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Abstract

The MAX 1V synchrotron radiation facility is currently
being constructed in Lund, Sweden. It consists of a 3 GeV
linac injector and 2 storage rings operated at 1.5 and 3
GeV respectively. The linac injector will also be used for
the generation of short X-ray pulses. The three machines
mentioned above are described with some emphasis on
the effort to create a very small emittance in the 3 GeV
ring. Some unconventional technical solutions will also
be presented.

DESIGN PHILOSOPHY

When designing the MAX IV facility [1], the following
assumptions were made:
e Storage rings will remain the workhorses as light
sources for the foreseeable future.
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e The ring emittance can be reduced towards the

diffraction limit.

o FELs will open up new research areas.

The MAX IV design [1] result is shown below. It
consists of a 3 GeV S-band injector linac and 2 storage
rings operated at different electron energies to cover a
broad spectral range. The linac will also be used to feed a
Short Pulse Facility (SPF) and could eventually feed a
FEL at a later stage. The technical solutions are
characterized by a high degree of technical integration as
will be seen below.

The storage rings are operated at 3 GeV and 1.5 GeV
respectively. Two copies of the 1.5 GeV ring will be built,
one will be placed in Lund and the other will be placed in
Krakow [2] in cooperation with the Solaris staff.

To reduce electron beam emittance in the 3 GeV ring,
the 7-bend achromat concept [3] was followed.

Figure 1: The MAX IV facility.
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THE LINEAR ACCELERATOR

The S-band linac is operated at a relatively low
accelerator gradient of some 15 MeV/m to reduce the
operational cost. Each accelerating unit consists of a 35
MW Kklystron operated at a lower power of 25 MW to
introduce energy redundancy.

The linac is described in more detail in refs. [4,5,6].

Table 1: Linac Parameters (SPF/Injector)

Operating energy 3.0 GeV

Max energy 3.7 GeV
Charge/bunch 0.1 nC
Bunches/train 173

Max rep rate 100 Hz
Bunch length (FWHM) 30-100 fs/3 ps
Peak current 3kA/30A

THE 3 GEV RING

The 7-bend achromat was chosen to get a small
horizontal emittance. This type of magnet lattice is highly
stable since the driving terms, introduced by the
chromaticity correcting sextupoles, can be almost
cancelled within the achromat itself, despite the strong
sextupoles necessary to correct the chromaticity in a
lattice with small dispersion functions. There is a
sufficient number of sextupole families with proper
betatron phase shifts between the sextupoles to carry out
this minimisation process, which is greatly simplified by
the usage of the lattice code OPA [7]. The situation is
further improved by the introduction of octupole magnets,
which decrease amplitude-dependent tune-shifts [8,9,
10].

20 achromats are used for achieving a sufficient
number of straight sections for the insertion devices (IDs)
and to get an ultralow electron beam emittance. Since the
dipole fields are weak, the IDs reduce the lattice
emittance considerably.
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Figure 2: 3 GeV ring achromat and machine functions.
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Table 2: 3 GeV Ring Parameters
Operating energy 3 GeV
Circulating current 0.5A
Circumference 528 m
Horizontal emittance naked lattice 0.33 nm rad
Horizontal emittance incl IDs 0.23 nm rad
Coupling 0.5-3%
Beam total lifetime 10 h
Qx, Qy 4220, 14.28
&x, &y (natural) -50.0, -50.2
Mom comp factor 3.07x10™
Momentum acceptance 4.5%

Magnets

The same magnet technology as applied in the MAX III
ring [11] is used for the both MAX IV rings. Several
magnets functions are machined from the same solid iron
block as seen in Fig 3. This method allows for a high
degree of compactness and internal alignment precision.

The iron magnets blocks are mounted on concrete
girders as seen in Fig 3.

5

Figure 3: A MAX IV 3 GeV magnet cell. This cell
contains 1 dipole, 2 quadrupole, 1 sextupole and 3
octupole magnets plus two dipole corrector pairs and two
BPM heads. The iron block length is 1.8 m.

Vacuum System

The vacuum system is of the NEG-coated type. It
therefore pumps linearly and performance is thus not
hampered by the poor vacuum conductance imposed by
the small vacuum chamber bore. In principle, the vacuum
system consists of a NEG-coated Cu tube with a bore
radius of 11 mm and a cooling channel attached on its
outside. The heat absorber design is furthermore
simplified since the dipole synchrotron radiation is
distributed along the tube so only a few lumped absorbers
are needed.
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Figure 4: Dipole vacuum chamber.

THE 1.5 GEV RING

Two identical 1.5 GeV storage rings are being built, one
will be placed at MAX IV and one will be placed at
Solaris in Krakow.

There will be 12 Double Bend Achromats (DBAs) in
each of the 1.5 GeV rings. The machine functions for one
DBA are shown in Fig 5. Three quadrupoles take care of
the horizontal focusing while focusing in the vertical
direction is handled by gradients in the dipoles.

The magnet technology chosen for the 3 GeV ring is
followed for the 1.5 GeV ring as well. The ring
parameters are given in Table 3.

Table 3: 1.5 Gev Ring Parameters

Operating energy 1.5 GeV
Circulating current 0.5A
Circumpherence 96 m
Horizontal emittance (bare 6 nm rad
lattice)

Coupling 0.5-5%
Qx, Qy 11.22,3.14
&x, &y (natural) -22.9,-17.1
Mom comp factor 3.04x10°
Momentum acceptance 3%
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Figure 5: Machine functions and achromat for the 1.5
GeV ring
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