
KIT –  The Research University in the Helmholtz Association 

Laboratory for applications of synchrotron radiation (LAS)

www.kit.edu

Refurbishment of the screen diagnostic system at ANKA 
3rd DEELS Workshop 27-28.06.2016, DESY, Hamburg, Germany  

Marcel Schuh for the accelerator team



KIT –  The Research University in the Helmholtz Association 

Laboratory for applications of synchrotron radiation (LAS)

www.kit.edu

Refurbishment of the screen diagnostic system at ANKA 
3rd DEELS Workshop 27-28.06.2016, DESY, Hamburg, Germany  

Marcel Schuh for the accelerator team

New



Marcel Schuh (LAS)Refurbishment of the screen diagnostic system at ANKA 
DEELS Workshop 20162016-06-28

Outline

ANKA 
Present system 
New transverse diagnostic systems 
Requirements of the new screen readout 
Control and data handling concept 
Status and next steps

2

3.2. Synchrotron Light Monitors (SLMs) 13

The mirrors are located in a metal bellow whose alignment can be adjusted by tightening

and loosening the three screw nuts of its mount.

In vertical direction, from the end of the vacuum chamber on, the visible synchrotron light

passes a focusing lens with a focal length of 300mm. Afterward the light passes through a

fixed configuration of neutral density filters to reduce the light intensity in order to protect

the CCD chip of the camera. The imaging is carried out by a camera objective1 whose

focus is set on the intermediate image plane. Additionally, the aperture of the objective

can be adjusted with f-numbers of 2.8, 4, 5.6, 8, 11 and 16. Figure 3.2 shows the old,

unmodified synchrotron light monitor. The camera is analog with a 6.4mm × 4.8mm

CCD sensor2 and a resolution of 752 × 582 pixel. The analog signal is then digitized with

a frame-grabber card.

Figure 3.2: The old synchrotron light monitor, vertically mounted on a 5◦ port of a bending
magnet. The old analog camera is mounted on the top of the set-up imaging
the beam which is reflected upwards by the cooled mirror.

For the evaluation of the imaged source point, a two-dimensional Gaussian fit is used. The

1HF35A- Fujinon TV video objective
2analog CDD camera from EHD-Imaging GmbH
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Introduction - ANKA

Energy: 0.5 - 2.5 GeV  
(0.8 - 1.6 GeV during low-αc-
mode) 
Circumference: 110.4 m 
Revolution frequency: 2.715 MHz 
RMS bunch length:  
45 ps (for 2.5 GeV),  
10 ps down to 1-2 ps (for 1.3 
GeV) 
Filling pattern: single- or multi-
bunch  
(min. bunch spacing 2 ns) 
Harmonic number 184

3

EPICS Control 
System 
DIMTEL 3D BBB 
Feedback  
σx ~ 100 - 600 µm 
σy ~ 30 - 150 µm
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Transverse beam profile diagnostics at ANKA
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Double-Slit 
Interferometer 
5° Port inside of 
ring

Synchrotron Light Monitor 
5° Port inside of ring

Visible light diagnostics 
beamline  
5° Port outside of ring 
• Streak camera 
• TCSPC 
• Fast-Gated Camera

DIAX  
11.5° Port inside of 
ring
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Figure 3: Left: Image taken by the In-Air X-ray de-
tector’s CCD camera. The horizontal layout of the syn-
chrotron radiation fan is clearly visible. The horizontal
intensity variation reflects the conical shape of the cop-
per absorber. Right: Projection of the maximum inten-
sity region of the camera image onto the vertical axis.
The FWHM is shown and the vertical RMS beam size
derived from the FWHM is given.

lenses and CCD that efficiently prevents the system from
degradation or damage. The measurement time of the Wa-
tec camera can be varied to optimize the image quality for
different beam conditions. The analogue output is sent over
a roughly 40m long coaxial cable to a framegrabber (Data-
Translation DT-3120) in a PC for digitization and further
treatment and analysis of the image of the 760x560 pix-
els. Figure 3 shows a typical image taken by the In-Air
X-ray detector’s CCD camera. The horizontal layout of the
synchrotron radiation fan is clearly visible. The horizontal
intensity variation reflects the conical shape of the copper
absorber. The projection onto the vertical axis yields the
beam size. The full width half maximum of the image’s
projection is related to the electron beam parameters by

�FWHM =
�

(2.35 �y)2 + l2 (�2 + (2.35 ��
y)2)

where � = 80µrad is the divergence of the X-rays in the
transmitted range, �y and ��

y the vertical electron beam
size and divergence and l = 1.794m the distance of the
scintillator from the source point. For the analysis only
the region of maximum intensity - denoted by the white

vertical beam size / µm

Number of measurements: 1202
Average: (34.42 ± 0.03) µm
RMS     : 0.96 µm
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Figure 4: Distribution of measured beam sizes acquired
during a scan of about 10 minutes duration. The acquisi-
tion time interval varies 160 and 700ms. The error bars
reflect the statistical uncertainty.

Figure 5: Frequency spectrum (Lomb Normalised Pe-
riodogram, LNP [2]) of the beam size (upper plot) and
beam position data (lower plot) acquired during a time
interval of about 10 minutes. The beam size variation
shows a periodicity of 2.6 Hz, the beam position shows
in addition a 3.6 Hz component.

boundary lines - is used. The slight inclination of the hor-
izontal fan is due to a small angular misalignment of the
system. The precise extraction of the electron beam size
requires the knowledge of the source point distance l, the
photon divergence � and the electron beam divergence at
the source point, � �

y . The latter is dictated by the beam op-
tics an therefore needs to be adjusted appropriately. Ideally
��

y should be determined by a simultaneous beam size mea-
surement at a second location. In the absence of a second
detector, a value based on optics calculations is being used.
A first idea of the reproducibility of the measured been size
can be obtained from a series of repetitive data acquisi-
tions. The resulting distribution will show variations due
to the detector resolution as well as real fluctuations for ex-
ample due to mechanical vibrations of magnets, girders or
the camera support itself. Figure 4 shows an example for
the distribution of 1202 measured beam sizes during a run
of about 10 minutes duration. The time between two ac-
quisitions varies from 160 to 700ms and is determined by
the transfer rate from the camera to the acquisition system.
The RMS width of the distribution is about 1µm which is
an upper limit for the intrinsic resolution of the system. The
contribution from vibrations is obvious from the frequency
analyses [2] of beam size and beam position data shown in
Fig. 5 for the same dataset.

BEAM SIZE STUDIES

The ability of the In-Air X-ray detector to perform rapid
consecutive measurements was exploited in studies of the
change in beam size due to gap scans of insertion devices
and scans of the betatron tunes. Themain objective of these
exploratory studies was to observe the general behaviour of
the beam size as a function of different parameters. For an
analysis of general trends the absolute size of the beam is
of secondary importance, wherefore � �

y = 0 was assumed
in the following. As a consequence, absolute beam sizes
have a systematic uncertainty around 10%.
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Abbildung 2.6.: Ausschnitt einer charakteristische Aufnahme des Strahls bei ANKA. Die
Intensität ist farbcodiert. Die zugehörigen Werte befinden sich in Tabelle
2.2.
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Required detection ranges 
σx  ~ 200 - 1000 µm 
σy  ~   20  -  200 µm

Courtesy of N. Hiller
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Present screen diagnostic system at ANKA

Aluminium oxide screens / synchrotron light monitors 
Microtron: 3 + 1 
Transfer line to booster: 2 
Booster: 3 + 1 
Transfer line to storage ring: 3 
Storage ring: 5 + 2 + 2    

Analog cameras 
1/3“ monochrom CCD 

Video switch 
TVs in the control room 
Frame grabber card   
Limitations: 

Data taking, processing and archiving 
Hardware starts to fail

5
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System requirements

Digital cameras 
Triggered 
EPICS control 
PoE powered 

Reliable live view for operators 
Online data processing  

Center of mass, RMS, AVG, contour… 
What is useful for daily operation? 

Archiving? 
…

6

Idea: Replace analog camera systems with digital cameras 

and data analysis framework
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Data readout and handling concept
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Courtesy of M. Yan
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Status and next steps

Define system and camera requirements 
Resolution 
Objective 

Use FLUTE as prototype for ANKA injector 
Control system integration for existing camera systems 

Questions 
Experience with different Hardware interfaces? 
EPICS support? 
Software frameworks available?

8
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Backup slides
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Synchrotron light monitor

One of the first diagnostics devices 
installed at ANKA 
Analog camera 
Fixed neutral-density filters 
Intensity adjusted for multi-bunch 
currents 
Diffraction limited in the vertical 
plane
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The mirrors are located in a metal bellow whose alignment can be adjusted by tightening

and loosening the three screw nuts of its mount.

In vertical direction, from the end of the vacuum chamber on, the visible synchrotron light

passes a focusing lens with a focal length of 300mm. Afterward the light passes through a

fixed configuration of neutral density filters to reduce the light intensity in order to protect

the CCD chip of the camera. The imaging is carried out by a camera objective1 whose

focus is set on the intermediate image plane. Additionally, the aperture of the objective

can be adjusted with f-numbers of 2.8, 4, 5.6, 8, 11 and 16. Figure 3.2 shows the old,

unmodified synchrotron light monitor. The camera is analog with a 6.4mm × 4.8mm

CCD sensor2 and a resolution of 752 × 582 pixel. The analog signal is then digitized with

a frame-grabber card.

Figure 3.2: The old synchrotron light monitor, vertically mounted on a 5◦ port of a bending
magnet. The old analog camera is mounted on the top of the set-up imaging
the beam which is reflected upwards by the cooled mirror.

For the evaluation of the imaged source point, a two-dimensional Gaussian fit is used. The

1HF35A- Fujinon TV video objective
2analog CDD camera from EHD-Imaging GmbH
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Synchrotron light monitor (SLM) upgrade

Digital camera to improve processing 
Filter wheel to increase dynamic range 
for single and multi-bunch operation 
Double slit interferometer to overcome  
diffraction limit in vertical plane

11

Courtesy of M. Holz, Y. Schön
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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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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.
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DIAX

Body Level Two 
Body Level Three 

Body Level Four 
Body Level Five
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3.6. Interferometry with Synchrotron Light 19

Figure 3.3: Schematic of the ANKA In-Air X-Ray Detector to measure the vertical beam
size at high electron beam energies[15].

3.6 Interferometry with Synchrotron Light

The Synchrotron Light Interferometer was first described by Toshiyuki Mitsuhashi in 1997

as a mean of transversal beam size measurement at synchrotron light sources by looking at

the spatial coherence of the synchrotron radiation in the visible light region.[16]. Here, in-

terference is caused by a double-slit as it is known from Young’s double-slit experiment[17].

In the following, the theoretical principle of interferometry with synchrotron radiation and

the mathematical requirements to derive the beam size from the measured spatial coher-

ence are explained.

3.6.1 Coherence and Interferometry

Interferometry takes advantage of the coherence properties of light. Coherence describes

the relation in the phase of two (or more) waves in a certain range of time (temporal

coherence) and space (spatial coherence) and determines whether or not the principle of

superposition can be applied in that range. In order to emphasize the difference between

coherent superposition and incoherent addition of waves for the calculation of intensity

distributions, the two cases can be separately considered [9]:

In Equation 3.19 the intensity of a single electromagnetic wave is given by

I =
1

2
cϵ0E

2
0 (3.19)

where I is the intensity of the wave, c the speed of light, ϵ0 the electric field constant and

E0 the maximum electric field strength of the wave. In the incoherent case with the waves
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Figure 3: Left: Image taken by the In-Air X-ray de-
tector’s CCD camera. The horizontal layout of the syn-
chrotron radiation fan is clearly visible. The horizontal
intensity variation reflects the conical shape of the cop-
per absorber. Right: Projection of the maximum inten-
sity region of the camera image onto the vertical axis.
The FWHM is shown and the vertical RMS beam size
derived from the FWHM is given.

lenses and CCD that efficiently prevents the system from
degradation or damage. The measurement time of the Wa-
tec camera can be varied to optimize the image quality for
different beam conditions. The analogue output is sent over
a roughly 40m long coaxial cable to a framegrabber (Data-
Translation DT-3120) in a PC for digitization and further
treatment and analysis of the image of the 760x560 pix-
els. Figure 3 shows a typical image taken by the In-Air
X-ray detector’s CCD camera. The horizontal layout of the
synchrotron radiation fan is clearly visible. The horizontal
intensity variation reflects the conical shape of the copper
absorber. The projection onto the vertical axis yields the
beam size. The full width half maximum of the image’s
projection is related to the electron beam parameters by

�FWHM =
�

(2.35 �y)2 + l2 (�2 + (2.35 ��
y)2)

where � = 80µrad is the divergence of the X-rays in the
transmitted range, �y and ��

y the vertical electron beam
size and divergence and l = 1.794m the distance of the
scintillator from the source point. For the analysis only
the region of maximum intensity - denoted by the white

vertical beam size / µm

Number of measurements: 1202
Average: (34.42 ± 0.03) µm
RMS     : 0.96 µm
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Figure 4: Distribution of measured beam sizes acquired
during a scan of about 10 minutes duration. The acquisi-
tion time interval varies 160 and 700ms. The error bars
reflect the statistical uncertainty.

Figure 5: Frequency spectrum (Lomb Normalised Pe-
riodogram, LNP [2]) of the beam size (upper plot) and
beam position data (lower plot) acquired during a time
interval of about 10 minutes. The beam size variation
shows a periodicity of 2.6 Hz, the beam position shows
in addition a 3.6 Hz component.

boundary lines - is used. The slight inclination of the hor-
izontal fan is due to a small angular misalignment of the
system. The precise extraction of the electron beam size
requires the knowledge of the source point distance l, the
photon divergence � and the electron beam divergence at
the source point, � �

y . The latter is dictated by the beam op-
tics an therefore needs to be adjusted appropriately. Ideally
��

y should be determined by a simultaneous beam size mea-
surement at a second location. In the absence of a second
detector, a value based on optics calculations is being used.
A first idea of the reproducibility of the measured been size
can be obtained from a series of repetitive data acquisi-
tions. The resulting distribution will show variations due
to the detector resolution as well as real fluctuations for ex-
ample due to mechanical vibrations of magnets, girders or
the camera support itself. Figure 4 shows an example for
the distribution of 1202 measured beam sizes during a run
of about 10 minutes duration. The time between two ac-
quisitions varies from 160 to 700ms and is determined by
the transfer rate from the camera to the acquisition system.
The RMS width of the distribution is about 1µm which is
an upper limit for the intrinsic resolution of the system. The
contribution from vibrations is obvious from the frequency
analyses [2] of beam size and beam position data shown in
Fig. 5 for the same dataset.

BEAM SIZE STUDIES

The ability of the In-Air X-ray detector to perform rapid
consecutive measurements was exploited in studies of the
change in beam size due to gap scans of insertion devices
and scans of the betatron tunes. Themain objective of these
exploratory studies was to observe the general behaviour of
the beam size as a function of different parameters. For an
analysis of general trends the absolute size of the beam is
of secondary importance, wherefore � �

y = 0 was assumed
in the following. As a consequence, absolute beam sizes
have a systematic uncertainty around 10%.
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