
839 
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Abst-rat: 

A fully auto-r;atrd oprrat ion of the rompa< t 
synchro::ror~ 1 ip,t,t source, % AllI~OPA, 15 ati ccsl?*~~-1:1: 
delnand TO: an i:ldustrinl use. AU1OIA is primsril\ 
dr\ycloped .SS a llgh* SOLIT‘I’ fur i’:. 5: I prodi~ction. ThP 
standbg- pro< %?i ‘iPi, t un ii--g and cc,>t 1-n: %i>t ?<,I! o! t hr 
si’stem, i~!jcrt~or~ and acceleration, i- 2 II 1 : ciagI,ustici 
and fault trcer~ii a:l;i:ys~s ;: ii t hc *- rq .: L I’ PCI i 11r.c t ions t t., 
be actoma!rd. i:e i1nvr campletcd r ‘1 P C‘OT, J”‘lri’ r 0 n t [’ IC 1 

system end most of the operation5 are nox c;1r* ieli o:, + 
from t he c(‘:it r&l console. Tl.? opv’;‘t , C?,iE s:lisIi as 
standby, iniect ion. acceleration are rnrricd *u: il .I : ,3 
aaticallv. Ill th&s i’“~“’ we a:+> p”‘“i”.t QliTci~ f T p F 
rie-nces of tt1r autiJnlatic tuilirl~, ,.J:’ ttie c L’ 5 z e :n , p a r- t 1 c 
clnrly of ttir nje(.tor nliirot ru11, ‘r I e micrc>tr-cnl is 
op+ inii;:ed silt ;i’;ticzll;; in i..(’ jx.’ t <‘I ; e f e :- i’ :I c <: t I,< 
b c am i u r r c f i t aI1 c-: t 0 f P r cl li ii c ‘A i c I 1 ii f, i t’ t i c i t e e i-i’ I s 

1. !:ltrod~lc~ II’!- 

:l,e co~.t:oi sj-stem of AL!llllNA ui’ust be .ISG~;I: noI 
miy iii1 the c*!vclopm~n: of aaih 3 i,rw accr~!?laror. 111-i 
also f<->I- rI]t- Ti)ll-irii, o:>i.riit:l :I /I’- Ill< ln;i.!lirit ii: ‘7 
semF-ci-lr?<j: ,‘!,,,. I:,< :<>ry. 1’l,t1s tt,c <i,i.- r-i,: :: )’ 3 I ii I 1 II 1 1 
meet two c’.iflr--en1 fln:tions. Clnc is that tt1e syst e,i: 
ca!i bc- opi*-c’P4i flei:i!,l~; I!ridcr 5’i.‘.lOlll, cn:1.i:t -CilS . <i’ 
t:,r de\~clopolcrl a:1d t hc 0 , t: i-7 1 !I f :1at I+: can h<, 
o>erat‘~ii fill :y a’ltomntlca~l~: .-o: ;I!-<‘T:, ~Jllfa-oL:.DI .n’ i + 1: 

BCCP.FI Z.tcJ: 5. T:,c 53/s+ cn t.,,r 1,t-<,11 sdi.;,r:or,ed 11ndtr ?ili 1. 

a philosophy t lat it cau hc op~:i~.vil :101 .IIL;~. c~i.~~i.ally, 
but nlso ii~itml,itLC;I: !v iii ,: CC<]llf’liC ‘>, [ 1: Filr Lrw+;,:.i C’, 
ii ~~on~~ie.~ se,queu~c frr 11~ ‘:i: illjt-c ;<,I. Xii ;!<-i‘~lil‘i’1i’1 
can be rxecutrl Lt: a s 1np,lt. srq’:eni” :ty U-I,~, i. llC’K1 ‘,’ 
drvclnped Illrt”[“‘.t”. ‘?I 

i. jr*srem ccsll! ir,lirntiii:~ I)! hlRL)RA -~~~.. 

TLte synchrotroll lig:it source’ 5 >; 9 i (‘,!I RJROKA 

colisiits of ~3 r,icrtrack n~~.~*-i,tr.:~Il!?] iii; ‘4:. illjeitcir nrili 
a sqerconducting electron storngr~ r1r.g. iili51 Elf?? 
:rons arc accelerated up to 110 ?!cV witI. the m i c r i) t r i) 17 
and tllPrI liljectrc to Lll? it <>cai:<’ t &: j;. ‘!j !1 c l>i~;i-ll !C 
boosted I!l.l to bi0 FlcV i’.:,c! !ifol.tcl. 

1. 1 !?lcrot rot. 

Tl,r micrvtrori c:)ns: st s i,I a 1 YO-k e\’ ltljeit 101. 
syste,,, lirac, :lio 180’ bend i 1-g intg*.e-s (nlai -/ nagrii?t ti i 
with reverse-field mnp,nets and beam focuii-lg ?lerents. 

The ilijectioti syster. <orsiY\ of a;1 t?lPCtTOi. 
gun > 1I.ree rf rnm?“nents i i. 1OD k*V i i :I g 1 e - g a p c iv + _ f: 
and tw<, iiullrllrrs 1ocatPd Oil ups: I‘t!3”1 a:Ld down%! ri-lilii 01 
the sir.gle-gan ?, ii rti~ rar.e magilet a:16 srvryra: iocuril:&, 
elements. Electrons eni.lted from the electron gur a: dll 
energ). of :‘,I lieV iire <ii.cclerated ,I;, to ‘70 kcV b-: : Ii t’ 
sirglr-ga? cavity. 

3’1lci ac c e 1 e3.i t j ng cod i t i 0;1 pr: or t 0 I he 1 inac 
is determined b)- ~:h: SC-S illid i:1;ap1 1 ccl pot2ers of t :?I 
three rf ro-npcnerl! 5. T11e cliicn:ie magnet t~er.6~ thr 110- 
ke\’ elect ri>i~s I; .,’ 4 i> wit Ii 1’ I? f: a r d t c 1. t I’ illjet 1 i*.ill 
line. T;;r fncL.sirlg elcm~r.ti :ir~ f:S’<A :,i!ct~oid ,nlaglLe I s 
four X--Y steerirg magnets and twc pairs of quadru~olc~ 
magnets. I:~r,_i.g t,c,nci c!snrr~ls iit \n* :c,us con~bii;atio:-1s. 
the elec:rors are gairled to an op: >ro1’:11 ) rajrrror:,‘. 

The e1ectror.s are accelerated by tt.e linac at ar 
energy gain of 6 Me’/ pex lap an3 are citc~lErrd 1~1 Cl.< 
*wo main magnets. Focusing elclnetits are lc?c~ted he:wce:1 
the two ,,I a L n oiagrets. (Fi&. 11 A p,i,r of $ u a ii I u p i’ I c 
majpets are on the linac line and a pair of LoI-izor-itn? 
steerers are 011 anch Ia] / ? ‘r [‘a I I 5 ) a r. d 1’9 I t : c n 1 
steerers iire “11 SrYr-l-al 1:sp; i’Y:-<‘$?I <it: ihi :,r.ic I:1 I’. 
Tt js :~ecrssary 10 tu1it these fuiusir.g rlelliellrs 1:. 
or-drr to rl;ixirraIzC t!Ir beau ext r’ar t -c.11. 

f.%,i ,,t I InIl il.iL,,l~i 

KXiKAl’TIliW v,,r,,<.,, S,?l’,<~, ,141, I7 ,1,t a, 
s, /.<‘I l’r 

i 
E=i 

nn,r n.i:;lwt :: i--i II “.,I,, Mdrrss’l 

,’ t 

U&id, ,.,~~,ii’ n.,::w I 
!;< I ,./.,, n,x,, I I ,I, 

,‘/,#/ I!! Irr: 10’1 
,Y ,/ (‘I 

:“I*>. 1 kil‘usi:.g c’l~~ru+~:, i :,I, i t J ti ;; I:,i,I.!I<-i:c !::,‘.:I l<il 

Lirt Wttl. FL.*: n. i’. I :i Th:ip,:“‘-~, < : *I (1 \? a < : ;i < I< 
‘l,-iLi~ti<,t.. 

? 2 st,per cc.tI.‘lilc f i 1.s nli.rir--:~: ‘z,,:‘!e<, j,,:, 

Tllc s~oragt rirl& cur~slsts of oii:y unt S“p”‘- 
i.or!di.t 1 ir rB wr,sk fnr 15.i~~: .~ag:~tt x1+1 t: 1x1 g-oi 1 : 1 i idi*i- 
t i iJ I1 d F 5’ i c <’ s , n TeSoTlatlC~ J ur,pe1 , i II d 2 smwl 1 l?. El!- 
power rf cavity. [41 The na:r~ ragr:tL generaZes d s t r c Ii g? 
c.agnit ic fiolhi, w.~ictl (‘31 ies flui:i 1 0 ‘r e s 1 a 3: tl!t 
injection to 4.34 Tesla at the storage. The iujectior. 
system ir; coispoie,i of tjo r:lagr;e:ii ihnnncls. i: i !i :‘I t-0 
stetir iiiflectnr, and n perturhzl<~-. The pert~irLri*~ir ii 
to generate ha1 f-integer ~esonsnce orbit IO], whose 
fit;16 is supcrinlpnsed tu Llle iiclcl of t!lf, icz<:l wtTuk- 
tocusing magnet. That Is esci ter: E:Tch;nno~ls:) t L> f II< 
pulsed injecti beam. The rPS*Iliit.C‘<, ~m;w?- ir,;lf,:lr.c I.i!? 
bee:> prepared to ?I-ever.t beam lassr~i n! ii>~i.~’ T<‘s(~‘IY~.c<- 
points during ramping process. The r.L’ Cb.Jit) itlstallec 
c’n :he c ir-cul ar- orhI t :rncr;:l e 1; a:~ ra I ? < t r i < i irlcl 0 i 
120 kV. 

3. HardrjiTrC r*>ilf;gllrs?i iCal Of t:it. c‘i,l,tr,i: ;~?+r’j 

The c,,lnp”“‘I < or.1 i<,l 5 )’ I, t c‘111 ,..3 f 4 U it C it A i P it 
tlIrPr- 1 ilucrcd l~:erarchii~L iiIC1l:tt’ir.l*e.::I ?I-.*, to;I 
layer is called Central Ir.tel ligrncr Syste-11 i’lsr j i.ii<l 
t iI<, st!iuli,l, A II : 0 n 0 !, i r 0 i f 1-o 1 Lt.{% / cl,:, (ci~:i; / :‘r,t 1, cc- < 
ba>rd on Micro VAX :T nrr! 1 illkcsd 1)~ t’!lr E’.lLert,et. ‘I h(. 
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bottom layel- LS composed of local cant roller?, called 
Universal Devlcr Contrvllets (IJCC’s~ di stributed over 
more t!>a:i 50 devices, and are linked to the ACS thro~lgil 
an o-Jtlc,i? ,~r:ur,rk. ‘371~ IJX cons>sts of tke INTK. i 8 3&& 
micrnprocessor , 4Rk bytes of PRO?!, lhk bytes of RA1: , 
arid 80 bits of ptoto-isolated I/O. Ihe CIS is liscd fur 
a #data taking ttlro~r~ll R Kz-Tfl interface, for an inage 
processing of beam profiles o>tained by screeri man- 
‘Oz-s, and t~~!escope 63’5~em5, [ 5!, as ii<’ I ;9 f 01 t, 4-s 
bat k ‘up 5:s t t’l: ,r:f L i:e ACS 

I HI’, Hi.r%d”‘I- ..--* 

‘, lt<.a,,y 1 

4. Sof twarr 

III t:,is control SvStCii;, I II? a.Yielrrat <.I c 1 i 
ale:-LLS are c--assif ied into four gx-oil[ts b; tliri r r-ales, 
ark each zr01.p is divided i.lta sevrl-al hl oiks Ttirs? 
fwlt groupi ire “LINAC”, “iUM” ! “13 i“’ and “KLN6’ a; 
Sli0W!i n I;ip,.?. ‘The “Ll NA’Z’~ prl?ilp, for Init-anir, 
io:,s1 st I- of 1-r coniponr~lli _I of t tie -! .cr<>tr<,*!. Clocks i:l 
the above l’c,ur groups are pxepared t 0 0 

of ;;g‘;sy 
3 il .I 

operate ii,d.viduzl ile~:icc~; 3y t!lr unit SLI t 
-I?..’ “:;H SEC;” p,:ro1.11 0x1 tilt, fi ft.11 I dw 1 c ipccidlly adi!ed, 
wl:ir:3 is tu cl&siii: t !lii iilJi.Lt 1Utl ei.il ric celrrat ii)-) 
T” orrdilres !.+C <iifferei?t ste:,s 

Page 2 

LIW m GUI RF 

/! 
FIX m 

Pm t?m~l BmlZ s w LIW Pm$ ‘m&c 
OP Pm a4 CN m- OFF B OFF B - -. - - 

__.---- -_ - l-1 I i I I I , / I 
81‘ Km BEND ax 01 mi cl< a4 I 

1 K 

mm--m ~Kzrm,.~ 

>’ ; ,I D’ 2 ‘;I ‘:,Lip!. <J&i.<! !iIOCkG iii571 :ivi~il 0.1 tilt cor.ioli~ 

+e1r,i:,,.: Ii: Al’?. 

ln this system, each block stays in one of 
5 ? ‘L’ e T-l s : i? t e z i Cir!inguished :I\’ ttic statuses of the 
dc:,ire:; as !,towrl iri ‘ig.3. Tnc “No* Rr;ldy” state ruea11; 
t-hat ncrci then ore del:ice; in the block 3~“ no: ready. 
Thz stat t! ht~cu:llrs to th? “Read\.“, uht11 til of t lie 
devices becone ready. The “Operation Rezdy” state meani 
that all of or1,c.r blosk’i cond:t:lnn arr r.1 1 rigltt f o*- 
tllr i;pcretio:. of this ?York. Tliest; cmc i t ions ofte:1 
de;>eIld 011 t11c C.iiiC’i 0 f uttie1 b..rcks. Checkillg ttjr 

r-c.,i<l). lIll. 1.1ir uperal; u:, I-k.iil1-J riir!dl t ;iir.i; iire cairiel 
C)ut by irstalled tasks. Furtherirore, operation proce- 
dures z:-f w.i :te11 in R new?) developed interpreter 
nanied OPI;T,A (Operatio:: Latiguage For Accelerntor)[%:. 
Lls;ng this ian~;un~e, t 11 e follcwing three OPEL4 se-- 

qu”*“‘c” LCiV‘i heelI prepared fnr a:1 nbovr blocks. The 
“On” st’q’?“’ i‘C scar t* up the devices whrxri the “O:I” key 
is pressed. F!heil thr “Off” key 1s FYCSSetl, t:1e ,lOff” 

srqurn< t-, Wlii VII s:>uts d c wc t he c ci v i c p 5 , i s esecJted. 
If a faul’ OCCUTS, the “Fault-of?” sequancta is executed 
;III~,I~:,,~~ ic.il Iy i:~ or-r1r1 to sbt!: cow .tiv dc~:icri ili,.nrd: 
is! cly. Checking tl?e fault statuses 3:‘c nlso carried out 
hv a i ns t a! 1 ed task 

I 

_ 

( Of, bUSI ) 
(‘ On Buss ) . 

,‘I mv::\ Ihl’ 
r~ ..--.. illf if,\ 

I) ai, / t ! IllI ! 
r,b.,~h / 
IW<h j 

1 ‘idl,,, IIfI’ 
‘,i’i,., 

7iy,.‘i states ci: 1 I:? :> I oi i ,ili~l fT’t:li it i <r,i SC!lirr,l~~. 
Checkirg :!ip ready C3ildil lc~I:c, operacio:i r e a d \. 
condi tionn, a?id the far::! slatusel: are station- 
arill- p~rf(lrWd. 

5 AI ~oiiia~ed pr-oced.~r-r r~i jr jfrr;ol. 

and i:< T'i~l <'t-a+ ; Cl, 

?tic* injis\: ioil alid iiicc:rl.;+t ior. ploied~lres are 
iii:‘14?:1 ,Ili 0 : ;v1 Vi‘)“, iis ill~..lill ill Fig..‘. 11: r1ir f:rst 
:i t “I’ , the ilaiI1 m;ignct, :lie rf i‘iit’ltv h*:c tll(( t:-i.1 <oil’- 
Jr.2 exc.ted fo1 rtse in’ecti9n. / :$, 1211 t ?li !i ‘i : “1’ 
“STAN11-BY”, ) ‘x-e second St Pj, 1s prt-piire:I irn:i f OT : 1:c 
~ri; ret ion. ‘T1-e mhgnet i< c!la:lncl s and the inf l(*c:o~- hrv 

Llftrd up to tte ilijc-ctlo:] Ol-tLt and cY.<-1 f <‘<i. And I !lYll 
a power s u !z p1 1 !,’ 0 f the ;lerturhator is %i;ilTi?ii up. 
(“INJEC’IIOK STAND-BY”) III the th:rd srer, .he resor;ir>(‘(’ 
jumper :s priphrc.d. 1 “r:(:(:I:I.!:RA’~IOti !:;‘AND BY ! Tile &ctu 
al in~ect:on stafrs with thy fourttl steF., : he ‘3 e r t 11 r 
hnti>r IS tr;py,errsl synil~~-o~~~~~~sl~ t-,x. rke hranl i r 001 I h(~ 

microtron. !“INJECTION”) The last. sirp is acceleration. 
The perturbator is stopped. The magnetic channels and 
I he inf;.ectu: ire sropped, aud are immediately set dowii 
from the Injection orbit i:i order riot to intcrfcre 
synchratron lights. After t:?na<, the mzir map,nrt and ttle 
rf cavity are furthermore excl ted up in order to boost 
the e1ectror.s up to the energy of 650 Me’J . 

(“ACCELERATION” i Finallv the- r:crt-ror:? are storeti at 
the full energy. 

Ihese steps arib so co~~[>Iiciit<‘< 111a t he}, n:,; 5 ! 
‘be executed iutomatic~l 1~. Thrrefore , WL’ ti.i:r<s pt-“p;‘T”i 
the OPFLA secncncc’s tx, rsrrot <’ this< rrf.,‘s. T~i;‘s<’ E’(‘])’ 
a r tl i, <-l-G T:;CCI t rii l,l: p:‘<i i!.ing :::li\. 01.c’ :!.]I( iii,: hr \mt 

0. Alutoilatic t*~nil?g systrrl frr tte mia-,-ot,-rw ~-~-- .--- 

Bcnn nlor.it ors inst al 1 <xd 7 I + t: C' n, i < :- 0 t r ,r) i, i. ,. <' 

curt'~nt trarisiormers (CT:, s(‘rrc'll Imu*, i t <lTl , and iill :i i\ 
liellt monitor. [7! Current transformers ti’e nllocatcd or. 
the aajor heam lines of the nirl-orrnn in c I’ de , t < b 
1lliZiiS”l-e b e 2 1: c I.1 : I e 11 : s :lo:;-drstruit;..~tl) 2nd s 1IIIL 1 
taneously. Tke ourput sig:lal af the CT is monitored snd 
stored by i cig,!ital osiillosco[itl wtl t rt i’ ioxncit<‘c 
with CIS thoroug,h a C?-IB interface. 
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STINR-RY 

?a,,, rrg"*'t 
KI Favlly 1 Ex,:il,, for Is,ri‘l!ar, 
Tr,. co, IS 

IYJk1‘TION STANII-Bk 

Ha&!!,~1,1’ cll,i,li,t~Is :_ Llfl UP to ~,,,riI~nn orbt, 
and I’X, I tP 

’ , Yar. “I’ 

: : IFI.PdTI 

N J Ii c 1 I 0 N 

/ --..........-.--...: 
t’ I’ I I 0 I t, d t 0 I star t 1,11-l L I I,/: 

11::1 

Al‘(‘FI ENAT I ON 
Perturbalnr SlOll 

tiac”,,t,l’ rIIiirII~<~I!i SC,, Ii<,“,, I, i,n I I! ,“i 1 I ;i,l oi b / i 
Inff<~>‘l /I, IIll<, SllP rx itlli$: 

“d, I, Ma,Tnt.t I 
Kf (‘lb IlY 

I:X’., I<’ 

A:1 opt:mlzatlon procesi of the focusing mag- 

IlttP and t1,c r-i conpoi:tnts js SC> ‘“I pi 1crted thnt Cl? 

hive d F v <’ 1 c [ > e .i a il at. t0P.a: i ,(‘ t ilI? :,g systen, i, f- 1 hr 

horizontal steerers of rhc mirr-otrcil. Fig. 5 shows ;i 

schemat ic d.agrax o; this s’,.ste’n Btca1;s.Y r tic Is>:! T-ii‘ i <.d 

current var:es wit?: the rf c<,zdlt ions, ve ha*:? C:.IOZGPTI :i 

transmiss:c1) r’itt betweeli tui3 C’1.s 25 <. : e 1. F r E :i r c E i 

optimize the ?t rengths of the 51<‘< rets. 3‘:ie opt. 

mizatjqn i 5 ~cconipl islie ?)v tonill? i: prii z 0 E StFFTCr5 

Sirnil t a!lt 01.4 !v whlrh i; 1 o(‘at Cl! 01: :hc !i31’,C -“I’. 

currerit trCnS’mneTS ill-f insta:1tc 0:-t ‘-hi, , ?nd 3t<:, 

5th: :Ott, 1 iLh, 1cIIh a.,d 7iltt: IRI”. ii1 or-drr tc i-it,tiir 

the trsnsmlssion rate, out[“lt si~:r,al:; of ::IP !CZ’s ~7-r 

stored iii the oscilloscope. ar.6 ine proiessed b%~ I h <’ 

CT’: il~rriu;~l~ the l;p -1B. Tk.ixr~, ‘..iiur, c.)f i.1~’ :itv<‘,r*: <:: c 

passed z* t:,e AC5 ,‘;r:,i;i::1 , t.<, E!llerl;??‘ mrl i!T(’ I i> t < l.t~d 

LO t11e IJliC -J\, t:xe opr i< ai 1:t !vo:-k. 
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7. Summary ~--.. 

The AURORA systcr~ 1:~s ber11 op e r a I i’ a auto- 

matically, using the interpreter, 0PEJ.A. Tnr injet- 

tion ar.d acceleration pToC”‘:urC’s a r e performed tr L’ 

pressing only one key. The aitomaric tuning system for 

the microtron has been de\,cloped usiiig tile Cl’ mu1111 01-s. 

These actonia:.ions reduced luzds fur operators signifi 

cantly, as it is requLrrd fur t:l irLdustria1 use. 
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Fig.5 Schcma:ic diagram of tile nl.roma:ic tuni.ng systex. 
Two CT’s are monitored ar.d strel?gthi of n pa:r <?I 

steerers are c’nanged simultaneously. 


