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Need for steering and focusing

Lorentz Force:

F=q(E+vXB)

* Motion through static Electric Field (B=0)

* Motion through Magnetic Field (E=0)

-Magnetic Rigidity D
Bp = —\
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Maxwell’s Equations

(in vacuum)

v.E=L
Gauss’s law . €o
V-B=20
0B
Faraday’s law VXE=——
dat
, OE
Ampere’s law VXB=u,J+ u,& %

(in magnetic material)

Ampere’slaw oy g =j+¢ &
ot

fH-dl=I

JJ 5
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Magnet Types

 Dipole

* Quadrupole

e Sextupole

* N-pole
 Combined function
* Solenoid

These can all be:
* l[ron-dominated- shaped by the iron
e Superconducting- shaped by coil placement
e Superferric-combination of both
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Dipoles

Two poles, a constant field, and steers particle heam
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Strength in iron-dominated dipole
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Large dlpole for g 2
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Truncated double cosine magnet
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Quadrupole

Four poles, focuses in one plane

-J

defocus in the other

’

Cosine 26

Panofsky Quad
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Strength in iron-dominated quadrupole
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Sextupole- six poles

) Korea Atomic Energy Reaserch Institute

Octupole Magnet
Size: 620X 280 x 600
Field Strength: 0,342T
Effective Length: 227mm
50A, 27V, 275kg,
September 11, 2016

T

Combined function dipole
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Normal

Dipole Quadrupole Sextupole Octupole

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

centerline.

Skew
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Multipole Expansion

*The magnetic field can be written as:

B(z) = B, + iBy = B, Z(bn +ia,) (x + iy)"
n

where B, is the reference field and z = x + iy.

The coefficients b,, and a,, correspond to normal and
skew terms, and n gives the order of the pole.

n=0 corresponding to a dipole, n=1 a quadrupole,
n=2 a sextupole...
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Terms of the expansion

*Dipole (n=0):

By + le = BO(bO + iao), SO Bv — B()bo and Bx =
Byay. If anideal normal  dipole , by =1,a5 =0

Quadrupole(n=1):

ByzBO
B, =0

B, = By(b1y + a1x), B, = By(byx — a,y). Solve for
b, by taking the derivative with respect to x:

1 0B,
bl —_
B, 0x
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Terms of the expansion

Sextupole (n=2):

B, = B''xy

BII
By — 7(352 _yz)
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Magnetic field quality

B(z) = B, + iB, = By Z(bn +ia) (x + iy)"
n

* Typically want “good” field up to ~75% of the beam
aperture (R,¢r).
A,

B, -
(R7'6f> T — <R7ef)n

bn e
BO BO

“Good” if these unwanted multipoles are less than 10
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More exotic

ALIGNMENT TARGET
o MAIN QUADRPCLE BUS-BARS

HEAT EXCHANGER PIFE

—— SUPERINSULATION
SUPERCONDUCTING COILS
BEAM PIPE
VACUUM VESSEL
BEAM SCREEN
AUXLIARY BUS-BARS
SHRINKING CYLINDER / HE L.WESSEL
THERMAL SHIELD (55 10 75K)
NONMAGNETIC COLLARS

TRON YOKE {COLD MASS, 1.8K)

DPOLE BUS-BARS

SUPPORT POST

1

LHC double bore dipole Helical dipole
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FNAL Corrector

e \ertical dipole

* Horizontal dipole

* Normal Quadrupole
e Skew Quadrupole

* Normal Sextupole

e Skew Sextupole
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Solenoid
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Solenoids in experiments

MuZe

Muon Collider?
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