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Abstract a single lumped impedance, which is exact in the frame of

The results of the measurements of the longitudinal imp%jhtrza;:(;néseségrsge[ QS]-—parameters, has been provided by

dance of a coaxial cavity coupled with a circular pipe
through four slots are shown. Because of the slots, placed Zo b SREE _ gbUT

in the same longitudinal position but at different azimuthal Z(w) = T log (_) ’SD—UT7 )
angles, the device is rotationally asymmetric. The measure- 2.1

ments have been performed with the coaxial wire methodP’Y” being the transmission parameter of the device un-

and the results compared with theoretical ones obtained @é} test (DUT),SLEF the parameter of a portion of unper-

applying the modified Bethe’s theory. turbed coaxial line of the same length, the impedance of
free spacej the radius of the pipe, andthat of the coaxial
1 INTRODUCTION wire.

B . hamb idel d The presence of the wire on the axis of the device
€am SCreens in a vacuum chamber are widely used, g?rongly affects the fields, therefore it has been for long

?rotect purr]npf, or; a;_|rl_LHC5],tsupedr%or;duct;ng magneaiz.ne discussed to which extent this technique is able to
rom synchrotron radiation. 5I0ts and noles of SCeens ap,q a5 e the impedance defined in eq. (1). A detailed

low pumps to create high vacuum in the beam pipe. ThSnalysis of the validity of the coaxial wire method, for

resulting goupling impedance has beep studied by utiIizingZimuthally symmetric geometry, has been provided by

the modified Bethe’s theory[2,.3]. .In ”_"S paperwe present, - stern and Li[10], who showed that the difference be-

the measurements of the longitudinal impedance of a CoaYs nan (1) and (2) is of the order bfg ~* (b/a). The device

lal cavity coupled with a circular pipe through four SIOtS’under test, in our case, shows four slots on the inner tube,

and compare the results to the theory. The paper is Strufé)'sing the symmetry. For such asymmetric structures, the

tured as follows: first we briefly review the method of thevalidity of the method, and eq. (2), has been recently dis-

coaxigl wire which we used f,orthe measurem_ents, then, bé’ussed in [11] where, through a perturbation method, the
applying the modified Bethe’s theory, we obtain an analyt, ing expression of the impedance has been derived
ical expression of the longitudinal coupling impedance o ’

the device, and finally we show the results of the measure- Zo b\ SPUT GsREF
ments in comparison to the theory. Z(w) = —log (5) W
2,1
2 COAXIAL WIRE METHOD Syt — st REF _ oDUT|?
GREF -2 ‘52,1 - 52,1 | (3)
The longitudinal coupling impedance of an ultra- 21

relativistic point charge traveling along the: axis of a  which, for our measurements, gives the same impedance
beam pipe is defined as[4]: value of eq. (2).

1 [ .
Z(w) = —5/ Ey(r=0,zw)e™dz (1) 3 ANALYTICAL CALCULATION

. . - A method for calculating analytically the impedance of a
whereE; is the Fourier transform of the electric field scat-Coaxial cavity, based on a modified version of the classi-

itﬁ]red db);]the (:|scon:]|n;:|tlesr?]f thr:a [r)1ltpie an:w: °‘r)/ ccj bT hﬁ] cal Bethe’s theory of diffraction, has been presented in[3].
pedance ol a generic Component IS Measured by Meapg, ¢, qamental steps to extend this method to the case of

of the coaxial wire _met_hod, thr_ough the _transml_ssmn S ultiple coupling apertures are reported in[12]. The longi-
parameter of a coaxial line obtained inserting a thin centrag] . = = . ! .

: udinal impedance ofV identical apertures positioned all
wire[5, 6, 7, 8]. Several formulae have been proposed t

express the coupling impedance as function of the trang—round the same beam pipe transverse sectian-atzo,
(pre piing impe . ranZeen by an ultra-relativistic chargecan be expressed by
mission S-parameter. A widely used expression, valid for
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where M, and P, are the aperture equivalent dipole mo-with ¢ = 1+ (1 — j)/Q,, andk = k2 — k24. In our case,
ments, which depend on the aperture shape and dimensi@mce the slots are centered with respect to the cavity, the
their position relative to the coaxial cavity and on the cavityeigenfunctiom.,, is zero. From egs. (4) and (10) we can
dimensions themselves. Assuming that only a TEM modeasily calculate the longitudinal impedance.

is resonating in the cavity and limiting the calculation to

frequencies below the beam pipe cutoff, we may write: 4 LONGITUDINAL IMPEDANCE
P, = eoae (Eor — NE.,) MEASUREMENTS
M, = oy (Hop — NH.y) (5) The device under test is shown in Fig. 1. A 70 cm copper

In egs. (5) we have indicated by the subscript O thq
charge wake field in the unperturbed beam pipe; the sul
scriptc indicates the fields in the coaxial cavity and and
o, are the electric and transverse magnetic polarizabil
ties. All the fields in egs. (5) are calculated at the center o
the aperture, that is for = b, so that we have:

Eoy = ZZ—;Z and Ho, = 2L7rb (6)
The scattered field¥’., and H., can be expressed
through the cavity eigenfunctioms,, andh,,, and the cou-
pling coefficientsc.,, and¢;,,, obtained applying the reci- Figure 1: Device under measurement.
procity theorem[13]
pipe of 2 cm internal radius and 1 mm thickness has 4 slots,
8 mm wide, positioned at its mid-length and azimuthally
The coupling coefficients, in turn, depend on the equivaleri®ymmetric. A copper pill-box cavity, with radius 15 cm
dipole moments: and length 14 cm, is placed coaxially around the pipe. The
measuring wire has a diameter of 1.12 mm. The measure-
- —jwpoknhon My +w?po [1+ (1 = 5) /Qn] ern P ments have been performed using the Network Analyzer
ki — kg [+ (1—34)/Qul HP 8753E.
_ Jjwknern P + k(Q)hcpnMcp (8) s
SRR+ (1) /Qul .

whereky = 27/, k,, = nt/L. L is the cavity lengthQ),, -l I\
its quality factor for the TEM mode anct,.,, andh,,, are o

Eer = Cen ern|,«=b and Hc<p = Chn hgpn|7~:b (7)

Chn

given by Y, ‘\\
e = S0 (knZ0) S/ -
by/mL1n(d/b) o L™
751 MWM MW\%‘M —H
o cos (knz0) ) Y gt MWM«WW
by/7L In (d/b)
With d the Cavity radius. Replacing eqs- (6), (7), (8) and 1.076 1.077 1.078 1.079 Fr;;zenc;.o(SéHZ;.OBZ 1.083 1.084 1.085 1.086

(9) in eqg. (5), we get a linear system for the equivalent
dipole moments. Using a perturbation method which ne- Figure 2:55 ; transmission parameter of the cavity.
glects high order terms in the polarizability factors we can

write In order to obtain the theoretical value of the impedance,

N the quality factor of the coaxial cavity without slots has to
P, = a5 {Ew — = (—jwpoknernhpnomi Hop+ be known. The measurement of tHe ; transmission pa-
k rameter as a function of frequency shown in Fig. 2 gives
+W2/J0(j€72~na650E07"):| Q) = 2200. Itis important to underline that this mea-
surement is very sensitive to the degree of oxidation of the
copper, which can change rapidly. Thus the quality factor
N varies from day to day. Another critical point of the mea-
My = am1 [Hmp + = (jwknernhonaeeo Eor+ surements is the electric contact between the pipe and the
k coaxial cavity.
+k8hinamJ_HO<p):| (10) In order to maximize the coupling impedance of the
DUT, afirst set of measurements has been performed with a
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length of the slots equal to that of the cavity, i. e. 14 cm. In 6 ;
this case the perturbation with respect to a reference pipeQ] |

even if small, has been clearly evidenced by$hg trans-

mission parameter around a frequency of 1.046 GHz. From .5

eg. (3) we get the real and imaginary part of the longitudi-
nal coupling impedance shown in Figs. 3 and 4. The peak
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Figure 3: Long slots. Real part of the impedance.
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Figure 4: Long slots. Imaginary part of the impedance.

value of the real part is abootl 2 at 1.046 GHz, quite
close to the theoretical predictioris} 2 at a frequency of
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Figure 5: Short slots. Real part of the impedance.
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Figure 6: Short slots. Imaginary part of the impedance.

(1]
(2]
(3]
(4]
(5]
(6]
(7]
(8]

1.071 GHz, obtained using eq. (4), with the same geometr{8]

and the measureg value.

(10]
Actually the modified Bethe’s theory is valid when the

condition \/I << 1 is verified, with A the cavity reso- [11]

nant mode wavelength aridhe length of the slots. Since

the former case is at the limit of validity of the theory[12]
(A1 =0.5), we have performed another set of measure-

ments with a reduced length of the sl¢ds'l = 0.25). The

[13]

real and imaginary part of the measured impedance are
shown in Figs. 5 and 6. The perturbation induced by the

slots is very small, and the peak impedance is abduta

factor 10 less than the previous case. This result is consis-

tent with what the theory predicts if we assum@ eeduced

to ~ 1000, which is likely due to the rapid oxidation of the

copper cavity.
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