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The European XFEL
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The European XFEL
Repetition Rate 1 - 10 Hz

Accelerator And Photon Beamlines RF Pulse (flat top) 600 ps

Bunches 27000/s
Bunch Charge 0.02 -1 nC
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The Accelerator
Control System



Concepts
MicroTCA.4 Base System

nm Modules
g .
Specifications ETTET -
MCH CPU Timing Protection Digital /O 'L-;-}rmf“ﬂ:ks
System Controller oo

« Standard hardware platform for all front-end device controls
« Remotely manageable and hot-swap capabilities
» Well-established Software framework based on open source standards

* For hardware support and applications

MTCA.4 Backplane

» Shot-synchronized acquisition system for online monitoring and offline analysis

Key Components

User program 9.3 keV 1-30 bunches

* MicroTCA.4 as standard hardware platform for front-end devices B

bbbbb

« Beam diagnostics, RF/LLRF controls, vacuum and magnet controls

* MicroTCA.4-based timing system suitable for pulsed accelerators

14811 MV| JAH1.11 20.42 MV

« DOOCS as control system software framework with integrated TINE and T
EPICS interface

* Integrated, shot-synchronized bunch-resolved data acquisition system

» Java-based, thin-client GUI for experts and operators plus MATLAB- and
Python-based applications

Java DOOCS Data Display (JDDD)

DESY. | The Control System For The Linear Accelerator At The European XFEL | Tim Wilksen | 09.10.2017 Page 6



Accelerator Control System Model

Classic three-layer design of an accelerator control system enhanced by integration of data acquisition system

Graphical

User Applications Interfaces

User Interface Layer
(Client Tier)

Application Interface

\

Data Acquisition

Middle Layer Application Feedback
(Service Tier) Servers Servers
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Resource Layer Device DeVice DeVice Device Server
Server Server Server (Timing

(Front End Tier) (Field bus) (LTCA) (PLC) System)
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DOOCS Accelerator Data Acquisition
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Fast, shot-synchronous data Slow data (fixed rate or event-based)
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MicroTCA Server Read-Out Example

Physical Device Server

Timing Server ADC DMA Se

I/O Device Server Location Location 1 Location 2
Device Node s2

) ZeroMQ

m=) TCP Device Driver Driver Driver

=) DMA

mm) Multicast

) RPC
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Status — Installation and
Commissioning
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File View Help

jddd 1.9.12/18.7.44 T4.6.1 wilksen@mcswilksen.desy.de rpc_test.xml XFEL.VAC/ABSORBER/XTD2_V10000M.STATE/

Device Filter

Location Filter

[ | |
tat I St I C S Facility Filter

IABSORBER

‘ w XTD2_V10000M.STATE

42Mb/1820Mb
Properties Filter filtered Read -> File

I ot m Plot All Locations il Show All Locations
CHAN v Refresh Table Show Value

System Statistics
» About 300 MicroTCA systems and server installed

* More than 9 million control system parameters visible in
accelerator namespace

» About 600000 of local DOOCS archives plus TINE
central archive

IXFEL_SIM.UTIL

-
JABSORBER
BEAMVALVE
DUMPPS
EPX_ISO
IN).SV
ISOVAC10
ISOVAC11
ISOVACS
ISOVAC9
ISOVALVE10
ISOVALVE11
ISOVALVES
ISOVALVES
LEAK_D
LOCATIONS
0SD.5V
PENNING
PING
PIRANI_VALVE
PLCPS
|_[fpump_sTATION

AC.MS.QMG220
ENTING

[KARABO._SVR

INAMES
TD2_V10000M.HARDWAREST|
TD2_V10000M.STATE

XFEL.VAC/ABSORBER /XTD2_V100... 25 Values type|
LA (TR 5 =

STS.ERROR pendin

STS.NEWERROR 1

- SysMask Filter

DOOCS hosts= xfelml!1 lib = 610492011 ( server_mask = 2 auth_mask = 0 options = 0 status = 0)

STS.ERRORMASK e
STS.ONLINE device on-lin
SET.ONLINE command fo

ERROR general error

ERROR.STR error 0 0.0 0.0 1005585366 ok
SYS_MASK bit mask s the 1

231

0.0
0.0

DEVICE.INFO edit inf the 0 0.0 606.0 1399367680 "test"

MESSAGE what the |

LAST_UPDATE last online fime | "21. Jun. 2017 19:24:35.000" 1498...

LAST_USRI last online fime 1. Sec, |"01. Jan. 1970 01:00:00.000" 0 "0...

[SPN subscription port number 00.00.00

SVR.ADDR sfring fo the serve XFEL.VAC/ABSORBER/KARABO._SV...

UPDEN enable channel updates o

HISTEN history enable o
0 channel name SAL_XTD2_VAC/PNACT/V

VAL Karabo channel value OPENED

Namespace
Browser

all_daqg_status_overview.xml XFEL.SYSTEM///

Node Input Rate [MBytes/s]

« More than 800 different device types and 38000 e e P

Node Output Rate [MBytes/s] Data Directory Free Space [TB] Used [%]

I t- p XFEL Main DAQ (Diagnostics)
ocations [ Waichdog |

Run Control XFEL
) Status

Data Acquisition System Statistics e e

XFEL LLRF DAQ

« Running since first day of RF-gun operations o E

= Run 579 started at 20170919T085118

» Four instances for diagnostics, RF/LLRF =l ezt resrona

Watchdog

» About 1.5 GB/s sustained input rate o [

Run 580 started at 20170919T085943

« More than 13000 complex DOOCS channels e

Run Control XFEL ...

Status

« Compressed data rate to disk up to 30 TB/day Rt siteda 20TOBTIGS00

® ]

* Virtual XFEL instance for test and simulation
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DAQ Status and

space/POOL
data/xfel/lUSR1

space/POOL
ydag_data/xfel/lUSR2

6794 TB free
daq_data/xfel/EXT 6.794 T8 free IECALRA

/space/POOL 19.749 TB free
/daq_data/xfel/SIM 19.749 TB free

tput Rates
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Experiences

Installation and Commissioning

« Staged installation posed challenge to parallel
commissioning of completed sections but doable v

« Staged commissioning process required to have
accelerator control system infrastructure and common
software in place from day one v/

« With ongoing installation phases workflow, tools and
experience improved; paid off already for maintenance v/

Design

» Well-known software frameworks and expertise on site
saved time for implementing required controls applications

 FLASH as “prototype” and test-bed facilitated launching
the MicroTCA hardware for the European XFEL accelerator

» Virtual XFEL turned out to be a useful tool for testing new
concepts and software — learned “on the way”
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Conclusions

» The control system for the European XFEL linear
accelerator has been operable from day one!

* MicroTCA.4 hardware platform well established
within the accelerator control system

« Standardization of hardware and software simplified
implementation, deployment and maintenance ->
reliability and availability

* Fast and very successful commissioning of the
accelerator control system
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Outlook

» Accelerator control system components installation
completed this month for second electron beam line

* Upcoming commissioning of two photon beam lines

» Operations with multiple electron and photon beam
lines and — will profit from FLASH experience

* Regular scheduled user runs

* Upcoming challenges prompted by photon science
experiments
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Thanks for your attention!
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