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Abstract detector located irthe transfer line. During proton

For thefixed target program dhe SPS, protorandions extractions (~5.16 protons per secondhe detector
are acceleratecand extracted towards sevetarget (BSI) measureshe secondary emissiosignal from an
stations in theNORTH and WEST experimental areas.Aluminium foil of 20 um thickness [1]. Durind.ead ion
These extractions rangom 10 Lead ions to 1§ extractions (~1Dions per secondfe detector is ®hoto
protons with durations of 5 or 2.5a8d arecontrolled by Multiplier monitoring a fast Quartz screen [2]. dosed
a closed loop systenThe intensity monitoringor this loop system comparethis information to areference
system is donewith fast screensbservedwith Photo value corresponding to the chosen extraction rate,
Multipliers and Secondary Emission Monitors sample@irocesseshe difference,taking into account théistory
every100 us. Along thebeam linesthe intensities of the of the current extractionand controls accordingly the
extracted beams are monitored with fast screens at 10@¥gtation of the quadrupole.
intervals. Time andrequencydomain information are Simultaneously, another circuit sampéesd stores
extracted for diagnosis frote acquired data. slower every100 us the signals coming from the detectors, the
observation system, with a 1 ms sampling intervalge ring Beam Current Transformer (BCT) and  the
available for assessinthe evolution of the centre of quadrupole power supplguring thewhole extraction.
charge, the intensitgnd thelossesalong thebeam lines This data can beprocessed on request lige main
during an extraction. application programunning on an HRvork station. It is
then possible to checkhe quality of the spills iboth
extraction lines (Fig. 1), to study théiequency structure
l. INTRODUCTION up to 5 kHz and to compare the amount of particles in the
transfer lines with thevolution ofthe current in the SPS

The control, monitoringand observation of the ring given by the ring BCT.

SPS extractionfias been significantly improveduring
the 1993/94 shutdowrready forthe heavyion beams.
The instrumentation had wontrol the extraction to the
North andWest experimental areas of aboutfrotons
over aduration of 2.55seconds as before buthiddalso to
be able to extract around 5X1i0ead ions over duration
of 5 seconds. To contrahdobservehese protorand ion
spills, a new hardware and software system (referred tc
the Servo Spill System)has been developeé&nd was
implemented for the 1994 start-apd theSEM Spill and
Beam TV (BTV) Profile Systems have been improve
During the sameyear the new Fast SpilBystem was
designed to allovthe observation othe highfrequency
structure of the spill. These instruments amv fully
operationaland theirspecific functionalitiesand results
are described in the following chapters.

4600 Time in ms within an SPS Super Cycle 7100
Fig. 1: Spill evolution during a proton extraction of 2.5 s.

To assesshe quality of the spill the application
Il. THE SERVO SPILL SYSTEM divides the acquired spill in blocks of 100 ms and extracts
from each of them the standard deviataomd theDuty
The main task of this instrument isdontrol the Factor of the spill intensity: Fig. 2. The Standard
extraction to the Nortland West SPSransfer lines of a Deviation results from a normalm.s. calculation. The
given number of protons or ions per time sloDuty Factoris computed with the following formula:
Quadrupoles areused to bring the Qhclose to a Df = (3"x) 2/ (n.3Y" %%
resonance which controls the horizoribelam size and where x is the instantaneous intensand n thenumber
thus the amount of particles extracted by the septum. Tieicquisitions. Df has values between 0 arashd aDuty
feedback information is given by a beam intensityFactor close to 1 characterises a good extraction.



L A Another circuit computesind storesevery 23us
\' the integrated intensityand theduty factor of the

corresponding SPSturn. The application program
providesthe user with amverview of the turn-by-turn
intensityandquality evolution othe spilloverthe whole
extraction: Fig. 4.

"
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4600 Time in ms within an SPS Super Cycle 7

Fig. 2: Duty Factor (+) and StandarBeviation (x)
evolutions of the spill intensity over 2.5 s.

N.b.: The S.D. hasbeen normalised withthe mean
intensity.
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lll. THE FAST SPILL SYSTEM 4600 ms 5600 ms

This system has been designed for diagnostigrig. 4: Turn-by-turnduty factor evolution measurewer
purposes. It allowshe user to monitor the intensity second during the start of a proton extraction.
evolutionwithin anSPSturn, i.e. 23us, andturn-by-turn
during a full proton or ion extraction. This instrument
receivessignals from a Photo-Multiplier observing a IV. THE SEM SPILL SYSTEM
Quartz screeandsamples themvery100 ns. It ishence
possible to observe the intensity evolutiothef extracted
beam over up to 250 SR&ns with aresolution of 230
acquisitions perturn. It uses an applicatioprogram
running on an HRvork station.The recordedurns can
be consecutive to checthe turn-by-turn stability or ) i : ) .
separate to check tieolution ovetthe whole extraction, and makes it available in a convenient form for on-line

As for the Servo Spill, a Fast Fourier Transform facility igzi.hé:hsz:rlgleel ng}ig?ﬁpﬁ:g dhasr;%iﬁ:% ;?O%C?SZS’
available to analyse tHeequency structure dhe spill u o ) !
y a y Pt up millisecond. This data cathen beprocessed on an HP

The signals from several SEMsidloss detectors
have to be monitored to perform an optimum steering in
the transfer lines. This informatiamsed to be displayed
as raw data on a set of screens. Timev SEM Spill
System simultaneously colledata from theseletectors

to 5 Mhz: Fig.3. work station. From a BSI, onean extract the spill
intensity, itsduty factorand FFT. One can also extract
the centre of chargesvolution from a Split Foil
(BSPH/V):Fig. 5, the multiplicity of a target from Target
Upstreamand Downstream Intensity monitors (TBIU/D)
m_\_J and the losses from ionisation chamber&ll this
information is available fofurther investigation and
ops us 23 Since the datavere sampled simultaneously, it is possible
Intensity Evolution to make correlations and to observe for exarttpbeffect
of a position shift on the losses or on the multiplicity.
0 kHz 200 B
FFT
Fig. 3: Top: Temporal structure of an extractedbheam
during one SPSturn showing that the initially four

injected bunches are stilvell separated despite the
switch-off of the RF before the extraction.

Bottom: Resulting Fast Fourier Transform
showing the harmonics of the revolution frequency.



Fig. 5: Horizontal beam drift in front of a targigtected Fig. 7: Mountain rangéisplay of consecutivlaorizontal
by a BSPH during a proton extraction of 2.5 seconds. andvertical profiles takerevery 40 msduring a proton
V. THE BEAM TV PROFILE SYSTEM BTV extraction.

VI. CONCLUSION
The mainpurpose ofthis system is to allow the

user tofully benefit fromthe many screersnd cameras The described instruments  provide a
(CCD or radiationhard tube cameras) installed in thecomprehensive set of tools for extraction control,
SPS complex, especialgfong the transfer lines [2]. Themonitoring anddiagnostics. They allow accurate spatial
system is able to digitise a beam image given by a camamd temporal beam measurementstire transfer lines
and todisplay the 2-D patterns (fig. @nd computed using the Fast Spiland BTV Profile monitors, and
projections. overall observations dhe beams withthe Servo Spill
and SEM Spill Systems.

These systemare complementing each other. For
instance, thé&ervoSpill, sampling at 10Qus a BSI, can
display an apparently stable extraction, whetbasFast
Spill, sampling the lighfrom a Quartz screen at 100 ns,
can infact uncover a vergrratic extraction. The SEM
Spill can warn the operator of lzeam driftduring the
extraction,and theBTV System will showthis on the
television and computer displays.

This group of instruments caalso be useful in
other applications. TheBTV Profile systentan be
connected to any camesand iscurrently being used in
the SPS transfer lineand in theSPSandLEP rings to
measure profiles of lepton, protamd ionbeams, or the
wire heating in LEPduring Wire Scannerprofile

Fig. 6: 2D Image of a Lead ion beam taken after tigeasurements [3]. A Fast SpiBystemcan also be
stripper andshowing on theright the expected Pb 82 installed together with a camesad observethe same
beamand on thdeft a cluster ohonfully stripped Pb 81 screen.
ions which are less deviated by the bending magnets.
Finally, to improve the diagnostic capacity, it is

The hardware is alsable to extract from the possible to mergehe Fast Spiland theSEM Spill
camera signal auccession of horizontal andvertical Systems inorder toobservethe beam centre of charge,
profiles compute@very 40ms: Fig. 7. It is thenpossible intensity and losses at sampling rate of 100 ns, or to
to retrieve 60 sets of horizontaind vertical profiles acquire a SEM Grid tachieve 10 MHz lowesolution
during a proton extraction of 2.5 @nce analysed, theyprofile measurements.
providethe user with an accurataeowledge othe beam

size and position evolution during the whole extraction. VIl. ACKNOWLEDGEMENTS
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