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SASE 3
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linear accelerator
for electrons (10.5, 14.0, 17.5 GeV)

The European XFEL generates up to 2700 X-Ray
pulses

B Inter pulse separation of 220 ns

B Train repetition of 10 Hz

First user operation started in September 2017
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Lasing in all three Undulators simultaneously
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Installation went smoothly

Clock & Control

T DAMC2 (DESY)

At photon beam lines, experiments and related laboratories at

XFEL are 34 MicroTCA crates

B Alot of challenges had to be overcome and we are still
learning

P%  High-Speed Digitizer
Family
(Teledyne)

Tiing System
MicroTCA platform is the key component for Universiy] DES)
B Timing distribution (both in and outside the crate)
B Digitizer raw and process data

B Detector triggering and synchronization

-
&

S1S8300
3 (Struck
2=l | Innovative

MicroTCA @  Systems)

Carrier Hub
(N.AT)

As such we must have
B Workflows for installation, monitoring and diagnostics
B Tools that allow us to quickly identify and solve problems

h 2

2%
A

» and also show that “MicroTCA is not the issue’ .
Please disperse.
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MCH Boards

NAT-MCH by N.A.T.

Setup

Base Configuration

NAT-MCH Script Management

B
System Information
Reboot NAT-MCH
Update MCH
Change Password

MCHs use configuration files uploaded via browser
interface

Most common options are covered by this

procedure

Remote access via ssh, telnet and browser
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Verify Configuration

Select local file: Browse..

Verify

JSM
Switch | 8ASE 1GbE v Download Configurations
Age Time
Bart ooty Startup Configuration : nat_mch_startup_cfg.txt (i ]
Port VLAN = = =
802.1Q VLAN Running Configuration: nat_mch_running_cfg.txt €
802.1X
802.1p
Bori Minoriog Load/Delete Configurations
Jumbo Frame
Link Aggregation
Rapid Spanning Tree Startup Configuration : Load (i ]
Serdes/SGMIl Startup Configuration : Delete (i )
Link Status
BCM5396 counters
Switch PCle x48
PCle Virtual Switch Upload Config
Error Counters
Link Status 1. Select local file: Browse... | No file selected. o
Maintenance 2. Select upload option: v/ Overwrite Stp= = —
3. Submit upload: Upload ‘@ fernands @exflwgs06: ~

4 [m
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B AMC_generic.xml TEST.CRATE/CAS-LAB-SYS-l - o0 x

AMC Module NAMC-psTimer FRU info

Remote crate management

Doocs Adr TEST.CRATE/CAS-LAB-5YS-UTC-1-M...

Slot: 11
12 Slots Schroff GmbH ek | IPME Addr: 134
. 3 6 g 2 FRU ID: 15

NORTM | NORTM | NORTM NORTM | NORTM Manufacturer: N.AT. GmbH - Germany

Production Date: Wed Nov 10 04:23:00 2027
Serial Number: 373
Version: 1.1

m\..ej MMC version: 2.02

POWER SUPPLY

MTCA4 ﬁ @ ‘ ‘ NM*: :un:;f"

HOTSWAF
SENSORI
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[dsg :ﬁ:es C] Temperatures

e 2 5] " 31-“§ = | |
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§ g :3 g lz‘ g e | B s e ) M ) M L L Ml M AR LA RS R L L
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w] Z “’{'!,‘_.‘3] Voltages
é llil.l]—-
- 4| JE— ‘/ 7, G-U‘:
1811 21.11. 24,11 27.11. J0.11. 4,12
. . . 2018 2018 2018 2018 2018 2018
jDDD Panels to quickly verify content of crate and board sensors o
Ports and interfaces |
QU'Ck access to certain functions Control functions: Cold Reset | Reboot |
Bl Control Fans, reboot boards, control payload power... r2v payieadpover: [ [Aciatel 1| RSN
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CPU installation with Foreman and Puppet

B OS installation + Puppet via network
B New CPU shows up on Network
» Foreman install OS and
configures target Puppet

FOREMAN s
B Monitor Host resources

W Software, drivers, repositories, users, groups,
permissions, network, etc.

m Different system types — tunnel, laboratories,
rack room, development, instruments....

I B W European XFEL
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Nagios monitoring

0 Automatically send emails for the following

situations:
B CPU/MCH down

B8 CPU Temperature/Sensors at critical

level

B Hard disk almost full /Temperature

B NTP service running
Bl SSH service running

I SMS sent to On call Duty phones
B Immediate reaction to problems

I B Y European XFEL

Nagios’

General

Home
Documentation

Current Status

Tactical Overview
Map (Legacy)
Hosts
Services
Host Groups
Summary
Giid
service Groups
Summary
Grid
Problems
Senvices (Unhandled)
Hosts (Unhandled)
Network Outages
Quick Search

Reports
Availability
Trends  (Legacy)
Alerts
History
Summary
Histogram (Legacy)
Notifications
Event Log

System
Comments
Downtime
Process Info
Performance Info
Scheduling Queue
Configuration
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Host

Status Grid For All Host Groups

UTCA in XHEXP {utca-control)
Services

Actions

fe-rr-sys-ute-1
fre-m-sys-ute2
hed-opt-sys-utc-1
mid-rr-sys-utc-1
sat-br-sys-ute-r7
sal-xid2-sys-uter12
sat-xid2-sys-ute-r17
sa1-K109-sys-ute-r 114
sal-xid9-sys-utc-r19
sa2-br-sys-ute-rs

sa2 xid1-sys-utc121
sa2-xid6-sys-ulc1219
$32-X1d6-sys-Ute-127
sa2-xid6-sys-ulc129
383-br-sys-utc-r&
sadxid10-sys-utc-r313
sa3xid10-sys-ute-r32
sa3-xid10-sys-utc-r34
sa3-xid10-sys-utc137
ses-rr-sys-utc-1
spb-exp-sys-utc-01
Spb-rr-sys-utc-1
Spb-rr-sys-utc-2
sqs-exp-sys-utc-1

sgs--sys-ute-1

R =Y
VB &
VB &
VB &
B A
VB &
VB A
VB &
VB &
Rz ¥:8
VB &
B a
VB &
VB4
VB &
VB &
Rz ¥:8
VB &
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R =¥
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Va4
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AFEE A

Host: sqs-rr-sys-utc-1 Service: Disk - SDA

Custom time range 02.05.18 6:19 - 05.12.18 13:02

[ Warning 185812
B Critical 209039

Default Template
Command check_sda

Datasource: / o e @ L
sqs-rr-sys-utc-1 / Disk - SDA ]

3

E
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= d
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May Jun Jul i Aug ) Sep Oct ) Newv
O 19.4750 kMB Last 19.4760 kMB Max 11.4557 kMB Average
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Triggering Pulse integration

FPGA Digitizers - . . i
_”fp ;

1 L. Ll L)
Initial delay I . ; I
! Base integration
< 9:6 g —> \ |'
Resolution Upper v:;llue

(bits)

1€<——— Repetition frequency >1
1

Frequency (MHz)

W Hardware Signal Processing
B Most colleagues are right now interested in the raw data
B Peak Integration, Peak Detection , Zero Surpression

Linear interpolation
at the zero crossing

I B W European XFEL
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FPGA i
FPGA Development Project src
FPGA development will increase in the near future as | gTaG 4 [ ipcore
colleagues get more and more familiar with the data i itgnore
Specialized FPGA projects per instrument |- - - Board Module DDR -
group/experience i
| 12C
Process of migration to GIT i .
Standard folder structure for both Modules and b=-- Integration
Board projects ! Module
» Scripts to automatize generation of FPGA i IF;eictii st?nnddarld rers?(iij/errsi i
configuration files depending on requirements ! B e Dswnzadoxrﬂi :Ies tf?af 0
Use of GIT submodules for FPGA modules :' Module describe registers in module
I Install software compatible with
Standard Structure of FPGA projects : Module’s version
Automatic installation of software devices to i roject
communicate with the hardware and its modules "7 Module
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One year in operation

The MicroTCA On Call duty has significant low
activity when compared to other XFEL groups
In total there were 8 calls made to our group first
year of operation
Stability of MicroTCA and XFEL's FPGA solutions

L J | European XFEL

Not "our" problem
Warning

Critical

10
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XFEL Applications

Karabo integration

Bruno Fernandes, 6.12.2018

W Data storage via XFEL DAQ System
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Digitizer data from SQS group
B Commissioning: 8020.78 GB (few months)
Bl First user beam time: 5139.58 GB (5 shifts)

InfiniBand MetroX (FDR/FDR-10)

~ 4 km Distance ~22ps latency — RDMA enabled
shared for all SASE
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Diagnostics Group - PES

% Photo-Electron Spectrometer (PES): Pulse resolve

information

B Spectral distribution and (Horizontal) Polarization

B® On each Dirfttube (N, NNE, NE, E...) a voltage is
applied

B Target gas is injected, an X-Ray pulse ionizes it and
photo electrons are ejected anisotropically
» Small fraction are register by the detectors

B Based on time of flight, time difference between
lonization to detection — related kinetic energy of

particle

I B Y European XFEL
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Diagnostics Group - PES
Neon 1s (f = 1.9999) Single pulse ; hv=914 eV; 345 J
AL AR B .

Polarimetry [ :: ]l
B Accomplish with Auger Lines .. . N
B Data collected from single bunch mode

B Polarization P is given by

P6)=1+ g(l + 3Ppin cos(2(8 — 1))).

Perfect horizontal ;
PLn=1and¥Y =0

Intensity [Arb. Units]

B8 Integral after background subtraction | 1 I AL Lo NW {0 NNW
of Neon 1s is marked in a polar plot 0 50 100 Neon 1<
. . i f Flight [ns]
B This information could also be use for VETO ''me° - — - Neon2s,2p

systems - — - Scattered light

L J | European XFEL
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Diagnostics Group - PES

W Polarimetry
B Accomplish with Auger Lines
B Data collected from single bunch mode

B Polarization P is given by

Bruno Fernandes, 6.12.2018

=
I

1
=
[

PO)=1+ g(l + 3PLin cos(2(60 — 11))).

Perfect horizontal ;
Pin=1and W =0 P

Lin

B8 Integral after background subtraction
of Neon 1s is marked in a polar plot
B8 This information could also be use for VETO

systems

I B W European XFEL

- 0.96+0.02

v =-0.02+0.02 _

S

v [radians]
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Thanks for the attention

bruno.fernandes@xfel.eu

Qe iInnovative
Schroff’ systeme

«
%
" CONCURRENT
% 474\ TELEDYNE SP DEVICES

TECHNOLOGIES Everywhereyoulook™
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Diagnostics Group — K-Monochromator

Two-bounce beam
(second crystal rotated out of beam)

> |
ANy |

B FOV 27x15 mm?

= - Q - ! A B ¢ St vt W
a 7 -3 = L /\\ - = e - - 2 W One image per pulse train
L ) i
i \

Scientific CMOS camera
2 Mpixel

0.9 e- readout noise

Dark current 0.5 e-/pixel/s

I Resolution ~ 30 ym

WS

First channel-cut crystal
(Huber goniometer,
Renishaw absolute encoder)

Tandem lens system
magnification factor 0.47
Effective f - -number 0.95

- Scintillator holder:
z YAG / GOS scintillators /

10x10 mm? PIN diode

Second crystal

-
5 so'\n\'\\\aio'

m >
ge? \cansmited

peam

Lifting platform
for retraction of imager

I B W European XFEL
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Diagnostics Group — K-Monochromator

17

Gap tuning method or the relative adjustment of undulator segments: measure photon energy of
spontaneous radiation of each undulator segment, to calculate and adjust the K-parameters within an

accuracy required for FEL operation

Monochromatized beam detection

Scan perform “on the fly”. goniometer is
moving continuously
For each pulse Train, data is stored

Spectral Shape - information about the
homogeneity of magnetic structure

L J | European XFEL

DevicelD| PD_POWER

-
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[ fore [ lorr
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7] Enable Peak Computation O =

H

Start of Baseline 0

End of Baseline 300
Pulse Period 10
Peak Samples 3
Number of pulses 1
Pulse Delay 502

Mean Peak Value -1232.61

555555

500 506 508
SA1 _XTD2_IMGSR/ADC/1.channel 2

THETA 1 Crystal angle | 18.828211
THETA 2

Beam offset THETA1 | 18.55 |mm

Enc/deg |0.000336

Off DevicelD LVDT X

Value|1.54485
Pos/mm 45.622

stop

EPS
Motor|4.99599 mn
TargetPoE 5 mm| |5.0 mm
SWITCH X

T T T T
21:18 21:20 21:22 21:24

21:16
2017-11-01

Uptime
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Diagnostics Group — K-Monochromator

Gap tuning method or the relative adjustment of undulator segments: measure photon energy of
spontaneous radiation of each undulator segment, to calculate and adjust the K-parameters within an
accuracy required for FEL operation

. . 7x10° - SASE" CF'-'Il #36 | l | I . | UIGCIEISL‘.EH rax:a datal
Monochromatized beam detection caw data 0 T T o
_oextotd Nvf f \ Li ot aoop |
. . 0 | i 1 —int -200 |
Scan perform “on the fly”: goniometer is E sxa flf” | 'll nt 100y | |
moving continuously £ : @LM} A :
. : —  4x10° A WY -
B For each pulse Train, data is stored s ] M I A "‘r._ ]
. . % 3){1‘35 | x—ﬂ.lﬂﬂ-ﬂ kel - crystal glitch of Si(111) ll, I'I':IILT |
Spectral Shape - information about the 3 — \L
. . e X N 1 II- 7]
homogeneity of magnetic structure = ] \ "1'.
1%10° N ]
- m&mﬁﬂrv
0 - .
84 ‘ BTE r BTE- | Q.IG ‘ 9:2 ' 914

photon energy (cal)
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Optical Laser Group — Timing drift/jitter compensation

Balanced Cross-Correlation
two cross correlators (CCs), with the same

configuration
Used for compensation of Timing drift/jitter

In both CCs, the temporal delays, and the amplitudes
of signals are adjusted equally.

The timing error signal is the subtraction of the
signals from CC1 and CC2.

The error signal is proportional to the timing drift.

L J | European XFEL

m Cross-correlation

Mt~10°fs 800 or 1030nm

m Balanced cross-correlation

CcC1

cc2

Pulsel /

10" fs

Pulse2
ot (fs)

At~300 fs

Pulse a

"\ Pulse b

At-300 fs

Pulse b /\ Pulse a

=

+ t{fs)

e tfs)

Cross correlation function

CC1-CC2

At {fs)

Balanced cross-correlation

=

At (fs)
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Optical Laser Laboratory

PHOTODIODE #— BCC

v

SET-POINT —# COMPARATOR —#> ACTUATOR

(PIEZO NANO MOTOR)
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Input parameters to the (DM) BCC at SASE 1:

® XF1: 10Hz, 27us, 1.1MHz, ~900fs, 7nJ/p;
® XF2: 20Hz, 5.94ms, 4.5MHz, ~ 300fs, 1nJ/p.

3 4,000 -
33,800 ]

3 -0.15 - 1
B 1 2,000
33,600 ]

S 33,400
3 j

lc
=
W
|

d

i ]
2 33,200 ]

ts)
der position [mm]

plit

= ]
T -0.25 -
] B b
£ 33.000

Enc

]
w
|

32,800 -

32,600

T
T T T T T T 28 29 30 01 0z 03 04 28 29 30 (8 02 03 04
4,000 6,000 8,000 10,000 Nov 2017 Nov 2017

Samples (one =9.3ns) Time

Time

Error signal from the DM-BCC Mean peak value of error signal Encoder position of comp.stage

The pump probe laser in SASE1 is already equipped with one CM- and two DM-
BCCs. The operation was successful.

Slow timing drifts are well measured and compensated, like thermal expansion,
humidity change, etc. with an accuracy of ~ fs
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FXE Group - Intensity Monitor (IPM)

Measurement of integrated intensity of the beam and the

corresponding centre of mass position

B relies on the efficient detection of backscattered X-ray
photons from a very thin foil of CVD diamond material

B the detection of the backscattered X-ray photons is
realized using 4 photodiodes (PD)

B All four PDs collect the backscattered radiation from
the foil and yield the integrated incident intensity by
integrating the output current from the detectors

B comparing the difference of the individual signals from
each diode, one can obtain the position of the beam in

the plane perpendicular to the beam direction

Measurements use ADQ412 from SP Devices

L J | European XFEL
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FXE Group - Intensity Monitor (IPM)

@ v K
= & 0 E A T m e [ ARG ]
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- g —————7r————  Triggers dete
00000 20,000 30,000 40,0¢ 50,000 Buffers/Records processed 46963
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Triggers processed| 145962
Lengt| sso00  Jss0 | Triggersiun lil‘o
S(ep‘ 1 s/Trigger| 55000 [ 5500
Statu: | Eio |
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Time
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Eg%h data point is the average position for a single train

0.2 ¢

vert. (A-C)/(A+C)
hor. (B-D)/(B+D) |

O L

0.2 ¢

0.4+

-0.6 +

IPM beam position parameter

’ ‘ [

1 . . . .
500 1000 1500 2000 2500
Train ID (threshold filtered)

-0.8+

train-to-train beam position
comparison of each pulse
within the train. It is clear to
see that the first few pulses
are much more jittering than
the later ones

the vertical position does not
change, while the beam is
moved horizontally with M3
pitch, giving a continuously
decreasing value on the
IPM. Spikes in the horizontal
position are due to the
backlash correction.

ver.
hor.

0.05

Standard deviation of beam position

N

0 10 20 30 40 50 60
Pulse number in train
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