The MicroTCA-Based
Accelerator Control System
For The European XFEL

Tim Wilksen
7t MicroTCA Workshop

Hamburg, 05.12.2018

HELMHOLTZ




Overview

1 Overview
The European XFEL
The Accelerator Control System

Status and Experiences

a o O DN

Summary

DESY. | The MicroTCA-Based Accelerator Control System For The European XFEL | Tim Wilksen - DESY | 05.12.2018 Page 2



The European XFEL



The European XFEL

Aerial View Of The European XFEL

Length: 3.4 km
Total tunnel length: 5.8 km
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Experimental hall Undulator sections and Linear accelerator Injector on
Schenefeld Campus photon beam tunnels 1.9 km long / 17.5 GeV DESY Campus

Schenefeld,

Schleswig-Holstein Hamburg
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The European XFEL

Pulse Repetition Rate 1-10 Hz 10 Hz
Accelerator Layout Bunch Repetition Rate 0.5-4.5 MHz 4.5 MHz
RF Pulse (Flat Top) 650 ps 650 ps
Electron Bunches 27000 /s 27000/ s @ XTL
Photon Pulses 27000 /s 5000/s
Electron Bunch Charge 0.02-1.0nC 0.1-0.5nC
Electron Beam Energy 6 -17.5 GeV 17.5 GeV
Photon Energy 0.2 — 25 keV 0.6 -1.2; 7 -19.3 keV
mw electron tunnel &, electron kicker . rf gun
W photon tunnel ®, electron bend B rf modules / linac
B B B yndulator B electron dump == experiments
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The European XFEL

Commissioning Timeline

RF pulse 650 ps with 2700 bunches at 10 First lasing SASE2
Hz repetition rate and 14 GeV in LINAC May 1 2018

TLD 8.0E4 W NOV 2 201 8 =
2699 @99 % = Mar 13 2018
o !o:| _._

Z~—=13997 MeV

First user run
SPB / FXE

Apr 17 2017 Sep 2017
; First user run

First RF gun operation Dec 2013 =
First lasing SASE1 S
First beam in injector Dec 2015 rst1asing Dec 2018
irst beam in injector Dec May 3 2017
LINAC commissioning Jan 13 2017 oy ogl
- Feb 252017 @ 1.5 GeV First lasing SASE3 E
- Apr82017 @ 12 GeV Feb 8 2018
- Oct 23 2017 @ 14.9 GeV —y=

- Jul 122018 @ 17.5 GeV @1smm
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The Accelerator
Control System



The Accelerator Control System
System Layout

User Interface Layer Applications Interfaces

(Client Tier)

DOOCS Application Interface

DOOCS Data Acquisition

Middle Layer Application Feedback
(Service Tier) Servers Servers
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Resource Layer Device Device ' /
(Front End Tier) Servers Servers
(UTCA) (Fieldbus)
Timing & Synchronization J
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The Accelerator Control System
Standards

MicroTCA.4 PICMG Standard
Common
Hardware
Platform

Basic set of MicroTCA modules common for all systems
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MicroTCA Common Module Set

Standard set of MicroTCA modules used in the European XFEL accelerator control system

Common Modules
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MicroTCA Appl ications Tutorial on MTCA 4

based Timing System
Timing System Workhorse — NAMC-psTimer AMC

Kay Rehlich
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Three optional RTM
variants:
9 lemo outputs, SFP
outputs, optical outputs with
more trigger or clock signals

IN OUT OUT OUuT

- -
B L L

|

4 x General I1/0O

2 x Trigger out
1 x Clock out

2 x Trigger out
1 x Clock out

MicroTCA backplane
Clocks: TCLKA and TCLKB,

Trigger: 8 x M-LVDS

2 x Trigger out
1 x Clock out

Courtesy K. Rehlich
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MicroTCA Applications

Timing System @ EuXFEL

= Star topology with master timing system
synchronized to 1.3 GHz reference from master
oscillator

= Timing Master distributes encoded data with
events for trigger, bunch pattern table, clocks to
all receivers across the accelerator subsystems
as well as shot or train ID for tagging data

Up to 4km optical link

Master 1.3 GHz
Clock

de|ay Drift
Compen- 1
sation

Trigger out ¢

Data Word
dla vvuiu
vata vwwuiu

Timestamp

Macropulse ID
Clock out

Bunch Pattern Table: .

Number of bunches [ | 1Q_yallf|ed

with source and 2 v rigger
out

destination

Timing Tutorial on

Local Trigger MTCA. 4 based Timing

Mask
Machine Protection
Limitation of bunches
Courtesy K. Rehlich
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MicroTCA Applications

Bunch Pattern Application On MicroTCA Timing System Master

Bunch pattern define structure of electron and photon beam — Number, spacing, distribution

Bunches up to 27000/s w/ 650 ps RF pulse
Spacing up to 4.5 MHz at 10 Hz repetition
Pre-bunches, intermediate gaps

Lower bunch repetition frequencies 1 MHz
Any user-defined bunch patterns
Beamline-specific bunch patterns

Bunch patterns for pump-probe lasers

»
»
»

SASE1 SASE2 /_wy
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B =Ne —__;P. I —
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TLD ‘./. .
Il i N Ju—1
t t | |
IBFB Gap for ramping up kicker
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MicroTCA Applications
Machine Protection System

Protection from accelerator damage and
activation through beam operations: Bunch pattern table Timing Master | s tion pattern vector
> Locic | ) MPS Masters
S

stop or limit electron beam - Beam Mode vector
- Decentralized system with master permitied bunch pattern et § | # 4 §
- Collects various inputs from . v v v
. . egend: min min
subsystems via RS422 inputs s e IR A K]
- FPGA-based processing of input  —— wuuosea: /A /AN T AN

. ‘ ! / /
signals —— lnformation m\ﬁ /_'_/_-

- Provides beam and section pattern \ \ % L > e
to timing system W W R

- Autonomous slave MicroTCA o o i
modules (DAMC2 + MPS RTM) l :

-  RTM with RS422 inputs and outputs

XILINX Virtex-5 FPGA
MMC support

Control Injector

45 digital inputs (RS422)
7 digital outputs (RS422)

onboard flash-memory 2 input lines from backplane

1 Gbit SDRAM 2 output lines to backplane

3 digital inputs from FMC-card
12C-bus to FMC-card
PCle-bus to all FPGA-registers

optional dosimetry FMC-card

4 double-fibred bi-directional optical
links (SFPs)

IPMI and JTAG for firmware updates

XFEL & FLASH
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MicroTCA Applications

Special Diagnostics — CRISP THz Spectroscopy with MHz readout
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MicroTCA Applications

Special Diagnostics — KALYPSO Line Detector with MHz readout

PAUL SCHERRER INSTITUT gg(IT m
E@] et rLEids

Courtesy C. Gerth

KALYPSO
mezzanine card

MTCA .4 Crate

« AIES MFMC (Artix 7)

« CAENels SFP2+ 2-ch.
Transceiver (FMC20)

“%. Multimode Fibre -
(< 500 m, 6.4GB/s) ‘

Carrier wit
FPGA Artix 7

Diagnostic  0-120V HDMI
USB port supply output

1 0-10V 1 Timing l
supply input Optical link
¥ \ \

A. Mielczarek et al., IEEE Transactions on Nuclear Science, in print, 2018.

KALYPSO mezzanine card + FPGA Carrier
» Parameters for current version 2.1
« 256 pixels, 50 uym pitch

* 14 bit ADC, 2.7 Mfps
» Synchronisation to clock of timing system
« Continuous, low-latency data stream out
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MicroTCA Applications
“Slow” MTCA.4 Applications

.

= Magnet Controls connected to P/S controls via CANbus

= Vacuum Controls connected via CANbus to vacuum electronics

-

= Large, distributed Dosimetry System ESD 4-Fold CANbuS AMC
= Using FMC on MPS DAMC2 w/ external DOSIMON Boxes

connected via ring line (RS488 telegrams)

RTM w/ VHDCI
inputs for DAMC2 AMC w/ MTCA.4 based Cavity and Coupler
.coupler CPL IL Firmware Interlock at the European XFEL
interlock Dimitri Tischhauser

signals

e
SPB/SFX e b 3T Overview, experience and first results
S Femtoemnd oy SR & of MTCA applications at European
; XFEL Experiments
Bruno Fernandes

econd X-Ray Experiments l
e -

MTCA.4 @ Experiments
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Status and
EXxperiences



Status

= More than 10 million addressable DOOCS
control system parameters visible in
accelerator namespace

= About 700.000 local DOOCS archives plus
TINE central archive

=  More than 20.000 DOOCS channels from
MicroTCA front-ends are sent to the DAQ
producing data of up to 30 TB/day

= About 30 different kinds of MicroTCA-
based software applications are in use

= Redundant server infrastructure for
essential services

e p— X

proM Corth 2
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proll Cenbit 2
prot Corbit 2
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9O et & 0.0.0 608.0 1 379367680 “hes
@ Hist:FLASH.RF/LLRF.CONTROLLER/C1 \CC1/PROBE.AMPL.SAMPLE

. 1911, 2011, 21.11.
2015 2015 2015

About 250 MicroTCA systems online as
of November 2018

More than 3100 MicroTCA modules
(AMC, RTM, P/S, MCH) installed at the
XFEL accelerator control system e.qg.

Timing System: ~ 400 modules
ADC AMC variants: > 400 modules
DAMC2 AMC: ~ 600 modules
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Experiences

Experiences With MicroTCA Components In The Accelerator Control System

More than 1 %% year of quite succesfull machine operations

Teething trouble with MicroTCA components and system
integration resolved

Some leftovers turn into systematic ones:

DAMC2 - overcurrent issue: likely bad batch of capacitors

affecting many installed AMC — replacement with fixed ones
ongoing

*  MCH - P/S communication issues — rare and various signatures
— very hard to reproduce in lab test stand if at all — not
understood by now

« MCH firmware — many smaller issues resolved by now

» PCle driver — CPU interrupt issues — mostly resolved but some
interference with same of the kind ...

Various smaller issues likely related to beam operations

« Radiation-induced failures (SSD, possibly FPGA) mostly in
LINAC areas however redundant SSD — RAID — saves downtime

» Very rare FPGA black outs and/or memory corruption
Remote management of crates and modules through IPMI

pays off now during standard operations — enables fault
resolution and saves downtime of machine operations

MicroTCA Crate And Module Management

0
o

SD on CPU AMC

J il
. - y i
R e : A

DOOCS IPMI Crate Management
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Experiences
MicroTCA Systems For DAQ

= EuXFEL: DAQ is integral part of
accelerator control system
= Utilizes event-like structure allowing for

synchronized data
(big data trend in 2018 according to Gartner)

= Continuous data acquisition with multiple
streams 24/7

= Input rate from MicroTCA systems about
1.5 Gbyte/s for standard data

= Would result in 130 TB/day without
compression — compressed 30 TB/day

Challenges:

LI A

DMA
ZeroMQ
DOOCS RPC

UDP Multicast

TCP
SHM (DAQ)

Application

(%20 ) oo ][ marwse J[_cree ]
P>
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RAID K V" Event
Cluster [ Builder &
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Collector

Middle Layer

Front End Layer

Physical Device Server

1/0 Device Server I (: ! IDMQ)
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Device Node

Driver Driver

Central Timing ADC SIS8300 ADC SIS8300

MicroTCA Backplane - Triggers and Clocks

Device Driver

Expect more data to come from diagnostics AMC modules (see CRISP and KALYPSO)
More data for monitoring with respect to fault detection, predictive analysis, post-mortem analysis

and reliability and availability aspects in general

Continuous wave (cw) operation

Requires capable CPU AMC (memory, processing power, throughput) -> MCH bandwidth
Requires faster Ethernet - CPU/MCH connection via 10G+ Ethernet

More CPU power per system - distribute AMC readout among several CPU modules
More powerful FPGA and shift applications from CPU to FPGA for data handling and
processing
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Summary



The European XFEL accelerator is operating in production mode serving
photon science users now using both electron beam lines

Standardization of hardware and software simplified implementation and
deployment

Stable operation of the control system for the European XFEL linear accelerator
since one and half a year

Parallel operations of multiple electron and photon beam lines successful

MicroTCA.4 hardware platform well established at the European XFEL

s —
(%) SASE1/SASE2/ SASE3 Facility development

N — XTD1-3-5-7 Beam Permission
2018-11-03 20:05:29 Op mode: SASE1/3 SASE2 TLD Bunch train max: @ SASE1/3 @ SASE2 @ TLD P

XTD2-4-10 Beam Permission

mawms Finish commissioning of four more

“7.0E3W

P T SunTed: i experiments

Permit:

200@99 %
2214063 MeV

Z~14100 MeV
Orbit Feedbacks

o | Tioon More demanding features requested
by experiments (Timing System /
400 @98 % , MPS)

1.4E4W
7~ 14087 MeV

70@98 %
2213997 MeV

Long-term experience with respect to
reliability and availability
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Thank You

User program e
Prog XFEL

TS T7

14004 MeV
0.25nC

340 bunches
1 bunches 9300 eV

outof 2  bunches

1 bunches

outof 2  bunches
Legend

Interlock broken No beam in section
No beam permission Electrons in section

Interlock set @ Photons in section

Accelerator: User program

2018-12-01 17:06




