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!BSTRACT

!� DATA� ACQUISITION� SYSTEM� TO� ACQUIRE� BEAM� SIGNAL
WITH� BUNCH
BY
BUNCH� AND� TURN
BY
TURN� CAPABILITIES� HAVE
BEEN� IMPLEMENTED� RECENTLY�� 4HE� SYSTEM� COMPOSED� 2&
PROCESSING�CIRCUITRY������-3�SEC�DIGITIZER��MEMORY��AND
SOFTWARE�APPLICATIONS��4HE�2&�PROCESSING�ELECTRONICS�ARE
USE� TO�EXTRACT� INTENSITY�� TRANSVERSE�OSCILLATION�AS�WELL� AS
LONGITUDINAL�OSCILLATION��!�����-3�SEC�TRANSIENT�DIGITIZER
AND� MEMORY� CAN� ACQUIRE� BEAM� SIGNAL� BUNCH
BY
BUNCH
AND� TURN
BY
TURN�� 4HE� CONTROL� INTERFACE� ASSISTS� THE� DATA
ACQUISITION� AND� RAW� DATA� MANIPULATION�� 4HE� INTENSITY
MONITORING� FUNCTION� ACQUIRES� INTENSITY� OF� INDIVIDUAL
BUNCH��2EAL
TIME�FILLING�PATTERN�ARE�AVAILABLE�AT� CONSOLE
COMPUTER� FOR� MONITOR�� INJECTION� CONTROL� AND� VARIOUS
APPLICATIONS�� 2ESOLUTION� IS� INCREASE� BY� APPROPRIATE
AVERAGE�� 4RANSVERSE� BEAM� OSCILLATION� AND� LONGITUDINAL
OSCILLATION� CAN� ALSO� RECORD� BY� THE� TRANSIENT� DIGITIZER� FOR
TIME
DOMAIN� OBSERVATION� OF� COUPLED
BUNCH� OSCILLATION�
0ERFORMANCE� AND� APPLICATION� OF� THIS� BUNCH
BY
BUNCH
INTENSITY��POSITION�MONITOR�WILL�DESCRIBE�ON�THIS�REPORTS�
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#OUPLED
BUNCH� OSCILLATION� IS� STRONGLY� DEPENDENT� ON
THE�FILLING�PATTERN�OF�STORED�BEAM��(OW�TO�CONTROL�FILLING
PATTERN� AND� COUPLED
BUNCH� OSCILLATION� IS� A� BIG� ISSUE� FOR
NEW� GENERATION� LIGHT� SOURCE� OR� FACTORY� TYPE� MACHINE�
3IGNIFICANT� EFFORTS� AROUND� THE�WORLD� HAVE� BEEN� DEVOTED
TO�THESE�TOPICS��!T�4AIWAN�,IGHT�3OURCE��SEVERAL�PROJECTS
HAVE�BEEN�LAUNCHED�AND�PROPOSED�TO�DEAL�WITH�CONTROL�OF
COUPLED
BUNCH� INSTABILITIES�� )MPROVE� TIMING� SYSTEM� AND
GUN� ELECTRONICS� TO� ACHIEVE� REPRODUCE� FILLING� PATTERN� IS
UNDERWAY��4RANSVERSE�COUPLED
BUNCH�FEEDBACK�SYSTEM�IS
IN�SERVICE��,ONGITUDINAL�COUPLED
BUNCH�FEEDBACK�SYSTEM
WILL� COMMISSIONING� SOON�� 5SUALLY�� FILLING� PATTERN� IS
OBSERVED� BY� OSCILLOSCOPE� ON� THE� SIGNAL� COME� FROM
PICKUP� ELECTRODES� OR� PHOTOMULTIPLIER� TUBE� THAT� IS
MOUNTED� AT� SYNCHROTRON� RADIATION� DIAGNOSTICS� PORT��$UE
TO� THE� RECENTLY� ADVANCED� IN� !$#� TECHNOLOGY�� HIGH
PERFORMANCE�DIGITIZER�WITH�SAMPLING�RATE�IN�����-3�S�TO
�� '3�S� IS� FEASIBLE� WITH� REASONABLE� COSTS�� #OMMERCIAL
DIGITIZER�MODULE�TO�ACQUIRE�FILLING�PATTERN�IS�IMPLEMENTED
AS�DEDICATED� SUBSYSTEM�� 0OPULATION� OF� EVERY� BUNCH� CAN
BE�DIGITIZED��&URTHER�CONTROL�OF�FILLING�PATTERN�IS�POSSIBLE
IN� INJECTION� PROCESS�� )NCORPORATE� TRANSVERSE� OSCILLATION
DETECT�ELECTRONICS�AND�PHASE�DETECT�ELECTRONICS�OBSERVED
COUPLED
BUNCH�OSCILLATION�IN�TURN
BY
TURN�AND�BUNCH
BY

BUNCH�IS�EASILY�TO�ACHIEVE��4IME�DOMAIN�SIGNAL�PROVIDES

AN� ELEGANT� TOOL� FOR� DIAGNOSTICS� PURPOSE� HAS� BEEN� PROVE
BY� SEVERAL� LONGITUDINAL� FEEDBACK� PROJECTS�� 4HE� SYSTEM
DESCRIBES�HERE�WILL�THE�SIMILAR�USE�FOR�THE�COUPLED
BUNCH
INSTABILITIES� STUDY� IN� 4,3�� &OLLOWING� PARAGRAPHS� WILL
DESCRIBE� THE� IMPLEMENTATION� AND� THE�PRELIMINARY� RESULTS
IN�BRIEFLY�

))��&),,).'�0!44%2.�-/.)4/2

0OPULATION� DISTRIBUTION� IN� STORED� BEAM� CAN� BE
OBSERVED� BY� WIDE� BANDWIDTH� OSCILLOSCOPE� EASILY�
(OWEVER�� DEDICATED� FILLING� PATTERN� MEASUREMENT� ;�=� IS
USEFUL� FROM� INJECTION� CONTROL� AND� INSTABILITIES� STUDY�
#ONTROL� FILLING� PATTERN� IS� POSSIBLE� IF� REAL
TIME� FILLING
PATTERN� INFORMATION� AVAILABLE�� 4HE� INJECTION� PARAMETERS
CAN� BE� ADJUSTED� DYNAMICALLY� TO� ACHIEVE� DESIRE� FILLING
PATTERN�

4HE� FILLING� PATTERN� ACQUISITION� SYSTEM� IS� SHOWN� IN
&IGURE� ��� 4HE� DIGITIZER� USE� ���� -(Z� 2&� AS� EXTERNAL
CLOCK� TO� SYNCHRONIZE� WITH� BUNCH� SIGNAL�� 0HASE� TRIM� IS
DONE�BY� A�PHASE� SHIFTER��/NE� DATA� POINT� IS� ACQUIRED� FOR
EACH� BUNCH�� #ONSECUTIVE� ���� DATA� POINTS� REPRESENT
FILLING� PATTERN�� $ATA� ACQUISITION� IS� TRIGGER� WITH� BOOSTER
REPETITION� RATE�� ��� (Z�� -EMORY� CAN� RECORD� �� MSEC� OF
SIGNAL��OR�ABOUT�������TURNS�� �$ATA�OF�CONSECUTIVE� TURNS
CAN�BE�POST
PROCESSING�TO�IMPROVE�AMPLITUDE�RESOLUTION�
!CHIEVE� ������� DYNAMIC� RANGE� IS� POSSIBLE� WITH
APPROPRIATE�AVERAGE�APPLIED�
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&IGURE� ��� "UNCH
BY
BUNCH� INTENSITY� MONITOR� DATA
ACQUISITION�SYSTEM�

&IGURE� �� SHOWN� THE� FILLING� PATTERN� ACQUIRED� IN� A
PARTICULAR�SHIFT��4HERE�ARE�SOME�DISTINCT� FEATURES�ON� THE
POPULATION� DISTRIBUTION� SHOWN� ON� THE� WAVEFORM� OF� THE
OSCILLOSCOPE��4HE�SAME�STRUCTURES�ARE�ALSO�SHOWN�ON�THE
BUNCH
BY
BUNCH�INTENSITY�MONITOR�ALSO��"UNCH
BY
BUNCH
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CURRENT�MONITORS�PROVIDE�DATA�IN�COMPACT�FORM�COMPARE
WITH� OSCILLOSCOPE�� /NLY� ONE� DATA� POINT� PER� BUNCH
REDUCES�DATA�QUANTITY��5SING�THE�REAL
TIME�FILLING�PATTERN
DURING�INJECTION�SCENARIO�CAN�CONTROL�FILLING�PATTERN��&ULL
INTEGRATED�WITH� CONTROL� SYSTEM�MAKE� EASILY� TO� USE� THAN
USE� OFF
LINE� OSCILLOSCOPE� AND� FAST� ACCESS� THAN� ON
LINE
OSCILLOSCOPE� THAT� CONNECT� TO� CONTROL� SYSTEM� BY� USING
)%%%
����INTERFACE�

�A	

�B	
&IGURE� ��� &ILLING� PATTERN� OBSERVED� BY� OSCILLOSCOPE� IN
AVERAGE�MODE��A	��&ILLING�PATTERN�OBSERVED�BY�BUNCH
BY

BUNCH�INTENSITY�MONITOR��B	�
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4IME
DOMAIN� COUPLED
BUNCH� OSCILLATION� DATA� ARE� AN
ELEGANT� TOOL� FOR� DIAGNOSTIC� PURPOSE� ;�=�� 3UCH� SYSTEM� IS
ALSO� PLAY� AN� IMPORTANT� ROLE� IN� THE� FAST� BEAM
ION
INSTABILITY��&"))	�EXPERIMENT�IN�MANY�FACILITIES�;�=��4HIS
SYSTEM�WILL� HELP� &"))� STUDY� AT� 4,3� SOON�� (ELP� TO� THE
COMMISSIONING�OF� LONGITUDINAL� FEEDBACK�SYSTEM� IN�4,3
IS�ALSO�EXPECTED�IN�NEAR�FUTURE�

#OUPLED
BUNCH�OSCILLATIONS�IN�LONGITUDINAL�AS�WELL�AS
TRANSVERSE� DIRECTION� ARE� DETECTED� BY� A� BUNCH
BY
BUNCH�
TURN
BY
TURN� PHASE� DETECTOR� AND� TRANSVERSE� OSCILLATION
DETECTOR�� $ATA� IS� DIGITIZED� BY� A� )3!� BUS� BASED� ���
-3�SEC�!$#�AND�STORE�IN���-"�ON�BOARD�MEMORY��4HE
��-"� MEMORY� IS� CAPABLE� OF� STORING� SIGNALS� FOR� EVERY

BUCKET�OF�4,3�UP�TO�������TURNS��$IGITIZER�USE�EXTERNAL
���� -(Z� 2&� AS� CLOCK� THAT� IS� LOCKED� WITH� ELECTRON
BUNCH��4RIGGER�SOURCE�IS����(Z�AND�ALSO�LOCKET�WITH�THE
REVOLUTION�FREQUENCY�OF�THE�STORAGE��RING��(ENCE��BUNCH

BY
BUNCH� AND� TURN
BY
TURN� DATA� ARE� RECORD� ON�MEMORY�
$ATA�OF�EVERY�BUNCH�IS�RECONSTRUCT�FROM�THE�DATA�STORED
IN�MEMORY��4HE�SCHEMATIC�DIAGRAM�IS�SHOWN�IN�&IGURE���
2AW� DATA� PACK� IN� PERSONAL� COMPUTER�� #ONTROL� CONSOLE
ACCESS�BUNCH�OSCILLATION�DATA�WHICH� STORE�ON� LOCAL� DISK
VIA�.&3�FILE�SYSTEM�
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4RANSVERSE�,ONGITUDINAL�#OUPLED
"UNCH�/SCILLATION�/BSERVER�

�4URN
BY
4URN��"UNCH
BY
"UNCH	

&IGURE� ��� &UNCTIONAL� BLOCK� DIAGRAM� OF� THE� ����-3�SEC
DIGITIZER�SYSTEM�

4O� TEST� THE� PERFORMANCE� OF� THIS� COUPLED
BUNCH
OSCILLATION� OBSERVE� SYSTEM�� THE� STABLE� STORED� BEAM� HAS
BEEN� EXCITED� INTENTIONALLY� BY� ��� CYCLES� BURST� IN
SYNCHROTRON� OSCILLATION� FREQUENCY�� &IGURE� �� SHOWN� THE
SYNCHROTRON�OSCILLATION�OF� THREE� CONSECUTIVE�BUNCHES�ON
������ TURNS�� 3TRONG� DAMPING�WAS� OBSERVED� FOR� THE� TEST
LATTICE�
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&IGURE� ��� /BSERVED� SYNCHROTRON� OSCILLATION� OF� THREE
CONSECUTIVE�BUNCHES��BEAM�IS�EXCITED�BY����CYCLES�BURST
IN�SYNCHROTRON�OSCILLATION�FREQUENCY�

3TABLE�STORED�BEAM�HAS�BEEN�EXCITED� INTENTIONALLY�BY
����CYCLES�BURST�IN�BETATRON�OSCILLATION�FREQUENCY��&IGURE
�� SHOWN� THE� BETATRON� OSCILLATION� OF� FOUR� CONSECUTIVE
BUNCHES� ON� ������ TURNS�� /SCILLATION� AMPLITUDE� IS
GRADUALLY�INCREASE�FOR�TAIL�BUNCHES��$ETAIL�OF�THE�BETATRON
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OSCILLATION� OF� BUNCH� )$� ��� IS� SHOWN� ON� &IGURE� ��
"ETATRON�OSCILLATION�IS�CLEAR�SHOWN�ON�THE�FIGURE�

&IGURE� ��� /BSERVED� BETATRON� OSCILLATION� OF� FOUR
CONSECUTIVE� BUNCHES�� BEAM� IS� EXCITED� BY� ���� CYCLES
BURST�IN�BETATRON�OSCILLATION�FREQUENCY�

&IGURE����0ORTION�OF�BETATRON�OSCILLATION�IN�BUNCH�)$����

4UNE�SHIFT�ALONG�THE�BUNCH�TRAIN�IS�ALSO�INTERESTED�IN
MULTI
BUNCH� INSTABILITIES� STUDY�� 4UNE� OF� INDIVIDUAL
BUNCH� CAN� BE� OBTAINED� BY� PERFORM� &&4� ON� ACQUIRED
DATA�� 3INCE�� THE� FREQUENCY� PRECISION� OF� THE� &&4� IS
LIMITED� BY� THE� DISCRETENESS�� HOWEVER�� THEORETICAL
RESOLUTION� OF� ��� +� POINTS� &&4� ACHIEVABLE� TUNE
RESOLUTION�ABOUT����������&URTHER�IMPROVE�IN�RESOLUTION
IS�POSSIBLE�BY�INTERPOLATE�&&4�SPECTRA�PEAK�;�=�OR�TO�USE
MAXIMUM� ENTROPY� METHOD� AND� NUMERICAL� ANALYSIS� OF
FUNDAMENTAL� FREQUENCY� METHOD� �.!&&	� BY� *�� ,ASKAR
;�=�

!NALYSIS� TOOLS� THAT� ARE� USED� TO� AID� IDENTIFY� MODE
PARAMETER�IS�VERY�USEFUL��$EVELOP�SUCH�TYPE�TOOL�KIT�IS�IN
PROGRESS�� 4HE� TOOL� KIT� WILL� INCLUDE� VARIOUS� FORMATS
CONVERT�PROGRAM�TO�HELP� THE�ACQUIRED�DATA�CAN�AS� INPUT
OF� -!4,!"�� 067!6%� PACKAGES� FOR� ANALYSIS� AND
VISUALIZATION�
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$ATA� ACQUISITION� SYSTEM� TO� ACQUIRE� BUNCH
BY
BUNCH
INTENSITY� AND� TURN
BY
TURN�� BUNCH
BY
BUNCH� COUPLED
OSCILLATION�HAS� BEEN� SET� UP� RECENTLY�� 0RELIMINARY� RESULTS
SHOWN� THAT� ITS�WORKING�WELL� IN� FUNCTIONALLY�� 0URPOSE� OF
BUNCH
BY
BUNCH� INTENSITY� MONITOR� IS� TO� REPLACE
OSCILLOSCOPE� TO� PROVIDE� FILLING� PATTERN�� !RCHIVE� FILLING
PATTERN�FOR�ROUTINE�OPERATION�AND�CONTROL�FILLING�PATTERN�IN
INJECTION�WILL�PUT�INTO�PRACTICE�SOON��4HE�MAJOR�GOALS�OF
THE� COUPLED
BUNCH� OSCILLATION� OBSERVE� SYSTEM� IS� TO
PROVIDE�AN�ELEGANT�TOOL�FOR�OPERATOR�AND�MACHINE�PHYSICS
TO�OBSERVE�BEAM�OSCILLATION�IN�TIME
DOMAIN�OF�THE�STORED
BEAM�� 0OST
PROCESSING� TOOL� KIT� IS� IN� DEVELOPING�� 4HIS
SYSTEM�AND�POST
PROCESSING�TOOLS�WILL�BE�HELPFUL�FOR�&"))
STUDY� AND� LONGITUDINAL� FEEDBACK� SYSTEM�COMMISSIONING�
5PGRADE� THE� PERFORMANCE� OF� THE� TRANSVERSE� FEEDBACK
SYSTEM�CAN�ALSO�BE�BENEFIT�FROM�THIS�OBSERVE�SYSTEM�
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