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Abstract 
Magnets for beam steering, focusing and optical 

corrections often have demanding requirements on field 
strength, field uniformity, mechanical robustness and high 
radiation strength. The achievable field strength in normal 
conducting magnets is limited by resistive heating of the 
conductor. A break-through magnet technology, called 
“Direct Double-HelixTM” allows operation at current 
densities in excess of 100 A/mm2 with conventional water 
cooling. The conductive path generating the magnetic 
field is machined out of conductive cylinders, which are 
arranged as concentric structures. Geometrical constraints 
of conventional conductors, based on wire manufacturing, 
are eliminated. The coolant, typically water or air, is in 
direct contact with the conductor and yields very high 
cooling efficiency. Based on Double-HelixTM technology 
the conductor path is optimized for high field uniformity 
for accelerator magnets with arbitrary multipole order or 
combined function magnets. Advanced machining 
technologies, enable unprecedented magnet 
miniaturization. These magnets can operate at 
temperatures of several hundred degrees Celsius and can 
sustain high radiation levels.  

INTRODUCTION 
Currents described by Eq. 1 produce simultaneously 

axial and transverse magnetic fields.  
 ܺሺߠሻ ൌ ଶగ ߠ   ∑ ߠ sin ሺ݊ܣ  ߮ ሻ       (1)             ܻሺߠሻ ൌ ܴ cos ሺߠሻ             ܼሺߠሻ ൌ ܴ sin ሺߠሻ 

 
 Superimposing two such currents with appropriate 

direction allows cancelation of either the axial or the 
transverse magnetic field. Pure transverse magnetic fields 
of arbitrary multipole order can be produced. Coils based 
on this technology have high field uniformity without the 
use of field forming spacers as required in other winding 
configurations. Conductors surround the coil aperture 
giving intrinsic mechanical stability to the coils. The 
resulting winding configurations are called Double-
HelixTM coils [1]; examples of a dipole and quadrupole 
are shown in Figure 1. 

Direct Double-Helix Technology 
Double-helix coils (DH) can be produced by machining 

the current path out of conductive cylinders, which are 
then arranged as concentric structures (see Figure 2). This 
patented technique, called “Direct Double-Helix” (DDH) 
technology offers significant advantages over 
conventional coil winding, which uses wire, cable or tape 
conductors.  

 
 
Figure 1: Left: 2-layer quadrupole winding. Right: 2-layer 
dipole winding. Both windings produce transverse 
magnetic fields. 
 

 
Figure 2 : Two concentric cylinders of a DDH coil in a 
sextupole configuration 
 
 

Machining the current path out of a cylinder with a 
given wall thickness produces a conductor with 
rectangular cross section that changes with azimuth angle 
around the coil axis as shown in Figure 3. 

Figure 3:  Variation in conductor width as a function of 
azimuth angle for a single turn of a DDH coil. 

 The resulting resistance of the machined conductor is 
significantly smaller than a round wire that would fit in 
the thickness given by the cylinder. Already a square has 
about 25% more area than its inscribed circle. But more 
important is the effect that the machined conductor is 
significantly wider in sections that are perpendicular to 
the coil axis and do not contribute to the generation of a 
transverse field. The machined conductor also eliminates 
any constraints from the wire or cable manufacturing 
process, and arbitrary bending radii of the conductor are 
possible. As for the DH coil configurations DDH coils 
have high intrinsic mechanical robustness, since the 
conductor completely surrounds the coil aperture as in 
solenoidal windings. 
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