/ﬁ'jg;m;g;ggm Darkcurrent Transport in the 3% &
FLASH Injector "

... with the new apertures library

e Motivation: Why a library for apertures?
e Library: Functions and tools

e Implementation: Rough overview

e Aperture model: File format

 FLASH injector: Darkcurrent transport GUN-DBC2
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Why a library for apertures?

« Astra, elegant, MAD-*, ... have their own aperture definitions
embedded in the accelerator model.

... which makes it hard to share an aperture model between the

codes.
... which are quite limited in complexity.
... and are missing a detailed output suited for the analysis of

beam losses.

particle losses vs. z,
coordinates of lost particles,

graphical representation of the aperture model

Beam dynamics meeting, 2006/11/27 Lars Frohlich, MPY
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Frwes.  Library: Functions+Tools 3% S5

Only two basic library functions:

 Read an aperture model from an XML file

« Check whether a given point (x,y,z) is within the aperture
model

Tools:

e aperture-view generates sections through the geometry which
can be plotted

« aperture-check reads multiple phase space files and performs
a collision test against an aperture model

Beam dynamics meeting, 2006/11/27 Lars Frohlich, MPY
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Implementation IS

Programming language:
* Need high performance and OOP, ergo: C++
« Can provide wrappers for C, Fortran, ...

Small class overview:

ApertureList

\ 4

Aperture [*] Aperture

\ Aperture |7 Aperture
f

AndAperture QrApert?re

LogicalAperEure

InvRectangleAperture +—

RectangleAperture

EllipseAperture

Aperture

| Aperture

5>|

Aperture CircleAperture F Aperture

Beam dynamics meeting, 2006/11/27
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File Format

Aperture model in XML format:

<Pvml versiop="1,0" .:_.|-|.:.j..jlj_|'|.j_|="L|'|'F-B" P
[{ =aperture-list=
[ circle z="0.0" pame="vacuum plpe"=

ﬁfcirélem

=and z="0.%" name="vacuum pipe with small square screen"=
=aperture-lists
=circle z="G.0"

| [ |

name="vachum pipe 2.5 mm"=
" name="ellipsoldal vacuum pipe"=

" name="vacuum plpe 3 mm"=

[ <include z="1.2" name="pinhole section"=

=/circles =filename=1include, xml=/filename=

=/aperture-lists =/include

2 1e

H <aperture-lists= H =cir =

=null z="0" /= :

B =iny_rectangle
<x1=-0.0005<
<x2> 0.0005</
<y1l=-0,0005=/
<y 2= 0,0005</

qfiﬁv_rectanqlaf

7=

.;;:_r :

01N name="square” =

<rectangle z="3.0"
<¥1=-0,004=</x]1=
i e, D0 S 2

name="rectangular aperture”:

<null z="3. 11" /=
</aperture-lists
</and=

Beam dynamics meeting, 2006/11/27

<yl=-0,002</y1=

<y 2=+0, D02</y 2=
=/rectangles
</aperture-list=
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Frowers,  Darkcurrentin FLASH 33 s

Simple field emission model (Fowler-Nordheim equation):
Corresponds to Gaussian around RF gun phase 0° with c=16°.

« Astra distribution with 200 000 particles
» Tracking without space charge
— RF gun aperture handled by Astra
— Saving 340 phase space files (~11 GB)
* Checking against aperture model with aperture-check

Longitudinal Phase Space

7

D L 1 T I T
'02 I Y ,.4.5-/

-D'4k' L 1 1 I 1 1
-0.25 -0.2 -015 -01 -0.05 0

s [m]

de [relative]
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Frgwei.  FLASH Injector Aperture 35 5=

(}

50 rr r & [ r r ¢ 3 [ v T T N T I
d vertical aperture at x=y=0 —— 1
horizontal aperture at x=y=0 —— 1

x (cm) /'y (cm)
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| GEMEINSCHAFT BC2 Vacuum Cham ber |/D'?SY =

\"@%/ |FLAsH

800 .‘J 35| 879 T 230 | 1184 1 35T 800 135
o~ | | | I

Ci__ﬂ__k . '__ % = ——— .
B e ©
- \zﬁ\_‘_ - ,.//"/S/// :
________________________________ "tf___________-____"_-—________::.___[:__I-ﬂm _____________llJPIl"I ________'_______________________.__________________________'_______________
-\-""Q--:lj?. T%
635,2 2473 230 353 130 5951 1154
! N i
’L "
874,97 8556 713,0 844 4
"
800 L|A135L|A 879 T 230 i 1184 T135‘|‘ 800 135
: I | |

130 595,1

635,2 2473 230 353 i 1154
T M0 L

-

L 770
874,97 l 855,6 713,0 8444
’|‘
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| GEMEINSCHAFT Darkcurrent Losses

50 —

40

30

x (cm)

——
horizontal aperture at x=y=0 ——

lost particles

trajectory (c.m.) --- -

00 b A S T BN . T B B :
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e Losses Along the Injector 250 S=

@ |FLASH

v

T . T . ————1——————— 100.0
""" relative particle loss —
particles remaining -------
0.1 - ST T _____________________________________ _____________________________________ _____________________________________ ___________________________________ - 833
0.01 - 66.7 __
» 2
w —
P 2
< 0.001 o - 50.0 S
2 8
o 0
[45] =
= . i | | i 8
1e'04 175 \....------.---.---...............-..------..-..-............-..---.) _"_‘ 33_3
1e_05 Ll ..................................... ................................... L - 16?
1e-06 © P : 0.0
10 15 25
z (m)
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