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Report covers...

PIV Project Management

PETRA Il / PETRA IV new: Riccardo Bartolini

FLASH / FLASH2020+ new: Enrico Allaria

European XFEL

PITZ - see Mikheil Krasilnikov

ARES/ATHENAe - see Florian Burkard
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DESY activities : birds view ...

European

 XFEL




PETRAI /1IV
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PETRAIII

Parameter PETRA III

Energy / GeV 6 P21 b/a: In vaccum unudlator To beam line P61
Circumference /m 2304 " —

Emittance (horz. / vert.) /nm 1.2/ 0.012
Total current / mA 100

Number of bunches 960 490
Bunch population / 10!° 0.5 12
Bunch separation / ns 8 192

Damping Wigglers: B~1.5T,A=0.2m
2x10x4m=80m
g:5nNm > 1.2 nm

Ext. North
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PETRA IV
« Conceptual Design Report Completed

» Scientific case developed with the help of the user community
(> 700 participants in 13 workshops, KFS support)

« Technical Design Report started 01/2020

» Defined work packages & start hiring process

DESY Directorate
PETRA IV Steering Board

PETRA IV Project Management Project Office
Technical

Coordination

WP 1.01: WP 1.06: WP 2.01: WP 2.10: ‘WP 3.01: ‘WP 4.01: WP 4.09:

Science Case Risk and Change Accelerator Physics Timing Systems X-Ray Sources Beamline and Experiment Design Civil Construction Tools and
Management Installation

Tapics:
WP 1.02: WP 1.07: WP 2.02: WP 2.11: WP 3.02: Ena el WP 4.02: WP 4.10:

Innovation Case Outreach and Radiation Safety RF Systems Erent-End Optics Life and Health Environment Storage and
Communication & Monochrdmators e ——— Management pistics

Industrial Innovation
Technology

Upgrade of PETRA lll to the Ultimate 3D X-ray Microsco
Conceptual Design Report

‘WP 1.03: WP 1. ‘WP 2.03: WP 2.12: ‘WP 3.03: WP 4.03: WP 4.11:

Nano and Quantum Materials

Operation Strategy Budget and Interlock Systems Magnet Power Ultraprecision for Information Technology IT Infrastructure Assembly,
Controlling Supplies Mechanic: Integration and Test|

‘WP 1.04: WP 1.09: ‘WP 2.04: WP 2.13: ‘WP 3.04: Flagship Beamline: Upgrade Beamline: WP 4.04: WP 4.12:
Documentation Power Supplies
WP 1.05: WP 1.10: WP 2.05: WP 2.14: WP 3.05: Flagship Beamline: Upgrade Beamline: WP 4.05: WP 4,13:
Sustainability Legal Support Girders Injection and Experiment Control u21 Building Technical Systems
Extraction and Data Analysis Systems Engineering Service|
‘WP 2.06: WP 2.15: ‘WP 3.06: Flagship Beamline: Upgrade Beamline: WP 4.06: WP 4.14:
bjnac an Technical u31 Water Cooling Quality
ectron Source Infrastructur Design| Management
WP 2.07: WP 2.16: ‘WP 3.07: Flagship Beamline: WP 4.07: WP 4.15:

Vacuum Systems Magnet Testing Sample ual Air Conditioning PETRA Il
Envifonments Decommissioning

an:
User Laboratories
WP 2. WP 2.17: Flagship Beamline: Upgrade Beamline: ‘WP 4.0; WP 4.16:

Diagnostics Accelerator U6l Technical System Cabling
Foundation TR Automation

WP 2.09: S

DOI: 10.3204/PUBDB-2019-03613

Upgrade Beamline:

DESY [
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PETRA IV

Paul P. Ewald
Max von Laue
new Hall ha
d"'.-—r* -------- -
FLASH /,4. ‘.%
European XFEL ‘,..6""/
.:*"‘"f‘
~
Ada Yonath ——

na

-~ < S

. -

e ————————— e = T

L
‘-.._"
o

Figure 1.1.: PETRAIV storage ring and accelerators. The new experimental hall in the west is
located largely underground.

Parameter PETRA IV PETRAII
Brightness mode  Timing mode

Energy / GeV ] i 3]

Circumference /' m 2304 2304 2304

Total current / mA, 200 B0 100

MNumber of bunches 1600 B0 40 .. 960

Emittance

Horiz. e, / pmrad = 20 < 50 1300 X 65

Vert. ¢, / pmrad < 4 <10 10 x 2.5

Mumber of undulator beamlines 30 21(26)

DESY

2016 | 2017 | 2018 | 2019 | 2020 2021 2022 | 2023 2024 2025 202

> 150 improved emittance/ diff. limit at 1 A
« Demanding schedule (~2 yr dark time)
« Public: www.desy.de/petrad
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http://www.desy.de/petra4

diffraction-limited X-ray energy [eV]

PETRA IV

= Diffraction-limited photon energy for syncr. rad.
Sources and there upgrades

Atomic dimensions (~1A)

10" 3
. HEPS
1 APS-U* PETRA IV
ALS-U 'd MBA
I’/ SLS ESRF-EES SPring-8-|
3
107 3
0 3 SOLEIL I ® W =6 GeY
] & W 25-35GeV
] /’ DIAMOND I B <24 GeV
| }J' SIRIUS -
HELETTRA N
MAK IV MSLS I

0" o DBA p
] ECRE /Aps SPring-8 PETRA Il
4 DIAMOMND .’,

-I o
10 I T | 1 I 1
0 500 1000 1500 2000 2500
storage ringe size [m]
DESY.

PETRAIV

New hall
(covered)
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PETRA |IV: lattice design

= CDR baseline (optimized) lattice used in engineering integration

» Hybrid 7BA cell (26.2m)

18.0

> No reverse bends

0.050

16.2 - B - 0.045
» 4 optimized “super-IDs” with 4m 3 e oo
E 10.8 - - 0.030 5
3 904 L0025 5
N Paul P. Ewald Hall - 72 ] [ 0,020
108 m ) 5.4 4 - 0.015
:Long straight N E \
i section 3.6 y . r 0010
1.8 4 T 0.005
new von Laue
Hel seclion \\ 0050 1048 1572 2096 2620
Octant s
50. PETR/{ v i IMAD—X5,04.(?2 18/{2/]8 17.54.03
w PETRA IV E s P
40.
35 4
Hal i 30. 4
N 2. J5.
Injection ™, Ada Yonath g | q |
channel ™ Hall a 2. : ot
5. 300 0 R (1 e T
RF Section Injection 10. ‘ l\ ' | “ H |‘ ‘:3 ‘ | \ ‘ I | “ !‘ ‘ | “ I ‘ | | ‘ h _
om 100m 200m 300m s 5 i ‘ , | ‘ —-
0.0
. 0.0 1000. 1500. 2000. 2500.
=» On axis injection required "
DESY. =>» Booster lattice currently finalized Courtesy: I. Agapov

Further optimizations ongoing:

* Improvement DA/MA

* Increase Touschek lifetime
(timing mode)

* Photon extraction beamlines

* Reduce gradients Q,Sex,Oct

& Combi-lattice is investigated

Dynamic Aperture (line search)
A

] B T et N
AARERTRG,
125 A W ’;’j SO e
‘h},’,‘.{, Mg
X, o \Q.s}
— 100 - ﬂé,b ¢
E 74 5
= 075 1 ,»,.‘ 74 W
> 7 y 3] ’/\,
050 -
éf DA >1 mm mrad 3‘&
3 =4m =2m _
000 | i6dhie (Bx / By )
2 A 0 1 2
X [mm]
Local momentum acceptance
003
0.02
0.01
S o000
& LMA >1.5%
-0.01
Lo T NP e, TP P ]
-0.02 4 %
-0.03 -
100 110 120 130 140 150
S (m)
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PETRA IV: challenges
« Short & long term stability ... ~ 10% of beam size

Topology optimization result

Girder design &
distribution

T

?'Q Artificial element density
% (densities > 0.3 are displayed)

Simulation: |. Agapov

—+ X
-4 ¥

1900 -
Fast Orbit Feedback Petra IV
. conceptual design
5 5ao location of central processing
™ 30 to 40 distributed ‘ 25 to 30 distributed
0 racks incl. 700 BPM | N | S/9nal < Ny MPU ana) S | |2 racks incl. 500 digital
electronic devices [/ | multi- = | FPGA / DSPpA ﬁrgna & | [TV current source AMPs
: UTCA plexer = | | yTCA emux=. redundant Power-S's
—500

so s s owm wwows w0 w5 = [ntegral approach (BPM+PhBPM) including

Old tunnel ~ 24m long segments " Beamline & Experiment required

... and many more e.g. 2000 magnets + PS, first turn, diagnostics, logistics, ....

DESY. Page 11



FLASH



TESLA type superconducting accelerating

| 3 harmonic sc module 3.9 GHz | modules 1.3 GHz FLASH1 fixed gap undulators | | FLASH1 Albert Einstein Hall |

s
v

RF Stations Accelerating Structures

VvV VY \ 4 \ 4 \ 4 sFLASH Fixed Gap Undulators TH Photon
I% F FLASH1 z Diagnostic
N / O O (NN e
DEDENEY DI T I VIR B
RF Gun Bunch Compressors My FLASH?
Lasers ml]l]]]].]mulnmll
5 MeV 150 MeV 450 MeV 1250 MeV Variable Gap,

FEL Experiments

Normal conducting 1.3 GHz RF gun | Extraction to FLASH2

Ce,Te cathode / 3 injector lasers

| FLASH2 Kai Siegbahn Hall

DESY. | FLASH2 variable gap undulators —age 13




FLASH Parameters

FEL Radiation Parameter FL1 / FL2

Average single pulse energy

Wavelength range (fundamental) 4.2-51nm / 4 -90 nm
1-500pd / 1-1000 pd

Pulse duration (FWHM) <30-200fs
Peak power (from av.) 1-5GW
Pulses per second 10 — 5000
Spectral width (FWHM) 0.7-2%/0.5-2%
Photons per pulse 10— 10"
Average Brilliance 1017 - 102" B*
Peak Brilliance 1028— 1031 B*

* photons/ s/ mrad?/ mm?/ 0.1%bw

Energy (pJ)

o 100 Z00 300 400
Bunch number

http://photon-science.desy.de/facilities/flash/publications/scientific_publications
DESY

S50C

nature

physics £

-
FLASH,
what a picture!

active imaging with a soft-X-ray

a larure Physics 2 (2006) 839

nature
photomcs

Entering the .
water window .

ey -
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FLASH 2020+ Conceptual Design Report

« FLASH2020+ Conceptual Design Report .

Project Structure established
=» Science case & facility upgrade

DESY

Deutsches Elektronen-Synehrotron DESY
A Research Centre of the Helmhohz Assaciation

- | _

M1 Safety
M. Déring,
B. Racky

M2 Controlling |

K. Darame,
M. Gorka-Bui

M3 Accelerator

Management
K. Honkavaara,
A.Brinkmann

Photons
S. Toleikis,
K. Tiedtke

P1 Photon
Beamlines
G. Brenner,

E;Plénjes-Palm

P2 Photon
Diagnostics
M. Degenhardt,
M. Braune

P3 Pump-Probe
Laser Systems

B. Manschwetus |

P4 Pump-Probe
Laser Delivery
B. Manschwetus

P5 THz
Beamline and
Endstation
R.Pan,
E;Plénjes-Palm

P6 Photon
Beamlines
Vacuum and
Technology
H. Schulte-
Schrepping

P7 Overall
Synchronization
S.Schulz,

S. Diisterer

Executive Project Team
E. Allaria (Project Leader),
M. Beye, |.Hartl, S. Schreiber

T A
FEL De- Seeding
velopments L.Schaper
E.Schneidmiller, . _
M. Yurkov S1 Seed-
ing Design

F1 Atto-second { S. Ackermann

chemes

at FLASH2 S2 Laser

N.N. Systems
T.Lang

F2 New Lasing

Concepts and ‘

Experimental

Studies

N.N.

S3 Laser
Beamline
M. Kazemi

S4 Undulator
and Modulators
M. Tischer

F3 Short Term
Upgrades
FLASH2

N.N. S5 Undulator
Intersections
and Phase
Shifters
J. Zemella,
M. Tischer

|
Accelerator
J. Zemella

Al Photoin-

jector Lasers
and Beamline

L. Winkelmann |

A2 Laser Heater |

C. Gerth,
J. Zemella

A3 Electron
Beamline
J. Zemella,

M. Vogt

A4 Longitudinal

Diagnostics
C. Gerth,
F. Christie

A5 THz
undulator and
Dumpline
M. Vogt, R. Pan

A6 Afterburner
F. Christie,
M. Tischer

A7 Operational
Aspects
R&nsch-

Schulenburg

Technical
Subsystems
Griin

T1 Accelerator |

Modules
E. Vogel,
K. Jensch

T2 RF-Stations |

and Waveguides
T. Frélich,
B. Yildirim

T3 Electron
Vacuum
S. Lederer,
A. Wagner

T4 Electron
Diagnostics
N. Baboi

T5 Synchro-
nization and
Fast Feedbacks
J. Miiller,

M. Czwalinna

‘ T6 Controls
— and DAQ
‘ T. Wilksen

‘ T7 Magnets
‘_ B. Krause |

T8 Magnet
Power Supplies
A. Hauberg

T9 Kicker
Systems
F. Obier

|
Infrastructure
J. Miiller-

Diekmann,QO. Rasi

11 Infrastruc-
ture Tunnel
0. Rasmussen

12 Infrastructure
Experimen-
tal Halls
J. Miiller-
Diekmann

13 Safety
Infrastructure
A. Jung

Protection
A. Leuschner

15 Radiation
Protection
Interlock
M. Dressel

16 Installations
N. Mildner
17 Survey
AL

18 Electrical
Power, Water,
Air-Conditioning
J. Eckholdt

19 1T-
Infrastructure
T. Ladwig

110 Cables |

111 BAU
M. Miillner,
M. Vialis Kula,
NN




User Requirements vs. upgrade plans

Dream Facility FLASH2020+ Goals FEL Line

Extend wavelength range of the fundamental
Fundamental up to O-K-edge ] FLASH2
— novel undulator schemes, increase beam energy

Variable polarization Variable polarization (FL2 with afterburner) FLASH1 and 2
Flexible pump-probe schemes Provide flexible laser- and FEL based schemes for
. : FLASH1 and 2
(THz —» XUV) multi-color pump-probe experiments
Laser manipulate electron bunches in burst mode

Fourier-limited pulses

(transverse and longitudinal)  "h Up to 1 MRz rate FLASH1

— external seeding with high rep. rate

Few fs- and sub-femtosecond Enable dynamic studies with sub-femtosecond to

pulses attosecond precision Fuasinz

Courtesy: S. Schreiber
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FLASH2020+ will be executed in four phases

RF Stations Accelerating Structures FLASH1 DS Photon
VvV vV v v . -— Diagnostics

= - (o= -m =—

OO =
Laser Heater v
Bunch Compressors | \ 4
Seed Laser
5MeV 150 MeV FFlaser e
LA SHForwary Kai Siegbatn,
FEL Experiments

Phase 0 Phase 1 Phase 1+ Phase 2

Energy upgrade Variable gap undulators (FLASH1) High rep.rate seeding (FLASH1) New variable gap undulators +

31 BC (FLASH2) Pump-probe laser (FLASH1) Photon diagnostics (FLASH1) chicanes

TDS (FLASH2)
Injector Laser
Afterburner FLASH2

Laser heaterin 1st BC
New 2nd bunch compressor (BC)

for new lasing concepts (FLASH2)

2017

2019 2020 2021

2022

2023 2024

2025 2026

DESY

2018

Phase 0

Phase 1

Phase 1+

Phase 2

Courtesy: Schreiber
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Parameter Space FLASH2020+

The first seeded high repetition rate XUV and soft X-ray FEL

FLASH1 (Seeded) FLASH1 (SASE) FLASH2
Wavelength range 4 —-60 4 -60 1.3 - 60* nm

Pulse energy <100 <1000 <1000 W

Pulse duration
Q% ** 5-200 0.1-200 fs

(FWHM)
Spectral width Fourier limited 0.5-2 0.5-2 %
Pulses per second™* 10 - 5000 10— 5000 10 — 5000

* including third harmonic
** to be shared between FLASH1 and FLASH2 (goal: 1 ms RF pulse length)
*** from 23 fs @ 4nm - 45 fs @ 60 nm

Courtesy: S. Schreiber
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FLASH2020+ Seeding is a central component for the project

Seed laser Seed laser
MOD 1 MOD 2 Radiator TDS Photon
/ 1l / / 1 / IR A 4 Diagnostics
cevac R icevaclll cevac: INNNNTNNNNNN (NN %\
| OTR exn | OTR OTR ! 4 Sy
. Diffuser Diffuser ' 1Diffuser Diffuser
% 2% Vv THz
laser diag. laser Laser
diag. diag.;
PMT

Electron beam

Parameter e D
Charge 0.17 nC Seed laser - %

Peak current
Repetition rate 1 MHz

Energy EEHG 1.35 GeV

HGHG 750 Mev ~ Energy 100 pJ
Emittance ¢, , 0.6 mm mrad Duration FWHM 30 fs
Energy spread oy 150 keV Waist w, 760 um
Bx/By ~40-5m Wavelength Green or UV

DESY Courtesy: S. Schreiber, E. Allaria Page 19



European XFEL



The European XFEL between Hamburg Bahrenfeld and
Schenefeld

Super conducting accelerator with up to 17.5 GeV
electron beam energy.

Three undulator beamlines in two branches (north
and south).

In total 6 experiments, 4 for hard X-rays and 2 for
soft X-rays, potential for 2 more FELs

. S0 Startonthe BN
S| DESY campus  [ES

Experimental hall
2 in Schenefeld

' Accelerator
1.9 17.5 Ge |

e BN i o s BB £ .

DESY.



The longest superconducting linac in the world is in operation

96 superconducting modules in a single cryostat in the main tunnel
plus 2 injector modules
RF components and electronics rack are located below the accelerator.




(Accelerator) Parameter Space (as of Today)

electron energy GeV —-17.5 —-17.5
bunch repetition within pulse MHz Upto 4.5 Up to 4.5 [y 4'5’ plus
subharmonics
bunch charge pC 20 - 1000 100 — 500 250
max. beam power kW 500 kW 80 kW 40 kW
undulators in operation (lasing) SASE1-3 SASE1-3 SASE1-3 Limited by
photon pulses / s / undulator 27000 5000 <3000 <—— protection
photon energy keV 0.25-25 0.4-45:58-20 0.6-2.2:6—14 reasons
photon pulse intensity (SASE1)
@ 14 GeV, 250 pC, 9.3 keV ik 4 2
photon pulse intensity (SASE3)
@ 14 GeV, 250 pC, 600 — 900 eV it 10 >9
photon pulse intensity SASE2 mdJ 3 2

(@ 14 GeV, 250 pC, 9 keV
Stand: 17.09.2020

DESY. Page 23



hups:/ /jddd-xfel.desy.de/jddd /XFEL/Status /XFEL_FEL_StatusDisplay.xml ///

(%) FEL

2020-07-19 23:05:19

3140.5

[uJ] Photon Pulse Energy History
5000

3000

2000

1000

19 7 2020

2709.8 pJ

19 7 2020

Op mode:

30.4m W

197 2020
26.3m W

Photon Pulse Energy History

19.7.2020

4706.5 pJ

22:29 22:44
19.7.2020

19.7.2020
47.2m W

[uJ] Photon Pulse Energy History

8000
6000
4000
2000
0
22:14
19.7.2020

22:29
19.7.2020

22:44
19.7.2020

SASE1/3

3.0 mJ/train

19 ? 2020
2.6 mJ/train

22:59
19.7.2020

4.7 mJ/train

22:59
19.7.2020

() SASE2 (

TLD Max. bunches: @ SASE1/3

1 bunches

3:19
19 7.2020

1 bunches

23:19
19.7.2020

1 bunches

23:19
19.7.2020

9.00 keV

@ sAase2 @

0.14 nm

[uJ] Photon Pulse Energy Intra-Train

3500

2000

1000
0
0.0 0.25 0.75

9.00 keV

1.25 1.75

0.14 nm

[uJ] Photon Pulse Energy Intra-Train

2750

2000
1500
1000
500.0

0
0.0 0.25 0.75

1.00 keV

1.25 1.75

1.24 nm

[uJ] Photon Pulse Energy Intra-Train

7000

4000

2000

0
0.0 0.25 0.75

1.25 1.75

Set-up, Tuning %

XFEL

XTD9 (SASE1) Beam Permission

) TLD

XGM ok?
flux ok?
ADC signal ok?

2.25 2.75 3.0
[bunch]

XGM ok?
flux ok?
ADC signal ok?

2.25 2.75 3.0
[bunch]

XGM ok?
flux ok?
ADC signal ok?

2.25 2.75 3.0
[bunch]

XTD6 (SASE2) Beam Permission

Beamview

Beamview

23:05:19.372 19 Jul. 2020

Beamview

673 18 Jul z_uzﬁ-'

Equal intensity on
SA1/SA2

Remaining challenge
(for both hard X-ray
undulators):
Photon energy
scaling
keV steps still
require re-tuning
air coils and phase
shifters

Pre-prepared files, but
this reduces flexibility

Trade off between
peak power and
tunability

. it is difficult to keep this performance level in delivery mode, with frequently changing settings

DESY
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LINAC Improvement: Piezo Operation

1 Piezo operation commissioning

O Technical commissioning
O Software commissioning

U Integration with cavity tuning

O Benefits of piezo operation

U More efficient use of available klystron power

U More stable operation close(r) to quench limit

O Piezo tuning range allows for 100-200 MeV gradient
change without having to retune cavities with slow tuners

=> operation more robust reliable operation at high gradients AND ...

DESY Page 25



K-Mono: Middle plain corrections -> Applied for SASE1/2

Recommended Vertical Offset (mm)

DESY

Offset Corr. |mm}

o
]

o
o
o O

SASE2

0.05 |

=
U

o
4]

o

n

w
I

o

O
(S
[

-

= Adjustment Target

~4—- Measurement uncompressed

'—$—Measurement compressed

5 10

15

I
15

20

20
Cell #

25

30

35

Enable K-Mono Device

Scan for Minimum K for Each
Undulator on BBA Orbit

Involves:

B8 K-Mono Operation

B Undulator Controls

B Different Bridges between
DOOCS & Karabo

B Still Expert Work




K-Mono: After Middle Plain Correction, measure K-Offsets along
the Undulator

S SASE2
. . ~$—Measurement uncompressed
TWO Measu rements —4—Measurement compressed & energy-adjusted
« Uncompressed 3 2871
@]
« K-Offsets along Undulator k!
_ S 2.865 |-
+ Weak wakefield effects - AN
(energy loss) S
]
X 286 -
« Compressed i
h'el
« K-Offsets along the 0 855 . | | | , , |
Undulator 5 10 15 20 25 30 35
o _ 20
K Slo_pe due tO Strong . —— Fit: -890 keV/cell
wakefield effects % 0 ——Measurement
= ]
 Indication for Linear Taper o 50 - ”
<]
_40 | | | | | | |
5 10 15 20 25 30 35
Cell #
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LINAC Availability (Summer start-up and study time)

tunnel access

< startup ——

Last update: Mon 10 Aug 2020 4 pm

LINAC RF availability generally very good
* Generally > 98%
Most trips < 2 and auiomatically recovered

« LLRF triggered (e.g. Q-detect)
* Klystron gun arcs

Automated tools for availability analysis
« Database driven

*  Weekly meetings to discuss trips

14 GeV user runs Development
A=98.2%

DESY. Page 28



Quality Assurance — 8 D Processes

8D Event Reports

8Ds generated in 2019 & 2020

Apr May  June July Asg Sep

month

==2019 =8=2020

Preventive Measures
Actions out of 8D Reports

month

=B=2019 =e=2020

lay  June  July  Aug Sep

Oct

Mow

Dec

DESY.

1 Criteria: Duration, Severity, Occurrence

Status of reports 2020
2019 GpER closed canceled
open_ closed canceled . ext
8D-Reports 1 14 1 10 4 0 0
4D-Repots 0 2 0 2 1 o 0
E 1 16 1 E 12 E O o

Tabedle 2.1: Bearbedungsstand samdbicher 80- und 40-Reports fir 2019 und 2020 im Bereich MXL + XFEL

Status of actions

Dadurm: 10.09.20 20159
thd open overdue  on hold canceled done Total
BD-Reports 1 2 1] ] 2 B2 BT
40 Repots 1] 0 1] ] 0 [ G
E 1 2 o 1] 2 Ba o3
2020
thd open overdue  on hold  canceled done Total
B0 Reports ] 32 1] 1 B 51 a8
40 Repols 0 2 ] 0 2 10 14
E 9 34 0 1 7 61 112
Tabele 2 2 Bearheitungsstand samticher 80. vwnd 40.-Reports e 2019 und 2020 im Bereich MXL + XFEL
2019:
1 18 reports triggered , 16 closed
1 93 preventive measures defined, 88 executed
2020:
1 17 Reports triggered, 5 closed
1 122 preventive measures defined, 61 executed page 29



Thanks to

Siggi Schreiber, Riccardo Bartolini, llya Agapov,
Winni Decking, Dirk Noelle, Enrico Allaria, and many
more ....

for material



