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The atorage ring vacuum chamber of the
proposed T7-GeV synchrotron light source at Argonne
National Laboratory is planned to have a semi-
elliptical beam chamber, with a longitudinal slot
coupled to an antechamber containing HEG pumping
strips. Concern ovar the RF {mpedance of this complex
chanber has atimulated the need to underatand the
limftationa {t w{l]l have on the beam intenaity, the RF
acceleration syatem and on ine beam lifetime. Calcu-
lationa uaing numerical EM field programs have
estimated the waveguide modes of this chamber and the
impedance and loss parameter for the expacted l-2 <m
bean bunch length. The loss parameter is shown to
differ little from an elliptical beam chamber without
the slot and antechamber. An experimental program has
begun to verify the estimates of the impedance for
these complex vacuum chamber components using labora-
tory wethoda, Preliminavy reaults are presented for
the measured losa parameter for a sahort length of beam
vacuum chamber and far other components. These
results are compared with their calculated vslues.

I. Introduction

The vacuum chamber for the idvanced Photon
Source (APS) ia planned to have a beam chamber
(elliptical in shape of about &-cm wide by 4-cm high)
connected by a 1 cm. high longitudinal slot to a
larger (approximately 8 by & cm) antechamber [1,2,3].
e antechamber will contain aeveral non-evaporable
getter (NEG) pumping strips, which provide the vacuum
requited for adequate beam lifatime.

As a Gaussian beam bunch with charga q and
rma bunch length Oy passea through a cavity, the
energy lost is related to the loas parameter k(a,) by
the relation

2
Uy = k(o) q .

The losa parameter ia the integral of the longitudinal
impedance of the cavity weighted by the spectral com-
poncnts in the beam bunch. For a cavity with wmany
wodes of frequency f, k(o,) 1s given by

k(gy) = ) k (0) expl-(u, ul/c)zl
n

wvhere kn(o) =u, R /{4 Qn), R, = the shunt fmpedance,
Qq ™ the quality factor and wp = 2v £.. With the

gy = l-2 cm bunch length expected, the contribution
for modes near 15 GHz will be down by a factor of 10-5
relative to the modes near 1 GHz. Therefore, it is
expected that the loss parameter for the APS beam will
have little dependence on the wmodes above 15 GHz.

The RF impedance aeen by the circulating
beam {s of concern fot the beam stablity, as well as
for the requirements {t places on the RY cystem dye to
parasitic mode energy loas. Since the TH wode cutoff
frequency for the l-cm coupling slot is about 135 GHz,
modes in the antechamber below this frequency should
not contribute to the longitudincl impedance meen by
ths expected 1-2 cm beam bunch, The effect of mode:
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the cutoff frequency should be small, as
shown above.

I1. Analytical Results

To verify these qualitative expectations,
the EN modes for the vacuum chamber and other com-
ponents have been modeled using programs SUPERFISH {4]
and URMEL [5). SUPERFISH can be ugsed to calculate the
cutoff frequencies of weveguides with a general crosa-
section in the xy-plane, The TH modes were calculated
for the vacuum chamber geometry with and without the
connection to the antechamber, Fig. 1(a) shows the
H-field lines at the cutoff frequency of the first TM
wode. The EM fields are confined to the beam chamber
and the cutoff frequencies are essentially the saame,
4,15 GHe, for both geometries.

H Flald Lines T

Yo
—_—
Antechamber

Pumping Slot Between
Baam Chamber and
Antachamber

Yacuum Chamber Beam .:" lon

(b)

Fig. 1.

(a) SUPERFISH calculation of the H-fleld
lines for the first TM mode, 4.15 GHz, of the
beam chamber region for the proposed APS

vacuum chamber, (Antechamber is not
shown). (b) H-fleld lines for the 11.97-GHz
TH mode of the vacuum chamber.

Figure 1(b) shows the H-fleld lines for a TM
mode with a cutoff frequency at 11,97 GHz. The filelds
are starting to penetrate into the pumping slot and
some distortion is appsrent compared to a simple beam
chamber. Deep penetration does not occur for fre-
quenclies below about 14 GHe, These observations
support the contention that the loas parameter for the
vacuum chamber should not differ significantly from an
elliptical t=am chamber,

III. Heasurement Techniques and Analysis

The first stage of an impedsnce messurement
program for the APS is to develop a laborstory system
to messure the loss parzameter using the wire and pulse
technique proposed by Sands and Rees [6]. This method
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astimazes the energy loss of the beam bunch by passing
a Gaussian current pulse I (t) on a thin wire through
the c¥ater of the chamber, The transmitted current
pulse I_(t) has undargone a similar energy loss in the
chaanr under teat, to that of a beawm bunch with che
tane tms bunch length, oy. The loss parameter k(gy)
{a then given by the relation (6]

2z [ 1 (x) 1,(t) de

(f 1,00 a)?

k(al) -

where I (t) =1 (t) - I.(:) and Z is the
chltac:eriltlc inpcdqnce of the lnput and output
ceonnections to the chsmber under test. In ordet to
ver{fy the qstimate that the actual vacyum chamber has
a value k similar to that of an elliptical chamber
without the antechamber, in time to effect design
changes, an existing digital time domain analysis
system was wmodified. Thisz system was used to measure
the beam coupling impedance for high-frequency beam
plckup [?]. The wmodified syatem is shown in Fig, 2.
A fast pulae («150 picoseconds FWHM) wag aplit into
two atma with cne signal pasaing through a reference
chsmber and the second passing through the chamber to
be measured. The output of each chamber was measured
by a sampling scope and the cutput of each channel was
digitized and recorded for computer analysis. This
system alloved simultanecus massurements of I (t) and
I,(t). The aigaals weve carefully calibrated’ for
offne:: and gains by tunning i{dentical chambers in
both arms and by switching the chambers. After
sucothing the data and adjusting for timing drifts
between the two arms, the value k{ov,) vas calculated
using numerical integration of the élgltitcd data,
Comparing a aequence of measurements of identical 50-Q
" coaxial transmiasion lines yielded a k value consis-
tent with zero within g standard deviation of +0.005.
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Schesatic diagram of the time domain
measusement system uaed to determine the loss
parameter for vacuum components.

Fig. 2.

By placing & component to be tested in one
arm and a matched S0-ft reference chamber fn the other
arm, the difference in the k parameters can be
meagured, Fig, 3 shows measurements of I_(t) and
In(t) for the proposed vacuum chamber and a matched
50-Q elliptical beam chamber, Fig., 4 shows the
difference aignal I,(t) for the same components in
Fig. 3. For small ﬂif{erencel our present method
(similar to that of Weaver et al. [8]) will be limited
by the measurement resolution of the signals I (t) and
In(t). Future improvements will incorporste the
annlog difference method [9,10]. However, i{n the
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Flg. 3. Measurement data for the reference signal
1,{(t) and the transmitted signal I_(t) for a
one-meter section of vacyum chamber with

abrupt transitions.
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Fig. 4. Difference current I,(t) not amoothed
vacuum chamber measured in Fig. 3.

, for the

latter cage the relative timing of the device under
test and the reference must be carefully adjusted
before meaauring 1,(t), With the present system, the
relative timing is adjusted numerically by alignment
of the zero of the second derivstive on the lesding
edge of I _(t) and 1. (t). 1In addition, the measurement
regolution {s presently dominated by the slewlng of
the triggz. discriminator rather than by the digitizer
accuracy or the noise level of the input to the
sanpling scope. Thia will be improved by eventually
using a fast real-time oscilloscope.

Future plans also i{nclude compsring the
measured loss parameter using wire techniques with
meaurements of relativistic beam coupling impedance to
certain dominant modes in the expression for k. This
technique will be a continustion of the studies
performed on beam pickup impedance [7]. This method
will also b2z helpful in understanding the transverse
impedance for these complex vacuum chambers.

Two test vacuum chambers, each one meter
long, were made in order to measure the loss
parameter. Each chamber had & crosa-gection as shoun
in Fig. ] but with a different transi{tion from the



elliptical bean chamber to the alat-coupled ante-
chamber. One caamber had an abrupt (90°) transitionm,
while the ather had a tapered (~ 30") transition. A
third chamber conaisting of just the elliptical beam
chamber without the slot coupled antechamber was built
to compare with the more complex geometry. All three
chaumbera had the aame electrical length and identical
transition to 50-Q connsctora. The reference aignal
was measured using a 7/8" coaxial transmisaion line
with the same electrical length aa the chambers,

The measured loss parameter for all three
chambers was amall {k=0.005 to 0.008 V/pC) and wasn
dominaied by the systemat{c resoluticn of our
mneasuring systam. To within the meagurement uncec-
talnty all antechambers had a loss parameter compar-
able to the loss pavemeter of the elliptical chamber
without the antechamber. Although preliminary, these
reaults comfirm the modal analysis described above,
Heasured k for the vacuum chambers compares closely
with the assumed value of k=0.006 V/pC/m, which waa
scaled from measurements of existing storage tring and
{ncludes the influence of transitions and bellows.
This value haa been used in all deaign calculationa
for beam stability and RF parameters.

Future {mprovementa i{in our measurement
method have been mentioned previously and should yleld
significant improvement {n our messurement resolution
for such small values of k. However, the wire method
{s atrictly valid only for short discontinuities and
thin wires. Future studies to meagure beam excitation
of the dominant modea of the loss parameter are
planned to better understand the limitations of the
wire method on the k value for long chamberzs.

As a further check of our systematics, we
have measured a short pill-box cavity (15.24-cam
diameter by 2-cm long). Fig. 5 ahows the reference
and transmitted signal for thia cavity. The result
for three meaaurementa of thia cavity was k=0.244
4+ 0.008 V/pC. The expected value of k for this cavity
wag k=0.22 V/pC and waa estimated by using the first
four TMH modes calculated by URMEL (S]. The differance
{n these values {3 eaa{ly asttridbuted to the uncer-
tainty i{n the actual spectral componenta in the aignal
pulae, Future improvements in this aystem will
{nclude a Fourler analysis of the reference pulae to

be used in the calculation of k, tather than assuming
a Gaussian pulse shape.
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Fig. 5. Measured data for the reference signal I (t)
and the transamitted signal Im(t) for the
pill-box cavity described in the text. The

transmitted data I-(q) has not been corrected
for the time delay.
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