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ERL Optics — South Arc Insertion Sections
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— —XK
Homogeneous solution:

X,"==X, kK = X, =Ac0sks)+Bsin(ks) (natural ring focusing)

Variation of constants:

X = A(s)cosk s) + B(s)sin(k )

X'=—=Axsin(k s)+ Bx cosk s)+ Alcosk s) + B'sin(k S)
=0

X"'=—k°Xx— Ak sin(k S) + B'k coSk S) = —k°X+ Ok

=5k

cosks) sinks)\(A) (O
(—sin(/( S) cosk s)]( B'] B (5)
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A\ _(cosk s)
[B') - (sin(/( S)

(A) - JK_l(COSe( S)J +(A*] with  x = Acos s) + Bsin(x s)

—-sin(ks)\ O
COSK S) )(5)

B Sin(k S) B,
' =—XK
[ cosk s) =sin(k's)
—KSIin(ks) CcoskSs)
M = 0

-sinks) & [cosk s)—1]
0 0

0

0 k1-cosks)]

0 sin(k S)
0
5 1 k7Ysin(k s)—sk]

-0 1 )
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Mg | isin SU(6) and therefore MJIM' =J

J
N = A)
o\M! T 0] (J, 0 0
1 O 1 0= 0 0 1
0 D" Mg 1) (0 -1 0
M, T-D 0) (J, 0 O
0 11=|0 0 1
-1 o) (0 -1 0,

It is sufficient to compute the 4D map M4 , the Dispersion D
and the time of flight term M
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Time of Flight and Bunch Compression

dl =/dx* +dy? +[( o+ x)dg]?

I e ' 1
I =\/x2+y2+(1+%)2ds=(1+%)ds+02
X\ds| ds=,d¢
L L L L
= | X8 dg = x| Muls) | Miz(s) D)
Al = [ ds=x, [ 42 ds+ X, [ 22 ds+ [ 22 ds
,0 0 0 0 0
dp  |D =R : -
L F
— (s)
R = j - ds
0
Energy - position correlation leads to p .
bunch compression e :

z (ps)
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Bunch Compression
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E On crest acceleration leads to long
Bunches with small energy spread.
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E On crest acceleration leads to long
Bunches with small energy spread.
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On crest acceleration leads to long
Bunches with small energy spread.
Off crest acceleration leads to short
Bunches with more energy spread.
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Here low energy particles fly longer

On crest acceleration leads to long
Bunches with small energy spread.
Off crest acceleration leads to short
Bunches with more energy spread.
The bunch length can be made even
shorter by nonlinear optics

1st order bunch
compression

T
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Here low energy particles fly longer

On crest acceleration leads to long
Bunches with small energy spread.
Off crest acceleration leads to short
Bunches with more energy spread.
The bunch length can be made even
shorter by nonlinear optics

2nd order bunc
| compression

T

Georg.Hoffstaetter@Cornell.edu

Class Phys 488/688 Cornell University 04/21/2008



Here low energy particles fly longer

On crest acceleration leads to long
Bunches with small energy spread.
Off crest acceleration leads to short
Bunches with more energy spread.
The bunch length can be made even
shorter by nonlinear optics

E

3rd order bunch
Jcompression

r

T
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r

On crest acceleration leads to long
Bunches with small energy spread.

Bunches must arrive for deceleration
with the same shape in longitudinal phase
space that they had after acceleration.

The energy dependent time of flight
must be zero. The beam transport is then
called isochronous.
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ERL Optics - isochronous CESR
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Beta A, B [m] [medel], ¥—axis s,
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