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,. : 1 "; 1: Because of the very broad (!~quency range to be covered, data were 
taken in twelve subintervals from 2 to 26 GHz and global measurements 

-from I to 26 GHz.oWith 801 data points in each subinterval this gave 
high enough resolution to- show any fme structure. Calibrations were 
made for both "ramp" and "step" modes of the analyser and for "thru" 

. • and "one-path-2-port" types (HP nomenclature). Data were also re-
... corded uncalibrated, for comparison. 

Fig.2 Tl\·lon waveguide-mode coupler 
., . 

at the gap. For incoming modes the gap can be thought of as "sampling" To measure the effect of the antechamber, a series of reference 
the radial fleld at the wall, while absorber in the center of the inner pipe measurements was taken with the slot sealed off by a conducting barrier. 
dissipates the remaining energy. The gap is not well matched to the This recorded the response of just the be~ chamber an~ measuring 
coaxial section and atthe recieving end only a small sample of the radial hardware' so these could be normalized out of the test measurements. 
field energy close to the wall enters into the coaxial section. The result The slot was sealed using a flexible RF gasket which consisted of a 
is that the signal is already attenuated by about 20dB before any cable knitted copper wire mesh around a rubber core. The seal was then 
or vessel losses are taken .into account; however the dynamic range of removed arid the measurements repeated; dividing the test ~eSponse bY 

' • ,I I ~ ' 

the network analyzer is wide enough to accomodate this. 

In the circular waveguide the TM01 mode cutoff is 4.82GHz and -~ -~~---~~3;g;~·::\~'_ 1_ ·-~::.-: there is relatively uniform tra~smission tip to the ™o2 cutoff at about ~- ~::'.::,__: 
II.06GHz. Above this frequency the energy is split between the two ']: .. ! '~-"' -- : 1"·~> · ' @!! " ---·~, -_· .t 

't" . .,, f~1 r.._. J; ,.: ,....~ ·l,·:_. '·;_ j 'I' .J' " .. Ina: . '•.• 
.~od~~:1 giving- lise to a ·c~~acteristic phas:.rol_l-ov~r.pa!~~::"-i? t~~ ___ ,., m' o;i' -- : : -:.· ~ '' 
frequency response: _.~dd1110n of the TM03 (~}.34GHz) !lfld T¥04 

(23.63GHz) modes further complicates this pattern: However be'cause 
ofthe 'differenc~- iri th~ energy density of the modes as a' functio~: of 
radius, absdrber pla~ed in the center of the pipe ~ill ~electively 1d~p 
ihe higher order mod~s. All the modes experience s~~e loss and there 
is a. tradeoff between ~ensiti~ity'.ahd flatness ~f the"r~sponse. To 
iflterpret the results it musi b~ 'assumed that the coupiers launch and 
detect only the lowest TM mode; results u;dicate that ~ith sufficient 
axial absorber this is not a bad· approxif!lation. · . . . • _. · :· · 
'"": For 'a .real im'p~dance.(e.g. the·j,~itk of a resonani 'obje~t or' a 
~ • ra- -... ,.. - ·. r·· · ~ l • .. . . ~ •...,. ; 

localized resistive object) and only .one mode launched, the beam 
~. •.·-· f. . • ~ *J··~ 

~ped~c~ Z8 c~ be est!m~ted from the following fo':"'!l_ula: - ~ 
•.. J . .t.r ~: ~ j.. - + • ~• ~ -· I • ' l .-:· I 

L. \- :'" • -, •· • 2r?:J:,;;-~ l-jS21fl (;; .. , J. " 

where Z
0 

is the imped~ce of free sp~ce (377~). f. is the TM
01 

mode cut
off frequency of the beam chamber; f

0 
is the frequency at which the 

resonance is observed and IS21 1 is the response normalized to a reference 
measurement thiough the undisturbed pipe (IS21 b/S2,' ,i>~ I ;~ ~. '. ·. 

~ J ~ . ,. ~ .... ; . .. '• r l 0 j re ·t.. ;~t... . ' 

,;. · • :~:·' · ·l ·- -1 ' ~- ' Measurement ProCedure · r-· .. ~ \ '' 
·T) ,.;J.; I r.,o 

·... . h... ... . •' . , _,., ~ r-~ or "11 -.- .. • ,, .... l 

. .... .'l' 

• t u• -- 1 ·1 ~ ,,.. ~c1A' •il·c~' ;'.1; · ' '·· ·,. 
, . --. -Fig.3 Cable layout·(calibration shown dashed) ,_ 
• 1:- -':'""11 .1•.,. '""~ -~-:; 1 '-..r,· ... , "1 ..... ~.. --: 
the reference response reveals any dtfferences due to the presence of the 

•• - f r .' J • - ~ J,. • ' I ; J • • ' ~ 1 

antechamber. To test the measurement procedure, the test resonator 
plug was ~trod~ced ~to the vessel m the untaped diagnostic port. This 
p~esented a smhllbeai:i impedance (~IOn) which was'·expected to be 
d~t~ctable by either method: . _· ' .. . "-~ ,. ' ... 

The response through"to tlie' antennas in the "antechamber was also 
recorded, using a measurement taken with the slot sealed as a calibra
tion of the internal isolation of the 'rleiwork analyzer 

Finally, with the waveguide mode method it was possible to make 
..,,~ .... ··• • 1. • · . I . ' '. ·~ - "1 -

a separate ·estimate of the"total 'insertion loss of the chamber by 
comparing .measureritent~''wtth ~d ~ithout.the. sector trulk pla~ed 

L ~ : j I h • • ~~ - . I ' 

between the couplers and chamber extenders. This is not possible with 
the wire- method b~ca~se of losses in the ~ire itself. · • · 

' I ~ t I i - 1 J.. ~ • "f t 1 ~ 

• The data were processed on the computer to give results in terms 
of beam impedance Z (Q) ait'd the' accelerator physics parameter Z/n 
(n);'wh~re n is the ratio of freqlib;icy to the"orbit frequency of the 

' ' . ' • J i 0 
• • ..I! ~. • f • < • ' I ' • '• ~ " " • ~ 

ina.chine (l..:5MH~ for the ALS)... · 
'•' ~ .r J.. . •• • c 't.' ~-

f.' < ...... 1. ... l' , • {'{"' •. ·' ~ I ; :! ' 
-.' ...... ,"l .• t ... j 

· ·· The cable layout used (fig.3) had the network analyzer positioned 
mictway between the ends of the vessel, allowlngthe source and recei~er The results for the wire method (fig.4) show that open~g the slot 
cables to be about ihe same leri'gth: By careful airangdinent of ihe c~able into the antechamber does not produce any significa:n't resonances and 
joints, the change between the test and th'e calibratiori'positions did not it1e'av'e:tage ~aiue ofZ/il isaboui (o:ool:W.OOI )Q, CU=6.7Q@ lOG Hz), 
require bending of any cables, only the rotation of a few highly repeat- a6outthe level ofrepeatabilirybetween successive measurements ;hen 
able APC 3.5mm connector joints. Switchi;-;g between the receiver dtebeatri'chamberhasbeenopened(toremoveiheRFgasket).lnserting 
cable and various cables to antennas in the antechamber was achieved the test resonator (\vithoui opening the beam ~hambCr) shows that a 
usmg·microwave'switcnes'controllea by the com'puter. The'receiver fo'rtherd-iange.,ofZ/n=O.OOl2Q, (80@IOGHz) can be seen. I ' 

return path through the switch w'as mc.luded m the calibration.' · · Coupling ttirough1to'the aritennas in the antechamber was very 
I · All the cablei/ we~~ thermally msulated biit the "whole ·system was' small; starting at veiy' iow freqhency and with no appreciable step'up at 
subject to cycling of the rooln teniperatui-e b~tw.ee·n the· daY atid rti"ght the ·slot C~toff frtque.lcY ( 1501-iz).· The ieneral ~Shape of the response 
causing sm.all bui significant changes in length'and hence phase:'to 1:)~ follows that of the antennas in 'riee gpace, suggesting that perhaps the 
able to correct for this in the data analysis, the temperature~' w"fr~· only coupling mechaniim is through slight scattering of energy into TE 
recorded at the time of each measurenlent. - :~l ~ ' ~-~ '"''':-...-1 modes by disconti.rluities in the chamber glving a low level background 

' At the ends of the tank, extender sections ~ere mounted f~r ihe
1 

"noise'.' spectru~ to ~hich the antenna response is added. , 
3bsofber pads. These were clamped to the end of the sector tank to m"ik~j . Th~' mea~~~effientS'ia.k~n Using the waveguide m~de method show 
good RF contact, and bolted to the transformer ·seciions. Ont~ these' better repeatability _after the beam chamber was opened, perhaps be
were fitted either the wire tapers or the ~iiVeguide mode couplers. For cause there was no ;ire to disturb. These results· confmn there is no 
the wire measurements, a 1/8" copper wire was laid in sections through' harmful 'ef"fect from .the antecha~ber.' indeed fig.S shows th'at the 
the vessel with the slack carefully reino~ed by adjusting a sliding joint average _value of Z/n estimated by: this method is· '<O.OOOSri, 
on one of the tapers. Because som~ 'of the joints 'exhibited int~rmittent (Z<3.3Q@ lOGHz), suggesting that most of the "change" seen by the 
contacts~ they were all taped over with copper tape to ensure ~epeatabilit/ wire is prob'ably just due to lack of repeatability. The ext:a impedance 
l~side the beam ch~ber' hole; forthe be~ position electrodes .. and ten dJe to introducing the test 'reso~~tor (fig.6) is clearly seen and the mag
of the' ~leve~ metal plugs which fill diagnostic ports were mask~d with' nitude agrees very well with the wire result. Higher order-resonances of 
copper tape to .provide a continuous smooth wall. One plug was left:::~·..this test cavity are eve'it visible. ' ' '; , .•. 
untaped so that the test resonator could be inserted. ~ "· :· ' Coupling· to the antennas using the waveguide mode method was 
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Fig.4 Impedance due to antechamber. wire method 

very similar to the wire except that below the TM cutoff of the chamber 
the coupling was reduced (only weak TE modes propagate in the beam 
pipe) and below theTEmode cutoff:=3.7GHz)there was no signal at all 
in the antechamber. 

Opening of the light-beam pons or placing absorber in the ante
chamber or had no effect on the beam impedance measured by either 
method, and had only a small effect on the coupling to nearby antennas. 

The final test to estimate the losses through the vessel by compari
son with the extenders and transformers only could give only an 
indication of the broadband losses because of the difference in length 
(this changes the phase pattern). The results showed about 2dB loss on 
average, corresponding to Z/n:=0.00150, (100@ lOGHz). 

Conclusions 
I 

Both methods are capable of measuring very small impedances 
above the beam pipe cutoff; the wire method has the advantage that one 
seamless measurement can be made for all frequencies while the 
waveguide mode method works only above cutoff but can be used in 
situations where it is impractical to use a wire. 

The test resonator shows that either method should be able to detect 
objects of the order of Z/n=0.000750, (Z:=50@ 1 OGHz). Under labo
ratory conditions it is possible to improve repeatability to a point where 
objects as small as Z/n=O.OOO 150, (Z= 10@ l OGHz) can be resolved. 

The broadband skin effect wall loss of the beam chamber is esti
mated to be approximately Z/n=O.OO 150, (Z=lOO@ lOG Hz) from the 
waveguide mode insertion loss experiment. 

The wire and traveling wave methods show that the increase in 
beam impedance due to the antechamber is Z/n <0.00 10 and< 0.00050, 
(Z <6.70 and <3.30) respectively. There is very little coupling to the 
antechamber even above the slot TM cutoff frequency of l5GHz. 

The total impedance budget for the ALS is Z/n<20. For twelve 
chambers and an allowance of I 0% for beam chamber losses this makes 
the maximum tolerable impedance <0.0170 (Z/n) . 
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Fig.5 Impedance due to antechamber. wireless method 
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Fig.6 Impedance of test resonator. wireless method 

These results show that the broadband contribution to the ALS im
pedance budget from the curved sector tank is very small and that there 
are no harmful resonances in the antechamber.that might cause beam in
stabilities. 
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