About Micro Bunching
Investigation for DOGLEG with Longitudinal Dispersion
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Remark: Micro Bunching in FLASH
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micro-bunching increases energy spread and affects emittance

example: energy spread o =€l

XFEL, from BC1 (@ 500 MeV) to BC2 (@ 2 GeV)
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energy spread & = e

XFEL, from BC2 (@ 2 GeV) to 17.5 GeV
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LGM (= linear gain model using integral equation method)

G(B)=H (k(B)) (local) current
K(B,S)=-i0s"sk(B) (k(L(B)-L(3))
/emittance
optics Z'(w,S) = Z'(w, parameters(S))
. 1 . . .
compression: C|S)= longitudinal impedance
P () 1+ g P
chirp
X
H (V) = [ dx,dxgalr7g” E/JD Xs. Xo%/ }Xp vy %
7y
transverse longitudinal

phase space  phase space laser heater



XFEL Bunch Compression System

3 stage bunch compression system:

5 MeV gun 1nC, 50A
130 MeV BCO - ~100A
500 MeV BC1 - ~ 1kA
2GeV BC2 - ~ 5kA




DOGLEG without Sextupoles

|// R R R S b S b i b b S b b b b b I b S R R e i b b S b b I b b S A S Sk I b b e b b Sk b 4

vroox XFEL | njector Dogleg as two FRFR arcs: *
R R *
'// * 20 mlength along linac axis, 2.75 m beam offset, *
1// * 20.253 mlenght along reference orbit and r56 = 0. *
vl *
vl *
vl *

Created: 08 February 2011 (w thout sextupoles)

E R IR I b S b b S b b S b b i b bk S b S S R Ik I b S b b S b b i b b b S b I Rk I S

U

INJDOGLEG
T 0. Hubaepiop SIS : — 07/ 160757
9] v "
8. 4
7.
6.
5.
4,
3
2,
no sextupoles I
16 bending magnets 0.0

00 50 100 150 200 250

s(m)

16 quadrupoles
r56/mm = 30 (reduce strength of BCO!)



Working Points (from Beam Dynamics Homepage, Jan 2010)

Macro -parameters

Choosing of machine parameters

Charge | Momentum | Compr. | Momentum | Compr. | Momentum Total First Second
Q. compaction | jy BC, | compaction | jy BC, | compaction | compr. | derivative | derivative
aC factor m BC, c, factor in BG, c, factor in BC; C z z

Rse1 Rs6.2, Rs63, [m] [m2]
[mm] [mm)] [mm]

1 -100 3.5 -54 8 -20 121 0 2000
0.5 -89 3.5 -50 8 -20 217 0 1000
0.25 -78 3.5 -50 8 -20 385 0 1000
0.1 -71 3 -50 8 -20 870 0 1000
0.02 -67 3.9 -50 8 -20 4237 0 500

E, =130MeV

E, =700 MeV

E; =2400MeV




Detailed Comparison for 0.1 nC Working Point

L KA
initial current | = 5C (0.1 nC - C,, =870)
tot
normalized emittance &, =1um 9
1nC
initial RMS energy spread J&(q) = 2keV a4 gaussian

1nC

laser heater: perfect match of particle and optical beam

1) adjust laser amplitude for J&_, =dExC , =1MeV

2) adjust laser amplitude for mex{G(w, S)} =100 - &E,,



Detailed Comparison for 0.1 nC Working Point

beta function: typical = 20 m, real optic for DOGLEG, BCO ... BC2

optics without DOGLEG optics with DOGLEG
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Detailed Comparison for 0.1 nC Working Point

adjust laser amplitude for &, =&Ex*xC, =1MeV
1.5 THz (initial wavelength 0.2 mm)

gain(S) without DOGLEG gain(S) with DOGLEG
File Edit Yiew Insert Tools Desktop Window Help > Fle Edit View Insert Tools Desktop Window Help o
D0de [ h|RAOTILL- B 0E 0D | DSHS|BRI0DRL-[S|0EB|aD
14
12 T T T T T T T T T‘-
T |
I 12+
10 I
|
10t I
gt ' l
| ol I
Gt I |
1 I 6 ] [
af I I |
2t . | [
2_
I ' ' '
U 1 I 1 I 1 1 [ 1 B I 1 0 1 I 1 I 1 1 1 1 L'I I 1
0 50 I 100 150 200 250 300 350 MO0 450 0 5¢] 100 150 200 250 300 350 foo 450
. I I 1 1 I
! . [ 11 I .

after DOGLEG, BCO, BC1, BC2 k



) Figure 4

DORA-|R08( =D

Bl Edt Mlew [msert Tock Desktop Wndow Hep

Ddde |k

x10

LH spectru

T

\

J

-3000

Detailed Comparison for 0.1 nC Working Point

-1000 0 1000 2000 3000 4000

-2000

000

2
1
a
-4

ExC,, =1MeV

dEend

adjust laser amplitude for

th DOGLEG

(f) w
Tools Desktop Window

gain

ithout DOGLEG

() w

gain

3

) Figure

Help

File Edit View Insert

0B =ad

=2

D W s

T
S

A

+,
~

k|

\
2

05 d

Tools Desktop Window Help

ew Insert

Wi

[

File Edit

il

2

o

1.5 THz

, Maximum

after DOGLEG, BCO, BC1, BC2

T
7))
()
>
| -
>
o
>
c
©
S
o
o
+—



Detailed Comparison for 0.1 nC Working Point
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Detailed Comparison for 0.1 nC Working Point
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Detailed Comparison for 0.1 nC Working Point
parabola energy profile before LH
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Results and Comparison

uncorr. energy spread / eV maximal gain
6 4
6-10 T T T T T
5.10° S
L ' . 110° | 1l
7/ /(
P
3.10° o7 / -
2.10° e - 100
110° " - -
0 L 1 L 10 I ] !
1 05 025 01 002 1 05 0.25 0.1 002
charge(case) / nC
MNoise / A
150 T T T

without dogleg OE = 1MeV
without dogleg Gmax = 100
with dogleg OE = 1MeV
with dogleg Gmax = 100

100

50

e =\/%I‘G(wz)‘2dwz

0
1 0.5 025 0.1 002



