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ABSTRACT

Integrationof new generation digitdbeam position monitor (DBPM) waserformedrecenty. The
BPM electronics are commercial available by using direct RF sampling tecihnéiBGA, and
embedded control environment running GNU/LinTe implementation issmphasizedn control
system integran and compatible with existing system to enhance functionality and performance of
the BPM system. The programmable nature of DBPM sysgebeneficial for multimode high
precision beandiagnostics purposeSubmicron resolution is achieved for averadsshm position
measurementMedium resolution isobtain forturn-by-turn beam positiormeasurementTune and
other diagnostic measurememie also supportedhe DBPM are seamless integrated with existed
control systemSystem structure and preliminargtteesults will presented in this report.

INTRODUCTION

The newly deploy Libera seriesDBPM system is tested nowhis digital BPM electronicsare
commercial productf3]. That is afour symmetrical channelructure systenit consists of analogy
to-digital converter (ADC)in theanalogsignal processingligital down converter (DDCHigital filter
in the digital signal processirand FP@ is for the data acquisition and control purposHse four
channels digitaldown converteris that convert 500 MHZeam signal into intermediatelyasic
frequencycohereny. Four signa of RF are digitized and processeddpaddigital receiver based on
FPGA The resolution obeam position measurentecan beachievel around 10um turnby-turn
resolutiors.

The ADC is based orAD9433 It is used for the analogy to digital conversidhis is a high speed,
high performane, low power, and monolithid2-bit analogyto-digital converte All necessary
functions, including traclandhold and reference are included on chip provide a complete
conversion solution.

The programmable DD composed of synchronization, input, input level detedarmier mixer,
CIC decimating filter, hatband decimating Filteprogrammable FIR filte automatic gain control,
Cartesian tdPolar converte. The digital data arseparatedo two ways foroutside access after filter
One is wideband access with the circular buffer, other is narrowband access.

CONTROL SYSTEM INTERFACE FOR DBPM

To simply the complexitythe network access sepaatedto two waysin this implementationOne
Is slow access by thHethernet;other is fast access by rocket I/O. In the fast acdesgontrolsystem
interface isseparatedo two layers. The embedded layerpignned by the/ME64x crate with
PowerPC mdule running the redime operation system afynxOS This interface is for fast orbit
feedback and provides 10 KHz data update rate for feedback system. In the slowtlaeckda, is
acquiredfrom console of user interfacga Ethernet The server hoss a Linux server that is between
user interface and DBPMhis server is a client for DBPM servén the same time, it is alsoserver
for userinterface It receives control parameters from user interface by Ethematdisturbs this
settingto DBPM. These parameters inclutleat change operation mode either thyaturn mode or
closed orbit modeadjustgain in each channel adcess lengthThe data of DBPM is replied to user
interface after receive software trigger fréithernet Network connectio of the digital BPM testbed
is shown in figurel. The softwareenvironmentis shown in the figur€. The DBPMis seamless
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integrated with the existing systeniihe user interface layer is located at workstation/Unix and
PC/Linux control consolesupportcommercial softwardlatlab and_abVIEW.
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Figurel: Network connectiorf the digital BPMtestbed

The software structure of server host is a rthittads systeniThe user interface wake up the
server host and create a muliread when it need to communicate with DBPWMe multithread is
serviced to each DBPM and is closed when access is finishéltis access mechanics, it provides
turn-by-turn access and slow orbit access in the same time. In the DBPM, thén® dasksin the
DBPM sotware structure. One is CSPI access that is provided byaheafactoryother is serviced to
server host. This service is supported to-tuysiurn access. All control and reading data are exchange
in the share memory of DBPM.

The fast orli information is sent to a dedicated VME host node wéftective memoryfRM) network

This VME host is combined with rocket I/O and shares data to feedback node ByhBNhcket I/O
access is up to 10 KHz, but it is dowampled to 1 KHz to compatibieith original feedback system

The VME host of the BPM servelown sampled the closed orbit data to 10 Hz and update to dynamic
database iall controlconsols.
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Figure2: Software environment for BPM data access
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PRELIMINARY PERFORMANCE TEST

Preliminary beam test was done recgntlhe installed BPMs will joirroutine operation in near
future.To examine the closed orbit performance, stemnh and longerm test in underwaThe long
term stabilitycan be achieved um level with10 KHz output rate that is companag with existing
orbit feedback system. The resolution can be better after optimized the parameters of digital receive
The longterm performance of DBPM ghown inthe figure3.
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Figure3: Longterm shbility in the closd orbit mode withL0 KHz output rate.
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Figure 4: The dynamic range of DBPM.

Thedynamicrange ofwas done with beam. The measurement resultshenen in the figure .4The
beam intensity is reduced froaround180 mA for this testby scrapng of the stored beanThebeam
position isstill within 1 um toform 180 nA down to60 mAwith any correction.

Preliminary tests were performezh the Liberal BPM processor. Most preliminary tests were
performed on the integration environmeatdo functionality evaluation. A Libera processor is a
multi-mode device which supports tdog-turn, submicron precision beam position and tune
monitoring. The control system need to various software packages to support the digital BPM
operation. The featuseof the new BPM system include analog multiplexing BPM and- user
transparent digital BPM. Seamless integration of these features is the most diffikukig. 5 shows
the typical response of the beam position when a kicker magnet is fired (K1 @ 3U8/mrad kick).

The top diagam in Fig. 5 illustrates the damped horizontal betatron oscillation. A small regular
synchrotron oscillation signal rides on the envelope of the damped oscillation, because of residue
longitudinal instability probably from thg@acuum component of the storage ring. Vertical signal
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excitation was also observed; and may be due to the imperfection of the field distribution in injection
kicker or machine couplindrig. 6 illustrates théorizontal phase space portrait of two BPM saped
about p/2 phase advanced near fourth order resonance.
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Figure5: Turnby-turn beam position measured by new digital BPM; upper is the horizontal beam
position, and the lower figure is the vertical beam position.
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Figure 6: Horizontal phase space portrait of two BPM separated about p/2 phase advandéd near
order resonance.

A dedicated tune monitor was implemented by using Libera. Téy@oped monitor is based on the
Fourier analysis of the tusby-turn data from the iberas based on various beam excitation levels. Fig.
7 shows the system block diagram. The stored beam was excited by a-loanwhite noise or
kicker. The excitation level was conlier by the software. The tune was extracted by Fourier analysis
of the turnby-turn beam position dat@he \ery small beam sizavere magnified under adequate pink
noise excitation. It may be compatible with a user not checking the beam condition.
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Figure7: The block diagram of the tune mictor.

The clean tune spectrum is easy to obtain as shown in Fig. 8. The upper part of Fig. 9 displays the
128K-turn data captured by the Libera device on its large internal memory. The data show some beam
instabilities in the vertical direction. An instaneous tune extracted by the numerical analysis of
fundamental frequency (NAFF) method is illustratechim lower part of Fig. 9, sh@wo evidence of
power line cycle tune variation. These findings demonstrate that the main storage ring have acceptable
ripple valuesn thepower supplies
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Figure8: Tune spectrum obtained by Fourier analysis of data set in Figure 7.
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Figure9: 50 msec turrby-turn beam position measured dataéntical direction and its instantaneous
vertical tune extracted by NAFF method.

SUMMARY

New digital BPM(Libera) testbed have been setup for various evaluatiomgesthe Liberais
embedded Linux environment which providea flexible cortrol system integration possibilityVe
try to integratethe Libra with NSRRC control system during last passing YRraliminary tesshows
that seamless integration is possible. Current achievement iaslosie orbit acquisition and tuoy-
turn beam position measurement. Further integrated with existiiigfeedback system is next step.
Firmware upgrade in near future will make the Libera put into routine operation.
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