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Abstract 

As part of the adaptatLon of the PS to the 

acceleration of electron and posltron beams for LEP, 
new electrostatic pick-ups for the closed orb1 t 

measurement have been developed. An all metallic 
design of Interlaced electrodes has been adopted to 
satisfy the strlngent requirements of the new vacuum 
system The careful layout of the slgnal pick-off on 

each of the four electrodes as well as the use of a 
special hybrid coupler were essential to cover the 
large frequency spectrum associated with the accele- 
ration or deceleration of p, p, d or e+ beams. The 
sensitzvr ty of the system can be controlled over a 

range of 66 dB fast enough to follow the pulse-to- 

pulse modulation Ippml operation of the P.S. 

1, Intro- 

The sristlng electrostatic pick-up electrodes 

III bad to be replaced. The outgasslng of thess elec- 
trodes and their unavoidable alignment mechanism would 
have meant a considerable load for the vacuum system 
after Lnstallatlon of the new vacuum chamber of the 

PS Fur thermore, the electron/positron bunches being 
much shorter IO. 7 - 5 nsl than the proton/antiprotron 

bunches 13 - 100 nsl, the new electrodes and the 
attached electronics have been carefully deslgned in a 
frequency range up to 300 Mfr. 

The alactrodes are stall located inside the 

vacuum pump manifolds which however, ln the design of 

the new vacuum chamber, present a well defined 
reference plane relative to the ideal closed orbit. 

The alignment mechanism could be abandoned and the 
pick-up body could be optzmlzed for better high 

frequency performance Any remaining alignment error 

can be treated by the computer during the calculation 
of the closed orbit. 

2. The 

Based OR the arguments discussed in the 

introductlon an all metallic desrgn OP linear cut 
electrostatic electrodes was adopted. A rectangular 
aperture was chosen for ease of manufacture The four 
electrodes of the two planes are Interlaced I.21 III 
such a way that the couplinq of one plane to the other 

IS balanced IFIg. 11. This means that the dependence 

of the signals In one plane to the displacement of the 

beam in the other plane 1s minlmlzed wthout the use 
of compensating capacitors. 
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The transversal dimensions of the electrodes 
are given by the dlmenslons of the elliptical vacuum 
chamber whereas their longltudlnal extension 1s 
llmleed by the diameter of the access hole to the pump 
manifold 1125 mml. The horizontal and vertical dlmen- 

slons are 168 mm and 82 mm respectively thus exceeding 
the dimensions of the vacuum chamber on each side by 

ID mm in the horirontel plane and by 6 mm in the 
vertical plane. This guarantees the protection of the 
electrodes fron direct illumination by synchrotron 
radiation from either the electron or posltron beam. 

The extension of the ensemble of the four electrodes 

in the longitudinal dIrectIon IS 61 mm thus leavlnq 

only 30 mm for each electrode. 

3. ,Vechanlcal Constructzen 

The electrodes ara cut by a laser beam from a 
precisely folded rectangular tube of I mm thick 

stainless steel sheet IDIN 30411. This tube 
baked out beforehand 

has be_ep 

at 95O’C under vacuum of -10 

Torr to relax Internal mechanical stress and to reduce 
the outgasslng [mainly H I. The cutting has been 

realized on a numerically cintrolled machine tool by 

moving the rectangular tube in three directions and by 

rotating it in front of the fired laser. This process 
delivers the electrodes cut to a precision of + 0.2 mm 
III all dimensions. 

The electrodes are mounted in a massive 
support [Fig. 21 which 1s milled to _t. 0. 1 mm in a body 

Of alumlnium alloy IA1 SI Wgl. They are screwed in 
place at three points using precise alumina spacers t 
which define the distance between the electrode 

surface and the body to 1.5 + 0.05 mm. Slnca this IS 
not sufficlant to ensure equal capacitances for the 
electrodes belonging to the same measurement plane, 
threaded plugs have been foreseen in the body which 
function as trimmer capacl tars. Four channels are 
drilled in the body to form the coaxial lntsrconnec- 

tlons from each electrode tap to the alumina vacuum 
tight feedthrough. 

TO separate the earth potential of the 
pick-up from the vacuum chamber, the mounting flange 
lb covered by an enamel layer on the surface feclng 

the surface OP the pump manifold to which it ulll be 
mounted. This layer resists to radiations and supports 
the pression of the aluainlum gasket. 

The exact posltion of the pick-up IS given by 
the mounting surface of the pump manifold and two 

dowel-pins which fit precisely in holes on the flange. 

After installetion the real posit&on relative to the 

Ideal orbit is verlfled to i: O.! mm on the external 
surface of the mounting flange, which is also the 
reference plane far the neasursment of the electrical 
positlon 8rror'. 

4. actrode B 

The posl tion measured by Iinear cut elec- 
trodes can be wrItten as 
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Hl - Hz 
Horiaontal posrtlon = CH H + H + V + V 

1 2 1 2 

Vertical pOsltlon = c 
“, - “2 

v H, + Hz + “, + vz 

H H,V and V are the signals from the 
horlaontal 

1) 
and* vsrlical 5 B ectrodes. and 

cV 
are horlaontal and vertical 2 call ratlon 

factors expressed In mm. 

Sznca Interleaving of four electrodes In a 

rectangular cross-sectlon is not possible [31 One has 
to accept a reduced pos~tlon sensitlvlty by a factor 

of two with respect to an electrode pair measuring zn 
one plane only. The position sensitivity 1s further 

reduced by the coupling capacltences between adjacent 
electrodes [il. 

The measured factors for 42 electrodes xnclu- 

ding the resistive dlvlder and the hybrid coupler are 
CH = 174.25 + 1.5 mm and Cv = 82,3g + 0.5 mm. 

The llnearrty error 1s f. 1% or less over 
k 50 mm displacement rn the horlsonal plane and over 
+ 25 mm displacement in the vertical plane with 

respect to the measured IO.1 mm resolutlonl zero 

position 8rror in each plane. The deviatxon of the 
position measurement from a straight line IS random. 

Therefore the linearity error cannot be corrected by 

an algorithm valid for all electrodes. 

The dlstrlbution of the measured electrIcal 

sero error, for 42 standard electrodes showed a stan- 
derd deviation of 

OH 
= + 0,43 mm, 0 

V 
= + 0.26 mm. 

The transmlsslon characteristics of the elec- 

trodes as a function of frequency has been measured in 
8 coarlal set-up constituted by the pump manifold with 
the pick-up Installed and two lengths of standard PS 
vacuum chamber on both sides. 

First measurements of the electrodes, showed 

resOn8nces In the frequency range from 250 hfHz to 3.50 
MB8 which could be partly attributed to II the pick-up 
formlng a stub inslde the pump manifold and 21 the 

unmatched short coaxial line between the electrodes 
and the vacuum feedthrough. To damp the resonances of 

the stub, capacl tlve coupling using absorbing ferrite 
tiles, has been realized et the hot end of the pick-up 
body to the vacuum chamber. The resonance of the short 
coarlal line is damped by an RC network to ground on 
the signal path. 

The final results are shown in Fig. 3 for a 

horizontal electrode. 

5. &unel Processing 

TraditIonally the pzck-up signals at the PS 
reflect the charge dlstrlbutlon zn the bunches. Also 
the closed orb;lt acqulsltlon system works with this 
kind of signals of a mrnlmum bandwldth of IOU kHz to 

30 MHz. The higher frequency llmlt ensures the proper 

functlonnlng of the base llna restoration and the 
acquisi tlon ga tlng for mul tlbunch operation The lower 
frequency llmlt keeps the dlfferentiatlon even of the 
longest bunches to an acceptable level and the droop 

rate of the base line (at Injection1 can still be 

handled by the base line restorer. 

The electrode signals are processed by a 5llQ 
hybrid coupler Precise double screened 509 coaxial 

cables. 5m long, are used between the electrodes and 
the analog slgnal processing system IFIg. 41 

PICK-UP 

Fig 4 L!zxEzJ 

A reslstlve divider located In the connector 

plug of the pick-up ensures back-matching of these 
cables. It reduces the frequency range over which the 

signals are differentiated due to a higher resistance 
which loads the electrodes. The gain of the 8CtlV8 

integrator needed to compensate the signal 

dlfferentia tlon over the desired frequency range is 
proportionally reduced. 

The plug houses also the adjustable capa- 
citors whrch couple the test signal to the elec- 

trades, These capacitors are set so as to simulate a 
beam at precise positions in two opposite quadrants of 
the aperture of the electrodes. After mounting in the 

PS machine, this test allows the adjustment of the 

gain of the amplifiers, as a function of the intenssty 
of the beam to be measured, by adjusting the level of 
the test signal. The complete closed orbit acquisition 
system is calibrated using these test SIgnsIs. 

6. The Hvbrdd Coupler 

The hybrid coupler 141 1s a broadband seven 

port network /Fig. 51. Four inputs I.? = 5091 are 

provided : two for the horirontal plane a!d two for 
the vertical plane of the pick-up. 

Each pair of signals IS processed In the 
so-called lODo hybrid junction to give a sum and a 

difference output related to one plane. In fact, two 
hybrid junctions are combined physlcally Into a sxngle 

device to deliver separate hH and bV outputs and 8 
common E output. 
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Fig 5 

BasIcally, 180” hybrids possess high 

Isolation between the Input ports. However, since such 
a device 1s reciprocal, a good matchrng 1s needed at 
the output parts, particularly at the sum output. 
Considering the current dlstrlbutlon on the sum path, 
the impedance IS Zo/Z at the center tap of T, or T2. 

which fails to 2o/4 at the canter tap of the summrng 
trensformer T3. A I:4 transformer matches the sum 
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output port to zO. In the same way. the dlfferentlal 
wlndlng of T1 
port. 

or T2 IS matched to the SO9 A output 

BaIanclng resistors equal to 22 
I 

are 
connected between two adjacent Input ports III or ar to 
keep the VSWR cl.2 up to 200 MHz. An RC network, the 
time constant of which IS adJustable, shunts each of 
the input ports to ach;leve the best A/T balance 
performance needed to reach a posltlon resolution of 
0.1 mm [Fly SJ 

HLF CEVFl .'o:'"' M'RKLW 3c 307 582. ZCDbiZ 
0. OOOdS IO. OCOclJ MAC <L"F) -5. 38360 

10. "C"dd HhHKCii 30 367 562. i?OL711Z 

Fig 6 

This resolution could not be obtalned, using 
avaxlable commercial devices, over the covered 

bandwidth which extends from 5-O tHz to 200 MHz. 

However, the use of compensating elements is at the 

expense of addItIona losses. 

To be independent of the bunch shape, the 

frequency response of the 3 channels are normalized by 

Bessel low pass filters, Inserted between the hybrid 

coupler and the ampllflers fFlg. 41 These filters are 
calculated from reference tables N=6 [SJ but used in 
reversed connectlon IS1 such that thezr input 
impedance can be more easily compensated by a simple 

RC network ItypIcal VSWR < 1.1 up to 200 UHzJ. 

A 32 dB attenuator can be swltched on. in 

front of the ampllflers, to handle large amplitudes 
from hrah Intensrty beams. This module uses SPST long 

life 110 operatlonsl, high lsolatlon Reed relays. 

7. The amDllfrer and lnteurator 

The ampllfler board includes two identical 
stages conslstrng of conventional common emI tter RC 

amplifiers. Their gain /SZlJ 1s controlled by a fast 
D-MOS Field Effect Transistor acting as a non linear 
variable resIstor rn the emitter feedback network 

A flat frequency response IS obtalned for the 

two cascaded amplifier stages over the whole gazn 

control range, exceeding 35 dB Ityp. 37 dl3J. h'o~se 
figure measurement uszng the Y factor method indicates 
a typical value of 3 8 dB 110 MHz ( f < 100 MHz1 

excluding the fast lntegratlon process. The ante- 
grater stage IS located at the end of the ampllflca- 
tlon chain to obtain the largest possible dynamzc 

range, as far as the slgnel to noise ratlo of the 

whole system 1s concerned, but any low frequency 
djstortlon IR the first stages ~111 be magnlfled by 

the lntegratlon factor 

The sensltlvlty varlatlon of rnoJe than 66 dB 

;;;;;s ge ;:a,; ‘~~~~“‘:Y,~‘r”“p::~~c~~~~bun~~~t~~~~~~ 

highest gain the total noise #f the system corresponds 

to an error of 52 mm for 5.10 particles/bunch. 

8. Control Clrcults 

The voltage for the continuous garn control 
IS delivered by DACs with internal memory and the 
attenuators and test relays are driven by buffered 

D-flip-flops. All these memory components are sequen- 

tlally loaded with predetermined values according to 
the selected cycle in the PS machlne. The control card 
IS equipped with photocouplers in order to avoid 
problems due either to ground loops or noisy signals 

on the bus. 

The remote control system 1s able to control 
50 pick-up electronics Installed around the rxng. It 

recezves, from the PS computer, the necessary 

informatlon to follow the various cycles of the 
accelerator. A manual control IS provided to set the 

gain of each pick-up during the calibration 
procedure. 

9. Conclusion 

Forty pick-ups are used for the closed orbIt 
measurement system which give satisfactory results for 

low intensity electron and posltron beams as well as 

for high zntenslty proton beams. The orblt calculation 
program corrects the measured posltlon of each pick-up 

by the combined errors of the electrIca zero and of 

the physIca position of that pick-up in the machlne. 

Ten electrodes with modifzed connector plugs 
serve In the phase and radial loop of the beam control 
even for the 114 MHz RF - system for e+ acceleration. 
Two electrodes with electronics are used III the 

transversal feedback system for beam InstabIlity 
cures. Furthermore one electrode is used for wldeband 
positlon measurements IO 1 - 125 MHz) and another for 
high sensltivlty betatron oscillation observation 
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