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Introduction

The Intersecting Storage Accelerator (ISABELLE)
consists of two rings having a circumference of 3.8 km
each. In these rings superconducting magnets, held at %
X, bend and focus the proton beam which is acceleraced
up to 400 GaV. Due to very different pressure
requirements, ISABELLE contains two completely
independent vacuum systems. One, known as Beam
Yacuum operates at l x 10°!1 Torr and maintains a
very clean environment for the circulating proton beam.
Here only ion and titanium sublimation pumps are used to
provide the vacuum. The other svstem know as Insulating
Vacuum maintains superconducting magnet vessels at a
srassure below 1 x 1072 Torr. 1In this systam all
zasses except helium are cryocondensed on the cold
surfaces of superconducting magnets and cryogenic
circuits. Turbomolecular pumps pump the inadvertent
small helium leaks.

The likelihood of a large helium background both 1ir
the MagCOOL area and in the ISABELLE tunnel severely
timits the sensitivity of conventional leak detectors.
In addition the refrigerator system and its crvogenic
cimponents may contain enough residual helium to make
the use of “Ha for leak detection completely uvnusable.
It should be realized, that leak detection in ISABELLE
15 one af the most important functions, since there are
thousands of bellows and welds operating at 4 X and at
1S atmosphere pressure and that many welds can only be
ieax checkad at room temperature. Leak rates are «nown
to increase by % orders of magnitude when cooled from
100 X to 4 ®. Thus our required 10710 Torr liters
51 sensitivity is essential for proper operation of
ISABELLE and the methods and equipment which permit the
lseation of such leaks in large systeams have been
iaveloped and tested on the First Cell and the
2frizeratcrs. They produced a completely leak free
cem i.a. the helium background did not change when

sumps were closed for 2% hours. We will now discuss
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tese methods and the equipment in more detrail.
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Squipment

31l small volume components are leak checked in a
sanventional way with calibrated leak detectors having a
saasitiviey of 1 x 107V Torr liters (ST?)/sec.

Ail welds to be used in crvogenic lines are first cold
shocked with liouid nitrogen. For larger volumes a ieak
:mecking station is assembled from components shown in
L, 0o facilicate the pump down and to increase the
asitivicy, [n cases, where a large amount of water is
2dent, as mav de the case during the initial pump-down

zomponents containing superinsulacion, an additional
Lin trap is used to reach acceptable seasitivity in a
shorter cime, The svstem to be leak checked is
2vacuated oy tihe station shown in Fig. 1l with the valve
Y2 open into the roughing pump. After a sufficiently
low pressurs for leak testing is reached, V) is opened
and V7 is closed so that the leak detector acts as the
rouzhing pump. 7The entire gas thruput is intercepted by
the leak detector,

r

The success of sensitive leak datection depends on
low Ye partial pressure in the atmosphere which is
4 % 1073 Tore or 5 x 107%% by volume. 3oth in
zhe ISABELLEI tunnel and in the magnetr rest facility He
nsarcial prassure is likelv to be much Higher, which will
the ausoices of the .S, Daot.

* lark serformed under

af Tnerzy.

[

Mg &y

BNL 29148
11973 CURE - VO3RN =y

demand leak and permeation free TMP and leak detector
in locations where “He is used as a tracer gas., The
tests showed that Balzer pump TMU-110 exhibited
regligible permeation and leak rates and was therefore
seiected for the leak checking stations.
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Fig. l. Leak checking station.
The components which are contaminated with He

require a different tracer gas. The most

natural choice is a gas of similar molecular mass

so that standard leak detectors can be easily modified
for its use. ~He or HD mixture with M = 3 AMU are
best candidates. He is a rare helium isotope and
therefore correspondingly very expensive_(5250.-per
liter STP). This cost makes the use of “He for leak
cnecking prohibitive. HD on the other hand can be
produced very cheaply from the almost unlimited supply
of deuterium left over at the BNL Bubble Chamber.

Since HD is not commercially available due o
a limited demand for it, several methods o produce HD
were invescigated.” The method utilizing a titanium
iron alloy (Ti Fe g Mn ;) as a catalyst
has been selected. An existing apparatus will
shortly be in operation to produce large quantities of
HD, We will also be able to supplv other labs with
HD, should zhey requires it.
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Mass 4 to Mass 3 Conversion

[n most leak detectors tne gas from a device 20
be checked is introduced through wvarious components
inzo the ionirer, wnere gas roliecules are ionized by
electron impact. All ions are then accelarated amd
focused by an arsy of alectrodes into a uniform
magnetic field, B, which selects the wanted ion
according to its kinetic energy,
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and the radius of curvature
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where V,, m and v are accelerating volcage, mass and
velocity of the ion respectively.

Combining Eq. 1 and 2, we obtain

Since in Veeco leak detectors r and B are fixed, the
appropriate accelerating voltage V, for 4He is 270V
and

v, for JHe and HD = Z—;-O-x 4 = 360V

This voltage is in good agreement with the
experimental value of a clean ionizer.

To convert a Veeco M5-17AB from Mass 4 ro Mass 3,
tie spectrometer ground lead on PC board "A" (see Fig.

34 in Veeco MS17 manual) is removed. At this point a

100 V stabilized adjustable voltage supply, Model IP-~100

made by Hope Electronics is inserted as shown in PFig.
3., The adjustment of this supply provides the tuning
for the Mass 3 peak. A toggle switch, T, is used for
changing from Mass & (standard circuit) to Mass 3
operation. This same toggle switch can also be used to
_=~4tzat2 bv two indicator lamps for which mass the leax
sacactor is tuned.
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roped off and no smoking signs posted. It should be
realized that during leak checking only a very small
stream of gas is used, which completely eliminates
the safety hazards.

Insulacing Vacuum

One of the most stringent requirements of the
system is that the vacuum leaks be kept to an absolute
minimum, since many bellows and welds see
supercritical helium at & X above 15 atmosphere
pressure. The magnets are first assembled into the
magnet Dewars and a leak tesc is performed after every
weld. The Dewars containing magnets are insulated and
oounted in the magnet vessel and the whole assembly is
measured in the horizontal test stand to insure chac
the required magnetic properties, heat loads and leak
tightness have been achieved. The completed magnet
assemblies are then moved into the tunnel where 4 K
helium supply and return lines are welded (Fig. 3) to
complete the cryogenic circuit. After these welds
have been cold shocked with liquid nitrogen, the
fixture (developed by Briggs, Rosenka and Skelton),
shown in Fig. 4 is clamped around them and then
connected to a leak derector. The small volume of the
fixture permits the location of leaks smaller than
1 x 10710 worr 1 571,
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iz, 2. ircuit of Mass 4 to Mass 3 conversion.

The insttument is tuned routinely for the normal
lass 4 oeak according to the manufactures
specifications. Once this is accomplished, T is
switched to the Mass 3 mode and using an '"4D ieak”, the
[2ax Jetector is peakad bv tuning the acceleracor
sozential to the hizhest reading on the scale indicator.
It should e noted that the use of HD mixture increases
the sensitivity of the leak detector by a factor of 3
jua o a higher ionization 2fficiency af HD as compared
<o tnat of Ve,

From a safety point of view the same >racautions
have to e taken as with hvdragen. The area has to be
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Fig. 3. Int2rmagnet seccion,

The f{ixture is first evacuated through the leak
detector and when the most sernsitive scale operation
is teached the fixture is leak checked. Then the
lines are pressurized %o 200 psi with He + Na
mixture. IF no signal is sbserved on the mosc
sengitive scale of the leak detector for 10 minutes
the weld is passed. This method has been used on the
Firsc Cell and has aroduced 1 ccmpletelr leak iree
system i.e., with all pumps valved ocff for 23 nours,
no increase in helium background (107% Torre) was
observed under operating condizions with T = 4.4 X and
P = (30 osi, After cthe final leak cneck cof heiium
carering lines has 2een coapleced, che lines are



insulated and a stainless steel envelope containing a
valve, V3, is uelded over the intermagn:t section

(Fig. 3)}. The LC station (Fig. 1) is coanected to this
valve to accomplish the final leak test of the
interconnect and the magnet vessels. If a helium leak
developes in the magnet string during operation, several
leak checking stations are connected to the interconnect
valves V3 along the suspected section and leak hunting
is performed by the time of flight method.

Refrigerator, transfer lines and fead pots are routinely
l-ax testad using LC station and HD with excellent
sasults. “Ha was found totally unacceptable as a

tTacer 2as.
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Beam Vacuum

Beam vacuum systeml consists of beam tubes
located in magnet vessels and UHV pumping stations,
shown in Fig. 3, which are welded to the beam tubes,
after the insulating vacuum interconnections have been
completed. Since all the components have been leak
tested before they were moved into the tunnel, only
the welds need to be tested. This is done by
evacuating 30-50 m long sections with leak checking
stations. After maximum sensitivity operation is
reached He or HD is used as a tracer gas; at the
same time UHV stations are also leak checked.

The Beam Vacuum system has to be baked out to
300°C for proper operation of the machine. Should a
small  leak (> 1079 Torr.vs™l) open during or
after the bake out, the leak is located by spraying
argon gas on suspected places and by observing the
output «<n the nearest BA gauge. This is a very
powerful method as the ratio of air to argon pumping
speed of the UHV pumping stations is * 200 and argon
sensitivity of BA gauge is high. Normal leak
detection cannot be used after bake out, as it would
contaminate the beam vacuum. A 40 m long prototype
section of beam vacuum has been built® and both the
above leak checking methods were tested. Pressures
of < 1 x 107! Torr were routinely achieved.
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