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Introduction

Three years ago it was decided to recon-
struct the 10 GeV ITEP proton synchrotron
which has been active since 1961 and to crea-
te on its bagis an accelerator complex for
ions of broad mass range (from H to U). It
wag decided to accelerate in the synchrotron
ions with several or even many electrons.
This option has many advantages. We can em-
ploy various ion sources which generate ions
with different 1 to A ratios; we can have a
comparatively simple injector and the possi-
bility of ion extraction by their recharging
inthe inner target [1}

Complex Layout

To construct the accelerator complex it
was necessary to develope an injector of mul-
ticharged ions, to reconstruct the high fre-
quency and vacuum systems of the synchrotron
itgelf and to build an additional magnet
ringe.

On completion of all these jobs the comp-
lex will be as follows. In the existing ring
tunnel of the synchrotron we place an addi-
tional magnet ring which is 230 m long. The
ajacent rooms house the present proton in-
jector - the 25 MeV linac ~ and a new pulsed
accelerator, which can accelerate ions with
the 1i/A ratio from 1/20 to 1/3 and will be
used as an injector [2]. The complex layout
is shown in Fig. 1.

Figs, 1. The prinecipal layout of the pro-
ton-heavy ion complex: 1 - proton soursey 2-
linacy; 3 ~ synchrotron; 4 - heavy ion sourse;

will be transported to experimental halls,

and heavy ions are to be recharged and put
into the additional ring. They will remain
there as long as it is necessary to readjust
the synchrotron magnetic field for new char-
ge valueg., After this the ions will be rein-
jected into the synchrotron,accelerated up
to the energy of 2.5-3.0 GeV/a.m.u. and ex-
tracted,

Vacuum Requirements

The decision to accelerate ions with a
considerable number of electrons leads to se-

vere requirements to the residual gas pressu-

re in the accelerator vacuum chamber. Accor-
ding to estimations the mean value of the re-
sidual gas pressure must not exceed 5-10=8Pa
if ion losses due to recombination are to be
less than 50 %. It should be noted that to
accelirate protons it is enough to have

3¢10~% Pa. To meen the drastically increased
requirements to vacuum it was necessary to
construct a new vacuum chamber and a new pum-
ping system.

Chamber Design

The new vacuum chamber of the ITEP synchro-
tron is manufactered of stainless steel and,
in accordance with the magnet ring structure,
consists of 8 similar periods. Each chamber
period contains 6 sections. The degign of one
of the sections is shown in PFig, 2. PFach sec-

1 -

Pig. 2. The vacuum chamber section:
chamber; 2 - heater; 3 - current conducting
rod,.

5 - injector; 6 -~ additional ring. tion congists of 2 curved chambersinstalled in
the gaps of the magnetic blocks and a straight

part between them. Depending on the site of the

The accelerator complex will operate with
the frequency of 15-~20 cycles per minute.Ions
produced in an ion source will be preliminary
accelerated in the injector, recharged on a
foil and injected into the synchrotron,After
acceleration in the synchrotron, light ions

with the maximum energy of 3.5 GeV/a.m.u.
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the section installation the demensions of the
pumping devices and the chamber cross sections
vary a little.

The chamber wall profile is shown in Fig.3.
Chambers of such a design posses a number of

advantages. They are mechanically rigid, have
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high electrical resistance and minimal

inner surface which can be easily
4 .0.8
{ I =

Fig. 3. The vacuum chamber wall profile.

treated and cleaned. A thin-walled stainless
tube covered with a layer of non-evaporable
getter (porous titenium) is placed in each
curved chamber, The tube houses a current
conducting rod.

Evacuation System

In order to reach ultra high vacuum in
each of the eight periods of the ring vacuum
chamber there are installed 4 pumping sta-
tions. Bach station comprises a sputter ion
pump NMD-0.4 (or NMD-O,16) and a getter pump
with porous titanium. The latter has a form
of a stainless cylinder 100 mm in diameter
and 500 mm long. Its outer surface is cover-
red with porous titanium. The cylinder can be
filled with liquid nitrogen to increase the
ultimate vacuum and to provide the possibili-
ty of tracing leaks at ultra high vacuum.

From the atmosphere pressure to 10-2-10-3
Pa the system is evacuated by a preliminary
pumping station comprising a forvacuum pump
NVZ-20, a turbomolecular pump TMH-200 and a
vreliminary sputter ion pump NMDO-0.25 (NORD-
250) with additional water cooling.

Surface Treatment, Degassation.
Getter Activation

After mechanical treatment all vacuum
chamber parts are carefully washed, electro-
polished and cleaned in Freon-~113 by ultra
sound.

After preliminary pumping and leak testing
the assembled chamber is installed in the
gaps of the magnetic blocks and after evacua-~
tion,baked out for 48 hours at 400°C.Baking is.
carried out by an outer belt heater ENGLU-
400, The sputter ion pump NMD-0.4 is baked
out simultaneously, and evacuation is echie-
ved by the preliminary pump NORD-C.4.

On cooling down the pump NMD-0.4 ia swit-
ched on., If vacuum iswoise than 1+107° Pag
another leak testing is performed by a leak
detector PTI-1(G.

After 141071 Pa is reached the getier is
activated, that is 1t i1s baked out for 30
min at 600 9C. At the same time the chamber
is being evacuated by the pump NID-C.4. When
the gmetter is cooled down (in 4-5_lhours) va-
cuum in the chamber reaches 1+107° Pa and
tends to improve,

sxperiments with Titanium Getter

In tre first runs with the porous titanium
we regched 2¢10~¢ Pa in a limitted volume.
After thcrough preparation of the vacuum sur-
faces and long (48 hours) baking at 400 OC

we reached 5-10"10 Pa after several days of
pumping. Nitrogen pumping speed by the porgus
titanium surface is found to be 0.02 l.cm “°
es~1, The argon pumping speed is too low to
be measured. The measurements were carried out
at 106 -10-8 Pa. If vacuum is worse than
10~ Pa the pumping speed drops drastically.
If the titanium surface is cooled to nitro-
gen temperature the pumping speed of the get-
ter increases by 1.5-2.0 orders of magnitude.
However inert gasses are not evacuated. This
feature of titgnium getter is used in leak
tracing at 107° Pa, It is done in the follo-
wing way. When the porous titanium is cooled
down to the liguid nitrogen temperature the
sputter ion pump is switched off and the sup-
posed leak is blown with a helium jet. If he-
lium gets into the vacuum system the vacuum
meter immediately indicates increase of pres-
sure. When the sputter ion pump is switched
on vacuum is quicky restored, The sensitivity
of such a technique is not worse than that of
a conventional helium lesk detector.

Conclusion

Acceleration of not completely stripped
ions increases drastically the vacuum requi-
rements. Ig our case vacuum must be not worse
than 5107 Pa.

By now the development of the vacuum cham-
ber and the evacuation system is completed.
The first chamber sections are being tested.
The chamber msnufacturing is in full progress.
In accordance with the synchrotron magnet
gtructure the chamber consists of 8 periods,.
One chamber period is already installed in
the ring. 2 other periods are manufactured
and will be installed in the near future. By
the next summer the synchrotron vacuum chamber
and evacuation system are expected to be com-
pletely installed,.
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