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Summar

The vacuum system for the proposed e+e' storage
ring CESR must handle the high power-density of
synchrotron radiation hitting the walls, and the
vacuum chamber must be designed to minimize "higher-
mode" losses due to beam-induced RF fields. We pre-
sent brief descriptions of some prototype components
and results of tests on these prototypes.

The vacuum system for the e+e' storage ring CESR1

js designed to maintain an average pressure of about

10'8Torr in the presence of circulating electron and
positron beams of 100 mA each. The gas Toad arises
mainly from desorption by the intense synchrotron
radiation hitting the walls of the extruded aluminum
vacuum chamber. The gas will be pumped by distributed
sputter-ion pumps inserted in the pump chamber, which
is extruded integrally with the beam chamber and the
cooling-water channel. Figure 1 shows a prototype
pump module protruding from a section of the vacuum
chamber. The pump desian is similar to that used in

SPEARZ. Pumping slots are punched in the 4mm-thick
wall between the pump and beam chambers using a
specially designed machine capable of punching cham-
bers up to 11 meters long. A single continuous ex-
trusion 8.2 meters long will be used for each half-
cell of the normal lattice, which consists of two

dipole magnets, a quadrupole and a sextupo]e.3 The
pump chamber will be cut away where the extrusion
has to fit through the quadrupole and sextupole.

avoids a flanged joint between bend chambers and

quadrupole straights, minimizing changes in beam-
chamber profile.

This

CESR Vacuum Chamber and Ion Pump

Fig. 1

In order to minimize "higher-mode" losses due to
beam-induced RF fields, the beam chambers and all
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joints, insertions, etc., have to be designed without
sudden steps or cavity-like structures. Figure 2

shows a gate valve modified to operate with a shaped
aluminum block following the gate, so that in the
"open" position the block is wedged in line with the
beam chamber, presenting a smooth unbroken chamber
wall. RF gaskets are used to make positive contact. °
This valve has operated satisfactorily for over 4000

cycles in a vacuum (10'8Torr).

An example of an expansion. joint between chambers
is shown schematically in Figure 3. This shows the
water-cooled wall of the chamber where the synchrotron-
radiation (SR) hits. The 8 mm-thick wall is tapered
outward, so that the region of the sliding joint is
protected from the intense SR. An aluminum "sleeve"
slides over the end of the chamber and is attached to
the other. An RF gasket at the sliding joint pro-
vides good contact between the chambers. A model
sliding joint (Figure 4) was used to measure higher-

mode losses using the method of Sands.4 The power
radiated at each such "joint" by two circulating

beams of 100 mA each, in single bunches of gaussian
width 20 = 7.44 cm, is expected to be 140 watts. This

power is prevented from
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Fig. 2 Modified Gate Valve
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Fig. 3 Expansion Joint Between Chambers



leaking out to the thin stainless steel bellows by

the RF gasket. In bench tests at milliwatt RF
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been measured using various types of "finger" con-
tacts. The aluminum contact surfaces on the chamber
waiis were copper plated for more reliabie and con-
sistent contact. Tests are still in progress to
determine the optimum joint configuration and gasket
material. High-power RF tests were conducted on
gaskets in a cylindrical sliding joint model con-
structed as a resonant S-band cavity at 2856 MHz.
The configuration was such that peak currents of

~ 1000 A would flow across the test joint at pulsed
power levels of 200 kW in the cavity. "Metex" gas-
ket material (woven monel or stainless steel braid)
was tested at power levels of 160 kW (pulsed at
1:4000 duty cycle) for two periods of 17 hours each.
No evidence of sparking or burning at the gasket was
seen. However, the braid left a residue of fine
pieces of wire in the chamber, and is unacceptable

for that reason. A similar test was conducted with
nnId plated bervﬂnnm-rnnnnv finger contacts as the
gasket mater1a1, at 150 kw 1evels No evidence of
sparking or burning at the gasket was observed.
Slight discoloration outside the joint, in the bel-
Tows cavity, indicated multipactoring caused by RF
leaking through the gasket. Leakage levels (ratios)
at high power agreed well with those measured at

milliwatt Tevels (See above).

The complicated design of a sliding joint may be
avoided if a simple bellows could be designed such

that higher-mode Tpsses are reasonably Tow. Measure-
Lagl NMIgner-megg 105585 arg reasgnaniy easuy

ments are in progress on a mode]l e111pt1ca1 welded
bellows having an interior profile matching the beam
chamber. Preiiminary resuits indicate that "“fine-
tuning" of the bellows design is possible in order to
reduce RF losses. The beam pipe is tapered, as shown
in Figure 5, to match the impedance of the bellows.
Figure 6 shows the resultant power-loss as a func-
tion of the "step", s, for a bellows of 23 convolu-
tions, extended to a total 1ength of 7 cm. The step
was varied by add1ng tapered pieces of the same
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power loss in this configuration is ~ 48 watts for a
bunch-length of 2c = 7.44 cm as before. (Part of
this ioss is due to resistive Tosses in the stain-
less steel bellows surface, and may be reduced by
copper-plating). However, calculations indicate a
very steep rise of the power loss with decreasing
bunch length. Further work is in progress to meas-
ure this dependence.
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rough estimates of relative error only.

Various techniques are being tried for transi-
tions from the aiuminum chambers to the stainiess
steel flanges and fittings. For tubular transitions
of up to 5 cm diameter, several vacuum brazed transi-
tions and friction-welded transitions have been heat
cycled between 200C and 200°C for over 800 cycles
without failure. For large diameters, we have tried
two types of stainless steel knife-edge seals di-
rectly on aluminum flanges to be welded on to the
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One alternative is to use a thick {~ 2.5 cm) aluminum
flange bolted up to a standard stainless steel of 8"
0.D. knife-edge flange. The other choice is to cap-
ture a thin (v~ 0.6 cm) aluminum flange between two
stainless steel knife-edges. A few flanges of both
types were heat cycled between 20°C and 200°C. The

thick aluminum flanges fajled to seal after only f1ve
to ten cycles. Uhen examined under a microscope, 1
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was found that the differential expansion and con-
traction of the two materials had caused the knife-

” o - 3
edge to scrape back and forth on the aluminum by about

1.5 mm, with consequent leakage. However, the thin
aluminum flanges showed no failures up to 570 cycles.
At this point, resealing tests were started on five
thin flanges. The flanges were repeatedly dis-
assembled and resealed in turn, with about 20 to 40
heat cycles between tests. Some flanges resealed up
to 8 times without failure. Others have leaked after

two resealings. It appears difficult to reseal

reliably without resurfacing the aluminum flanges.
{Small diameter ( 5 cm) knife-edge seals on aluminum
have been successfully used on our proiotype apparatus
without failure after many resealings). We are in-
vestigating the use of the DPI welding technique,
pioneered at DESY?, for large diameter stainless steel
to aluminum joints between chambers.

We wish to thank Mr. Roger Steinberg for in-

valuable help in the machining and testing of the
prototype apparatus.
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