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I The Virtual European XFEL Accelerator

European

XFEL] Introduction

Can not talk about;

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

the FLASH facility
(see MOC3007, ICALEPCS2007 TOAA04, ...)

1]

© | Name Server, |
= | Files, DataBase

Middle Layer  Client Layes

the control system
(see ICALEPCS2009 MODO004, ... )

Front-end

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




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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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

Lessons learned at other facilities:

Need to have

Set up

Test and thereby

software

foreseen

Proce:

activities

rOCEss ion and data
analysis software fully prepared ahead of ime to support commissioning

Reliable Diagnostics: Reliable diagnostics for all (or almost all) electron

beam parameters throughout.

for the

from multiple DESY groups to
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The Virtual European XFEL Accelerator

European

XFEL
FLASH is the little brother of XFEL ‘-'

From FLASH to 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
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_VirtualXfeMainaml 2/

1 Virtual XFEL Overview
XFEL!

_ Orbit & Toroid
B B server, Process. Display, Display

B -cvonscrie

Responaibie perscn = Y
f Enrgy Display Toroid Display Orbit Display Bump Tool Magnet Display

Active connection

In-active / not implemernted

Manual lirk

Currently playing

W Bolo
3 Jossl
W Karal

Magnet Enorgizer

rPe_test

Watchdog

MainTaskbar
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I - The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL -

XFEL_VirtualXfeMainaml 2/

1 Virtual XFEL Overview
XFEL!

_ Orbit & Toroid
BB B seever, Process. Display, ety

B -cvonscrie

Responaibie perscn = Y
f Enrgy Display Toroid Display Bump Tool Magnet Display

Active connection

In-active / not implemernted

Manual lirk

Currently playing

W Bolo
3 Jossl
W Karal

Magnet Enorgizer

rPe_test

Watchdog

MainTaskbar
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[ [ The Virtual European XFEL Accelerator

European

XFELQ} The virtual XFEL - Orbit

elain aml

Sarver, Process. Display,

ActionSoript

Rasponainle parsca
Energy Display Toroid Display Bump Tool - Magnet Display
Active connaction

Orbit from Orbit ML Server

No beam Inactive section
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
i i,
GPMSZ411 EPMRSE[1 EPMAZZ1EY BFMALOEZ BRMCETILY EPMCADZSL9 BPMCASSMLT BPMAITSS.CL BPMD2022TL EPMEZZTHSAI EPMAZISTA GPISZLIT BPMRSS| EPMAZ21E( BPMAMADEZ BPMCEPILS BPMCADZSLY BRVCA394L9 BPMAM7GS.CL BRNDZ022TL EPMEZZ7O.SA1  BPMA2421T4
SASE2 SASEZ
1. 1.
08 0.8
05 06
0.4- 0.4+
i A A
vi[y
0.2 0.2+ v
04 0.
0.6- 0.6+
0.8 0.8
1. a,
GPMBZAIT BPMAAGSN  BPVR 24312 BRNAATISZ EPNCEIBLS BPMR19503 BPMAESSCL EBPMLAGSSTL BPMAZIOST! BPWEZ33 AR BFMAZERSTS GPMEZLIT BRMAMDSI  SPMRZGBLZ BPMAMTIB2 EPMCETSL BRMR1SBLS EPMA1GSOCL BEMIIGHTL GFMAZI09T{ EPME2031SAZ BFMAZESETS
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[ [ The Virtual European XFEL Accelerator

European

XFELQ} The virtual XFEL - Orbit

elain aml

Sarver, Process. Display,

ActionSoript

Rasponainle parsca
Energy Display Toroid Display Bump Tool - Magnet Display
Active connaction

Orbit from Orbit ML Server

No beam Inactive soction
Horizontal Vertical = =
SASE1 SASE1
1. 1.
0.8 08
05} 05
0.4 0.4
0.2 A 0.2
AR X it 0P o b »
VAL A i e i s 2o e
0.2+ -0.2-
0.4+ 0.4
0.6 -0.6-
0.8 0.8
4. 1.
BPMD2411 EPMPSSI1 EPMAZZLE! BFWAMO.E2 EPNGSTILS BPMGIDZGLS BPMC 13943 EPWAITGSCL BPMDZ0ZZTL EPMEZZTOSAT EPMAZ4ZIT EPMOZ4I EPMR951 EPNAZZIE1 BPMAAMDEZ BFMCSTILI EPMC.025.3 EPMCIB6L3 BFMATTGS.CL BPMOZ022TL EPMEZZTSSA1 EPMAZASTH
SASE2 SASE2
1 1.
0.8 08
0.6 0.6
0.4 04
024 02 f\ A A
u&}‘; P I P S S »
Y& W i LW |
0.2 -0.2-
0.4+ -0.4-
05 05
-0.84 08
-1 -1
BPM32411 BFMATISH BPMR2(S.2 EFVALTE2 BPNCE1ELS EFMRII9LS BPUAISSSCL BPM18897L BPMAZIOST] EPME23S1SA2 EPMAZSEST3 BPMBZ4N EFMADSN EPNR24S.2 EFMALTIEZ EPNCE1SLY EFMRI19ELS EPMATSSS.CL EPMLISSSTL BPMAZIOSTI EFMEZISNSAD EFMAZEGETS
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[ [ The Virtual European XFEL Accelerator

European

XFELQ} The virtual XFEL - Orbit

Virtual XFEL Overview

XFEL!

BEE W server, Process. Dispay,

B -cvonscrie

Haine  Rsponsiie persca
S s = - i
s ACTiV® CONNBCHON

Orbit from Orbit ML Server

No beam Inactive section

Horizontal Vertical —
SASE1 SASE1

4 1.

0.8 08

0.64 06

0.4 04

0.24 n f\ 02

W e }\v“u“whv“v"uhy‘ Al

A

0.4+ 0.4

0.6 -06-

0.8 -08

A, 4.

OPM3211 EPMPSS.1 EPMAZZLE! EFWAG40E2 EFNGETILS EPMCI0Z6L3 BPMC1396.L3 EPMAITGS.CL EPMDZ0ZZTL EPMEZZTBSA1 EPMAZ4SI.T EPMBZ4I1 EPMRIS1 BPMAZZIE1 EPMAGIOEZ EFMCSTILS EPMC.102513 EPMC1S6.L3 BFMAATGS.CL BPMDOZ0Z2TL EPMEZZTSSAN EPMAZ4E1T4

SASE2 SASE2

1 1.

0.8 0a:

0.6 0.6-

0.4 04

A AN

o A

0.4+ -0.4-

05 06

0.8 -08-

1. -1

GPME2411 BFMATI9N  BPMR2SL2 EPMAITILEZ BPNCEISL EPMRAI96.3 PMASSCL EPMLABSOTL EPMAZIOSTI EPNEZ331SAZ BPMAZEGET3 BPMSZLIN BPMATNLIN  BPNGIE302 EPMAATIEZ EPMCE19L3 BPMR1195L3 EPMATSSSCL EPMLASSSTL BPMAZ109T1 ERME2331SA2 BPMAZSSSTI
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[ [ The Virtual European XFEL Accelerator

European

XFELQ} The virtual XFEL - Orbit

Virtual XFEL Overview

XFEL!

BEE W server, Process. Dispay,

B -cvonscrie

Haine  Rsponsiie persca
S s = - i
s ACTiV® CONNBCHON

Orbit from Orbit ML Server

No beam Inactive section
’—‘ Horizontal Vertical —
SASE1 SASE1

;& CJt

08 0.8

08 05]

0.4- 0.4

0.2 0.2

o-

0.2 0.2+

04 0.4

-0.6- 0.6

0.8 0.8+

. 1.

EPMLZA1| BPMRGSH BPNAGZIE| BFMAMMOED BFMCETIL3 EPMCAGZSLS BPMCI3SLLS BFMATESCL SFMOLGZTL BRNEZSTAGAI BRMAS4E1TA BPIML 2411 BPNRGSI1 BPMASZ1E! EFMAA40E2 BRMCETILS BFMGA025.3 BFMG 39415 BRMATGS.CL BRMOSOZETL BFMEZETSSA  BPMASLR!T4
\_idataas Fabie__|

SASE2 SASE2

1. 1.

s 0.8

06 0.6

0.4- 0.4

i 1 /’\ A

Ylk A 1'\ t"xv VAVAVAH Al s

02 L‘ u 0.2

-0.4- 0.4+

08 056

-0.8- 0.8

1 -1

BPMS2011 EPMAIDLY EPWRZ(3L2 EFMAOTIEZ EFWCEISL3 EFMRIT9ELS EPMATSSS.CL EPWIASSSTL BPMAZIISTI EFMEZSIISA2 EPMAZGERTS BPMEZ4I1 EFMATIZN  BPVR.2S.2 EPMATIE2 EFMCE1SL3 EFWRILS EPMAISSSCL BPMISSTL BPMAZIOST1 EPMEZISISAZ EPWAZEGEI3
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[ [ The Virtual European XFEL Accelerator

European

XFELQ} The virtual XFEL - Orbit

elain aml

E Virtual XFEL Overview

BEE W server, Process. Dispay,

B -cvonscrie

Haine  Rsponsiie persca
S s = - i
s ACTiV® CONNBCHON

Orbit from Orbit ML Server

No beam Inactive section

Horizontal Vertical —
SASE1 SASE1

1 1.

0.8 0.8

05 05}

0.4+ 0.4+

0.2+ 0.2

0.2+

0] 0.4

-0.6-4 0.6+

0.8 0.8+

. 1.

BPMb2A 11 BPFGSI BPMAGETE1 DFMAMMDES BRMGETILS EPMCAGZSLS BPMC 135413 BEMAATSCL EFMBL0ZIL BRNEZSTRSAI BRMAZ4E1TA BPMBZAI1 BPMRGS 1 EPMASZYE! BFMAAA0ES GRMGATILS EFMCA0SS.S BPMCAS84 L3 BRWATGS.CL SRMDS0Z2TL BPMESSTSA | BNASE1T4

| Dataas Tabie |

SASE2 SASE2

1. 1.

0.8+ 0.8

0.6 0.6

0.4 0.4

A A

"

w “V \h/ I

0.4+ 0.4+

0.6 0.6

0.8 0.8

1 -1

BPMB24I1 BPMANDSN BPWRZ43.2 EPMAGTIEZ EPWCE1L3 BPMRIT9BL BPMATGSS.CL EPMLIGGSTL BPMAZINSTI BPMEZSSTSAL HPMAZHGSTS BPMBZAI1 EFMANIGI1 BPVR.Z3.Z EPMAATLEZ BPNCE1BLI BFWRAIGAS BPMAISSCL BPMISGSTL BPMAZIOST1 EPMEZ331.5A2 BPWAZSORTS
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The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL -

In-act

s— MAnUA1 link

Cusrerdly playing
W Bolo
13 Joset
W Karol

Data throughput

XFEL_VirtualXfeMainaml 2/

Orbit & Toroid
Displ

rRc_test

Watchdog

MainTaskbar

Magnot Display

v

[ 4
Magnat Enorgizer
v
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[ [ The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL — Data throughput

‘soe XFEL VirtualXfebhain aml 4/

Virtual XFEL Overview

Crbit & Toroid
[ server, Process. Display,

ActionSoript .

Rusponsile pers R B e L

Active connectic
In-active

s— MAnUA1 link

Currertly playing
W Bolo

3 Joast

. Kavel

W Lara

| Otat

W Pedra

W Rasmund
3 Sascha
M Torsten
- Tim

W Visdimir
W wni
AR

rRc_test

hdog

MainTaskbar
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I - The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL -

‘soe XFEL_VirtualXfeiainam| 4/

Virtual XFEL Overview

ocess. Display,
B cvonseri
Responaibie perscn
P Enrgy Display Toroid Display Orbit Display Bump Tool Magnet Display
Active connection
nuas 3 0 [ not implemerded
— Manuad link
[T

W Bolo
13 Joset

Magnat Enorgizer

rRc_test

chdog

MainTaskbar

ICALEPCS 2015 Melbourne, 20. October ﬁ HELMHOLTZ
ASSDCIATION

Raimund Kammering, Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany



[ [ The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL — Timing

L] L] XFEL_VirtualXfeMainaml 2/

Orbiit & Toroid
Displs

\ Process, Display, lay

ActionSoript

ek ponalis parsce MainTimingSim.xm| XFEL_SIM.DIAG/TIMER.CENTRAL/TIME1/SASE Magnet Display
Active connaction

Main Operating | Special Bunches | Expert [ Bunch Pattern Table

In-activa / not implomarted

Manuai iirk. Main Rep Rate:

Syt L [ sase1 |

W Bomo

B3 Jossf Enable: [

W Karol

W Lary

W Olat Vi Number of Bunches: [ Number of Bunches:

W Pedva 4

W Rammund §

Sascha Repetition Rate: mﬂ H Repetition Rate: mﬂ H
M Torstan

- Tim Max. Charge: | EEEKIIIRA ¥ Max. Charge: | EEEKIMEAH
W Visdimic \
\ Laser: |EHENNNNNEA Laser: [NNED

W Wnni
AN

net Enargizer

1.8unchPosition: e 1.8unchPosition: L0eR
Max. Bunch Duration: IR Max. Bunch Duration: IR

900. 1000 1100 1200 1300 1400 4500 1609

rPe_test
tchdog

MainTaskbar
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I - The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL -

1 Virtual XFEL Overview
XFEL!

XFEL_VirtualXfeMainaml 2/

BB B seever, Process. Display,

B -cvonscrie

Raspora ole parsoa :
Energy Displa

Active connection
In-activa / not implomarted

Manual lirk

Currently playing
W Bolo
3 Jossl
W Karal

Crbit & Toroid

Miasluu

Orbét Dinplay

pe_test
Watchdog

MainTaskbar
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[ [ The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL — Bunch pattern handling

‘soe XFEL VirtualXfebhain aml 4/

KFEL, TomaiciL Display.smi  XFEL_ S8, DVAG/TORIDID. MLY

XFEL Toroid Display

BEEell (o) Toroid data from Torid ML
1

[ TOR o v ToRA SrEmAR S Ay o

IORAZSH  TORAGLIT  TORAISH  TORANOEY TORAZIGEAD TORA41SE?  TORAPSO/LY TORAI7ESCL TORAPSSSIL0 TORAZIZAN TORAZIILTE TORAIDGSTAD
"

Details for Torcld TORA.2511

Raspans i)

Active con
In-activa I n)
Manuai link

Currertly playing

W Bolo
13 Joset

2000 C

1 bunches.

LA 28030C
Transmsion [%]: HaN

R

@ bunches
Transmmsion (%} 8.00

18 bumc s
Transmission (%1 HaN

AP BL_ UM DA OGO DA 1, el TFaes o)

rRc_test

Watchdog
MainTaskbar z
L g A 3 wha b vk o o [
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European

XFEL] The virtual XFEL — Bunch pattern handling

The Virtual European XFEL Accelerator

‘soe XFEL VirtualXfebhain aml 4/

XFEL Toroid Display

Active con
In-activa |
Manuai link

Currertly playing

W Bolo
13 Joset

TORAZS  JORASDN  TORAUIGN  (ORAZIOST TORAZEAD TORAAISOT  JORAISTLY TORASTGSCL TORA.99STL0 IORAZZZANZ TORAZAUATA FORASOGATID

Datalls for Toroid TORA2Z5.1 10 punches.

Tramsmisabon P]: NaN

.85 nc
(3842 )

18 nches
Tranamizsion []: MaN

@AM nC
8 )

o bumches.
Transmission ') 0.00

rRc_test

Watchdog
MainTaskbar 2
A o - =h = 2k e " b [ wta o " s
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[ [ The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL — Bunch pattern handling

‘soe XFEL VirtualXfebhain aml 4/

XFEL Toroid Display

‘orokd data from Torold ML
EnahiE a1 p ]

Active con
In-activa |
Manuai link

Currertly playing

W Bolo
13 Joset

TORA 211 TORASON  TORAIISN  TORAZNGHY TORAZIGEAD  TORAAISIE  TORASSIZLY  TORANESCL TORASISILD FORAZIZNIZ  TORAZAILTE TORA 06510

Datails for Toroid TORA.25.1 L 10bnches  0T8SNC AStenches  8.503nC Obunches 000D RC
Trassmmssion ['%]: NaN {9990 | Tremamission [%]: MaN 19994 | Tramsminsion [B]: 0.00 (LY ]

|| T
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[ [ The Virtual European XFEL Accelerator

European

XFEL

The virtual XFEL — Bunch pattern handling

XFEL Toroid Display
W;'J Toroid data from Torold ML
i n.o:‘ Erceos s mons misnag wag pr)

Active coniit]

in-active / oS
Manua link]

Currertly playing
W Bomo

TORAZAI  TORADOHN  TORAIIGH TORKAIZA1 TORAIBOZLY

ol 00 gi—=] 00 o
[ = [

L

Dretails for Terold TORA.2511 10 bunches 18 buncows 0,508 nC Dzunches.
Transmisalon %] Nad Tranamision [%5: N REAE | Transmiision [%]; 00

rPe_test
Watchdog

MainTaskbar
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I - The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL -

XFEL_VirtualXfeMainaml 2/

1 Virtual XFEL Overview
XFEL!

_ Orbit & Toroid
B B server, Process. Display, Display

B -cvonscrie

Responaibie perscn = Y
f Foraid Display Orbit Display Bump Tool Magnet Display

Active connection

In-active / not implemernted

Manual lirk

Currently playing

W Bolo
3 Jossl
W Karal

Magnet Enorgizer

rPe_test

Watchdog

MainTaskbar
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The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL - LLRF

Virtual XFEL Overview

BB B Sorver, Process. Display,
Acton/Script
Raspanaitile person ey v

il oo Tesroid Diisplay (Orbét Dinplay Bump Tool ~Sequenc Magnet Display

Active cod rayGunrvmw s NFEL S

In-active /

XFEL Energy Overview

Enargy gain per moduio

Manuai iiry

Currertly playing
W Bomo

W AL R
GUMH MLALLY MIAVLY BATALY BMOAIILY MIATILY M2ADAY BMLAZILY

Show all Glick an section a 1o display It's anargy profils

EV_FV_‘:=\
-

146,56 MoV T01.2 MeV 21007 MoV 15377.8 MeV

Watchdog

MainTaskbar s
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[ [ The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL - LLRF

XFEL_VirtualXfeMainaml 2/

Virtual XFEL Overview

BB B Sorver, Process. Display,

ActionScript
Rasponainle parsca

ot Faroid Display Orbét Display Bump Tool Magnet Display
Active co

sl | XFEL Energy Overview

oy Enargy gain por module Tatal enorgy gain

Currertly playing
W Bomo

et Cliek o ssction a to display It's snergy profile

7aVam = \Van === \ /_‘
== =m0

MainTaskbar } >} >} > )

146451 MeV

146.5 MeV T01.1 MoV 12679 MoV
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[ [ The Virtual European XFEL Accelerator

European

XFEL] The virtual XFEL - LLRF

XFEL_VirtualXfeMainaml 2/

Virtual XFEL Overview

BB B Sorver, Process. Display,
Actian/Script

Responsitle parson

Magnaot Display

Active o

In-activa |

sl " XFEL Energy Overview

ircv) Enoegy gain per module Total energy gain

Currently playing
W Bolo
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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

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



-

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 GUIs

Allows to some extend physics experiments

Thank you for your attention!
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