
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CERN – SL DIVISION

CERN-SL-2000-071 (AP)

Impedance Evaluation of the SPS MKE Kicker with
Transition Pieces between Tank and Kicker Module

F. Caspers, A. Mostacci
�
, and H. Tsutsui

�

Abstract

In this paperwe discusslongitudinal beamcoupling impedancemeasurementsper-
formed with the coaxial wire methodon a modified prototypeof the SPSMKE kicker.
The frequency dependentreal and imaginarypart of the distributedcoupling impedance
areobtainedfrom the measuredS-parametersby standardandimproved log-formulae.A
comparisonwith theoreticalmodelsandpreviousmeasurementsis discussedaswell.

Geneva,Switzerland

11thOctober2000

�
Also with Universit̀adi Roma“La Sapienza”,Roma,Italy�
SumitomoHeavy Industries,Ltd., Tokyo, Japan



Contents

1 Introduction and Motivation 1

2 Measurements 1

3 Coupling Impedance from Measured S-Parameters 2

4 Conclusion 3

5 Acknowledgements 3

i



1 Introduction and Motivation

Recently, sometheoreticalandexperimentalwork hasbeendevotedto estimatingthelongitudinalcou-
pling impedanceof theSPSMKE kicker. Themainreasonis theexcessiveheatingthatcouldpreventit
from working. In factwhentheferrite reachestheCurietemperature,it losesall its magneticproperties.

Analytical modelshave beenworkedout by L. Vos[1] andH. Tsutsui[2] andcomparedwith sim-
ulations.Measurementson a prototypewerealsoperformedto eventuallyassesthetheoreticalpredic-
tions[3]. A comprehensivesummaryof theconclusionsandtheopenquestionsis reportedin [4].

To reducethe coupling betweenthe kicker moduleand the cavity modesin the tank at medium
frequencies,transitionpieceswereinsertedinsidethekicker tankto electricallyconnectthebeampipe
in theferriteto thetankitself; aschematicdesignis givenin Fig.1,while Fig.2 showsafront view of the
transitionpieces.In this paperwe reportaboutmeasurements(analogousto [3]) on themodifiedkicker
prototype(Sec.2) andcomparethelongitudinalcouplingimpedancewith previousresults(Sec.3).

2 Measurements

Applying thesinglewire measurementtechnique,anumberof transmissionmeasurementswerecarried
out on the modified SPSMKE kicker, with an experimentalset as similar as possibleto the set-up
describedin anearlierpaper[3]. For practicalreasonswe usedflat flanges(15 cm long) at thekicker
beampipeport. Thediameterof thewire was0.5mm.

In orderto improve the matchingof this wire (seenfrom insidethe tank with respectto the 50 �
coaxial cable)resistorswere installedneareither flangeof the tank. The ohmic valueof theselow
inductancecarbonresistorsis simply determinedby the relation: ���	��
������� . The characteristic
impedance��
 of a thin wire in theferrite loadedstructure(seeFig. 1 in [3]) canbeapproximatedasif
it wereanusualcoaxialline (with aproperchoiceof thevalueof theouterdiameter� [3]):

��
�� ���������� � � �
(1)

The vertical (horizontal)apertureis 32 mm (140 mm); choosing � �  �� mm (and wire diameter�
�!� � � mm), then ��
 is about263 � . Thustwo matchingresistors1 of �	� �  "�#� weresoldered

at both endsof the wire (one in eachflange). The remainingcorrectionsweredoneduring the data
analysis.

The raw data(obtainedusinga HP-8753Dvectornetwork analyser)areshown asdottedlines in
Figs. 3–4 (with cableresponsecalibration);eachmeasurementcontains801 points, the Intermediate
Frequency (IF) bandwidthis 100Hz andtheTestPortPower is setto 0 dBm. Thelength $ of thekicker
(including the flanges)hasbeenmeasured( $%� �&��')( � ( m) andtaken into accountvia the electrical
delaycorrectionfunction of the instrument.Its valuewassubtractedin the phasedisplay. Correction
procedureshavebeensubsequentlyappliedto bothamplitudeandphasedata;comparisonbetweenraw
andcorrecteddataarealsoshown in Figs.3–4. For theamplitudeof *,+.- , we hadto subtractthelosses
attributedto thematchingresistors,which weresimply obtainedby takingtheattenuationvaluesat the
lowestfrequency point (around100kHz); they amountapproximately15dB (thatis in factthedistance
betweenthe solid anddottedlines in the upperpart of Figs. 3–4). For the phaseplots, we removed
the phaseambiguitiesof

���
. Note that someresonanceslead to fastphasevariationvs. frequency;

they may coincideand be mistaken for
���

phasejumps attributed to the phaseambiguity. Sucha
correctionwasnotappliedin [3] for frequenciesbeyond1 GHz,sincetheinterpretationof thedatawas
too questionable;in thepresentcase(seeFig. 4), it is doneup to approximately2 GHz. Thecorrection
might bepossiblealsoup to higherfrequencies,but it is notdonein this paper.

1Theexactvalueof eachresistorshouldhavebeen213 / .
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In thepreviouskicker set-up(no transitionpieces),cavity modesresonatingin thekicker tankdid
contributeto fieldsonthebeamaxis(thatis to thelongitudinalcouplingimpedance)andthecorrespond-
ing *,+.- is shown in Fig. 5 (dottedline). Comparingit to the *,+.- from thenew design(Fig. 5, solid line),
we canobserve a reductionof transmissioncoefficient between400 MHz and800MHz in the newer
set-up.Notethatwith transitionpiecestherearemuchlessresonances.

3 Coupling Impedance from Measured S-Parameters

To evaluatethe couplingimpedance,we usethe formulaefor distributedimpedancesystems,already
appliedin [3, 4]; a moredetailedexplanationandderivation canbe found in [5, 6]. First of all, the
“standard”logarithmicformulais:

��021435�6� � ��
 ��� *�7�8�9+.-
*,:<;>=+.- ? (2)

whereDUT standsfor Device UnderTestwhile REF for REFerencemeasurement.Sucha reference
measurementin a smooth,homogeneousbeampipe hasnot beendonefor practicalreasons.We as-
sumed,instead,for thereferencea losslessline of length $ (thatis * :@;A=+.- �6BDCFE�GH�JILK5$NM"OQP ). Thisdelay
hasbeenincludedin theraw datavia thetime delaycorrectionfunctionof thenetwork analyser;thus,
what is plottedin Figs.3–5is directly theratio *,7�8�9+.- M"* :<;>=+.- . As pointedout by E. Shaposhnikova [7],
it is very usefulfor accuracy enhancementto apply the“improved” log formula(see[4] andAppendix
A),

��RTS>U��6��0V143 (XW I<O� K5$,Y �Z�
* 7�8�9+.-
*,:@;A=+.- ? (3)

insteadof thestandardonein particularwhenthe impedanceto bemeasuredexceedssignificantlythe
characteristicimpedance��
 of the wire forming the coaxial line in the DUT. $�Y is the lengthof the
ferritemodule( $,Y[� (]\ �"^ mm) and O is thevelocityof light.

A comparisonbetweenthe two formulaefor the coupling impedanceandthe theoreticalestimate
donein [2] is shown in Fig. 6. Therealpartagreesvery well with themodel,while theimaginarypart
differs substantiallyfrom the theoreticalexpectationfor frequenciesabove 500 MHz. To understand
thereason,thetheoreticalcouplingimpedanceis convertedto the *,+.- usingEq. (3) (Fig. 7). Fromthe
figure, it seemstherearesomemode(s)travelling throughthekicker above 500MHz. Thesemode(s)
enhancethe magnitudeof the *,+.- about20 dB, andreducesthephasewith

�`_a�b�
. Probably

�`_a�b�
phasejump by somemode(s)above 500 MHz causedlarge discrepancy of the imaginarypart of the
couplingimpedance.Two possibilitiescanbe considered:1) therearesomewaveguidemodesinside
the beamapertureof the kicker module,2) still therearesomecavity modesexcited. The first effect
may be small becausein the theoryall waveguidemodesinsidethe beamapertureareincluded. The
secondpossibilitymaybereasonablebecausethemeasureddataaresomewhatin themiddleof theold
measurement[3] andthetheory(seeFigs.5, 7).

It is interestingto comparetheresultsfrom theold measurements[3] with therecentones(obtained
with theimprovedformula).For therealpart,thelow frequency contributionto thecouplingimpedance
shouldbe slightly biggerin the old kicker design(no transitionpieces),asshown in Fig. 8; at higher
frequencies,wecanseetheoppositebehaviour (Fig.9). Thebehaviour atverylow frequenciesis shown
in Fig. 10,usingthe“standard”formula( ��0V143 ).

Figure10showsalsothatatvery low frequencies(below 30MHz) thetheorydevelopedin [2] is not
reliableanymore. Theapproximationof consideringanhomogeneouslydistributedimpedancesystem
breaksdown at suchfrequencies.Another model to estimatethe impedanceof the RHIC injection
kicker (with adesignsimilar to MKE kicker),hasbeenproposedin [8]. It is basedona lumpedelement
equivalentcircuit andpredictsanimpedancepeakat low frequencies,similarly to Fig. 10.
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4 Conclusion

We have discussedtheresultsof coaxialwire measurementson a newer set-up(with transitionpieces)
of the SPSMKE kicker. So far the transitionpieceshave not beenusedbut they are foreseento be
installedin all theSPSkickersof this type.

The transitionpieceslower thecouplingto thecavity modesin thekicker tank; they reduce(even
slightly) thecouplingimpedance(below 200MHz) providing aby-passfor theimagecurrentsbetween
thekickermoduleandthetank.

Themeasurementsconfirmwell (muchbetterthanin theold set-up)thetheoreticalpredictionsfor
the realpartof thecouplingimpedancereportedin [2]. Sucha theorypredicts(for a beamcurrentof
132mA) a power dissipatedin thekicker of about35 W [4] andthis mayhave a consequenceon the
final designof thekicker. Suchcalculatedpower is only basedon thefirst 5 coherentlines(200MHz,
400 MHz, ...) of the bunchspectrumanddoesn’t take into accountthe wide-bandsignalsin between
theselines.

Moreover theremay be someinterestin repeatingtheheatmeasurement(referredin [3]) with the
transitionpiecesinstalled. In fact themicrowave energy passingthroughthekicker modulein theold
configuration(no transitionpiecesof Fig. 1), might leadto anadditional(but not “real”) heatingof the
thermoprobes.
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Appendixc A Improved LOG Formula

The improved LOG formula (Eq. (3)) usedin the measurementis somewhat different from the form
givenby V.G. Vaccaro[5], which wasfurtherdiscussedby E. Jensen[9]:

��dfeg
h
heji41k�6��0V143 (XW I<O� K5$ ���
*,7�8�9+.-
* :@;A=+.-

�
(4)

Wederive theformulaaccordingto Vaccaro’s derivation.
Figure11 shows theschematicdrawing of thecouplingimpedancemeasurementfor theSPSMKE

kicker. In our casethe lengthof the ferrite block is $,Yl� (���\ �"^ m, while the total lengthof theDUT
is $m� 2.3101m. For the sake of simplicity, we assume��
hno+p�	��
hnq-r�s��
 . The matchingresistors
�t����
L�`��
u�v� areaddedateitherendof theDUT. Theexperimentalset-upis modelled(approximated)
asa seriesof homogeneoustransmissionlines,eachonewith its own propagationconstant( w or xw ) and
its characteristicimpedance( ��
Hno+ , ��
hnq- , x��
hn or ��
u� ).

TheVectorNetwork Analyser(VNA) measuresthescatteringtransmissionparametersof theoverall
system. The longitudinal coupling impedancedepends(in a first approximation)only on the ferrite
moduleparameters(suchas $,Y , xw and x��
hn ). Accordingto [5], weget

xwy� w - �zI@w
{
��
 and x��
N�6��
 xww ? (5)

where
{

is the longitudinal coupling impedanceper unit length and w��|K5M"O . To get the coupling
impedance,we needto calculate xw from measureddata. Thus in the following we show the relation
betweenxw andthe(transmission)scatteringparameters.

Providing two semi-infinitetransmissionlineswith characteristicimpedance�+ and �,- , the trans-
missioncoefficient (from line 1 to line 2) canbewrittenas[10]:

} �
� �+

�~+ W �,-
�

(6)

A line can be assumedto be semi-infinitewhen the signal reflectedby any possibleterminationis
negligible. This approximationis consistentwith our configurationandwe canuseEq. (6) to estimate
the transmissionof a signalgoing from oneblock to the next one. The main approximationof this
reasoningis consideringthe transitionregion (namely $�+ and $�- ) ashomogeneoustransmissionlines
(andthey arenot,sincetheir crosssectionchanges).

Thetransmissionfactorfor eachtransition(goingfrom theleft to theright of Figure11) are:

� Fromcableto transitionregion: Transmissionfactoris ��
h��M)G�� W ��
u��P , since � is chosento be��
�����
u� .� Fromtransitionregion to ferrite block: Transmissionfactoris
� ��
qM�G���
 W x��
jP .� In ferrite block: The waves at the entranceof the ferrite block are attenuatedand becomeBgCfE�GH�JI xw�$,Y&P timestheoriginal valueat theexit of theblock.� Fromferriteblock to transitionregion: Transmissionfactoris
� x��
qM�G���
 W x��
jP .� Fromtransitionregion to thecable: Transmissionfactoris 1, if �t����
�����
u� .

Thetotal transmissioncoefficient canbeapproximatedas:

* 7�8�9+.- � ��
u�
��
u� W � BgCfE�GH�JI<w�$�+�P

� ��

��
 W x��
 BDCfE�G���I�xw)$,Y"P

� x��

��
 W x��
 BgCfE�G���I<w�$�-�P ? (7)
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having includedthe exponentialfactors BgCfE[G���I<w�$,��P (��� (
?
�
) for propagationinside the transition

regions.Thetransmissioncoefficientof thereferenceis

* :<;A=+.- ��BgCfE�G���I<w�G�$�+ W $,Y W $,-�PjP (8)

Thecouplingimpedance��RTS>U of the ferrite block is
{ $,Y . Thevalue

{
canbe obtainedfrom *,+.- ,

usingEqs.(5, 7, 8):

��� { $,Y��6� � ��
 �Z� G ����� P (XW I� w�$,Y ��� G
����� P ? (9)

where

��� G ����� Pv� ��� *,7�8�9+.-
* :<;A=+.-

W ��� ��
u� W �
��
u� � �Z�

� ��

��
 W x��


� x��

��
 W x��


�
(10)

The transmissioncoefficient * 7�8�9+.- M"* :@;A=+.- is observed with VNA. The secondterm in ��� G ����� P is com-
pensatedoff-line. In our case,this term correspondsto

� � ���"� GjGH�"� W6�  "�"P�MT�"�"P[� ( � ��' dB. The third
termis neglectedin themeasurement.

Ferrite module, length Lf

Kicker tank, length L

beam
axis

Transition pieces

Figure1: Schematicview of thekicker.
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Figure2: Frontalview of a transitionpiece:thebeampipechangesshapefrom rectangular(insidethe
kickermodule)to circular(outsidethekicker tank).
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Figure3: Raw data(dottedline) andcorrected*,+.- (solid line) (0–1 GHz). Amplitude andphaseof*,+.- from a network analyserwith electricaldelay $a� �&��'A( � ( m, cablecalibrationdone,IF bandwidth
100Hz andtestportpowersetto 0 dBm (801points).
Thetransmissioncoefficient *,+.- is noisyathighattenuation(below -80dB) wheremany spuriouseffects
(suchasmechanicalimperfections)startto beimportant.
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Figure4: Raw data(dottedline) andcorrected*,+.- (solid line) (0–3 GHz). Amplitude andphaseof
*,+.- from a network analyserwith electricaldelay $a� �&��'A( � ( m, cablecalibrationdone,IF bandwidth
100Hz andtestportpowersetto 0 dBm (801points).
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Figure5: Latestmeasureddata(solid) comparedwith previousone(dotted)from [3]. Themechanical
modificationsdiscussedin Sec.1 havechangedsignificantlythetransmissionresponsebetween400and
800MHz.
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Figure 6: The coupling impedance(0–1 GHz) calculatedfrom measureddatawith the “improved”
logarithmic formula ��R�SAU of Eq. (3) (solid line) and with the “standard” logarithmic formula ��0V143
(dottedline). Thedot-dashedline representsthe theoreticalestimatein [2]. Note that,exceptfor very
low frequencies,resonancesbecomevisible around500 MHz andhigher, may be due to waveguide
modesinsidethebeamapertureof thekickermodule.
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Figure7: Transmissionparameter*,+.- asa function of frequency. The solid, dotted,anddot-dashed
linesshow thecorrecteddata,raw data,andthetheoreticaldatausingEq. (3), respectively.
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Figure8: Realpart (0–0.3GHz) of the coupling impedancecalculatedfrom measureddatawith the
“improved” logarithmicformula ��R�SAU . Thesolid heavy line refersto theold measurements(no cones
betweenthe tank and the kicker module),while the thinnerone is obtainedfrom the new data. The
dashedline representstheexpectedresultfrom thetheoryin [2].
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Figure9: Realandimaginarypart(0–1GHz)of thecouplingimpedancecalculatedfrom measureddata
with the“improved” logarithmicformula ��R�SAU . Thesolid thicker line refersto theold measurements
(noconesbetweenthetankandthekickermodule),while thethinneroneis obtainedfrom thenew data.
Thedashedline representstheexpectedresultfrom thetheoryin [2].
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Figure10: Realpart (0–30MHz) of the couplingimpedancecalculatedfrom measureddatawith the
“standard”logarithmicformula ��0V143 . The solid thicker line refersto the old measurement,while the
thinneroneis obtainedfrom thenew data. Dashedline representstheexpectedresultfrom the theory
in [2]: suchtheoryis not anymoreapplicableat thoselow frequencies.Raw datahasbeencorrectedto
avoid low frequency *,+.- to begreaterthanunity.
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Figure 11: Conceptual(“electrical”) drawing of the longitudinal coupling impedancemeasurement
of ferrite kickersby coaxial wire method. Going from the left side to the right one, thereis first a
transmissionline representingthe cable( w , ��
u� ), then the matchingresistor � and the “transition”
region of length $+ ( w , ��
Hno+ ). The ferrite module ( xw , x��
u� ) follows and then againa transition re-
gion of length $�- ( w , ��
hnq- ), a matchingresistor � and the cable( w , ��
u� ). The kicker modulehasa
total length $� $�+ W $�- W $,Y . The cablecharacteristicimpedanceis ��
u�®� ���l� . We assume��
Hno+X�m��
hnQ-J�m��
�� �"\"' � .
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