photon science facility and technology platform 
New LLRF and 3D feedback system enables more controlled beam 
manipulations 
New diagnostics devices available 

3D BBB feedback 
FGC 
CBS 
KALYPSO 

Upcoming tasks 
New projects, e.g., EuroCirCol 
Refurbishment continues 
FLUTE commissioning
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Thank you for your attention!


