The FODO Caell

Alternating gradients allow

focusing in both transverse

plains. Therefore focusing and

defocusing quadrupoles are

usually alternated and

interleaved with bending Ly, =6bm, @=225°,

magnets. E ~3.8m

B. =~102m, f. . ~1.8m

P~ E
Uropo =3

N
Mo = MFoDo

The periodic beta function and dispersion
for each FODO is also periodic for an

. . accelerator section that consists of many
o 1z 3 dAgmS 6 FODO cells. Often large sections of an
Q.F B 5) B " Q'F accelerator consist of FODOs.
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The Low Beta Insertion

18, B =B+ ()]

FODO section FODO section
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Quadrupole Errors

= L(s)Z + Af (Z,5)

Z(s) =2, (s) +}A_4(s,§)Af(2,§) ds =2, (s) +}A_4(s,§)Af(zH,§) ds

2 X' a 0 0\/x
x'=—(k"+k)x-Ak(s)x = = -
(a') (—(l(2 +k)x) (Ak(s) O)(a)

Z(s) = {M(S) fM(S S)( (§,O)d§}§0

Ak(5) o)

One quadrupole error:

1\_/1(S>§)+M_/1(Sa§)=A—/I(S’§)_A—/I(S’§)(Ak(l)(§) 8)
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AM((s,s) = -Akl(5) \/; \/%smzp. ’ ) Y=y -y
zleosy —asmy] 0

LAB[cosy +asiny [+ Ayp[acosy —siny | //;, %simp +AyBcosy
Vhs VB

Ay = —%tanz/?

LABcos +LAS s;gs;” S AB ot = —AKI(S) BB sing
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Quadrupole Error correction

Az/j = Ak[(§)/;’ sin’ (1// _1/}) —— More focusing always increases the tune

Ap

— = —-Akl (§) [;’ Sin(z[?/j —1/3]) —— Beta beat oscillates twice as fast as orbit.

Ay = ¥ Akl B, 3[1-cos(2y —, D]

% _ _Z AKL,(3), sin(2[y -y, 1)

When beta functions and betatron phases
have been measured at many places,
quadrupoles can be changed with these
formulas to correct the Twiss errors.
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Average phase advance change per turn:
Ay =S M) =5 MRS,
Tune change: |Ay = 4%1 AKL(5)p,

Poincare Section

cos(u+ Au)=cosu—Ausin u =

1 [( 1 O)(cos U+ asinu Bsin u
r

2 3 = — L AKI(3)Bsi
=Aki(s) 1 —ysinu COSM—aSinM] COS U — 7 AkI(s)psin u

2

Oscillation frequencies can be measured relatively easily and
accurately.

Measurement of beta function: Change k and measure tune.
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