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Abstract

The UHV system of PETRA is divided by gate valves into 30 sepa-
rate sections of about 100 m length, each provided with a turbo-
molecular pump and a mass spectrometer. The vacuum chambers in
the arcs are made from aluminium extrusions, and the straight
sections from stainless steel. The installed mean pumping speed
is about 110 1/s/m. The discharge current of the sputter- ion
pumps is used to monitor the pressure of the system. All active

vacuum components such as pumps, spectrometers, valves,
turbomolecular pumps etc., are computer controlled over distances
of the order of 1 km. A base pressure lower than 1x10 mbar is

obtained without bake-out. Also an Argon glow discharge cleaning
in situ is not needed because of the self cleaning effect of the
synchrotron light emitted by the circulating electrons. Pressure
increases of about of 1x10 mbar per stored mA and beam life
times of the order of 20 hours have been achieved up to energies
of 18 GeV.

1. Introduction

The world's biggest 19 GeV electron-positron storage ring PETRA
1,2 , built at DESY 3 in Hamburg, is under operation since
summer 1978. PETRA has a circumference of 2.3 km.
Physics experiments with storage rings require a beam life time
of several hours. This is only possible if the residual gas
pressure along the beam path is below 10 mbar 4 . This vacuum
range, in fact even down to 10  ~mbar, is achieved more or less
routinely 5
For electron storage rings, however, it is more difficult to
obtain these low pressures. This is due to the synchrotron light
radiated by the electrons in the arcs of the accelerator. Ffor
PETRA, the radiated power amounts to up to 3.5 MW, which results
in a linear thermal load of 1.7 KW/m. Therefore the vacuum
chambers must be water cooled. The spectral distribution of the
synchrotron light is described by the critical energy - in keV
4
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wvhere E is the beam energy in GeV, and R the bending radius in m.
For PETRA, varies from 1l.44 keV at 5 GeV to 97.2 keV at

19 GeV. The synchrotron light spectrum extends from infrared up
to photon energies of about five times the critical energy.
Due to the interaction of the synchrotron light with the chamber

surfaces an additional gas desorption results, which is normally
higher than the thermal gas desorption.



The resulting outgasing rate QP in mbar.1/s is given by 4
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vhere IPhe is the synchrotron light induced photoelectron current
in mA, and the electron impact desorption coefficient in

molecules/electron. The electron impact desorption coefficient
can be reduced during the bombardment of the chamber walls by

the photoelectrons. The dependence of on the photoelectron dose
D Ah/cm can be described for normally cleaned vacuum chambers
by the empirical equation 4

- 4.8 x 1070708 (3)

A significant part of the synchrotron light spectrum penetrates
the vacuum chamber walls by Compton-scattering, and can cause
radiation damages to the magnet coil . Typically for PETRA, about
33 % of the synchrotron light power at 18 GeV escapes through the
vacuum chamber. The vacuum chambers have therefore to be covered
wvith 3 mm lead in order to reduce the radiation level.

Another problem arises from the high bunch currents of PETRA,
wvhich can excite parasitic rf modes at places where the chamber
cross-section changes. The beam energy losses to parasitic modes
can cause beam instabilities or catastrophic overheating of
vacuum components. 0Only a "smooth" vacuum system, without steps
and irregularities in the chamber shape and in the connections
between the chambers, can reduce these losses to an acceptable
level.

In the following sections the PETRA vacuum system and the wvacuum
controls will be described. Finally the first operational
performance will be presented.

2. The PETRA Vacuum System

The PETRA vacuum system is divided by gate valves into 30 vacuum
sections each having a length of about 100 m. This length results
from an optimal balance between costs, geometric considerations,
and short pumpdown and leak-detection times. The gate valves are
viton sealed, bakeable up to 150°C and specially designed 1in
order to reduce the rf parasitic mode losses 6 . Each vacuum
section is provided with a Pirani gauge, a quadrupol mass
spectrometer, and a turbomolecular pump. The discharge current of
the sputter-ion pumps serves as pressure monitor. The standard
vacuum chambers of the 1800 m long arcs are made from extrusions
of the aluminium alloy AlMgSi 0.5. These extrusions have a
four-channel cross section to accept respectively the beam, the
integrated sputter-ion pumps, the water cooling and the bake-out
elements (Fig. 1). The standard chambers are produced in lengths
of 7.2 m. About 5.3 m of this length lies in the bending field
and it is provided with integrated sputter-ion pumps 7, 8 . They
have a mean linear pumping speed of 110 1/s/m after bake-out,or
60 1/s/m without bake-out. Over the length of the bending magnets
the wall between the beam and pump channels 1is perforated by
using a spark erosion technique 7 . In the region of the
quadrupoles and sextupoles the wall remains imperforated and the
pump channel is cut off, so that the bore of these magnets can be



Fig. 1: Cross-section of the Fig., 2: Transition between

PETRA extrusions consisting of two chambers. Finger contacts
four channels for the integra- between the sliding surfaces
ted sputter-ion pumps, beam, i.give a "smooth" rf transition.

vater cooling and heating pipe.

kept small. All the needed aluminium-to-stainless steel vacuum
transitions in PETRA are made by two novel techniques developed
at DESY 7, 9 . Each end of a standard vacuum chamber is provided

with a stainless steel collar which is wused to connect the
chambers by in-situ welding 7 of a bellow between the collars
(Fig.2). The «rf ‘'"smooth" transition between two chambers 1is
achieved by using finger contacts between the sliding surfaces of
the chamber ends (Fig. 2). The standard chambers are cleaned by
normal chemical treatment. The final cleaning is achieved in the
laboratory by an Argon glow discharge and a bake-out at 150°C.
The vacuum chambers of the long straight sections (4 x 90 m) are
mainly made from stainless steel and they are provided with water
cooling in order to avoid heating from rf parasitic mode losses.
The relatively complicated vacuum chambers of the short experi-
mental straight sections (4 x 40 m) are also mainly made from
stainless steel using standard fabrication techniques.

Fig. 3: Overview of the Fig. 4: Mass spectrum of a
PETRA pressure distribution PETRA vacuum section

covv



5 The PETRA Vacuum Controls

The wvacuum control system has to handle about 1000 active
components such as sputter-ion pumps, valves, mass spectrometers
etc. The electronic equipment of these components is distributed
in the 8 halls around the ring. Every active vacuum component is
directly connected with its electronic equipment in the hall. The
hall substations are connected to the cemputers in the central
control room via the Serial Data Acquisition and Control system
SEDAC 10 . Normally, an overview of the vacuum pressures 1is
displayed, which is updated at regular intervals (Fig. 3). Using
tracker ball and cursor the operator can manipulate individually
or collectively the vacuum components. This system allows the
operation of the mass spectrometers directly from the control
room (Fig. 4).

4. Performance of the PETRA Vacuum System

The 1 1/2 year operational experience with PETRA has shown that
the needed performance for the vacuum system can be achieved
wvithout bake-out and Argon-glow-discharge-cleaning in situ. A
base pressure without beam of lower than 10 mbar can be estab-
lished in a time of less than 2 weeks after venting the vacuum
system with pure Nitrogen for modifications and repairs. This
recovery time can be further reduced up to 10 hcurs in cases when
only small components must be replaced.

In the first months of operation, the pressure increase with beam
reached a value of about 1x10 mbar/mA, which is further reduced
to about 1x10~ mbar/mA during the experimental runs of PETRA.
The latter value can also be recovered in a short time after
venting the vacuum system with pure Nitrogen. Assuming a linear
pumping speed of 60 1/s/m for the unbaked vacuum system and a
photoelectron current of 1.45 mA/m/mA at 18 GeV, equation (3)
results inn = 8.3 x 10 molecules/photoelectron. Beam life
times of up to 20 hours have been measured in the total energy
range of PETRA.

5. References

PETRA - Positron-Elektron-Tandem-Ringspeicher-Anlage.

Updated Version of the PETRA Proposal, DESY, NotkestraBe 85,

2000 Hamburg 52, W. Germany, Febr. 1976.

3 DESY - Deutsches Elektronen-SYnchrotron, NotkestraBe 85,
2000 Hamburg 52, W. Germany.

4 J.S. Kouptsidis, Proc. 7th Intern. Vac. Congr., Vol.I,
341, (Vienna 1977).

5 E. Fischer, 1. Vae. Sci. Technol.,

6 J. Peters, H. Pingel et al,.,, Proc,
Congr. Vol. I, 243, Vienna 1977.

7 H. Hartwig, J.S. Kouptsidis, IEEE Transactions Nucl.
Sci., N5-24, 3, 1248 (1977)

8 H. Hartwig, J.S. Kouptsidis, Proc. 7th Intern. Vac.
Congr. Vol.I, 93, Vienna 1977.

9 H. Hartwig, J.S. Kouptsidis, Proc. 7th Intern. Vac.
Congr., Vol.I, 259, Vienna 1977

10 H. Frese, G. Hochweller, IEEE Transactions Nuc. Sci.,

NS-26, 3, 3385, (1979).

N =

41 (1972).

2,
7th Intern. Vac.



