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The 7-GeV Advanced Photon Source (APS) design includes a storage
ring having a 1060-m circumference with the capability of accomodat-
ing 34 insertion devices (ID) and their associated photon beam lines.
An additional 35 photon lines can be provided from bending magnets.
The vacuum system for the storage ring is designed to maintain a
beam-on operating pressure of 1n Torr or less to achieve a positron
beam lifetime of approximately 20 hours. The vacuum system and it's
current developmental status are described.

INTRODUCTION £#;? -^Vh-

The Advanced Photon Source (APS) has a positron storage ring **•*
approximately 1060-m in circumference. The vacuum chamber with its
pumping system is designed to maintain a beam-on pressure of 1n Torr
or less to enable the attainment of a beam lifetime of approximately
20 hours. The vacuum system relies on Nonevaporable Getter (NeG)
strips as the primary source of distributed pumping in both bending
magnets and straight sections. Lumped NeG modules and/or ion pumps
are used at crotch and end flange absorber locations. This low pres-
sure vacuum system is described for the case of the highest synchro-
tron radiation at a positron energy of 7-GeV and a current of 300 mA.
The vacuum chamber is an aluminum extrusion containing a beam chamber
and a NeG pump antechamber. The location and design of the crotches
and end absorbers are based on the distribution of the bending magnet
synchrotron radiation. The pumps mounted immediately above and below
each absorber provide optimum pumping of the gases desorbed by the
radiation, vacuum pressure variations along a sector, of the ring
vacuum chamber are plotted as a family of curves for noted ampere-
hours of synchrotron radiation exposure. Recent developments are
reported on the design and fabrication of a prototype sector which is
1/40 of the ring circumference, vacuum chamber surface preparations
and preliminary surface analysis are discussed. The flatness and
straightness of a mounted 5.2-m ID vacuum chamber is described.

SECTOR STORAGE RING VACUUM SYSTEM

A plan view of a sector of the storage ring is shown in Pig. 1.
Magnet cross-sectional views containing the vacuum chamber are dis-
played. Sector components are noted including the crotch photon
absorbers with their pumps at each end of the two dipole bend
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Fig. 1 Plan view of storage ring sector.



chambers. Each of the three straight chambers contain downstream end
absorbers identified by their pump locations. The largest gas
desorption loads are located at all five of these photon absorbers
and are pumped by local very high capacity pumps. Large lumped ion
and NeG modular getter pumps are mounted directly above and below
these areas in order to capture the bulk of the gases as they are
generated.

Nevertheless, appreciable amounts of these and other photon and
thermal desorbed gases permeate within the chamber and are subsequen-
tly pumped by the distributed NeG strip pumps in the antechamber.
The distributed NeG pumping strips are shown as mounted continuously
in the antechambers of all five chambers. The compact placement of
machine components in Fig. 1 clearly indicates the advantaye of the
antechamber with its distributed NeG pumping strips. The necessity
for large numbers of space demanding external pumps placed between
components for this pumping purpose is eliminated.

The use of integrated ion pumps is impractical in the storage
ring because only 18% of the ring is occupied with bending magnets.
This is why the vacuum system relies on the NeG strips as the primary
source of distributed pumping in both the bending magnet chamber and
straight chamber sections and in the lumped NeG modular pumps at the
crotch and straight chamber ends. The lur,.ped ion pumps are also used
in these latter locations because the NeG pumps do not pump the noble
or organic gases that occur in small quantities.
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Fig. 2 Vacuum chamber cross-section.

VACUUM CHAMBER

The cross-sectional view of the vacuum chamber is shown in Fig.
2. The chamber consists of two main parts, positron beam aperture
and antechamber, which are connected by a photon beam channel with a



gap of 10 mm. This gap is wide enough for the extracted photon beams
to pass through to the extraction channel, but narrow enough so that
the rf leakage is negligible. The outside dimension of the chainber
at the beam aperture varies somewhat, depending on its location in
the storage ring lattice. The antechamber is shown with the NeG
pumping strips in place. The NeG strips are the primary pumping
source of the storage ring; they pump unenergized at room tempera-
ture. The antechamber entraps the outgassing that permeates from the
absorber locations. The high-speed pumping in the antechamber
assures efficient removal of both photon and thermal desorbed gases.
The enlarged cross-section of the antechamber improves the conduc-
tance of desorbed gases to the pumping surface of the NeG pumps. The
chamber is an aluminum extrusion and incorporates the desirable fea-
tures of the designs of the vacuum chambers for the 1983 ALS by
Lawrence Berkeley Laboratory (LBL).

The extruded aluminum vacuum chamber contains cooling channels,
as shown in Fig. 2. Bake-out is achieved by disconnecting the cool-
ing circuit from the main water system and connecting it to mobile
water-heating units, whicU bring the temperature of the chamber up to
•~ 150° C. Achieving bake-out in this manner results in uniform tem-
peratures with a minimum risk of overheating. The chainber is covered
with two millimeters of thermal insulation to reduce heat losses.
The ion pumps, gauges, valves, bellows, and rf cavities are baked
using electrical heating tapes.

NONEVAPORABLE GETTER PUMP

The Nonevaporable Getter is a nonmagnetic strip coated with an
alloy of Zr/Al. This alloy forms thermally stable chemical compounds
with most of the active gases (02, CO, N2, and C0_), while the
absorption of H_ is thermally reversible. To become effective as a
pump, the strip is activated after pump-down from atmospheric pres-
sure. This procedure consists of heating the getter, which results
in diffusion of the saturated surface layer into the bulk of the
material. The heating also reduces the H- content in the getter
whenever the H_ dissociation pressure of the getter exceeds the H_
pressure in the vacuum system. After activation, the strength of the
gettering action depends on the temperature of the getter and on the
amounts and molecular species of the gases that have been pumped.
The pumping speeds immediately after activation are high, but they
decrease progressively as the getter surfaces saturate. Before satu-
ration, which is dependent on the gas composition, the NeG strip is
heated again to restore the pumping speed. The CERN Laboratory has
determined experimentally that a few minutes of heating at 400° C is
sufficient for this purpose. This operation is referred to as
"conditioning" (as distinct from "activation," which is carried out
at 700° C for 45 min. and is necessary only after exposure to air).
Heating of the NeG strips is done only during activation and condi-
tioning. During normal pumping, the strips are not powered and
operate at ambient temperature.



After pump-down and activation of the NeG strip, an additional
two or three conditionings of the NeG strip will be necessary during
beam-on before reaching In Torr the first beam on pump down. How-
ever, several hundred conditionings are possible. The total capacity
of the NeG is expected to be higher than the lifetime gas load of the
storage ring. When the vacuum system is vented, dry N_ is used
instead of air. The N? covers the surface and prevents other gases
from being absorbed until the NeG strip is activated. With this pro-
cedure, -30 ventings would result in a pumping-speed reduction of the
NeG of only 10%.

The use of NeG as a primary pumping source in the Argonne sto-
rage ring is based on experiments carried out at Argonne National
Laboratory since 1979; on the in-depth system by CERN; and, in
particular, on the actual testing of the CERN studies on electron
storage rings at PETRA and DCI. The CERN studies confirmed the fea-
sibility of NeG pumping for the 26-km-circumference ring of LEP.
Experiments at Argonne, using a full—size aluminum test vacuum cham-
ber section with two NeG pumping strips in the antechamber, confirm
thermal desorption pumping results with pumping effectiveness extend-
ing to pressure below 0.1 nTorr.

BACKUP PUMPING

The NeG strips do not pump Ar, He, and CH.; therefore, ion pumps
are required. Since high-speed lumped ion and NeG pumps are placed
at each absorber, the spacing around the ring is such as to assure
adequate pumping of these species for the entire ring. The ion pumps
are started after bake-out and just prior to isolation of the turbo-
molecular pumps as the activated NeG begins to dominate the pumping.

For pump-down from atmospheric pressure, portable oil-free mech-
anical pumps evacuate the system to ~50 Torr, after which sorption
pumps reduce the pressure to turbomolecular pump starting pressure.
Mobile turbomoleculai: pumping stations are used to further reduce the
pressure to NeG and ion pump starting pressure.

VACUUM SYSTEM MONITORING

Ionization gauges are distributed along the length of the vacuum
chambers. Because the ion pumps are situated in areas of highest
desorption rate, their currents are monitored continuously and should
provide adequate pressure measurements down to 0.1 nTorr. Gas analy-
zers strategically placed around the ring and permanently connected
to the central computer control system, are used to monitor the com-
position of the residual gas. High-pressure gauges are installed in
each cell to shut down the NeG power supplies in the event of a vacu-
um failure during the infrequent activation and conditioning periods.

PHOTON-INDUCED DESORPTION

The number of photons of bending-magnet synchrotron radiation
per electron-volt per second per milliampere of beam, d N(e)/dedtdl,
is given by:



where E is the positron energy in GeV,

e is the photon energy in eV,

= 6.95 x 1013 —§

e =
c

2.2x103E3(GeV)
P(m)

the critical energy in eV,

p is the bending radius in m,

c
and K 5 / 3 is a modified Bessel function of the second kind.

A us
given by:

useful approximation for this integral is valid for e < e is

d3N
dEdtdi

The total number of photons per second per miHiampere of stored beam
is obtained by integrating from e = 0 to ec. Above ec, the number of
photons falls off sharply.

From this integration, the total photon flux for the storage
ring is 1.82 x 10 photons per second at 7 GeV and 300 mA
operation. The photon-induced outgassing rate is given by 2n°(nY)K,
where K = 3.11 x 10 Torr»£/m°l» n° = number of photons/s, and ny =
2 x 10 mol/photon after 150 Ah of bombardment. The total photon
desorption gas load for the storage ring is therefore 2.26 x 10
Torr»£/s. In addition the thermal outgassing load of the chamber,
1.4 x 10~ Torr«£/s, makes the total gas load of 3.66 x 10

Torr#£/sec. The thermal outgassing of the chamber is estimated from
—12 2

a unit outgassing value of 3 x 10 Torr* V s e c/ C i n • T n e

synchrotron-radiation-related gas-load distribution is based on the
percentage of photons intercepted by the crotch and end wall strip
absorbers downstream of the bending magnet from which the photons
originated.

Fig. 3 Storage ring sector with bending magnets M1 and M2,
crotch absorbers C1 and C2, and end wall absorbers
A1 through A4 noted.



Figure 3 shows the typical area immediately following dipole
magnet M1. The crotch absorber C1 is shown in place just downstream
of the dipole magnet. It is positioned so as to intercept the maxi-
mum fraction of the synchrotron radiation from M1 without interrup-
tion to experimental requirements or interference with the positron
beam steering. In each sector about 65% of the radiation from M1 is
intercepted by the crotch (C1) at the exit of the M1 dipole, about
54% of the M2 radiation by the crotch (C2) at the exit of the M2
dipole. A water-cooled end wall strip absorber (A1) is located in
front of M2 and absorbs 25% of the M1 radiation. Another water-
cooled end wall absorber (A2) at the beginning of the insertion
straight section absorbs 22% of the M2 radiation. The small fraction
of the M2 radiation that bypasses the crotches and absorbers is
picked-up by the crotches in the following sector. Fig. 4 shows
these relative values.
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Fig. 4. Photon absorption distribution.

ABSORBERS

Figure 5 shows a cross-sectional view of the crotch absorber
area with localized pumping of the desorbed gasses. This crotch
absorber is similar to the synchrotron radiation exit-line crotch
absorber for the CESR ring. The crotch absorber features a
composite of a beryllium heat diffuser and an axially cooled copper
cylinder. The calculated power density for the storage ring crotches
is ~300 W/mm , which is less than the 740 W/mm calculated for the
CESR crotch assemblies.

The density of desorbed gas is expected to be highest in the
crotch areas. For this reason, higher concentrated pumping speed is
provided in these regions. Lumped 220-Z/s ion and 1000-£/s N eG pumps
are combined here to remove a good portion of the desorbed gases. As
mentioned previously, the remaining gas streaming along the chamber
is trapped by the distributed NeG pumping strips in the antechambers.
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Fig. 5 Water cooled crotch absorber

VACUUM CHAMBER PUMPING IMPEDANCE

A vacuum finite-element-analysis computer program was developed
to calculate the pressure profile around the ring. ' A lattice cell
of the storage ring is divided into 26 elements for which lengths,
volume, conductance, pumping speed, and thermal and photon desorp-
tions were calculated for input to the program.

Figure 6 illustrates the expected pressure gradient through each
cell as given by the program. The curves show typical pressures
after 1, 10, and 100 A*h of pump-down. The abundant pumping of the
NeG strips in the antechamber sections is clearly evident in the
pressures below 0.1 nTorr. This distributed pumping and a reasonably
good conductance of the chamber cross-section contribute to the
achievement of pressures in the low 0.1 nTorr region in the crotch
and end photon absorber sections.
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Fig. 6 Pressure gradient profile.

DESIGN AND FABRICATION OF PROTOTYPE SECTOR

A full-size sector {26.5 m in length) of the storage ring vacuum
system is now under construction. It consists of the working vacuum
system with diagnostic equipment and full-size mock-up models of the
magnets. Construction of this facility will provide a means of test-
ing fabrication methods, assembly methods, and vacuum performance
at full scale. The first fabrication of the vacuum chamber extru-
sions are completed, and the bending-magnet vacuum chambers are being
formed to fit the magnet curvature. A welding development program is
in progress, and all necessary vacuum hardware has been purchased. A
mock-up tunnel complete with cable trays, etc. is constructed so that
considerations for installation and repair of the vacuum system can
be studied as well.

The extruded aluminum vacuum chambers are of 6063-T5 alloy which
provides high strength at the 150° C bake-out temperature. This
alloy experiences negligible distortions following a mild air oven
heat treatment to develop its high strength. Lengths of 60-ft of the
treated extrusion are stretched to obtain a straightness within



0.010-in for an 18-ft. section. The beam chamber wall is 0.5-in
thick for rigid and stable support of the beam diagnostics that are
mounted on it.

MOUNTS

Fig. 7 Mounting of a straight section vacuum chamber.

The mounting of a straight section vacuum chamber is shown in
Fig. 7. Some of the magnets will be physically movable for beam
steering purposes. This necessitates the need for a clearance space
between the magnet inner surfaces and the vacuum chamber outer sur-
face. Limitations of the magnet movement will prevent the magnets
from touching the vacuum chamber and affecting the beam diagnostic
alignment. These magnets and the vacuum chamber are each mounted
from a common base. One vacuum chamber mount is firm in all direc-
tions while the other mounts are essentially leaf springs to permit
chamber expansion in the beam direction only during chamber bake-out.
This typical mount arrangement assures that the vacuum chambers
always return to their initial beam-on operating positions.

The prototype dipole magnet chambers have been bent to correct
curvature. The final adjustment of the photon channel height after
bending is done with high pressure water so that the inner vacuum
surface is maintained as extruded.

The aluminum weld development program for the chambers features
automated welding to assure duplication of vacuum w<3lds under con-
trolled conditions. The chamLar design utilizes three types of weld
joints. One tupe is a full penetration butt weld joining the end
flanges to the extrusion. All flange assemblies are aluminum conflat
fittings which are welded to the end flanges and extrusions with
internal fillet welds. The third weld is a full penetration external
fillet weld joining the photon beam extraction tube block to the



extrusion. The preparatory machining of the weld joints is performed
by the weld developer. Vacuum surface preparation of parts to be
welded is done by ANL after this machining. The completed welded
chambers are tested for vacuum integrity by ANL.

VACUUM CHAMBER SURFACE PREPARATIONS

The aluminum surfa^ preparation technigues presently planned
are to make use of the extensive aluminum surface preparation devel-
opment effort at LEP. This method involves the degreasing and
removal of magnesium oxide with the chemical Almeco 18 and then
etching the aluminum with a product called Amklene to remove the
aluminum oxide layer. Both of these products are diluted to a 2%
solution and used at a temperature of 65° C. The chamber extrusions
at LEP are of 6060 aluminum and four minutes in each of the above
solutions was sufficient to remove the carbon and magnesium oxide
layers and produce a clean aluminum surface.

Preliminary investigation of the APS 6063 extrusions have
indicated that four minutes in Almeco 18 at 65° C does not suf-
ficiently remove the carbon and magnesium oxide surface contaminants.
The 6063 alloy does contain a slightly higher percentage of magnesium
than the 6060 alloy used at LEP. It will therefore be necessary to
clean for a longer period of time in Almeco 18 to remove these
materials.

Once the optimum time needed to remove the carbon and magnesium
oxide layers is determined, studies will begin to determine the
optimum conditions for the Amklene step. Surface analysis is being
done using a Scanning Auger facility at Argonne.

MOUNT FOR TEST ID VACUUM CHAMBER

Fig. 8 Mounted 10-mm gap I.D. 5.2-m long vacuum chamber.

Fig. 8 is a picture of a test 5.2-m long, 10-mm gap ID vacuum
chamber held by a wedge bar in its support. The support is clamped
to a stone inspection table. The chamber is shown in this position
during optical survey for flatness and straightness. The survey
results were that the chamber was straight and flat within 0.009-in
or approximately 0.2-mm.
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