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Abstract 
FNAL and CERN are carrying out a joint R&D 

program with the goal of building a 5.5-m long twin-
aperture Nb3Sn dipole prototype suitable for installation 
in the LHC. An important part of the program is the 
development and test of a series of short single-aperture 
demonstration dipoles with a nominal field of 11 T at the 
LHC nominal current of 11.85 kA and 20% margin.  This 
paper describes design features and test results of a 1 m 
long single-aperture Nb3Sn demonstrator dipole.  

INTRODUCTION 
The LHC operation plans include an upgrade of the 

LHC collimation system [1]. Additional collimators will 
be installed in the dispersion suppression (DS) regions 
around points 2, 3 and 7, and high luminosity interaction 
regions at points 1 and 5. The ~3.5 m space required for 
the additional collimators could be provided by using 
11 T Nb3Sn dipoles as replacements for several 8.33 T 
LHC main NbTi dipoles (called MB), which deliver the 
same integrated strength at the nominal LHC current as 
MB dipoles.  

To demonstrate feasibility, CERN and FNAL have 
started in October 2010 an R&D program to build by 
2015 a 5.5 m long twin-aperture Nb3Sn dipole for the 
LHC upgrade. Two such cold masses with a collimator in 
between will replace one 14.3 m long MB dipole. The 
program started with the design and construction of a 2 m 
long single-aperture Nb3Sn demonstrator magnet [2] 
which was tested at FNAL in June 2012 and reached 
10.4 T at the LHC operating temperature of 1.9 K [3]. To 
improve the magnet quench performance and field 
quality, as well as to demonstrate performance 
reproducibility, the fabrication of four 1 m long collared 
coils was started at FNAL last year. These collared coils 
will be tested first in a single-aperture configuration and 
then assembled and tested inside a common iron yoke 
(twin-aperture configuration). In parallel, two 2 m long 
twin-aperture demonstrator dipole magnets will be built at 
CERN to optimize the quench performance, field quality 
and quench protection of Nb3Sn coils and a somewhat 
different mechanical concept of the collar and yoke [4].  

This paper describes the design features and test results 
of the first 1 m long single-aperture Nb3Sn dipole 
fabricated and tested recently at FNAL.  

Figure 1: The 2-layer coil (left), single-aperture (middle) 
and twin-aperture (right) dipole cold masses. The dark 
area in the coil bore corresponds to relative field errors 
below 10-4. 

DIPOLE DESIGN AND PARAMETERS 
The design concepts of 11 T Nb3Sn dipole  in single-

aperture and twin-aperture configurations are described in 
[3, 4]. The magnet coil was optimized to provide a dipole 
field above 11 T in a 60 mm aperture at the 11.85 kA 
current with 20% margin, and geometrical field errors 
below 10-4. Fig. 1 (left) shows the optimized 6-block coil 
of the demonstrator dipole with relative geometrical field 
errors in the aperture (dark area). The cross-sections of 
the single- and twin-aperture cold masses of 11 T dipole 
(FNAL design) are also shown in Fig. 1 (middle and 
right). 

The design of the dipole mechanical structure and the 

coil pre-stress were optimized to maintain the coils under 

compression up to the ultimate design field of 12 T and 

keep the coil maximum stress below the safe level of 

165 MPa during magnet assembly and operation [2].  

The calculated design parameters of the 2 m long 
single- and twin-aperture dipole magnets at Inom of 
11.85 kA, Top of 1.9 K, nominal strand Jc(12T,4.2K) of 
2750 A/mm2 and cable Ic degradation of 10% are shown
in Table 1. For a 1 m long model in the single-aperture 
configuration, the calculated nominal parameters are 
slightly higher (for example, the central field is 11.07 T at 
Inom=11.85 kA) due to field enhancement in the magnet 
central cross-section from the coil ends.  

Table 1:  2 m long Dipole Parameters at Inom=11.85 kA. 

Parameter Single-
aperture 

Twin-
aperture 

Yoke outer diameter, mm 400 550 
Nominal bore field at Inom, T 10.88 11.23 
Short sample field BSSL at Top, T 13.4 13.9 
Margin Bnom/BSSL at Top, % 81 83 
Stored energy at Inom, kJ/m 424 969 
Fx/quadrant at Inom, MN/m 2.89 3.16 
Fy/quadrant at Inom, MN/m -1.58 -1.59 
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uench protection heaters composed of 
0.025 mm thick stainless steel strips were mounted on 
each side of the coil between the 1st and 2nd Kapton layers 
of the ground insulation.

The yoke length covers the entire coil and the 
Nb3Sn/NbTi lead splices. 

 



 

 
 

 

 

 
 




