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ABSTRACT 

We present the diagnostics and controls status of the Frascati 
Superconducting LINAC Project LISA. The control system 
philosophy has been completely defined and tested on the existing 
AI)ONE accelerator, Two windows of the final 1,ISA system have 
been implemented and tested in the Laboratory The beam position 
monitor electronics has txen tested. The position readout is stable 
within less thai3 0.1 mm (peak to jxak) over a wide range. 

CON’I‘IIOI, SYSTEM 

I lard ware 

The LISA control system philosop!y has been already presented 
ill scveml papcr5 [ 1,2j. I<ricfy, it is spht into three levels (see Fig. I) 
where the first 013t' (operator) is the human interface 131, the second 
one (supervisor) is a gcnc.r;tl communication coordinator and 

datahnse >torage and tlx third one (hardware) is the hardware 
interface. The hard,arLs is mad< up of Macintosh IIfx computers and 
VMI crates with hlotorol;~ hlVhIE133 CI’lJ’s. Fast parallel buses 
(hIacVI:Ii 141 and VhlV 151 ) carry command and data transfer. ‘I’hc 
high trilnsl‘c[. speed 133:thcs it possible to have a single central 
1t3e1t1m-y, lying in the scC()nd level crate and adjourned by the 
supyviwr, prmrsc:iting 31 t'k'erq' r330Il3eIlt Ihe StBt:lS of the SySWI31 t@ 

the consoles. 

1700 rnr:.S:~gc~ pi \s~c~)rd 01' 300 Kbytc/scc tr;mrfu rates hvc 

been I3lcasureii /(>I. 

soft\v"re L---A 

The s~ftv, arc envirclnment is the CERN MacUA 1 Development 
systrln [7] f’n~ the s~ontl and third level. with RTF FORTRAN 1x1 
as Imguagc. I+ the firs1 level wt‘ have chosen IIYPBRCARI), and 
wc have ir33j:len3cntctl a SL. ‘1 of XCMDs and XFCNs (External 
('o131113;1ndS ;irti Estcrnal 1:ur,ctions) [9] to allow interaction with the 
VhlE hardware through a MIC:IION [ 1 O] interface. The XCMDs and 
XI:(‘Ns arc \\rjttcn us1I1~ the hlPW “C” language with Assembler 
subroutines. The versatiGty and ease of operation of Hypercard and 
of its additions (IlvperWindows, Supercard, PLUS) allow easy 
i”:I’I~llle!ltation :md iast upd;~tcs of the human interface software. 

Test on AQmj -a 

A field test of the systcn3 I3as been carried out 013 ADONE, the 

es e- stor:3gc ring 0jX’;itillg in Frascati. 
Beam steering in the ADONE LINAC is performed by a set of 

30 coils, origmally controlled by a bank of manual potentiometers. 
This setup was a source of problems, not only because of the lack of 
stability, but ;11so because the transilion between two different states 
of the machine (typically rlrctron or positron injection) was slow and 
rnn3bcrsotrie. 

We have thcreforc i~:3plcmcnteti an automatic system capable of 
fast transitions berwccen different states and of continuous closed 
loop control against slow drifts 1 t I] 

The original three lrvrl structure has been reduced to two levels, 
where the supervisor anti rhe hardware interface have been 
implemented in the same VME processor. This has been made 
possible by the limited dimensions and by the uniformity of the 
system. 

The interface with the second level has been realized using two 
different mechanisms: 

i) direct memory access 10 update the screen data, using the VME 
memory which is continuously updated by the second level. 

ii).message exchange with the second level CPU through two 
mailboxes: 

a) Commands from the console to the control processor to 
activate an action. 

b) Warning or Error messages from the control processor to 
the console. 

The user interface is made up of a central data acquisition card, 
four initialization cards and four graphic routine cards. 

The main acquisition card (see Fig.‘) shows a number of data 
on the status of the system, and many buttons and controls to change 
settings. 

Four buttons allow tc) access graphical routine cards: 
- time diagram of the cunmt value of a selected coil; 
- histogram of the current values in the coil ; 
- ramp calibration (performed on line through a series of steps): 
- space diagram of the current in the coils; 
A set of 3 initialization cards allows to download sofware to the 

lower levels and to set system parameters. 
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Fie.1: LISA control schematic diagram 



T;ie.: I.ayout of the ccmtrol car~i for thl: ADONI LINA(1 coil!, 
control 

LISA CONTROL 

The ADONE application has heen applied to the first eight 
solenoids of LISA, using the full three level system. Thus we have 
been able to tesl :n ful! the sscond and third level software. The 
system is in operatir~n in ths I:~l~~!tor-y using one of thz TP;,I solenoid 
power supplies. 

We have also t!evclopcJ Itic control window for the KI: chopp3 

(set Fig. 3). The cenrral contrc>l mechanism is identical to the 
solenoid window, to mainlain uniformity throughout the rontrc~l 
system structure. lhis sys:ern hai been implemented on a Macintosh 
Plus to be used by the KF group during tests and construction in the 
laboratory. 

Several other u?ndows arc uniler drvelopn~nl. 

er uaplilirr IKW 

Gil OMaiNS~~ 

1 

KU -1, 

Ivv: 

-_.. n Ill EU ALARI,~ 

F&J : I.ISA RF chopper control \vindow 

APPLES vs. RANANAS 

Histograms and plots are necessary for any control syslein. 
Using the hlacinioh fctcilities, we have implemented a very 
powerful and flcxihlc tool f‘01- 1hc classic task of plotting anything 
(spplesj as a function of everything else (bananas). 

A HyperCard field~gets data from anywhere in the control system 
stacks, and creates a t&z containing the data in standard format. An 
cxlsting and powerful program for histograms (CricketGraph) is 
then launched direct,lv from I Iq~pcrcard with the associated data file. 
This way! with a muumum of effort, we have a very good graphic 
package bed to our system This is a good example of the advariages 
of using standard, chea;, and well diffused personal computrrs for 
this kind of task. The amount of software available on the market fol 
vev limited prices is enormous. 
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Fip. : LISA hismgram package 

I)IAGI\;OSTlCS 

The bwn Current is nl~)ilit(~r.cil by tor’i~idsl ctarrCnt rtariiicrrm~rs 
type Pearson I 10.~. An auxiliary winding provides a calibration 
hignat between succcssikc km hrs\th. Such monitors arc pl;~ccd in 
the injector, at the beginning of the 1 h!eV transport line and at thr 
beginning md the end of the SC‘ I .ill:il.. 

At the exit of the 1 hlcV capture section the beam is full) 
characterized by rnrans of a spcc~omcter line for the mcasurcmcnt 01 
the energy and energy spl-cad, and a transverse cavity for Ihc 
measurerncnt of the bunch length [ l.?].‘l‘he transverse en;iit;ince is 
dcrermined by measuring with a computer controlled I?3 camera 
tllc‘ bcnrn ti’an~‘rcr5t’ diinc:isiiRI:: , ill ;I iluorcxceril si‘rcc:i at si”\~iii; 
orientations of the phase-space ellipse according to the change of 
strength of an upstream quadrup0le. A Faraday cup is prnvidcd for 
precision current measurement. 

A relractahle beam dump at Ihe beginning of the- S(’ I,in.ic~ 
accommodates another Faraday cup. 

Beam position monitors ( UPhI’s ) are used 10 measure the beam 
trajectory in the Linac and transpon channel. With four UPM’s in :he 
1 hleV sprctrometer section it is possible, in principle, to determine 
the beam launch para~~tcrs (hoi-izonral and vertical position an<1 
angle, energy erroi). 

The RPM’s arc dt~<ignrd to fit inhide the quadrupctlcs of the 
transport channel alid in the c~t~:hupoles bctw-een tt;r KF cl-ye,- 
modules. The absolute accuracy of the beam position monitors is 
required to be - 0.1 mm. camp 11~1~1~ tvith thr accuracy of plac~ern~~n~ 
of the tpadrtqmlcs. 

One E3Phl per qu:~drupolr is provided ‘1%~ lif’M’s consist ,,I 
four 50 fI strip-lint clrctroilcs 1 131 short circuited at one end inside 
the vacuum chamber. 

The strips are two in the horizontal and two in the vertical plant. 
‘I‘he length of each strip is 0.15 m, so tht the response: has a broad 
resonating maximum at 500 Ml lz, the Linac RF frequency. The 
voltage response of rhe str-ip-line monitor is a doublet of pulses of 
opposing polarity reproducing the time distribution of the beam 
current and separated by I nscc. 

The narrow pulses arc ~rnor~~hctl by the filtering action of - 3!) 
m of RG223 cable connecting to the detector head and arc fed to a 
hand-pass filter rrsonating at the bunch frtqurncy of SO hlll7. ‘I’hc 
resonant filter is built hy a combination of a quarter-wave short 
circuit coaxial transmission line and a low-pass filter 

The position drteL,tio;l is bnscd on the pha~ Illtriu:iitit./n- 
demodulation techniclur, u hereby the amplitude ratio of two 
opposing sirips, hcrlririf tlir‘ p.~siticm iiit‘cml;lti4.m. is con~wtcd 1’4 
means of a cluadraturc hybrid junction into a phase dit‘fcrcncc 
between two equal-amplitude sinusoidal signals 1141. The sinusoidal 
signals are then linearly un:plif:cd a:ld cliiq)ed by last co:lqxmtorb 
(AM 6X5). The phase difference is measured by an cx<lusive-OR 
circuit, whose. average DC output is proportional to the beanr 
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dtsplacement. A gate s1gnol is provided by the beam timing system I(, 
inhibit the detector in tfle absence of beam. thus avoiding noise- 
induced false trigger to the detector electronics. 

The main advantage of such type of detector is that it is self- 
normalizing, allowing a wide dynamic range: in principle the 
position information is independent of the current intensity. 
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u : Stability of the hcarn pcktion mmitor readout vs. thr 
average Ixam current 

Ilxp:rimcnts with ;I f)rototyp< shoaed a stability of‘ the readout 
voltage corr~rpontling to + (10 pm over a a macropulsc aver-ngr 
cur’rcnt variatiori of - 20 ilB hel<~ 2nd 26 dB above the nomin:rl 
value of 2 rnA tscc fig. 5). 

CONCLIJSIONS 

The I.lS.4 coritrof syatern hab been fully rested using a:i 
imnlemcntarion ml an fxistirig accclcrator and builtlinri the first two 
fin’31 windows. ‘f’he structilrp has provcii co:inri ‘;inil easy tr> 

impl~rnent in diffcrcr.t applications. ‘f’hc ful! syricrn \vill hC r-caciy iilr 
;mcIm:~tm cDilllliissioliilip. 

We are very grateful to the ADONF staff fhr continuing support 
and cIic‘oIrrill2t:rIIcII[. The help of the cqxrarion crc’w uthilr structurin;: 
uild dchugsirig tfie hurnari interface section has been irivalunble. 

We thnnk. rfic RF Cirouf) for their help and hugjiecticvis during 
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