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ABSTRACT

Design and development of Beam Position Monitor (BPM) electronics and control was
carried out at Accelerator Control Division (ACnD), BARC under the MOU between BARC-TIFR
and GANIL for “Nuclear Physics, Research and Development Co-operation” and Associated
International Laboratory (LIA) agreement between Indian and French scientific Institutes.
Subsequent to prototyping and testing, 20 BPM electronic systems were fabricated and
commissioned in the LINAC of SPIRAL2 at GANIL, France. BPM system performs the
measurement of not only beam position, but also phase, shape and intensity of the beam
line during the operation of the accelerator. SPIRAL2 is a high intensity particle accelerator
commissioned and operational at GANIL since Dec 2021.

Five BPM modules in a VMEG4 chassis KEYWORDS: Beam position monitor, Beam diagnostics, Auto-gain equalization.
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Introduction

The LINAC of SPIRAL2 at GANIL, France uses non-intrusive,
capacitive type Beam Position sensors and the related
electronics. Accurate tuning of the LINAC is essential for the
operation of SPIRAL2 and requires measurement of various
vital beam parameters such as beam transverse (X-Y) position,
phase of the beam with respect to the RF Reference, beam
ellipticity, beam energy etc. with high precision and accuracy.
BPM systems are being used for this purpose.

A BPM system typically consists of a sensor and
associated electronics for processing these signals. BPM
electronics system based on digital implementation
incorporating a novel implementation of ‘Auto-Gain
Equalization’ technique has been developed. It carries out
measurement of various beam parameters over a wide
dynamic range of beam current.

The electronics system has been designed, developed
and commissioned at SPIRAL2 by ACnD, BARC jointly with
GANIL team. The system performs processing at both the
fundamental (88 MHz) and the first harmonic (176 MHZ). This
article briefly discusses the system architecture, specifications
andfeatures of the BPM electronic system and results.

The Beam Position Monitor (BPM) System

SPIRAL2 at GANIL is a high intensity particle accelerator.
The LINAC of SPIRALZ2 is designed to accelerate 5 mA deuteron
beams up to 40 MeV, proton beams up to 33 MeV and 1mA
light and heavy ions up to 14.5 MeV/A. The LINAC is composed
of two types of cryomodules, A and B for lower and higher

energy sections, respectively. All the cavities of the LINAC
operate at RF reference of 88.0525 MHz. There are twelve
cryomodules of the type Aand seven of type B as shown in Fig.1
[1]. One BPM sensor is placed before and after each of the
cryomodules, making the total no. as twenty.

Each BPM system consists of a sensor portion and the
signal readout & processing electronic module. Each BPM
sensor consists of four electrode sensors that transduce the
beam electromagnetic image into electrical signals. The
electronics associated to each BPM sensor processes the
electrical signals and enables the measurement of beam
transverse position, phase, energy and transverse beam
ellipticity.

The BPM electronic modules commissioned at SPIRAL2
LINAC are required to have the capability to perform the
measurements using either the beam induced signal at
fundamental frequency 88.052500 MHz (F) or at the first
harmonic 176.1050 MHz (2F). Block diagram for the
measurement principle is shown in Fig.2 [1]. The electronic
processing system performs following measurements:

| Amplitude and phase w.r.t. the RF Reference.

u Amplitude and phase of the vector sum of the 4 electrode
voltages of each BPM sensor.

n Phase shift between the vector sum of the four electrode
voltages and the RF Reference frequency at, Fand 2F.

n Horizontal and Vertical beam positions.

[ Ellipticity of the beam.
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Fig.1: Layout of the 19 Cryomodules in LINAC of SPIRAL2 (12 of type A and 7 of type B).
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Fig.2: BPM measurement Principle.
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Fig.3: Analog and Digital boards comprise of one
BPM electronic system.
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Table 1: BPM measurement Specifications.

_

Position + 50um Over £ 10 mm
Accuracy +150um Over + 20 mm
+ 0.5deg +180 deg
+20% -
0.15 - 5 mA

1 — e ——

Fig.4: Five BPM modules in a VMEG4 chassis.

] Digital samples to reconstruct shape of the bunch from
the signal received from a given electrode, over one RF Period.

General description of the BPM electronic module and
sensor signal processing

The hardware of the BPM electronics system consists of
a pair of VMEG4 based Analog and Digital boards (See Fig.3).
The analog frontend board conditions incoming signal from the
sensors. The digital board consisting of high speed ADCs,
DACs, FPGA and other devices, and processes the digitized
signal and controls the overall operation of the module.

Each BPM sensor feeds an electronic module through
eighty meter long coaxial cables. The electronic design is based
on the novel scheme of auto-gain equalization using offset
tone. The electronic module is able to work either at F or 2F
frequencies to deliver the required measures. In this scheme
the gain of different channels is equalized with respect to the
internally generated and stabilized offset tone. This offset tone
is added to each of the four incoming signals from BPM sensor
and variation in the four channels compensated. The scheme
of equalization is also effective in compensating the drift due
temperature and ageing.

As far as electronic processing is concerned, the
accuracy of position measurement is dependent on the ability
to equalize the gain of the four channels. The various
calculations are to be performed in the FPGA taking care that
the addition of noise due to finite precision is kept low enough
such that it does not degrade the signal to noise ratio
significantly.

Regarding the phase measurement- the phases of both
the RF reference and the electrode signals are measured with
respect to a common reference signal. Even though the phase
of either of these signals change, depending on the phase of
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Fig.5: Command control application screen for control
of 7 BPM systems.

the common reference, the difference of phase between the
measured signal and the selected RF reference remains
unambiguous. Fig.4 shows a VMEG4 chassis holding five BPM
electronic modules. Fig.5 shows screen shot of the front end
software application developed using EPICS platform
supporting 7 BPM modules.

BPM data acquisition modes

The BPM system supports extensive data acquisition
schemes viz; Normal, Post mortem & Bunch shape
reconstruction for diagnostic as well as during the system
operation. The Normal mode of acquisition makes available
various beam parameter measures at the rate of 1 kHz to the
command control via the EPICS IOC. In the Post mortem mode
data acquisition is very useful in case of system malfunction. A
unique acquisition mode for reconstruction of the beam bunch
shape has been incorporated in the system. The BPM system is
able to deliver the pulse shape of the beam bunch over one RF
period (11.356 ns) by acquiring 256 samples in 345 clock
cycles resulting into an effective sampling rate of 44.36 ps.
These samples are arranged in the software to form one period
of the bunch shape which is as narrow as 11.356 ns. See
Fig.13.

BPM Tests on the SPIRAL2 Intermediate
Test Bench (ITB)

Before characterizing the BPM system in the
“Intermediate Tests Bench” (ITB) assembled at GANIL, the BPM

Fig.6: BPM characterization test bench at ACnD, BARC.
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Fig.7: ITB at GAINL for testing various beam diagnostic
equipment including BPM.

electronic was tested using precision test bench at ACnD. Fig.6
shows the characterization test bench having a resolution
better than 25 ym. The BPM system was subsequently
installed with the ITB at GANIL as a part of the injector
commissioning plan. The aim of the ITB was to fully
characterize the properties of the beam accelerated by the
RFQ and also to study the behaviour of the diagnostic elements
including the BPM developed at ACnD, BARC. All kinds of
measurements were carried out; beam intensity, transverse
beam position, profiles and emittance, phase and longitudinal
emittance with a beam energy equal to 750KeV/A. Control
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Fig.11: Beam position measurement at 88.0525MHz using

BPM and beam profiler.

32 BARC newsletter July-August 2024

Fig.8: BPM sensor installed in MEBT line.

command operation gathered the measurements performed
by all these diagnostics almost on real time (every 200ms).
Fig.7 shows the ITB.

BPM Current dynamic range

The first tests of the BPM and its associated electronics
was to check the beam current dynamic range over which the
BPM electronics is working properly. The dynamic range was
observed to be 75pA - 5.5mA at 88MHz and 60pA - 5.5mA at
176MHz.

BPM phase measurement

The phase relative to the accelerating RF signal has been
measured simultaneously by the BPM and by one of the three
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Fig.10: Beam phase measurement by a BPM and TOF probe at
88.0525MHz.
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Fig.12: beam ellipticity measurement at 88.0525MHz.
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Fig.13: Reconstructed bunch shape construction at different
phases for ImA beam current.

electrostatic P.U. electrodes of the time of flight (TOF) energy
measurement system mounted on the ITB. The BPM is
measuring the phase at F and 2F whereas the TOF is only
measuring it at F. The results showed a proper behaviour and a
good agreement with the electrode of the TOF system over the
measured beam current dynamic range.

Beam position measurements

The beam position measurements were simultaneously
performed by the BPM and the secondary emission monitor
(SEM) profiler (pulsed mode operation) located after a drift
space downstream in the ITB. The results obtained with the
BPM measurements at F and 2F have been compared to the
profiler measurements (frequency independent). It was
observed that the response of the BPM over the required range
was satisfactory. The BPM position sensitivity remains roughly
constant over the currentdynamic range.

Fig.15: 8 of the 20 BPM modules at SPIRAL2 LINAC tunnel.
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Fig.14: Beam position and ellipticity measurements by 20 BPM
system.

BPM Ellipticity measurement

The linear behaviour of the BPM ellipticity was confirmed
by the measurementat 88MHzand 176 MHz.

Software Command Control

The command control application has been developed
using the EPICS DAQ platform. The system adheres to SPIRAL2
command control architecture. The EPICS device support,
record support and bpm custom record have been
implemented such that one I0C supports 7 BPM systems per
each VME chassis.

BPM Operation Results

The BPM systems are in regular operation in the SPIRAL2
LINAC. The performance of all the 20 BPM systems for a proton
beam of 4.1mA, energy 31.9MeV and power 10kW is shown
Fig.14.

Conclusion

The BPM electronic system designed at ACnD, BARC have
undergone extensive testing in the lab and then at SPIRAL2
facility. Before commissioning 20 BPM systems at GANIL it has
undergone 2-3 phases of prototyping. Various performance
related parameters such as RMS noise, cross coupling,
linearity, dynamic range, calibration constants, etc. have been
measured / computed to ascertain system performance. The
fabrication of multi-layer PCBs and assembly of SMD
components during the prototyping and delivery phases were
done using internationally accepted standards by an Indian
MSME firm.

The team at GANIL has been very helpful during the
prototyping and commissioning phases. They facilitated testing
by collecting enormous amount of data, processing and
presenting in suitably in reports. This has helped us to improve
the performance of the system. The 20 BPM systems are
currently operational in the LINAC of SPIRAL2 and enabling
smooth operation of the accelerator.
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