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[ [ The Virtual European XFEL Accelerator

European

XFEL] Introduction

Can not talk about;

the European XFEL
(see MOA3002, MOPGF101, ...)

the FLASH facility
(see MOC3007, ICALEPCS2007 TOAAO04, ...)

Middle Layer  Client Layer

B R
the control system wsw;a [ e ]
(see ICALEPCS2009 MODO04, ... ) 1 1
‘ Server ] ‘ Server Server ::g
m t% b
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The Virtual European XFEL Accelerator
European .
XFEL] Introduction

Outline

The Idea -
Where we’ve grown up -

The core of the Control System Architecture -

The Virtual XFEL -
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The Virtual European XFEL Accelerator
European ) .
XFEL|] The Idea/ Motivation

The European XFEL is a large scale machine
Tight time schedule for commissioning and time up to first lasing
Lessons learned at other facilities:

Need to have

Set up

Test and thereby

software

foreseen

for the

from multiple DESY groups to
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I The Virtual European XFEL Accelerator

su(rEErl‘_ The Idea / Motivation

The European XFEL is a large scale machine

: Detailed pre-b checkout conducted

Tight time schedule for commissioning and time up tc & s

L essons | earne d at Ot h er fa Ci | Itl es: d.yfw&’ ooy et snoes o e o SUrlt commistai

Reliable Diagnostics: Reliable diagnostics for all (or almost all) electron
beam parameters throughout

Need to have all software for the W—

Set up from multiple DESY groups to

Test and thereby foreseen
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I The Virtual European XFEL Accelerator

European

XFEL] From FLASH to XFEL

FLASH is the little brother of XFEL
= Control System: DOOCS/TINE

Front-end Hardware: VME, yTCA

Timing System

Machine Protection System

Multi-Beam-Line Operation

FLASH is for software to be used at XFEL
but ...
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European
XFEL| From FLASH to XFEL

~ 30 crates producing < 100 Mbyte/s
~ 200 crates producing >> 100 Mbyte/s

High data rates
from various sources
Have to think more in
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I The Virtual European XFEL Accelerator

European

XFEL] The Data Acquisition System

Console
RICO[EMS SASE Control

Energy Management and Optics Measurement and Machine State Control (Sequencing,

Orbit display, bumps Bunch compression matching Bunch Patterns)

: Peak Current ) Energy Profile
Orbit Control Optic 9y Sequencer
Control v Rf control
Middle layer servers for ‘fast’ components | Middle layer servers for ‘slow’ components |
SASE
Intensity
Device servers which produce data for each bunch in pulse train | Device servers for ‘slow’ components |
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I The Virtual European XFEL Accelerator

European

XFEL] The Data Acquisition System

Console
Programs

Orbit display, bumps
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I The Virtual European XFEL Accelerator

European

XFEL] The Data Acquisition System

Orbit display, bumps

4. Display orbit
+
modify by bump program

l
—

3. send orbit data j
to DAQ/orbit server

1. calculate orbit for given optic

A

6. new currents to
optic server 5. write new currents

/=

2. write orbit to BPM server
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I - The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL

XFEL_VirtualXfelMain.xml|

. Virtual XFEL Overview

Orit & Torcid
B Display

B -ctonscrip

Responsible person
aponaitie pars Energy Display Toroid Dispiay Orbit Display Bump Tool Sequencer Magnet Display
Active connection

*  In-active | not implemented

— Manual link

Currently playing
W Bolo
[ Josef
W Karol
W Lars
W Ot
W Pedro
W Rakmund
[ Sascha
M Torsten
o Tim
W Viadimir
W Winni
Al

Magnaet Enargizer

rpe_test

Watchdog

MainTaskbar
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European

XFEL

The Virtual European XFEL Accelerator

The virtual XFEL —

. Virtual XFEL Overview

XFEL_VirtualXfelMain.xml|

B B server, Process, Display,
B -ctonscrip
Respansible person
Active connaction
In-active / not implemented

" Manual link

Currently playing
W Bolo
[ Josef
W Karol
W Lars
W Ot
W Pedro
W Rakmund
[ Sascha
M Torsten
o Tim
W Viadimir
W Winni
Al

rpc_test
Watchdog

MainTaskbar
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Energy Display

Orbit & Toroid
Display

Toroid Display

Orbit Display

Bump Tool Sequencer

Magnet Display

Magnaet Energizer
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The Virtual European XFEL Accelerator

European

XFELQ} The virtual XFEL - Orbit

LR XFEL_VirtualXfelain.xm|

Virtual XFEL Overview

Orbit & Torold

B Sserver, Process, Display, Display

B -ctonscrip

Ha Responaible perscn
Energy Display Toroid Display Bump Tool - Magnet Display
Active connection

Orbit from Orbit ML Server

No beam Inactive soction

Horizontal Vertical —
SASE1 SASE1

1. 1.

08 08

0.6 0.6

0.4 0.4

0.2 0.2+

02 02}

-0.4- 0.4

-0.6- 0.6

-0.8- -0.8

1. .

GPMSZ4N EPMRSEI1 PMAZ21.E1 EPMALADE2 BPMCETILI EPMCADZSLI EPMCASSMLS BPMAITGS.CL BPMD2022TL EPMEZZTHSAI EPMAZIETA GPMSZLI1 BPMFSS|I EPMAZ21E1 BFMAAAOE2 BPMCEPILS BPMCAD2SLS BRMCA394.9 BRMAITGSCL BRNDZ022TL EPME2Z7O.SA1  BPMAZ421T4

SASE2 SASE2

1. 1.

08 0.8

05 06

0.4- 0.4+

u A A

iy

0.2 0.2 V v

04 0.4

0.6- 0.6+

0.8 0.8

1. A,

GPMBZAN1 EFMAAD3N | BPVR 24312 BRMAATI B2 ERWCE1BLS BRMR-196.3 EPMASSCL EPMLASSSTL BPMAZIOST! BPNEZ33SA BRMAZEESTS GPMEZLI1 BRMAMDI I BFMRE4GLZ EFMAATIE2 BPMCE15L3 BFMR1SBLS EPMA1SSOCL EPMIIGSSTL GPMAZI09TI EPME2031SAZ B HAZ65T3
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The Virtual European XFEL Accelerator

European

XFELQ} The virtual XFEL - Orbit

LR XFEL_VirtualXfelain.xm|

Virtual XFEL Overview

Orbit & Torold

B Sserver, Process, Display, Display

B -ctonscrip

Ha Responaible perscn
Energy Display Toroid Display Bump Tool - Magnet Display
Active connection

Orbit from Orbit ML Server

No boam Inactive saction
Horizontal Vertical —
SASE1 SASE1
1. 1.
0.8 08
0.6 o6
0.4 04
0.2 A 0.2
P RSN 1 G S P »
LAii "4 Wi " i i ot v W
-0.24 -0.2:
0.4+ -0.4-
0.6 -0.6-
0.8 -0.8-
. -1
EPMS24.11 EPMFSI1 EPMAZZ1E! BPVASD.EZ BPMGETILZ EPMCAO5LS EPMC.1S3403 EPMATTESCL EPMOZ022TL EPMEZZTSSA1 BPMAZISITH EPMS201 EPWF.SGI1 EPMAZZIE1 BPMASADEZ EPMOETILE EPMG.I025L3 BFMC1320.03 EPMATTERCL EPMOZ022TL EPMEZZISSA1 BPMAZIEITH
SASE2 SASE2
1 1.
0.8 08
0.6 0.6
0.0 04
0.2 02 f\ A A
u&}‘; . P S S »
¥ &N W hd VN
-0.24 -0.2-
0.4+ -04-
05 oy
0.8 -08-
-1 -1
EFMS2001 EFMAZM EFMR203.2 EPMAATLEZ EFMCSIEL3 EPMRIIS.LS EFMAISSCL EPML838TL BPMAZIST1 EFMEZSZ1SAZ EPMAZEESTS EFMSZLH EFMATOZH EFNR24312 EFMAATIEZ EFMCEISL3 EPMRI1S5L3 EPMA1S03.CL EPMLIZ3STL EFMAZIDST1 EFME2931.5A2 EFMAZEGETZ
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The Virtual European XFEL Accelerator

European

XFELQ} The virtual XFEL - Orbit

LR XFEL_VirtualXfelain.xm|

Virtual XFEL Overview

Orbit & Torold

Sarver, Process, Display, Display

Action/Script

Responaible perscn
Energy Display Toroid Display Bump Tool - Magnet Display
Active connection

Orbit from Orbit ML Server

No beam Inactive section

Horizontal Vertical —
SASE1 SASE1

1. 1.

0.8 038

0.6 0.6

0.4 0.4-

= f\ N Y

Wil A P A T it
u?y W W WOW W L]

-0.24 -0.2:

0.4+ -0.4-

0.6 -06-

-0.84 0.8

1, 1.

BPM3 2411 EPMRSS.1 EPMAZZLE! BFWAG40.2 EPNGSTILS EPMCIDZGL3 BPMC.1394.L3 EPWAITGS.CL BPMDZ0ZZTL EPMEZZTESAI EPMAZASITS EPMS2411 EPMRS1 BPMAZZIE1 EPMAGIOEZ BFMCSTILY EPMC.1D25L3 EPMCISL3 BFMAIIGS.CL BPMOZ0ZZTL EPMEZZTSSA1 EPMAZAEITH

SASE2 SASE2

1 1.

0.8 08

0.6 0.6

0.4 04

0.2 02 n!‘ [ﬁ\ A A

o -

024 02 iv v

0.4+ -0.4-

05 06

0.8 -08-

1. -1

BPM3 2411 BPMAT0311  BPMRZ2(S2 EPMAATIB2 BPNCE1SL3 EPNR196.3 BPMASSSCL EPMLABS9TL EPMAZIOST1 EPNE2331.5A2 BPIAZS6ET3 EPMSZ0IN BPMAIN  EBPNR26312 BPMAATIEZ EPWCE13L3 BPMRI195L3 EPMATSS.CL EPMLASSSTL EPMAZIIGTI BRMEZI30SA2 BPMAZESETH
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[ [ The Virtual European XFEL Accelerator

European

XFELQ} The virtual XFEL - Orbit

LR XFEL_VirtualXfelain.xm|

Virtual XFEL Overview

Orbit & Torold
Sarver, Process, Display, Display

Action/Script

Responaible perscn
Energy Display Toroid Display Bump Tool - Magnet Display
Active connection

Orbit from Orbit ML Server

Nobean fnactivesection
BT e 13 —
SASE1 SASE1
1. 1.
0.8 0.8
05 0.6
0.4 0.4
0.2 0.2
o
-0.2:
0a 0]
-0.6- 0.6
08 0.8
. 1.
M 50 G A G A B P A M M
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0.4 0.4
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-0.2: -0.24
-0.4- 0.4+
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-0.8: 0.8
R 1.
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[ [ The Virtual European XFEL Accelerator

European

XFELQ} The virtual XFEL - Orbit

Virtual XFEL Overview

Sarver, Process, Display,
Action/Script
Responsible person

Active connection

XFEL_VirtualXfelMain.xml|

Orbit & Torold
Display

Energy Display Toroid Display Bump Tool - Magnet Display

Orbit from Orbit ML Server

No beam Inactive section

l:l Horizontal Vertical —
SASE1 SASE1

1. 1.

08 0.8

05 05}

0.4 0.4

0.2 0.2

-0.2:

04 0.0

-0.6: 0.6+

-0.8- 0.8

. 1.

EPMLZ411 BPMFASH EPNACZI G| DFMAAAOEZ BFMCETILS EPMCAOZSLS BFMC 135413 BRMAATES CL EFMDZ0Z2TL BPNEZ2TRSAI BRMAZ4Z1T4 GPMBZA11 BPMRSS 1 BPMASZYE! BFMAAA0E2 BRMCATILS EFMGA025.3 BFMGCAS84L13 BRMATES.CL BRMOZ0Z2TL EBPMEZ2TSGA  BPNAZE1T4

| Dataas Table |
SASE2 SASE2

1. 1.

08 0.8

06 0.6

0.4- 0.4

A A

"

W “V \’wj ae

-0.4- 0.4+

-0.6- 0.6

-0.8: 0.8+

ER -1,

BPMB20I1 BPMAIDSN EPWRZ(3L2 BPMAQTIEZ EPWCE1L3 EPMRIT95L EPMATGSS.CL EPMLIZGS.TL BPMAZINSTI EPMEZIS1SAZ BPMAZEGST3 BPM3Z4I1 BFMATIGI1 BPVR.Z03.Z BPMATLEZ BPMCE1BL3 EPWRAI6AS BPMAISS.CL BPMABGSTL BPMAZIOST1 EPMEZ331.SA2 BPMAZSEET3
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The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL — Data throughput

In-active  net img}

Manual link

Currently playing
M Bolo
Joset
M Karol

XFEL_VirtualXfelMain.xml /'

Orbit & Torold
Display

Bump Too - Wagnet Dispay

|

Watchdog

MainTaskbar

- e

e

Magnet Energizer
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[ [ The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL — Data throughput

‘sow® XFEL_VirtuaDielMain.xm| /if

Virtual XFEL Overview

Orbit & Torold
arver, Proces splay, Display

ActionSoript
E————

Responsible per

Active connectic

In-active  net img}

— Manual link

Currently playing
W Bolo
Joset

W Karol

W Lars

W Ot

W Pedro

W Raimund
Sascha
M Torsten
o Tim

W Viadimir
W Winni
WAl

rpe_test

Watchdog

MainTaskbar

# weLmnoLTz
ASSOCIATION
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European

XFEL

The Virtual European XFEL Accelerator

The virtual XFEL —

. Virtual XFEL Overview

XFEL_VirtualXfelMain.xml|

B B server, Process, Display,
B -ctonscrip
Respansible person
Active connaction
In-active / not implemented

" Manual link

Currently playing
W Bolo
[ Josef
W Karol
W Lars
W Ot
W Pedro
W Rakmund
[ Sascha
M Torsten
o Tim
W Viadimir
W Winni
Al

rpc_test
Watchdog

MainTaskbar
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Energy Display

Orbit & Toroid
Display

Toroid Display

Orbit Display

Bump Tool Sequencer

Magnet Display

Magnaet Energizer
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[ [ The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL — Timing

LN XFEL_VirtuaDielMain.xm| /if
Virtual XFEL Overview

Orbit & Torold
Display

Sarver, Process, Display, ¥

ActionSoript

S MainTimingSimxm| XFEL_SIM.DIAG/TIMER.CENTRAL/TIME1/SASE Magnet Display

Active connection

Main Operating | Special Bunches | Expert | Bunch Pattern Table

In-active / not implemented

Main Rep Rate:

Currently playing e SASE1
W Bolo
[ Josef Enable: [
W Karol
W Lars
Number of Bunches: [ ] Number of Bunches:

Ot .
W Pedro
W Raimund
Sascha Repetition Rate: Repetition Rate: mﬂ H
M Torsten

B Tim Max. Charge: | EEEKIIIRA ¥ Max. Charge: | EEEKIMEAH
W Visdimic
Laser: | Laser: [NNED

W Winni
A .
1.8unchPosition: e 1.8unch Position: LD}
Max. Bunch Duration: IR Max. Bunch Duration: | ERLL

net Enargizer

MO0 1200 1300 1400 1500 1600

rpe_test

Watchdog

MainTaskbar

# weLmnoLTz
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European

XFEL

The Virtual European XFEL Accelerator

The virtual XFEL —

. Virtual XFEL Overview

XFEL_VirtualXfelMain.xml|

B B server, Process, Display,
B -ctonscrip
Respansible person
Active connaction
In-active / not implemented

" Manual link

Currently playing
W Bolo
[ Josef
W Karol
W Lars
W Ot
W Pedro
W Rakmund
[ Sascha
M Torsten
o Tim
W Viadimir
W Winni
Al

rpc_test
Watchdog

MainTaskbar
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Energy Display

Orbit & Toroid
Display

Toroid Display

Orbit Display

Bump Tool Sequencer

Magnet Display

Magnaet Energizer
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European

The Virtual European XFEL Accelerator

XFEL] The virtual XFEL — Bunch pattern handling

Respansib)
Active con
In-active / n)
Manual link

Currently playing

M Bolko
Joset

rpe_test

Watchdog

MainTaskbar

Ll el (e Torold data from Torold ML
i

Details for Torold TORA.25.H sA1 Tbunches 9787 G TSbunches  9.503nC Gbunches  9.000nC

XFEL_VirtualXfelMain.xml /'

XFEL_ToroidML_Display.xml  XFEL_SIM. DIAG/TOROID.MLY

XFEL Toroid Display

[Enoace samons resnoe sa e |
net Display
TORAZSH TORA.GOLT TORA.11501 TORANUET TORAZIGHID TORA41SEZ TORAPSO7LY TORAI76S.CL TORA.MS9STLD TORAZZZATZ TORAZ7OLTA TORA.JNGSTID
L
®
°
LI ~
o
ot oo of o ® /
o °
PR

Tranmission [%]: HaN

Traniminsion [%]: HaN

19953 )

10k ts +1ho s 1o

Traniminsion [%]: 0.00

(008 )

1 eI
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European

The Virtual European XFEL Accelerator

XFEL] The virtual XFEL — Bunch pattern handling

XFEL_VirtualXfelMain.xml /'

XFEL_ToroidML_Display.oml  XFEL_SIM, DIAGTORDID. ML

XFEL Toroid Display

Ll (nc) Toroid data from Torold ML
1
= TG OIE WAL TORA EHARSE AT ot
inet Display
Active confiiil]

Manual link

Currently playing

M Bolko
Joset

TORA 2511 TORASON  TORAIISH  TORAZIOEY TORAZIGEID TORAAISEZ TORAISOTLI TORAIT6SCL TORAASSS.TLD TORAZIZHIZ TORAZTOLTE TORAJG5.TAD

| 00 G 00 0 | 0
o8 00 ] 00 O [ ——

°%

Details for Toreid TORA25.1 Sa1 t0eunches 0805 nC 18 bunches 2498 nC Gbunches  0.000RC
Trarsmission [%]: NaN Trassmission [%]: MaN (9740 | Transmission [%]: 0.00 oo |

10 e 118 1o

rpe_test

Watchdog -
MainTaskbar ~
*h 0 ] oka 1ok ko 1ot
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European

The Virtual European XFEL Accelerator

XFEL] The virtual XFEL — Bunch pattern handling

XFEL_VirtualXfelMain.xml /'

XFEL ToroidML_Displayxm|  XFEL_SIM.DIAG/TOROID. ML

XFEL Toroid Display

Ll (nC) Torokd data from Taroid ML
i TORDID MUTORA WCHARGE SA1 [aC)
net Display
Active conli T

Manual link

Currently playing

M Bolko
Joset

TORA2601 TORAS0IY TORAAISH  TORAZIAAT TORAZIAND TORAAISOZ  TORAJSOTAS TORAATSCL TORAISGSILO TORAZINNZ TORAZTELTA TORA0G5TAD

Details for Toreid TORA.25.11 sA1 10bunches  0.T85nC 15benches  8.503nC Obunchas 0000 RC
LL ]

Transmission [%]: NaN Transmission [%]: NaN 19914 | Transmission [%]: 0.00

LSV DA T CURDIENT OlBA 25 11, BudeB639 17358 [

rpe_test

Watchdog
MainTaskbar
L ! : } oke ok i 1ahs !

o s 118 1o
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The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL — Bunch pattern handling

XFEL_VirtualXfelMain.xml| ///

HFEL_TowoidML_Display.ami XFEL SIMDUAG/TON ML/ Toroid ML Serven(FEL_ToroidML_Display-xmi

XFEL Toroid Display

IwC] Torold data from Terokd ML
T Eecs e s s g

net Display

In-active |

Currently playing

M Bolko
Joset

TORAZSIT  TORASON  TORAIISH  TORA20181 TORAIBT.H2 TORAASOTLY TORLA AB6A.TL

Details for Torokd TORA2Z5.H a1 T8 bunches  0.798nC 18bunches  0.508 nC 0 tenches
Transmission [%]: MM 118008} Transmission [%): NsH (8846 ) Transmission [%]: 090

[T T T

rpe_test

Watchdog

MainTaskbar
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European

XFEL

The Virtual European XFEL Accelerator

The virtual XFEL —

. Virtual XFEL Overview

XFEL_VirtualXfelMain.xml|

B B server, Process, Display,
B -ctonscrip
Respansible person
Active connaction
In-active / not implemented

" Manual link

Currently playing
W Bolo
[ Josef
W Karol
W Lars
W Ot
W Pedro
W Rakmund
[ Sascha
M Torsten
o Tim
W Viadimir
W Winni
Al

rpc_test
Watchdog

MainTaskbar
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Energy Display

Orbit & Toroid
Display

Toroid Display

Orbit Display

Bump Tool Sequencer

Magnet Display
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The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL - LLRF

‘sow® XFEL_VirtuaDielMain.xm| /if

Orbit & Torold
Display

Taroid Display Orbit Display Bump Tool Magnaet Display
XFEL_EnangyOvarviawaml  XFEL_SIMAF/LLRFENERGYGAIN.MLY

XFEL Energy Overview

Currently playing Energy gain per module |m: Total energy gain

M Bolko
Joset

GUNIT MIAALZ MIATLI MZAMLY MAATILY MZAT7LY MAAZILY MZA2413 GUMI MIAL? MIATLI MCAIGLY MIATILY MAAITLI MPAZILY MMAZILI

Show all Click on section a to display s energy profile

o _{TEV—F\/—&=-

e e e el

146.6 MeV 701.2 MeV 2100.7 MeV 15377.6 MeV

pe_test
Watchdog

MainTaskbar had

ICALEPCS 2015 Melbourne, 20. October
Raimund Kammering, Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany

# weLmnoLTz
ASSOCIATION
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I The Virtual European XFEL Accelerator

su(rEErl‘_ Summary

The VXFEL us to:

» Test the network and data throughput

» Tests of the Timing System and Bunch Pattern Handling

» |s a test bed for all High Level Software

= Test naming conventions and prepare server configurations
= Port software from the VXFEL 1:1 to the XFEL

= Develop and test display concepts and displays

The VXFEL or only partly allow to:
» Test hardware
*= Do physical simulations
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I The Virtual European XFEL Accelerator
European
XFEL] Summary

33

Started as pure test for data throughput
Turned out to be vital tool for testing much more aspects of the software
Even further proved to be an essential tool for development of GUls

Allows to some extend physics experiments

Thank you for your attention!
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