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The ad\rantages of bunch synchrxous moni- 
i::sr~ ng wi 11 be demonatratad b>’ ex,dnple:; of Q-measure- 
,-it! n t 3 , closed orbit determination and measurement of 
L~,hrom,i:,icit,y at, SIS. ‘ifsing a phase locked timing 
gcncrn:or which controls the posizion measurements and 
tr-ggrring ,~f Q-kickers, bun!zh related kicker timing 
-‘a possible even at the highest pnargies of SIS. By _I 
synchronous observation of the betatron phaseshifts at 
ttiio positicn pick-u?s ths? integer a-vaI.ue can be 
,9;:tcrminc:rl, too. 

Introduction 

Whsn designing a beam ?o3it::tl norlit:ring 
.system t. h f foll.owing main a,7i,?ects have to be 
i!i:rE iCI?rF’~l: 

- ‘Type or^ signal zxtractinr. from :.he beLam vhilh can he 
?f t,t1*, intilrct,ive, :apac:tive or r(>ai:;tlve typ?. 

- Dittzrmin(it iOn c f t h F’ gf:om+.~tr izi! :‘h,ipe of thf- 
9 1 iJ c t I 0 ii 0 ‘j in,-:lII~iing t: ‘? e n.?lncti-n !3f .-lppr::pr iatc 

ri i!:>ri,iI.;. 

- i:;lr L ii rin ‘on 7 ,?W 1 I‘ (11 313 irnpt-~,L~l,*~i i :~put 3igr:~il 
i’n;, 1 L t’ ir, it, io-I. 

- !:r,‘;i;ni,>-‘it,ri ctf ,I_ , zhn iipn,imii: r’dngf‘ :by t,iking ir.to 
2 1’:i~llrl t.he I,,%‘?‘hl II-? pir,meil2:‘-, 1:; well ‘IS the 
v-3riiou:i ioq :j)icirs wh:c~ h,iv~~ - i b4: il!i:l?l~?r;l!.~!c. 

- :,: ;?,:h! i::‘-Ii .q: ->r ,T’! ,.iilr’lriy :*~ic:ll’ ,:r,“!; W’i i,~il I, 1’W.’ t.1.i !>a 
p:-r’t’c)r‘w~-l. 

:l:t,+~yrYlt, i 31 0 f thr yo::i t io9 m*a,i : II’ irlir ,91 :ct.r~3ni~:z 
: r:t,~s tilt: c~,nt.r-ol syste73. 

‘Thf, c’hni$:e:; : ,i k e n fcx 1.7 i’ 3l?xn P.‘silior. 
14,nlit,ocing (FPM) system of .jI:; -it GI slill bo shcr’tly 
41 ;~l)i?~l ~r’i :ii>,rl” CY iq11 s+:j of ni, 1:;1;r~~incrit.5 wi 11 bt 
:‘; ; ‘4 :’ I, i I, t h i? f -J 1 lo d 1:, g , 

System dtzscript:‘:n --- ____-- 

Th2 :>h.ipe of L.h~2 c-lp,lr:i tlv.2 pick 12j: systi,m 
t’ Jr’ the SIS x4 tke flair. al,zctrlcal i3?c.:if :cirt,;ons 
il.iV~~ al- t bly bm?n giv-n in [l]. Thr, ‘;I.: 131’:4-:;yst?Io Is:’ 
Wf.‘. 1 3:s Lh<‘ !I: S ii 3 FM - c: ;J “i t, t. rn vi I 6:: ‘);i:jf:il <>,I ~li!J? i ISl’!?ll,lr<:Y 
;r pai. ::i,3rial p-0 :essing for the Yollowi3g :‘~;nsons: 

f’..ir, t-ii%. hiqh 1mp~4.-:ncu sicsti:x t.31~ ii.dni? B x t 1’ ‘3 c t t’ 4 
t’rom thr? b?:‘in l.:;in ho larger tup t-1 a fa?rt,or 5-15 in 
~‘dmp;ir’i:.wrl /‘) i.ilF’ IOn ,in;~~~I:riri~:c’ :;y:;‘,*!m. ‘l’,liS lF:r;‘m!? 
r;i’ C~XJrlSt: vflar’f r:l.lch o:b t;kr ra:io :f’ pl.ltP it:prilnr.i:r 
t.;, l.hl~ 3mplif i+r input jmpei-lrince. 

- I:.,r, ;I.; th;? 1y~dm~c:; >,f ttlr> inpIll s1gnti1 ~Il.wlng 
;~~:celc”ra:. ir>n ,rnri flue to bunch c?&.xnpr,as.;io? is Yhout ;! 
t‘-actor of 3 smallc~r cm~dred t.? a 1?1; impc&3r.t:f: 
systt?m. Fig. 1 gives the Iexpected ,3idn?ll 3tfler,gths 
<IT,,1 cjhniis l.hf: dyn,imii: r’&gc:; r:hr,zur. I?,~’ thi? 11fW 

ci y 3 t k-? m . Fig. 2 shows thi! a n a 10 g u ‘3 p;\r: of t.t1a 
‘2 1 ‘4 :: ‘, r on i 81 i , 

- Dw to ti-tr low cut. off f?ei]u-:nzy ( 3 kilz) of tht- 
high irnp~!dan:u syster the bunches 4rr? sio’.4n i 1 their 
original s’lape which make? in:cgrdt.ion rnllvth c3si4r. 

Theoretically the sensitivity of a rectanyu- 

:ar pick up system is gi.irn by S = cxiKs, where dx is 
the beam displacerent and KS is half of the aperrur~. 
For the horizontal system of SIS with an aperture of 
200 mm KS has been determined by test ae?surements to 
be 174 mm. This could be improved by introducing ,i 
narrou grounded strip bettieen t,hte mensuring pl.rites 
reducing their coupling. Based on the experience with 
the SIS BPM-syst.em the ESR RPM-system has been 
modified in tlis w3y whic’n Irarla t,o KS = 17’1 for an 
apertL;re of 300 mm. 

In a very early stage of design it was 
drcidf?d to use .;ingle hunches for the evaluation of 
baan: posltlons, measurement, of Q-v31 ue, close3 orbit 
d~ztcr:nir.at ion. In orslsr to nllov bunch synchronous 
mansuremen:s the timjng generator w:lich is the heart 
of the BPM-system [2 

1 
has been integrated into the 

digital electronics 31 ii cd tht? :i,ntri,l systc?m 3s 

Z.~O'Wrl in Fig. 3. The progr,2mmaole hardware of the 
timi.ng gsnerat,or creat,es 160 steps for one revolution 

of t,he beam. :hcrcfur~~? lhc ;)1’3#r,17iming and distr ihu- 

tion of gate or trigger pulses c:in tx done witn ii 
1*2s ::lution of 7.25 degrf:es ,3rw~nil the ring. Since tht> 

oulscs clre dolrryo:: t Iking inta ;.L .L 3 yc Tunt, t.hi‘ prograrnmcil 
gcoxetric pz i.t ion ;,:; sill 3:; thf: ~:harip;i~ it’ ,f.:l.[ici t:i 
:.> f the prat icl+?s (during i,nc‘ CYCli? within i > I.3 

(i ‘3 ns 3t injec:ion energy) this corrtispontf? to ii 
transformaL;ion of giomctri~c lo-at l:n:3 d+‘oilrv: t,na l‘ii~g 
i*lt.,: 3 time sCJ.~li? ;ILt,h t.hc: pcriorl 101‘ 1 :‘v[:?:. 

I'AHTI~ 1.1 P .i'Y(‘I P: 
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JECTION EXTRACTION 

1’ig. 1 : Calculated signal strengths a II il dyridm ic 
ranges for th? ‘;I!; HPM-system. 
Thti expsctec: sign,313 ,Ire given f:.,r j:ljec.';ic)n 

energy which is t’he worse case. 
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F-3. 3: Digitdl part of the SiWsysrem. 

Measurement examples 

Fig. 4 shows a computer plot rif a Q-measu- 
r’e,nent r&::ing only; one position pit< up. Al shouzh the 
clsplayed data correspond to 250 turns the :wo 
vertical Lines shw that only about 90 turns can be 
csfd for :he determination of q (= non integer part of 
Q) Ly a fast fowier transformation. This denends on 
the strength of the Q-kick and the damping of the 
oscillation. The values for q are given on the q-scale 
below t,he position data. Taking only data fron one 
pick up She accuracy of q is about 1/(4Ni, with 
N = Number ‘of turns used for the cllwlation. 
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Fig. 4: ~Comp~rter plot. of a Q-mensllr,im,::nt,. 

rig. 5 ShoLIS n se-i .-:s ‘-:f :-me~3surr ment .3 (1‘1 
the rmnp taking 3dvaatage c t the functi,xn mo d” 
implemented in the microprocessor of the digital 
clectronirs it9 :I-:;crlbCd iv) [l-3]. In t.li; mci(li? ?I- 
block data dith 1024/N 6at-a in e-ieh 31oc< _‘a’~ ti? takd:i 
at my time jdxing :P.C .:gcle. 
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j: i g . 'j : Q-me~isurement during acceleration. 

A closed orbit me~~s~r<nent far iin Ar*‘-beam 
wish 200 \le’d/u is shown in fig. 6. Two different 
‘II. ,‘,ll~xl.; !,‘i’J- bi’erl d’39d t’or- the de:ermin;it. ion of t lit? 
<zhromatizit,y: Fig. 7 gives Q-vslues neasured witi: t5e 
ilPM-sy-,t~TT in c,-:rnr,irison to Scilot:ky s.:,?n d,.it:i diz- 
:>! ;ty4 ,ig3; r..st :.l-1e of fsrt fr5n t?le menrl 19 ii ii i 3 1 
Il..:3ition :t’ tnfz beam. The :z;l!ccl;.tion of thP achro- 
rliti:i*-y fl*,)rn t.3in d*t3 Is &iveri in [4]. 
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Since betatror. oscillations can be monitored 
synchronously at all the position ?ick ups the integer 
of Q-value can be determined by measuring the phase- 
shift between two or more pick ups. For the phaseshift 
of the slow oscillation at one pick up the relation: 

A+, = k, - AP * 2 TI R 

ho?.&, where ii, = 2n/.\ is 
oscillation with A =’ P 

the ‘wave ntinber of the slow 
* 2 n R as the wavelength. 

Here P is Lhe numbe% of turns for one period and R is 
t,le radius of the 31s. 
On the other hdnd the Detatron phaseshift between two 

pick ups witkin a distance of As is given by: 

A@? = 271 - k2 * As = 2~ - G/‘R . &s 

wh?re k, = 211/h 
betatron 

osaillaht)io~s :!I: wa-ya3nd;3it.- of the fd;; 

h’h 1 Oh wavelength 

“9 
= 2 71 R/Q. Combining the twz equations an3 taking 

As = 2n I?,‘6 which corresponds to the sequence cf odd 
nrlmbered pick ups yields: 

11 .i 6 ( . - ,Ai’/P) . 

‘T h .2 r c :i 1, 1 t s 0 t .L ine,t!;ur~~.~!nc~r.t dri: siwwn 12 
fig. 8. From the values given in the figure ,Z turns 
o\!t to be 3 fvr the i ntb?t:er’ par-t. i.n dgrr-mnn!, ui th :lw 
c3lcuLstnd t.un’S of ti^.c. ma3:hine. 

B Number of turns 

I . . . . . . . , a. ,I 1. I. L, I. L. .I 8. L.” 
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Fig. 8: Determination of the integer S-value. 
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