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Abstract 
Beam-coupling impedances (Z) for the 7-GeV APS stor- 

age ring have been numerically estimated. ln order to confirm 
these calculations, the wire method with a synthetic pulse 
technique was used to measure the beam coupling impedance 
of various vacuum components around the main storage ring. 
A section of the beam+antechambers, a vacuum isolation 
valve with and without the RF shielding screen, an insertion 
device, and :I photon absorber were used as a device under test 
(DUT) to obtain the results. The results were compared with 
the computer simulations and the Z or kdependance on bunch 
length was studied. 

1. INTR~DUC~ON 

The beam coupling impedance (Z) must be kept small so 
that the desired operating current is achieved A computational 
investigation has been carried out to estimate the coupling 
impedance of a large variety of structures in the APS ring. 
This was done mainly by W.Chou [1], using the ZD, 3D 
MAFlA codes and the TBCI code. The results are summarized 
in Table 1 a7 the APS impedance budget. However, the com- 
puter simulation was not feasible in some cases due to the 
complexity of the task and some numbers shown in Table 1 
were scaled from PEP-data sheet (pump port, kicker, etc.). As 
seen, the largest longitudinal impedance is contributed by the 
RF cavities (even though the contribution of the fundamental 
mode has been subtracted from the calculation) and the trans- 
verse impedance is mainly contributed by the transitions be- 
tween the beam chamber and the insertion device (ID) section. 
The maximum permissible longitudinal impedance and the 
transverse impedance are estimated to be 2 R and 0.3 MR/m, 
respectively. 

TABLE 1 APS Impedance Budget (after W.&XI, Ref. 1) 

Componenl N”llTbES lmpedanca 
zp 21 
in1 mwlm, 

I. RF Cavity (HOW 15 0.2 0.02 
2. TransitJon Maeen chamber 5. 34 0.03 0.06 

ID seafan 
3. Transition between chamber b 3 0.1 0.003 

Ii sadum 
4. Cmlch ataolb?r 160 0.01 0.002 
5. Sh,eIded bellows 160 0.04 o.w7 
6. Shielded lransillans 60 0.02 0.w3 
7. na,,ge hllpenetration weldarrant 480 0.01 0.006 
8. EulpUd tube weidmenl 60 IE-3 lE.3 
9. Shielded end mnRal 60 1s3 IE-3 

10. v&e 60 0.0: 0.01 
I I Beam position monitor 360 0.02 
12 Transition balween chamber 120 3E-3 1 E-3 

W. a W& ante chamber 
13. mw3eve wd 0.01 0.01 

14. Spaca chaqe lE-5 003 

is. omen 0.3 
(wken, turnpen. ion pump pm. e1c.j 

SubloW 1 0.15 

BGilqeI (SuMOlal x 2) 2n 0.3 M(Um 

*Work suppxted by U.S.Departmcnt of Energy, Office of Basic 
Sciences, under Contract W-3 l-10%ENG-38. 

The coupling impedance of the APS vacuum chamber 
components was measured with a coaxial wire method, using 
a synthetic pulse technique [Z]. The coaxial wire method is ;1 

wide-spread tool for bench measurements of beam coupling 
impedance. By sending a short pulse through the center wire 
of a transmission line or a vacuum chamber, the current dis- 
tribution on the inner surface of the beam chamber can be ob- 
tained which corresponds similarly to the current distribution 
produced by a passing beam bunch. When the elechomnpneric 
field distribution has been perturbed by any discontinuity. a 
reaction on the center wire takes place similar to that of n pcr- 
turbed wake field on the particle beam bunch. 

The measurement procedure employed here is known as n 
synthetic pulse technique. Since any pulse defined as a func- 
tion of amplitude over time can also be defined by its frc- 
quency spectrum of amplitude and phase, the synthetic pulse 
can be generated in the time domain (TD) via fast Inverse 
Fourier Transform (FFT) from measurements taken in the fre- 
quency domain (FD). This leads to higher spectral density than 
real-time pulse measurements, thus giving a higher dynamic 
range and better repeatability. 

2. LOSS PARAMETER AND IMPEDANCE 

For a given particle beam bunch with charge, q, the en- 
ergy loss of the bunch is 

AE = Kq2= ~ZL q* 
Jwi-12) dt - 

((11 W2 (eV), (1) 

where ZL is the characteristic impedance of the transmission 
line or the wire running through the beam pipe. It is the cur- 
rent flowing through the reference chamber, 12 is the current 
flowing through the DUT (see Fig.1). and K is the loss pa- 
rameter which is physically the energy loss in eV for a bunch 
with a unit charge passing through the vacuum component. 
Thus the longitudinal loss parameter can be computed from 
measurements by the integration of the current over the pulse 
length. It must be pointed out that K is also a function of par- 
ticle bunch length, 6. 

Broadband impedance [3] represents the impedance of the 
non-resonant device (e.g. any little discontinuity around the 
storage ring), which is given as: 

2s!iEl 
z = q 

assuming that Q=l, where n = w/w, (w, = 2x/T,, is the rev- 
olution frequency of a beam in a storage ring) and Z(W) is the 
individual mode impedance of the DUT in the FD. Z(o) can 
also be computed from the measurements. 

Z(0) = 
2zL [Il(W)-I2(~)1 

11(o) 

where 11(o). 12(w) are the-current measured for the REF and 
the DUT in the FD. nzspectively. 
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3. EXPERIMENTAL SETUP 

As depicted in Fig.1, a Network Analyzer (HP85 1 OB) was 
used to measure the two-port S-parameters of the DUT. The 
S-parameter or the scattering matrix represents a linear alge- 
braic relation between the incoming and outgoing signals for 
any device. The measurement calibration features in the HP 
8510B [S] were used in order to reduce or eliminate some of 
the system error which could he produced by any mismatch or 
imperfection of the connection or cable itself. 

The frequency span was varied from 45 MHz to 18 GHz, 
depending on the appropriate synthetic pulse length. The effec- 
tive pulse lengths with the frequency span of Af =I6 GHz, 
c~,,,,,, are 37.5 psec with Low Pass mode (LP) and 75 psec 
with Band Pass mode (BP) which are comparable to the bunch 
length of the 7-GeV APS positron beam. The cut-off fre- 
quency of the reference pipe also determines the choice of fre- 
quency span. Above cut-off, modes in addition to TEM waves 
could be generated and propagated through the pipe. An HP 
9000/308 computer was used for data acquisition and the con- 
trol of the system. After the appropriate calibration was done, 
the data was collected using the REF and the DUT in the FD 
to get the impedance, Z or Z/n, . 
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Fig. 1 Experimental setup 

The TD option computes a synthetic pulse via FFT to 
find the loss parameter, k. There are two modes available to 
obtain the synthetic pulse: BP mode and LP mode, but only 
the LP mode can be used to compute the loss factor K [4]. 
Some of the powerful features of the HP 8510B were used in- 
cluding: 1) “Windowing”, (available only in the TD) achieved 
by mathematically filtering in the FD. It can improve viewing 
the dynamic range of the response of the DUT in the TD, but 
at the expense of increased pulse width. Usually the “normal” 
mode was used, 2) “Gating”, a time-filtering tool which al- 
lows one to select the response at a particular portion of the 
DUT in the TD. Converting “gated” data back to the FD, one 
can see the frrquency response at that particular portion of the 
DUT as well. 

Temperature variation around the network analyzer is 
minimized to stabilize the signal from the source, especially 

during calibration. The room temperature was kept at 72 + 3 
OF to get a reliable signal from the DUT. 

Three different types of center conductors were utilizd: a 
2 mm-brass wire, a 9.5 mm-Cu pipe, and an elliptical 50 W- 
matching Al rod. Their characteristic impedances are 125. XX. 
and, 50 fi, respectively. Thin wire is used with a high-Q 
structure, otherwise the wire causes a frequency shift and a de- 
Queing in the resonant structure [5]. The test system consists 
of various APS vacuum components (60 cm long each), nnd 
the transition portions (30 cm each). Each transition portion 

is tapered at 10 O to eliminate multiple reflections due tc 
sharp discontinuities. The parameters in the test system and in 
the APS storage ring are summarized in Table 2. 

In the impedance computation, the use of the transmis- 
sion coefficient ($1) instead of the reflection coefficient 
(Sll) reduces the error in Z(w) because the multiple reflec- 

tions must be considered for the S 11. 

Table 2. Test system and APS storage ring parameters 

Characteristic impedance 
of the center conductor, 

Sweep frequency, 
Nominal energy, 
Revolution Frequency, 
Beam chamber-cutoff frcq. 

Single Bunch length, nns 
Single Bunch length, 
Number of bunches, 
Bunch cumnt. 

zl, = 125. 88, 50 L? 
Af = 45hlHz-18GHz 
E = 7.0 GeV 
f, = 271.55 kHz 
f cut = 4.6 GHz 

%ns = 5.3 mm 

FWHM= 27.5 ps 
lib = 20 
Ib = 5mA 

4. MEASUREMENTS AND RESULTS 

4.1 Vacuum isolation valves 

A VAT Gate valve (Model S-47) was tested against a 
general-purpose vacuum valve in which there is no RF shield- 
ing. The RF shielding screens on Model S-47 line up with the 
APS beam chamber and consist of 64 RF liners, each of 
which measures 1.8 mm wide, 45 mm long, and 0.1 mm 
thick, with a 1.3-mm gap between liners. 

Fig.2 shows the resonances of the valve, when there is no 
RF shielding. These resonances are strong enough (Z/n - 0.08 
R, Q - a few lo3 at many hequencies) to drive the longitudi- 
nal coupling-bunch instability. 

ants [Z/N,ohnt) vs Frc ucncy 
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Fig. 2 Broadband impedance for the valve w/o RF sielding 
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Resonances with the model S-47 valve appear due to the fact 
that, there are the gaps in the flanges between the beam cham- 
ber and the S-.47. The broadband impedance is much smaller (- 
0.01 R) and the Q value is lower (< 20) for these gaps at 2.3 
GHz. Closing the flange gaps with Imm RF gaskets signiIi- 
cantly reduces the impedance down to 3~10~ R, and using the 
“Gate” tool (G = 0.2 nsec) selects only the impedance due to 
the RF liners (4 x low5 Sz). These results are summarized in 
Table 3. The total impedance of 80 valves (0.03 12) is some- 
what higher than the calculated value (0.01 R), but its contri- 
bution to the total impedance budget is minimal (1 .S %, see 
Table 1). 

Table 3 Loss parameter and imped<ance 
for the isolation valve (* means a peak value). 

Isolation valve Loss factor Impedance 
K (V/p0 Z/n (Sz) 

w/o RF, gasket 0.1 o.ofl* 
w RF but w/o gasket 0.01 0.002* 
w RF, gasket,w/o Gate 4 x 10-3 4 x 10-4 
w RF,gasket,Gate 2.5 x 10-3 4 x 10-s 

4.2 Beom chnmhers 

Small sections of the beam+antechambers (one with a ta- 
pered transition to the antechamber [ANTEI] and the other 
with an abrupt transition to the antechamber [ANTE2]) were 
used as the DUT, and the beam chamber [BEAM] was used as 
the reference pipe The beam chamber has an elliptical cross 
section with major axis 2a = 8.5 cm, and minor axis 2b = 4.2 
cm, which connects to the antechamber through a I-cm slot. 
The cutoff frequency of the beam pipe is about 4.6 GHz and 
16 GHz for the l-cm slot. 

In the measurements, the reproducibility error was 6x10” 
V/PC for Af =16 GHz span and the k-value was measured to 
be 2 x 10y3 V/PC. In addition, the data for ANTE1 (tapered 
transition) and ANTE2 (abrupt transition) were collected and 
compared. The measurements showed that there was no differ- 
ence within measurement error in terms of the loss parameter 
due to the shape of the transition to the antechamber. 

4.3 Photon absorber 

Photon absorbers are used to absorb unwanted syn- 
chrotron radiation to prevent most of the photons from strik- 
ing the wall of a vacuum chamber. In order to do this effec- 
tively, part of the photon absorber must be placed into a beam 
chamber (intrusion) and the geometry requires RF shielding to 
prevent coupling of the beam into the absorber region. To de- 
termine an RF shielding structure, test chambers were made to 
measure the coupling due to an aperture between two identical 
chambers through holes of various sizes, thicknesses, shapes, 
and numbers. Some preliminary results on aperture coupling 
experiments is preseoted separately in these proceedings [6]. 

Intrusion measurements were done with the two models. 
The old geometry has a round shape and the new geometry is 
designed to be sharply irrupt and then slowly tapered ins shown 
in Fig.3. The reflection response in the ‘I’D due to the round 
intrusion as :a function of the penetration into the beam cham- 
ber is shown in Fig.4. The frequency span Af=16 GHz or 
equivalent synthetic pulse cnns = 37.5 psec was used and Gate 

=I nsec was opened to cover all the reflection around the round 
intrusion (7 cm long). The computed K-values for these 
intrusions are also shown in this figure. Data for the sharp in- 
trusions has not yet completely taken, but some initial data 
indicates that the loss factor for the sharp intrusion is much 
smaller than that of the round intrusion. 

7cm 10 cm 

9 lcm I”-? 
Fig. 3 Intrusions (round & sharp) 

3, only LINEAR 
REF 0.0 untt* 
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Fig.4 TD transform of the S I I for the round intrusion 
with I = 0 to 2.5 cm and their loss factor, k. 
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