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The Laser Megajoule (LMJ) is a major installation of
the CEA’s Simulation program.

It is used to study, on a very small scale, the
behaviour of materials under extreme conditions
similar to those reached during the nuclear
operation of weapons.

The LMJ is designed to deliver more than one
million joules to a target of a few millimeters in a
few billionths of a second.

The LMJ was commissioned in 2014, with a first
weapons physics campaign.
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Cea The Laser Megaloule
L w L Front:nd

Building: 150m x 300m - 35m high

* 4 Laser bays
e 22 bundles of 8 beams (176 beams)
e Pulse duration: from 0.7 ns to 25 ns
* Laser energy about 1.5 MJ
 Each bundle is divided in 4 beams
(quadruplet)

e Experiment Room: J 60 m

e Experiment Chamber: & 10 m
* Target: D 2mm
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The Front-End mission is to deliver a laser beam defined in

terms of time shape, spatial shape and energy to the laser
bundles. | 41 =

2 major components:
 Seeder
* Pre-Amplification Module (PAM)
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Bundle
The Front-End mission is to deliver a laser beam defined in T ‘
terms of time shape, spatial shape and energy to the laser Synchronization ——»
bundles. - ¢ ~ ) Lissage — AD |— TS Oscilloscope ¢+
: _ Oscillator —» AB — RB o PAD pav 2
2 major components: — ‘
 Seeder PAM
* Pre-Amplification Module (PAM) DES Y D
Common
Seeder Layout é Bundle -'\
Seeder : chmpgnents ) )
° ° _’
 Oscillator : laser pulse generation | i |: PAM
» Lissage —» AD — TS Oscilloscope
PAM :
Cof:sg:;nt Cor::cl:\:lent -+ MFT { RAFT
PAM
— laser
———  Seeder’s Security K J
———) TS Signal Acquisition
—»  Synchronization signal AG Bu nd Ie )

From 5 to 7 Bundles on a single Seeder
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Bundle
The Front-End mission is to deliver a laser beam defined in -
terms of time shape, spatial shape and energy to the laser Synchronization —»
b un d l €s. ¢ TS Oscilloscope (¢
» Li —» AD
/ \ issage
: . Oscillator — AB — RB = PAD :
2 major components: L o
 Seeder
* Pre-Amplification Module (PAM) DES g
Common
Seeder Layout a Bundle _
Seeder: KComponents D =)
* Oscillator : laser pulse generation N LM ‘l :
 MFT (one for 4 laser beams): Shapes the laser
temporal signal ) Lissage — AD — TS Oscilloscope ¢
eeder | RAFT |
Cofnp:nent Cor::::ent > MFT {
—) Laser
———— Seeder’s Security K J
—— TS Signal Acquisition
—»  Synchronization signal 4€ Bu n d Ie )
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Front End’s Control Command System High Energy Setup Conclusion
The Front-End mission is to deliver a laser beam defined in
terms of time shape, spatial shape and energy to the laser
bundles. p -
pAW
2 major components: |
Seeder —» LRO : Regen
* Seeder
* Pre-Amplification Module (PAM)
e Oscillator : laser pulse generation
 MFT (one for 4 laser beams): Shapes the laser
temporal signal “-———> " Enorgy Woule meter %_ -
- Spatial Energy o ]
PSS - Temporal Shape acquisition fiber
S t | /

Pre-Amplification Module (1 for 2 laser beams) :
 MFS : Spatial shape

 THE : Amplification in 4-pass

* SRE : Adjustment of the energy
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The Front-End equipments are controlled by a control
command system located on Layer 0 and Layer 1 of the LMJ

CCS architecture L3 GMAO PARC
Composed of : \l/
e 2 types of Control Command Layer 0 (CCLO) L2 Supervisory
* Seeder yeem
 PAM FRONT-END :
* 1 Supervisory subsystem (CCL1 ) CE%E&LD 1 / Soranieony
* Control the Seeder and the PAM CCLO L1 O
e |nterface with : Sl Synchronization
: Data (GCl) subsystem Supervisory
e Supervisory system (CCL2) T

 Synchronization Supervisory -
. . Seeder CCLO
* Alignment Supervisory
 Human Machine Interface (TClI — TCM) . . . .
* Configuration Data Eq Seeder 4J PAM J
X x88
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The Seeder‘s CCLO server is a service application written in C# OPC Client

.NET based on the following components:
* CCLO Base,
* CCLO OPC Server,

Ol Seeder CCLO

OPC

 Hardware drivers,

* The system configuration functions, OPC toolbox CCLO OPC

e Software traceability functions,

* Event logging functions. CCLO Log
CCLO Base

|
CCLO Drivers HDF5.net CCLO PDU CCLO IOLAN Perle
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The Seeder‘s CCLO server is a service application based on the seeder CCL0
following components: Cloome
* CCLO Base, .
* CCLO OPC Server,
* The system configuration functions, s | = B\
* The connection with the hardware drivers, 1/ Hall [IOLAN PerIeJ
e Software traceability functions, | | o222 | |
* Event Iogglng functions. (Oscillator] (ABJ ( DES/Distri J (RBJ ( PAD J
It controls the different equipment components of the Seeder powe,| PDU
through RS-232 over TCP/IP. \ %
/ MFT \
IOLAN Perle
[ g—
(Lissage] ( AD J ( MFT B
Powe,' PDU
\_ Bundle - max 7 / Hall —
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p
Quadruplet
Resource

The Seeder’s CCLO server is a service application based on the
following components:

* CCLO Base,

* CCLO OPC Server,

* The system configuration functions, q )
e The connection with the hardware drivers, Hall Resource
e Software traceability functions,
* Event logging functions.

It controls the different equipment components of the Seeder

f Quadruplet
through RS-232 over TCP/IP.

Resource

Each LMJ’s Seeder resource (hall, bundles, Quadruplet) has a
State diagram to activate its equipment as needed.

The state of the Hall resource is synchronized with the bundile
resources.

-
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PAM Control Computer TS Oscilloscope
. . .. . )
e CCLO, written in C++, is integrated into the PAM’s Ol CCNO PAM TS Aquisition Server
eq ul pment PIE-Object Corba (PIE-Object)

* Interacts with electronic cards, FPGA or with onboard
control cards.

SAFT Inline call + File I-O PAM CC Inline call + File AM FORS

LO PAM CC
Specific Specific Specific Specific
Protocol (USB) Protocol] (USB) Protocol | (USB) Protocol (USB)

GAMPD Card GATHE Card GMO Card GPSD Card

GAMPD FPGA GATHE FPGA GMO FPGA GPSD FPGA

| | | |
4 N\l N\ |/ N
[ MPD ] THE LRO/MFS/ CER/CES/

L J|| sre/eps/ ||| DIAG/Vide/

. CO1-2 J[|{ Pockels |
Telnet Specific Protocol DVI Specific
(Ethernet) (FireWire) Protocol (USB)

[Joulemeter] CCD ‘ MFSo I ‘ MFSe I
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PAM

 CCLO s integrated into the PAM’s equipment.

* Interacts with electronic cards, FPGA or with onboard
control cards.

* Level 0 control interface (PIE-Object connector) insures the PIE Object Connector
interface with the Front-End’s CCL1 and the PAM'’s
integration software.

e System algorithms enables Low Energy mode - High Energy PAM System Algorithm
mode

Equipment driver with material security control

Data
administration TS Drivers Joulemeter Driver SS Drivers FPGA Drivers
CORBA Telnet FireWire DVI USB FTDI
[ELsEduE il Joulemeter Sagenie CCD FPGA Code
Server Camera
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PAM
e CCLOis integrated into the PAM’s equipment.
* Interacts with electronic cards, FPGA or with onboard T
control cards.
e Level 0 control interface (PIE-Object connector) insures the l T
interface with the Front-End’s CCL1 and the PAM’s
integration software. LOW NRJ ):(TH::::I“?)LBISYED
e System algorithms enables Low Energy mode - High Energy

ode Vo

L i1y

e State Diagram to activate the hardware as required
HIGH NRJ
[ FAULT ] l T
T ( LOADED
From
anywhere l

SHOT RESULT
PRODUCTION
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PAM

 CCLO s integrated into the PAM’s equipment.

* Interacts with electronic cards, FPGA or with onboard
control cards.

e Level 0 control interface (PIE-Object connector) insures the
interface with the Front-End’s CCL1 and the PAM’s
integration software.

e System algorithms enables Low Energy mode - High Energy
mode

e State Diagram to activate the hardware as required

AMFORS

* Integrated into the PAM Module, IDL runtime

* Processes PAM'’s spatial shapes images

 Conditionates the spatial distribution of the laser beam
energy
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PAM

CCLO is integrated into the PAM’s equipment.

Interacts with electronic cards, FPGA or with onboard
control cards.

Level O control interface (PIE-Object connector) insures the
interface  with the Front-End’s CCL1 and the PAM’s
integration software.

System algorithms enables Low Energy mode - High Energy
mode

State Diagram to activate the hardware as required

AMFORS

Integrated to the PAM Module, IDL runtime

Processes PAM'’s Spatial Shapes images

Conditionates the spatial distribution of the laser beam
energy

SAFT

integrated into the PAM module, IDL runtime
Reconstructs a high dynamic signal acquisition (RAFT)
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PAM

 CCLO s integrated into the PAM’s equipment. High dynamic

* Interacts with electronic cards, FPGA or with onboard
control cards.

* Level 0 control interface (PIE-Object connector) insures the )
interface  with the Front-End’s CCL1 and the PAM'’s
integration software.

* System algorithms enables Low Energy mode - High Energy

acquisition signal

mode B S T L L P M»--—-d
e State Diagram to activate the hardware as required
AMFORS
* |Integrated to the PAM Module, IDL runtime m
* Processes PAM’s Spatial Shapes images Reconstructed
 Conditionates the spatial distribution of the laser beam signal
energy
SAFT

J .

* integrated into the PAM module, IDL runtime
e Reconstructs a high dynamic signal acquisition (RAFT)
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CCL]. GTIR ADM SVP
* SCADA based on Panorama E? T A A A
* Coordinates the activities of the Seeder’s and PAM’s CCLO Gmao | | Subsystem Control l i i
* Interfaces with the supervisory system and third-part < B Usoftware R BEEEIEE
supervisory subsystems e icn | o0 | s common rramemors < Stochronizstion
* 6 machines: 1 database server, 3 functional servers, 2 HMI
. RIFT <@ SCADA - PIE-Object Client/Server
station.
* Interfaces with external software (RIFT) | 1 | 1

1

CCNO SEEDER CCNO PAM H

L1 Front-End
HNRJ Control Subsystem Control

Function

i

RIFT Call Function

<P HDFS5 File - RIFT

i

WCF Client P> WCF Service
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LMJ

CCL1

SCADA based on Panorama E?

LMJ Front-End

Front-End’s Control Command System

Front End’s Control Command System

Coordinates the activities of the Seeder’s and PAM’s CCLO
Interfaces with the supervisory system and third-part

supervisory subsystems

6 machines: 1 database server, 3 functional servers, 2 HMI

station.

Interfaces with external software (RIFT)
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CCL1 . caz . oca1 | RIFT | CCLOSeeder | ccLoPAM
* SCADA based on Panorama E?
* Coordinate the activities of the Seeder’s and PAM’s CCLO TS Order—>,
* Interface with the supervisory system and third-part —— et
supervisory subsystems 75 Cmdp
* 6 machines: 1 database server, 3 functional servers, 2 HMI 15 Order R
station. < TS Order + comp.
* Interface with an external software RIFT s omals comn .
RIFT : Computer Time Shape Control N e R AT T T T T -
Feedback of an input command on the observation of the < TS Acdo
output pu|se ——TS Order & TS Acq—>
* Input control is applied to the MFTs 5 Order,
e Acquisition of PAM’s output on an oscilloscope 1S Cmdl + comp. S
(photodiode) « oK / NOK
e The CCL1 transmits the input data (input and acquisition) s cmals com. .
to the RIFT, which calculates the new order for each
Quadruplet based on the acquisition. N . T T T -
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High Energy Setup

Major function of the LMJ’s Front-End. The Front-End CC
System automatically adjusts its equipments according to the
requested instructions

 Temporal Shape,

e Spatial Shape

* Energy
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High Energy Setup

Major function of the LMJ’s Front-End. The Front-End CC
System automatically adjusts its equipments according to the
requested instructions

 Temporal Shape,

e Spatial Shape Synchrgnizatign—7
* Energy ¢ Bundle
] 4 N > MFT «I:
1. Setting the Seeder (MFT) Oscillator — AB — RB - PAD
» Lissage —» AD TS Oscilloscope (¢
DES
Common @
Seeder Layout L e
L Components Y, PAM
- J
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High Energy Setup

Major function of the LMJ’s Front-End. The Front-End CC

System automatically adjusts its equipments according to the

requested instructions p N
 Temporal Shape, ﬂ PAM

e Spatial Shape |
' Regen n Diaphragm

* Energy Seeder —» LRO —

20 mJ
156 x 15

1. Setting the Seeder (MFT)

2. Adjustment of the PAM’s Regen head
-

| /1200 mJ
10x 10 38 x 38

> Diagnostics
¢ —-——- - Energy (Joule meter) R
- Spatial Energy < SAD1
PSS - Temporal Shape acquisition fiber
< ¢ | Y,

TS Acquisition

Synchronization
. RAFT
Oscilloscope SAD2 <
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High Energy Setup

Major function of the LMJ’s Front-End. The Front-End CC

System automatically adjusts its equipments according to the

requested instructions e ~
 Temporal Shape, cEs

PAM
e Spatial Shape |
| Notched
. Ener Seeder — o -
&Y o

1. Setting the Seeder (MFT)

2. Adjustment of the PAM’s Regen head THE Smoothed
3. Adjustment of the Flash voltages

. I
of the High Energy head PAM. | Bundle
v
Diagnostics
- Energy (Joule meter) I
- Spatial Energy _
- Temporal Shape acquisition fiber

TS Acquisition

Oscilloscope RAFT —_———
P SAD2
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High Energy Setup

Major function of the LMJ’s Front-End. The Front-End CC
System automatically adjusts its equipments according to the
requested instructions

 Temporal Shape,

e Spatial Shape

* Energy

1. Setting the Seeder (MFT)

Adjustment of the PAM’s Regen head

3. Adjustment of the Flash voltages of the High Energy head
PAM.

4. Control of the Spatial Distribution of Energy (AMFORS).

N
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. 1.2
High Energy Setup

1

Major function of the LMJ’s Front-End. The Front-End CC o8

System automatically adjusts its equipments according to the 061 Original RIFT
requested instructions 0.4 1 order

* Temporal Shape, 02

e Spatial Shape  n o

49

65

81

97
113
129
145
161
177
193
209
225
241
257
273

* Energy

1. Setting the Seeder (MFT)

Adjustment of the PAM’s Regen head

3. Adjustment of the Flash voltages of the High Energy head
PAM.

4. Control of the Spatial Distribution of Energy (AMFORS).

5. Control of the Temporal Shape (RIFT)

N
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High Energy Setup b
1 -
Major function of the LMJ’s Front-End. The Front-End CC e .
System automatically adjusts its equipments according to the oo Original RIFT
requested instructions o order
« Temporal Shape, >
* Spatial Shape 00 N B ER5TRSEREE TR R
* Energy 0.004
_ 0.003
1. Setting the Seeder (MFT) . First shot
2. Adjustment of the PAM’s Regen head ‘
3. Adjustment of the Flash voltages of the High Energy head 0.001
PAM' O.OO%F-ILDHLDF!LDF!&DHLDHLDH&OH&OH&OH&D
4. Control of the Spatial Distribution of Energy (AMFORS). T TP TR SAAASSARNNRANR
0.004 -
5. Control of the Temporal Shape (RIFT)
0.003 -
Last shot with RIFT
0.002 - .
compensation
0.001 -
0
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High Energy Setup

Major function of the LMJ’s Front-End. The Front-End CC
System automatically adjusts its equipments according to the

instructions requested
 Temporal Shape,

* Space Shape

* Energy

1. Setting the Seeder (MFT)

Adjustment of the PAM’s Regen head

3. Adjustment of the Flash voltages of
the High Energy head PAM.

4. Control of the Spatial Distribution

of Energy (AMFORS).

Control of the Temporal Shape (RIFT)

6. Energy adjustment (PAM SRE)

N

e
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CES

PAM

Seeder —» LRO

I

|
1nd
[}

Notched

Regen Diaphragm

20 mJ
15x15

10x 10

«-—-->
PSS

Smoothed
THE Diaphragm FS

Bundle

Diagnostics
- Energy (Joule meter)
- Spatial Energy
- Temporal Shape acquisition fiber

Synchronization

TS Acquisition

Oscilloscope RAFT — = =
P SAD2
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High Energy Setup

Major function of the LMJ’s Front-End. The Front-End CC
System automatically adjusts its equipments according to the
requested instructions

 Temporal Shape,

e Spatial Shape

* Energy

1. Setting the Seeder (MFT)

Adjustment of the PAM’s Regen head

3. Adjustment of the Flash voltages of the High Energy head
PAM.

4. Control of the Spatial Distribution of Energy (AMFORS).

Control of the Temporal Shape (RIFT)

6. Energy adjustment (PAM SRE)

N

e

* A file is produced, it contains the settings applied to the
PAM'’s and Seeder’s equipment of a Quadruplet
* |t will be used in the “High Energy setup recall” function
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————— Seeder’s Security

High Energy Setup Conclusion
Al o 3
RAFT
VIFT |_RAFT |
Synchronization —» m_RAFT
- b oo
Oscillator — AB — RB 1 PAD ==
RAFT
MIFT |_RAFT |
DES 9 )
Common
Seeder Layout Bundle =
Components —
/ o
1 o |
R
Seeder PAM
Component Component MFT
— Laser _RAFT

——— TS Signal Acquisition
——  Synchronization signal

Julien Langot

k
{ Bundle

3

From 5 to 7 Bundles on a single Seeder

October, 9th 2019




Conclusion

LmJ LMJ Front-End Front End’s Control Command System High Energy Setup

e The Front-End Control Command System is a complex
subassembly

* Significant impact on the laser performance of the LMJ
* Designed by pieces using various technologies
* Need an update and homogenization of technologies

* Evolution in progress, will be spread over several years as
the LMJ will remain in exploitation

* |Improve reliability of the High Energy Setup

* Big Data or Al are being studied

Commissariat a I’énergie atomique et aux énergies alternatives Julien Langot October, 9th 2019
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