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COMMISSIONING OF THE LEP THAKSVEHSE FEEDBACK SYSTEM 

L.Arnaudon, S.Myers, R.O!sen 
CERN, Geneva, Switzerland 

Tt r.’ LEI’ :oll~de: has been equipped with transverse 
fredbark systems 1 In the horizontal and vertical planes 
r~apabl~ of prodticing coherent ?uni’ shifrs of the ordrr :lf 
QS (0.1 1 and ,of damping the transverse oscillations of 
each 0 f thP cipht bunches. Reactive and resistivi) 
feetlbat~k is made possible by linearly combining positio!l 
values of two pick-up electrodes separated by 90 degree 
phase ad\‘ancF:. Due to the t]rnP nvailahlr bctNecr! positlo:1 
measurement and applying the kick 891~s (1 turn), it has 
been possible to rnaks the cal-ulnling part of the systcr- 
dlgital, using i?igital Signal Proc,ossors (USI’). one dcdl- 
catc‘d To each t,:Jpz of particle. The bunr%h<>s arr 1 rc:ltf3d 
Indiviti~all~~, this means 16 channels in tot,al. 

The beams arP ::iven angular kicks b)’ parallel piutc, 
magneti- E:ickers with an inductance of 1.5~!1. Two Iunits 
of i.5m, length in the vertical plane and 3 units in the 
horizontal plane have been installed. The kickers are 
p;llsed with triangular pulses of maximum +/- 40 Amps b!. 
IGRT power trans:stors giving a maximum kick of 4Gm in 
each plane. hleasurements have shown that transvcrso 
oscillations are damped, and the first results with 
reactive feedback have been obtained. More work still 
remains to be done to make the system fully operational 
from the PCR 

Introduction 

?heory predicts +.hat the LEP performance will be limited 
b:; the Transverse mode Coupling Instabilities. The onset 
<a? this instability occurs whrn the freq?lency of the head 
tall mode 0 is shiftc?l sufficiently to rollpIe to the -1 
rnode. Rcughly sp?akir.g, for short bunches, this happens 
when the frequency shift is equal to the synrhrotron 
frequency. Cornpurer simulation programs and experi- 
rnrnts 2 have shl)wn rhat by roinpsnsatine the Prcqucnc:,~ 
shift of the mode 0 oscillation hy rear.tivc$ fi,edback, thf, 
bt!n?h ttirf~shold r\!rrent CR” bta iricr!?asod. 

(‘~,rnputat ion ,)f t hi, rriqu:red s?‘?ler~l paramt:ti~rr: is iih- 
rained bhr evaluating the transfer matrix f:,r the parriclrts 
0 i’ c r a hitiglr mactilr:e turn WI th the ilf’fCC1. i~f ths, 
feedback kicks Included. The eigenvalues of the transfer 
mat ris allow calrulation of the required loop gains 
associated with each pick-up by introducing the re[luired 
tunr! shift and danpini: coefficients 

The meaning of the different parameters are shown 
graphically on fig 1. _- - PO -~ -4 PII‘ ------F Pkl -7 

, -- P’2k -Clke* ’ 
PLI: FU2 
-1 i LK ICKtR 

PUI x pu2* 
-I- I 

-p -~----IF-~ T--T; 
1 L-p-J -_.._-_ L Next turr 

I -_ __.---.. 17 92 i -._- 
F”3 I - 

The feedback tune shift p FII is given by: 
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A ~‘ont.?cI pr~~gr:ili~ i~:lli‘lll:ltr~S pl ~lild CT: for ti,fft~ri!llt 
+%h:)i?es cf feedba-ii twirl,: sh:ft raiifi damping tir~c” and 
converts the gain values into th.1 ISP gains which takr 
unto ar:c:uuLit tlli-3 :;l,nsit iTit>, nf tfle pi:k-cps L’lC f::,.:, r7f 
the electronics and the cor~Vers:nn factor for currc’nt 1 3 
firld strength ‘11 I II<, bichtmr 

For the most c:~mmnlrly us:,d m:trhirre t ilni~ 
parameters are : 
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Op<?r;itiori:il 11:;(~>: i>f tilt, Frdhack Systelr~ 

Althlrrleh the rP:~cT IV<’ feedbai’k systcrn was constrtl< l*dd 
TC rnisr, f taco I.EP intc,iistt;: thrc :;hold against tni‘ 7r:lnr- 
v<drsas rdfldii (:i:upliriE lnstahilit ij’. recent espc~rjork-~~ Lr 
~)perxttng I,lCF’ 31 tl:>:,lc.r tntc=rlsiti~~s k-as hL;:t\llyl ti(‘c Tiii’ 
~-JI hrr trnport:in~ u’;(‘:. c 1 I j\:s !,;‘sti.tI, .l.t prt‘scrir thi. Lb:1 
intc’nfilt). per t.unctl is thc;ll::ht tn ho limitf=d b:, i:yrt-- 
~chrvbi~tatron r~~si)n:*nceb :3 ‘l’i~13 Inrj:~. split hi 1 x idb’ri T t 4’ 

coherent intensity deprndent. tune and the irroherent 
one makes simultaneous avoldsnci? c,f these rCsor,anrl?s 
very complex 4, partirularly when different hunches haT\,tJ 
diff?rcnt intznsities The reactivc P!?r?dbark system C:LV lir 
used to provide an intensity dependent. tune shift for 
each individual bunch and thereby make coherent and in- 
coherent tune values rqual. This will greatl:v. facilit:ilr> 
accumulation of higher intensities. 

The resistive feedback can also he used to ensure 
stability of higher int,ensity beams in the absence of 
positive chromaticity. This is particularly important 
during the energy ramp when the induced eddy currents 
in the vacuum chamber produce a chromaticity Jump. 

Ilardwarn 

Fig.:! is a schematic diagram of ‘he horizontal plani, of 
the transverse feedback system. 

Pick-ups 
The two bunch position sensing pick-ups for ca*-h plane 

are situated near the RF straights section wherr? the 



dlspnrsion is zero, 200m from point two towards point 
three. ‘The time herween c- and e+ is 21.1s and 20~s to the 
nexl e- 

Thi! standard 1.W narrow band pick-up system is 
us~3 fiir position measurements and for signal transmis- 
Sil~ll to the klystron gallPry. For our use t,hP pick-up 
buttons arc’ rt,:,nn!Jrtfd in a configuration which gives a 
fllirrnslizsri signal with either horizontal or vertical bi?am 
p,i~lion ‘I’hr transmitted signals are pulse to spxct? 
rrii~lilll:~rf~~i, :ilrd r(.i~om:)irieri ii-1 thti kl>rstron g:lllery to j:lr’~’ 
k:i arnplitlida~ m<,dtllnte?d signal, WI th a pi~lsewid t h of NO- 
:‘i)i~rs ri(~:~~-dinp on 1 hfl b,rlrlvh inransity 

ii1 lh~~ LEI’ klystror gallor:V wllc>rl, thi‘ feedhack 
/,I 1’: rlilljl. r.?i.l‘s :i’l s~+~:,iitc~. the bunch ;>osltion si$in:ils 
:,rc, ;im>l~P~,?d :i r, II TTI. syr chronization signals a:~: 
~‘r~~:*,6~~j l’s‘: b~:i-tl plt.!i--llJl This irhf’lrl[i:ltion is used for 
I in ing and lo~lral purposes. The e+ and e- bunch signal 
JV~T :, has to be separated. so thr correct bunch is sampled 
:in~i Irexteti at. rhc right, Time. For the system to work 
pr’~pc~rly cart1 bunch must contain a minimum current of 
1 !.I p A , and the bunches should he in the correct RF 
br,pket otherwise the timing is wrong and the applied 
kicks arp not correct,. The analog bunch slgnal is delayed 
to allow the sampleihold control signal to arrive before 
the rorrespnndlng analog one. The sampling time is 2OOns 
which means that the end of the sampling is in the middle 
of t.he analog position pulse. The sampled signal is fed to 
its own phase shifter. The phase shifter produces shifts 
up to 180’, and can be manual or computer controlled. 
7’tl(J pltlstr anplifipr, sample/hold and the phase shifter 
have a gain of 30dB. An external Input is provided to mix 
XI\ g>sl-ita icmn signal to the beam signal to allow measure- 
m,.~rll of thr transfer function. Earh plane has 16 diffcrer.r 
rb:inn~ls, 4 F+ and 4 e- coming from the two pick-ups. 
‘l‘trc 4 !1+ and 4 e- tbunch signals from each pick-up arc 
si~[,:irat.-~lj~ ~nu!tiplaxi?ti. Four 12bit. AIV: with a conversion 
11m” of tip’ corl\‘erts the position into a digital signal. At 
t ht. calltylt of rhe ATIC 2. single bit corresponds to SW. 
ah1c.5 is m Irh less than the resolutiori of thr system 
Later t,he a c c 1 r ii c \’ 0 P the posilior, signal will hc! 
in,prlivi,d Tht? ADC data from thr pick-ups are combins?d 
SC’ o:li~h da? i path corltainS thr ;~oSitiorl Vkl’l~’ of tM’C Fi?k- 
11ps nf eilic,r P+ or e-. 

Digital Sixc.&l Pr?ce$.sor 

A digital signal processor TM32010 from Texas Instru- 
ments is used 3s processing unit. The task of the 
processor is to multiply the position value with the gain 
Pxctnr for each pick-up and bunch. The multlpllcation is 
done with look-up tables. In each plane there are eight 
tables. one for earh pick-up and bunch. These tables arc 
tin two pages u i!h onI:; cbn.:’ in use a.T an:; t.irnri. While ione 
pale is in use the other pale can he updated with ~,r?ii’ 
gain valuers. anri l:iTer ,s’;iiti’t!etl to bl, 1 he al.1 iv<’ on(! ‘I’hc 
rabies !‘or cacti bunch can be construrtc?d indiv~duall) 
and b.avr an;; f(~r:n. ,Xnir.tl mr:ans different gain for c’:i<‘n 
hullc~it. ‘I’hp processor sutNtr:irts 1 h<: ~close~l orbit from the 
position signal, b? 8.ontinuousl\ ar,craging the last lO?O 
values of the posit.l:Jn data ‘IYhc~ :l:it.ri ih ronvrrtrd iltt<l the 
special code usf>d by the power amplifier driver ant is 
transrni+twi as psrallr~l darn :ct;c-t h@r with thca hick !irning 
i.rUlSC. 

A digital11 c,ontrr.ilir:d pIllsr~ :~~~plif’i~r Irlvl:s ?:ac,h kicker 

tank. See fig.3 

fig.3 
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Information coming from the I1.S.t’. are locally convert,ed 
into a pulse of variable amplirude but fixed position. Tlic 
pulse range is +I- 40 Amps for each amplifier with a 
resolution of +:- Yhit and a duration of 1~s. Due to the 
inductjve load, the pulse shape IS triangular and the 
power transistors are protected against reverse current. 
See ! fig.4 
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The amplifiers are fitted int,o a lead box directly under 
the kicker in order to be as close as possible to the load 
and shielded against radiation. 

Clamped on the output connector there Is a current 
transformer which measures the output pulse amplitude 
duririt: c:llibratlon 

I)rit;imanager and rprnotc‘ control 

I’:ic $3 i,alled Data Manager S IS a VhlEbus rrate which wr? 
IPan lo[: (I,, :n control the entire feedback facillt>‘. .A 
+;i,nr:r:+l bluck diagram is given beior 
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LOCAL I/O LOCAL I/O 

The master processor is a 68020 wlth 4Mbyte of ram. 
ETHERNET driver,60hlbyte hard disk and local terminal on 
RS232. 
A 68OOOslave processor is used to control non intelligent. 

I,‘0 located on a G64bus. 
This solution gives flexibility, cost ano dcvclopmcnt time 

reduction by using existing low cost G64 110 boards. Wr 
can consider the control system as three sub-systems: 
Horizqntal plane S\‘st,cl?t: controlled by a G64 crate coil- 
niBr.ted to the VME via GPIRbus mainl). usr,d fcr D.S.P 
parameter transmission. 
xL*cal Plane System : same 8s Hcrri7onta!. 

Control artd mnitoring Sg’stEm; dircctl>, under Vh!F: 
control used for data collection and on.‘off facility. 

A? the present state of devel:iprnvnt : tmv hlirn:in ir:t.i~r?:r~~i~ 
is a simple c0mman.d Interpreter which is forseen to ht> 
easily integrated in the existing LEP RF control system 
Tliis approach gives the facility of retrievlnl: data Ccg 
F’icku? data, D.S.P. data, system status, kirker rurrent. 
i.tr 1 for t>ff lint manipulatior on a higher le~~el warksta- 
1iOli. 

Commissioning and result with beam 

Thr, first trsts of the system wore done mainly in 
thr vt>rtical plane where the instabilities are expected to 
occur first The feedback was set-up to give resistive 
fPedhark (damping). This means that. the pick-up which 
has phase advance closest to 90 degree to the kicker is 
cr,rltributlng strongest. 

The vertical tune of the rr,achine was 0.28. This 
xorkl:ti: point gives under normal operation small vertical 
oscillations, t:lr inherent stability of the beam is strong. 
For o.~r tests the% stability was reduced by decreasing the 
r:hromnticit~‘. With transverse feedback switched off, no 
current nould be accumulated, with feedback on, normal 
arc-uinulntici~~ was achieved. When the feedback was 
su~irchcd off agalrl the accumulated current was lost 

Another test was to apply feedback onl!, to one of the 
four e+ honrhes, th? current could be accumulated in 
Ihi!: bunc>h, in the three orhers thp current stayed IOK 

This year the the operational a,:jrking poi:11. has c h:tngt’tl 
to Qv of 0.18, at this point much more coherent oscilia- 
tions are present,, probably due to the Increase in beam 
intensity. 
Transfer functions have been measured. Fig 6 shows the 

system adjusted for rrsistive fcedhxck in the vcrticnl 
plan, top trace open loop, bottom trace is the closed loop 
%hIch gil.ss a rPducl.lon of 6dH. with thp (chosen $;:rin 
values. Marc reduc:ion has been achieved wlrh higher 
gain. 
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The top trace of Pig.7 shows resistive feedback, bottom 
trace the Q-shift introduced hy reactive feedback, the 
shift 1s 0 01, upto 0.06: has beer achie\,ed with other gain 
values. 
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The clc?ctrodcs ut’ L:I~ hickcr tanh:; have b(*~.?ri ?!~jc:~~pt~j 
wit11 forced watc:r iiiolint: tu dlssiyatt, thr: hc*at lnf:ucG:ii 
by higher order mode Losses. No temperature rise has yet 
been observed. 
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