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XFEL Assumptions

X-Ray Free-Electron Laser

« Beam with ¢,=1 mm mrad, 17.5 GeV, <B,,,~=30m
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XFEL Trajectory Tolerances

X-Ray Free-Electron Laser

SASE USER
Xrms 3 um
X s 0.1 wrad 0.1 uwrad
Timing Measured to an
accuracy < 30 fs

Unofficial quote: Conservative Assumption

Winni Decking



200
200

150
150

100
=55 yrad
100

50
50

,|4

N B - 1 O 1 ~N -

[ww] aul| ybiess 01 10adsal yum iqio  [peaw] aul Em_mbm 0] 10adsal yim a|bue

S S

-

—
—
'8 I i
3 : E 8
40
o % : , , o

© < « o o ¥ N o© § ¥ ©
[wuw] aulj ybiens o0y 1oadsal yum 1gio  [pelw] aulj ybiens oy yoadsal yum a|bue

o
o
a
- )
| -

o
S

&
Q
O
<
S
C

o
'S}

—
+—
-
Yy
S
-

D

<

100

Xy = 0.18 prad

X-Ray Free-Electron Laser

XFEL

QuadRMS=200 KM \yinni Decking

Quadgys=1 um



XFEL Beam Based Alignment Methods

X-Ray Free-Electron Laser

« Ballistic Correction:

— find straight line through BPMs in the absence of
quadrupole fields

— switch on quadrupoles and steer towards this value

— limited by BPM resolution

— field free almost impossible

— may require optics rematch

— may lead to losses in undulator
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XFEL Beam Based Alignment Methods

X-Ray Free-Electron Laser

« Beam Based Alignment

— vary quadrupole field strength and monitor BPM reading
change downstream

— change beam position in quadrupole (or quadrupole
position) and redo

— robust

— time consuming

— vulnerable against quad-center changes

— only centers quad, no correction of other kicks
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XFEL Beam Based Alignment Methods

X-Ray Free-Electron Laser

» Dispersion Free Steering
— measure off energy trajectory and determine dispersion
— minimize dispersion (and orbit)

— BPM resolution limited

— no magnet changes required if within £ 3% energy band
— corrects for all kicks
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XFEL Simulations

X-Ray Free-Electron Laser

* Quadg,s=100 um
« BPM Alignmentg,s=100 um
 BPM Resolutiongys=0.1 -1 um

 Momentum change by £ 3 %

 MAD Optic Server
« MATLAB Orbit Correction toolbox (as used in TTF)
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XFEL

X-Ray Free-Electron Laser

Simulation 1 um BPM Resolution
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XFEL Simulation 0.1 um BPM Resolution

X-Ray Free-Electron Laser
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XFEL Simulation 0.01 um BPM Resolution

X-Ray Free-Electron Laser

8x10 | ‘e
=~ BPM before E
O Quadpos before | _E
-Orbit before =
6l . BPMafter / | S
O Quadpos after / S
-Orbit after \ 2
4 I : =
N ]’
[0}
, / \ . £
« S
. 0 0® X 5
0 é@ggﬁeoi@g - ©
®0 & o / —
O 4
Al \ / \ H | E. 5x10 :
\A P \ | £ i
4 \/ L 1 5 §
V \| 5 |
Wy E |
6 / | = :
|| 2 |
Q. I
| :
-8 ! ! ! < i
0 50 100 150 200 S |
9_5 | i !
g 0 50 100 150 200

Winni Decking



XFEL Summary

X-Ray Free-Electron Laser

« Successful DFS needs BPM resolution of 10 nm
* Resolution maybe obtained by averaging

* Resolution can be relaxed with larger energy change,
needs magnet scaling

* More simulations with more errors needed
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