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ELI (Extreme Light
Infrastructure)

World's largest and most advanced high-power
laser infrastructure and a global technology and
innovation leader in high-power, high-intensity, and
short-pulsed laser systems.

First ESFRI Landmark constructed in the Central
Eastern European Member States. Three world-
class high-power, high-repetition-rate laser facilities
have been established in Czech Republic (ELI
Beamlines), Hungary (ELI-ALPS) and Romania
(ELI-NP).

The commissioning of the facilities is foreseen to be
completed in 2022-2023.
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ELI facilities

ELI Beamlines (Prague, C2)

4 high-power fs laser systems
Particle acceleration, X-ray generation,
plasma science
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ELI-ALPS (Szeged, HU)

Ultra-short pulses from THz to X-rays
Attosecond science (electron
processes, chemical reactions)

ELI-NP (Magurele, RO)

2x10 PW laser
Gamma beam source (to 19 MeV)
Nuclear physics



LI Beamlines facility
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Laser Building Support Rooms

Cryogenic systems, power supply cooling, auxiliary systems

First Floor t

Laser 1 S Laser 2 = S Laser 3 Laser 4
5 TW/ 100 mJ / 1 kHz beamline " 100 TW/ 2 J /60 Hz beamline 1PW/ 30 J/ 10 Hz beamline 10 PW / 2 kJ beamline

Ground Floor & ; ’ U
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Experimental Hall 1 Experimental Hall 2 - Experimental Hall 3 Laser 4 Compressor
Material & biomolecular Bk X-ray sources Plasma physics platform 10 PW pulse compressor
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applications

Basement

Experimental Hall 5
Electron acceleration,
X-ray sources
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Experimental Hall 4
ELIMAIA - ion acceleration




ELI Beamlines lasers
eomine | 1| 2 | 3| 4

Peak power 5TW 100 TW 1 PW 10 PW
Pulse energy 100 mJ 2] 3013] 1,5 kJ
Pulse length 20 fs 15 fs 30 fs 150 fs
Re. rate 1 kHz 50 Hz 10 Hz 0,1 Hz
ELI Team + Lawrence Livermore National Energetics +
Developer ELI Team Rutherford Appleton National Laboratory Ekspla +
Laboratory + ELI Team ELI Team
Square beam Square beam
214 mm x 214 mm, 625 mm x 625 mm,
Technology Diode pumping, OPCPA Diode pumping, OPCPA Ti:Sapphire amps and Discharge lamp pumped
diode and Nd:glass Nd:glass amps + OPCPA
pump lasers pre-amps

\ Institute of Physics
o of the Czech
’ Academy of Sciences



Mode locking
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Chirped pulse amplification

Initial short pulse A pair of gratings disperses

the spectrum and stretches

/\ the pulse by a factor
- /7 - e

Short-pulse oscillator

The pulse is now long l

and low-power, safe

for amplification

P -

High-energy pulse after amplification n

Power amplifiers

Resulting high-energy,
ultrashort pulse

A second pair of gratings
reverses the dispersion of the
first pair and recompresses the pulse.
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L4 compressor chamber
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ELI Beamlines
experiments

Bio/molecular research
Plasma physics
Particle acceleration
X-ray sources

Exotic physics
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Laser as X-ray source:

Laser beam -> plasma -> electrons
accelerated by EM field -> X-ray beam

ELIMAIA — ion acceleration



ELI Beamlines laser control system

Configuration database EPICS archiver HMI Deployment Sequencer
1 k
- - 3
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EPICS

\ RATION LAYER NETWORK

Real-time controllers
NI-cRIO, NI-RMC

or virtual machines
LabVIEW softlOCs
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Cameras Nl-eRIO Serial device =

(point to point) EPGA. 10 modules servers Machine safety PLC Personnel safety PLC
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Device monitoring & Mg
EPICS NE

Software architecture cameras pom

I
=

Environment monitor
HMé&IH
Mostly programmed in LabVIEW — many |Pointing MP wm 3x pointing
parallel processes on each controller F5

LabVIEW-native EPICS implementation
(Obsevatory Sciences, modified by ELI)

Easy setup of PVs in MySQL configuration o
database
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Safety systems

Personnel safety
* Pilz PLCs (SIL rating)

« Controls when laser may be turned on
and propagated

« State machine paradigm for each area
* NoO emission
* Low power
* High power

« Radiation confined to experimental halls,
separate monitoring system (contractor)
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Machine safety
* Pilz or B&R PLCs
« Guarantees valid laser beampath

« Beamline divided into zones
* No emission, low power, high power

Vacuum control

NI RIO (with FPGA) or B&R PLCs

Big volumes, separate roughing and
forevacuum primary pumps

Abstraction to a set of state machines
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Common system description

We can abstract many systems to a set of
Mealy state machines:

» Personnel safety (6)

* Machine safety (7)

* Vacuum control (10+)

* Pneumatics control (2)

« Environment monitors

» Fast interlock for 1 kHz laser

Unified description format for all of them

Systems fully described in Excel spreadsheets
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SEALED_STAMNDE' CMP_0 Y[NIN|JY|N|N[N|N|[N|N[Y[Y|N|N
ROUGHING_SOFT CMP_1| ¥ YININ|N|N[N|N|N|N|JY|N|N|N
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Boolean Funcs

Transitions

Interlocks

13



Description in a spreadsheet
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Category
OUTPUT_GATE_VAL
OUTPUT_GATE_WAL
MSS

MSS

MSS

MSS

MSS

MSS

MSS

MSS

MSS

MSS

MSS

MSS

MSS

MSS

MSS

MSS

MSS
ROUGHING_VALVE
ROUGHING_VALVE
ROUGHING_VALVE
ROUGHING_VALVE
TMP
BACKING_VALVE

| TP

BACKING_VALVE
TP
BACKING_VALVE
TP
BACKING_VALVE
ROUGHING_VALVE
ROUGHING_VALVE
ROUGHING_VALVE
ROUGHING_VALVE
ROUGHING_VALVE
ROUGHING_VALVE
ROUGHING_VALVE
ROUGHING_VALVE
VENTING_VALVE
VENTING_VALVE

Signal Mame
SGVI01_CLOSED_NC
SGVI01OPEN_NC
CMP_VENT_PERMISSION
CMP_PUMP_PERMISSION
OPCPA_VENT_PERMISSION
OPCPA_PUMP_PERMISSION
BT_VENT_PERMISSION
BT_PUMP_PERMISSION
INJ_VENT_PERMISSION
INJ_PUMP_PERMISSION

Type

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT

CENTRAL_ROUGHING_VACUUM_GOOL INFUT
CENTRAL_BACKING_VACUUM_GOOD  INFUT

E1_READNY_FOR_SHOT
GW103_4_OPEN_PERMISSION
G\V108_OPEN_PERMISSION
GVW105_6_7_OPEN_PERMISSION
G\V1I03_4_CLOSE_PERMISSION
GW108_CLOSE_PERMISSION

G\VI0S_B_7_CLOSE_PERMISSION

RVIZ1LMAIN_CLOSED
RV121_MAIN_DPEN
RVI31LMAIN_CLOSED
RV131_MAIN_DPEN
TMPIZLSTART
B\121_COIL
TMP131LSTART
B\131.COIL
TMP141_MOTOR_DRIVE
B\141_COIL
TMPTILSTART

BV ITL_COIL
RYTTL_MAIN_COIL
RVITLSOFT_COIL
RW141_SOFT_COIL
RVI41_MAIN_COIL
RAW121_SOFT_COIL
RVIZ1MAIN_COIL
RW131_MAIN_COIL
RVI31SOFT_COIL
VWTIZ_COIL

VAT COIL

INFUT
INPUT
INFUT
INPUT
INFUT
INPUT
INFUT
INPUT
INFUT
INPUT
INFUT
OUTPUT
OUTPUT
OuUTPUT
OUTPUT
OuUTPUT
OUTPUT
OuUTPUT
OUTPUT
OuUTPUT
OUTPUT
OuUTPUT
OUTPUT
OuUTPUT
OUTPUT
OuUTPUT
OUTPUT
OuUTPUT
OUTPUT

Unit

RIOT4
RICT114
RIOT4
RICT114
RIOT4
RICT114
RIOT4
RICT114
RIOT4
RICT114
RIOT4
RICT114
RIOT4
RIOT4
RIOT4
RICT114
RIOT4
RICT114
RIOT4
RICT114
RIOT4
RICT114
RIOT4
RIO14
RIOT4
RICT114
RIOT4
RICT114
RIOT4
RICT114
RIOT4
RICT114
RIOT4
RICT114
RIOT4
RICT114
RIOT4
RICT114
RIOT4
RICT114
RIOT4

Module

A A AEEAELAEELESERERERESERS R WO W DWW W0 W W W W

0%

Activeflnactive
0 ACTIVE
1 ACTIVE
2 ACTIVE
3 ACTIVE
4 ACTIVE
S ACTIVE
6 ACTIVE
T ACTIVE
8 ACTIVE
9 ACTIVE
12 ACTVE
13 ACTIVE
14 ACTIVE
22 ACTIVE
23 ACTIVE
24 ACTIVE
25 ACTIVE
26 ACTIVE
27 ACTIVE
28 ACTIVE
29 ACTIVE
30 ACTIVE
31 ACTVE
0 ACTIVE
1 ACTVE
2 ACTIVE
3 ACTIVE
4 ACTIVE
S ACTIVE
6 ACTIVE
T ACTIVE
8 ACTIVE
9 ACTIVE
10 ACTIVE
T ACTIVE
12 ACTIVE
13 ACTVE
14 ACTIVE
15 ACTIVE
16 ACTIVE
17 ACTVE

Deszcription

INVERTED
INVERTED
INVERTED
ALSOPERM TO LEAVE HY
ALSOPERM TO LEAVE HV
ALSOPERM TO LEAVE HY

TON

5000
5000
5000
5000

5000
5000
5000

5000

TOF Alias Al Conversion
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In a spreadsheet

Description
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Description in a spreadsheet

A B C D EFGH I J KLMMNOTP QRS ST UV WX Y Z AAABACAD A
z g z 2
§ z & e @ § z 5 i
: : :“ EI ': zI zI i ; E :“ E| ': zI zI
sE23¢ : £ HEHEEEE : £
State E“.“.gﬂg 2 p £ .5‘".‘*.352 =
E 22 £EZ =, 325 2 gls 22 28 2>, 25 2
2 2 F o = zozlog o o|l® =z =2 5 o2 zozlog
f g 33zZ3 2225|9332 3.32¢
Wooo|n_n:g|0|,_,_uzwooo|n_mg|u|t
utputs Sggglplbl lglzzmgagggn.:g}l e = o f
1 mn-:n:mEx:dEZE%EEommmMEIIdEZEE
IR A A A A A
w w {71 {71 {71 {71 @ w {71 {71 {71 {71 w [%] {71
W W W W W W oW oW oW oW oW oW ow w w
T EEEEEEEEEEEEETE
Statemachine | = = = 2 £ £ = E E E E E =E = = "
SI8|8|8|8|8|8|8|8|8|8|8|8|8l8|§§§§§%%%%%%E
2 e e e acaeaeceaadaddloco oo oo oo o o«
3 Category | Signal name Invert Initialvalue 1 |2 |3 |a |5 |6 |7 |8 |9 [10]11]12 (13|14 |15 16|17 |18 |19 |20 |21 |22 |23 |24 |25 |26 |2
19  ROUGHING_VALVE RV131_SOFT_COIL N
20 VENTING_VALVE VV112_COIL N LO LO LO LO LO LO LO LO LO HI LO HI LO HI LO
21 \VENTING_VALVE VV111_COIL N LO LO LO LO LO LO LO LO LO HI LO HI LO HI LO
22 VENTING_VALVE VV121_COIL N LO LO LO LO LO LO LO LO LO HI O H
23 \VENTING_VALVE VV122_COIL N LO LO LO LO LO LO LO LO LO HI LO H
24 VENTING_VALVE VV141_COIL N
25 \VENTING_VALVE VV142_COIL N
26 VENTING_VALVE VV131_COIL N
27 \VENTING_VALVE VV132_COIL N
28 GATE_VALVE GV103_COIL N
29 GATE_VALVE GV104_COIL N
30 |GATE_VALVE GV105_COIL N
31 |GATE_VALVE GV106_COIL N
32 GATE_VALVE GV107_COIL N
33 GATE_VALVE GV108_COIL N
34 ITMP TMP141_PUMPING_STATION N
35 | TMP TMP141_REMOTE_PRIORITY Y
36 OUTPUT_GATE_VALVE SGV101_CONTROL N
37 MSsS CMP_VENTED N CMP_VENTED_EVAL
33 MSS CMP_HV_READY N LO LO LO LO LO LO €O LO LO LO LO LO LO LO LO
39 MSS CMP_GOOD N o0

ean Funcs Transitions )

IO mapping States Thresholds

N Institute of Physics
o of the Czech
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Code generators

Full description in spreadsheet — can we
program systems only by changes in Excel?

Yes, we can! (although some people don't
believe that)

LabVIEW parser to extract data from Excel
to LabVIEW dictionary or JSON

System description passed to scripters
developed for each application type

Unified simulation and diagnostics tools

N Institute of Physics
o of the Czech
) Academy of Sciences
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Code generators

woT i

MOT states[4] AND NOT ——[lmum' ates[6] AND MOT =s[7] AND NOT
[11s 118 - ;

woT

t =[118 91;
[4] AND NOT [lmnoﬂ' [6] AND NOT [7] AND NOT

(0] A¥D woT [1] AsD WoT (3] & wOT = [5) AND MoT =(7] AND NOT =

ates[0] AND MOT states[1] AND MOT es[3] AND NOT states[S] AND NOT =s[7] AND NOT

atss[0] AND HOT statss[1] AND NOT statss[3] AND WOT states[5] AND NOT statss[7] AND NOT =

Pilz scripter

* Generates “hardcoded” ST code

* PAS4000 API used to create ready-
to-build project

» Verified for safety-rated
applications

N Institute of Physics
o of the Czech
) Academy of Sciences

LabVIEW FPGA scripter
FPGA runs spreadsheet interpreter
« System description stored in RAMs
+ Generated RAM and IO definitions
» Configuration changes — only RAM
contents -> no recompilation

B&R scipter

Generates XML files to create
ready-to-build project

» Partially “hardcoded” ST code
« Dynamic version under

development

19



— SERVERROOM— — — — — — — — — — — — — — — .

| BREAKOUT MAIN CS WHITE RABBIT | WHITERABRIT

| { < ™ SWITCHES SWITCH FANOUT |™—— SEVEN SOLUTIONS WR-Z16
RF OPTIC NEW
‘ RFOF2T5FT-PA-11 L CREOTECH WRS-3-LJ/18

Timing system e -
|
|

—
GPS ANTENNA | EACILITY NTP FACILITY WR SERVERS PTP

| TIME SOURCE DISTRIBUTION DISTRIBUTION

| S N

— — —L1OSCILLATORROOM — — — — — — — — — — & — — — — — — —
\ MPQ BREAKOUT
MPO FIBER |
DISTRIBUTION
‘ PRECISION TEST SYSTEMS
GPS10eR-07-08-09B-19-46B L1 NETWORK SWITCH
MPO NTP tNEW NTP WR SEVEN SOLUTIONS
| BREAKOUT . L WR-ZEN TP
| —1pps—Jp| WHITE RABBIT
R:;F DISCIPLINED @ —131 if:z
NEw RB CLOCK —»| GRANDMASTER

‘ T s L NEW

GPS — timestamp + 1 pulse per second

Rb clock as GPS receiver

-> 1 PPS, 10 MHz, NTP timestamp to White Rabbit grandmaster

White Rabbit distributed through facility to synchronize all lasers and experiments
Timestamping not too difficult, we know when an event (shot) occurs, highest rep rate 1 kHz

N Institute of Physics
o of the Czech
) Academy of Sciences 20



4 V- omo

Timing system _ Al
" pZT & S|P FA s
—_—1 100 MHz A v . .
1 [P0 .
960 Y e
- L1 RF LOCK
ﬁ MHz
(NEJLOCK) ‘—
REP RATE REFERENCE TRIC
RMO S EVENT CLOCK PLL
PHASE I
CONTROL 1
LASER TIMING SYSTEM —} LASER TRIGGERS
NEWTRIGGERTIMEST&MP {— PTP TIME REFERENCE

Seed laser — usually 80 MHz Ti:Sapphire optical oscillator
RF oscillator + feedback loop to compensate for frequency drift in optical cavity

ETS generates 1 kHz trigger signals -> pulse picking in Pockels cells -> 1 kHz laser
1 kHz trigger distributed through beamline

N Institute of Physics
o of the Czech
) Academy of Sciences 21



Data visualization

Direct access to controls confined to integration layers Gro{ana

— only in control rooms
Operators require data even in offices or even remotely

Grafana — easy to setup dashboards for PV

visualization V
Alarm notifications — SMS gateway, Cisco Webex... Eg Eg
InfluxDB — “archiver cache”; polls PVs, time series kept

o !
for 30 days @ @ @ @

EPICS archivers

N Institute of Physics
o of the Czech
) Academy of Sciences 22



Data visualization

U

L1-E1
dashboards

FZU

Institute of Physics
of the Czech
Academy of Sciences

L1-E1
dashboards

Off OH ON |Off |Off O"
Off |Off |Off ‘OH Off |Off
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Thank you
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