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Abstract

The electrodes in the first version of the LHC beam position maaigob0Q striplines.
An enlarged aperture is required to keep the inner face of the electrodesladiog of the
mechanical aperture of tlreachine.The longitudinal impedance tiis device consists of
two distinct components, one frotime cavity and the othérom the electrodesThe cavity
part of the impedance can be reduced by inter-electsidelds as proposed by
G. Lambertson. Acomplementaryway of reducing thigart of the impedance is to use
taperededges.The cavitywake potential of the bearposition monitor is computed both
with the 3D code MAFIA and analytically for a veshort bunch (20nm) and for anormal
high energy LHC bunch (7). The computation is done separately for the 4electrode
shields and fothe tapereands. The agreement between thvo methods is vergood,
hence it can be concluded that the cavity impedance of the monitor cavity et up
to the cut-off frequency of the LHC pipe (5.1 GHz). The impedance reduction by the shields
and tapers can best be appreciated oZAmanpedance plots. Finally, the wake field for the
complete monitor which now also includes 4 striplines, is companatyticallyfor the two
types of bunches.
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1. Introduction

The electrodes in the first version of the beam position morfiothe LHC are
long 50Q striplines shorted at one end. Their dimensions are chosen in such a way
that the sensitivity is sufficient to cope with th#enuation of longignalcables
even for the very low intensity pilobunch (3 10° p.p.b). The design of this
monitor is described ifil]. The aperture of thestripline monitor vacuum chamber
must be largerthan the aperture of theormal vacuum chamberThis is a
consequence of thénite height of thestripline and the requirement that the
electrode should be kept in the shadow of the normal machine apé@itiereross-
section change that is unavoidabhall contribute to the impedance of the
machine. It has beesuggested by G. Lamberts{i?] that this impedanceay be
reduced by introducing ‘fins’ between tratriplines. Theeffect of theabrupt
cross-section changmay also bereduced by tapering. In whdollows three
monitor cavitieswill be studied, one with inter-electrodes or shieldsone with
tapered edges and the basic one with abrupt eddeswake potential of the
monitor bodieswithout electrodeswill be computed with the codMAFIA [3] in
time(space) domairand analytically in frequencydomain. Finally the total
impedancewill be computed taking the electrode impedance imtocount
assuming four orthogonal striplines.

2. Geometry of monitor vacuum chamber

The longitudinal cross-section of the basic shallow cavity structure is shown in
Figure 1. The ends are abrupt and the structure is empty, i.e. without inter-electrode
shields.

400mm N |.=260mm - 400mm

Figure 1 : Longitudinal cut ofbasic monitor vacuum chamber.

The dimensions othe structure were rounded to the neamast to avoid
unnecessary problems with mesh sizes in MAFIA. Figure 2 shows the cross-section
of theemptystructure together with the cross-section offited one containing
four inter electrodeshields. A three-dimensional view tifie structure with the
shieldsproduced byMAFIA is shown inFigure 3. The 4ichesfor the striplines
are clearly visible. For symmetry reasonsubtended angle of 45° was chosen for
the niches and for the inter-electrode shields.
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Figure 2 : Transverse cut through monitor bodyewshptyandfilled structue
(MAFIA).

Figure 3 : Three-dimensional view diiled monitor structure (MAFIA).

3. Time (space) domain computation of BPM cavity wake
potential

The wake potential was computed with MAFIA-3D both for the axial cylindrical
symmetricempty structure with abrupt and tapered ends #&rdthe filled one
with abrupt edgesThe calculation was don&r two different bunches, oneith
r.m.s.length of 75 and one with 2€@m The 75mm bunch is the typicabunch
length in theLHC at 7TeV/c. The 20mmbunch was chosen to probe the higher
frequencies of the impedance. The ar@yté the taper is 30. Theresponse of the
structure to the excitation of the bunches is shown in Figures 4 &ordie long
bunch and in 6 and for the short bunchThe shaded area is the intenspyofile
of the exciting bunch. No specific vertical scale is associated with it.
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Figure 4 : Response of monitor cavity with and without inter-electrode shields
to excitation of 75mm bunch.
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Figure 5 : Response of monitor cavity with and withouf 38pered ends to
excitation of 7Smmbunch.
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Figure 6 : Response of monitor cavity with and without inter-electrode shields
to excitation of 20nm bunch.
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Figure 7 : Response of monitor cavity with and withouf 3@pered ends to
excitation of 20mm bunch.



4. Analytic computation of BPM cavity wake potentials

The (inductive) impedance of a shallow cavity below cut-off frequency can be
found with [4] :

Z, 9 Dle eyo(w)l
%0 = o) ¢ "0 yolw) M

whereZ, is the impedance imacuum,c the speed ofight, b the radius of the
pipe, d the radius of the cavityl, the length of the cavity and,(w) the
propagation constant in the cavity.
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where 1,=2.4 is thefirst root of the zero-th order Bessel functidrhe index .
indicates the cavity part of thenpedance, whilghe index, indicates thewave
mode number (Bessel).

Theimpedancdor frequencies higher than the cut-off frequency of tlawity
but lower than the cut-off frequency of the pipe, can be found with :

Z0 w, o sin(By(w)l.)

0= o) e Mo By(w). |
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where,(w) is the imaginarypart of the propagation constapjw) Equations
(1), (2) and (3) can be applied as such to the problem @mtiptyBPM cavity. An
equation similar td1) is proposedfor the case of thélled BPM cavity based on
the following argumentThe emptycavity has perfecéxial rotational symmetry
while thefilled one has a fourfoldymmetry (Figure 2). Theerturbed electro-
magneticfields will follow the samefourfold symmetrypattern. While the lowest
mode of thefields isbased on thdirst root of thezeroorder Bessel functiod,

(1,=2.4) for the emptycavity, itwill be based on thdrst root of thefourth order

Bessel function), (7,=7.59) for thdfilled cavity. Physically the order of the Bessel
function ( 0 or 4 in this case) is the number of cycles of variation of the
longitudinal electrical field found when going around the cavity once. A factor 1/2
has to be introduced to take account of the fact thatrefective surface is
reduced by that amount in the cavifijled with the shields. Thepropagation
constant and impedance of thiéed shallow cavity then become :
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The cut-off frequency is higher by a factpft,and the equivalent of E3) is
not needed since the bunch spectrum stays well below this limit.



Tapering the ends of the empty cawil reduce the reflection of the edges as
sin(6). Thisthenyields the following expressiofor the impedance of theavity

with tapered ends :

_ 7, w, g sn(By(@)l) .
o = o cInEb ¢ By(w)l, sin)

(6)

The Fourier transform of the wake fields is the product of the impedance and the
spectrum of the bunch. Assuming a charge pC€lields :

_1wog(f

We(w) =107 (w)e 27 ¢ 7, (7)

where g; is therms bunch lengthTheresponse of the excitation of tloavity
by the bunch is found with the inverse Fourier integral :

W.(s) = - %T IWc(w)ejcsdw . (8)

The integration limits are finite in practice but theyare chosen large in
comparison with thems bunch spectrum.

The results of the computations are shown in Figures 8 and 9.
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Figure 8 : Wake potential of 785nmbunch inempty(W, ), filled (W, ) and
tapered(W,,,) BPM monitor cavity.
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Figure 9 : Wake potential of 20 mm bunch empty(W, ), filled (W, ) and
tapered(W,,, ) BPM monitor cavity.

The discrete nature of th&ourier transformthat was used in th@umerical
computation leading to the results of Figures 8 and 9 is resporfsiblthe
symmetry in the response with respect to the center of the probing. bunch

The peak values of the wake potentials computed M®AFIA and analytically
can be compared in Table 1.

(o | mm 75 20 75 20

W not shielded V/pC 0.00175 0.0345 (0.0018 0.034

W shielded V/ipC 0.00029 0.0049 0.00028 0.0039

W 30° taper V/pC 0.00091 0.0194 | 0.0009 0.0168
MAFIA analytic

Table 1 : Peak values of wake potentials.

The results obtained with MAFIA are in good agreement withrelsalts of the
frequency analysis of the BPM cavity structures.

5. Total impedance of BPM

Electrodes are essential components itbeam position monitor. Theywill
certainly modify the cavity-like impedance computed in the preceding section but
more importantly, their loadwill make acontribution to themachine impedance
which might be called useful impedance. It may be worthwhile to notenditter
the changes of the cavity impedance due to the physical presenceetédtrede
volumes,nor the attenuations in theonitor due to finite conductivity of the
material will beconsideredThe lastitem iscertainly not negligible but it isaken
into account in thaesistive wallcalculations elsewherd& he total impedance of
the 4 striplines is given by:




Z= 27122.@ - @é cog oIS ®)

whereh is the height and], the length an&, the impedance (typically 5Q) of
the stripline. The most striking feature is the fact that the reactiveearsdivepart
of this impedance are of comparable importance.

Expressiondor Z/n areobtained bymultiplying Eqg. (1), (3), (5),(6) and (9) by
the factorQ/w, where Q is the angular revolution frequency of théiC. The
results are plotted in Figurd®, 11and 12 Theinfluence of the electrodes can be
appreciated by comparing Figure 10 with FigliteFigure 10 shows theeactive
part of theimpedance of the cavitiemlone and Figure 11 shows the impedance
when they are equipped with 4 electrodes. fda part of thestripline or monitor
impedance is shown in Figure 12.
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Figure 10 : ImaginaryZ/n of cavity impedance
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Figure 11 : ImaginaryZ/n of cavityandstripline impedance
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Figure 12 : RealZ/n of stripline impedance.

The response of the complete beam position monitor is shoWwigunes 13 and
14 which should be compared with the responses of Figures 4 to 7 and 8 to 9.
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Figure 13 : Wake potential of 75nmbunch inempty(W, ), filled (W, ) and
tapered(W,,) BPM monitor cavity with electrodes.

0.04

0.02

o Y
&
=
< 002

~0.04 \

~ 0.06
0 0.1 0.2 0.3 0.4 0.5 0.6

s [m]

Figure 14 : Wake potential of 2@nmbunch inempty(\W, ), filled (W, ) and
tapered(W,,,) BPM monitor cavity with electrodes.
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6. Conclusion

Two different methods of wak@eld calculation concerning &eam position
monitor vacuunchamberwith a non-negligible degree of structuamplication,
lead to thesameresults. Thesuccessful mutual cross-check givamfidencethat
the impedance can correctly be computed that kind of structure. Iwill be
straightforward to repeat this exercise for newer monitor designs if theanised.
Inter-electrode shields are a very efficiemay to reduce themonitor cavity
impedance ( a factor 6 is obtained if tishields occupy half the monitor
circumference ). An angle of 4& required to obtain thseameresult withtapered
ends. However, the fact should not be overlooked thatlihetrode impedancis
dominant in the structures that were studied.
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