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Rectengular dipole matrix

@ The rectengular dipole matrix is defined as :

cos 6 psinf 0 p(1 — cosf)
-1 cosf 0 sinf
Mainoe(P0) =1 _ging —p(1—cos0) 1 (£2)— p(6— sin6)
0 0 0 1

o Lgipole = pb

@ p is the bend radius.

o 6 is the bend angle.

e [y,y'] and [x,x",z,d] elements are decoupled.
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Sector dipole matrix

The sector dipole matrix is defined as :

cosf psinf 0 0
" ; —1 cosf 0 0
dipote(P0) = | 5 71 () p(0—sind)
0 0 0 1
Ldipole = pf

p is the bend radius.
6 is the bend angle.

[y,y’] and [x,x',z,0] elements are decoupled.
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Achromaticity condition

To simplify the mathematics we apply: )
Achromaticity criterion : D = [nfeXit] = [nx,e”"a"ce = [O}
Tl exit

/,7 x entrance

Ri6 |
Ros |

Dexit = [MX 0] X Dentrance + |:

Ri6 = R = 0 .
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Achromaticity condition

1 Rp Rz Rig Ris 0
Ro1 1 Rz Rog Ros O
Mo R3i Rz 1 Ry Rs O
chicane™ 1Ry Riz Rz 1 Res 0
0 0 0 0 1 Rse
o0 0o 0o 0 0 1

Zexit chicane — R5520 + R5650

Az = R56 50
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Longitudinal beam chirp

e Using z & % space, we have:

ddp —keVy .
=—Ft =——/———sing
dz E0+ eV0cos ¢

k=2rf [m™]

f is the cavity frequency

eV Cavity acceleration [MeV]
Ey Central energy [MeV]

¢ Cavity phase advance.

@ Compression factor

1
1+ [R56 X Ii]
1

—ke\/o H
1+ R56 . EO0+eVO0 cos ¢ sin ¢]
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Compression factor
® Rsg=—0.25m

Optimal chirp  3.81m~! Optimal ¢ = -96.4°

—— eV =6MeV

Facteur de compression
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Beam size along the chicane

@ How to reduce the beam size along the
chicane?

e Answer : FODO
o Motivation: Ap—f =+10%

cos VKLg sinVKLg
e Focusing quadrupole = \/R

—VKsin \/RLq cosx/>Lq

e Defocusing quadrupole =

cosh \/RLC, #sinh \/RLq
—+v/K sinh \/RLq cosh \/RLq

FODO

Mropo =
Muarr @F Mprirr Mgp MpriFt MHaLF QF

.ggtf;gon Lab

Sami Habet (IJCLAB & JLab) March 2022 10/25



Linear beam optics

o Initial FODO parameters

e Focusing Quadrupole strength Kgr = 0.6 m~2
e Quadrupole length Lo =0.2 m
o Defocusing quadrupole strength Kopr =?

o Drift parameter:
o Drift length Ly = 5.6m
@ Motivation Apply the periodicity condition on the FODO lattice to

ﬁexit ﬂentrance
get I | Qexit | = | Qentrance
Vexit Yentrance

e [ a and ~y are the twiss parameters of the beam wich describes the
behaviour of the optics along the lattice.
e In periodic system, for stability of the equation of the motion we have :
|trace(M)| < 2
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Linear beam optics

o If the FODO matrix is given by :

c S
M(s1s2) = [C, 5’}
@ The transformation matrix from point s; to s, in the lattice is given
by :
552 C2 —25C 52 ﬁsl
g | = -CcC' sC’'+Ss'c -Ss¢ g1
Vs2 c? -25'C’ S Vs1

@ From the stability condition:

|trace M(s1)] = C+S' <2
We get :
Kopr = —1.096 m—2

'bJCLab*t the begining of the FODO : = 0, then we have § = 5rmv;+2+‘m
=~ enter of the focusing quadrupole. Jefferson Lab
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Linear beam optics

@ The FODO matrix become :

0.95 6.59
Mropo = [ ]

—0.014 0.95

o With a = 0 then we have 8 = By and v = % then Using the
transformation matrix:
Bo=11.6 m

@ We define the phase advance matrix per cell:

€os ¢ + a:sin ¢ Bsing
—rysin ¢ cos ¢ — asin ¢

@ We can immediately get the phase advance :

cos¢p = 0.95 (1)
®)Cu ¢ = arccos0.95 Jefferdon Lab

Sami Habet (IJCLAB & JLab) March 2022 13/25



© ELEGANT's Simulations
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ELEGANT Results

o Layout :
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ELEGANT Results with matching section
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ELEGANT Results with matching section

o Layout :
Beta function
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Dispersion

@ Dispersion peak at the middle of the chicane.

Dispersion shaped by quadrupoles

— etax

Nx(m)

s 5 o &
s(m)
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ELEGANT Results with matching section

o Layout :

Dispersion function
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Initial distribution
Before collimator
After collimator
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Moving the collimator

T.=120MeV Ly = 4 mm

10_3 T . . before collimator
T e ’ dp/p= *10%
10-4 . dp/p= £5%

. dp/p=*1%

100
P [MeV/c]
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Beam size [x,x'] plane

@ The beam size at the middle of the chicane is given by :

U:\/exﬁmin

@ From the positron distribution € = 0.039 mm rad, and from the
function, we get Bmin at the middle of the chicane:

Bmin = 3.7 m
@ The beam size at the middle of the chicane is:

oc=0.012m
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© Conclusion & Questions
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Conclusion

Fodo lattice allow us to control the beam size along the chicane.
Optimized cavity to chirp the beam.

Need to increase the dispersion at the middle of the chicane.

Need an optimized matching section (quadrupoles) before the FODO
lattice to match the twiss parameters.

Mathematic calculations helps a lot for the software optimization.

To be continued ...
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