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AtNrKl A 

Iclodern synchrotron light sources require a11 accurate, stable 

and rcprotIu~il~lc br.m positionning. The design of tbc Bl’hl :ind of 

the dete~rion system for Super-.3rCO are descrihcd. ‘I’hr ovrrall 
relative pt-ecision of the meiisurcments is about 30 klm at const:Lnt 

intensity. 
The codes routinely used to correct the closed orbit within the 

acc‘urzicy of the mzasurcmcnts arc prescntcd. The residual r.m.s. ot 
the C.O. readings is arour,d SO pm. Surprising orbit dcpcntl~mcts 

with current and drift with time arc rcportcd and dissilssed. 

Introduction 

Super-AC0 L-W!: designed in the yt‘ars 19X2-X.; so as to 

provide an :iccur,I’e closed orbit measurement, using 16 Bl’hl, e,lch 
of the\e loc.~red i,l bctwcrn two qw~drupoles on both sides of the 

long straight sections. Sixtccri be;irn steering5 in th: vcrii<al plane 

(defocussing clu;~ti~~lJlole\) and 74 in the holirontal plane (I 6 in the 
foiussing ~iuadri;polcs :~nd 8 in thi :ll;rgllc'z.) L'iili hc po\vcmi 

independently or .~rrangetf in the so-called, position and angle, orbit 
bumps, A,,, and tl,,,. Such orbit bumps can he pmbided cithcst- for 

ttx uriJul,ltor bcdln 1:ncs or fclr the bending magnc[ bc;tm lines. h~.t 

not for both sililultan~(,ilsly. We describe hrlo\s the pcrformanco, of 
the systc~n. the xllctncs for (‘.O. c3~mxtirfns iind some unfc~rcsccil 

and not yet t‘ull> understood problems c1ncoun~~rt’d in the orbit 

IIlelSLll’t’llii’Ilib. 

The B.P.M. 

A detailed description of the BI’hI, mechanics, fiedthroughs, 

geometrical accwacy and performed vacuum tests is given in ref.1 1 1. 

Fig. 1 shows the geometry of the BPM. It is built from ;I massive 

block of stainless steel fixed onto a neighbouring quadrupole through 

a mechanical support The various uncertainties on the deuzrmination 
of the Bl’Bl geom~&al ccntcr as comp:ired IO the theoretical orbit al-c 
summarized bclo\+ : 
- difference haveen magnetic and __ 
mech:Inic;d awis c%f the quodrupde : 

i 

AZ = +.Oh IllIll, 0, = .09 lllIll 

G = -.06 111111, ox = .I 3 nmr 

- quadrupole alignment uncertainty : + .05 mm + I tnm 
- - rupport/qnadr~ipole uncertainty : ?I .os mm i 

- geometry of the BPM itself : lt.05 mm ?I.05 mm = i. 1 131111 

-. ..- 

* Work suppned tzy CNRS-CEA-MEN. 

A quadmtic combination of all these errors give the follo~vii~g 
numbers 6x = .19 mm, SL = .I7 lllrn. 

No measurement of the BP\1 elcctricnl axis by the wire 1nct11od 
\cas attcmptcd 10 and rcli:lncc \Vas instLb;ld put cxcluci\,c~l!~ on the 

accuracy of the various rii8chinings, the clU;ilitS. of the frai~hrcnlghs 

and that of the clu;ldrupo!r design ;!ncl constmction 

\ / 
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Fig 1 : fl.!“.Rl. cross scc!ion 

The tirtts<ting \ystt’n~ i\ hbowrr iI1 I-ig. 2. The sign;11 i:om each 
individual electrode is fed to a PIN d10de mulliplexcr through ;i 

cable. 30 m long, identical for the 4 electrodes of a BPhl to Lvithin 

20 cm. The multiplexer itself is built in &so stagts. The first stage 

comprises 8 subunits, each of these receiving the signals fro~u X 

electrodes (2 BFW). The outputa of the 8 subunits arc fed to the 

second stage of the multiplexer. This is follo\ved by ;t 1 IU dfi 

;mmww, variable in IO dH steps and by an S.C.1). “Nucl6tudci” 

amplifier \rith gain 36 dB (30 dBm). A single peak detector is used 

for all thl: 63 clcctrotles iignnls, thus ensuiing the ww rcsponc* for 

all the channels. 
The pc;k volr:ige of an electrode cor:vrr-ted by II 16 l)ita ADC’ is 

fed to ;i %X0 microprocessor wtlich. :,I 21 frci~ucncy of I kll~. 
inacments the channel number and rc!,ets the zero of the peak 

detector. Thus, each electrode is read 16 times per second. The 

microprocessor is also used as a digital filter which averages the 

voltage of :L given electrode by n method of Infinite Impulsr 

Response. In actual facts, the last average is corrected by the 

difference with the new value weighted by l/32. The computation of 

the closed orbit is done permanently. The central PDF’1 144 computa 
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Fig. 2 : l3lock Diagram of the Detecting System 

has access lo lhe data stored in the micmprt~cessor for different tasks 
of oi-hil comzction descrihcd in 4 4). 

‘J‘hc peak dercctor has 3 very linear response, but one C3flt10t 

:tvoid the C~I~SSIJ~ZIIC~S of the diode detection threshold which is 
Cyuivrilent to an offset of 0.13 volts. The step attenuator is 
;lutc,n~:itic;illy ;;ti,jtlsled. an~~tirne one of 6.1 signals is not within the 

chohen range 2.X to 10 volts. Thuy the peak dctcctor offset 
in\I-cducC5 a syslema:ic error ranging from 4.6 to 1.3 ‘ji, on the 

closed othir measurt’mcnt. For a closed orbit corrected to within 
300 pm, the maximum systematic error would he 14 pm. The above 

mentionned systematic error was checked by measuring an or-bit 

which had i:itc:ltlonally large escuraior;s, up 10 6 mm, with 2 
;itteriu;IIor \cttings differing by 10 til%. ‘I‘hc dit’i‘errnce wits li~urld to 
be 3.X $5, wiih an r.tn.5. of 2.6 ‘3 for the I6 positions. The result of 

tllis me:tsur-crncnt is thei-cfclre 3.X f -6.5 %! tc) be compared to 811 

exptctcd avcmge of 2.8s 5. 

(‘haracteri\ti~s(,i‘thr System 

‘I‘hc sgstenl has a very Jargc range of cut-rent per hunch 

c:tpabili~y. prc~b;ihly limit& by the multiplexer, The largest hunch 
current evrr reached was 165 mA, but routinely a. 2 hunch operation 
with 1 10 11~~ Jlcr hunch is performed No number c;~n be set on the 
system sensitivity, but the smallest step which can he displayed is 
JO lrn. The reproducibility of the orbit me;~~urement was checked at 

fixed mnshin: settings keeping the current constant. With 2 bunches, 
the x and z reproducibility has an r.m.s. of respectively 20 and 
IS pm. For the optr;ttion with 24 bunches it is worsz, 50 and 

20 pm r.m.s. resJ:ecrively. This seems to be connected with the 

synchrotron tr~cillations and spcci:tlly with their fluc~untions. 

c.0. Co1mct on Schen1cs 

Three melhctds ti;ive lwn de~cloppetl sticcessi\~ely on Super- 

AC0 in or&r to steer the cloyed orhit. The first one proceeds by 

choosing the most effective correctors [2] and the second one uses 

C.0. butnp~ rposition or angle). Combining there two schemes, one 

can com;)ensate the main C.0. distorsions and adjust it precisely at 

certain points on the riny circumferences, while increasing the 

distorsions elsewhere. 

Since more and more be:ml lines ;lr(: progressively used on 
,~uper-AC0 (J?rcscn’ly 4 from undul:ltors and 9 from the bending 

m;igncts) and owing to a required accuracy of + 0.1 mm for the 

\oulce points, ;i mrrhod of global correction including 311 the 

L’orrcctorc was devclopped. The principle is afrer G. ~uignnrtl [ 31. It 

;onsists in lninimirine the sum of the squares : 

lp= 2 p, yi - -$ aj, Y, * t-y 2 x; 

i: t t j-1 1 j-1 

where : 
- n is the number of lil’hl and m the number of dipole correctors 

p1 is H v,eighr factor at station i antI y the weight conncc?cd to lhc 

limit of total corrector currt’nt 
yi is the C.0. d~!iiOJSlOtl at st:ition i and “ij the effect Of 

coIrcctor j at i 

- x, is the current of corrector j to determine. 

Cancelling the partial derivatives%, k E [I .m], one has to 

inverse i1 m Y tn squarfz matria, symmetric and quadratic. Ail its e&en 
v;dues are real atid positive and its cigcnvectors make an orthogonal 

h.Lsc WhCJc thC Sl~lutiOll VCGiOJ 2 Ciltl he rXpJCSSd c>nC C311 USC LhC 

classicnl numerical melhod [4] searching successively the 

e~gsrwaIues irith tile lar~cst nlrxlules. 

Based on these considerations. ;I nutneric;tl code has been 
dcvclopprd. In almost all casts, it cancels ex:jctly the CO. exarsion 

with reasonable corrector currcnrs. In the case of 30 correctors, the 

calculation takes 2 minutes. For- a given set of cot-rectors the 
eigcnvnlues and the eigenvectors are calculated and stored in the 

computer, thus making the calculation of the corrector currents 

almost int;lnl;tnet,us. 

For practical use. the code ix included in the control system. 

All the operations are automatically performed : measurements, 

calculations and corrections. Daily, after 2 or 3 of these cycles, each 

lasting one minute, the closed orbit is precisely adjusted. Fig. 3 

shows a typical cmnplc of an orhit prior and after ruch a cot-wrion. 
‘l‘hc rcsul~s are extremely good with r.m.s. of 25 and JO pm 

rcspcctively i:i the x :ind z dirrcrions for ;t 2 bunch filling. 



Closed Orbit Measurements 

With the residual closed orbit distorsions getting smaller and 

with the increasing confidence in the reliability of the detecting 

system it became clear that large orbit changes were experienced at 

Super-AC0 during a heam filling decay from 450 to 150 mA. In this 
current range, orbit changes of the order of 2 to 300 pm were 

co~~mxmly obscrvetl. A special investigation described helow was 

carried out with in mind to separate the effect of beam current change 

from the drift with time at constant current. 
In the 24 bunch mode_, a closed orbit was mtzasurcd for a beam 

current of 450 mA. Then. in a time interval of about 100 s, the 

beam intensity was reduced to 30 m/\ and new orhit measurrmcnts 

were taken during half an hour. Two observations can be made. An 
orbit jump in the radial direction of avrrag~ 700 pin is mcasui-ed in 

the dispersive sections, whereas in the non dispersive sections the 

average is comgaliblr with zero. When interchanging the dispersive 

and non dispersive sections the orbit jumps follow. Everything looks 

as if the beam energy was changing by an amount of 5 lP4. The 

second trend is ii drift with timr of the low ctment orbit following the 

abrupt change of intensity. The drift looks exponential with a time 

constant of the order of l/4 hour. Furthermore, the amplitude of the 

drift i< not identical for all the stutic)ns hut is roughly of the order of a 
few hundred pm. 
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Fig. 3 : Closed Orbit Measurement 

(a) Before correction 

(b) After correction. 

In the 2 bunch mode, the bunch intensity was reduced front 

100 mA to a few mA. No orbit jump is observed in the dispersive 

sections but orbit drifts are again present everywhere. 

In both cases, no such effects as mentionned above were 

observed in the vertical direction. If anything, they are least reduced 

by a factor of 10. Furthermore the amplitude of the drift in the radial 

direction is proportional to the total current. This amplitude, when 

731 

normalized to the total current, displays the machine symmetry with 
vx = 4.7. In fact a single kick in the RF section would reduce the 

norm by a factor 4. The required kick has a strength of 

E x 1 = IO5 Volts. 

The normal behavior of the orbit in the verti?:tl dirc<-tior. 

excludes a large number of possible mechanisms. The drift with time 

as well as its proportionality to total currcn: restrict lo d large extent 

possible RF mcchnnisms. ‘1%~ prol~lcn~ i5 still investi@cd at L’liliI3. 
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