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SUMMARY

We discuss the complete vacuum system of ISABELLE,
emphasizing those design characteristics dictated by
high vacuum, the avoidance of beam current loss, and
the reduction of background. The experimental and
theoretical justifications for our current choices are
presented,

I. INTRODUCTION

The vacuum system for the Intersecting Storage and
Acceleration Ring, ISABELLE, represents a large extrap-
olation from the presently operating CERN ISR system.
It is, therefore, important that the basic design be
simple, reliable, and yet inexpensive. Since the ISA-
BELLE machine must store protons for many hours at a
luminosity of 1033cm 281 with 1little background radi-
ation, it 18 also necessary that the direct beam-gas
collisions be small and that the susceptibility of the
beam to possible instabilities be minimized., TIn this
paper we shall, therefore, discuss the engineering
aspects of the complete ISABELLE vacuum system, the
pertinent prototype tests that have been performed to
date, and the extent to which the residual gas may be
expected to influence the circulating proton beam.

II. ENGINEERING CONSIDERATIONS

From the mechanical point of view, the ISABELLE
vacuum system consists of a circular stainless steel
tube (8 cm i.d., wall thickness 1 mm, approximately
5.2 km in length) passing through the center of the
dipole and quadrupole magnets of the two storage rings.
Within this vacuum chamber the pressure of the resid-
ual gas, which is mainly hydrogen, will be maintained
at a value of 3 x 10-11 Torr by a series of pumping
stations. A sketch of a typical module of the overall
system ig illustrated in Fig. 1, while the details
of the pumping station are given in Fig. 2, Following
initial roughing with the turbomolecular and sorption
pumps, the system is brought to, and sustained at, the
operating pressure by a titanium sublimation and a
VacTen pump. Recent tests conducted on the ISABELLE
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Fig. 1. Typical module of the ISABELLE Vacuum System.
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half cell have indicated that this pumping arrangement
is practical and efficient. Two of the stations joined
by aluminum tubes (2 for the dipoles and 1 for the
quadrupole) were assembled to form the ISABELLE half-
cell vacuum system (Fig. 3). After an initial bakeout
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Fig. 3.

(200°C for the Al tubes and 300°C for the stainless
pumping stations)_and a titanium flash, a pressure of
less than 1 x 107 Torr was measured by a modulated
Bayard Alpert gauge. In Fig. 4 we present the actual
curve for the system which reached a final equilibrium

pressure of ~ 6 X 1012 Torr in 14 days. A Helmer
gauge mounted at the end of the beam tube showed that
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the outgassing rate of about 1 X 10°13 Torr 4 s-lem=2
had been attained. It will have been noticed that
these tests were carried out for chambers constructed
of aluminum, which in view of its excellent vacuum
properties® and relative low cost, had been initially
chosen for the ISABELLE vacuum chamber material. How-
ever, preliminary experiments” on the CERN ISR have
now cast some doubt as to whether the use of an alum-
inum chamber is consistent with a high intensity pro-
ton beam in a storage ring. The present ISABELLE
design specifying an all stainless system at room
temperature, consequently, represents a conservative
approach. An experimental setup, similar to that just
described for the half cell, has been assembled with
stainless tubes and detailed measurements on it will
goon be carried out.

Since the bakeout of the vacuum chamber must be
done in place while the superconducting magnets of
ISABELLE must be maintained at liquid helium tempera-
tures, it is necessary that the chamber be surrounded
by a good heat insulating barrier. Accordingly, tests
on cryogenic insulation have been made to determine
both the type and the method of application of such
insulation. Measurements performed on a 1 m long test
setup have demonstrated® that a combination of NRC-2
superinsulation and one layer of fiberglass mat per-
mitted a heat leak into the LHe system of 0.45 W/m
when the chamber was at room temperature. During a
200°C bakeout the heat load rose to 1.5 W/m. Thus, for
the 4% m ISABELLE magnet, the heat load would be 2 W
during normal machine operation and 6.3 W during bake-
out. Subsequent tests on a 4% m magnet (MK IV) have, to
date, confirmed the value given for room temperature.
It is planned to perform further experiments for an
insulation employing aluminized Kapton which can be
heated to above 300°C.

In Table I we have listed the principal vacuum
components comprising the ISABELLE vacuum system.

Table I, Main Vactuum Components

Component haracteristic Total Number
Ion Pump 30 £ /sec™! 792
Titanium ~ 2000 L/sec”); u, 1092
Sublimation Pump ~ 1000 ¢ /sec™"; CO
Roughing Turbomolecg%ar . 12
Station 160 t/sec
Sorption Pump 25
Vacuum Gauge Bayard Alpert 244 - '
104 to, 1011 Torr
Clearing and Stainless Plates 1008

Vacuum Electrode + 5 kV/Plate

< 10~ Torr .
Spectrometer Quadrupole Mass. Spec. 16
Ring Isolation All Metal/Pneumatic - 60
Valves Automatic

III. BEAM DECAY AND BACKGROUND

Some idea of the vacuum requirements in a storage
ring can be had by comparing the beam loss due to beam-
beam nuclear collisions (which are the desired inter-
actions) and that due to the beam gas nuclear colli-
sions (which are the background interactions). Thus,
if we consider the ISABELLE when it is running at a max-
imum luminosity of L = 1 X 1033cm™2 s”' and a beam cur-
rent of I = 10 A (a total number of protons per ring of
N_= 5.5 X 1014), and if we assume that_the total proton-
proton cross section is Op = 40 X 10’27cm2, we obtain
a decay rate due to the collision of the beams at the
six intersections expressed by

r-14d1 T
=tda T (1)
Toae by TR
or numerically, 26 X 10°®/min. On the other hand, for
the beam~gas collisions which occur around the entire
circumference of the machine, one has the relationship

- 14dI
TEE]B = e @
G

where n is the number of hydrogen atoms per em? of gas
and ¢ the velocity of light. A gas gressure of 3 X
10~11 Torr corresponds to n = 2 X 10° atoms/cm3, and
the resultant decay rate is 0.14 X 1076/min.

Another measure of the 'goodness of the vacuum" in
a storage ring is the rate of growth in the rms size
(directly related to the emittance) of the beam due to
miltiple Coulomb scattering in the residual gas. A
convenient expression for this growth has been recently

derived”? and we quote the result:
do
1 v T P
= ——~ | = (0.031) B ( — ) = (3)
GV dt JMC vV EV Y

where gy is the rms vertical size, By the average beta
function in meters, Ey the normalized vertical emittance
in rad m, v the proton energy in rest mass units, and

P the residual gas pressure in Torr. The appropriate
values for ISABELLE at injection energy are v = 30,

BV = 18.5m, Ey = 20 1 10~6 rad m. Equation (3) now
yields a rate of growth for the vertical size of 1.7 X
10"6/min. If we choose a 1% change in this size as an
upper limit, that is, doy/oy = 0.01, we derive a life-
time of 100 hours. Thus multiple scattering will not
be a significant effect for the storage rings.

An estimate of the number of particles produced by
beam-gas collisions in the experimental straight section
is also of importance. Corresponding to a length of
gas 4 (cm), we have a rate of interaction

1
N = n{GT R
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Here the new symbol is the electronic charge, e. Tor
an irsertion length of 40 m in the ISABELLE machine

and & beam current of 10 A, we then calculate a beam-
gas (hadron-hadron{ interaction rate for the two beams
equal to 4 X 10%s~l, or a value about 1000 times less

th%n the primary beam-beam interaction rate (40 X
10 s'l). Since for the relevant center-of-mass ener-

gies (20 GeV for the proton incident in the staticmary
zas nuclei, %00 GeV for the proton-proton collisicns),
the particle multiplicity6 due to beam=-gas collisiors
is about % of that due to beawm-beam collision, the
effective ratio of the number of particles produced by
true collision events to that produced by backzround
events is, therefore, 4000 to 1.

IV. PRESSURE BUMP INSTABILITY
instability was discovered7 at the
probably been the most seriocus limit-
beam current. Qualitatively, the
effect is caused by ionized gas molecules which are
propelled by the electric field of the beam, strike
the vacuum chamber wall, and thereby liberate adsorbed
molecules in sufficient quantity to increase the gas
pressure. At a certain value of beam current, Topits
this pressure increase leads, avalanche-like, to a
local pressure peak and to the destruction cf the beam.
A quantitative analysis, specifically related to the
ISABELLE vacuum system, has alreacy been published.z
The theory predicts a product TI_ ;. S 30 A, where the
surface desorption coefficient T, (defined as the net
number of molecules desorbed per incident ion) is a
characteristic of the chamber wall and depends upon
the surface preparation and bakeout temperature used
for the material, as well as upon the mass anc energy
of the bombarding ions. In ISABELLE, though the resid-
ual gas will be mainly hydrogen, the onset of the
pressure bump will manifest itself by a rise in the
pressure of co.7 It is to be expected that, for a beam
to wall potential of 2 kV, the desorption coefficient
will be less than 3, and, therefore, that the beam cur-

This vacuum
CERN ISR and has
ation on maximum

neutralization the changes in betatror tunes cof an
unbunched bear can be determined. Thus at injection

one obtainsl3 a net space-charge vertical tune depres-
sion of 0.00%, while at 200 CeV one odtains a value of

1 X 103, The correspording hcrizontal tune changes

are respectively = 0.0C7 and 1 X 103, The accompany-
ing tune variation across the beam, from center tec edge,
is about 10% of the central depression. These net beta-
tron tune value chanyg are srall and can be compen-
sated for dv proper adjustment of the tune and chroma-
ticity correcticns of the lattice. 14
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The presence of trapped electrons in the beam can
alsc give rise to a ccherent motion of the protons,
coupled to the electrons oscillating in the potential
well of the beam. Thig "e-p instability" has been ob-
served_at the CERN ISR*73!® and also at the LBL Beva-
tron. Though difficult to calculate, the degree of
neutralization at which this irnstability can start is
very much dependent oo the spread in frequencies of the
oscillating electroans.18 The ISABELLE has characteris-
tically large variations in beam size as a function of
azimuthal position. Since this results in a large
spreac of electron frequencies, the orset cf the e-p
instability is inhibited at a neutralization of 10-4,

V1. DISCUSSION

In the previcus sections we have thought of the
vacuum chamber as essentially a uniform tube. However,
in the insertion regicns of the machine this will surely
not be the case. At these locations the experimental
physics requirements will undoubtedly dictate that there
be special chamber configurations with special pumping
provisions. These large changes in chamber diameters
may necessitate some local clearing electrodes in order
to eliminate the possibility of 'electron traps." 1In
additiorn such cavity-like structurss call for further
consideration and study, since they may possibly result
in rf beam instabilities.
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