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Abstract 
Forschungszentrum Juelich has taken the leadership of 

a consortium being responsible for the design of the High-
Energy Storage Ring (HESR) going to be part of the 
FAIR project on the GSI campus in Darmstadt in 
Germany. The HESR is designed for antiprotons but can 
be used for heavy ion experiments as well. Therefore the 
vacuum is expected to be 10^-10 mbar or better. To 
achieve this also in the curved sections where 44 bent 
dipole magnets with a length of around 4.5 m will be 
installed, NEG coated dipole chambers will be used to 
reach the needed pumping speed and capacity. For 
activation of the NEG-material a bakeout system is 
required. The bakeout concept including the layout of the 
control system and the systematization of the heater 
packages for all components of the vacuum system are 
presented. Also the special design of the heater jackets 
inside the dipole will be shown where the geometrical 
parameters are very critical and space is very limited. The 
results of the simulation of temperature distribution in the 
dipole iron are compared to temperature measurements 
carried out at a testbench with different layouts of the 
heater jackets. The final design of the dipole heater 
jackets will be illustrated. 

DESIGN DATA OF THE VACUUM 
SYSTEM OF THE HESR 

The High-Energy Storage Ring for Antiprotons and 
Heavy Ions (HESR) will have a circumference of approx. 
575 m and will therefore be the second largest accelerator 
ring in the FAIR facility. The low-loss, undisturbed 
acceleration, deceleration, and storage of the antiprotons 
and heavy ions in the synchrotron is only possible under 
UHV conditions at an average residual gas pressure below 
1 x 10-10 mbar, or preferably 1 x 10-12 mbar for heavy 
ions, and at a very low magnetic permeability of the 
vacuum components.  

The required operating pressure can only be reached if 
all vacuum components are manufactured in accordance 
with the dedicated specifications for the UHV system. As 
a result, special requirements apply to the materials used 
and their processing. 

In detail the HESR will consist of 22 vacuum sections 
(incl. 2 for E-Cooler, 1 for PANDA), all separated with 
all-metal slide valves (max. section length 45 m). In the 
two arcs a bakeout system and a pumping system 
including NEG coated chambers inside the dipoles  will 
be installed. 

For roughing at least 6 mobile pumping stations with 
oil-free fore pumps are foreseen. 

Every section contains at least two pirani and two 
penning test points and one mass spectroscopy. The 
design data of the HESR are listed below in Table 1. 

Table 1: Design Data of the HESR@FAIR 
Feature Value /Description 

circumference 575 m 
radius arc r = 49,5 m 
length straights l = 132 m 
nb. dipoles 44 (l = 4.2 m), 50 Tm 
nb. quadrupoles 84 (l = 0.6 m) 
nb. sextupoles 60 (l = 0.3 m) 
experiments SPARC, PANDA, … 
cooling systems electron cooling 2-4 resp. 8 MeV 

stochastic cooling 2-4 resp. 6 GHz 
dipole 
chambers 

bended with radius of 29.43 m, 
8.18°, length 4.40 m, NEG coated 

spec. vacuum 
chambers 

2 for inj. kicker, 7 for stoch. cooling 

av. pressure 
range 

1 x 10-9 - 1 x 10-12 mbar at RT 

beam pipe DN93x2 mm, AISI 316LN with 
low hydrogen content and low 
permeability, electropolished 

nb. pumping 
bodies 

approx. 180, four ports each, 
with rf-mesh inside 

nb. pumping 
station roughing 

approx. 6 – 8, mobile design 

nb. vacuum 
pumps 

approx. 540 (IZ, TSP and NEG) 

nb. slide valves 22 (24), all metal with rf-mesh 
nb. high speed 
shutter 

4  

BAKEOUT CONCEPT OF THE HESR 
In the curved sections 44 bent dipole magnets with a 

length of around 4.4 m will be installed. NEG coated 
dipole chambers will be used to reach the needed 
pumping speed and capacity (see Fig. 1). 

For activation of the NEG-material a bakeout system 
must be installed. The bakeout concept including the 
layout of the control system and the systematization of the 
heater packages for all components of the vacuum system 
is shown in Fig. 2 and 3. The heater jackets for all 
components in the curved sections - the straight sections 
will not be NEG-coated and do not need a bakeout system 
– were combined to repetitive elements. The bakeout 
concept with the sequence and duration of the heating 
procedure as well as the switch on and off points of the 
vacuum pumps are shown below. The bakeout process 
starts with heating up the non-NEG-coated components to 
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