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A Muon Collider is seen as a promising machine for the 

future of high energy physics [1]. Particle collisions in the 

Muon Collider will occur through the intersection of two 

circulating beams inside a storage ring. Requirements and 

operating conditions for a Muon Collider pose significant 

challenges to superconducting magnet designs and 

technologies [2].  For instance, contrary to proton 

machines, the ring dipole magnets should allow the muon 

decay products to escape the magnet helium volume. The 

IR quadrupoles must have a large aperture to 

accommodate the large decay deposition and large beam 

size at the expected β*. For the IR dipoles, the required 

good field quality region needs to have a vertical aspect 

ratio of 2:1. This imposes additional challenges for the 
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The IR quadrupoles are divided into short pieces Q1-

Q4 to provide space for protecting tungsten masks. 
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IR magnet design 

parameters are summarized in Table 2. The aperture of the 

magnets is determined by the following criterion 

Dx/y=10smax+20 mm.
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Figure 2: MC Storage Ring dipole based on 4-layer block-
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Figure 3: Q1 (a), Q2 (b), Q3-Q5 (c) cross-sections. 

Geometrical field harmonics for both designs are 

reported in Table 5. In the shell-type design the 

accelerator field quality is achieved within a 50 mm circle 

and in the block-type design within an ellipse with 40 mm 

horizontal and 20 mm vertical size (blue area in Fig.2). In 

both cases it is sufficient to accommodate the orbit sagitta 

and large dispersion contribution to the beam size. 
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Geometrical field harmonics for IR quadrupoles Q1-Q5 

are presented in Table 7.  The accelerator field quality is 

achieved within the circles (blue areas in Fig. 3) equal to 

2/3 of the corresponding coil aperture. 

Table 6: IR Quadrupole Parameters. ` a b a c d e d b + ÷ + ø + , - + .þ � m q � � q m ¿ o o À ¹ v � � v � ½ vl � � � � { | } n � » w y ý ¿ t À � � w x ½ � º w � ¼ � º w » ¼/ � � � n � m q � n � » w y ý ¿ t ¾ o À � ¹ � w y � v ¼ w v � » ½ w v/ � � ¿ t ¾ o À � y v � ¹ x � º v� p ~ � � � n p � m n � / � � ¿ o � ¾ o À º w y x ½ w y ¹ � � w ¹ ¹ù � { q m ~ m p m q r s n � / � � ¿ � ü ¾ o À » ¼ º w v x x � w º � º ¼ � w ¹� � n � / � � ¿ � z ¾ o À � x ¼ v � � � y � x ¼ v� � n � / � � ¿ � z ¾ o À � � � ¹ v � � x � º � º º ¹ v



Table 7: Geometrical Harmonics at Rref (10
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The dipole design is based on Cable 1 and provides the 

maximum design field in an aperture of 9.82 T at 4.5 K, 

which corresponds to ~23% margin with respect to the 

nominal field of 8 T. Note that the maximum field in the 

coil is as high as 13 T.  The shell-type coil design was 

chosen due to its better ratio between the magnet aperture 

and the mid-plane gap. Studies of alternative magnet 

design approaches for B1 will continue. The IR dipole has 

a high level of Lorentz forces as the storage ring dipole.  

Geometrical field harmonics for IR dipole B1 are 

presented in Table 9.  The accelerator field quality is 

provided within a required elliptical area with 50 mm 

horizontal and 110 mm vertical size (blue area in Fig. 4). 

It was achieved by an appropriate combination of 

relatively large values of low order geometrical 

harmonics.  
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