xorb (S)

Particles oscillate around this periodic
orbit, not around the design orbit.

—

Z — Z,B + Zorb
Zorb (S) :MZorb (O)+A2(S)
2p(8)+ 2o, (8) = 2(8) = M 2(0) + AZ(s) = M[Z45(0) + Z,,, (0) ]+ AZ(s)

Z (IY=M.7.(0 The distorted orbit does not change
Zﬁ( ) _Ozﬁ( ) the linear transport matrix.
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B} : (0
= D(s)= IM(S — S)LK'(S‘\)de'

AK = 0K

D(s) = B(s) | KEWB(S) sin(y (s) —p ($))ds
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The FODO Cell

Alternating gradients allow

focusing in both transverse

plains. Therefore focusing and

defocusing quadrupoles are

usually alternated and

interleaved with bending Lip,=6m, @=225°, uy.. =%

magnets. ,E ~3.8m

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

N
MO - MFODO

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

. . accelerator section that consists of many
o 12 3 AgmS 6 FODO cells. Often large sections of an
Q'F _B a) —B 5F accelerator consist of FODOs.
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& The Low Beta Insertion

4, .'\
Ofp p.2

% s \2
15, f=p[1+ ()]
FODO section FODO section

Low beta insertion = B, ]
small M, . =—1

é left _low,B ﬂ M, lowﬂ ,8
4 ,By

—right

2
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Quadrupole Errors

Z'= L(s)Z+Af (2, )

2(s) = 2 (5) + [ M (5. 9)AF (Z.8)dS = 2, (5) + [ M (5.)Af (3. §) ds

"= (i +k)x — Ak(s) e ) 0 0y
t T AR = )T e v ) akes) 0)a

0)
Ak(S) O/

2(s) = {M(S) - jM(S, §)[ M(§,0)d§}fo

One quadrupole error:

R L g R 0 0
M(s,$)+AM (s, s)=M(s,5)—M (s, S)(Akl@) Oj
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ﬁ% [cosW/ + ¢, sin 7] VB, P siny
JA5l(@ —a)ycosp—(+a)sin ] | %lcos i - arsin ]

M (s)=

A

AM (s,5) = —AKI(S) 7 pBsiny 0

3 , . Y=Yy
gleosy —asmy] 0

TAB[cosy+asiny +AyB[acosy—siny | /B (%sin W+Aypfcosy

W7 VA

sz—%tangﬁ

2
LABeosy +5ABT = L AB iy =Mk Bfisiny
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Quadrupole Error correction

Ay = Akl(§)ﬁ sin” (W —-Vy) —— More focusing always increases the tune

& = —AkL(S) ﬁ sin(2[ —1/])| — Beta beat oscillates twice as fast as orbit.

p

Ay =2 Akl 3[1-cosQly —y, D]

% == Ak, ()8, sinly ., )

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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