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Zooster currently under construction

at is a svnchrotron for the acceleration

of s and heavy ions., The design pressure
of Ix is required to minimize beam loss
of th v stripped heavy ilons. This paper
describes design and processing of the ultra

high wacuu- svscem, and the performance of the

protoivpe va :wum half cells.
The ~55 Booster!, currently under construc-

tion at 3roorhaven., is a small synchrotron of 200 m
in circumference located between the existing 200
MeV linac, the Tandem Van de Graaff and the AGS.
The major ohjectives of the Booster are:

(1) to increase the proton intensity in the AGS by
a factor of & (to &x10'3 ppp)

{2) to incrcase the AGS polarized proton intensity
by a faczor of twenty (to 10'? ppp)

(3) to acceicrate heavy i{ons up to gold in the
Scoster for the AGS and eventually for RHIC.

Iz is the third objective which puts the most
stringent requirements on the vacuum system of the
Booster ring. To avoid beam loss due to charge ex-
change betweecn the heavy ions and the residual gas
molecules, an ultra high vacuum of 10°!! Torr (3-4
orders of magnitude better than that for proton
operation) i: required.

VACUlM JUSTIFICATION

The vacuum requirement of accelerators, ex-
cept for heavy ion machines, is relatively relaxed
in ccrmparison with that of the storage rings. In

heavy ion accelerators, the cross sections for

charge exchange (electron .stripping and capture)
between the partially stripped, low beta, high Z
heavy ions and the residual gas molecules could be

rather large.
The capture and stripping cross sections can
be expressed as
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e, the values of k vary between -6
2; of m 22; and of n<l. For stripping, the
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and become the dominant beam loss process at higher
energy.

The charge exchange cross sections can be
calculated by using the empirical formulae which
give the best fit to the experimentally measured
cross sections. Using the scaling rules proposed by
A.S. Schlachter? for capture cross sections, and
the modified Bohr-Lindhard formulae® for stripping.
the total cross sections and beam loss during
Booster acceleration cycles can be estimated. The
results! for Au*S3, vhich will be the worst case
for Booster, are summarized in Fig. 1. At the de-
signed vacuum of 3x10°!! Torr with 90% hydrogen and
the balance CO, CO, and methane, the integrated
beam loss will be less than one percent.
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Fig. 1 (a) the charge exchange cross sections

for for Au*33; and
(b) the estimated beam loss for au*33
during Booster acceleration cycles.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. R=fer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



UATVIM_SYSTEMS

The designed vacuum levels for the ring and
jection’ extraction lines are 3x10°'!' Torr
"i% . 127° Torr, respectively. The good vac-
: beam :zransport lines will serve as
Terentials between the 10°'!' Torr ring

- iy 1078 107 Torr vacuum of

-i.e Chachers: The Booster ring is

diviced lntn «4 Ralf cells Thirty six standard
half . ells cenzain &i p , quadrupole and sextupole
magnets he twelve “mi ssing dipoles™ house cthe
accelerazing cavities, injection/extraction magnets

and ocher beam components. It is logical to divide
the vacuum chambers into 48 groups to coincide with
nalf cells. The halfcell chambers are grouped

these ¥

into c..r sectors isolatable by all metal gate
valves szandard halfcell chambers shown in
Fig. 2 . 2 m long and made mostly of Inconel
625 This msterial was selected for its good mech-
anical. eleczrical and vacuum properties. The

dipole chambers have an elliptical cross section of
70mn x 105mm and are 2.8 m in length, curved with a
bending radius of 13.75 m. Six pairs of correction
coils will be mounted on the top and bottom of the

dipole chambers to correct for the eddy current
effect®. The remainder of the halfcell consists of
chambars for guadrupole, PUE®, sextupole, bellows
and the ansition with ports connecting to UHV
pumps To nminimize the chamber impedance and rf
leakage ctne ports will be lined with fins.

Vasuut

2umps- The designed ring vacuum will
be achieved by the combination of the titanium sub-
limation pumps and ion pumps. Titanium cartridges
with three filaments will be mounted in the UHV
oodies. Eack pump body has over 3000 cm? area for
the sublimed citanium. The total pumping speed in
the ring is over 50,000 £/s for active gases. The
non-gecteradle gases such as methane and argon will
be removed uv len pumps with a total pumping speed
over 1000 i /s.

VACUUM PROCESSING
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Tne standard halfcell vacuum chamber for
Zooster

Severs. degassing treatments will be applied
sv retuce the outgassing of the vacuum chambers and
components !scated inside them.

sefory

h assembly,
cleancd an:

vacuum

3 they will be chemically
fired. The chemical cleaning

consists of the standard vapor degreasing and viosc
cycles. Vacuunm firing will be done at the in-house
vacuum furnace. The furnace has a 5 m long hot zone
and is capable of low 10°% Torr at over 1000°C.
After assembly, each halfcell chamber will be baked
individually to ensure both vacuum reliabilicty and
the achievement of the designed vacuum level. The
assembly will also be treated with nitric oxide’-*
gas during the bake, which removes any hydrocarben
contamination due to handling. After insctallation,
the whole vacuum sector then will be baked insitu.

Conflat type flanges made of 316IN stecl ara
used through out che ring vacuum system. To prevent
knife-edge rounding after vacuum firing and high
temperature bake, these flanges have a 90° knife
edge. Copper gaskets with 0.l% Ag are used to pre-
vent leaks caused by the vecrystallization of jure
copper after repeated high temperature bakes. The
vacuum chambers and components within are designed
to be bakeable upto 300°C. In practice, they will
be baked insitu at 200°C which was found to be
quite adequate to achieve the designed vacuum. High
outgassing beam components such as the ferrite
kickers, and septums will be baked at 30C°C. The
chambers will be wrapped with custom heatirg
blankets having redundant heating elements and E
type thermocouples.

The bakeout will be carried out using a com-
mercially available PC-based system with portable
local controllers. These local controllers will be
wheeled to the vacuum sectors prior to the bake.
The system will initiate and maintain control over
the programmed bake cycles, and alarm the operators
when abnormal or failure conditions occur.

Portable turbopump stations will be utilized
during system pump down, bakeout and conditioning.
They consist of a Balzers turbopump package, the
necessary valves, Pirani and ion gauges, and a con-
trol chassis. The stations monitor the pump down
and bakeout and will shut down in the events of
component failure, avoiding damage and contamina-
tion to the beam vacuum. The pump stations will be
monitored by the Booster computers through Datacon
drops in the tunnel.
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Fig. 3. The vacuum instrumentation and control

for a typical vacuum sector.
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c. )N _AND CONTROL

the presence of high radiation levels

tunnel, all the power supplies and
located in che instrumentation build-
Srey consist of the power supplies for ion
ind tifanium pumps, controllers for vacuum

= . ird the computer systems. The
wacuum sector is depicted in
ntrollers will communicate with
through R§232 links.
lon pump power supplies and valve controllers
are linked to the D/Cs chrough IEEE-488 compatible
Dazacon inte ce cards. The D/Cs communicates with
the Ajnllo s./szem via a station drop.

> S

' Powar Su : The titanium pump
e€s will degass the titanium filaments
during pumpcown and bakeout, and sublime cthe tita-
nium o the bodies when the needs arise. These
supplies consist of SCR based controllers which
power and vegulate the sublimation rate through the
constant currvent mode. The filament current will
be stepped up by transformers located in the tunnel
near the carcridges. At 48 A filament current, the
sublimation rate, depending on the age of the fila-
ments. will be approximately 1 mg/min. Approx-
imacely one gram of ctitanium can be sublimed by
using this constant current mode.

power suppl

fon Pro Power Supply: The power supplies
cdeve.op potentials up to S5 KV and are current
limited to 200 mA using ferroresonant transformers.
30th voltage and current are measured for pressure
monitoring and for diagnostics. Current down to 1
u#A can be reliably measured through the linear and
log amplifiers. The measured current and voltage
are converted to frequencies and fed to Datacon
interface cards for computer monitoring and dis-
play. Opto coupling is used for ground isolation
in ourpurting the interlock and status signals fer
valve conirol and other equipment.

X 1 ng: The vacuum will be moni-
tored by the combination of Bayard-Alpert type ion
gauges anc ion pump currents. The ion gauges have a
thin collector of 0.05 mm diameter and an X-ray
limit of 35x10°'? Torr®. Commerclally available
vacuum process controllers will be used te power,
monitor and interlock these gauges. To overcome
losses over the long cable run(up to 200 m), large
gage wires and bigger transformers will be used to
power the filaments. To minimize EMI/RFI, fully
shielded collector cables and the grid and filament
wires will be placed in a single twisted and
shielded jacket. Ferrite attenuator beads will be
utilized where needed. Process control outputs
from each ion gauge will be utilized for sector
valve interlock. A residual gas analyzer will be
installed sz each wvacuum sector to measure the gas
composition of the beam vacuum and for trouble
shoozing.

Valve Contyol ard Interjock: The beam vacuum
is protected by sector valves. A fault detected by
one ion pump or two ion gauges in the same sector
will cause the valves to close, thus minimizing the
loss of wacuum in adjacent sectors. This wvoting
scheme will eliminate the false triggering due to
noise or -ilfunctioning of individual controllers.
Auxiliary interlock I/0 in the valve controllers
also allow for the cruss coupling and interlock of
other valves or equipment.

PERFORMANCE OF VACUUM HALFCELLS

this date, several halfcell chambers

have been constructed for mechanical and vacuum
evaluation. Outgassing levels of low 10?3 Tory.
I/s.cm® were routinely achieved for stainless and
Inconel chaubers after vacuum firing and 200°C
bake. The effectiveness of nitric oxide in removing
hydrocarbon from the vacuum system has been suc-
cessfully rested. It will be used for on-line
cleaning of Booster vacuum half cells. The pump
down of a prototype half cell chamber is shown in
Flg. 4. One week after the 200°C bake. a base
pressure of 1x10°!! Torr was reached with no
measurable hydrocarbon down to 10°!'3 Torr levels.
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Fig. 4. The pumpdown curve of the prototype half
cell vacuum chamber.
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