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1970: Kapchinskii and Teplyakov
invent the RFQ
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Ellements of a Collider
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Where is the vertical Dipole?

HERA Tunnel
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Real Quadrupoles
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The coils show that this is an

upright quadrupole not a rotated

or skew quadrupole.

ETRA Tunnel
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LHC dipole

Real Air-coil Multipoles
Quadrupole corrector
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Lioville’s Theorem

A phase space volume does not change when it is transported by

Hamiltonian motion.  Z(S)=M(s)-Z, with det[M(s)]=+1

a
oz,

Volume = V = Hd”? = J‘j
Vv A

Hamiltonian Motion V =V,

d"Z, = [[|Md"z, = [[d"Z, =V,
V, V,

But Hamiltonian requires symplecticity, which is

much more than just det[M(s)]=+1
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Symplectic Representations

Hamiltonian ‘ ODE
Z'=JOH(Z,s) | Z’=F, FJ+JF' =0
Generating Functions Symplectic transport map
(P, By) =—J 9F,(d, 0y, 5) MIM'=J

[from notes]
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F = R(s)+ %€, (5) + Y&, (5) dR| = ds

&, =L R(s)

The time dependence of a particle’s motion is
often not as interesting as the trajectory
along the accelerator length “s”
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Matrix Solutions

Linear equation of motion: Z'= F(S)Z

Matrix solution of the starting condition Z(0) = 70

? — Mbend ( I—4 )Mdriﬁ (LB)Mquad ( Lz )Mdriﬁ (Ll) 2.0
: ? — Mdrift (L3)Mquad (Lz)Mdriﬁ (I—1) 2.0
|

Z= Mdrift (L1) Zo Zo
Z= Mquad (I—z )Mdrift (L1) Zo
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7 =L(s)Z + A]?(Z, S)  Field errors, nonlinear fields, etc can lead to A]?(Z', S)

Iy =Lz, = Z,(s)=M(s)Z,, with M (s)a=L(s)M(s)a

Z(s)=M()a(s) = Z(5)=M (5)a+M(s)ad (s)=L(s)Z+AF(Z,53)

QJl

(s) j M (AT (Z(5),8) d§

7(s)=M (s){i’o + [ M (B)AF (Z(5),5) d§}

O'——.U)
<

S
=7, (s)+ _‘-M(S —8)Af (Z(8),8) ds Perturbations are propagated
fromsto s’
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E = \/<X ><X >— <XX> is called the emittance.
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Poincare Section

77(S)
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One quadrupole error: One quadrupole error:

Av =L Ak AB === AKB cos(Qy —y| - 1)

Chromaticity:

1 "
fx — E&ﬁx (_kl + 77xk2)d3
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Caotic motion close to fixed points !
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