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Abstract 
The SPring-8 storage ring is equipped with four RF 

stations, which can provide 16MV acceleration voltage. 
The stored beam of 100mA is lost when the operation of 
an RF station of 4MV is interrupted due to some 
interlocks such as large reflection from cavity. The 
decrease in accelerating voltage of 4MV (quarter of 
16MV) in adiabatic condition does not make a reduction 
of the lifetime, but the sudden change of the voltage 
causes transient behavior and the stored beam is lost. We 
developed a new method to moderate this transient 
phenomenon by adjusting the phase of the RF reference 
signal when an interlock system is triggered. We report 
preliminary result on the test using this method. 

INTRODUCTION 
SPring-8 is a 3rd generation X-ray source. Its beam 

energy is 8GeV. The harmonic number is 2436 and the 
revolution time is 4.8µs. The stored beam current is kept 
constant at 100mA by top-up injection [1]. Four RF 
stations (A, B, C and D) are evenly distributed along the 
ring. The reference RF signals of 508.58MHz are 
delivered using optical fiber from a master oscillator. Fig. 
1 shows a schematic diagram of the RF system. The 
acceleration voltage at one RF station is 4MV by using 
eight single-cell cavities and total acceleration voltage is 
16MV. One klystron is used at each RF station except the 
A station, where two klystrons are used. The energy loss 
per turn by bending magnets is 9.2MeV. And the beam 
loss with minimum gap positions for all insertion devices 
(ID) is over 2MeV. But in usual user operation the loss is 
around 1MeV depending on their gap positions. 

There is an interlock system at each station to protect a 
klystron or a cavity input coupler from arcing or large 
reflected power. When an interlock signal is received 
from one of the four cavities at the A station, the power of 
the klystron connected to the cavity is cut off and the 
acceleration voltage is changed from 16MV to 14MV. 
This voltage reduction does not affect to the stored beam 
current of 100mA. But if an interlock signal is received at 
the one of the B, C and D station, the total acceleration 
voltage is reduced from 16MV to 12MV and the stored 
beam is lost. This makes an interrupt of the X-ray user’s 
experiments, and reduces the availability of the facility, 
which should be avoided. One direct solution to prevent 
the beam loss is to increase the number of klystrons and 

reduce the voltage change in case of the power off due to 
an interlock signal. But it is very expensive and needs 
long shutdown period for the facility. So we try to 
develop another counter measure for this beam loss. 

The possible mechanism of the beam loss is as follows. 
When an interlock signal is detected, the output power 
from the klystron is cut off. Then the acceleration voltage 
of the RF station is reduced with a time constant of the 
filling time of the cavity, and the decelerating voltage is 
appeared at the RF station induced by the stored beam. 
The stored beam feels the reduced accelerating voltage 
and starts synchrotron oscillation. As the beam moves to 
the higher synchronous phase, the loadings for the 
cavities at the remaining RF stations are increased. This 
makes the reduction of the accelerating voltage of the 
remaining station because the klystron output power is 
almost constant in a time range of milliseconds. This 
makes the further increase of the synchronous phase angle. 
If the voltage is enough high to keep the beam within the 
momentum acceptance of the ring (about 2%), the beam 
is not lost. But if the beam energy loss exceeds the 
acceptance, the beam is lost. 

 The cause of beam loss is energy loss of the beam, 
which causes an excursion of synchronous phase angle. 
So if we can provide enough voltage to the beam by 
adjusting the synchronous phase, the energy reduction 
will be minimized and the beam will be within the 
acceptance.  

During the user time, we activate a feedback loop to 
suppress the coherent synchrotron oscillation [2] where 
the FM modulation is applied to the master oscillator 
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Figure 1: The schematic diagram of the RF system. 
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using the beam phase signal. We expect this system will 
also work to suppress the transient beam phase 
movements. 

MEASUREMENTS 
We made measurements on the energy and the 

synchronous phase angle of the stored beam. The beam 
energy was corresponded to the horizontal beam position 
at a dispersive section. The signals from four button 
electrodes were detected by a diode detector and the beam 
position was calculated from these signals using analog 
summing and dividing circuits. The 3dB bandwidth of 
this BPM system is 100kHz, which is wide enough to 
measure the 2kHz synchrotron oscillation. The averaged 
beam phase was measured by detecting the components 
of 508.58MHz signal from the button pickup electrode 
using a phase detector [3]. The 3dB bandwidth of the 
phase detector is 100kHz. 

The behavior of the beam at the sudden RF voltage 
change was checked by the following procedure. The RF 
switch of one RF station was cut off by an artificial 
interlock signal. The status of the RF switch was sent 
through an optical fiber to the room where master 
oscillator was located to activate the phase compensation 
in the reference line. The compensation was made using a 
waveform generator triggered by this status signal. The 
status signal was also sent to the monitoring room and 
used to trigger the oscilloscope for data acquisition of the 
beam phase and the beam energy. As for the 
compensation waveform, we applied a saw tooth 
waveform. The rise time (10%-90%) was about 12µs. 
And fall time was 50ms (10200turns), which is much 
longer than the synchrotron oscillation period of 0.5ms. 
The delay time to send the status signal was about 20µs. 
The filling time of the cavity was about 12µs. 

 
Figure 2: The beam energy and phase signal without 
phase compensation at a condition of 2MV RF voltage 
change for 100mA multi bunch stored beam. 

RESULTS 
The transient motions of the beam phase and energy 

were measured at a condition of the stored current of 
100mA with a multi-bunch filling pattern where twelve 
160-bunch-trains were stored. The RF voltage was 
initially 16MV and one RF switch at the A station was 

turned off which resulted in 2MV reduction of total 
acceleration voltage. The result was shown in Fig. 2. The 
beam energy was reduced nearly 0.35% and the beam 
started synchrotron oscillation. The maximum deviation 
of the synchronous phase reached about 12degrees from 
new steady state of +8 degrees. The oscillation of the 
center of mass for the beam was damped with a time 
constant of 0.8ms.  

 
Figure 3: The energy and the phase signal with phase 
compensation at a condition of 2MV RF voltage change 
for 100mA multi bunch stored beam. 

 
Figure 4: The beam and phase signal with phase 
compensation and with activating the feedback loop for 
suppression of coherent synchrotron oscillation. Other 
conditions are same as the case in Fig. 3. 

Then the phase compensation was applied. The peak 
amplitude of the compensation waveform was adjusted to 
correspond the difference between the synchronous angle 
at 16MV and that at the 12MV, i.e. 8 degrees. The beam 
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phase and energy movement at these conditions were 
shown in Fig. 3. The excursion of the phase was reduced 
from 12degrees to 2degrees and that of the energy was 
reduced from 0.35% to 0.1%. The amplitude was reduced 
about factor 3. After the initial small oscillation, the 
synchronous phase was reached to new steady state 
smoothly after about 10000turn. 

The effectiveness of the feedback loop system for 
suppression of coherent synchrotron oscillation was 
checked. Fig.4 shows the measured result for activating 
the loop and other conditions are same to the case in Fig. 
3. Comparing the Fig. 3 (feedback off) and Fig. 4 
(feedback on) the effectiveness of the feedback was 
confirmed. 

Then the voltage change was increased to 4MV by 
turning off the RF at B station. Fig. 5 shows the beam 
phase and energy excursion with the several stored 
current from 1mA to 100mA. The compensation works 
well until the current of 70mA, but at 80mA the current 
was reduced to 1mA. And at 100mA the stored current 
was completely lost. A fast oscillation in the beam phase 
with 80mA current after 200turn is due to the synchrotron 
oscillation of the remained 1mA beam. 

 

 
Figure 5: The time evolution of the beam phase (a) and 
energy (b) with several stored current at 4MV RF voltage 
change with activating the reference RF phase 
compensation. 

DISCUSSION 
The period of the synchrotron oscillation becomes 

longer as the stored current is increased from Fig. 5. This 
is due both to the increase of the induced voltage by the 
beam at the turned off cavities, and to the decrease of the 
accelerating voltage by the beam loading at the remaining 
cavities whose input power is kept on. At the current of 

over 80mA the energy loss of the beam exceeds the 
momentum acceptance. 

It is very important to activate the compensation as fast 
as possible because it is no use to increase the 
acceleration voltage after the energy loss of the beam 
exceeds the momentum acceptance. We use a waveform 
generator to make the compensation pattern and it has a 
finite memory. To generate the 50ms decay pattern, the 
clock frequency can not be high and this makes slow rise 
time of the waveform and large delay from the start 
trigger. We are preparing a new dedicated circuit to 
generate this compensation waveform to reduce the rise 
time and the dead time of the system. 

An implementation of this phenomenon to the ring 
model [4] is in progress. The analysis of the cavity 
voltage change, reflected power from the cavity is under 
way. By using a simulation code we will check the 
effectiveness of slight increase of the operation voltage, 
increase to 4.5MV/station for example. 

CONCLUSION 
We measured the beam phase and the energy at a 

sudden voltage change. The transient oscillation 
amplitude in longitudinal direction was so large that the 
stored beam was lost at a 4MV voltage change with stored 
current of 100mA. There is a possibility to keep the beam 
current by compensating the phase angle of the reference 
RF signals fed to the remained RF stations. At present we 
could not prevent the beam loss with this scheme with 
100mA current. Counter measures are under consideration. 
Reduction of dead time in phase compensation system is 
one candidate. A slight increase of the acceleration 
voltage may cure the beam loss. We also check the 
procedure to turn on the stopped cavities and the margin 
of klystron power with ID gaps closed. We will check 
whether the phase compensating system increase the 
phase noise, which is important not to increase the 
effective energy spread of the beam.  This system will be 
cost effective to improve the reliability on RF failures and 
may be adapted to other facilities with heavy loading and 
with plural RF stations. 

REFERENCES 
[1] H. Tanaka, et. al., “Top-up Operation of SPring-8 

Storage Ring with Low Emittance Optics”, EPAC’06, 
Edinburgh, June 2006, http://www.jacow.org. 

[2]  T. Ohshima and N. Kumagai, “Suppression of 
coherent synchrotron oscillation of SPring-8 storage 
ring”, Proc. PAC01, Chicago, USA, (2001) pp1975 

[3] T. Ohshima, et. al., “Beam phase measurement of 
stored bunch”, EPAC’06, Edinburgh, June 2006 

[4] J. Schimizu, et. al., “Development of tracking and 
analysis code for beam dynamics in SPring-8” in 
Proc. of the 13th symposium on accelerator science 
and technology (2001) p. 80. 

a) 

b) 

FP51 Proceedings of the 3rd Annual Meeting of Particle Accelerator Society of Japan
And the 31th Linear Accelerator Meeting in Japan (August 2-4, 2006, Sendai Japan)

1894



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


