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Need for steering and focusing
Lorentz	Force:

	

• Motion	through	static	Electric	Field	(B=0)	

• Motion	through	Magnetic	Field	(E=0)	
			-Magnetic	Rigidity 	
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Maxwell’s Equations

	Ampere’s	law
	

	

	

	

Gauss’s	law

Faraday’s	law

	

	

	

(in	vacuum)

(in	magnetic	material)

	

	Ampere’s	law 	
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Magnet Types
• Dipole	
• Quadrupole	
• Sextupole	
• N-pole	
• Combined	function	
• Solenoid	
• …	
These	can	all	be:	

• Iron-dominated-	shaped	by	the	iron	
• Superconducting-	shaped	by	coil	placement	
• Superferric-combination	of	both	
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Dipoles
Two	poles,	a	constant	field,	and	steers	particle	beam

Canted	cosine

Dipole,	FNAL	

Cosine	θ

-J J

Block	dipole
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Strength in iron-dominated dipole
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Large dipole for g-2
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Truncated double cosine magnet
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Quadrupole

Panofsky	Quad

Cosine	2θ

Four	poles,	focuses	in	one	plane,	defocus	in	the	other	
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Strength in iron-dominated quadrupole
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Sextupole-	six	poles

Combined	function	dipole

Octupole-	eight	poles
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Normal

Magnets	are	called	real	when	the	magnetic	field	is	vertical	
along	the	centerline,	and	skew	when	horizontal	along	the	
centerline.	

Skew

Dipole Quadrupole Sextupole Octupole
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Multipole Expansion

• 	
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Terms of the expansion

• 	

	

	

	

	

				dipole
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Terms of the expansion

Sextupole	(n=2):
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Magnetic field quality

• 	
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More exotic

Helical	dipoleLHC	double	bore	dipole
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FNAL Corrector 
• Vertical	dipole	

• Horizontal	dipole	

• Normal	Quadrupole	

• Skew	Quadrupole	

• Normal	Sextupole	

• Skew	Sextupole
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Solenoid
	

Hard	edge Real

B B
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Solenoids in experiments

Mu2eCMS

Muon Collider?


