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TRANSMISSION-LHXENIrPEDANC‘E MEASUEEMENTS OF BEAM PIPES FOR

DVANCED HADRO

FACILITY"

L. Walling, D. Neuffer H. A. Thiessen, and G. Spalek, MS-H817
Los Alammos National Laboratory, Los Alamos, NM 87545

Abstract

Au Advanced Hadion Facihity tATEF Y requures o fieam pape
with  Jow  eddv-enrrens losses and  a lew hean conphne
impedance, The requirencats cannot e met witli oosohed, eon
dacting bewn pipe bt s be et by acceranmine pape with eon
ducting iavers, which may have a higher eonphng nmpedance
We  line measared  an compared the transunssion hne
mipedances for several candulite pipe segients The recalts
are correlatad witly -he hean: conpling mmpedance and are con
pared with calonlat=d values and wirh AHEF repunemenns

Introduction

One of the most dithe st problems i the desien of a loeh
intenaity rapid-exchng svnciioceen 1 the bheamepipe desien.
The heam pive umst sabsty several contliching requirements:
(11 it st mamtain a vacmmn of < 1007 torr, 120 10 mnst shield
the heam troin lugh-trequency impednnees to avoid “ollective i
stalnlities, and (31 11 mnst have ~ high ympedance at the evehing
frequency(--60 Hzy to avond unacceptable Jarge edoy currem
eflecir.

In one propesed seenario 11 ANMPF ). it was necassary for
the magnitude of the longitachual conpliag inpedance, 2, n, 10
he less than -- 10 {} at frequencies greater than ¢ fp, where (p
is the bunch length.  Smilar constramts were found for the
transverse impadance: the sealed quantity, Z . R 2, net alwo
be less than 1092, where 7 isthe transverse inpedance, R is the
wean svonciotron radias, aned bois the bean pipe radinz. The
contnhution ol the beanm pipe to the total mmipedunce shionld be

hintese] ter e wmndl frae tion of this. L
A thin, sob heasy pipe of stalesa ateel as nsed for DESY

I 0.3 i thicknessy has a marginally acerptabile unpedanee
but, at LAMPY 1 parameters, has pipe heating aned induneed
fields troan ededy enrrents that are an opder of Laingortade ton
Inrwe. Thonner bean pipes e steactareally vnstable; however,
similng eiertrienl progierties mns be ohtitable T deposiiing a
thin, metal layer onow gines or ceranue ipe. 1w ditlienlt to
findl ® sobd laver that meets the confhicting requurements. For
example. n b n-thick copper taver Link an unacserptably large
low frequency impedance and large sddy-cnrrent elfects Also,
the dielectiie ean significnn! 1y incrense the impedanee,

Thicker metal stripes deposited on solid ceramic may pro.
vide a low impedatice with sindl eddy-current elfecis! The ad.
vantage of this geamet vis that eddy. cirrent heating is eedueed
by a factor of (1 2002 from the continnons case, whiere d v the
atrape width ane hoas the imner radins, aid edidy enrrent fields
are recduced by a tactor of 1a 2h) heis, howeser, ditlienlt (o
predict the impedance of this complicated geesnetey There-
fore, a progtam was initnmtedt ot Las Alanes to measwee the
impedance of sample bvan: pripe segients, The first 1esnlta of
that mensursiment progian are eeported i this paper,

Impedance Calculations in Sinmiplitied Models

Lapedanees for exvhudeally synonetene hean gapes eon e
valendnted analvtially? wsing ethads desenbend by Zotter,!
Faown <k, b and Chno ® Lhese ealondnted vnliues s an he comypmrnid
with measired nupedanees. To first onder, we iy expeet the
impedance of a steped geometny to be sgandn to nll revhin
d-ieally axmmetine case weth a copdueting faver ol the spine
thickness ra the stppes Mensured i pedis es enn he compared
o the most simime svmmet et cnse nned the comnpanisone nsed to
ulentity ettects apeninally canaed Iy the diripes Lhree partien
Iar casen nre descnihed v et 20 Opldy lngabadhinal inpedanees
are expliotly onleulated here o first estinninte aof the transvepse
imprdans e may be found aaog 2 RiZ, ) 20

S o wink was auppented by the ' ' Tlepaztiwint of Lnergy

Case I. Thin Metallic Pipe

We cancider a heap pipe of thickness A with conds tivity e
and iner radins b The resulting expression for the longitndmal
nipedance per amit leneth s

Z ta) Zok (10 139 |
— - e i1y
L P TAYE BRI
\\'lulrl- )
pees (1«0
\ Vo 1) . 12)

and & s the shindepth, k w e, 20 jrac is the impedanes of
tree spuee,and s the maguetic pernttivity of the condietor,
Fer high treguer iee where 6 - A the impedance becomes that
of athick comnluctar

7 la A T

. td
l. '.’,'rl.r\

2xh\ e
whicii ix neceptably sniall for a good conductor.
At low freauencies, where & .- A, we obtain the impedance

of a thin condurtor
2 1

L 2rbod’
In the measurements completed to date, anly frequencies and

|)ipe thicknesses currespondiag to thick conductor cases Lave
nen explored,

(1)

Case II. Metallic-Dielectric Pipe {Metal Outside)

We now eonsider a diclectric tayer for b - r- b« A with
a thick eonductor on the otade (1 - b 4 Ay Under the long-
wavelength appraximations (kA = 1 and kA - 1) we ohtain
an impedance that is the som of the condustor resistive wall
impedance plus a reactive term resulting from the dielectpe?

Z|: _.Z_.,k zllk (e
L oaeby 2

nai -
h &'
whete 8 5 1 - K'DhAGr 1)'2¢ in near unity and where « s

the dheisctrie constant. Thie estimate does not meliede short
wavelength resonances within the diclectric lnver (kA - 1.

Cane 11I. Metallic-Dielectric Pipe (Metal lunslde)

The nexy cane we consider has a thin candneting lavey by
Yo b Awithdieleotac e o b A e kfb N L,
we obtam the following expresaon;

/ 1 &nk ['lnl ANY 4 eoe NN
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by

where s and con are complex funetions, Ho ol iy onee
Hankel funetiome aned w0 1 kth o X0 Tins expresagon
han resotinoees at Hyog) W AL sl wavelengthe, 1\
D the nepedance vediess to thet of w thick conductor, nt bng
wavelrigths, the npedanees is dommnted by the thin omid
tor mupedsnees, provided AV 1AL 1 Phe dielectine e e
napedanes and cesonant mpedniees can be adeaantinliy e
duerd from the previons unshielded case



Iinpedance Measurements
Loungitudinal

The longitudinal coupling- impedance meacarements are
performed in the vanal wan:™ The exhindereal poipe was comvented
mto a coaxial trancmisston line by ansertimg a center condnetor
the transmission through a reference thick-walled Brass pipe was
meastured and used to normahze all other transnnssion measure
ments of the “test™ pipes.

An HPR53 M network analvzer with Gime-domain option was
nsed tor the measurements, Matehing from the network ana
Ivzer cables was performed far enough lrom the test pipe 1o
allow for effective gating. thus eliaunating the elfect of nultiple
reflections. Blank spacers, identical to the reflerence pipe, were
added between the matching section ta short tapery and the test
pipe. I 7 represents the nummum gate width, then the length
ol the spacers mnst be at least o 2 to ehimiinate overlap of the
titme-domain waveformes isee Fig, 1. The major considerations
i determining the gate width are the lowest frequency of -
terest and the {requency range of the measnrement. For more
wformation regarding gating consideration on the PR30, see
Ref. 7.

TEST OR
SECTION. RErERENCE PE Pr A

SPACER SPACER
Fie. 1. Experimental setup for longitudinal couphng vimpedance
measurenents,

The transnission Sy of such a confignranion can be cal
cilated hy S-parameter asalyvsis, as i Ref. 7, from the tollowing
signal flow diagrara:
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The exjreserens i the depominator of Foq. (7)) represent the
terme resnlting (romy mdtiple retlection. By gating around the
mitial pulse and tiansfornung hack to the freguency dotain,
the denomimator of Fa. 171 s elinunated, resnlting i

Joraaryb SO LIEL Y

.'s“ NS, "\“‘ (8)
This, if 2P Forepresents the tennsunssion ol the refereies prpe,
then the novmaized, gated mensarement selds sanply
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To exteact the conpling vnpedance of the pipe lrom tns conxand
tenvsnsagon measurement, we taen to the mbimtesannl elepgent
of the dhistrabted model for the teansonsaon hie watl an extia
terin, Z, adedded that tepresenta the mnpedanee i excess of that
of the reference pmpe (P 29 Thie propagation constant 3" tor
such w distributed line s
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Fig. 2. Distnbuted nupedanee model inhnitesnnal element | ol

nnpe lance values are per it lengtly,
where 7. Lo Ca.the characteristic impedance of the eonxial

hne, and In - w LoCo. the phase constant. The transnnssion
\

throngh a hne with propagation constant \ s S50 exp i
Theretore,
p sy b '] CeX 1' I\
hase L 4 s oo .
! SREF J AV Lz 27,
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where [1y and Z, are calenlated from the geometry and mater.
als  Our measurements were performed on GORSpmua- (0 papecs
with 3. 175 nun-dimm center condnctors, resulting in Zn - 187 40,
and Ro - 227 - 010 % £ With a measuiement repeati
bility of about 0,02 dB and | at 2205 GHz, the resultine sens
tivity of the mmeasirements was R, 7= 0.7 8 (the papes were
0.61 m long) and Xm0 = 6.5 {1

Transverse

The trarsverse impedance measarements are performed by
mserting two rods inside the pipe to form a sluelded, balaneed
line. The center conductars are driven hy ANZA( ;
hybrids (see Fig. 3). The same considerations regardirg no
malization and gating were applied to the transverse jmeasire
ments as for the longitndmal measurements. The two center
conednetoes were 3175 muin diameter with a separation of 442
v, Cembined with an onter condvetor dinmeter of 9% i,
this resulted in a 7, 100 {2, wineh matehies th= twa 50 ¢}
lines emt of the hybrd, Thus, o repeatability error of H.004 0
magnitude and 1 i pliase unpliesa sensitivity of

(0.40 62) 185 f,'. {resistive part of nnpedanee)

I
AKX (metern)

and Al‘”m,,,,,, 3n i teoo "f‘ {reactive part of unpedance),

180°
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Fig 3 Tranaverse conpiing npedanee measurement seinp

Henults

Ve hiave miensuted the following snmphe fest e ooty
dinaneter of mietallic Inver 698 p) (aee bag

o Silver stipe conted crpmmne stipes on oater sngiae

thrckness of conting, 008 i, stopes, 1o woede gage

Between stipes, g, thckness af cetamg:, b



STRIPES
SO% ALUMINA CLRAMK PIFES

Fie. 4. Sample test pipes. Top:  stripes over ceramic; hottoum:
slotted brass. )

2. Solid-copper-coated ceramic (copper foil on onter surface:

thickness of foil, 0.05 mm, thickness of ceramic, 8 mm).

3. Copper-stripe-coated ceramic istripes on outer surface:
thickness, 0.05 nun width, | cnmii gap between stripes,
& mm; thickness of ceranie. 6 mmy}.

4. Slatted brass pipe (wall thickness, 0.32 em: width of slots,
1 i distance hetween slots, 1.1 cin).

The results of the neasurements are shown i Fig. 5 and
in Table [.
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INig. » Mepsnrement rasulte: top-longitadinal bottom- transverse:
left-linea: magmitude, tight: phase,
TABLEI

RESULTY OF IMPEDANCE MEASUREMENTS
(st 3.298 GHz)

—_ Lonprudinal Impedance

Transverse
Reactive (1) Lmpedance
Caleulated
Ragistive sumate  Resistive Reactive
Pipet 14l Measured ({usingEq (8)) (Nmi tm
Ceramic sith <}, 178 < 29 < ARON
silvar stnpes
Ceramie mii < [LA] 1858%at <290 < 4800
sol.d copper 2 288 OHy
coatirg
Ceramicwith 18208 218 < 200 <4800
wpsu sLripes
(widely wpaced}
Brassslow < <? < 190 < 4800

-t —

‘Loshuamnle pipe 10 0 81 miong
‘B ause of 1he nenuniforiainios of the coramic pipe LIS eaiculation seuld vars on the order
o108

Conclusions

We are designing our next generation of tests for greater
sensitivity (lower Zg lor longitudinal tests, greater spacing he-
tween balanced lines). We expect {o see an increase in sensitiv-
ity of up to a factor of 4 on the longitudinal measurements and
a factor of 6 on the transverse measnrements,

Senne unportant conclusions of the measurement program
to date are as toll »ws:

e An nnshielded ceraniic pipe with an exterior eonductor in-
troduces a large reactive impedance. The measurements
of this reactive hpedance are in good agreetent witl) the
values calculated using Eq. (5). Therefore, it is desirable
to have a conducting layer or conducting stripes on the
interior of the pipe.

o The measurements have not vet discovered anv large trans-
verse or lougitudimal nnpedance differences between a lon:
gitudinally striped conductor and a solid condncting laver
over the frequency range explored to date (0.05-2.3 GHzy.
The nieasurement sensitivity (see Table I) sets linnts on the

extra imvpedance that may be introduced by the striped ge-
ometry,

¢ The measurement limits (Table 1) may be compared witly
AHF impedance tolerances. For an AHF with a civcum:
ference of 1200 m, total impedance limits of the following
magnttudes are obtamed:

Nz, - 25M0m .

n

where nis the harmouie number. A sensitivity of 1 (lon-
gitudinal) for our 0.6-m samples extrapolates to 2000 (2 for
an AHF or & Z;/n of 10 {1 at 50 MHz (n - 200). A trans-
verse impedance seusitivity of 1000 §2 m corresponds to
2 Ml in the AHEF, The enrrent measurement sensitiv-
ities are of the same magnitude as the maxiunum allowed
total AHF tnpedusice; greater sensitivity is desivable
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