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ACCELERATOR PROJECTS AT KEK

K. Oide [KEK, Ibaraki, Japan]

Abstract

This is a short talk to introduce accelerator projects at
KEK including the Super B-Factory (SuperKEKB), Photon
Factory (PD/PF-AR) and the high-intensity proton machine
J-PARC. Some R&D efforts for future such as the Interna-
tional Linear Collider (ILC/STF/ATF) and the Energy Re-
covery Linac will be also overviewed. It may briefly men-
tion on critical issues related to beam instrumentation for
each project.

Miscellaneous and others

CONTRIBUTION NOT
RECEIVED

ISBN 978-3-95450-119-9
1



Proceedings of IBIC2012, Tsukuba, Japan

MOIA02

PROGRESS OF BEAM INSTRUMENTATION IN J-PARC LINAC

A. Miura” and the J-PARC Beam Instrumentation Group
J-PARC Linac, Japan Atomic Energy Agency, Tokai, Ibaraki, 319-1195, Japan

Abstract

J-PARC, one of the high intensity proton accelerators,
achieved the output power of 300 kW at the downstream
rapid cycling synchrotron with the beam energy 181 MeV
and the beam current 15 mA. When an upgrade of an ion
source which can provide 50 mA and the installation of
the additional acceleration cavities for the energy upgrade
up to 400 MeV are completed, output power reaches 1
MW. To meet with the requirements of the high intensity
beam instruments, we prepare several measures against
high intensity proton related issues. Following subjects
have been reported among many subjects: development of
strip-line type beam position monitors, beam current
monitors, phase monitors and transverse profile monitors.
And the subjects of the beam instruments for the energy
upgraded Linac including the longitudinal beam profile
monitor and the developing laser based profile monitor
are mentioned. A big earthquake occurred on March 11,
2011. J-PARC had a big damage, but we successfully
resumed a commercial operation. This paper also

mentions the influence of the quake on the J-PARC Linac.

INTRODUCTION

J-PARC (Japan Proton Accelerator Research Complex)
Linac aims to provide high intensity beams of peak
current 50 mA, beam energy 181 MeV, pulse width 0.5
mA and repetition rate 25 Hz using an RFQ, three DTL
cavities and 15 SDTL cavities and two beam transports
which have two debuncher cavities include the matching
points to inject the downstream rapid cycling synchrotron
(RCS) [1]. Beam parameters of Linac are listed in table 1.

In the energy upgrade project since 2013, present two
debuncher cavities are replaced to SDTL section as the
16th acceleration cavity. Twenty one ACS (Annular-
Coupled Structure Linac) cavities will be installed in the
present AOBT subsection. To meet with this project, the
beam instruments for the future ACS and L3BT section

Table 1: Operational Beam Parameters of Present and

Upgraded Linac
Particle Negative hydrogen ion
Peak Beam Current 5-50mA
Source Energy 180 - 400 MeV
Typical Bunch Length 1 -2 deg. (rms)
Typical Transverse Side 1 - 2 mm (rms)
Pulse Width 0.5 msec

324 MHz, 972 MHz for
New ACS cavities

Bunch Repetition Frequency

Operational Repetition Rate 1 -25 Hz

Chopper beam-on ratio 56 %

Beam power 36 kW (133 kW after
upgrade)

*akihiko.miura@j-parc.jp

Overview and Commissioning of Facilities

BPM: Beam Position Monitor

Future ACS
MEBT

DTL&SDTL

29 BPM
18 SCT
47 FCT
4 WS
Front-end 53 BLM
7m oL SDTL Future ACS
(27 m) (84 m)
X
3 MeV 50 MeV 181 MeV  Debuncher 1 Debuncher 2

Figure 1: Delivery of beam instruments in the J-PARC
Linac.

for the beam commissioning are newly designed and
fabricated [2]. The goal of 133 kW beam power and hand-
on maintenance will place significant demands on the
performance and operational reliability of accelerator
diagnostics systems.

COMMISSIONING TOOLS

Number of the Commissioning Tools in Linac

As delivery of beam instruments and parts on the beam
line are not at a time, the sensors of beam instruments are
installed in the following order in subsection of LINAC.

(1) MEBT1 (Medium Energy Beam Transport)

(2) DTL (Drift-Tube Linac) & SDTL (Separated DTL)

(3) AOBT (Beam Transport from ACS to Beam Dump)

(4) L3BT (Beam Transport from Linac to RCS)

After the instruments had been tested in the DTL
commissioning in KEK site, installation of all instruments
had conducted. Each of the instruments is handled and
supervised by J-PARC staffs all through the installation.
In the present beam line, 38 beam current monitors (SCT:
slow current transformer), 61 phase monitors (FCT: fast
current transformers), 36 beam profile monitors (WSM:
wire scanner monitor), 102 beam position monitors
(BPM) and 124 beam loss monitors (BLM) are employed
for the beam operation [3-4] (Fig. 1). In the upgrade
project, 24 SCTs, 51 FCTs, 4 WSMs, 49 BPMs and 30
BLMs are replaced from those of present beam line. And
three bunch shape monitors (BSM) are newly employed.

Beam Position Monitor (BPM)

J-PARC Linac employs over a hundred of BPMs which
have about 40 - 180 mm diameter and 4-stripline
electrodes with one end shorted by 50 Q terminations [5].
Electrostatic computations are used to adjust the BPM
cross-section parameters to obtain 50 Q transmission lines.
BPMs are sustained by pole edge of quadrupole magnet
and designed to reduce the offset between quadrupole

ISBN 978-3-95450-119-9
1



MOCB01

Proceedings of IBIC2012, Tsukuba, Japan

BEAM INSTRUMENTATION FOR THE SUPERKEKB RINGS

M. Arinaga, J. W. Flanagan, H. Fukuma*, H. Ikeda, H. Ishii, S. Kanaeda,
K. Mori, M. Tejima, M. Tobiyama, KEK, Tsukuba, Japan
G. Bonvicini, H. Farhat, R. Gillard, Wayne State U., Detroit, MI 48202, USA
G.S. Varner, U. Hawaii, Honolulu, HI 96822, USA

Abstract

The electron-positron collider KEKB B-factory is
currently being upgraded to SuperKEKB. The design
luminosity of 8 x 10% /cm?/s will be achieved using
beams with low emittance, of several nm and doubling
beam currents to 2.6 A in the electron ring (HER) and 3.6
A in the positron ring (LER). A beam position monitor
(BPM) system for the HER and LER will be equipped
with super-heterodyne detectors, turn-by-turn log-ratio
detectors with a fast gate to measure optics parameters
during collision operation and detectors of BPMs near the
collision point (IP) for orbit feedback to maintain stable
collision. New X-ray beam profile monitors based on the
coded aperture imaging method will be installed aiming
at bunch by bunch measurement of the beam profile. A
large angle beamstrahlung monitor detecting polarization
of the synchrotron radiation generated by beam-beam
interaction will be installed near IP to obtain information
about the beam-beam geometry. The bunch-by-bunch
feedback system will be upgraded using low noise front-
end electronics and new 12-bit iGp digital filters. An
overview of beam instrumentation for the SuperKEKB
rings will be given in this paper.

INTRODUCTION

The electron-positron collider KEKB B-factory is
currently being upgraded to SuperKEKB[1]. The design
luminosity of 8 x 10°° /em%/s will be achieved using the
so called nano-beam scheme[2]. Machine upgrades
include the replacement of the current, cylindrical LER
beam pipes to one with ante-chambers so as to withstand
large beam currents and mitigate the electron cloud effect,
a new final focus in the interaction region (IR) in order to
adopt the nano-beam scheme and the construction of a
positron damping ring for positron injection. The first
beam is expected in the Japanese FY 2014. Machine
parameters of SuperKEKB are shown in Table 1.

BEAM POSITION MONITOR SYSTEM

The number of beam position monitors (BPMs) in
SuperKEKB is 445 in the LER and 466 in the HER. The
closed orbit measurement system of KEKB utilized a
VXI system[3]. The KEKB detector was a 1 GHz
narrowband superheterodyne detector module. One
module covered four beam position monitors (BPMs),
two in the LER and two in the HER, by multiplexing the
signals with switch modules. The main detector system of
SuperKEKB follows that of KEKB. The narrowband

*hitoshi.fukuma@kek.jp
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Table 1: Machine Parameters of SuperKEKB

HER LER
Energy (GeV) 7 4
Circumference (m) 3016
Beam current (A) 2.6 ‘ 3.6
Number of bunches 2500
Single bunch current (mA) 1.04 ‘ 1.44
Bunch separation (ns) 4
Bunch length (mm) 5 6
?Hei;al)function @]IP hor./ver. 25/0.30 | 32/0.27
Emittance (nm) 4.6 3.2
X-Y coupling (%) 0.28 0.27
Vertical beam size at [P (nm) 59 48
Damping time: trans./long. (ms) 58/29 43/22

detectors of KEKB are reused in the SuperKEKB HER.
A new narrowband detector with a detection frequency of
509 MHz is being developed, since the cutoff frequency
of the new LER ante-chamber is below 1 GHz.
Additionally, turn by turn detectors will be installed at
selected BPMs at the rate of three per betatron wave
length to measure the optics during collision. Also, a
special wideband detector is being installed for the four
BPMs closest to the collision point (IP) for orbit feedback
to maintain stable collision. Table 2 shows a list of
detectors in SuperKEKB.

Displacement sensors, which measure the mechanical
displacement between a BPM head and a sextupole
magnet, are installed at all BPMs neighboring the
sextupole magnets, same as at KEKB.

Button Electrode and BPM Chamber

The BPM chambers and button electrodes in the HER
are reused from KEKB. A button electrode with a
diameter of 6 mm has been developed for the LER to
reduce the beam power at the electrode[4]. The electrode
is a flange type for easy replacement and for removal
during the TiN coating process of the chamber to reduce
the electron cloud. A pin-type inner conductor is used for
tight electrical connection. The estimated longitudinal
loss factor of a beam chamber with four electrodes is 0.16
mV/pC. The coupling impedance is 2 ohm at the center
frequency of 14.8 GHz and the Q value is 38. The
estimated growth time of the longitudinal coupled-bunch
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A GENERIC BPM ELECTRONICS PLATFORM FOR EUROPEAN XFEL,
SwissFEL AND SLS

Boris Keil, Raphael Baldinger, Robin Ditter, Waldemar Koprek, Reinhold Kramert, Goran
Marinkovic, Markus Roggli, Markus Stadler, Daniel Marco Treyer, PSI, Villigen, Switzerland

Abstract

PSI is currently developing the 2nd generation of a
generic modular electronics platform for linac and storage
ring BPMs and other beam diagnostics systems. The first
platform, developed in 2004 and based on a generic
digital back-end with Xilinx Virtex 2Pro FPGAs, is
currently used at PSI for proton accelerator BPMs,
resonant stripline BPMs at the SwissFEL test injector
facility, and a number of other diagnostics and detector
systems. The 2nd platform will be employed e.g. for
European XFEL BPMs, a new SLS BPM system, and the
SwissFEL BPM system. This paper gives an overview of
the architecture, features and applications of the new
platform, including interfaces to control, timing and
feedback systems. Differences and synergies of the
different BPM and non-BPM applications will be
discussed.

INTRODUCTION

As shown in Table 1, we will build an overall number
of 720 BPM electronics of for different accelerators and
BPM types in the next years. Moreover, we plan to use
our new BPM digitizer and digital back-end electronics
also for non-BPM applications.

Table 1: PSI BPM Activities and Related Accelerators

Uccele- |1st BPM Status / Activity

rator Beam |Quantity

SLS 2000  [~140(button, [Digital BPM system since
resonant 2000. 2011: Start design of
stripline) new BPM electronics.

SwissFEL [2010  [~25 19 resonant stripline BPMs in

Test (resonant operation. Test area for FEL

[njector stripline, ...) |cavity & button BPMs.

FLASH-IT1[2013  |~20 (cavity) |PSI provides undulator cavity

BPM clectronics (E-XFEL
re-series).

2014/15 [~410 (button,|PSI provides electronics for

cavity) ~290 button & ~120 dual-

resonator cavity BPMs.

~150 (cavity)|Adaptation of E-XFEL cavity

BPMs to lower charge &

shorter bunch spacing.

E-XFEL

SwissFEL [2016

European XFEL

PSI will provide the electronics for the European XFEL
(E-XFEL) BPM system [1] as a Swiss in-kind
contribution, with the exception of ~30 RF front-ends
(RFFEs) for the re-entrant cavity BPMs in the cold E-
XFEL linac that are designed by CEA/Saclay. First beam
for the E-XFEL injector is scheduled for autumn 2014,

Beam Position Monitor System

beam in the main linac and undulators is expected one
year later.

FLASH-11

A pre-series version of the E-XFEL undulator cavity
BPM clectronics will be used at FLASH-II [2], a 2™
undulator line for the VUV FEL facility FLASH to be
commissioned mid 2013.

SwissFEL BPMs

SwissFEL [3] is a 0.lnm hard X-ray SASE FEL
currently being developed at PSI. 1% beam in the
undulators is expected mid 2016. PSI develops both the
BPM electronics and the pickups for SwissFEL, based on
the E-XFEL design but adapted to the lower charge (10-
200pC vs. 100-1000pC) and shorter bunch spacing (28ns
vs. 222ns) of SwissFEL.

SwissFEL Test Injector BPMs

In 2010, PSI commissioned the SwissFEL test injector
facility (SITF), a 250MeV linac used for R&D and
component development for SwissFEL. Since first
prototypes of BPM electronics for E-XFEL and
SwissFEL were still under development in 2010, the BPM
system of SITF [4] is based on the previous generation of
BPM electronics, using the same digital back-end board
as the PSI proton cyclotron BPM system [5].

SLS BPM Upgrade

In 2011, PSI also started first developments for new
SLS BPM electronics [6]. However, the present SLS
BPM system that was commissioned 12 years ago [7] still
has excellent mean time between failure (MTBF) and
satisfies the present user requirements. Therefore the SLS
upgrade activities have lower priority that our FEL
projects where 1* beam milestones have to be met.
Nevertheless, the timely development of a new SLS BPM
system is motivated by long-term maintenance, growing
user requirements, and the significant improvements in
performance and functionality enabled by the latest
analog and digital IC generations. Moreover, due to large
synergies with the E-XFEL BPM systems, the
development effort for the new SLS electronics is
significantly reduced. As shown in Figure 1, FEL cavity
and SLS button BPM electronics can use the same digital
back-end mezzanine carrier FPGA board and same type
of fast high-resolution (16-bit) ADC mezzanine. The
main structural difference of the RFFEs is the lack of a
mixer and local oscillator (LO) for the SLS, where the
lower BPM pickup signal frequency of 500MHz allows
direct undersampling.
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MODELING AND PERFORMANCE EVALUATION OF DCCTS IN SSRF*

Zhichu Chen', Yongbin Leng, Yun Xiong, Weimin Zhou, SSRF, SINAP, Shanghai, China

Abstract

Direct Current Current Transformer (DCCT) is the most
commonly used high precision current monitor in modern
particle accelerators including Shanghai Synchrotron Radi-
ation Facility (SSRF). Three types of noise have been ob-
served in the output signal of the DCCT in the storage ring
of SSRF: power line noise, beam current related narrow
band noise and random square wave noise from nowhere.
This article will discuss the noise removal algorithms in
SSRF and the performance of the DCCTs afterwards.

INTRODUCTION

As the biggest science research facility in China, SSRF
has started user run with 7 beam lines since March, 2009.
The whole facility contains a 150 MeV LINAC, a full en-
ergy booster and a 3.5 GeV storage ring and has offered
77200 hours’ user time. Since the demand for the beam
quality is being increasing with the growth of the user
group, the accuracy of the measurement of the direct cur-
rent (DC) component of the beam current has become par-
ticularly important.

According to the design requirements of the SSRF as a
third generation light source, a high precision DC beam
current monitor with the ranger greater than 400 mA and
the resolution requirements for booster and storage ring are
50 nA@10Hz and 10 pA@1 Hz respectively. The refresh
rate of the DC beam current and the corresponding lifetime
should not be lower than 1 Hz in order to keep the machine
to operate normally.

The New Parameter Current Transformer (NPCT) sensor
from the Bergoz Instrumentation has been evaluated at the
SPEAR3.[1] NPCT175 with aresolution of 1 uA/ VHz was
chosen to meet the design requirements. Two DCCTs were
positioned at section 15 and 17 and were named DCCT15
and DCCT17 respectively. The sensor is designed to be
sensitive to the electromagnetic fields so that a shielding
system is needed to isolate the sensor from the outside
fields. The design of the shielding system was borrowed
from SPEAR3 (see the exploded view in Fig. 1) since it
seems rational enough and it is proved to perform compe-
tently on that machine.

The PXI bus industrial computer was selected as the
input-output (IO) controller platform for its compatibility,
stability, availability for various of IO boards and the CPU

*Work supported by National Natural Science Foundation of China
(No. 11075198)
T chenzhichu @sinap.ac.cn
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Figure 1: Exploded view of the shielding system designed
by SPEAR3.

computing capability. In order to choose a proper digi-
tal voltmeter (DVM) module from the 4070 series of Na-
tional Instrumentation (NI), a noise test was made between
NI4070 (6.5 bit) and NI4071 (7.5 bit). Another test using
the NPCT175 and NI4070 as a whole system was also pro-
cessed. The result is shown in Fig. 2 and we can see that:

e The performances of NI4070 and NI4071 are quite
close when the sampling rate is higher than 200 Hz;

e The noise of the DVMs—both NI4070 and NI4071—
is much less than the NPCT-DVM system when the
sampling rate is lower than 40 Hz which means the
noise of the sensor has a great contribution to it;

e The performance of the NPCT-DVM system is close
to that of the DVMs when the sampling rate is higher
than 40 Hz.

The sampling rate was chosen to be a relatively high
value of 10 kHz because showing more details of the beam
current waveform was preferred, especially during the
commisioning. NI4070 DVM was selected as the data ac-
quisition module of the DC beam current monitor system
since the performance of NI4071 wouldn’t be significantly

Beam Charge and Current Monitors
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VERTICAL EMITTANCE MEASUREMENTS
USING A VERTICAL UNDULATOR

K.P. Wootton*, M.J. Boland, G.N. Taylor, R.P. Rassool,
School of Physics, University of Melbourne, VIC, Australia
M.J. Boland, B.C.C. Cowie, R. Dowd, Y.-R.E. Tan, Australian Synchrotron, Clayton, VIC, Australia
Y. Papaphilippou, CERN, BE Department, Geneva, Switzerland

Abstract

We have reported on initial work to measure vertical
emittance using a vertical undulator. Using simulations, we
motivate the important experimental subtleties in the ap-
plication of this technique. Preliminary measurements of
undulator spectra are presented that demonstrate the high
sensitivity of vertical undulators to picometre vertical emit-
tances. Finally, possible future applications of this tech-
nique are explored.

INTRODUCTION

Electron storage ring light sources and damping rings
continue to produce beams of increasingly small vertical
emittance. With the recent report of the minimum observed
vertical emittance of ¢, = 0.9 0.4 pm rad at the SLS [1],
we require techniques sensitive to sub-micrometre electron
beam sizes. At the Australian Synchrotron, we have de-
veloped a technique for measuring the vertical emittance
of electron beams that we call vertical undulator emittance
measurement [2].

In these proceedings, we assess undulators as a beam di-
agnostic. In contrast to horizontal undulators being largely
insensitive to picometre vertical emittance, we highlight
the sensitivity of vertical undulators to the vertical emit-
tance. We present preliminary results and simulations, as
well as ideas for future vertical emittance diagnostics.

THEORY

Undulators have been used as diagnostics of storage ring
emittance. Horizontal undulators — undulators that deflect
the electron beam in the orbit plane of the ring — have
been demonstrated to give excellent measurement of the
horizontal beam size and energy spread [3—7]. Where the
electron beam emittance is close to fully-coupled, the bril-
liance of horizontal undulators exhibits some sensitivity to
the vertical emittance [4]. Electron storage and rings typi-
cally design for transverse emittance ratios less than a few
percent, with damping ring designs aiming for minimum
vertical emittance. In this low vertical emittance limit hor-
izontal undulators are identified as particularly insensitive
to vertical emittance, limited by the single-electron open-
ing angle of undulator radiation [3].

*k.wootton @student.unimelb.edu.au
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Photon Beam Brilliance

Modelled in SPECTRA [8], the sensitivity of horizontal
and vertical undulators to vertical emittance is illustrated in
Figure 1 below.
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Figure 1: Photon beam brilliance, for horizontal undulator
and vertical undulator of deflection parameter K = 3.85,
for ASLS user lattice with 7, = 0.1 m in the insertion [9].
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UV/X-RAY DIFFRACTION RADIATION FOR NON-INTERCEPTING
MICRON-SCALE BEAM SIZE MEASUREMENT
L. Bobb *, N. Chritin, T. Lefevre CERN, Geneva, Switzerland

P. Karataev, JAI at RHUL, Egham, Surrey, UK
M. Billing, CLASSE, Ithaca, New York, USA

Abstract

Diffraction radiation (DR) is produced when a relativis-
tic charged particle moves in the vicinity of a medium.
The electric field of the charged particle polarizes the target
atoms which then oscillate, emitting radiation with a very
broad spectrum. The spatial-spectral properties of DR are
sensitive to a range of electron beam parameters. Further-
more, the energy loss due to DR is so small that the elec-
tron beam parameters are unchanged. Therefore DR can be
used to develop non-invasive diagnostic tools. The aim of
this project is to measure the transverse (vertical) beam size
using incoherent DR. To achieve the micron-scale resolu-
tion required by CLIC, DR in UV and X-ray spectral-range
must be investigated. During the next few years, experi-
mental validation of such a scheme will be conducted on
the CesrTA at Cornell University, USA. Here we present
the current status of the experiment preparation.

INTRODUCTION

Over the last 30 years Optical Transition Radiation
(OTR) [1] has been widely developed for beam imaging
and transverse profile measurement. However OTR based
systems are invasive and do not permit the measurement of
high charge density beams without risking damage to the
instrumentation. Beam diagnostics using Diffraction Radi-
ation [2, 3] has been proposed as an alternative [4, 5].

In the optical wavelength range the use of diffraction ra-
diation (ODR) as a high-resolution non-invasive diagnos-
tic tool for transverse beam size measurement has been
widely investigated; at the Advanced Test Facility at KEK
in Japan [6], at the FLASH test facility at DESY [7] and
at the Advanced Photon Source at Argonne, USA [8]. At
ATF?2 the achieved beam size sensitivity was as small as
14 um [9].

For next generation linear colliders such as the Com-
pact Linear Collider (CLIC) [10], transverse beam size
measurements must have a resolution on the micron-scale.
Currently, laser wire scanners [11] are the main candidate
for non-invasive high resolution measurements. However,
over a distance of more than 40 km many laser wire moni-
tors would be required. This is both costly and difficult to
maintain- DR could offer a simpler and cheaper alternative.
However as expected theoretically [12], the DR sensitivity
to beam size becomes negligible at extreme beam energies.
Our aim is to develop a non-invasive beam size monitor
with micrometer resolution for electron and positron beams

*lorraine.bobb@cern.ch
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Table 1: Phase 1 Experiment Parameters for CesrTA [13]
and Comparison with the CLIC Damping Ring Complex
[14]

|E@GeV) oy (um) o (um)

CesrTA 2.1 320 ~9.2
53 2500 ~65
CLIC ‘ 2.86 ~10-200  ~1-50

of a few GeV energy. In the CLIC machine layout [15],
these devices would then be used both from the Damping
ring exit to the entrance of the Main beam linac and in the
CLIC Drive beam complex (2.4 GeV).

The Cornell Electron Storage Ring, with beam param-
eters as shown in Table 1 was primarily reconfigured as
a test accelerator (CesrTA) [16] for the investigation of
beam physics for the International Linear Collider damp-
ing rings. An experimental program was recently proposed
to develop and test a Diffraction Radiation monitor to be
installed in the straight section of the ring where small
beam sizes can be achieved. The sensitivity to beam-size
is improved at shorter observation wavelengths, so the ex-
perimental program has been divided into two consecutive
phases. The first phase, we are currently implementing at
the moment aims to measure the beam size in the 20-50 pum
range using visible and UV light. If successful a second
phase will be launched in order to push the detector sensi-
tivity down to few micrometers using shorter wavelengths
in the soft x-ray range. This paper presents the current sta-
tus of our work.

SIMULATIONS
ODR Model and the PVPC

The ODR model considers the case when a charged par-
ticle moves through a slit between two tilted semi-planes
i.e. only DR produced from the target is considered. The
author of [17] has shown that the vertical polarisation com-
ponent is sensitive to beam size. In [18], the expression for
the ODR vertical polarisation component convoluted with
a Gaussian distribution is given and shown here in Eq. 1
where « is the fine structure constant, -y is the Lorentz fac-
tor, 0o is the target tilt angle, ¢, , = 0, , where 0, , are
the radiation angles measured from the mirror reflection
direction, A is the observation wavelength, o, is the rms
vertical beam size, a is the target aperture size, a, is the

Transverse Profiles, Screens & Wires Monitors
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THE FIRST ELECTRON BUNCH MEASUREMENT BY MEANS OF DAST
ORGANIC EO CRYSTALS
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Abstract

A pilot user experiment with the seeded FEL have
been demonstrated at the Prototype Test Accelerator (EUV-
FEL), SPring-8 from July, 2012. A precise measurement of
the electron bunch charge distribution (BCD) is crucial key
to keep both spatial and temporal overlaps between high-
order harmonic (HH) laser pulses and electron bunches.
In addition, R&D of a 3D-BCD monitor with a single-
shot detection has been extensively promoted at SPring-
8. The monitor adopts a spectral decoding based Electro-
Optic (EO) sampling technique that is non-destructive and
enables real-time reconstruction of the 3D-BCD with tem-
poral resolution of 30 to 40 fs (FWHM). So far, such EO
sampling based BCD monitors have been developed by us-
ing inorganic EO crystals such as ZnTe or GaP and their
temporal resolutions are limited by 110 ~ 130 fs (FWHM).
As a part of this project, the first BCD measurement with an
organic EO crystal; DAST has been successfully demon-
strated at the facility. Signal intensities, temporal resolu-
tions and radiation related issues for both ZnTe and DAST
are discussed.

INTRODUCTION

In general, XFEL (X-ray Free Electron Laser) accel-
erator drives ultra-short electron bunches such as ~100
pm (rms) for transverse and ~30 fs (FWHM) for longi-
tudinal directions. In order to drive such ultra-short elec-
tron bunches, it is required not only to measure bunch
length with a few tens of femtoseconds temporal resolu-
tion, but also to simultaneously measure transverse bunch
charge distribution (BCD) with real-time, non-destructive,
and shot-by-shot measurement. For example, for SACLA
(SPring-8 Angstrom Compact Free Electron Laser), RF de-

Beam Charge and Current Monitors

flectors have been utilized to measure the temporal distri-
bution of electron bunches, so far [1, 2]. However, since
this method is beam-destructive, real-time reconstruction
and shot-by-shot detection of the electron bunch cannot be
realized during the operation of SASE-FEL oscillation.
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Figure 1: A schematic drawing of SASE-FEL and seeded
FEL operation.

Furthermore, for user experiment with HHG-seeded FEL,
both high-order harmonics (HH) laser pulse and electron
bunch are required to be spatially and temporally over-
lapped at all times as shown in Fig. 1. Therefore, both
longitudinal and transverse BCD measurements, i.e., 3D-
BCD measurements with probe laser, that is split from the
HHG process, realizes to make shot-by-shot feedback to
the HHG-seeded FEL operation.

The Electro-Optic (EO) sampling is one of the practical
techniques to realize the 3D-BCD measurements [3, 4]. In
this method, the Coulomb field distribution of a relativis-
tic electron bunch is encoded on to a probe laser pulse as
modulation of polarization due to phase retardation by EO
effect. Intensity spectrum of the probe laser is modulated
after a polarized splitter. In case we measure the inten-
sity spectrum modulation with a multi-channel spectrom-
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Abstract

The construction of SACLA (SPring-8 Angstrom
Compact free electron LAser) was already completed and
it is under operation. A screen monitor (SCM) system has
been developed and was installed in order to obtain a
direct image of a transverse beam profile with a spatial
resolution of about 10 um, which is required to
investigate electron-beam properties, such as a beam
emittance. The SCM originally has a stainless steel target
as an OTR radiator or a Ce:YAG crystal as a scintillation
target. At the beginning of SACLA operation, strong
coherent OTR (COTR), which provides incorrect beam
profile image, was observed after full bunch compression
to make a peak-current of over 1 kA. In order to suppress
the COTR effect on the SCM, the stainless steel target
was replaced to the Ce:YAG scintillation target. Since the
COTR was still generated from the Ce:YAG target, a
spatial-mask was employed. The mask was mounted on
the optical axis around the center of the SCM image,
because the COTR light is emitted forward within ~1/y
radian, while the scintillation light almost has no angular
dependence. Clear beam profiles with a diameter of a few
tens of micrometre are observed by means of the SCM
with this simple improvement.

INTRODUCTION

In the SPring-8 site, construction of SACLA, which is
an XFEL facility, was already completed and it is under
operation [1,2]. For SACLA to stably generate a high-
intense X-ray laser pulse of shorter than 0.1 nm
wavelength, the electron-beam injected into the undulator
section is demanded to have a high peak-current of more
than 3 kA and a low-emittance of less than 1 @ mm mrad.
The 1 ns width electron-beam, which is generated from a
thermionic gun with a low emittance of 0.6 1 mm mrad
and is formed from a 3 us width (FWHM) at the gun by a
beam chopper, is compressed to nearly 10 fs by the
velocity bunching process of an injector part and three
bunch compressors without emittance growth. The
electron-beam for generating high-intense X-ray laser
pulses is made by fine tuning of the accelerator,
investigating the beam properties. In SACLA, a monitor
system for a beam profile and a beam bunch length is
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indispensable for the SASE operation of the XFEL.

A large number of screen monitors (SCM) have been
installed along the accelerator and the undulator line for
measuring beam profiles [3,4]. Especially after the third
bunch compressor (BC3), the values of the emittance and
bunch length of the beam should be obtained. The
emittance is measured by the Q-scan method [5] with the
SCM. For the bunch length measurement, a temporal
beam profile is monitored by converting the temporal
structure to a spatial profile using the RF-deflector in
order to achieve a temporal resolution of 10 fs [6]. In
these measurements, the transverse beam size of a few 10
pm (rms) should be observed with the SCM. Therefore,
the SCM is demanded to have a spatial resolution of 10
pm for SACLA.

At the beginning of SACLA operation, however, some
of the spatial profiles were not correctly able to be
monitored by the SCM on account of strong coherent
OTR (COTR), which made an incorrect beam profile
image, after the BC3. The COTR is also observed at
LCLS, FLASH, and other facilities [7,8,9], when an
electron-beam is compressed over a certain pulse width.
Our SCMs, nevertheless, did not have a countermeasure
against the COTRt, because the COTR has not been
observed in the SCSS test accelerator [10], which is a
small-scaled machine of SACLA.

Therefore, the SCM has been improved for mitigation
of the COTR effect to increase availability of the SCMs
placed downstream of the accelerator.

% -~ -
", g —

Figure 1: Setup of the SCM system.
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Abstract

We present the design and performance of the beam
diagnostic instruments for the Japanese x-ray free electron
laser (XFEL) facility, SACLA. XFEL radiation is
generated by self-amplified spontaneous emission (SASE)
process in SACLA, which requires a highly brilliant
electron beam with a normalized emittance of less than
I mm mrad and a peak current of more than 3 kA. To
achieve this high peak current, 1 A beam with 1 ns
duration from a thermionic electron gun is compressed
down to 30fs by means of a multi-stage bunch
compression system. Therefore, the beam diagnostic
system for SACLA was designed for the measurements of
the emittance and bunch length at each compression
stage. We developed a high-resolution transverse profile
monitor and a temporal bunch structure measurement
system with a C-band rf deflecting cavity etc. In addition,
the precise overlapping between an electron beam and
radiated x-rays in an undulator section is necessary to
ensure XFEL interaction. Therefore, we employed a C-
band sub-um resolution rf cavity BPM to fulfill the
demanded accuracy of 4 um. All the performances of our
developed beam monitors reached the demanded
resolutions. By using these beam diagnostic instruments,
the first x-ray lasing at a wavelength of 0.12 nm was
achieved and SACLA has been stably operated for user
experiments since March, 2012 in the wavelength region
from 0.08 nm to 0.25 nm.

INTRODUCTION

The x-ray free electron laser (XFEL) facility, SACLA
(SPring-8 Angstrom Compact Free Electron LAser) [1],
was successfully commissioned and the first x-ray lasing
was observed in June, 2011 at an x-ray wavelength of
0.12 nm. SACLA has been stably operated for various
user experiments since March, 2012 in the wavelength
region from 0.08 nm to 0.25nm. In SACLA, XFEL
radiation is generated by a self-amplified spontaneous
emission (SASE) process. The SASE process in the x-ray

region requires a high peak current of more than 3 kA and
a small normalized emittance of less than 1 mm mrad [2].

To achieve these requirements, we designed and
constructed a low-emittance injector, an 8 GeV C-band
accelerator and a short-period in-vacuum undulator
beamline, as shown in Fig. 1. An electron beam is
generated by a thermionic electron gun with a CeBg
cathode. The normalized emittance of the electron beam
is 0.6 mm mrad, the initial current is 1 A and its pulse
width is 1 ns (FWHM) formed from 3 ps (FWHM) by a
high-voltage chopper. The beam is accelerated to 8 GeV
by the following series of rf accelerator -cavities:
238 MHz pre-buncher, 476 MHz booster, L-band
(1428 MHz), S-band (2856 MHz) and C-band
(5712 MHz) accelerators. In the meantime, the bunch
length is shortened from 1 ns to 30 fs by using a velocity
bunching process through the sub-harmonic acceleration
cavities and a bunch compression process by means of
three magnetic chicanes. The peak current is finally
boosted up to 3 kA without substantial emittance growth.
The electron beam is then fed into in-vacuum undulators
with a period of 18 mm and the maximum K-value of 2.2,
and XFEL light is finally generated.

In order to maintain the high gain SASE process at an
x-ray wavelength, we need to monitor a beam position, a
transverse beam profile, beam arrival timing and a
temporal bunch structure at each acceleration stage. The
resolution of the beam-position monitor in the undulator
section is required to be less than 1 pum so as to maintain
the overlap between the electron beam and radiated x-rays
within 4 pm precision [3]. The transverse beam profile
should be measured with a spatial resolution of less than
10 um in order to measure a normalized emittance less
than 1 mm mrad. The required resolution of the temporal
bunch structure measurement is 10 fs at a position after
the full compression, since the bunch length becomes
30 fs. In addition, since the initial bunch length is 1 ns,
temporal profile monitors with a wide time scale from
Ins to 10 fs are demanded. Therefore, we developed
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Figure 1: Schematic layout of SACLA.
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DESIGN STUDY OF THE STRIPLINES FOR THE EXTRACTION KICKER
OF THE CLIC DAMPING RINGS*
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M.J. Barnes, CERN, Geneva, Switzerland
F. Toral, CIEMAT, Madrid, Spain

Abstract

Pre-Damping Rings (PDRs) and Damping Rings (DRs)
are needed to reduce the beam emittance and, therefore,
to achieve the luminosity requirements for the CLIC main
linac. Several stripline kicker systems will be used to in-
ject and extract the beam from the PDRs and DRs. Re-
sults of initial studies of the stripline cross-section and the
beam coupling impedance, for a non-tapered beam pipe,
have previously been reported. In this paper, we present
the analysis to study the final choice of the cross-section
design, based on impedance matching and field homogene-
ity requirements, the power reflected in the transition be-
tween an electrode and the input coaxial feedthrough, and
the predicted beam coupling impedance. Mechanical toler-
ances for the stripline manufacturing process are presently
being studied. The striplines are planned to be prototyped
by December 2012.

GEOMETRIC DESIGN STUDY

The stripline kicker proposed for the extraction kicker of
the CLIC DRs consists of two parallel electrodes of 1.7 m
length inside a cylindrical vacuum pipe: each electrode is
powered by an inductive adder [1]. The two electrodes are
charged to opposite polarity; there is a virtual ground mid-
way between the electrodes. The striplines will be pow-
ered, via coaxial feedthroughs, from the beam exit end:
the upstream feedthroughs will be connected to resistive
loads, see Fig. 1. The stripline kicker operates as two
coupled transmission lines, each of which should ideally
have a characteristic impedance matched to 50 2. Coupled
transmission line theory shows two operating modes for the
stripline kicker, since three conductors are involved in the
signal transmission, i.e. both electrodes and the vacuum
beam pipe. These modes are known as odd and even mode:
odd mode when the electrodes are excited with opposite
polarity voltages, and even mode when the electrodes are
excited by the unkicked circulating beam when passing
through the aperture of the striplines [2].

Flat and Half-moon Electrode Cross-sections

The electrode cross-section was previously selected by
studying several shapes for the striplines and optimizing
them in order to achieve 502 even mode characteristic
impedance, and +0.01% of field inhomogeneity over a cir-
cle of 1 mm radius at the center of the aperture [2]. An ad-

* Work supported by IDC-20101074 and FPA2010-21456-C02-01
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Figure 1: 3D model of a stripline kicker [4].

ditional constraint was to achieve an odd mode characteris-
tic impedance as close as possible to 50 €2. Flat electrodes
allowed for an optimum characteristic impedance and field
homogeneity with a minimum stripline beam pipe radius of
25 mm. A small stripline beam pipe radius diminishes the
non-desirable effects of the wakefields and results in closer
values of even and odd mode characteristic impedances.
Recent studies have shown that a modified half-moon
electrode, with a reduced coverage angle (see Fig. 2), al-
lows for a better optimization of the odd mode characteris-
tic impedance with a stripline beam pipe radius of 20 mm.

Figure 2: Cross-section of the striplines for flat electrodes
(left) and modified half-moon electrodes (right). The cir-
cle drawn in the center is 3.5 mm radius in both striplines.

For flat electrodes with 50 2 even mode characteris-
tic impedance, an odd mode characteristic impedance of
36.8 2 was achieved with a stripline beam pipe radius of
25 mm [2]; for the newly studied modified half-moon elec-
trode the odd mode characteristic impedance is 40.9 2. To
increase this value closer to 50 €2, the capacitance between
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Abstract

The 270 degree doubly achromatic beam bending mag-
net system using two sector magnets has been designed
mainly for treating cancer and skin diseases. The main re-
quirements of the design of two magnet system is to focus
an electron beam having a spot size less than 3 mm x 3
mm, energy spread within 3% and divergence angle < 3
mrad at the target. To achieve these parameters the simu-
lation was carried out using Lorentz-3EM software. The
beam spot, divergence angle and energy spread were ob-
served with respect to the variation in angles of sector mag-
nets and drift distance. From the simulated results, it has
been optimized that the first and second magnet has an an-
gle 195 degree and 75 degree and the drift distance 64 mm.
It is also observed that at the 1396, 2878 and 4677 A-turn,
the optimized design produces 3324, 6221 and 9317 Gauss
of magnetic field at median plane require to bend 6, 12 and
18 MeV electron beam respectively. The output parameters
of the optimized design are energy spread 3 %, divergence
angle ~ 2.8 mrad and spot size 2.6 mm.

INTRODUCTION

Radiotherapy using electron and photon represent a most
diffused technique to treat tumor diseases. With the ad-
vent of high energy linear and circular accelerators, elec-
tron / photon have become a viable option in treating su-
perficial tumors up to the depth of about 5-10 cm. In such
case, the dose of radiation absorbed correlates directly with
the energy of the beam and its deposition of energy in tis-
sues, which results in damage to DNA strands and dimin-
ishes the cell’s ability to replicate indefinitely. For the last
several years, electron accelerators are extensively being
used in the medical field with special applications of pho-
ton and electron beam for cancer therapy and various skin
diseases [1].

High energy medical electron linacs are usually mounted
horizontally because of larger length of linac tube. The
emergent electron beam from the accelerating tube is de-
flected magnetically through 90° or 270° into a vertical
plane to hit an X-ray target or electron scatterer [2]. A
small, stable, and axially symmetric beam spot on the tar-
get is needed. For fully rotational medical electron linacs,
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it is necessary both to minimize physical height of the ma-
chine and to maintain 100 cm distance between the x-ray
target and rotational centre. In addition, it is also a basic
requirement that the bending magnet is doubly achromatic
i.e. the position and angle of the output beam is indepen-
dent of input beam energy.

The 90° deflection system can bend a mono-energetic
beam on axis to a point at the X-ray target, but the spread
of energies of the actual beam results in a spread of such
focal point at the X-ray target. Also, the radial displace-
ment and angular divergence of the entrant beam results
in spread of exit beam. To overcome the above problems
a 270° bending magnet system is used. This system is
doubly achromatic and can be made using one, two and
three magnets [3]. Based on the orbit dimension and size,
two dipole bending magnet system is advantageous. There-
fore, an objective of the present paper is to provide a 270°
beam bending using two dipole magnet system in which
first bend is with 195° and other bend is with 75° to min-
imize the height of the orbit above the accelerator beam
line.

MATERIALS AND METHOD

The linear electron accelerator available at Society of
Applied Microwave Electronics and Engineering Research,
Mumbai having energies 6,9,12, 15 and 18 MeV [4], aver-
age current 80 pA, pulsed current 130 mA, pulsed width
6 ps, repetition rate 150 PPS is going to be used for the
present study. The linear accelerator produces beam of 6 to
20 MeV with energy spread of 7%.

The Lorentz-3EM software has been used for studying
the trajectory of charged particles through electric and/or
magnetic fields in three dimensional geometry. The mag-
netic field between the poles and trajectory for various elec-
tron energies have been calculated with the help of Lorentz-
3EM software for better accuracy.

MAGNET DESIGN

In order to take advantage of the low height of an el-
ementary single dipole and at the same time take advan-
tage of achromatic system, a double focusing doubly achro-
matic magnet system was designed. It consists of two
dipole magnets which are used to bend the 6 to 20 MeV

Accelerator Technology
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Abstract

In electron irradiation experiments on materials such
as semiconductors, solar cells etc., an uniformity and the
charge distribution in the electron beam is very important.
Therefore, an electron beam current monitor and its elec-
tronic system have been designed and built to measure the
distribution of a beam current either in the horizontal or
vertical direction along with the beam dimensions. To ob-
tain X-Y beam profile, a special type of Faraday Cup was
designed which mainly consists of charge collecting elec-
trodes made up of thin copper strips. Each strip having di-
mensions 0.5 mm wide, 4 mm thick and 20 mm long were
fixed parallel to each other and separation between them
was ~ 0.5 mm. This multi electrode Faraday was mounted
at the extraction port of the Race Track Microtron, where 1
MeV electron beam allowed to fall on it. The beam charac-
terization in the form of current and uniformity were mea-
sured. The current from each strip were measured using an
electronic circuit developed based on the multiplexing prin-
ciple. The uniformity of the beam can be measured with an
accuracy of 10%. The minimum and maximum dimensions
which can be measured are 3 mm and 15 mm respectively.

INTRODUCTION

The MeV energy range electron beams have gained im-
portance due to their applications in space technology and
tailoring of device parameters. In several cases, approxi-
mate beam dimensions are required for controlled irradia-
tion. The electron beam delivered by an electron acceler-
ator called ’Race-Track Microtron’ [1, 2] has pulse dura-
tion 1.6 s with repetition rate 50 PPS. Normally, at 1 MeV
electron energy, the beam size obtained is around 6 mm X
4 mm. The beam dimension can further be increased by
using scattering mechanism which is required to irradiate
samples of large dimensions. The dimension of the beam
may vary due to several factors such as variations in the
magnetic field configuration, electron beam injection con-
ditions, microwave cavity field, etc. Similarly, when the
beam is passed through a bending magnet, the beam shape
at the magnet exit is very much different from that at the
magnet entrance. It is not always possible to know the uni-
formity of the electron beam using scintillator and therefore
it was thought appropriate to design and fabricate a beam
current monitor, which can provide intensity distribution
over the beam area at different points along horizontal and
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vertical directions. Such a monitor along with an electronic
system has been designed, fabricated and put into operation
in the laboratory.

EXPERIMENT
Multielectrode Faraday Cup

This consist of charge collecting electrodes in the form
of thin copper strips. Such fifteen numbers of copper strips,
each of 0.5 mm wide, 4 mm thick and 20 mm long were
fixed parallel to each other with adhesive on a Perspex
sheet. The separation between two strip was kept ~ 0.5
mm. The thickness of copper strip was calculated on the
basis of range of 1 MeV electron in copper [3]. Therefore,
the thickness of copper strip was chosen such that all the
incident electron can stop inside the strip. The assembly
was enclosed in an aluminum box having length 50 mm,
width 50 mm and depth 30 mm. For charge measurement,
each copper strip was connected to a BNC connector. Front
side of the box is closed with a 50 ym aluminized mylar
to provide shielding against external electrical noise. This
beam profile measurement assembly was kept in the elec-
tron beam line and each of the BNC connector was con-
nected to an electronic circuit specially made for this mon-
itor.

Electronic System

An electronic circuitry [4, 5, 6, 7, 8, 9] has been de-
signed, built and assembled to obtain visual display of the
charge distribution of an electron beam on a CRO as well as
on a digital display. The block diagram of the circuit used
for this work is shown in Figure 1, whereas the circuit de-
tails are shown in Figure 2. Eight strips of the beam current
monitor were connected to multiplexer of type 4051B. This
multiplexer is 8 to 1 type multiplexer, which has a facility
of eight independent input bits or channels, three control
bits and one output bit. This is also sometimes called as
data selector, because output bit is depends on the input
data bit that is selected. For instance, if the control signal
ABC is 000, then the information from the first copper strip
of the Faraday cup is transmitted to the output. However, if
the control signal ABC is change to 111, then the informa-
tion from the eight strips is transmitted to the output. From
the circuit one can see that the multiplexer can be operated
in the mode of transmit information, which is available at
one of the eight inputs to the corresponding output termi-
nals, sequence of which can be preset through a programme

Beam Charge and Current Monitors
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Abstract

VIMOS is a dedicated safety system developed at the
Spallation Neutron Source SINQ at the Paul Scherrer
Institut, PSI, in Switzerland. VIMOS very directly
monitors the correct current density distribution of the
proton beam on the target by sampling the light emitted
from a glowing mesh heated by the passing protons. The
design has been optimized for obtaining maximum
sensitivity and timely detection of beam irregularities
relying on standard well-proven components. Recently it
has been demonstrated that technical boundary conditions
like radiation level and signal strength should allow for
upgrading the system to a sensitive diagnostic device
delivering quantitative and image-resolved values for the
proton current density distribution on the SINQ target. By
determining the temperature of the glowing mesh from
the signals in two separate wavelength bands the
temperature distribution over the mesh can be derived und
subsequently the incident proton beam current density
distribution. Work aimed at investigating the feasibility of
adding these diagnostic abilities to VIMOS shows initial
promising results.

VIMOS, SAFETY SYSTEM

One of the outstanding features of the SINQ neutron
spallation source at PSI is its vertical insertion with the
proton beam impinging on the target from directly below.
Whereas this design is favourable with respect to the
circulation inside a liquid metal (LM) target, it entails the
severe risk of major facility damage in case of a leak. To
minimize the risk of burning a hole through the liquid
metal container with the beam and subsequently
perforating the lower target enclosure of the MEGAPIE
LM target, a new and additional safety system named
VIMOS has been devised and successfully installed [1,2].

VIMOS is based on a most simple and direct approach,
i.e. it monitors the glowing of a tungsten mesh inserted
into the proton beam closely spaced in front of the target.
This mesh is heated by the passing protons, and VIMOS
watches for deviations from the expected visual signal. In
case that any hot spot due to unintended beam
concentration is detected, an alarm is triggered and the
accelerator is switched off in less than 100 ms. In order to
react most quickly to any unexpected increase of the
glowing signal from the mesh, VIMOS has purposely
been designed with a strongly non-linear response
function [2].

VIMOS works reliable since its installation before the
MEGAPIE target irradiation started and it has proven its
value actually already in the commissioning phase. Now
it is routinely used for beam monitoring during normal
operations by the operators of the accelerator also with
SINQ’s standard solid state targets.

Beam Charge and Current Monitors

Aim of an Upgrade

In the light of the proven reliability and usefulness of
VIMOS, the wish for additional capabilities of the system
has emerged. One demand was to somehow calibrate the
system for a display of beam current density. The other
request is for enhanced sensitivity, i.e. responding also at
lower current (-densities), to provide more information
for set up, in particular at phases when the beam at low
current is newly directed onto the SINQ target.

As the original safety goal of reacting only to hot spots
imposes some limitations and inherent difficulties for
obtaining more detailed diagnostics’ information on beam
profile during normal operations, a comprehensive
upgrade of the system has been envisioned [3].

IMPLEMENTATION OF DIAGNOSTICS

One stringent boundary condition right from the start
was that the safety function of VIMOS should stay
untouched, new features should only come on top and as
far as possible without interfering with the well-proved
safety relevant installation.

Following a stepwise approach, several pre-conditions
and key issues have first been identified and scrutinized
before designing added diagnostic capabilities.

Enabling Conditions

Originally, VIMOS employed a radiation resistant
camera, which was directly mounted in the focus of the
colleting mirror and thus exposed to irradiation by back-
streaming protons and high energy neutrons [4].
Epithermal neutrons in particular caused damage to the
semiconductors in the camera as, after being moderated
by scattering in the shielding in the surroundings, they
changed the doping and thus impaired proper functioning
after several months of operational exposure.

In order to increase the lifetime of the expensive
cameras and also in anticipation of possible future
upgrades, the camera position has been moved 3 meters
further away. The light is now transmitted to the new
camera position on a wall of the SINQ beam vault by
means of a radiation resistant image guide [5].

With the improved possibility of packing substantial
graded shielding around the sensor, the original tube-
based camera has been replaced by a more standard off-
the shelf CCD camera [6].

A light guide and the first shielded CDD camera have
been installed in November 2008 and work since then as
expected. The camera shows only acceptable damage in
the form of increased noise, which does not impede the
proper functioning of the system. Little and not quantified
radiation damage meaning increased attenuation is seen in
the image fiber.
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DEVELOPMENT OF PHASE PROBE FOR THE NIRS SMALL
CYCLOTRON HM-18

Satoru Hojo#, Ken Katagiri, Akira Goto, NIRS, 4-9-1 Anagawa, Inage, Chiba, Japan
Yuichi Takahashi, Toshihiro Honma, AEC, 3-8-5 Konakadai, Inage, Chiba, Japan

Abstract

The small cyclotron HM-18 of the National Institute of
Radiological Sciences (NIRS) allows us to accelerate H
and D ion at fixed energies of 18 and 9 MeV,
respectively. It has four trim coils for generation of the
isochronous fields. Until recently, currents of the four
trim coils had been adjusted only by monitoring the
output beam intensity. In order to exactly produce the
isochronous fields, a phase probe has been newly installed
in the HM-18. The phase probe has a simple structure in
which four copper electrode plates of 55~76 mm x 68 mm
in area are glued to a copper base plate with a polyimide
insulator sheet sandwiched between them. The
thicknesses of the copper plates and the polyimide are 0.1
mm. This structure has an advantage that it can be easily
installed in the cyclotron; only one part of a pair of upper
and lower electrodes, which is usually adopted in
cyclotrons, is simply attached on the surface of the
(lower) sector pole. The development of the phase probe
and some results of a preliminary beam test using it are
reported.

INTRODUCTION

The small cyclotron HM-18 of the NIRS has been
operated for use in RI production since 1994[1]. The HM-
18 cyclotron is a negative-ion accelerator that was
purchased from Sumitomo Heavy Industry, Ltd. A layout
of the HM-18 is shown in Figure 1. Two carbon-foil
strippers are located at a radius of 435 mm for beam
extraction; they are located in the opposite sides to each
other. In one side beams are delivered to a beam transport
line, which is jointed to that of the NIRS-930 cyclotron.
In the other side four target ports are attached directly to
the beam chamber for production of short-lived radio
isotopes such as ''C and "*F. The HM-18 has an internal
cold-cathode ion source that produces H and D ions,
which are accelerated up to 18 and 9 MeV, respectively,
with the acceleration frequency of 45 MHz. The
acceleration harmonics are 2 and 4 for H and D’ ions,
respectively. Four trim coils are used for generation of the
isochronous fields. Until recently, currents of the four
trim coils had been adjusted only by monitoring the
output beam intensity; the isochronous field was
indefinite because the beam phase was not able to be
measured. Therefore, a phase probe has been newly
installed in order to exactly produce the isochronous
fields in the HM-18.

#s_hojo@nirs.go.jp
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Figurel: Schematic layout of the HM-18 cyclotron.

STRUCTURE OF PHASE PROBE

Photograph and cross-sectional view of the new phase
probe is shown in Figure 2. This phase probe has a simple
structure. Usually, a phase probe is composed of a pair of
upper and lower electrodes, but the new phase probe for
the HM-18 is composed only of lower part. It consists of
four copper plates of 55~76 mm (azimuthal width) x 68
mm (radial length) in area glued to a copper base plate
with a polyimide insulator sheet sandwiched between
them. Adhesive double-coated tapes are used for the
attachment of them. The thicknesses of the copper plates
and the polyimide sheet are 0.1 mm. Semi-rigid coaxial
cables are used for transport of beam signals in the beam
chamber. The outer conductor of the cable is made of
copper tube with 1.2 mm in diameter. The ends of the
inner and outer conductor are soldered to the fins of the
pickup electrodes and the grounded copper plate,
respectively, as shown in Figure 2.

This structure has an advantage that it can be easily
installed in the cyclotron. Photograph of the phase probe
installed in the HM-18 is shown in Figure 3. The phase
probe and signal cables are simply attached on the surface
of the lower sector pole with adhesive aluminium tapes.

Beam Charge and Current Monitors
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VARIOUS USAGES OF WALL CURRENT MONITORS FOR
COMMISSIONING OF RF SYSTEMS IN J-PARC SYNCHROTRONS

Fumihiko Tamura*, Masanobu Yamamoto, Alexander Schnase, Masahito Yoshii, Chihiro Ohmori,
Masahiro Nomura, Makoto Toda, Taihei Shimada, Keigo Hara, Katsushi Hasegawa
J-PARC Center, KEK & JAEA, Tokai-mura, Naka-gun, Ibaraki-ken, Japan

Abstract

Wall current monitors (WCM) for rf system commis-
sioning are installed in the J-PARC synchrotrons, the RCS
and the MR. The WCM signals are used as the input of the
beam loading compensation system, and also used for diag-
nostics to adjust the rf system parameters. Since the rf and
beam frequencies are in the range of a few MHz and sev-
eral ten MHz, direct measurement of the WCM signals is
possible. For the diagnosis, the WCM signals are taken by
an oscilloscope with the revolution clock signal generated
by the low level rf (LLRF) control system, and slices of
the WCM waveform with lengths of the revolution periods
are generated. By stacking the slices, one can get a moun-
tain plot, which shows motions of bunches and variations
of the bunch shapes. Also, time variations of the bunching
factor, which are important for acceleration of high inten-
sity proton beams, are obtained. The harmonic analysis is
performed on the WCM signal and the cavity voltage mon-
itor signal. By using complex amplitudes of them, one can
calculate the impedance seen by the beam. We show ex-
amples of the analyzes described above. The rf parameters
for high intensity beams have been successfully adjusted
by using these analysis methods.

INTRODUCTION

The Japan Proton Accelerator Research Complex (J-
PARC) is a multi-purpose high intensity proton accelerator
facility, which consists of the linac, the rapid cycling syn-
chrotron (RCS), and the main ring synchrotron (MR). At
present, the maximum output beam power of the RCS and
the MR is 300 kW and 200 kW, respectively.

In the RCS and the MR, wall current monitors (WCM)
dedicated for rf system commissioning are installed [1, 2].
The WCMs are designed to have a high cut-off frequency
more than a few 100 MHz, which is high enough compared
to the beam frequency up to several ten MHz.

The low level rf (LLRF) control systems of the J-PARC
RCS and MR are implemented by digital circuits to real-
ize precise and reproducible rf control. The WCM signals
are used as the input of the beam loading compensation
[3], and used for diagnostics to adjust the rf parameters and
patterns.

For the high power commissioning of the RCS and the
MR, the information from the WCM is important and indis-
pensable. The analysis of the WCM waveforms taken by a

* fumihiko.tamura @j-parc.jp
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Figure 2: Mountain plots of the injected bunch. (Left) in
case fyf = 1.671650 MHz, the momentum of the injected
beam and the rf frequency are not matched. (Right) in case
frr = 1.671750 MHz, they are matched well.

long memory oscilloscope is performed on a PC. In this
paper, we show examples of the various analysis results of
the WCM waveforms.

BEAM CURRENT ANALYSIS USING
WCM WAVEFORM SLICES

Since the beam frequencies are in the range up to sev-
eral ten MHz, direct measurement of the WCM beam sig-
nal by using an oscilloscope is possible. As shown in
Fig. 1, the WCM signal is taken together with the revo-
lution clock signal, which is generated by the digital LLRF
control system and precisely follows the accelerating fre-
quency sweeps. The signals are recorded by a long mem-
ory oscilloscope and the waveforms are analyzed on a PC.
Slices of the WCM waveform with lengths of the revolution
period, which is calculated by using the revolution clock
signal, are generated. Since the revolution clock signal fol-
lows the frequency pattern change, no additional informa-
tion is necessary to generate the slices. By stacking the
slices, one can obtain a mountain plot. Mountain plots are
used to analyze the motions of bunches and variations of
the bunch shapes. Figure 2 shows an example of the in-
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COMPARISON OF THREE DIFFERENT CONCEPTS OF HIGH DYNAMIC
RANGE AND DEPENDABILITY OPTIMISED CURRENT MEASUREMENT
DIGITISERS FOR BEAM LOSS SYSTEMS

W. Vigano, B. Dehning, E. Effinger, G. G. Venturini, C. Zamantzas, CERN, Geneva, Switzerland

Abstract

Three Different Concepts of High Dynamic Range and
Dependability Optimised Current Measurement Digitisers
for Beam Loss Systems will be compared on this paper.

The first concept is based on Current to Frequency
Conversion, enhanced with an ADC for extending the
dynamic range and decreasing the response time. A
summary of 3 years’ worth of operational experience with
such a system for LHC beam loss monitoring will be
given. The second principle is based on an Adaptive
Current to Frequency Converter implemented in an ASIC.
The basic parameters of the circuit are discussed and
compared with measurements. Several measures are taken
to harden both circuits against single event effects and to
make them tolerant for operation in radioactive
environments. The third circuit is based on a Fully
Differential Integrator for enhanced dynamic range,
where laboratory and test installation measurements will
be presented. All circuits are designed to avoid any dead
time in the acquisition and have reliability and fail safe
operational considerations taken into account.

STRUCTURE OF THE COMPARISON

Each concept will be described by means of
specifications, implementation and performance. In the
conclusion a summary of the three methods will be given.

CURRENT TO FREQUENCY
CONVERTER

Specifications

LHC protection requires a high reliability Beam Loss
Monitoring system. The Front End card, referred to as the
CFC card, has been designed to be exposed to a
maximum of 500Gy integrated dose for 20 years LHC
life-time.

To achieve a reliability level SIL3 (107 to 107
failure/h) of the system, several different test modes,
status information, protection circuits and a redundant
data transmission are implemented. For the verification,
different tests have been performed, such as irradiation,
temperature, magnetic field, and burn-in tests.

A summary of the System Specification is given in
Table 1.

Table 1: CFC Specifications

Measurement range 2.5pA to ImA
Error range from 10pA to ImA -50% to +100%
Error range from InA to ImA +25%
Maximum input current 561mA
Minimum acquisition period 40us
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Input range with minimum acquisition SnA to ImA
period
Input voltage peak

Radiation Total Dose

1500V @ 100us
500Gy in 20yr

Implementation

To measure a current over this high dynamic range, a
Current to Frequency Converter (CFC — Figure 1) based
on the balanced charge integrating techniques, has been
chosen. In comparison with other switching techniques,
the CFC has the advantage that it is without dead times
and with no loss of charges.

Integrator

Figure 1: CFC block diagram.

Since the output frequency depends on the input current
(where a small current corresponds to a very low
frequency), an additional analogue to digital converter
(ADC) is added to measure the output voltage of the
integrator and to calculate partial counts in the Threshold
Comparator card, named BLETC. This measurement
decreases the response time and increases the dynamic
range. The integration time window of the system is 40pus.
The data, including the counted CFC pulses and the
integrator output voltage, are transmitted every 40us to
the BLETC. Figure 2 shows the CFC circuit diagram.

] (0 - 25)

Figure 2: CFC circuit diagram.

To ensure the system is working according to
specification and to increase the reliability, several tests,
test modes and error detection systems have been added
on the CFC card, as shown in Table 2.

Table 2: CFC Tests List

N Description

1 Before the installation, a calibration and an initial test are
performed using a dedicated setup, which performs an

Beam Loss Detection
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DIAMOND DETECTORS FOR LHC

Erich Griesmayer, Pavel Kavrigin, CIVIDEC Instrumentation, Vienna, Austria
Bernd Dehning, Ewald Effinger, Tobias Baer, Maria Hempel, Heinz Pernegger, Daniel Dobos,
CERN, Geneva, Switzerland

Abstract

Diamond detectors are installed at the LHC as fast
beam loss monitors. Their excellent time resolution [1]
make them a useful beam diagnostic tool for bunch-to-
bunch beam loss observations [2], which is essential for
the understanding of fast beam loss scenarios at the LHC
[3, 4].

INTRODUCTION

Diamond is probably the most versatile, efficient and
radiation-tolerant material available for use in beam
detectors.  Correspondingly, it has a wide range of
applications in beam instrumentation and in beam
diagnostics. Currently ten diamond detectors are in use
as fast beam loss monitors at the LHC at CERN. The
nanosecond time response in combination with the
sensitivity to single particles makes them ideal for use in
fast beam loss detection. A beam dump caused by a so
called UFO, an “unidentified falling object”, is shown.
UFOs are believed to be dust particles with a typical size
of a few micrometers, which lead to beam losses, which
last about ten revolutions of the proton beam.

Al

Figure 1: Installation of a Diamond Beam Loss Monitor
in the LHC tunnel in IP 7.

THE DIAMOND MONITORS

The diamond monitors were provided by CIVIDEC
Instrumentation and installed at TCLA.D6L7.B2. They
are composed of a diamond detector (pCVD diamond
material, substrate size 10 mm x 10 mm x 0.5 mm, gold
electrodes 8 mm x 8 mm, operated at 500 V bias voltage),
a 4GHz AD-DC splitter, and a 2 GHz, 40dB RF
amplifier. A CKS50 cable with a length of about 300 m
connects the beam loss monitor the readout
instrumentation. A LeCroy oscilloscope was used for the
digital readout (Waverunner 104MXi, 1 GSPS, 1 GHz, 8

Beam Loss Detection

bit ADC). The installation of the diamond beam loss
monitor in point 7 is shown in Figure 1.

SPACIAL LOSS PROFILE

A beam abort, which was obviously caused by an UFO
event in the injection area in point 4, was recorded on the
27" of August 2012 with a diamond beam loss monitor,
which was located in the cleaning area in point 7. Figure
2 shows the spacial loss profile of this event, i.e. the
recorded loss amplitude versus the 89 us turn period of
the LHC.
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Figure 2: Spatial loss profile :/ersus the LHC turn period
of 89 us. Beam abort event caused by an UFO.

UFO location

In the following figures, data of the beam abort event,
taken with the diamond beam loss monitor, are shown.
Starting with a buffer size of 500 us, a zoom into the
memory in four stages is provided. Each zoom reveals
insights into the loss structure of the LHC.

The 500 us Zoom

The Figure 3 shows the loss profile in a time window of
500 us. The beam losses increase over a period of some
microseconds and the dump causes a high pulse at the end
of the loss pattern. The tree beam abort gaps define the
revolution period of the LHC.
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CHARACTERIZATION OF A WIDE DYNAMIC-RANGE,
RADIATION-TOLERANT CHARGE-DIGITIZER ASIC FOR
MONITORING OF BEAM LOSSES

Giuseppe Guido Venturini*, CERN / EPFL, Switzerland
Francis Anghinolfi, CERN, Geneva, Switzerland
Bernd Dehning, CERN, Geneva, Switzerland
Maher Kayal, EPFL, STI IEL GR-KA, Lausanne, Switzerland

Abstract

An Application Specific Integrated Circuit (ASIC) has
been designed and fabricated to provide a compact solu-
tion to digitize current signals from ionization chambers
and diamond detectors, employed as beam loss monitors
at CERN and several other high energy physics facilities.
The circuit topology has been devised to accept positive
and negative currents, to have a wide dynamic range (above
120 dB), withstand radiation levels over 10 Mrad and of-
fer different modes of operation, covering a broad range
of applications. Furthermore, an internal conversion refer-
ence is employed in the digitization, to provide an accurate
absolute measurement. This paper discusses the detailed
characterization of the first prototype: linearity, radiation
tolerance and temperature dependence of the conversion,
as well as implications and system-level considerations re-
garding its use for beam instrumentation applications in a
high energy physics facility.

INTRODUCTION

A Beam Loss Monitoring (BLM) system is employed
throughout the accelerators at CERN. The aim of the sys-
tem is threefold: ensure machine protection, provide diag-
nostics information and aid machine setup. Different kinds
of radiation monitors are employed, depending on the ac-
celerator, measurement and expected signal, among them
ionization chambers and diamond detectors. The monitors
are exposed to the secondary particles shower that is ini-
tiated when a high-energy particle escapes from the beam
and impacts against the vacuum chamber. The number of
particles that are lost from the beam and the energy de-
posited in the machine components — such as the LHC su-
perconducting magnets — are reconstructed from the output
signal provided by the monitors, which are situated in stud-
ied locations along the rings, injection and extraction lines,
and dump targets.

The BLM system for a large accelerator like the LHC has
several channels — over 4000 — and it extends over a signifi-
cant distance. The system is built in layers: the analog out-
put signal of the monitors is digitized by data acquisition
cards located in the tunnel, implementing a Current to Fre-

* giuseppe.guido.venturini @cern.ch
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Table 1: Specifications

Parameter

Dynamic range 1 x 106

Input polarity double

Minimum detected current 1 nA

(through averaging) 1pA

Linearity error <+10%
Integration window 40 ps

Total ionizing dose 10 Mrad in 20 years

quency Converter (CFC) and providing a conversion code
every 40 us. The front-end acquisition boards transmit the
data to the Threshold Comparators (TC), located in VME
crates on the surface, via double redundant optical links.
The TCs collect, analyze the data and optionally trigger a
beam abort, when losses that could potentially compromise
the machine are detected. A Combiner and Survey (CS)
card installed in the same VME crate receives and handles
the beam abort signals. The data are then forwarded for
logging and display [1].

In this context, this contribution discusses the state of
the research that has been carried out at CERN, regarding
the first step of the data processing outlined above: data
acquisition from the monitors.

REQUIREMENTS

The requirements for the BLM front-end acquisition are
listed in Table 1.

The intensity of the ionizing radiation detected by the
particle monitors can span several decades, as a conse-
quence of the characteristics of the accelerator, the opera-
tional status of the machine, the location in which the mon-
itor is installed and the background radiation. For this rea-
son, the different kinds of beam loss monitors designed and
employed at CERN are able to provide a linear response
over a wide dynamic range (DR) [2].

Since before the beginning of operation of the LHC, an
effort has been made in the BE/BI/BL section to study and
design a single-gain acquisition board, able to cover the
whole dynamic range of the input signal [3]. This work fol-
lows the same approach as the currently operational LHC

Beam Loss Detection
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REAL-TIME CALCULATION OF SCALE FACTORS OF X-RAY BEAM
POSITION MONITORS DURING USER OPERATION

C. Bloomer, G. Rehm, Diamond Light Source, Oxfordshire, UK

Abstract

Photoemission based X-ray Beam Position Monitors
(XBPMs) are widely used at 3rd generation light sources to
both monitor and stabilise the photon beam to sub-micron
precision. Traditionally, finding the geometric scale factors
requires either systematic stepper motor movements of the
XBPM or well controlled electron beam displacements to
measure the response of the XBPM. For each Insertion De-
vice gap it is required to repeat this in order to build up a
complete set of scale factors covering all possible operating
conditions. Elliptically Polarising Undulators further com-
plicate matters by having multiple operating modes which
would require multi dimensional lookup tables. Presented
in this paper is a method for retrieving the geometric scale
factors of an XBPM in real time by making use of the in-
trinsic small random movements of the electron beam and
finding the correlation in synchronous measurements from
Electron BPMs and XBPMs at kHz sample rates.

INTRODUCTION

Diamond Light Source utilizes two photoemission X-ray
Beam Position Monitors (XBPMs) on most front ends in
order to monitor and improve the stability of the pho-
ton beam. XBPMs for Insertion Device (ID) beamlines
are mounted on stepper motors with micron-precision en-
coders, and traditionally the XBPMs are calibrated by us-
ing known stepper motor offsets to emulate real X-ray
beam movements. Alternatively, controlled electron beam
bumps through the ID straight can also be used to calibrate
the XBPMs [1, 2]. A scale factor is calculated by compar-
ing the measured response from the four XBPM blades to
the known magnitude of the controlled movements. This
gives a scale factor measured for a selection of ID gaps,
which is saved into an EPICS database. During user opera-
tion the scale factor database is interpolated to give a factor
for the current ID gap and used to convert the dimension-
less position given by the XBPM signal into a position in
mm. The dimensionless response of the XBPM, A /Y, is
defined as follows:

A-B-C+D
(AEM_A+B+C+D
A+B—-C—-D
Ay = ——F— ——
(A/%)y A+B+C+D

where A,B,C,D are the four XBPM blade signal currents.
There are several limitations to both of these calibration
methods. Both require dedicated beamline time, during
which the beamline is not able to accommodate users: if
stepper motor movements are utilised then users may see

Beam Position Monitor System
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Figure 1: XBPM response to stepper motor movements for
the 106 beamline at Diamond. The simulated power distri-
bution of circular and linear horizontal polarised light are
shown on the right to give an indication of the different
photon distributions. Each gap and phase requires a differ-
ent scale factor.

X-ray beam shadowing as the XBPM moves across the
beam; if electron beam bumps are used then the chang-
ing X-ray beam position and angle causes changes to the
measured intensity and photon energy at the sample-point.

A second limitation is that a scale factor must be mea-
sured for each ID setting that a beamline could use, as dif-
ferent ID gaps produce different spatial distributions of ra-
diation and thus require different scale factors. Elliptically
polarising undulators, such as APPLE II devices, also re-
quire a different scale factor value for each different polar-
isation, as seen in Fig. 1. It is possible to create a look-up
table for each individual ID setting, but populating such a
table is a time consuming process. Typically at Diamond,
a single XBPM stepper motor scan in one axis would take
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NEW ELECTRONICS DESIGN FOR THE EUROPEAN XFEL RE-ENTRANT
CAVITY MONITOR

C. Simon", CEA-Saclay/DSM/Irfu, Gif sur Yvette, France
N. Baboi, DESY, Hamburg, Germany
R. Baldinger, B.Keil, R. Kramert, G. Marinkovic, M. Roggli, M. Stadler, PSI, Villigen, Switzerland

Abstract

About one third of the beam position monitors (BPMs)
in the European XFEL (E-XFEL) cryomodules will be re-
entrant cavities. The BPM mechanics and Radio-
Frequency front-end (RFFE) electronics are developed by
CEA/Saclay. Two RFFEs and a digital back-end with two
ADC mezzanines are integrated into a compact
standalone unit called MBU (modular BPM unit)
developed by PSI.

The signal processing uses hybrids and a single stage
down conversion to generate the signals sum and delta.
Every RF/analog component of the re-entrant BPM
electronics has been simulated with a Mathcad model and
tested independently on test benches. The very low Q of
the cavity monopole mode allows the new electronics to
filter this mode at the dipole mode frequency, and an 1/Q
demodulation for delta and sum channels allow the digital
back-end to determine the sign of the beam position just
by comparing the phases of the channels, independently
of beam arrival time jitter and external reference clock
phase. This paper describes the design and architecture of
a new re-entrant BPM electronics, including results of
beam tests at FLASH that were performed to validate the
chosen design.

INTRODUCTION

The European XFEL [1] is an X-ray free electron laser
user facility currently under construction in Hamburg,
Germany. This accelerator has a superconducting
17.5GeV main linac and its parameters are summarized in
Tab 1.

Table 1: E-XFEL Accelerator Parameters

Parameter Value

Normalized projected emittance 1-2 mm mrad

Typical beam sizes (RMS) 20 -200 um
Nominal bunch charge 0.1-1nC
Bunch spacing >222ns
Macro-pulse length 600 pus
Number of bunches within macro-pulse 1 - 2700
Nominal macro-pulse repetition rate 10 Hz
Maximum macro-pulse repetition rate 25 Hz

The BPM system is developed by a collaboration of
CEA/Saclay/Irfu, DESY and PSI. Each cryomodule is

“claire.simon@cea.fr

Beam Position Monitor System

equipped with a beam position monitor connected to a
quadrupole at the high-energy end of the cavity string. 31
cold BPMs will be re-entrant RF cavities which have to
operate in a clean and cryogenic environment. Pickup
realisation and mounting in the cryomodule are a
CEA/DESY collaboration but are not discussed here [2].

MODULAR BPM UNIT CONCEPT

The electronics of the European XFEL BPM system [3]
follows a modular design approach [4]. This customized
crate, called Modular BPM Unit (MBU) (Fig. 1), contains
a generic digital back-end (GPAC = generic PSI ADC
carrier) with two ADC mezzanine boards, and either four
button [3] or two re-entrant or undulator cavity [3] BPM
RFFEs, or any combination of those types, as well as
power supplies, fans, and a rear IO module with digital
and multi-gigabit fiber optic 1Os.

Figure 1: Modular BPM Unit.

RF/ANALOG ELECTRONICS

The signal processing of the re-entrant BPM uses a
single stage down conversion to obtain A/X. The
difference A and sum X signals are obtained from a
passive 4- ports 180° hybrid which will be installed in a
box mounted at the side of the cryomodule. Each coupler
is connected to each pair of opposite antennas and
transmits the signals to the radio-frequency front-end
(RFFE) electronics via some 30 m long semi-rigid cables.
This RFFE electronics, based on a Printed Circuit Board
(PCB) with surface mount components, uses the VME64x
form factor as required by the Modular BPM Unit. A first
electronics was realized in 2010 and tested with beam [2],
and a new RFFE with additional functionality is currently
being developed.

New Design

The new RFFE analog electronics design, presented
Fig. 2, has three channels to perform single-stage
downconversion of X position, Y position and reference
(charge) RF signals from L-band to an intermediate (IF)
frequency. Because of the low external quality factor, the
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DESIGN AND CHARACTERIZATION OF A PROTOTYPE
STRIPLINE BEAM POSITION MONITOR FOR THE CLIC DRIVE BEAM*

A. Benot-Morell, CERN, Geneva, Switzerland and IFIC (CSIC-UV), Valencia, Spain
L. Seby, M. Wendt, CERN, Geneva, Switzerland
J.M. Nappa, J. Tassan-Viol, S. Vilalte, IN2P3-LAPP, Annecy-le-Vieux, France
S. Smith, SLAC National Accelerator Lab, Menlo Park CA, USA

Abstract

The prototype of a stripline Beam Position Monitor
(BPM) with its associated readout electronics is under
development at CERN, in collaboration with SLAC,
LAPP and IFIC. The anticipated position resolution and
accuracy are expected to be below 2pum and 20um
respectively for operation of the BPM in the CLIC drive
beam (DB) linac. This paper describes the particular
CLIC DB conditions with respect to the beam position
monitoring, presents the measurement concept, and

summarizes electromagnetic simulations and RF
measurements performed on the prototype.
INTRODUCTION

CLIC, a Compact electron-positron LInear Collider
proposed to probe high energy physics (HEP) in the TeV
energy scale, is based on a two-beam scheme. RF power,
required to accelerate a high energy luminosity beam is
extracted from a high current Drive Beam (DB), whose
decelerator requires more than 40000 quadrupoles, each
holding a BPM. These BPMs face several challenges, as
they will be operated in close proximity to the Power
Extraction and Transfer Structures (PETS), while the
accuracy requirements are demanding (20pm). They have
to be compact, inexpensive and operate below the
waveguide (WG) cut-off frequency of the beam pipe to
ensure locality of the position signals, which rules out the
signal processing at the 12GHz bunch frequency. Also
wakefields, and hence the longitudinal impedance, must
be kept low. This first proposed solution is a compact,
conventional stripline BPM utilizing a signal processing
scheme operating below 40MHz. Before installation into
the CLIC Test Facility (CTF3), the manufactured
prototype has been characterized in detail on an RF bench
setup. In parallel, the design of a readout system is
progressing.

CONCEPTUAL BPM PICKUP DESIGN

The CLIC DB stripline BPM pickup is compact and fits
into the quadrupole vacuum chamber. Each of the four
electrodes spans an angular coverage of 45°, having a
characteristic impedance of 50Q and a physical electrode
length of L=25mm. As of the proximity of 12GHz high
power accelerating structures (PETS), L was chosen to
utilize one of the notches in the transfer function (nc/2L,

*Work supported by MINECO contract FPA2010-21456-C02-01,
SEIC-2010-00028 and U.S. Department of Energy contract DE-ACO02-
76SF00515
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n=2, where c is the speed of light in vacuum) to be at
12GHz, which is also the bunch frequency. Therefore, in
the time domain, the idealized response to a multi-bunch
train will only show the first and last pair of bunches, all
other bunches in-between will be cancelled (Fig. 1). Other
relevant design parameters are listed in Table 1.

83ps 83ps

—
|

8;;5
Figure 1: Idealized BPM multi-bunch train response.

Table 1: Drive Beam Stripline BPM Parameters

Parameter Value Comment

Diameter 24 mm stripline ID

Stripline length 25 mm

Width 12.5% of circumference (45")
Ch. Impedance 50Q

Duct aperture 23 mm In decelerator
Resolution 2 um Full train

Accuracy 20 pm

Temporal resolution 10 ns BW >20 MHz

The signal processing will be performed at baseband
frequencies ranging 4 to 40MHz, to avoid non-local
confounding signals, mainly coming from the PETS,
starting at 7.6GHz, the cut-off frequency of the TE
mode for a circular waveguide of 23mm pipe aperture.

The position signal sensitivity of a stripline BPM
detector is based on the image charge model, and is
approximately pos=(r/2)A/X, being r the beam pipe
radius, A and X the difference and sum of the opposite
electrode signals, and pos the horizontal (x) or vertical (y)
beam position. A thorough description of the readout
electronics and further details of the design can be found
in[1] and [2].

PROTOTYPE CHARACTERIZATION

Position Characteristics and Linearity

The full system was tested using the procedure
described in [2] to check its performance. The position
characteristic was analysed using a stretched wire fed by
an RF excitation signal, while being moved in 1mm steps
in the range +6mm. Table 2 shows the results for the
position sensitivity at the origin, the electrical offset and
the RMS linearity error for both planes. Although the
performance of the electronics was satisfactory, showing
the expected signal shape and levels, [2], the obtained
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MODULAR LOGARITHMIC AMPLIFIER BEAM POSITION MONITOR
READOUT SYSTEM AT THE UNIVERSITY OF HAWAI'T

B. T. Jacobson, M. R. Hadmack, J. M. J. Madey, P. Niknejadi
Department of Physics & Astronomy, University of Hawai’i, Honolulu, HI 96826, USA

Abstract

High brightness electron beams for inverse Compton
photon sources driven by thermionic microwave guns re-
quire real-time position measurements in order to achieve
the spatial and temporal coincidence necessary to ensure
statistically measurable signals. True logarithmic ampli-
fiers are more adequately suited to signal comparison than
are sigma-delta methods. A low-cost, modular and scalable
readout and data acquisition system for strip-line beam po-
sition monitors utilizing the AD640 log-amp is being de-
veloped at University of Hawai’i MkV Linear Accelera-
tor and Free Electron Laser Lab. Initial measurements and
prototyping of the hardware is complete with commission-
ing and deployment of the system currently ongoing. We
present the methodology and early results of this project.

INTRODUCTION

The University of Hawai’i (UH) MkV Linear Acceler-
ator facility and Free Electron Laser (FEL) Lab utilizes a
thermionic LaBg cathode electron source in a microwave
gun injector followed by a single section of traveling wave
S-Band linear accelerator to produce a ~200 mA average
macro-pulse current 40 MeV electron beam. This beam
drives a hybrid NdFeB planar undulator and Michelson in-
terferometer phase-locked resonator based infrared FEL.
Constructed on UH campus and occupying roughly one-
third of the first floor of the physics department, the ac-
celerator beamline was commissioned by 2009 and the lab
produced first laser light in 2010; current experiments are
focused on initial demonstration of inverse Compton x-
ray photon production via FEL laser output and electron
beam collision. A pico-second resolution x-ray detector
and multi-gigabit per second sampling electronics are also
being developed in parallel by collaborators in the Univer-
sity of Hawai’i Instrumentation Development Lab (IDLab)
for measurement of the resulting micro-bunch x-ray train.

The electron beam transport system configuration for
these experiments requires strong focusing to achieve small
transverse size of the e-beam (and similarly for the opti-
cal beam used in the collision) in order to achieve opti-
mum x-ray flux. One of the machine upgrades underway
in support of the objective of a well-centered beam in the
quadrupole magnets of the transport system and measure-
ment of the electron beam transverse position for injection
into the x-ray interaction point (IP) is the instrumentation

*Work supported by DHS Agreement Number: 2010-DN-077-

AR1045-02, Amendment 2
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of the beam position monitors (BPM’s) installed along the
UH MkV beamline.

Two varieties of BPM’s are installed along the MkV
beamline, a stripline type and a wall current variety. The
stripline BPM’s (shown installed on beamline in Fig. 1)
consist of a stainless steel body with four copper electrodes
oriented with § symmetry mounted on standard 2% inch
conflat flanges and are surplus from the SPEAR project at
SLACI1]. These stripline BPM’s are installed in four loca-
tions along the diagnostic chicane transport system, which
transports the e-beam from the linac to the FEL, as well as
injects the e-beam into the scattering chamber where the
x-ray IP is located.

The so-called “tin-can” wall current BPM’s contain an
FR-4 printed circuit board (PCB) sandwiched between a
pair of conflat-type knife edge flanges that make vacuum
seal against the copper plating on the board, routed with
traces which carry induced wall current at four cardinal po-
sitions around the beam pipe with a minimum of temporal
distortion to a 4-port connector block at the perimeter of the
PCB. A suitably placed toroid provides a large inductance
that forces all of the image currents that otherwise might
flow along the outside of the beam pipe to instead flow
along the impedance-matched PCB traces, insuring that all
the components of the wall currents so sampled will emerge
on the inner conductors of the coaxial output ports of the
BPM. The frequency response of these wall current BPM’s
is nearly flat from below 100 kHz to beyond 20 GHz. Fig-
ure 2 shows one of the two wall current beam position mon-
itors that have been installed in the MkV beamline (one at
the linac output and one at the input to the FEL). Further
description of these devices will be published separately.

Figure 1: Stripline BPM installed on University of Hawai’i
MkV FEL beamline.

Beam Position Monitor System
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A PROTOTYPE CAVITY BEAM POSITION MONITOR
FOR THE CLIC MAIN BEAM*

F. Cullinanf, S.T. Boogert, N. Joshi, A. Lyapin, JAI at Royal Holloway, Egham, UK
D. Bastard, E. Calvo, N. Chritin, F. Guillot-Vignot, T. Lefevre, L. Sgby, M. Wendt, CERN, Geneva
A. Lunin, V.P. Yakovlev, Fermilab, Batavia, USA

Abstract

The Compact Linear Collider (CLIC) places unprece-
dented demands on its diagnostics systems. A large number
of cavity beam position monitors (BPMs) throughout the
main linac and beam delivery system (BDS) must routinely
perform with 50 nm spatial resolution. Multiple position
measurements within a single 156 ns bunch train are also
required. A prototype low-Q cavity beam position monitor
has been designed and built to be tested on the CLIC Test
Facility (CTF3) probe beam. This paper presents the latest
measurements of the prototype cavity BPM and the design
and simulation of the radio frequency (RF) signal process-
ing electronics with regards to the final performance. In-
stallation of the BPM in the CTF3 probe beamline is also
discussed.

INTRODUCTION

The CLIC design for 3 TeV centre of mass energy in-
cludes a 40 km long main linac and a 6 km long beam
delivery system which require precise beam position mon-
itoring for operation. This will be achieved using close to
4800 cavity beam position monitors, one for each of the
4196 quadrupole magnets in the main linac and a further
600 in the BDS. These must have a good spatial resolu-
tion of 50 nm and a time resolution of 50 ns in order to
provide multiple, accurate position measurements within a
single bunch train. They must also operate in an environ-
ment where large shifts in temperature are expected [1].

A prototype cavity BPM has been designed and built to
be tested on the CTF3 probe beam later this year. It consists
of two cavities, a position cavity and a reference cavity.
The position cavity is a cylindrical pillbox with rectangular
waveguides that strongly couple to the first resonant dipole
mode in two polarisations (TM;1¢). The amplitude of each
polarisation is proportional to the beam offset in one trans-
verse dimension. The dipole mode frequency of 14.99 GHz
is close to 14 GHz which will be used for CLIC. It was cho-
sen so that signals from consecutive bunches, separated by
0.667 ns (0.5 ns for CLIC), add constructively and domi-
nate signals from other modes excited by the beam. The
reference cavity is re-entrant and its first monopole mode
(TMp10) is used for bunch charge normalisation and as a
reference beam arrival phase. It has the same frequency

*The research leading to these results has received funding from the
European Commission under the FP7 Research Infrastructures project Eu-
CARD, grant agreement n0.227579, DITANET under EU contract PITN-
GA-2008-215080 and the STFC; Computing time with ACE3P provided
by US DOE at NERSC

T Francis.Cullinan.2010@live.rhul.ac.uk
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S. Smith, SLAC, Menlo Park, California

Reentrant reference
cavity
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Dipole cavity with
waveguides

Figure 1: The brazed prototype pick-up assembly (left) and
the vacuum geometry (right) with fitted feedthroughs.

as the position cavity first dipole mode so that the same
signal processing can be applied to both for improved sta-
bility. Both cavities are designed to have low quality fac-
tors in order to achieve a good time resolution. The beam
pipe through the assembly has the same 4 mm radius as the
CLIC main linac [2].

A photograph of the two cavity assembly, which con-
sists of four stainless steel parts brazed together, is shown
in Fig. 1. The signals are extracted via feedthrough anten-
nas in the re-entrant part of the reference cavity and in the
case of the position cavity, at the end of the waveguides
where there are also tuning bolts. These push against the
wall of each waveguide opposite the antenna to tune the
antenna coupling to the dipole mode resonant frequency.
Each opposing pair of feedthrough antennas in the position
cavity measure the same dipole mode polarisation. Com-
bination of the two signals is not intended but having two
means a lower external quality factor and leaves the option
to suppress the TMa19 quadrupole mode using a 180° hy-
brid or to compensate for cross coupling with adjustable
short-circuit terminations. The signal from one of the two
feedthrough antennas in the reference cavity could also be
diode rectified for timing measurements [3].

The prototype pick-up was brazed at the end of April and
the feedthroughs, which are aligned with dowel pins and
sealed with silver-coated copper gaskets, were fitted after-
wards by hand. The assembly then successfully passed a
vacuum test. This paper describes the latest RF measure-
ments of the cavity, progress towards developing down-
conversion electronics and finally, beam test plans.
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DEVELOPMENT OF 3D EO-SAMPLING SYSTEM FOR THE ULTIMATE
TEMPORAL RESOLUTION

K. Ogawa and H. Tomizawa
RIKEN Harima Institute, 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo, Japan
Y. Okayasu and S. Matsubara
JASRI/SPring-8, 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo, Japan

Abstract

We have developed a set of key components for
ultrafast electron-bunch measurement using Electro-Optic
(EO) sampling technique. The key components are a
highly-qualified EO-probe laser pulse with an octave
bandwidth, an ultrafast organic EO crystal, and a spectro-
graphic EO-demultiplexing (EO-decoding) system. In
addition, we developed three-dimensional bunch charge
distribution (3D-BCD) monitor with arrival timing for an
FEL seeded with a high-order harmonic (HH) pulse. A
3D-BCD monitor is used multiple EO crystal. In our
EUV-FEL accelerator, we prepared a seeded FEL with an

EO-sampling based feedback system for user experiments.

For obtaining a higher seeding hit rate, 3D overlapping
between the electron bunch and the seeding HH-pulse
must be maximized and kept at a constant optimal seeding
condition. Keeping the peak wavelength of EO signals at
the same wavelength with our feedback system, we
provided seeded FEL pulses (intensity >4c of SASE) with
a 20-30% hit rate during pilot user experiments. For
achieving the upper limit of temporal resolution, we are
planning to combine high-temporal-response EO-detector
crystals and an octave broadband laser pulse with a linear
chirp rate of 1 fs/nm. We are developing the EO-probe
laser pulse with ~10 pJ pulse energy and bandwidth over
300 nm (FWHM). In 2011, we successfully demonstrated
the first electron bunch measurement with an ultrafast
organic EO crystal in the FEL accelerator at SPring-8.

INTRODUCTION

Since 2010 at SPring-8, we have been demonstrating a
seeded free-electron laser (FEL) in the extreme ultra
violet (EUV) region by high-order harmonics (HH)
generation from an external laser source in a prototype
test accelerator (EUV-FEL) [1]. In FEL seeding as a full-
coherent high-intensive light source for EUV user
experiments, high hit rates of successfully seeded FEL
pulses are required. Precise measurements of the electron
bunch charge distribution (BCD) and its arrival timing are
crucial keys to maximize and keep 3D (spatial and
temporal) overlapping between the high-order harmonics
(HH) laser pulse and the electron bunch. We constructed a
timing drift monitor based on EO-sampling, which
simultaneously measures the timing differences between
the seeding laser pulse and the electron bunch using a
common external pulsed laser source (Ti:Sapphire) of
both the HH-driving and EO-probing pulses (Fig. 1). The
EO-sampling system can use timing feedback for
continuous operation of HH-seeded FELs.
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The R&D of a non-destructive 3D-BCD monitor
(proposed by H. Tomizawa in 2006 [2]) with bunch-by-
bunch detection and real-time reconstructions has been
investigated at SPring-8. This innovative monitor is based
on an EO-multiplexing technique that resembles real-time
spectral decoding and enables simultaneous non-
destructive measurements of longitudinal and transverse
BCDs. This part of the monitor was simultaneously
materialized for probing eight EO crystals that surround
the electron beam axis with a radial polarized, hollow
EO-probe laser pulse. In 2009, we verified the concept of
a 3D-BCD monitor through electron bunch measurements
in the photoinjector test facility at SPring-8 [3].

As part of the Self-Amplified Spontancous Emission
(SASE) XFEL project at SPring-8, an additional target of
temporal resolution is ~30 fs (FWHM), which utilizes an
ultrafast organic EO crystal (DAST) instead of
conventional inorganic EO crystals (ZnTe, GaP, etc.). EO
sampling with DAST crystals is expected to measure a
bunch length that is less than 30 fs (FWHM). In 2011, we
demonstrated the first EOS bunch measurements with
DAST crystal in the EUV-FEL accelerator.

In this paper, we describe the development status of
ultrafast EO-sampling decoding system and octave
broadband EO-probe laser pulse for application of 3D-
BCD as a 3D-overlapping monitor for FEL seeding.

Laser source
| HHG-driving ]

DAZZLER
AO-modulatol
EO-probing

Half waveplate

olarizer

Glass-blockbulk stretcher
EO crystal:

E Z Fiber spectrometer ZnTe
HHG chamber
filled with xenon gas - - T =~

Accelerator ¢=5°

Figure 1: Experimental setup of seeded FEL with EO-
sampling feedback at EUV-FEL accelerator: relative
positioning in transverse and timing in longitudinal of
electron bunch with respect to arriving timing of a
seeding HH pulse are monitored at entrance of the first in-
vacuum undulator to keep in a best seeding condition.

In-vacuum undulator
EO chamber

3D-BCD MONITOR

EO-sampling measures a probe-pulse’s retardation by
changing the refraction index of a non-linear optical
crystal by the radial Coulomb field of relativistic electron
bunch slices. The EO-probe laser pulse is injected into the
EO crystal at the same time as the electron bunch arrives
at the EO crystal. The BCDs are bunch-by-bunch encoded

Beam Position Monitor System



Proceedings of IBIC2012, Tsukuba, Japan

MOPA21

IMPROVEMENT OF THE SIAM PHOTON SOURCE STORAGE RING BPM
SYSTEM

S. Klinkhieo, P. Sudmuang, S. Krainara, N. Suradet, S. Tesprasitte, S. Boonsuya, P. Klysubun,
SLRI, 111 University Ave., Muang, Nakhon Ratchasima 30000, Thailand
Yung-Hui Liu, Hsin-Pai Hsueh, June-Rong Chen, NSRRC, 101 Hsin-Ann Road, Hsinchu Science
Park, Hsinchu 30076, Taiwan
P. Songsiriritthigul, School of Physics, Suranaree University of Technology, Muang, Nakhon
Ratchasima 30000, Thailand

Abstract

This report describes the improvement of the Beam
Position Monitor (BPM) system of the 1.2 GeV storage
ring of the Siam Photon Source (SPS). Systematic studies
and investigations to improve the machine performance,
and storage ring BPM system have been carried out in the
last few years. Major technical problems have been found
and solved. The causes of the unreliability of the original
BPM system were also identified. It was mainly caused
by the low quality and improper installation of BPM
signal cables. Detailed descriptions of the replacement
with higher quality (lower loss and better interference
shielding) BPM cables and implementation of a separate
cable trays for the BPM cables, as well as the work on
BPM electronic board calibration will be described. The
measurement results before and after the improvement of
the BPM system will also be presented.

INTRODUCTION

The Siam Photon Source storage ring routinely operates
at 1.2 GeV with a nominal current of 150 mA. The ring
circumference is 81.3 meters. Its lattice is Double Bend
Achromat (DBA). The ring has, among other components,
20 button-type BPMs. [1, 2]

As the number of users increases, so does the demand
for better quality beam. Our first efforts focused on
investigation and improvement of the existing BPM
system since the BPM is the most important diagnostic
tool for both machine studies and routine machine
operation. In addition, it will be an indispensable part of
our orbit feedback system in the near future. In the
beginning of 2011, major problems of the original BPM
system were indentified and fixed by the machine group
and visiting machine physicists from NSRRC, Taiwan.
The improved BPM system shows reliable performance
and exhibits accuracy of measurement in micron-scale
resolution.

In the following sections, we first describe the status of
the original SPS storage ring BPM system. We then
present our work on replacing BPM signal cables and
calibrating the BPM electronic modules. Finally,
measurement results before and after the improvement of
the BPM system are presented.

*supat(@slri.or.th

Beam Position Monitor System

ORIGINAL SPS STORAGE RING BPM
SYSTEM

Back in the year 2000, the SPS storage ring was just
installed and commissioned. The ring incorporated a set
of 20 button-type BPMs, with each BPM comprised of a
BPM block, position sensors, coaxial cables, and detector
electronics board. The signals from each individual board
were collected and processed by the control system. The
BPM block is directly welded on the storage ring vacuum
chambers without flanges or bellows.

BPM Electronic Modules

The BPM pick-up system uses four electrodes as
position sensors. Beam position is a function of the
amplitude difference of these electrodes’ signals. These
signals are fed into the BPM electronic modules where
they are processed sequentially to provide simultaneously
two outputs: horizontal (X) and vertical (Y) beam
positions. [3, 4]

The MX-BPM-118.00MHz electronic modules of the
BPMs were made by Bergoz Instrumentation. All the
modules and data acquisition equipments are distributed
into two groups, the housing of which are located outside
the radiation shielding wall on the opposing sides of the
storage ring (Fig. 1).

[O)
Figure 1: (a) Bergoz BPM electronic module. (b)
Electronic device rack.

BPM Cables

The old system uses HUBER&SHUNER GX03272
coaxial cables, with one layer of electromagnetic
shielding, mounted with N-type and SMA-type
connectors on each end. The BPM electrode signal is
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Abstract

Photon beam position monitors (PBPM) have been
designed and installed in the beamline front-ends at Siam
Photon Source (SPS). Up till now, these blade-type
PBPMs have been successfully installed at three bending
magnet and an insertion device (planar undulator)
beamlines. Their performance has been tested and
compared with that of the electron beam position monitor.
The achieved resolution is found to be better than 3 pum.
The obtained PBPM data proved to be extremely
invaluable in the investigation of the sources of the
observed beam positional fluctuation, and for
compensation of the orbit perturbation caused by
undulator gap change. In this paper, the details of the
calibration procedure will be presented. Various factors
affecting reading of the signal such as undulator gap
change effect, choice of bias voltage, and temperature
variation have been investigated and the results will be
discussed herewith.

INTRODUCTION

The Siam Photon Source (SPS) is a dedicated 1.2 GeV
synchrotron light source in Thailand [1]. Currently, there
are seven photon beamlines in operation, with three more
under commissioning. In addition, there are three new
photon beamlines under construction. As the number of
experiments increases, coupled with the fact that more
complicate experiments are being carried out, there is
more demand from the users for higher quality beam,
especially with regards to the beam positional stability
aspect. In recent years the machine group has focused its
effort to achieve this goal [2]. To investigate the sources
of the beam position fluctuation and observe the
subsequent improvement quantitatively, Photon Beam
Position Monitors (PBPMs) have been developed and
installed. Several types of PBPMs have been developed at
synchrotron facilities around the world [3-4]. For SPS,
the 4-blade type PBPM is chosen.

In this paper, the PBPM structure together with the
criteria for blade spacing determination are presented,
followed by the details of the calibration procedure, and
various factors affecting the sensitivity and linearity
threshold of the PBPM. In addition, the experiments for
testing PBPM performance are described.

ISBN 978-3-95450-119-9
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PBPM DESIGN

PBPM Structure

Figure 1(a) shows the design of the 4-blade type PBPM
structure. The blades are triangular and were made of 0.2
mm-thick tungsten. The upper pair was affixed to a water-
cooled copper block at the front facing the beam, while
the lower pair was placed at the rear end. The blades were
slotted in sapphire plates for electrical insulation and
thermal conduction. A biased photoelectron collector was
installed on each side of the copper block to remove the
scattered photoelectrons. The PBPM block is attached to
an XY translation stage for alignment and calibration
processes. The schematic layout of the whole PBPM setup
is shown in Figure 1(b). Generated photocurrent is
measured by a picoammeter (Keithley 6485). To
investigate thermal effect on the measured photocurrent, a
thermocouple was installed on the copper block.

(a) (b)

Figure 1: 3D drawings of (a) the 4-blade type PBPM
block, and (b) the whole PBPM setup.

Determination of the Blade Spacing
The spacing between the blades (G, , G, ), as shown in

Figure 2, are determined by the photon beam power
densities at the location of the PBPM. In order to optimize
the sensitivity and linearity range, the spacing should be
two times the Gaussian width, i.e. G=20, except for
G, of the bending magnet PBPM, which is specified by

the horizontal opening angle of a particular photon
beamline. To avoid cross-talk among the blades, the upper
and lower blades were shifted by 2 mm (D) apart.

Beam Position Monitor System
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PERFORMANCE AND UPGRADE OF BPMS AT THE J-PARC MR
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J-PARC/KEK', J—PARC/JAEAz, Mitsubishi Electric System & Service Co.,Ltd3, Tokai, Naka, Japan

Abstract

Since recovery from the great earthquake 2011.3.11,
proton beams, more than 10" ppp (protons/pulse), are
accelerated up to 30 GeV at the J-PARC MR. For higher
intensity beams the following two tasks need to finish:
signal attenuation and re-allocation of the BPMs. The
attenuator and switchable LPF are attached just before the
BPMC (a processing circuit for the BPM). In connection
with the MR collimator upgrade to get much more
intensity, some BPMs are re-allocated with the steering
magnets.

INTRODUCTION

The BPMs in the J-PARC MR were originally
designed with the external capacitors [1, 2]. The aim was
to improve a position response by mitigating the
capacitive coupling between electrodes, and to get an
adequate output voltage at the design intensity, 4x10"
ppb (protons/bunch) with the lowered cut-off frequency.
However, we decided to abandon the idea of adding the
capacitors. With the external capacitors the signal would
have been too small at low intensity beams of the initial
beam commissioning. On the contrary in the present
configuration without capacitors the signal is too large
with the design intensity beam. We have added the small
box consisted of an attenuator and a switchable LPF just
before the BPMC (a processing circuit for the BPM). This
paper describes the design and test results on those
additional backend-circuits.

To reach higher intensities, we have to admit more
controlled beam losses localized at the MR collimator
than the original design [3, 4]. The original lattice
element order:

Quad. — Drift / Collimator — Steering — [BPM+Quad]
was changed to

Quad. — Drift / Collimator — Additional collimator — Quad.

— [Steering+BPM].
The design and procedure of the re-allocation is
reported.

ATTENUATOR PLUS SWITCHABLE LPF
FOR MR BPMS

There are 186 BPMs in the MR. A drawing and a

photograph of the regular size BPM are depicted in Fig. 1.

The electrodes are cut diagonally, which result in linear
position response. According with the recent intensity
increase, Fig. 2, we need to set the signal attenuators
before the present BPMC (Fig.3).

One of the diagonal-cut electrode pair with the inner
diameter of ¢$130 mm and the length of 100 mm is
estimated to produce the signals as shown with a red line
in Fig. 3. The design intensity of ~4x10" protons per

Beam Position Monitor System

bunch and the bunching factor (By) of ~0.045 (flat top)
are assumed.

Figure 1: Beam position monitor of the MR.
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Figure 2: MR beam power history of the fast beam
extraction in the first half of FY2012 [5].

Due to the high-pass frequency characteristics of the
BPM, higher frequency dominated beam of smaller B;
tends to produce higher BPM output voltage, 108 V at
maximum. The peak beam current variation due to
adiabatic change of the longitudinal motion during
acceleration from 3 GeV to 30 GeV is exaggerated by the
high-pass frequency response of the BPM, and the signal
variation due to B¢ change from 0.3 to 0.045 is ~30 times
(Fig. 4). Adopting LPF with the cut-off of 796kHz, we
obtain the signal voltage for the BPM circuit as 9.25 V at
maximum with a 10 dB attenuator as shown in Fig. 3 and
4, which is well below the acceptable input level of the
BPM circuits. Moreover the signal voltage variation is
reduced to the ratio of ~8.
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TURN-BY-TURN BPM SYSTEM USING COAXIAL SWITCHES AND ARM
MICROCONTROLLER AT UVSOR

Tomonori Toyoda, Kenji Hayashi, and Masahiro Katoh, IMS, Okazaki, Japan

Abstract

A major upgrade of the electron storage ring at
UVSOR facility (Institute for Molecular Science, Japan)
started from April 2012. To assist the commissioning
procedure, we have developed a turn-by-turn Beam
Position Monitor (BPM) system which consists of a
signal switching circuit, a digital oscilloscope and
software. Using this system, we have been able to
determine not only the orbit but also the betatron tune.
The system was very powerful to achieve the beam
storage at the commissioning.

OUTLINE OF UVSOR

A 750 MeV synchrotron light source, UVSOR (Fig. 1),
has been operational since 1983. In 2003, the ring had a
major upgrade to reduce the emittance and increase the
straight sections available for insertion devices. Since
then, the ring has been called UVSOR-II. Since 2010, the
storage ring had been operated for users fully in the top-
up injection mode, in which the beam current is kept
constant at 300 mA.

Figure 1: UVSOR-III electron storage ring.

In 2012, a new upgrade program is in progress. The
bending magnets were replaced with combined-function
ones to reduce the emittance by about a factor of two. A
new in-vacuum undulator was installed in the last straight
section reserved for insertion devices. A pulse sextupole
magnet for injection without a bump orbit was
constructed and is ready for commissioning. After this
upgrade, the ring is called UVSOR-III. Parameters of
UVSOR-III are shown in Table 1.
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Table 1: Main Parameters of UVSOR-III

Electron Beam energy 750MeV

Circumference 53.2m

Straight Sections 4dmx4,1.5mx 4

Emittance 17nm-rad

Energy Spread 5.4mx 10™

Betatron Tunes (3.70, 3.20)

Momentum Compaction Factor ~ 0.033

XY Coupling(presumed) 3%

RF Accelerating Voltage 100kV

RF Frequency 90.1MHz
BPM AT UVSOR

UVSOR-III storage ring has 24 BPMs (Fig. 2), each of
which consists of 4 button electrodes (Fig. 3 and 4). We
use a commercial signal processing system (Bergoz Co.
[1]) for regular operation.

| 10m |
I 1

Figure 2: Layout of the BPM heads along the ring.

Position of the electron beam is calculated using the
equations:

V,=Vy=V.+V,

X=K, 7
VetV + 1,

()

Beam Position Monitor System
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APPLICATION OF EMMA BPMS TO THE ALICE ENERGY RECOVERY
LINAC

A. Kalinin#, D. Angal-Kalinin, F. Jackson, J. K. Jones, P. H. Williams,
ASTeC, STFC Daresbury Laboratory, Warrington, U.K

Abstract

The ALICE Energy Recovery Linac Arcl button
pickups have been recently equipped with EMMA BPM
electronics. These EPICS VME BPMs give bunch-by-
bunch information about charge and position, allowing
investigation of beam dynamics in ALICE in different
modes of operation. A Mathematica program is designed
to monitor statistically individual bunches (spacing
61.54ns) as well the train as a whole (up to 1625
bunches), allowing the study of jitter and position stability
of the beam through the Arcl. The Arcl has been
designed to be isochronous, with the bunch compression
achieved through a separate dedicated bunch compressor
chicane. The Arcl incorporates two sextupoles for
correcting non-linear longitudinal matrix terms and
experimental evidence suggests that the off-centred beam
in the sextupoles breaks the linear isochronicity. We
present some beam measurement results collected in 2012
using these BPMs.

INTRODUCTION

The ALICE (Accelerators and Lasers In Combined
Experiments) facility, shown in Fig.1, is an energy
recovery test accelerator operated at Daresbury
Laboratory since 2006 [2].

The accelerator consists of: a photoinjector with DC
gun (up to 350 keV); buncher and superconducting
booster (typically 6.5 MeV beam energy); an energy-
recovery loop (typically 26 MeV beam energy) containing
a superconducting linac module; a bunch compression
chicane; and an FEL undulator.

The main demands on the ALICE beam dynamics and
beam quality come from the IR-FEL and the coherent
THz emission from the compression chicane used for
dedicated experiments. By design the ALICE lattice
consists of an isochronous first arc (Arcl), a bunch
compressor with Rsg¢= —0.28m, and a second arc with Rs
= +0.28m. The arc design is based on triple bend
achromats (TBA) [3], and the Rss is tuneable by the
strengths of quadrupoles within the arc.

The Rss of Arcl strongly influences the post linac
bunch compression. This has been consistently observed
in both THz as well as FEL setups. Due to a previous lack
of reliable beam diagnostics in Arcl, it has not been
possible to investigate beam dynamics in detail,
especially through the sextupoles, which are needed to
provide second order correction. It has consistently been
observed that the two sextupoles steer the beam and
modify the transverse optics, making Arcl non-
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Beam Position Monitor System

isochronous and affecting the beam dynamics in the
transverse as well as longitudinal planes. FEL lasing was
found to be very sensitive to the setting of the first
sextupole, whereas the second sextupole has never
demonstrated any improvement in either the FEL or THz
setups.

In order to understand the beam dynamics in Arcl and
the chicane, the pickups 01 to 06 in Arcl (see inset of Fig.
1), and an additional pickup in the chicane, have been
recently equipped with EMMA BPM electronics. It is
possible to connect any five (from seven) pickups to the
electronics at a time. These BPMs provide information
about misalignments and trajectory errors in Arcl as well
as providing bunch-by-bunch and train-to-train
information about charge and position.

Additional information from the time-of-flight (ToF)
measurements [4] combined with these observations
should be able to provide a better understanding of beam
dynamics, and help in explaining the current performance
limitations.

We present here the first experimental results obtained
using these BPMs, and describe the details of BPM
capabilities and the Mathematica processing program
used for analysis.

BEAM POSITION MONITORS

One of the ALICE functions is to deliver beam to a NS-
FFAG EMMA. EMMA’s BPMs [1] are designed for turn-
by-turn measurements (turn is 55.2ns). Four of them of
the same type are used in the ALICE to EMMA Injection
Line to monitor a single bunch train from ALICE. These
BPMs were modified to work with ALICE many-bunch
trains, which is useful for injection tuning and opens the
possibility to apply these BPMs to ALICE as well. The
ALICE train bunch rate can be set to (1.3GHz/16)/N,
where N=1, 2, ... is an integer. For most of ALICE
experiments, N=5 (bunch spacing 7=61.54ns). This rate
has been used for the BPM measurements below. The
train length was up to 1625 bunches (which is typical for
IR-FEL operation). The bunch charge was in the range
(30 to 60)pC.

The Arcl and chicane pickups are rectangle pickups
with two pairs of horizontal buttons symmetrically spaced
from the x, y planes. In the measurements below we
calculated the beam offset in the simplest way using a
formula ((V11-V12FV21+122))/X, and the charge simply
as 2=V11+V12+V21+V22. The pickups have no
fiducials, so the relative positions of the BPM centres to
the quadrupole centres, or the beam pipe, are unknown.

Each two-plane BPM (see [1]) comprises two Front-
Ends placed near the pickup. Each of them works with
two opposite button signals. It first converts them into
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DESIGN AND FABRICATION OF THE STRIPLINE BPM AT ESS-BILBAO

S. Varnasseri, I. Arredondo, D. Belver, F.J. Bermejo, J. Feuchtwanger, N. Garmendia,
P.J. Gonzalez, L. Muguira, ESS-Bilbao, Leioa, Spain
V. Etxebarria, J. Jugo, J. Portilla, University of the Basque Country, UPV/EHU, Leioa, Spain

Abstract

A stripline-type BPM has been designed and built at
the ESS-Bilbao premises. The design is based on
traveling wave electrodes principles to detect the
transverse position of the beam enclosed within the
vacuum chamber. In the design of stripline setup, it has
been considered to keep the comparison conditions with
previously used pick-ups as similar as possible. The
length of strip electrodes is 200 mm and the coverage
angle is 0.952 rad. The structure is rotationally /2
symmetric and the alignment of electrodes are n/4, 3n/4,
5n/4 and 7m/4. The design is optimized for a frequency of
352 MHz, however it can function on a wide range of
frequencies out coming from the measurement results.
Striplines in general have well defined behavior even for
low beta and low intensity beams as well as functionality
at low and high frequencies. A report on the design and
characteristics measurement of stripline is presented
which includes the frequency range, the effect of
insulation of electrodes, the electrode response as well as
their sensitivity to beam power and position.

INTRODUCTION

The ESS-Bilbao (ESSB) project comprises a light-ion
linear accelerator feeding a low-energy neutron source.
Beam Position Monitors (BPMs) are some of the
diagnostic systems under current development. A first
stage in such an endeavor was the full development of a
Button Pick-up BPM prototype [1] which attained full
performance specification. The main drawback of button
pick-ups concerns their weak sensing response at low
energy and low beta beams such are the ones already
under consideration within ESS-Bilbao. To overcome
such difficulty, in collaboration with the Department of
Electricity and Electronics of the University of the
Basque Country (UPV/EHU), we have designed, built and
tested a stripline monitor consisting of four electrodes as
schematically shown in Fig.1. The implementation of this
BPM system includes the pick-ups and stripline BPMs,
the test stand for simulating beam conditions, the analog
and digital electronic units and the control system [1].
The control system integrates the BPM system into the
Experimental Physics and Industrial Controls System
(EPICS) [2] network of the accelerator.

GENERAL DESIGN AND
CONSIDERATIONS

The electromagnetic structure of the stripline BPM was
separated into two smaller structures for the ease of the
electromagnetic simulation [3]. One structure includes the
tube and electrode strips and the second structure
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comprises the transitions and feedthroughs. The criteria of
maximum sensitivity at the ESSB RF frequency of 352
MHz and the 50 Q impedance for the elements are taken
as constraints to the design. The rigid N-type feedthrough
with long signal pin is chosen as also the signal feed out
from stripline to the electronics via coaxial cables. The
transition from the strip electrode to the feedthrough was
simulated and optimized in order to minimize the signal
reflection in both ways. The optimum length of electrode,
for which the sensitivity of the signal to the beam
displacement is maximum, occurs at a signal walk equal
to one quarter of wavelength of the exit beam. The
stripline tube inner diameter is 57 mm and the length of
strip electrodes is 200 mm, while the azimuthal coverage
angle is 0.952 rad. Increasing the coverage angle could
result in signal integrity deterioration due to coupling
between adjacent strip electrodes. The assembly angles of
strip electrodes are m/4, 3m/4, 5wn/4 and 7n/4. This
corresponds to a m/4 rotation of the stripline block around
the beam axis in order to be fitted easily on the test stand.

Figure 1: 3D schematic of the stripline BPM.

Figure 2: BPM fabricated electrodes

configuration.

Stripline

Beam Position Monitor System
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IMAGE PROFILE DIAGNOSTICS SOLUTION FOR THE TAIWAN
PHOTON SOURCE

C.Y. Liao#, C. H. Kuo, C. Y. Wu, Y. S. Cheng, Demi Lee, P. C. Chiu, K. H. Hu, K. T. Hsu
NSRRC, Hsinchu 30076, Taiwan

Abstract

TPS (Taiwan Photo Source) is a third generation 3 GeV
synchrotron light facility, featuring ultra-high photon
brightness with extremely low emittance which will be a
state-of-the-art synchrotron radiation facility and is being
in construction at National Synchrotron Radiation
Research Center (NSRRC) campus. Beam image profile
and its analysis play an important role in beam
diagnostics of a particle accelerator system. However, due
to the CCD image collection devices are distributed
around the linac, booster, and storage ring, a distributed
EPICS system based image profile diagnostics solution
was proposed, which are based on GigE Vision camera
with PoE support. This solution provides an easy way for
cabling, and delivery adequate  performance.
Implementation plan for the TPS and results of prototype
test at existed facility to examine functionality of
hardware and software will be summarized in this report.

INTRODUCTION

The TPS is a state-of-the-art synchrotron radiation
facility featuring ultra-high photon brightness with
extremely low emittance [1]. Civil construction was
started from February 2010. The building will be finished
in 2012. Machine commissioning is scheduled in late
2013. User service will start from 2014. The TPS
accelerator complex consists of a 150 MeV S-band linac,
linac to booster transfer line (LTB), 0.15-3 GeV booster
synchrotron, booster to storage ring transfer line (BTS),
and 3 GeV storage ring. The storage ring has 24 DBA
lattices cells with 6-fold symmetry configuration. The
latest generation diagnostic systems will equip to help
TPS achieve its design goals.

To optimize the machine operation and diagnostic
applications, the beam profile and its analysis play an
important role in the beam diagnostics of a particle-
accelerator system. The use of a destructive (fluorescent
screen, YAG:Ce, Y3;Al;s0;; [2]) or non-destructive
(Microchannel plate, MCP [3]) screen monitor, or a
synchrotron radiation monitor [4] to measure the beam
profile is a simple mechanism that has been widely used
in synchrotron facilities. The beam-profile image conveys
extensive information about beam parameters, including
the beam centre, sigma, tilt angle etc. As is customary, the
beam profile as a two-dimensional (2D) image is recorded
with cameras. The fluorescent screens that convert the
flux density of the beam into a measurable signal as a
function of position, and a charge-coupled device (CCD)
camera for image acquisition, are used in applications of
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this kind. Thanks to inexpensive CCD cameras and the
availability of computer technology, the obtaining,
storage and analysis of 2D images has become easier and
quicker. The images of the beam as recorded with
cameras are most conveniently represented as light
intensity with 2D circular or elliptical Gaussian
distributions.

In this report, a distributed EPICS system based image
profile diagnostics solution was proposed, which are
based on Gigabit PoE (Power over Ethernet) embedded
vision system with PoE camera. This solution provides an
effective way to simplify wiring, and increased
performance, load independence and reliability, which
can be used at various places such as screen monitor,
synchrotron radiation monitor, ICCD, and streak camera,
as a standalone image acquisition and processing system.

OVERVIEW OF INFRASTRUCTURE

The infrastructure is developed by using a Gigabit PoE
embedded vision system installed the EPICS I0OC and
integrated with Matlab program to build up a data
acquisition and processing system. For the beam
diagnostic application, this system is responsible for the
beam profile acquisition from fluorescent screen, gated
ICCD or streak camera, and used to analysis to find the
beam characteristic data. The infrastructure employed can
be divided into hardware and software components as
described in the following subsections.

Vision System and Camera

In the image profile diagnostics solution, a Gigabit PoE
embedded vision system (ADLINK, EOS-1200 [5]), as
shown in Fig. 1, was used instead of traditional computer
and switch. This device is a rugged and compact
embedded vision system equipped with the 2™ generation
CPU (i7) and four independent PoE ports. It also supports
a rich I/O capability, including four serial ports
(RS232/422/485), two USB 3.0 ports, 32 PNP/NPN
isolated digital I/Os, which make it ideal to integrate, and
deploy with other subsystem for system development.

Figure 1: Gigabit PoE embedded vision system.
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IMPROVEMENT OF HARDWARE AND SOFTWARE SETUP FOR THE
ACQUISITION AND PROCESSING OF STAM PHOTON SOURCE
BPM SIGNAL

N. Suradet, S. Klinkhieo, P. Sudmuang, S. Krainara, C. Preecha, S. Boonsuya, P. Klysubun
SLRI, 111 University Avenue, Muang District, Nakhon Ratchasima, 30000, Thailand

Abstract

Data acquisition and processing system has been
developed for the Siam Photon Source (SPS) storage ring
BPM system in order to improve monitoring and logging
performances. BPM readout, i.e. scanning of BPM
electrode voltage outputs and subsequently converting to
X-Y position values, is now performed by an upgraded
Programmable Logic Controller (PLC) with higher bit
resolution (16-bit) analog-to-digital converter (ADC).
Moving averaging is then performed on the obtained
BPM data utilizing a LabVIEW code to reduce
background noise during on-line measurement. All data is
then stored on a dedicated computer serving as a central
data logging system, which can be remotely accessed via
a network communication link. In this report, details of
the new setup will be presented, and comparison will be
made between the performance of the new and previous
setups, together ~ with  suggestions on further
improvements.

INTRODUCTION

The Siam Photon Source (SPS) is the first synchrotron
light source of Thailand. The accelerator complex consists
of a 40 MeV electron linac, a 1.0-GeV injector and a 1.2
GeV electron storage ring, the configuration of which is
based on a four-fold symmetric double bend achromat
(DBA) lattice. [1-3] In recent years, the demand for better
beam position stability has continually increased. To
address this issue, the machine group has undertaken a
number of coordinated efforts, for e.g., improving sensor
systems in the storage ring, stabilizing ambient and
cooling water temperatures, improving the diagnostic
beamline setup, developing a slow orbit feedback system,
among others. One of the most important tasks in this
undertaking is undoubtedly the improvement of the orbit
measurement and monitoring systems.

The improved SPS storage ring BPM system has
provided the machine group with the possibility to
improve the beam quality by providing accurate and
reliable reading, assisting the group in making correct
analyses. The new logging and retrieval systems also help
making the correlation between the monitored beam
fluctuation and any machine parameters easier. It is also a
vital part of the slow orbit feedback system, which had
not been possible to implement since the machine
produced its first synchrotron light. [4, 5]. This report
describes the improvement of BPM data acquisition and
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processing system, the development of a new logging
system, along with the upgraded hardware and software
configurations. The measurement results before and after
the improvement will be presented and discussed.

HARDWARE CONFIGURATION

Figure 1 shows a schematic block diagram of the
developed BPM signal processing for the SPS storage
ring. The BPM electrode signals processed by the BPM
electronic modules are passed to the programmable logic
controllers (PLC). Signal averaging and data logging are
then performed by two dedicated computer servers.

BPM System

BPM pickups are installed in 20 locations next to the
quadrupole magnets along the 81.3 meters long
circumference of the SPS storage ring. Each BPM block
consists of four electrodes. Raw signals from the
electrodes will be sent to the BPM electronic modules
where they are processed to provide horizontal (X) and
vertical (Y) beam position outputs, simultaneously [4, 5].

Programmable Logic Control

The PLC has to accomplish several tasks. First, the
output signals from BPM electronic modules are
converted by a new 16-bit ADC (Allen Bradley 1756-
IF6I) in the PLC’s module at 40 Hz sampling frequency.
The X-Y beam positions are calculated and subsequently
fed into the PC-Average and PC-Logger computers. All
PLC and BPM modules, as well as all electronic devices
for data acquisition are installed in the same rack, situated
just outside the storage ring in the experimental hall area.

Computers

The two processing computers are located in the
machine control room. The data processing server (PC-
Average) and the data acquisition server (PC-Logger) are
connected to each other via a LAN network.

SOFTWARE CONFIGURATION

As mention in the previous section, the software
development and implementation are divided into two
parts: (i) the data processing (moving average) part on
PC-Average computer, and (ii) the data acquisition (data
logging) part on PC-Logger computer.

Data Acquisition Techniques
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DESIGN STATUS OF THE EUROPEAN X-FEL TRANVERSE INTRA
BUNCH TRAIN FEEDBACK

Boris Keil, Raphael Baldinger, Carl David Beard, Micha Markus Dehler, Waldemar Koprek, Goran
Marinkovic, Markus Roggli, Martin Rohrer, Markus Stadler, Daniel Marco Treyer,
PSI, Villigen, Switzerland
Vladimir Balandin, Winfried Decking, Nina Golubeva, DESY, Hamburg, Germany

Abstract

The European X-Ray Free Electron Laser (E-XFEL)
[1] will have a fast transverse intra-bunch train feedback
(IBFB) system [2] to stabilize the beam position in the
SASE undulators. E-XFEL bunch trains consist of up to
2700 bunches with a minimum bunch spacing of 222ns
and typ. 10Hz train repetition rate. The IBFB will
measure the positions of each bunch in the bunch train,
and apply intra-train feedback corrections with fast
kickers, in addition to a feed-forward correction for
reproducible trajectory perturbations. By achieving a
feedback loop latency in the order of one microsecond,
the IBFB will allow the beam position to converge
quickly to the nominal orbit as required for stable SASE
operation. The latest conceptual design of the IBFB and
the status of IBFB components will be presented.

INTRODUCTION

The E-XFEL has a superconducting 17.5GeV main
linac, with 0.1-1nC nominal bunch charge, and N-111ns
bunch spacing, where N is an integer > 1. One distinct
feature of the accelerator is its ability to generate bunch
trains of up to 600us length with arbitrary bunch patterns
for the SASE undulators, where different parts of the
same bunch train can be distributed to different undulator
lines by means of a beam distribution system [3].

Transverse Beam Stability

In order to achieve sufficient and reproducible intensity
and pointing stability of the X-ray photon pulses
generated in the E-XFEL SASE undulators, the electron
beam should deviate less than ~c/10 from its nominal
(ideally straight) trajectory in the undulators, with typical
beam sizes of 6=30um or less depending on beam charge

and resulting emittance. However, due to a number of
transverse perturbations sources, deviations of more than
~o/10 from this trajectory are expected to occur without
operational IBFB. Perturbations that are random, i.e. not
reproducible, will be corrected by a fast intra bunch train
feedback (IBFB) system can measure and correct the
trajectory individually for each bunch. In addition, for
perturbations that are reproducible from bunch train to
bunch train (or change sufficiently slow) the IBFB will
apply a static (or adaptive) feed-forward correction.

Perturbation Sources, Frequencies, and
Feedback Loop Latency

Table 1 shows the presently expected main horizontal
(X) and vertical (Y) perturbation sources, their estimated
worst-case peak amplitudes and necessary correction
kicks [4], normalized to 30m beta function both at the
location of position measurement and of the kicker. Since
no significant random perturbations with very high
frequencies are expected, we aim for a feedback loop
latency of <1.5ps, allowing to correct non-reproducible
perturbations up to a maximum (0dB) frequency of
~70kHz. Although a lower latency is possible, we favour
a latency that is somewhat larger that the technically
feasible minimum value, because this allows to use e.g.
ADCs with higher resolution (having higher latency) for
the BPMs, or more advanced FPGA algorithms to correct
BPM RF front-end 1Q imbalance and X/Y-coupling, thus
reducing BPM-noise dominated perturbations that the
IBFB adds to the beam. Since the IBFB kickers can apply
arbitrary individual kicks for each bunch, the additional
feed-forward corrections applied by the IBFB allow to
correct reproducible perturbations of any frequency from
several MHz down to DC within the available kick range.

Table 1: E-XFEL beam trajectory perturbation sources, estimated worst-case peak amplitudes, and frequencies

X Y Frequency | Plane | Perturbation | Kick(X) | Kick(Y)

[I:m] [I:m] [kHz] TzBe [Erad] [Hrad]
Magnet Vibrations +28 +28 <1 XY Random +1.0 +1.0
Power Supply Noise +12.6 +12.6 <1 XY Random +0.5 +0.5
Vibration-Induced Dispersion Jitter +2.5 +2.5 <l XY Random +0.1 +0.1
Beam Distribution Kicker Drift +0 +1 <1 Y Repetitive +0 +0.04
Beam Distribution Kicker Noise +0 +1 <5000 Y Random +0 +0.04
Spurious Dispersion (3% Energy Chirp) +15 +15 <1 XY Repetitive +0.5 +0.5
Nonlinear Dispersion (3% Energy Chirp) | £15 +0 <l X Repetitive +0.5 +0
Spurious Dispersion (1E-4 Energy Jitter) +0.5 +0.5 <5000 XY Random +0.02 +0.02
Nonlinear Dispersion (1E-4 Energy Jitter) | +£0.15 +0 <5000 X Random +0.005 +0
Wakefields +25 +25 <5000 X/Y Repetitive +0.9 +0.9
Sum Of Peak Values +98.8 +85.6 +3.5 +3.1
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DEVELOPMENT OF BUNCH CURRENT AND OSCILLATION RECORDER
FOR SuperKEKB ACCELERATOR

Makoto Tobiyama” and John W. Flanagan,
KEK Accelerator Laboratory, 1-1 Oho, Tsukuba 305-0801, Japan

Abstract

A High-speed digital signal memory has been
developed for the bunch current and oscillation recorder
for SuperKEKB. It consists of an 8-bit ADC and a FPGA
daughter card consists of Spartan-6 and DDR2 memories
commercially available on a double width VME card. The
block-RAM on the FPGA is used to transfer bunch
current data with low latency for prompt bunch current
measurements, and the large DDR2 memory is used for
long-duration position recording, such as post-mortem
bunch oscillation recording. The performance of the
board, including data transfer rate, will be presented.

INTRODUCTION

The construction of the SuperKEKB accelerators to
upgrade the KEKB B-factory has started in FY 2010 and
in progress almost on schedule up to now. On
SuperKEKB rings, we almost double the stored current,
reduce the beam emittance down to about 1/10, squeeze
betatron functions at the interaction point to achieve 40
times larger luminosity than KEKB. As the physical and
dynamic aperture of the rings will be much smaller than
that of KEKB, a positron damping ring is under
construction to reduce the beam size of the injected beam.
Table 1 shows the main parameters of the SuperKEKB
accelerators (High Energy Ring: HER, Low Energy Ring:
LER and Damping Ring: DR).

Since the luminosity of a collider is proportional to the
bunch current product of each beam, and it is almost
normal that they push the bunch currents as near as
available to the beam-beam limit, it is fairly important to
measure the bunch currents and to keep the filling pattern
as flat as possible for stable operations and effective
tunings. In other rings such as the damping ring or storage
rings for SR use, though the priority of measuring prompt
bunch current to flat the filling pattern is not so high, it is
still meaningful to record or control the bunch filling
information to understand the beam behaviour such as to
study the collective effects.

In KEKB, we have used the bunch current monitor and
the bunch oscilla