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Abstract

At DESY the ALPS II experiment is being installed in the HERA tunnel to search for axion
like particles. A laser beam will be injected into the magnetic field of a string of supercon-
ducting dipole magnets, available from the HERA proton storage ring, to produce axion like
particles. After passing a light tight wall, the ALPs can reconvert into photons in a second
string of HERA s.c. dipoles. The sensitivity of the experiment will be increased by two
mode-matched optical cavities before and behind the wall. The dipoles for the HERA stor-
age ring are curved, suited for stored proton beam. However, the curvature of the magnets
limits the aperture and hence the performance of the optical resonators beyond a certain
length. As the sensitivity of the search scales with the length of the magnetic field, the
aperture for the optical resonators inside the HERA dipoles was increased by straightening
the curved magnet yoke. The procedure of straightening the s.c. HERA dipoles is described
in this report.
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1 Introduction

One of the most important open questions in physics is the nature of dark matter. Among the
candidates from particle physics are axions [1] and other very weakly interacting slim particles
(WISPs), e.g. axion-like particles (ALPs) (see [2] for an overview). Light-shining-through-a-wall
experiments [4] allow to search for these particles in the laboratory.

More than 10 years ago an experiment of this kind was performed at DESY (ALPS I) [5]
making use of a single spare superconducting HERA dipole. This experiment could not prove the
existence of ALPs, but only establish limits on the coupling of ALPs to photons (see below).
These limits could be tightened by the OSQAR light-shining-through-a-wall experiment at
CERN using two spare LHC dipoles [6].

Now the ALPS II 1 experiment [7] is being set up in a straight section of the HERA tunnel
with substantially increased sensitivity compared to the previous experiments, using 24 super-
conducting HERA dipoles. The magnets, almost 10 m long with a magnetic field of 5.3 Tesla [8],
are available from the HERA proton storage ring [10] not in operation any more since 2007.
In addition to a straight section of the HERA tunnel, infrastructure like cryogenics [11], and
power supplies needed to operate superconducting magnets are available.

2 The principal concept of the experiment

Axions and axion like particles (called ALPs in the following) can be produced by photons
traveling in a section of magnetic field, transverse to the flight direction. Similarly ALPs can
convert into photons again in another section of the transversal magnetic field. To separate these
photons from the photons which produce the ALPs, a light tight wall is inserted between the

1The ALPS II Collaboration: Albert-Einstein-Institute, Hannover, Germany; Cardiff University, UK; DESY

Hamburg, Germany; Johannes Gutenberg-University Mainz, Germany; University of Florida, Gainesville, USA
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Figure 8: Remaining bench for cryogenic tests of HERA dipoles with a dipole on the bench. Note the

open sliding sleeve connection of the vacuum vessel to the cryogenics end box.

by fixing the position of the cold mass at the outer suspensions of the magnet and pushing
(and thus deforming) the cold mass in the middle (see Fig. 9). The cold mass was fixed by
inserting and tightening Titanium pressure props (see Figs. 10 and 17) between the cold mass
and the vacuum vessel [23]. By a transportation fixture (see Fig. 11) on the opposite side of
the cryostat, the cold mass was prevented from moving, while tightening a pressure prop.5

The deformation in the middle was achieved by a steel screw (’pressure screw’) (see Fig. 12)
exerting a force of about 40 kN, inserted between the vacuum tank and the Helium vessel at
the lower flange of the vacuum vessel.

When the aimed for deformation was achieved, another Titanium pressure prop was inserted
(see Fig. 13) from the upper flange above the pressure screw. After tightening the pressure prop,
the pressure screw and the transportation fixtures were removed. With all three pressure props
installed and tightened, the deformation of the yoke is maintained by the tension of the yoke,
counteracted by the vacuum tank via the pressure props. Fig. 14 shows the cryostat with three
Titanium pressure props inserted before the removal of the transportation fixtures.

The ends of the beam tube cannot be straightened independently, as no force can be applied
beyond the outer suspension planes. The ends just rotate around the fix points, given by the
outer pressure props, due to the bending of the beam tube in the middle (see Fig. 9). The
middle of the cold mass was bent in a way, to force the beam tube to develop two ’camel
humps’ (see Fig. 9 and also Fig. 16). This deformation yields the largest achievable horizontal
aperture [23]. In the figure the deformation is exaggerated for better illustration.

The pressure prop in the middle (see section: The pressure props) of the cryostat constitutes
a fix point for the thermal shrinkage/expansion during cool down/warm up of the cold mass.

Finite element calculations, determining the additional stress on the Helium vessel by the

5Normally, the transportation fixtures prevent the cold mass from moving with respect to the vacuum vessel

during transportation of the magnet.
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Figure 14: Schematic view of the cryostat after the straightening. 1: Outer pressure prop, 2: Middle

pressure prop, 3: Transportation fixture, 4: Suspension.

achieved aperture after the straightening procedure. In general, the larger the achieved final
aperture, the smaller is the deviation from a straight line connecting the ends of the original
beam tube.

The beam tubes showed also deviations from the horizontal plane, i.e. in vertical direction
by ± 1 to 2 mm, both before and after straightening. These deviations had no influence on the
achieved horizontal apertures.

During one cryogenic test, the mouse with reflector was installed into the vacuum pipe in
the middle of the dipole, to monitor the position of the vacuum pipe after cool down of the
dipole. The position of the reflector in the cold vacuum pipe could be measured with the laser
tracker through a quartz window on a flange in the end box of the test bench.

The measurement showed that the horizontal aperture increase, achieved by the deformation
of the cold mass, is reduced by the cool down of the magnet by about 0.5 millimeter, caused by
the thermal shrinkage of the pressure props and the cold mass. The impact on the performance
of the two 120 m long optical resonators for ALPS II is tolerable (see section: Results).

To check whether the straightening of the dipole would suffer from transportation between
DESY and the HERA hall East for installation into the tunnel, a straightened dipole (BR 221)
was put on a transport trailer and driven from the DESY site on public roads to the HERA
hall East and back. Then the center line of the beam tube was measured again. It was identical
to the one measured before the transportation,

5.3 The pressure props

As the deformation of the yoke is elastic, the deforming force by the pressure props must be
maintained, also at cryogenic temperatures. However, the pressure props constitute a thermal
short between the Helium vessel at 4K and the vacuum vessel at room temperature. To keep the
additional heat flow to the 4K level of the cryogenics supply as low as possible, the props were
made from a thin walled (1.5 mm) Titanium tube (see Figs. 10, 11, 13, and 17), a material with
low thermal conductivity, comparably low thermal expansion, and large mechanical strength.
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Figure 15: The laser tracker to measure the position of a reflector in the vacuum pipe of the dipole

through an open flange in the end box. Middle: reflector mouse inserted into the beam pipe; Right: before

insertion. The string connected to the mouse is used to pull the reflector through the beam pipe.

In addition, the contact area at both temperature levels is small for the props at the outer
suspensions, as the ends of the props form sections of a sphere. The thermal flux from room
temperature to the yoke at liquid Helium temperature was estimated to about 1 Watt per prop
(see section: Results).

The props near the ends of the dipole must allow for the length change of the yoke with
respect to the vacuum vessel (≈ 30 mm total) during cool down and warm up and yet maintain
the deforming force. Shaping the ends of the props as sections of a sphere, allows for a tilt of
the props during cool down or warm up (see Fig. 17), without changing the distance between
the vacuum vessel and the cold mass [23], except for the thermal shrinkage of the props and
the cold mass (see above).

The deforming forces are always perpendicular to the surfaces of the support cups, (see
Fig. 17 and Fig. 10) resting on the Helium and the vacuum vessel, thus reducing the momentum
on the prop and the danger of it tipping over. The support cups of the outer pressure props at the
vacuum vessel stay fixed, while the cups on the Helium vessel move with the shrinkage/expansion
of the Helium vessel.

The Titanium tube of the pressure prop in the middle was screwed into a stainless steel
strip (5 mm thick and 50 mm wide), which matches the inner surface of the vacuum vessel
(see Fig. 13). The steel strip remained in the cryostat after straightening the yoke. The middle
pressure prop has a flat contact area to the Helium vessel and does not tilt during thermal cycles.
It thus constitutes a fix point for the thermal shrinkage/expansion during cool down/warm up
of the cold mass.

To place the pressure props at the right position and angle within the cryostat, special
mounting tools were developed (see Fig. 18 and also Fig. 13). After positioning the prop, the
assembly tool was removed. It should be noted, that all props are finally held in position inside
the cryostat only by the tension between the vacuum vessel and the Helium vessel.

The proper choice of materials and the concept were validated by a test of an outer pressure
prop in vacuum at liquid Nitrogen temperature. A force of 40 kN was exerted on the prop
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uncertainties, with the heat loads of the straightened dipole being even slightly lower than that
of the original dipole.

The magnetic stray field was measured, as it may influence the detection of regenerated
photons in the ALPS II experiment. The measurement was performed on the test bench with
a pickup coil at the end of a dipole about 1 m away laterally from the axis and 0.5 m below the
middle of the magnet. The stray field rises with the magnet current and amounts to 0.5 Gauss
at the nominal operating current of 5963 A for ALPS II.

7 Summary

The geometry of the HERA tunnel allows to install 2*12 HERA dipoles, at most, as straight
strings, due to the curvature of the tunnel, starting at around 100 m from the middle of hall
North. Optical resonators for infrared light at a wavelength of 1064 nm, corresponding to this
length, require a horizontal aperture at the outer ends of the experiment of 45.5 mm, for losses
below 2 ∗ 10−6 in the beam pipe.

This requirement was clearly met, as dipoles with larger apertures were selected to be
positioned near the outer ends of the experiment and magnets with smaller aperture near the
middle of the experiment, following the envelope of the photon beam in the optical resonators.
There is about ± 2mm free space for adjustment uncertainties, without limiting the performance
of the optical resonators.

By the ’brute force’ straightening procedure we succeeded to obtain dipoles with sufficiently
large horizontal apertures and sufficiently large quench currents for two strings of 12 dipoles
each, plus two spares.

At the time of writing this report the installation of the dipole strings in the HERA tunnel
is progressing.
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[19] M. Böhnert et al., The Cold Bore Beam Pipe Vacuum System of the HERA Proton Storage
Ring, DESY-HERA 92-02, 1992

[20] H. R. Barton Jr., M. Clausen, G. Kessler, and S. Rettig, Cryogenic Experience at the HERA
Measurement Facility, DESY-HERA 87-14, Talk presented at the Cryogenic Engineering
Conference CEC87, St.Charles, USA, June 14-18, 1987

[21] K. H. Meß, Quench Protection at HERA, DESY-HERA 87-10, Contribution to the 1987
Particle Accelerator Conference, Washington, USA, March 16-19, 1987

[22] J. Eschke, O. Sawlanski, M. Stolper, Internal report on soldering the connection between
the dipole on the test bench and the power supply, 2016

[23] G. Meyer, retired engineer from DESY, supplied most of the ideas for the straightening
procedure, and designed f.e. the pressure screws, the pressure props, and the assembly
tools.

[24] D. Meissner, Elastische Rückbiegung eines HERA Dipolmagneten, Ergebnisse der FEM-
Berechnung, Internal report, DESY ZM1, 2015

[25] H. Hintz et al., Internal report, Anleitung zum Umbau der HERA Dipole, 2016

[26] C. Albrecht et al., Using long strings of s.c. HERA dipoles in search for axion like particles
(ALP’s), PATRAS Workshop 2018, DESY, Germany

23


