
Superconducting  
Magnet Division 

CONCEPTUAL MAGNETIC DESIGN OF THE  
LARGE APERTURE D2 DIPOLE FOR LHC UPGRADE* 

 

Ramesh Gupta, Brookhaven National Laboratory, Upton, NY 11973, USA 

Abstract 
As a part of the High Luminosity upgrade of the 
Large Hadron Collider (HL-LHC), the aperture of 
the D2 dipole is increased and spacing between 
the two apertures decreased without 
increasing the size of cryostat. This creates a 
significant challenge in keeping the saturation 
induced harmonics and the flux leakage low, 
particularly since the field in the two apertures 
is in the same direction. This paper presents an 
optimized magnetic design (with much effort 
made to optimize the yoke) to achieve the 
desired field quality in the magnets.  
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Bo d(TF)/TF,% b2 b3 b4 b5 b6 b7 b8 

0.89 0.00 0 0 0 0 0 0 0 

1.79 -0.03 -0.1 0.06 -0.02 -0.05 0.00 0.01 0.00 

2.66 -0.86 -1.7 -0.88 -0.63 -0.70 0.03 0.11 -0.03 

3.15 -2.19 -1.3 0.86 -0.61 -1.54 0.14 0.26 -0.06 

3.30 -2.82 -2.1 1.31 -0.63 -1.93 0.13 0.31 -0.07 

3.45 -3.54 -3.6 1.44 -0.65 -2.31 0.12 0.34 -0.07 

3.59 -4.37 -5.7 1.22 -0.55 -2.60 0.11 0.36 -0.08 

4.13 -8.24 -18. -3.19 -0.56 -3.50 0.09 0.38 -0.09 

 

 Systematic Uncertainty Random 
bn Geom- Satu- Persis- Injec- High Injec- High Injec- High 

n= etric ration tent tion Field tion Field tion Field 

2 6.0 -6 0 6 0 3 3 3 3 

3 0 0 -14.2 0 1 2 2 2 2 

4 -0.6 0 0 -0.6 0 1 1 1 1 

5 3 -3 -1 3 0 2 2 1 1 

6 0 0 0 0 0 0.1 0.1 0.1 0.1 

7 0 0.4 -0.7 -0.4 0 0.2 0.2 0.2 0.2 

8 0 -0.1 0 0.1 0 0.1 0.1 0.1 0.1 

 

Table 2. The expected “systematic”, “uncertainty” and 
“random” normal (bn) harmonics in HL-LHC D2 dipole at a 
reference radius of 35 mm (updated from Todesco).  

Table 1. Relative change in transfer function (in percentage) 
and field harmonics (at 35 mm radius) as a function of field. 

Figure: Computed change in field harmonics (b3 to b8) as a 
function of current. 

Figure : Relative change in transfer function (in percentage) 
and field harmonics as a function of current. 

Figure: Coil design with ROXIE to compensate the 
harmonics arising due to a non-circular yoke aperture. 

CONCLUSION 
With special shaping of iron, it is possible to design 105 mm aperture 
D2 dipole for HL-LHC with the desired field quality and low fringe 
field outside the yoke despite the field in the two apertures being in 
the same direction. Expected field errors are now comparable to 
those that are expected in a typical accelerator magnet. 

Figure: Computer model of a symmetric half (right half) 
of the optimized magnetic design. 

Figure:  Field contours and field lines at the design field. 

Figure: Fringe field outside the cryostat at the design field. 

Figure: Cross-section of the 80 mm twin aperture D2 dipole 
that is currently installed in LHC using standard cryostat and 
support posts. Oblate shaped yoke provides extra iron 
needed at the midplane. 


