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A sfnple calculation indicates that there can be considerable penetration of the
bean-induced Tongitudinal electric field through the wall of a stainless steel baam
tube. The purpose of this note is to alert designers of interaction region instru:
tation to this potentisl problen and to provide an estinate of the electric field to
be expectad external to the beam pipe

The field is calculated for two cases: first, whon the wall thickness t of the
tube 15 snall conpared to the skin depth 4 , and secand, when the wall thickness
is Targer than the skin depth. If t< g , the electric field can be considared to
be uniforn throughout the tube wall and fs §iven in terns of the nstantansous beam
current 1 by
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where fo. is the dc resistivity, and r is the tue radius. A highly relstivist
bean fs affuned so that the Tongitudinal profile of the shieiding current Flowing
in the beam tube is the sane as that of the bunched beam on the axis. Equation (1) |
i= no longer valid 1f the ratio P, /t. which gives the resfstance por square of
the tube wall, exceeds a few parcentCof the Inpedance of free spate. If £> 5 ,
the field at the quter surface of the tube due to 2 current I, at frequency & fs
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Constder the worst case of » single bunch per bean with & revolution frequsncy
The Fourfer omonents of the beon current bocur st frequencies nfy and fave an
BT ude. Toy £l Up <0 & Troquency A foa o bare For et~ 2 G

Fone ™ 2 iz FortSny metai1ic bean fube maberiaT; SFe skin dhpeh will be 1n the
1495 i ‘range 8% this erequency and therefora for any practical wail thickn
the exponentia] shislding factor’ In Ea. (2) Wi11 control the raTi-off of th freqsenc
spectrun of £,(w) odservad outside the beam tube.

45 & nunerica] exanple, considsr the CERN corrugated stainless steel vacuun
chanber with o all thickness of 0.15 m and a radius of 8 cn. For type 304
statnless (usag), the resistivity is Py = 1.3 % 107 Q- Tne ratio py/t
5x10°3 G, s0'Eq. (1) is valid for t<3, From€a, (3) we find tnat 5= 0 at
8 Mz, Since f, = 135 Kiz for PEP, the amplitude af the First 50 ar so Fourfer
components of the 1216 outside thé tube will be given by Eq. (1). For a single
Bean with ane bunch and 3 current of S0 . we btain

Ene 1 x 107 .

ach Fourier coraonsnt bslow sbaut & Mz, These components can be added
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obtain the net pulse anplitude and width of the electric field puise
observed outside the bean tube.  The peak pulse anplitude will be
approxirately

£, (peak) & 50 (1x 10
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and the width
% 2 (2 xB M) = 20 ns.

The bean tube acts, therafore, 1ike @ low pass Filter with cut-off
Trequency
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in deternining the anglituce and width of the electric Field pulses which
aenetrate thraugh beam pipe

Suppase 1t i required to shield 311 Fourier cormonents of the electric
Field 0 the 1aV/n Tevel. From €. (3) the skin depth at w =21 x 136 Kiz
15 0.18 T for copper and 1.17 mm for stainless steel. From £q. (2) we
compute, Using T,= 2 x 55 TA and r = 8 cn, that the necessary beam tube
wall thickness 1€ 0.6 mn for copper and & mm for stainless scesl.
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fielpful comments and insiahts by John Rees have been included in
the preceding analysis.





