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1. Introduction 

Small crrcults, generally called "RF-bypass", made 

with resistors and capacitors. have sometimes been 

connected accross the isolated vacuum chamber flanges 

rn circular accelerators. The reason why these 

circuits are installed, the design criteria and some 

technological aspects adopted in the last fifteen 

years at the CERN PS mach~neCllC21 are described in 

the following chapters. 

2. The main problem (1-e. whv these circuits have to 

be mounted1 

In circular accelerators with high acceleration rate, 
the fast variations of the main magnetic field induce 

currents In the loops created by the vacuum chamber 

and chamber-to-ground connections generally found In 

vacuum pumps, RF cavities, septa, pick-up's, etc., see 

Fig.1. 
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F1g. 1 Ground loop with current induced by the 

varying main magnetrc field B(t). 

These current loops produce field disturbances such 

that, dependrng on the energy, acceleration rate and 

loop conflguratlon. the effects on the beam orbit can 

be very harmful. In the PS machrne. for example, at 

low energy, current loops of several tens of Amps have 

been measured and their effects can yreld losses of 

50-100 Z of the beam. 

Berng, most of the trme, practically lmpossrble to 
avord the ground connectrons, to overcome the problem 

one has to -cut" the vacuum chamber rn several sectors 

(one sector for each ground connection) and reconnect 

them with rsolated flanges. 

The isolation is generally performed by a ceramic 
layer on one of the two flanges, 

At present, rn the PS machrne about 150 isolated 
flanges have been installed. 

By curlnq in thrs way the current loop problem one 
introduces a second one. The isolated flange forms a 

capacitor which Inserted in series with the ground 

loop constitutes a parallel RLC equivalent circuit as 

shown on Frg.2. 

Frg. 2 Equrvalent clrcult of the isolated flange 

vacuum chamber-ground connections. 

c 11 1000 pF, R z 100 Q, L : 10 uH. 

iL,(t) 1s the image beam current. 

The values of each element have been measured, for 

the PS machlne, and are on average: 

C 2 1000 pF L 11 10 uH R I: 100 R 

yielding a resonant frequency of 2 1.5 MHz with a Qyl. 

Such a resonator is traversed by the beam image 

current flowing along the vacuum chamber and exiblts 

to the beam a typrcal coupling impedance leadlng to 

longrtudlnal and/or transverse lnstabrlltles (see 

below1 as well as radlatiny electromagnetic 
interferences (EM11 at 2 1.5 MHz to nearby elecrtonlcs 
equipments. Thrs last effect 1s particularly 

slgniflcant In the PS machlne where the spectra of 

high lntenslty beams wrth unequal bucket filling t31 
contain all the harmonics of the revolution frequency. 

To shift the resonant frequency to a much lower value 
12 100KHzl and to reduce the Impedance, a large 
capacrtor Cl 2 .4 pF In series wrth a small resistor 
R1 2 1 Q have to be connected In parallel to the 

flange, thus constitutes the so called RF-bypass. The 

resultant equivalent clrcurt 1s shown on Frq.3, where 
L, is the stray inductance I: 12 nH1 of the mechanical 

support and the lndivldual components. 

Frg. 3 Resultant equrv. clrcurt of the vacumm flange 

with the RF-bypass in parallel. Cl 2 .SpF, 

R, 2 1 R L, 2 12 nH are the components of 

the RF-bypass. 
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The Impedances of the flange with and without the RF- 

bypass are shown on Flg.5 , where the value IZI/n, 

wrth " = f/f0 and CO= revolutron frequency, is plotted 

versus frequency 
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Frg. 4 I I Z in versus f of the flange alone a). the 

flange wrth the RF-bypass installed b) 

3. Practical lmolementation 

The value of the stray Inductance has to be kept as 

low as possrble to avord resonances at high frequency. 

Th1.s prescrrbes a c0nstruct10n af the RF-bypass by 

usrng RF technrques, 1.e. small ceramic capacitors 

and resistors and short connectlons (a few cm. long). 

Furthermore another rmportant pornt to be considered 

1s the power dlsslpatron P of the resistor R,, whrch 

1s : 

p T -R- r 
T6/2 

Tb 
1'lt) dt 

' -T6/2 b 

where Tb 1s the bunch spacrng and lb tt1 1s the beam 

rmage currrnt, whrch, at first approxrmatlon, can be 

consrdered of gausslan shape as 

N, e t2 
lL,(tl = 

ot J-R 
exp (- 7) 

t 

where 

P = 
R, Ni e2 

2/F; Tb Ot 

For example, in the PS machine, for a high lntenslty 

12 H 10'3 pppl beam with 

Nb : lOi p/b, Tb = 105 nsec, o : 5 nsec 

and considering a beam clrculatlng during about half 

of the machrne cycle, we obtain P:7 Watts. The 

20x15x.5 mm ceramic resistances employed in the PS are 

soldered on a thick (5mml copper support screwed on 

the flange clamp which actually behaves as a heat 

radiator. Wrth 10 Watts dxsipated ln the resistance 

the clamp temperature rises to about 32-C measured at 

5 cm from the RF bypass 

Very often these crrcuits are installed in radloactlve 
and/or drfficult access regions, this requires an easy 

mounting and easy marntalnance. For this reason the PS 

RF-bypass are fastened with a srngle screw while the 

capacitors and the contact springs can be qurckly 

replaced, see Flg.5 b 6. 

Frg. 5 A PS RF-bypass. Note the flat ceramic 
resistor and the three ceramic capacitors 
(ZxZOOPF + 1x10 nFI soldered In parallel. 

On the bottom the 2 Cu-Be spring contacts 

N6 1s the number of partr.cle per bunch 

e LS the proton charge (=1.6E-19 0 

Ut 1s the RM: bunch length in set lot<<Tb) 

Generally most of a proton beam spectrum 1s located 

between zero and 100 MHz so we assume that all the 

components of the beam image current are flowing 

through R,, Comblnrng the two formulae, one finds 
Fig. 6 The PS RF-bypass mounted on the clamp of an 

isolated flange. 
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iast but not least 1s the problem of cleaning the 

flange surface to obtain a good electrical contact 

with the Co-Be spring of the RF-bypass. In the last 

machine run some 30 RF-bypass were found faulty. 

At that time transverse head-tall instabilities on 

mode m=l (no evidence of longitudrnal instabilities) 

with rise time of 2 3 milliseconds were observed. 

A 1.5 MHz resonator with transverse impedance of 

2 I : 7 MQfm could explain these Computing 

'lgurr:;/In from the corresponding longitudinal impedance 

IZl/ b2 
-1- 

” 2R ', 

where 

b 1s the equivalent chamber radius (2 6.6 cm1 

R is the machine radius (= 100 m) 

one finds IZLlIn : 150 R. which is smaller than 900 Q 

that one would expect by 30 times 30Q. The discrepancy 

can be explained by the large spread in the resonant 

frequencies of the Individual resonators (for ex. the 

value of the capacitance C can vary by 30 % with 
different strength of the clamp tightening). 

BY repalrlng the faulty contacts the beam was stable 

again. 

4. Conclusions 

Running the PS machine with higher and higher 

intensity I an increase of a factor 20 in the last 20 

years) we had to improve the early version of the RF- 

bypass. The latest version gave complete satisfaction 

except for some problems on the quality of the 

contacts I a better way of cleaning the flange surface 
has to be found). 

Moreover the existence of such circuits is now a 

necessity for beam stability as well as for reduced 

EMI. 

However, keeping in mind that the ideal situation 

would be the one with no isolated flange, no ground 

connection and no RF bypass, one should try to 

mrnimize their number avoiding unnecessary (and 

uncontrolled 71 Drollferatlon. 
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