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Introduction ---- c 

After accumnlation :II the AA ring, dt 3.5 GeV/c, 
the .antlprotons ~KF in:ectcd ,A:: 3 low Intensity 1109 t 
1O’C F’r?b), 8C nsec Slflc;lf i,~::‘ph ~ntt) the FS machine, 
a~:celer-ited ‘ig L9 ,1< G-:V’c and then transferred to the 
SFS collider R.~ndom : “.I:Isverse errclrs 3.t injectloll 
lilt0 the FS lzad to ‘bi;im o.Tcll!atLons which increase 
the transvers-2 emlttance:; and decrA?ase finally the 
lumlnoslty 1.n the ,:e,llider. As part of the improvement 
proqram f3r the pF r’;n <it the b:r.d of last year a 
” dampc r ” has been Installed In :hc PS to counteract 
such oscil?*tlons Th:s paper de:sc:ritft.l t:,e Tustifica- _I 
tlnns, ‘-he ‘.?f:llr:it:‘i: solutions and the results of such 
,dn equipm~2!;-. 

Farameters evaluations 

From now o:i we will consider only the horizont.al 
plane bl:t the same considerations and even the same 
numer ica? vallles (in ?ht PS) apply in the vertical 
plane a: wrll. i,rjt I? :5 call ‘,F the final beam 
emi++ant:c2 :after f ilamrntationl , then [ 11: i. 

“i - E l t ia ! I ) 
where 
Ef = I 2 IJF.I~/B ,: [n.mm.mrad] 
‘i = (2 oi):/O, [n.mm.mradl initial beam emittance 
Ea = 2xz!@c [n.mm.mrad) : “,lnwanted” supplement in 
beam e:r,;ttance given by a Pmall injection ‘:LrOr OE 
amplitude x [mm]. 

Oi and "f (mm] : :n.ic_ial and final half rms beam 
width 
Bc [m: : averaqe value of :hc P-ftlnction {= 16 m’* 

Applying the formula (‘! t. c a beam 0 f Ej- = 
Znmm.mra6, an rn;ecti,?n error of x(; = 3 mm (. which 
c.in be considcrrd as a “bid” inlect:on) leads to an 
cmittanrrr blow-up 1 .a r g e 1. than 5@“,. To reduce the 
blow-up ~‘0. say, less thin 10% r:,n~ i:;is to damp ‘he 
original ? mm osci:.lai:i.on to less than -1.2 mm in a 
time shorter th.ir tt‘.c fLlamcntat::!n tlmc. This Implies 
a damper gain G defined as : .?I : 

kLi:ker deflection X'_ (I, = -----.-----:-- ;--- ~------------ z - _ 
!lF+Tt pCSltiC,r! it tlie P.U. x 

-. . i 
r 

x(t ! I- - ---.-_-_ ._ ;r, . .--__ --- X :mrdil/mm] (2) 
{B,,Pk (sju 1~: 0 

where 
tr : revolution period {: 2, 2 zis~:,:) 
xit,): oscl?lation amplitude for t = tc (2 1,; mm) 
6, : fllamentatlon time>, ’ .c t, :(J: P &Q! 
AQ = ‘0 BP/P 
c : chromatlcLty {= 11 
Q : tune {= 6.25,) 

3 Ap/p : half momentum spread {-- 0.5.10-1) 
x,j : iniectlon error {Z 3 mm) 
8:s $k : values of the B-function at the p.u. and 

kicker pc:?itj.ol? {fi, = 8k = 22 m} 
v : betatron pha:;e .jrlvance swept by the beam between 

the pick-ilp crcrsin: .a:ld the correspondinq kicker 
deflection. As in the PS: Q : 6.25, the same 
location ;or *-he pick .sp and the kicker leads 
tl?~S:,I I$/ = 1 on evi-ry odd number of turns. 

‘1 Numt.,:-li.kll! vdiiue:t beqwwven (] brackets are the 
specific P:: m,ii~!:lne values. 

Tllcoax feedthro”.h 
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Fig. 1 : Kicker and ?ick !~p AS I.nsta!l ed in the FS 
rinq 

The maximum i::~F:+:c+ion is of coul;~;e given by : 

“,a,- G xmix i 

so lf x 
milx ’ 3 mm then x’ 

Flax 2 5 urad. 

Hardware imolementation 

The Informat:on on the amp1 itude of the 
oscillation can be extracted by fiiterlng whatever 
betatron line within the spectrum of the p.9. signa! 
and normalizing to the beam intensity. For practical 
redsons we have chosen to filter the lowest one i.e. 
fg = .25 f,,, : 115 XHz 

Pick-up 

The very !ow intensity of the 5 beam requires a 
hiah sensitivity pick--up. An electrostatic pick-up with 
8% square cross-section of its electrodes turned by 
45 degrees [3, 41 has been lchoscn. The horizontal and 
vertical electrode pairs are combined on a lenath of 
720 mm. At each end some space is available to ad.Ap% 
smoothly the square 3h1pe of the electrodes to the 
elliptical vacuum chamber of the PS. These pieces are 
part of the internal screen whi::h is insulated from the 
vacuum tank. The electrodes with their screen are 
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located in a vacuum vessel 920 mm long with 350 mm 
internal diameter (Fig. 11. 

200 kHz. The qroup delay of this filter is 3.5 us. 

The connections to the electrodes are made in 
the eqliilibr; urn point of their surfaces to minimize 
parasitrc resonances. Triaxial vacuum feedthroughs are 
used for the signal and the internal screen 
connections. The lowest. measured resonance of the 
electrodes with their vacuum feedthroughs appears above 
150 MHz. 

A wide band (50 kHz-130 MHz1 power amplifier 
(t29 dBm) with a qain of 26 dB (MINI-CIRCUITS ZHLy32A) 
is located in front of the bandpass filter in order to 
avoid noise problems as much as possible. 

The input voltage range of this amplifier allows 
to cover a beam intensity range from 109 to 2.5 1010 
particles per bunch for an oscillation of not more than 
210 mm. 

The bandwidth of the pick-up with its amplifiers 
has not only to cover the needs of the damper loop but 
should also allow the observation of the bunch signal. 
This pick-up will be used for heavy ion (Oat) accelera- 
tion in the PS as well. Therefore each electrode is 
equipped with a cathode follower which presents a high 
impedance to the low capacitance (45 pF) electrodes. 
The housings of the cathode followers are in contact 
with the vacsum t,lnk whereas their ground is connected 
to the internal screen. The inputs of the cathode 
followers are equipped with diode clamping circuits 
which protect the tubes from the rather high voltages 
which develop on the electrodes during acceleration of 
high intensity beams. 

The amplif ior should see a 50 Q load over its 
entire frequency range. For this reason it is 
terminated by 50 Q In parallel with the 620 Q 
characteric impedance of the filter. The > matching 
network introduces a 6 db gain loss. 

Any beam with a non-zero average position In the 
pick-up at injection, even without oscillation, 
qenerates a transient signal at the filter output. This 
unwanted spike lasts about 5 us and its amplitude I-S 
proportional to the beam’s position and intensity. To 
prevent this spike from reachinu the kicker, the Ilate 
action of the gain control stage 1s used. 

Sum Siqnal Conditioninq 
., TririXLaL cables (75 R, 5 m long) transmit the 

output siqnals of the irathode followers to the 
drfference and sum amplifiers in a remote location to 
shield their semi.conductor components from radiation. 
The difference amplifiers are conventional long-tail 
pair: in cascodc connection with heavy emitter 
degradation to obtain a maximum linear dynamic range 
with qood common mode rejection. Due to the hiqh 
sensitivity of the electrodes the gain is moderate 
(30 dR) and can be reduced by a factor of ten by 
switching resistors in the second stage. The sum 
amplifier cons rsts of a double common base stage 
presenting a well defined termination to the cathode 
followers. 

The filtered signal mu-t be normalized to the beam 
intensity. This 1s accomplished by peak detection of 
the sum signal of the pick -up. The intensity and the 
bunch shape are assumed to stay constant durina the 
damping process. 

The peak detector should detect nruative and 
positjve signal‘s corresponding to antiproton a:~d proton 
operation during test periods. 

The linearity error of the detector is less than 
1.54.. Its output voltage rise time has been limited 
to 1 us to match the speed of the dcnomin~xtor input of 
the A/r: divider. The time constant of the droop is 
about 0.5 ms. 

For ‘1 typical parabolic bunch of 10s particles, 
89 ns long the pick-up delivers a difference signal of 
10 mV/mm with Cl wide band (DC-100 MHz) signal-to-noise 
ratio of :: dB. The sum signal for the same conditions 
is 70 mV. The overmall bandwidth is 20 kHz - 30 MHz 
(-3dB) 

The input voltage ranqe is 14 mV to 400 mV, which 
corresponds to beam intensities from 109 to 6 !O’* 
particles in 80 ns bunches. 

Normalization and Gain Control 

mtron Oscillation Measurement 

Since the difference signals (A) from the pick-up 
amplifier have the bunch shape, the betatron oscilla- 
tion at 115 kHz is extracted by means of a bandpass 
f iltcr whose cut-off frequencies are IO kHz and 

I 1 

Normalization (A/L) is achieved by an analog 
divider (ANALOG DEVICES AD 5393) The detected sum 
signal which constitutes the denominator voltage of the 
divider is always kept above 0.1 V to avoid division by 
zero and to guarantee a divider bandwidth of at least 
350 kHz. 

Since th:s control voltage should always be 

I I - I PICK-UP 
t- 

_----- BEAM - - - - - - 
KlcKER I- 

CATHODE FOLLOWERS 

AMPLIFIERS r 

POWER AMPLIFIERS 

.Y 

Fig. 2 : Block diagram 
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positive, the sum signal of the pick-up is inverted at 
the peak detector’s input depending on proton or 
antiproton operation. in this way the output slqnal 
[of the divider keeps the poldrity correct for the 
operation of the electrostatic kicker. 

The phase of the normal :zed ::ig:ndl is adjusted by 
a serlcs of tapped delay-lines, with a 5 ps setting 
range, and a polarity inverttsr for an additiunal step 
of allout 4 lisec. 

The tot,11 y.;iin ::if th+? -ystem can bc varie!! from 
-70 dFi tc + 20 d9 by d qain controiled amplifier whose 
contr.21 voltaqe hds been digitally linearized. This 
<<aill control s?aae acta a:50 Lts d linear gate to stop 
the action of the damper [S] 

Filiih Level Electronics 

The kicker together with four power dmplifiers, 
so:l.+statc preamplifiers and a:lci: !.ary rcircuitry form 
the hlqh-power part. of the system. Al the input end, 
two sinale-ended correcting siqnals at a ?ev?l of 
>: d5m ,are dellvcred by the low--level part. The 
preamplif;er converts them into push-pull rorm and 
increases the level t? maximum 5 V peak at the 50-ohm 
matched outputs. Exp.inded to fo:lr cb.annels, the slqnals 
are routed VL.~ coaxial cables over a distance of about 
50 m to the ring. 

Each final amp1 !fter ::T equipped with one air- 
cooled tetrode YL 1440 (made by Philips), allowLng a 
plate dissipation ~?f 1.5 kW. The tubes are operated in 
,a class-A, grounded cath::.de conflyuration; negligible 
grid current is drawn even llnder full load. The input 
IS wideband, r:onsi.sting of two cascaded 2 to 1 step-up 
transformers, terminated in 800 .ohms at the grid. The 
overd:: bandwidth is therefore determined by the o?itput 
circuitry, which is deslqned to absorb a load capacl- 
tdnce (of 110 pF ,.is given by the vertical system. (The 
capacitance of the horizontal svstem is lower dlle to 
shnrtcr feeder length and wi,?er kicker electrode 
spacing, but was brouqht to the same value by the 
addition of a I!l-pF-cap.+l~i tclr! A bandpass configu- 
ration with two tuned circuits IS used, resu?tinq in a 
l-dB freqtirncy ran,?e of 40 kHz !o 193 kHz toqether with 
a delay of 0.92 usec around the [‘enter frequency of 
115 kHz. At the nominal output. volt.lr;e of 2’500 V peak, 
the termination of 10 kilo-ohms has to dissipate a 
power of 312.5 W. It :s implemented as a string of 14 
wlrewound resistors, mounted In the a~ duct to the 
ampliflt:r valve and cooled by the incoming air stream. 
A sample of the output signal is taken by a 60 dB 
resistive divider and brought to the (control room via 
low- loss cablgs 

The active part of the kicker is formed by two 
pairs of copper-plated electrcdes, 35 mm widt? and 
900 mm long. Their characteristic impedance in push- 
pull mode (1.e. single electrode with respect to the 
virtual ground planes in the beam axis) is 136 ohms fcr 
the horizontal and 115 ohms for the vertical plates. 
Supported by low-capacitance ceramic insulators, the 
plates are connected to the outside of the vacuum tank 
by 8 ceram1.c feedthrouqhs. During the high-intensity 
proton cycles, each plate is terminated at both ends by 
a TO-ohm .absorbrr to minimize the beam-equipment 
interaction; 8 SFDT vacuum relays switch the plates 
during a~tl orotcn cycle:; to the amplifiers. An 
interlock aching eon the preamplifiers inhibits the RF 
in case of inadequate rf:lay status : this should 
prevent absorber burnout by the amplifiers in cast of 
i:ont:ol errors. 

Ease of maintenance was the primary goal In the 
mechanical des-gn of the flndl amplifiers. The units 
are easily handlrd by a single person; special 
qurck- rty?easr connections allow rapid attachment to the 
Output feeder line:;. 

Ancillary equipment : :ke interlock and power 
supplies is located 111 the equipment room and completes 
the system. 

Mechanical ImPlementation 

They vacuum tanks for thr kicker and the pick-up 
are shown in Fig. 1. They are a new standard for short 
straight sections in the FS. 

All parts ln the vacuum are cleaned and assembled 
using techniques which are now conventional for 
ultra-hlqh vacuum. StainLess steel parts arc baked at 
9SO”C and isolations are made with brazed alumina 
supports. 

We have used copper Taskets for the small flanges 
under 20: mm diameter and aluminium gaskets for the 
350 mm diameter. 

A ;ma:i (60 l/set. ) ion pump is mounted on each 
tank. 

To help the setting !!p 1:iC the evaluation of the 
system a proton beam with the same characteristics as 
the antlproton beam has been accelerated from 3.5 to 
26 GeV/c:. The Q-measurement fast kicker h.%? been used 
to simulate in a controlled manner at 3.5 Ge’Jlc the 
transverse oscillations. The emittance measurements 
performed at 26 CeV/c with flying wire scanners and 
scrapers have shown good agreements with computations 
through formula (I) and (2). A 3 mm oscillation of d 
2 c mm.mrad beam leading to a measured blow-up of 55% 
withoIl+: the damper and to a blow-up of 109, with the 
damrser switched on. The same results were observed on 

Fioure 3 : Upper trace : amplitude versus’ time of the 
horizontal betatron line without damper 
(decay time = filamcntation time). 

Lower trace .as above, same initial error 
but with the damper switched on. 
(50 usec/div.) 
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