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Abstract

Measuring the absolute position of the beam in the in-
tensifier and storage ring of a high energy photon source
(HEPS) requires measuring the offset between the electri-
cal and mechanical centers of the beam position monitor
(BPM). In the HEPS project, a four-electrode BPM is used,
and the signals from each of the four electrodes of the BPM
probe are led out by a cable. During the operation of the
intensifier and storage ring, the influence of ambient tem-
perature and humidity on the BPM cable and the difference
between the four channels will directly lead to changes in
the BPM measurement results. In this paper, vector net-
work analyzer (VNA) is used to test the data of signal am-
plitude change of two BPM cables within ten hours when
temperature and humidity change. The conclusion is that
the influence of temperature on the signal is about 0.01 dB/
C, the influence of humidity on the signal is about
0.05 dB/10%, and the relative change between channels is
about 5%.

INTRODUCTION

The High Energy Photon Source (HEPS), a fourth-gen-
eration high-performance synchrotron radiation source un-
der construction in China, is designed with an electron en-
ergy of 6 GeV and boasts an ultra-low emittance of
342 pm-rad and a brightness reaching
5 x 1022 s~!mm™2mrad~2. Composed of a 500 MeV lin-
ear accelerator, a booster, a storage ring with a circumfer-
ence of 1360.4 meters, a low-energy transport line, two
high-energy transport lines, and a beam dump line, the
schematic of the device is shown in Fig. 1 [1]. Upon com-
pletion, HEPS is expected to alleviate the tight supply and
demand situation for experiments, providing a higher level
platform for scientific research.

The beam position monitoring system is an essential
component of particle accelerators, capable of directly
measuring beam position information as well as indirectly
calculating critical parameters such as working points, dis-
persion, and chromaticity. The various data obtained
through the beam position monitoring system are em-
ployed to optimize the operational state of the device, en-
suring the stable functioning of the accelerator.

Submicron-level stability requirements for the beam tra-
jectory at the High Energy Photon Source (HEPS) necessi-
tate a precise beam position measurement system along
with a trajectory feedback system. The vertical dimension
of the beam in the HEPS storage ring reaches a minimum
size of approximately 1 um, demanding a beam position
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monitor (BPM) resolution on the order of 0.1 um and tra-
jectory control accuracy around 0.3 um [2]. To meet such
stringent criteria, strict quality control of the BPMs used in
HEPS is essential, and the performance of the cables under
environmental influences must also be considered. This
study has tested the signal amplitude of BPM cables for the
high-energy synchrotron radiation source under varying
temperature and humidity conditions using a vector net-
work analyzer.

Storage ring
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/ Dump line
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Figure 1: Schematic diagram of the HEPS.
BPM SYSTEM

A complete beam position measurement system is typi-
cally comprised of two main components: BPM probes and
BPM signal processing electronics, often connected by co-
axial cables, with the basic structural framework illustrated
in Fig. 2. The BPM probes are designed to detect electro-
magnetic field signals produced as the beam passes,
thereby acquiring information on the beam's position. Each
BPM probe consists of a cavity with two or four symmet-
rically arranged electrodes, depicted in the left section of
Fig. 2. The signals captured by the BPM probes are trans-
mitted via coaxial cables to the BPM signal processing
electronics, where they first undergo processing by the An-
alog Front End (AFE) circuitry to handle the analog sig-
nals. Subsequently, these signals are converted into digital
signals by the Digital Front End (DFE), and after algorith-
mic processing, the final beam position information is ob-
tained.

BPM probes consist of a cavity that mirrors the shape of
the vacuum pipe and four symmetrically arranged elec-
trodes. These electrodes capture electromagnetic field sig-
nals generated by the beam, which are then converted into
electrical signals and transmitted through the output port to
the connecting cable. BPM probes are typically situated
near the quadrupole magnets of the accelerator. There are
various types of BPMs, with button and stripline types be-
ing the most commonly utilized.
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Figure 2: Basic structure of BPM system.

The button type BPM is the most widely used BPM
probe due to its simple structure, compact design, and low
production cost. Typically, a button type BPM comprises a
cavity and four symmetrically arranged button-type feed-
throughs. Each button-type feedthrough integrates a button
electrode, a coaxial connector (inner core of the electrode),
and an isolation support structure into a single component.
The shape of the electrode resembles a button, and each
electrode is located at the end of a coaxial transmission line
connector with a characteristic impedance of Z, = 50 Q.

The stripline BPM model is depicted in Figs. 3 and 4.,
requires an optimized design of various parameters such as
the spread angle o, thickness t, and the distance h between
the electrode and the probe. To maximize the signal, the
spread angle of the stripline electrodes is generally de-
signed to be as large as possible. However, an excessively
large o can lead to inter-electrode coupling, thereby affect-
ing the resolution of the BPM system. The thickness t of
the electrode is primarily considered with respect to the
cavity space and to ensure mechanical strength of the elec-
trodes. Additionally, to minimize signal reflection impact-
ing the electrode output signal, the characteristic imped-
ance of the electrode should match the characteristic im-
pedance of the coaxial cable, typically 50 Q. The charac-
teristic impedance Zstrip of a single stripline electrode can
be calculated using the following formula, where rin repre-
sents the distance from the inner side of the stripline elec-
trode to the center of the cavity [3].

271' Vin + h +t
Zgrip = 60 —In——,
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Figure 3: Schematic diagram of the stripline BPM.
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Figure 4: Strip line BPM cross-section diagram.
In an ideal scenario, the output signal from the electrodes
can be represented as follows:

Zstrip *
2 2z

Ustrip(t) = : e_t2/26’2 - e_(’_21/0)2/2°%]‘10' (2)

Compared to button-type BPMs, stripline BPMs require
a larger longitudinal installation space. However, stripline
electrodes also offer numerous advantages. The character-
istics of button-type BPMs and stripline BPMs are shown
in Table 1.

Signal processing electronics are utilized to adjust and
process signals originating from BPM probes, providing
beam position information in digital form for acquisition
by the accelerator control system.

The output signals from BPM probes require condition-
ing through appropriate radio frequency circuits and a dig-
ital processing unit, after which beam position information
is calculated. The most commonly used processing meth-
ods are: the logarithmic ratio method, amplitude to phase
conversion (AM/PM) method, and the difference and ratio
method.

Table 1: Comparison Between Button-type BPM and
Stripline BPM

Button-type Stripline
BPM BPM
Coupling  Capacitance Capacitance, inductance
mode
Signal Lesser Larger, depending on azi-
strength muth
Signal Because of the Less distortion
quality limited size
and capaci-
tance, the sig-
nal may be
distorted
Mechanical Easy Complex
structure
Installation Small size, Generally located in the
position can be in- linear accelerator, re-
stalled in quires a large installation
many places space
Directional No Yes
coupling

TUP: TUP: Tuesday Poster Session: TUP

MC3: Beam Position Monitors




Proc. 13th International Beam Instrumentation Conference,Beijing

JACoW Publishing

ISBN: 978-3-95450-249-3

ISSN: 2673-5350

doi: 10.18429/JACoW-IBIC2024-TUP41

146

MC3: Beam Position Monitors

TUP41

TUP: TUP: Tuesday Poster Session: TUP

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.


Proc. 13th International Beam Instrumentation Conference,Beijing

ISBN: 978-3-95450-249-3

In the logarithmic ratio (Log-Ratio) signal processing
method for beam position monitors (BPM), the signals in-
duced by the electrodes of the BPM probes are subjected
to band-pass filtering through the RF link. Subsequently,
these signals are fed into a logarithmic amplifier. The out-
put from the logarithmic amplifier is then processed
through a differential amplifier for the computation of the
ratio of the data, facilitating the normalization of the BPM
signals. Ultimately, this process yields the amplitude of the
BPM signal. The output of the logarithmic ratio circuit is
given as:

A
Vour = kylogp = ky(log A —log B) ~ k-1, (3)

The Amplitude-to-Phase Conversion (AM/PM) method
operates in the frequency domain. Its principle involves
splitting signals from two BPM electrodes, which have the
same phase but different amplitudes, into four channels.
Subsequent quadrature synthesis, which introduces a 90-
degree phase difference at the processing frequency, results
in signals of equal amplitude but different phases. The
phase difference between these two signals correlates with
the amplitude difference of the original input signals.

The difference and ratio processing method allows for
the real-time processing of signals in both the time and fre-
quency domains. Typically, this method handles carrier fre-
quencies exceeding 1 GHz and achieves a bandwidth
greater than 100 MHz. It exhibits a relatively low input dy-
namic range and moderate linearity in offset response,
without achieving normalized response. The noise figure
of its amplifiers is extremely low, and the results are influ-
enced by the phase characteristics of the cables. The output
of the logarithmic ratio circuit is as follows:

A—-B

Vour =Ky 1 g

€)
A comparison of the transmission equations for the three
position processing methods is presented in Table 2.

Table 2: Comparison of Transmission Equations of Three
Position Algorithms

Property Log-Radio = AM/PM  The division
of the dif-
ference by

the sum

Carrier ~27GHz ~500MHz >200MHz

frequency

range

bandwidth <100MHz  <10MHz >100MHz

Dynamic large large small

range

Complex- medium high low

ity

Cost medium high low
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TEST OF BPM CABLES

Signal attenuation occurs during the transmission from
the probe to the electronics via cables. This study aims to
investigate how variations in humidity and temperature af-
fect the amplitude of signals transmitted through BPM ca-
bles, with a particular focus on testing the relative drift
among multiple cables, as common drift across all cables
does not impact position measurement.

To meet the performance requirements of HEPS, envi-
ronmental conditions similar to those of the HEPS storage
ring BPM installation and operational environment were
simulated in the laboratory. The constant temperature in-
side the HEPS storage ring tunnel is maintained at 25 °C £
0.1 °C, with humidity ranging from 20 % in winter to 70 %
in summer. This study utilized a temperature-controlled
chamber with a volume of 400 L, capable of adjusting tem-
peratures from 0 °C to 50 °C. The experimental setup con-
structed is depicted in Fig. 5, featuring a radio frequency
signal generator on the left, the SMC 100 A (Rohde &
Schwarz), which provides a continuous wave at
499.8 MHz. In the center, a four-channel power splitter, the
ZFSC-4-1-S+, with a bandwidth of 10-2000 MHz, is used.
On the right, a four-channel vector network analyzer
(VNA), the ZNB4 (Rohde & Schwarz), is positioned. Ad-
ditionally, a temperature and humidity data logger was
placed inside and outside the temperature-controlled cham-
ber. The experiment tested two types of cables: PWB480
(30 m) and LMR240 (30 m).

Power
Divider

Figure 5: Experimental platform structure diagram.

In the experiment, two temperature and humidity data
loggers were employed to record the variations within and
outside the temperature-controlled chamber. Due to the
slow rate of change in temperature and humidity, measure-
ments were set to be recorded every 10 seconds. The radio
frequency signal generator was configured to output a con-
tinuous wave of 499.8 MHz (with signal amplitude set at -
20 dBm), which was then divided into four identical sig-
nals by a four-channel power splitter, and transmitted
through the test cables to the vector network analyzer. The
vector network analyzer was set to continuous wave (CW)
mode, recording the amplitude of the signals from all four
channels every 10 seconds. The initial temperature of the
temperature-controlled chamber was set at 25 °C with a hu-
midity of 50 %, and upon heating for four hours, the target
temperature of 30 °C was reached, with a humidity level
adjusting to 39 %. After stabilizing the temperature, the
heating was turned off, and over the next six hours, the tem-
perature and humidity returned to their initial states.
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Figure 6: PWB480 (up) and LMR240 (down) test results.

The changes in signal amplitude over a ten-hour period
due to variations in temperature and humidity for two types
of cables are illustrated in Fig. 6, where A, B, C, and D
represent the signal amplitudes of the four channels, T rep-
resents temperature, and H represents humidity. It is ob-
served that for every 1 °C increase in temperature, the sig-
nal amplitude decreases by approximately 0.01 dB; simi-
larly, for every 10 % decrease in humidity, the signal am-
plitude decreases by approximately 0.05 dB, while the rel-
ative change in signal amplitude among the four channels
is about 5 %. Compared between the two types of cables,
LMR240 is more sensitive to changes in external tempera-
ture and humidity than PWB480.

TUP41
148

ISSN: 2673-5350

JACoW Publishing
doi: 10.18429/JACoW-IBIC2024-TUP41

CONCLUSION

The beam tuning work for the High Energy Photon
Source is being vigorously carried out, and as an integral
component of particle accelerators, the precise detection by
the beam position measurement system is crucial for
achieving the beam trajectory stability required by HEPS.
This study primarily investigates how environmental tem-
perature and humidity variations affect the amplitude of
signals transmitted through BPM cables. The experimental
findings indicate that an increase in temperature impacts
the signal amplitude by approximately -0.01 dB/°C, a de-
crease in humidity affects the signal by about -0.05
dB/10%, and the relative change among the channels is
around 5%.

REFERENCES
[1] Y. Jiao et al., “The HEPS project,” J. Synchrotron Radiat.,
vol. 25, no. 6, pp. 1611-1618, Sep. 2018.
d0i:10.1107/S1600577518012110
[2] P. He et al., “Progress of HEPS Accelerator System Design,”

in Proc. IPAC2019, Melbourne, Australia, May 2019, pp.
633-635. doi:10.18429/JACoW-IPAC2019-MOPRBO27

[3]J. He et al., "Beam Position Monitor Design for the High En-
ergy Photon Source," Meas. Sci. Technol., vol. 33, p. 115106,
Aug. 2022. doi:10.1088/1361-6501/ac8277

TUP: TUP: Tuesday Poster Session: TUP

MC3: Beam Position Monitors




Proc. 13th International Beam Instrumentation Conference,Beijing

JACoW Publishing

ISBN: 978-3-95450-249-3

ISSN: 2673-5350

doi: 10.18429/JACoW-IBIC2024-TUP41

148

MC3: Beam Position Monitors

TUP41

TUP: TUP: Tuesday Poster Session: TUP

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 792.000]
>> setpagedevice


