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Schedulel Duration Title Speaker Institution
800AM | 0:30 |AccueilILP
830 AM| 030 |Welcome
Plenary session-1 : LMJ-PETAL performance Chairman : JL. Miquel CEA/DAM
9:00 AM | 025 |LMJ Facilty: Status and Performance P. Delmas g:lﬁéDeAM'
925 AM | 025 |PETAL laser performance N. Blanchot CEA/DAM,
France
950 AM | 025 [Status on LMJ-PETAL plasma diagnostics R. Wrobel griﬁfAM'
1015 AM 0:25 P_rellmlna_lry results from the qualification expenmtgof the PETAL+ D Batani CELIA, France
diagnostics
10:40 AM, 0220 |Break
Plenary sessio e er experime airman : Bata A
1100 AM 025 !Eff_e_ct of hot electrons on strong shock generatidhe context of shock S. Baton LULI, France
ignition
1125 AM| 0:25 |Investigating magnetic reconnection in ICF conaiitio S. Bolanos LULLI, France
] ] Efficient Creation of High-Energy-Density-State mitaser-Produced Strong|S. Fujioka ILE, Osaka U.,
11:50 AM|  0:25 -
Magnetic Field or K. Matsuo |Japan
12:15PM  2:00 |Lunch /Posters session
P 0 Round table
" CEA/DAM
: Target laboratory on LMJ Facil . '
0:20 g y Ity O. Henry France
020 Review of General Atomics Target Fabrication : Kesi, Capabilties and M. Manuel General Atomic,
| Notable Recent Develoiments ' USA
0:20 |Visualization of fast heated plasma by X-ray fréghase zone plate K. Matsuo ‘IJLaE,a(l)saka Y-,
D

2:15 PN 1:3C Round table - 2

Numerical investigation on non-thermal electroreeté measured in a Gekko

0:20 . . .. o Ph. Nicolai CELIA, France
experiment at intensities relevant to shock igmitio
] Laser-driven experiments shedding light on turliulgmamo: Platform design U. of Chicago,
0:20 and numerical modeling with FLASH P.Tzeferacos USA
345 PN | 0:2C |Break
Plena S 0 Advices and Perspe e alrmariP. Renaud A DA
4:05 PM| 025 |Experimental Process on LMJ B. Loupias CEADAM,
France
4:30 PM| 0:30 |Tutorial: Practical advices on how to perform ns X-ray rgdiphy on LMJ |C. Courtois EriﬁgAM’
5:00 PM| 025 |A Perspective on the Future of ICF and HEDP Researc M. Campbell | LLE, USA
525 PM 0:25 |Exploring the universe through Discovery SciencéNdn B. Remington | LLNL, USA

6:00 PM| 1.00 |Cocktail (ILP)

7:00 PM 0:30 |[Transportation to Gala dinner

730 PM| 2:30 |Gala Dinner Cité du Vin / Hotel Mercure
10:00 PM Transportation to hotels




Program LMJ-PETAL User Meeting

Friday 5 October 2018

Schedulel DurationTitle Speaker Institution
800 AM | 0:15 |Accueil ILP I
Parallel session - 1: ICF and WDM Chairman: A. Caser CELIA
8:15AM | 0:20 |Hydrodynamics studies of shock ignition targets S. Atzeni U. d.' Rorrla La
Sapienza", Italy
835AM | 020 |Kinetic effects in laser-driven spherical implosion G. Kagan LANL, USA
855 AM | 0:20 |Auxiiary Heating for Inertial Fusion P. Norreys U. of Oxford, UK
) ) Demonstration of Imprint Mitigation in Planar Gednyeby a Combinatior
F15AM | 020 of X-Ray-Driven Picket-Pulse Shocks and DirectiwBmn Targets W. Theobald | LLE, USA
A preparatory experiment to 2017 LMJ-SI (S. Batexperiment:
35 AM 2 ) . Trel ELIA, F
9:35 0:20 Radiography of shocks and hot electron preheatroadaEl J. Trela c rance
955 AM | 0:2C |Break
10:15 AM| 0:20 |lon stopping measurements in plasma targets L. Volpe CLP, U. of
' | - Vop Salamanca, Sp:
1035 AM| 020 Experimental observation of non local electronggamt in warm dense K. Falk HZDR, Germany

matte

Parallel session - 2: Astrophysics and UHI ChairmarM. Koenig  LULI, France
815 AM | 0:20 |Optical generation of strongly magnetized plasma Ph. Korneev EESI\;Z-MEPN’
835 AM | 0:20 Explor'atlon of astrophysical phenomena with sciéedratory C L MIT, USA
experiments
855 AM | 020 |Weibelmediated collisionless shocks driven by ssmeic plasma flows |V. Tikhonchuk CELIA, France
915 AM | 0:20 Ob.servat.|on of Collisions of Magnetized-Plasma Beblediated by N. Woolsey | U. of York, UK
Anisotropic Pressure
935 AM | 0:20 |Using thermal fields to investigate QED processiis kigh-power lasersS. Rose :j:(p erial Colege,
955 AM | 0:2C |Break
10:15 AM| 0:20 |Overview of Laser Driven Relativistic Pair Jets Esments at LLNL  [H. Chen LLNL, USA
10:35 AM| 0:20 |Laser-Driven Neutrons as a new Probe for HED Plasma M. Roth Technology U.
Darmstadt, Germa
1055 AMl 020 X-ray sources from laser-wakefield acceleratiomionsecond, kilojoule- F Abert LLNL, USA

class laser

11:15 AM

Plenary session - 4: Conclusions

11:15 AM| 0:30 |Magnetic field amplification experiments on largeate laser faciltes  |G. Gregori U. of Oxford, UK
11:45 AM| 045 |Round tables wrap-up 3 chairmans
12:30 PM  0:20 |Conclusions : Organization, next User-meeting Organ_lzmg
committee
1250 PM  2:00 |Lunch /Posters session
250 PM 0:10 |Transportation to LMJ-PETAL

LMJ-PETAL tour

500 PM

Adjournment, transportation to hotels
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X-ray sources from laser-wakefield acceleration opicosecond,
kilojoule-class lasers

F. Albert, N. Lemo$, J. L. Shaw; C. Goyor, K. A. MarsH, B. Pollock, A. Pak, J. Ralph,
A. Saunder§ W. Schumakér R. Falcon& J. D. Moody, S. H. Glenzer C. JosHi

Y awrence Livermore National Laboratory, 7000 EaseAue, Livermore, CA 94550, USA
“Department of Electrical Engineering, University@dlifornia, Los Angeles California
90095, USA
3SLAC National Accelerator Laboratory, Stanford @ainia 94309, USA
“Lawrence Berkeley National Laboratory, BerkeleylilBeia 94720, USA
Email: alberté@lInl.gov

This talk will discuss the prospects of developiigay and gamma-ray sources based on
laser-wakefield acceleration (LWFA) for probing hignergy density science experiments at
large-scale laser facilities, including NIF-ARC #te Lawrence Livermore National
Laboratory, and LMJ-PETAL.

High Energy Density Science laser facilities arevnmiquely able to create conditions of
temperature and pressure that were thought to lyeattainable in the interiors of stars and
planets. To diagnose such transient and extrerntessté matter, the development of efficient,
versatile and fast (sub-picosecond scale) x-raygamdma-ray probes has become essential
for HED science experiments.

We will present recent experiments on the prodactibLWFA-based radiation, with photon
energies from a few keV to a few MeV, using picasetlaser pulses. Using the Titan laser
(LLNL, 150 J, ps), we demonstrated evidence of tbata Compton scattering, and
bremsstrahlung emission in the self-modulated regiofi laser wakefield acceleration
(SMLWFA), for laser intensities around $ow/cn? [1]. For each radiation generation
mechanism, we will go over detailed experimentalpprties and characterization of the
sources, as well as supporting Particle In Celusatons [2].

Finally, we will discuss planned experiments (2@020) to demonstrate LWFA-based x-ray
sources at ARC, and our proposal for LMJ-PETAL expents.

Work performed under the auspices of the U.S. Dapart of Energy by Lawrence Livermore
National Laboratory under contract DE-AC52-07NA2434upported by the LLNL LDRD
program under tracking code 16-ERD-041, and supgbtty the DOE Office Science Early
Career Research Program under SCW 1575-1.

References
[1] F. Albert et al Physical Review Letterkl8, 134801 (2017)
[2] N. Lemos et alPlasma Phys. Controlled Fusi&@8, 034018 (2016)
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Hydrodynamics studies of shock ignition targets

S. Atzeni, A. Schiavi, A. Serpi, L. Antonelli, A. &occhino,

Dipartinento SBAI, Universita di Roma “La Sapienz&/ia A. Scarpa, 14, 00161 Roma, Italy
E-mail: stefano.atzeni@uniromal.it

Shock ignition [1] is a laser direct-drive inertienfinement fusion (ICF) scheme in
which the stages of compression and hot spot feomaire partly separated. The fuel is first
imploded at a lower velocity than in convention@F| reducing the risks due to Rayleigh-
Taylor instability. Close to stagnation, an interlaser spike drives a strong converging
shock, which contributes to hot spot formation. &hanition shows potential for ignition
and energy gain at laser energy below 1 MJ [2], emald in principle be tested on the
National Ignition Facility or Laser MegaJoule. Nbeeucial issues related to intense laser—
plasma interaction and shock generation are agtivelestigated both experimentally and
theoretically [3].

In this talk, we present an overview of recent wdrk our group, concerning
hydrodynamic studies of shock ignition targets. Wged analytical models and 1D and 2D
numerical simulations with the goal of designingust targets. We considered both a pure-
DT and a DT-CH target. We evaluated target ignitrmargins, and showed how these
margins depend on implosion velocity, spike intgndiming and inner DT vapour density.
We generated gain curves with different safetydis;tby means of 1D simulations. The
robustness of the designs to low-mode perturbatieas evaluated using 2D simulations. In
particular, we studied yield degradation as a fiencof perturbation mode and perturbation
amplitude, for different values of laser compresgower, laser spike power, and DT vapour
density.

In the talk, we will also discuss possible shoakitign relevant experiments on LMJ in
the present configuration, and full-scale experite@m the completed full energy facility.

Work supported by Sapienza Project C26A15YTMA, 8apa 2016 (n. 257584), Eurofusion Project AWP17-
ENR-IFE-CEA-01.

References

[1] R. Betti, et al., Phys. Rev. Lett. 98,155000(2)

[2] S. Atzeni et al. Nucl. Fusion 14, 054008 (2014)

[3] D. Batani et al. Nucl. Fusion 14, 054009 (2Q13) Batani et al, submitted to Nuclear Fusion @01

[4] S. Atzeni, A. Marocchino, A. Schiavi, PlasmayBhControl. Fusion 57, 014022 (2015); S. Atzeralet43rd
EPS Conference on Plasma Physics (Leuven 2843r P4.092
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Preliminary results from the qualification experiments of the
PETAL+ diagnostics

D. Batant, J-E. Ducret, S. Hulirf, D. Raffestifi, N. Rabhf, K. Jakubowska G. Boutoux,
. Lantuéjouf, B. Vauzout, L. Lecherboury B. Marchel, Ch. Reverdify A. DuvaF,
JL. Miquef, B. Ross& Ch. RousseadxJ-Ch. ToussaifitA. Chancé D. Dubreuif,

B. Gastineaf) J-Ch. Guillard, F. Harrault, D. Leboeut, X. Leboeut, D. Loiseal],
A. Lotod€', C. P&§ T. Caillaud, F. Granet P. P%uné_’t T. Ceccotfi, J. Fuch§ M. Koenid,
L. Séran

'Université de Bordeaux, responsible of the EQUIPETAL+
2 CELIA, Univ. Bordeaux, Talence, France
3 CEA, DAM, DIF, Arpajon, France
“CEA, DRF, IRFU, F-91191 Gif-sur-Yvette, France
°CEA, DAM, CESTA, F-33114 Le Barp, France
®CEA, DRF, IRAMIS, F-91191, Gif-sur-Yvette, France
"LULI, Ecole Polytechnique, CNRS, CEA, UPMC, roweSaclay, 91128 Palaiseau, France
8CENBG, Université de Bordeaux, UMR 5797 CNRS/INPR&dignan 33175, France

The EquipEx PETAL+ is a project funded by FrenchRA[National Research Agency) with
the goal of developing the first plasma diagnoskicshe PETAL laser coupled to LMJ. The
project runs from 2011 to 2019 with a total budgfed.3 M£€.

The following diagnostics have been realized withi@ project:

 SEPAGE: a Thomson Parabola for ions/protons inld®keV—-200 MeV range, and for
electrons in the 100 keV-100 MeV range

« SESAME: two electron spectrometers for the 0.1-1#8¥ range placed at two different
positions (to get information on the angular disition of emitted electrons)

* SPECTIX: a crystal X-ray spectrometer (Cauchoishgetoy) for 6-135 keV witlAA/A =
1/300

« CRACC: a radiographic unit (cassette) containingclst of radiochromic films or
imaging plates (IP) for proton / X-ray radiograpising PETAL as a backlighter source

Such diagnostics are associated to “systems foinertion of diagnostics” (SID), which

allow bringing the devices close to the target witthe 10-m diameter LMJ interaction

chamber, pre-aligning them, extracting the imagitages, while keeping the vacuum and,
even more important, while maintaining the nuckesgregation of the chamber. Unlike other
diagnostics, SESAME modules are placed on the afdhe interaction chamber.

Two campaigns in November 2017 and April/May 2018vén been done to test the
performance of the diagnostics and, at the same, tainaracterise the emission of protons,
electrons, X-rays from targets irradiated with BHETAL laser.

The talk will present the experimental results ot#d during these campaigns and the
preliminary analysis of results.

PETAL+ diagnostics have been successfully used ha first "Academic Opening”
experiments on LMJ/PETAL allowing in particularabtain high-quality proton radiography
images of irradiated samples

10
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Effect of hot electrons on strong shock generatiom the context of
shock ignition

Sophie Batoh Edouard Le Bé) Stéphanie Brygdo Christophe Rousseaidocelain Trefa
Michel Koenid, Didier Raffesti, Dimitri Batanf, Alexis Casner2, Wolfgang Theob3ld
Arnaud Colaitié, Guillaume Boutou¥ Laurent JacquétLeonida Gizzl, Gabriele
Cristoforett?,

YL ULI, CNRS, Ecole Polytechnique, Palaiseau, France
2 CELIA, Univ. Bordeaux, Talence, France
3 CEA, DAM, DIF, Arpajon, France
* LLE, Rochester, USA
® INO-CNR, Pisa, ltaly
E-mail: sophie.baton@polytechnique.fr

The proposed experiment on the LMJ-PETAL faciligdeesses the study of the physics
related to the shock ignition approach in DirecivBrnertial Confinement Fusion studies for
future energy production. Shock ignition is a preimg scheme relying on the assembly at
low implosion speed of a deuterium tritium mixtubejng ignited by a strong shock launched
just before the end of the compression phase. iitemsity of the final laser drive (spike)
should be close to 1Dw/cn?. Important issues of Sl are the interaction of ldser pulse
with a long scale-length plasma formed by the Chatab, the role of hot electrons to the
shock characteristics, and the shock propagatidimeicompressed shell.
Parametric instabilities at high laser intensitieduce the collisional laser-plasma coupling
thereby affecting the generation and propagatiorthef high-pressure shock. The intense
energetic electron flows, generated by stimulatach& scattering and two-plasmon decay,
propagate and deposit their energy inside the tafgpey may preheat the target hardening its
compression, but, on the contrary, may enhancealhetion and the strong shock pressure.
This depends on the number and average energyedidhelectrons, which depend on the
details of the hot-electron generation.
The experiment aims to investigate:

» laser-target coupling in realistic inertial fusioonditions obtained with the LMJ laser

beams and its effect on the strong shock generation
» the characteristics of hot electrons energy distidm and fraction;
» the effect of the laser beam smoothing (SSD) onhthieelectrons production and
shock strength.

The experiment is scheduled in two parts: in th&t fone (in April 2019), it is planning to
characterize the hot electron population in terftemperature and total energy, to study LPI
physics at these high laser intensities and toimbfaray radiographs of the curved shock
front in the target. During the second one (in 202@ will estimate the shock speed under Sl
relevant conditions.

We will present the set-up of the experiment, tiagclostics and their specific role.

This experiment is supported by the «TolFE » (TalsaDemonstration of Inertial
Fusion for Energy) EUROfusion Consortium and byitate Lasers-Plasmas.

11
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PETAL laser performance

N. Blanchot*, C. Ameil', P. Baguf, G. Béhat, G. Boutoux, C. Chappuis S. Chardavoirfe
H. Coid, C. Damiens-DupohtV. Denig, J. Dubertrany J. Duthd, S. Frevillé, F. Granet
L. Hilsz*, L. Lamaigner& E. Lavastr& F. Macia$, B. Minou', T. Morgaint, S. Noaille$,
J. Néaupott D. Raffestin, G. Razé C. Rouyet, N. Santacrely O. Selwa, M. Sozet, and
F. Laniessk

'CEA-CESTA, F-33116 LE BARP, France
’CEA-DIF, F-91297 ARPAJON, France

*E-mail: nathalie.blanchot@cea.fr

The Petawatt Aquitaine Laser (PETAL) [1] facilitpdhbeen designed and constructed
by the french Commissariat a I'énergie Atomiquaust énergies alternatives (CEA) to deliver
laser pulses in the kJ-picoseconde range at thelerayth of 1053 nm and is an additional
short pulse beam to the Laser MegaJoule (LMJ)ifacPETAL energy is limited to less than
1 kJ at the beginning due to the damage thresHdledinal optics [2].

The commissioning of focal spot on target and tlannperformance during the first
campaigns (¥ semester 2017 and" ksemester 2018) on target will be presented. It wil
concern: alignment of the sub-aperture compresstiages in order to optimize the pulse
compression (the mean duration was 685 fs for €18 s shots, the best 2018 value being
570 fs), the intensity on target of 7.9"@v/cm? (intensity inferred from measurements at the
end of the compressor for the 409 J @ 660 fs stia)alignment performance (positioning,
pointing) and demonstration of the first associdtbtd and PETAL laser shots on target. The
temporal contrast will be also addressed.

7,9 108 W/cm?

409 J @ 660 fs

Figure 1: autocorrelation trace (left) and focal spt (right) measured on the compression
diagnostic table for the 409 J @ 660 fs shot givirg 910 W/cmz,

The PETAL construction was performed by the CEAdIme d'oeuvre™) under the financial
auspices of the Nouvelle-Aquitaine Region in Frar{peoject owner), of the French
Government and of the European Union.

References

[1] N. Blanchot et al., “1.15 PW-850 J compressednh demonstration using the PETAL
facility,” Opt. Express 25(15), p. 16957-16970 (2R1

[2] M. SOZET et al., “Sub-picosecond laser damag®vth on high reflective coatings for
high power applications,” Opt. Express 25(21), p/@7-25781 (2017).
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Investigating magnetic reconnection in ICF conditiois

Simon Bolafios®, R. Smetd R. Riquief, A. Grisollef, J. Fuchs?

! LULI - CNRS, Ecole Polytechnique, CEA: Univer§igis-Saclay; UPMC Univ Paris
06: Sorbonne Universités - F-91128 Palaiseau ceBeance
2 LPP, University P. & M. Curie, CNRS, Ecole Polyteitjue, F-91128 Palaiseau, France
3Institute of Applied Physics, 46 Ulyanov StreeB38D Nizhny Novgorod, Russia
“CEA, DIF, Bruyéres-le-Chatel, France

E-mail: simon.bolanos@polytechnique.edu

Magnetic reconnection (MR) is a process which agdarmany astrophysical plasmas,
e.g. in solar flares, in coronal mass ejecta, orthet outer boundary of the Earth
magnetosphere. However, as of now, the fundamamntabphysics implied in this process is
far from being well understood. Most of the invgations on this long standing issue come
from numerical studies and space observations. raatmy modelling of plasmas, including
those that can be generated by high-power las#es, mow new perspectives to investigate
MR and the processes governing it.

We will present recent experiments, performed ughey LULI2000 facility, aimed at
investigating the dynamic of magnetic reconnectioa non-coplanar configuration between
two magnetic toroids induced by two near-by lag®its irradiating solids targets. Despite
being distinct from the astrophysical plasmas wlikeebeta parameter is low¥0° in solar
corona and~ 1 in solar winds), such HEDP reconnection expemisieare of interest to
investigate fundamental issues in MR such as ttheeimce of a guide field on the dynamic of
the MR.

Then we will present the future experiment on MRt twill take place at LMJ/ PETAL
facility. This facility offers the possibility tonvestigate an unexplored set of parameter for
MR and in the same time, we will be able to evaiat the first time the importance of the
effect of MR and their consequence in the ICF cante

13
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A Perspective on the Future of ICF and HEDP Resealc

E. Michael Campbelft
Y| aboratory for Laser Energetics, The UniversityRafchester
E-mail: mcamp@lle.rochester.edu

Significant advances have been made worldwide éntiad confinement fusion (ICF)
since its beginnings nearly five decades ago. Wiaigearch was originally focused on the
physics of ICF, the facilities, diagnostics, modgli and simulations that were initially
developed to explore fusion have enabled the gmpvand vibrant field of high-energy-
density physics (HEDP) with impact in condensedtemaand astrophysical, stellar, and
planetary physics. The detailed “microphysics” &DBP will also improve the understanding
and expanded the design space for ICF. Facilitighe United States including the National
Ignition Facility (NIF) and Omega Laser Facilithet Z Pulsed Power Facility, Orion, the
lasers at the Central Laser Facility, LMJ, Petal e ELI initiative in Europe, and the SG-IlI
and GEKO lasers in Asia will ensure a vibrant fatéor ICF/HEDP in the decades ahead.
Combining HEDP facilities with free electron lasexsch as the MEC station at SLAC will
also enable innovative and impactful HEDP resedrcthis presentation, a perspective on the
present state of the field and a future visionrésearch will be discussed.

This material is based upon work supported by tepddtment of Energy National
Nuclear Security Administration under Award NumHiE-NA0001944, the University of
Rochester, and the New York State Energy Reseatibavelopment Authority.
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Overview of Laser Driven Relativistic Pair Jets Exgriments at
LLNL

Hui Chen on behalf of the Team

Y awrence Livermore National Laboratory
E-mail: chen33@lInl.gov

High-flux jets of electron-positron pairs at 10sMé&V energy range have been produced in
experiments at high-intensity laser facilities. Tager intensities were 10 1** W/cn? with
pulse duration of 1-10 ps and energy 100 - 200 presentation reviews the experimental
results from multiple laser facilities includingtain, Omega EP, Osaka LFEX and NIF ARC.
The characterizations of the pair jets includeehergy distribution, angular divergence and
emittance; the pair jet temperature and density; p@duction scaling and collimation by
external magnetic fields and the pair yield scalifige presentation concludes with discussion
of possibilities to exploit laser-produced paisjér diagnosing high-energy-density physics,
and for laboratory astrophysics experiments.

This work was performed under the auspices of th®. Department of Energy by
Lawrence Livermore National Laboratory under Caortti2aE-AC52-07NA27344 and funded
by LDRD (#17-ERD-010).
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Tutorial: Practical advices on how to perform ns Xray
radiography on LMJ

Cédric COURTOI$

'CEA, DAM, DIF, F-91297 Arpajon, France
E-mail: cedric.courtois@cea.fr

Several campaigns using laser produced ns X-raggeaphy have been performed on
LMJ since the 2014 first experiments. The objectf¢his tutorial is to share our experience
with users by giving practical advices on how taf@en such a radiography on LMJ.
Considerations on target alignment, radiographgsehand plasma diagnostic performances

will be discussed in this talk.
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LMJ Facility: Status and Performance

Pierre Delmas
LMJ Operation Leader
Email pierre.delmas@cea.fr

! Commissariat a I'energie atomique et aux enemjtesnatives
Centre du CESTA

15 avenue des sablieres — CS 60001
33116 Le Barp Cedex — France

LMJ is a neodymium glass laser (1.053 pm wavelgngthder commissioning at
CEA/CESTA at a primary stage of 176 beams (44 guddse 1.053um light is frequency
converted to the third harmonic (0.3fah) and focused, by means of gratings, on a tatget a
the center of target chamber. The target chambequgped with two hundred ports for the
injection of the laser beams and the location afjdostics

The PETAL laser consists of one short-pulse (50 50 ps) ultra-high-power, high-energy
beam (few kJ) synchronized with the nanosecond bexrhMJ.

The first CEA-DAM physics experiments on LMJ wasfpaned at the end of 2014 with a
limited number of beams and diagnostics. The LMaratonal capabilities increase gradually
by the commissioning of news bundles and plasngndstics each year.

For the facility operation, we set up an organ@atallowing to follow and guarantee our
capacity to carry out in parallel the experimenmpaigns with the assembly and the
commissioning of new the equipment’s. The useetdHn experimental campaigns in 2017,
has to lead us to set up new means to managediodogical risks
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Experimental observation of nonlocal electron tranport in warm
dense matter

Katerina FALK!, Milan HOLEC"? Michal SMID', Christopher J. Font&sChristopher
L. FRYER®, Carl W. GREEFE Heather M. JOHN% David S. MONTGOMERY, Derek W.
SCHMIDT®

'Helmholtz-Zentrum Dresden-Rossendorf, 01328 Dres@lermany
Lawrence Livermore National Laboratory, Livermo@glifornia 94551, USA
3Los Alamos National Laboratory, Los Alamos, New ibe87545, USA

E-mail; k.falk@hzdr.de

We present the first experimental observation aflocal electron transport in warm dense
matter using X-ray Thomson Scattering (XRTS) meas@nt from low-density CH foams
compressed by a strong laser-driven shock at th&eGM laser facility [1]. The XRTS
measurement was combined with velocity interferoynéVISAR) and optical pyrometry
(SOP) providing a robust measurement of thermodymawonditions in the shock and the
preheated region. Evidence of significant preheattrdouting to elevated temperatures
reaching 17.5 — 35 eV in the shocked CH foam waasmed by XRTS. These measurements
were complemented by abnormally high shock velesitobserved by VISAR and early
emission seen by SOP. The experimental measuremests compared to radiation
hydrodynamics simulations using the PETE code [t tinclude explicit treatment of
nonlocal electron transport in WDM with an excellagreement.

References

[1] K. Falket al, Phys. Rev. Lett120, 025002 (2018).
[2] M. Holec, J. Nikl, and S. Weber, Phys. Plasi25032704 (2018).
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Efficient Creation of High-Energy-Density-State with Laser-
Produced Strong Magnetic Field

S. Fujioka*, S. Sakatg S. Leé, H. Morital, K. Matsud, K. F. F. Law, T. Johzal,
H. Sawad&a® H. Azecht, T. Ozakf, H. Sakaganij J. J. SantGsH. Nagatomy Y. Sentokd,
R. Kodama

Ynstitute of Laser Engineering, Osaka University
?Department of Mechanical Systems Engineering, Hirna University
3Department of Physics, University of Nevada Reno
*National Institute for Fusion Science, Nationaltlnges of Natural Sciences,
*University of Bordeaux, CNRS, CEA, CELIA

*E-mail: sfujioka@ile.osaka-u.ac.jp

The quest for the inertial confinement fusion (IGgiition is a grand challenge, as
exemplified by extraordinary large laser facilitibke National Ignition Facility (NIF).
Although scientific break-even, the energy releasgdusion reaction exceeds the energy
contains in the compressed fusion fuel, was acdi@ereNIF, the pathway to the ignition is
still unclear.

Fast isochoric heating of a pre-compressed plasona with a high-intensity short-
pulse laser is an attractive approach to creata-blgh-energy-density states like those found
in inertial confinement fusion ignition sparks. $hvoids the ignition quench caused by the
hot spark mixing with the cold fuel, which is theucial problem of the currently pursued
ignition scheme.

Relativistic-intensity laser-plasma interactiorigceently produce relativistic electron
beams (REB). However, only a small portion of tHeBRecollides with the core because of its
large divergence. Here we have demonstrated enthdaser-to-core energy coupling with a
magnetized fast isochoric heating method. The naetraploys a kilo-tesla-level magnetic
field that is applied to the transport region frtme REB generation point to the core which
results in guiding the REB along the magnetic filtebs to the core. 7.7 = 1.3 % of the
maximtrfﬁm coupling was achieved even with a relagiaehall radial area density coreR(~
0.1 g/cm).

A simple model shows 6.2% of the coupling with teeperimentally measured
parameters, this value is fairly consistent witle ttoupling measured in the integrated
experiment, and the simple evaluation reveals ligtiter area density core leads to higher
laser-to-core coupling. An energy density increnwrihe heated core is about 1 Gbar, which
corresponds to 50 J of the energy deposition i@ pin-diameter spherical volume. An
ultra-high-energy density state could be efficigrateated by the magnetized fast isochoric
heating.

Finally, plasma hydrodynamics, generation and sjpart of electron/ion beams,
thermal conduction and particle transport will be able to be controlleg the externally
applied strong magnetic field. There is no doulatt thhser-plasma experiments with strong
magnetic fields contain a lot of unexplored physiterefore this research also stimulates
spin-off sciences in the field of atomic physicsclear physics, and astrophysics which act to
broaden inertial fusion sciences and high energgitiesciences.
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Magnetic field amplification experiments on large-sale laser
facilities

Gianluca GREGORI
Department of Physics, University of Oxford, OXU3PK

E-mail: gianluca.gregori@physics.ox.ac.uk

Magnetic fields are ubiquitous in the Universe. dmergy density of these fields is
typically comparable to the energy density of thudf motions of the plasma in which they
are embedded, making magnetic fields essentialepain the dynamics of the luminous
matter. The standard theoretical model for theiwrd these strong magnetic fields is through
the amplification of tiny seed fields via turbulaehnamo to the level consistent with current
observations. Experimental demonstration of thbuient dynamo mechanism has remained
elusive, since it requires plasma conditions thiatextremely hard to recreate in terrestrial
laboratories. Here we demonstrate in experimentargé scale laser facilities (Omega, NIF
and LMJ), using laser-produced colliding plasmavipthat turbulence is indeed capable of
rapidly amplifying seed fields to near equipartitizvith the turbulent fluid motions. These
results apply to both compressible and incomprésdlbws, and support the notion that
turbulent dynamo is a viable mechanism responsiiole the observed present-day
magnetization.
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Target laboratory on LMJ facility

Olivier HENRY, Michel FERRI, Serge DEBESSET, Juli@hITARD,
Christophe DE BOYER D’EGUILLES, Louis De LAVAL, Daien ANTIGNY,
Laurent LE DEROFE

'CEA CESTA
E-mail: Olivier-bernard.henry@cea.fr

The LMJ/PETAL facility has a specific laboratoryr fthe assembly and metrology of
the targets. This laboratory is in charge of thegega of the LMJ/PETAL and Omega
installations but can also be used for LULI instadins. The team of 6 engineers and
technicians deals with 10 to 15 campaigns per gggaesenting more than 100 targets.

The laboratory facilities are constantly evolving take into account the increasing
complexity of the targets. The geometries will berencomplex with many elements arranged
in space and positioned in the center of the LMalmder with six CCD. The materials used,
rare earth or foam, will have to be handled andestainder special conditions.

The assembly and metrology of the target buildimg®t external requirements whose
purpose is the alignment in the center chamber. [@beratory relies on two means of
metrology and a set of opto-mechanical benchesgeembly to satisfy these requirements.
The metrology means allow measurements in volurhesweral hundred mm with accuracies
of the order of 10 microns. The future needs ofltlk, 3D accuracy of um, are taken into
account for the implementation of new means. Theemably, which is based on old-
generation opto-mechanical stations, is also rgdesi to take into account the future
requirements of the LMJ. All of these future neadsst make it possible to maintain the
requirement of alignment in the center chamber.

As part of the preparation of the campaigns andséfety of the facility, the laboratory
is also in charge of EMI protection and debris.eBhwere developed and tested as well as
debris collectors. The campaigns of 2017 and 201&demprogress on this issue

Finally, the laboratory is developing a new measoamted with the target positioner
that allows to guarantee the gas pressure in thé tddities. This mean will be deployed
during the campaigns of 2019
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Kinetic effects in laser-driven spherical implosiois

Grigory Kagan

L os Alamos National Laboratory
E-mail: kagan@lanl.gov

Experiments are indicative of substantial kineffe&s during the course of a spherical
implosion. The effects appear as the plasma mesngath grows relative to the background
scale making standard rad-hydro single-fluid desiom invalid. To understand their
mechanics and implications it is convenient to abersthe thermal and suprathermal particles
separately. For the former, sharp gradients caredtie inter-ion-species diffusion, so the
fuel composition no longer remains constant unklWeat the standard, single-fluid codes
assume. Atomic mix at interfaces is, fundamentallye to the same diffusion process. For the
latter, the mean-free-path is much larger than tfatheir thermal counterparts, so their
distribution function may be far from Maxwellianven if thermal ions are nearly
equilibrated. It is these suprathermal,tait, ions that fuse in subignited implosions. Their
distribution is thus the key to proper interpretatbf nuclear diagnostics employed in HEDP
experiments in general and to correct fusion yietddiction in particular. Furthermore,
suprathermal electron distribution shows similahaaor, affecting the X-ray diagnostics.
Basic mechanisms behind and practical consequeridbgse groups of effects in ideal and
non-ideal HED plasmas will be discussed.

References

[1] G. Kagan and X.-Z. Tang “Electro-diffusion inPdasma with Two lon Specie®hysics
of Plasmadl9 (2012) 082709

[2] G. Kagan and X.-Z. Tang “Thermo-diffusion inemtially Confined PlasmasPhysics
Letters A378(2014) 1531

[3] G. Kagan, S. D. Baalrud and J. Daligault “Irfhce of Coupling on Thermal Forces and
Dynamic Friction in Plasmas with Multiple lon Spe€i Physics of Plasmag4 (2017)
072705

[4] G. Kagan and S. D. Baalrud “Transport FormutasMulti-component Plasmas Within
the Effective Potential Theory Framewothktps://arxiv.org/abs/1611.09872

[5] G. Kagan, D. Svyatskiy et al. “Self-similar 8tture and Experimental Signatures of
Suprathermal lon Distribution in Inertial Confinemté~usion Implosions’Physical Review
Letters115(2015) 105002

[6] G. Kagan, O. L. Landen et al. “Inference of #lectron temperature in ICF implosions
from the hard X-ray spectral continuutmttps://arxiv.org/abs/1710.01343
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Optical generation of strongly magnetized plasma

Ph. KorneeV¥? J.J. SantdsM. Ehret, lu. KochetkoV, V. Stepanischéy S. Fujiok4,
Y. Abe*, F.Law, E. d’Humiered T.Pisarchyk V. TikhonchuK

! National Research Nuclear University MEPhI, MoscBussian Federation
2 Lebedev Physical Institute, Moscow, Russian Feitera
3 CELIA, University Bordeaux, France
* Institute of Laser Engineering, Osaka Universigpan
®Institute of Plasma Physics and Laser MicrofusMarsaw, Poland

E-mail: Korneev@theor.mephi.ru

Hot magnetized plasma may be generated by intasse light, interacting with dense
or dilute targets, when the symmetry of interactisnbroken. Among many different
possibilities, some appear to be rather stable edfattive. In this study, we present some
theoretical and experimental results showing tresidity of the all-optical generation of hot
magnetized plasmas with some specific target gaoeset

As an example, targets with cavities (“snails”)edting the light along their internal
surfaces, demonstrate a very efficient absorptioth generation of intense geometrically
defined currents. Recent experiments showed thestobss and stability of the main
processes, resulting in the magnetic field gemmmaffhe structures in the target volume are
defined by many factors, and at some situations b®ynteresting in studies related to
reconnection phenomena. Besides, other unusuaégses in curved targets, related to the
strong magnetic field generation, were observedhs@ering the possible ways of generating
the azimuthal currents in laser-matter interactiwe, discuss the possibility of using the
targets with internal chirality.

The optical plasma magnetization makes possiblepgoiey a wide range of
experimental studies in the astrophysical con®xter ways, such as conventional discharge
schemes, at some situations are not effectiveegsddin not provide necessary magnetic field
gradients and strength in hot collisionless plasmas
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Exploration of astrophysical phenomena with scalethboratory
experiments

C. K. Li and teams “A - D”
Massachusetts Institute of Technology, Cambridge 021139 USA
E-mail: ckli@mit.edu

We have made significant progresses recently ifoexig several important astrophysical
phenomena at OMEGA. These scaled laboratory expeatsrare highlighted by a number of
high-profile publications: First, we have explot&eé kink behavior of the Crab Nebula jet in
laboratory with a plasma jet and associated magfietds that were created by high-power
lasers through well-defined physical scaling laWe show exactly how MHD instability
develops and causes the kinks and resultant chasigdisection in the jet, mimicking the
scenario of Crab jet; Second, we have performedirstdaboratory experiments successfully
involving the generation and observation of Weilneldiated, electromagnetic collisionless
shocks in astrophysical regimes. We reveal a nphgkical mechanism showing how the
Weibel-driven filaments penetrate into the pre-caesped magnetic turbulent region,
resulting in entropy production and the formatidntlte Weibel-mediated shock. We also
demonstrate particle acceleration via the firsteorBlermi mechanism, a unique and critical
feature of astrophysically relevant, electromagnetllisionless shocks that previously has
not been achieved in laboratory experiments. Thirel,have studiedHe+*He, T+He, and
p+D nuclear reactions in the regime relevant tsstand Big-Bang Nucleosynthesis, using
inertially-confined plasmas. The advantage of usivegse thermal plasmas is that they better
mimic astrophysical systems than conventional ¢atdet accelerator experiments. Important
results were obtained, including using the resgltifi®He y-ray data to rule out an
anomalously-higiLi production during the Big Bang as an explanatioithe high observed
values in metal poor first generation stars. Angrtlo, we have studied Megagauss magnetic
reconnections in rapidly-expanding laser-generatadmas. This experiment offers a unique
laboratory opportunity relevant to highreconnection environments such as the Earth’s
magnetopause.

A Team members: P. Tzeferacos, D. Lamb, G. GreGow\. Norreys, M. J. Rosenberg, R. K.
Follett, D. H. Froula, M. Koenig, F. H. SeguinAl.Frenje, H. G. Rinderknecht, H. Sio, A.
B. Zylstra, R. D. Petrasso, P. A. Amendt, H. SkPBr A. Remington, D. D. Ryutov, S. C.
Wilks, R. Betti, A. Frank, S. X. Hu, T. C. Sangster Hartigan, R. P. Drake, C. C. Kuranz,
S. V. Lebedev, and N. C. Woolsey

B Team members: Q. Moreno, A. F. A. Bott, S. Fejste Sio, V. Tikhonchuk, E.
D'Humieres, P. Tzeferacos, G. Gregori, R. D. PstraB. Q. Lamb, X. Ribeyre, P. Korneev,
S. Atzeni, R. Betti, E.M. Campbell, R. K. Folleit,A. Frenjel, S. X. Hu, C. M. Huntington,
M. Koenig, H. S. Park, B. A. Remington, A. Rigby Sl Ross, D. D. Ryutov, Y. Sakawa, T.
C. Sangster, F. H. Seguin, H. Takabe and S. C.aVilk

C Team members: A. Zylstra, H. W. Herrmann, M. Gighinson, Y. H. Kim, J. A. Frenje, G.
Hale, C. K. Li, M. Rubery, M. Paris, A. Bacher,Brune, C. Forrest, V. Glebov, R. Janezic,
D. McNabb, A. Nikroo, J. Pino, T. C. Sangster, F.S4eguin, W. Seka, H. Sio, C. Stoeckil,
and R. D. Petrasso.

D Team members: M J. Rosenber, C. K. Li, W. Foxglmenshchev, F. H. Seguin, R. P. J.
Town, J. A. Frenje, C. Stoeckl, V. Glebov, and RPBtrasso
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Experimental Process on LMJ

Bérénice LOUPIAS
'CEA, DAM, DIF, F-91297 Arpajon, France

E-mail : berenice.loupias@cea.fr

The presentation is dedicated to describe the anpatal process on LMJ and the role
of the experiment manager at CEA in charge of ttepgration of accepted experiment in
collaboration with the PI.

Once the experiments have been selected, the mgedal campaigns are included in
the schedule of the facility by the CEA-DAM Progmraing Committee. At the same time,
Experiment Managers from CEA are designated inroiagrepare the experiment in close
collaboration with the Pl and the selected groups.

The key milestones in the PETAL-LMJ experimentabgass will include several

reviews in order to evaluate the experimental papans and readiness. The presentation
will describe all these reviews.
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Review of General Atomics Target Fabrication: Facities,
Capabilities, and Notable Recent Developments*

M. J.-E. MANUEL, P. FITZSIMMONS, F. H. ELSNER, M. FARRELL"
'General Atomics, P.O. Box 85608, San Diego, Califof2185-5608

E-mail: manuelm@fusion.gat.com

TARGET FABRICATION

General Atomics along with its partners have beappesrting the DOE/NNSA
Stockpile Stewardship Program since 1992 with taiaarication activities. Over the last five
years GA has provided targets in support of LalmoyaBasic Science, National Laser User

Facility, High Energy Density Physics, Fundamei@aience, National Security, and Inertial

Confinement Fusion campaigns conducted on mUHﬁ{MﬂitieS.T Advancements in GA’s
capabilities and facilities such as implementatodrrobotics and the use of automation to
complete target characterization and builds haveuroed to enable the fabrication and
delivery of target components and fully assembkegdts. In this talk we will review the
current status of GA’s Inertial Fusion Technolodi#T) group: its facilities, fabrication
capabilities, deliveries, research activities aaxknt developments

TOmega/EP, National Ignition Facility, Jupiter Las&cility, Trident Laser Facility, Linac
Coherent Light Source, Scarlet Laser System, Téx@mwatt Laser Facility, Center for
Ultrafast Optical Science’s Hercules laser, RutbrekfAppleton Laboratory Vulcan Laser,
Orion Laser Facility, Laboratoire pour |'Utilisatiodes Lasers Intenses, Institute of Laser

Engineering, Centre Lasers Intenses et Applications
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Visualization of fast heated plasma by X-ray fresngohase zone
plate

K. Matsud, Y. Arikawa, Y. Iwasa, S. Sakata S. gl['eé’ K.F.F. Law, H. Morital, H. Azecht,
S. Fujiok

! Institute of Laser Engineering, Osaka University

E-mail: matsuo-k@ile.osaka-u.ac.jp

X-ray measurements are powerful diagnostics foh legergy density plasma. They
have been used in both self-emission and absorgemmetries to measure high energy
density plasma parameters such as temperatureemsdyd

Especially, X-ray measurement is indispensableréeee direct-drive fast-ignition (FI).
Direct-drive fast-ignition is an attractive apprbdor inertial confinement fusion ignition. It
is relaxed requirements regarding implosion uniftyncompared with central hot spot
ignition. In the FI scheme, first multiple nano-sed laser beams (the implosion lasers)
compress a spherical fusion fuel. After the congioes the dense fuel core is heated by fast
electrons generated by an intense pico-second pagee (the heating laser). In this context,
to determine the fast electron penetration efficyemto the dense fuel core are essential for
understanding the fast electron transport and agitigp the target design.

Jarrottet al reported on the first visualization of fast eleatrtransport in a laser-
compressed FI target. [1] The experiment perforiagdioping the target with copper and
imaging the Ko radiation with an imaging crystal. K radiation,acacteristic of the target
material, is generated when an electron createacaney via electron impact ionization.
When an L-shell electron fills the vacancy, axKphoton is emitted. Visualization of &
radiation distribution clearly showed fast electteansport.

However, X-ray imaging technique using thexKradiation is limited by kv line
shifting and broadening. After the plasma heatihg, plasma ionizes. Some resonance X-
rays, such as He radiation are emitted from the ionized plasma.sEheesonance X-ray
distributions reflect the heating distribution. Té®re we need to imageK and Hex X-ray
for characterization.

In this study, we succeeded in measuring the twmedsional heating distribution of
the fast heated high energy density plasma. A hbageyogen target containing Titanium as a
tracer was compressed with a nanosecond lasethandheated with a picosecond laser. TiK
«a and TiHex X-ray generated from the target were imaged uaifgesnel Phase Zone Plate
(FPZP). The two-dimensional distribution of the ged TiKaand TiHea X-ray
characterized the fast heated high energy denksigya.

Reference

[1] Jarrott, et al. (2016Nature Physicsadvance orfJanuary), 1-7.
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Numerical investigation on non-thermal electron efcts measured
in a Gekko experiment at intensities relevant to sbck ignition.

Philippe Nicolat, Jocelai Trely Anaud Colaiti§ Dimitri Batant, Vladimir Tikhonchuck,
Keisuke Shigemofi
Centre Laser Intenses et Application, Bordeaux ehsity, France
%Institute of Laser Engineering, Osaka Universigpdn

philippe.nicolai@u-bordeaux.fr

The shock ignition direct-drive approach may indnoa-thermal electrons at the end
of the compression phase. Depending on the areditgeof the target and the electron
characteristics, they may have beneficial or dedntal effects [1]. Recent experiments have
been realized at Gekko laser facility to betterrabierize these electrons [2]. Multi-layered
foils, without and with internal gap, were irradidtby short (300ps) and high intensity (above
1016W/cm2) laser pulses at the first harmonic (J169. We will present first simulations of
non-thermal electron effects on shock propagasbngck pressure and rear side emission [3].
Both Stimulated Raman Scattering and Two Plasmorap@lay a role in the non thermal
electron generation even if the latter processoisimportant in this experiment. We will
show, for some target geometries, these electrans modify temporally but also spatially

the X-ray and visible emissions emitted by theearg

[1] S. GUSKOV X. RIBEYRE, M. TOUATI, J.-L. FEUGEASRh. NICOLAI and V. TIKHONCHUK, Phys.
Rev. Lett. 109, 255004 (2012)

[2] K. SHIGEMORI, T. KAWASHIMA, Y. HIRONAKA, S. LEE T. UEDA, H. NAGATOMO, H.
NISHIMURA, S. FUJIOKA, K. MIYANISHI, N. OZAKI, Y. RJJIMOTO, H. MATSUMURA, T.
NISHIKAWA, R. HAZAMA, R. OCHANTE, R. KODAMA, T. MATSUOKA, D. BATANI, and P.
NICOLAI, 10" International Conference on Inertial Fusion Scésnand Applications (2017)

[3] A. COLAITIS, G. DUCHATEAU, X. RIBEYRE, Y. MAHEU, G. BOUTOUX, L. ANTONELLI, Ph.
NICOLAI, D. BATANI AND V. TIKHONCHUK, Phys. Rev. 92, 041101 (2015)
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Auxiliary Heating for Inertial Fusion

Peter NORREYS
YUniversity of Oxford and STFC Rutherford Applet@baratory
peter.norreys@physics.ox.ac.uk

| will review some progress that has been made hyisB, Portuguese and American
colleagues in the EUROFusion TolFE project, whiakhgred fourteen European laboratories
from nine nations, with the aim of achieving an @eunderstanding in physics required to
demonstrate the viability of laser-driven fusiorheTproject hinges on (i) a program of
experiments and numerical simulations to understartrlying obstacles to central hot spot
ignition on MJ-scale laser facilities (ii) a prograof experiments and numerical simulations
for the demonstration of shock ignition on LMJ het2020’s (iii) a program of numerical
simulations and experiments to test the viabilityalbernative ignition schemes and (iv) the
conceptual design of an Inertial Fusion Energy JIFéactor based upon key technologies
such as high repetition rate lasers.

In this presentation, | will discuss the idea ofmtining hydrodynamically stable, low
convergence ratio “wetted foam” implosions, as médgedemonstrated on the NIF [R.E.
Olson et al., Phys. Rev. Lett. 117 235001 (2006dh whe new concept of heating of the hot
spot by crossing relativistic electron beams [NtaRaet al., Phys. Rev. E 95, 013211 (2017)],
developed under the TolFE project over the pastyears. In support of this novel approach,
evidence is presented of stable formation, usfficharmonic petawatt laser pulses from the
ORION laser facility at AWE, Aldermaston. These esments are ideally suited to scaling to
the LMJ-PETAL laser facility. | will also discussegent developments in Raman
amplification studies that are a key element is thuxiliary heating” concept.
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Exploring the universe through Discovery Science oNIF*

Bruce A. Remington
Lawrence Livermore National Laboratory, Livermo@h, USA
remington2@linl.gov

An overview of recent research done on the 2 M2 i€am, 1-30 ns NIF laser facility,
including the 4 beam, ~1 kJ/beam, 1-30 ps ARC lasér NL through the NIF Discovery
Science program will be presented. Examples willdbewvn from experimental studies of
equations of state of H, C, CH, and Fe at highgues (1-60 Mbar) and high densities
relevant to planetary interiors; Rayleigh-Taylordhydynamic instability growth in high
energy density (HED) settings relevant to coreagde supernovae and supernova remnants;
high velocity, low density interpenetrating plasrflaws that can lead to collisionless
astrophysical shocks relevant to colliding galaxigspernova remnants, and Herbig-Haro
jets; photoionized plasmas surrounding accretingnpact objects such as white dwarfs
(“cataclysmic variables”), neutron stars, or masdiack holes at galactic centers and known
as active galactic nuclei (AGN); particle accelemrat from collisionless shocks, 3D
turbulence, or magnetic field reconnection thatlead to cosmic ray generation; and perhaps
the most enigmatic of all, gamma-ray bursts. Wd thién focus on and conclude with a
summary of recent experiments done on NIF, Omeaughother HED laser facilities to study
unique regimes of plasma nuclear astrophysics aaleto star formation, stellar evolution,
supernova explosions, and big bang nucleosyntliBBisl). We will also mention some very
new results using the ~1018 W/cm2 ARC laser to ggae-MeV slope temperature plasmas
from which we observed relativistic electron-pasitipair plasma generation and 10-20 MeV
TNSA (target normal sheath acceleration) protom®ese€ latest results will enable relativistic
laboratory astrophysics studies in the future &t.NI

*This work was performed under the auspices ofuh®. Department of Energy (DOE) by

Lawrence Livermore National Laboratory under CattidaE-AC52-07NA27344. The above
mentioned experiments were done through the NIEdYsry Science program.
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Using thermal fields to investigate QED processesitiv high-
power lasers

Steven J ROSE
Yimperial College London

E-mail: s.rose@imperial.ac.uk

Many experiments have been proposed and underthense ultra-intense laser radiation to
investigate QED effects. These experiments geneiralestigate high-field non-linear QED
where the electron is often treated theoreticadlyaalressed Volkov state. Here we identify a
separate and new category of experiments that igbepbwer lasers to create thermal (or
guasi-thermal) radiation fields that can be useithvtestigate linear QED processes which are
of interest in astrophysics, cosmology and are alsundamental interest.

We describe an experiment (Pike et al 2014) whiab the aim of demonstrating the two-

photon Breit-Wheeler processy(e’e), the simplest mechanism by which light can be
transformed into matter. This linear two-photoniBWheeler experiment involves using one
arm of the UK’s Gemini laser operating at 30fse¢spuduration to produce laser-driven

electron acceleration followed by conversion to hhémergy gamma-ray photons by

bremsstrahlung. This beam of gamma-ray photorieeis incident on a thermal radiation field

generated using the second Gemini beam operatiag tmcompressed mode interacting with
a converter foil. The particularly new aspect oé foroposed experiment involves using a
thermal radiation field as the ‘target’ for the later.

We see this experiment as the first in a new atdssxperiments that use such a photon-
photon collider produced using high energy derfsitylities such as LMJ-PETAL, which will
investigate fundamental QED processes in the labgraFuture experiments are being
considered including the measurement of photongrhdtight by light) scattering. This
measurement is particularly important and intengstbecause it gives a route to identify
beyond-Standard-Model physics, such as axion pegsid Born-Infeld electrodynamics.

‘A photon-photon collider in a vacuum hohlraum'J ®ike, F Mackenroth, E G Hilland S J
Rose, Nature Photonic8, 434 (2014).
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Short-pulse laser-driven neutron sources have becanopic of interest since their
brightness and yield have recently increased byrsraf magnitude. Using novel target
designs, high contrast - high power lasers and esimponverter/moderator setups, these
neutron sources have finally reached intensitiasghits interesting applications.

We present the results of experimental campaignhe GSI PHELIX and the LANL
Trident lasers. We have produced an unprecedengedrom flux, mapped the spatial
distribution of the neutron production as well &senergy spectra and ultimately used the
beam for first applications to show the prospedhete new compact sources. We also made
measurements for the conversion of energetic nesitioto short epithermal and thermal
neutron pulses in order to evaluate applicatfon:ion-destructive testing, radiography and
nuclear safeguard applications.

PETAL as one of the highest energy short pulser lageld allow for unprecedented
neutron bursts that could be used for fast neutadiography, neutron imaging, temperature
measurements of WDM and even activation of nuateaterial on a nanosecond timescale.
Thus we believe the new neutron production schesnefiinterest to the PETAL user
community.

The results also address a large community asvésptine way to use short pulse lasers
as a neutron and hard x-ray source. This can openeutron research to a broad area of
applications as those potentially compact and meobiurces could lead to testing and
inspection systems. We already demonstrated theirusetive interrogation of sensitive
nuclear material and Isotope identification by nemtresonance spectroscopy. Future laser
systems with high average power could complemeetven replace large scale facilities like
reactors or particle accelerators.
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Demonstration of Imprint Mitigation in Planar Geometry by a
Combination of X-Ray—Driven Picket-Pulse Shocks an®irectly
Driven Targets
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A new scheme was tested to mitigate laser impnirdiiect-drive inertial confinement
fusion. It is based on the idea that the initiad@hwave is driven by x rays generated by a
short laser pulse followed by a long main laserspuhat directly drives the target. This
hybrid scheme uses a target design with gunsthick CH membrane coated with 40 nm of
Au to generate the initial shock with x rays. Thembrane is located several hundred
microns away from the imploding shell. Using x rdgsdrive the first shock promises to
significantly eliminate short- and medium-waveldngtodes from laser imprinting. A proof-
of-principle experiment was performed in planar metry showing promising results. We
demonstrate x-ray—driven shocks at peak presstireg to 8 Mbar in quartz and CH layers
for different picket energies and distances of thembrane. Face-on x-ray radiography
measurements show an imprint reduction in the dytarget compared to standard plastic
foils, most obviously for short wavelengths. Thiaterial is based upon work supported by
the Department of Energy National Nuclear Secufitiministration under Award Number
DE-NA0001944.
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Weibel-mediated collisionless shocks driven by sup®nic plasma
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Collisionless shocks, a consequence of superstoues fsweeping across an interstellar or
intergalactic medium, are ubiquitous in the unieer§hey have been speculated to cause
many fundamental astrophysical phenomena by heatind compressing background
plasmas; seeding and amplifying magnetic fieldst aocelerating cosmic rays. Despite the
importance of shocks and their underlying phystb® shock structure and fundamental
behaviors remain controversial, as there have feenvays to study them experimentally.

We report on the laboratory experiments and tHesotetical interpretation involving the
generation and observation of Weibel-mediated, telatagnetic collisionless shocks in
astrophysical regimes, manifested by critical ptgisiparameters. The spatially resolved
filaments at the front of the magnetosonic shookiscate the compelling evidence of Weibel
currents driven by two interpenetrating ion streamfsont of a magnetic piston. We reveal a
novel physical mechanism explaining how the Wedralen filaments penetrate into the
magnetized region of interaction and amplified dsisgam in the pre-compressed magnetic
turbulence, resulting in entropy production andcshmediation. We also demonstrate particle
acceleration via the first-order Fermi mechanism,umique and critical feature of
astrophysically relevant, electromagnetic colligéss shocks that previously has not been
achieved in laboratory experiments.

The experiments directly mimic the scenario of ismhless shocks in nonrelativistic
astrophysical contexts such as supernova remnantsprovide a roadmap into the shock
physics in relativistic regimes such as aftergloiv cmsmological y-ray bursts. This
experimental scheme can be reproduced on a lacgker an the LMJ-PETAL laser facility.
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A preparatory experiment to LMJ-SI (S. Baton) experment:
Radiography of shocks and hot electron preheat on @egaEP

J. Treld, W. Theobal@ A. Casnet, D. Batant, D. Raffestid, E. Le Betl, S. Baton,
M. Koenig’

! CELIA, Univ. Bordeaux, Talence, France
2 LLE, University of Rochester, Rochester NY, Bthiis
3LULI, CNRS, Ecole Polytechnique, Palaiseau, France

E-mail : jocelain.trela@u-bordeaux.fr

The shock ignition scheme is an alternative apgro® the classical direct drive
inertial confinement fusion. It uses an intenselapike at the end of the compression phase
in order to drive a strong shock inside the targgtiting it. The intensity required for such
shock (5.16° W/cm? to 16° W/cm?) is sufficient for the excitation of parametinstabilities
leading to a significant amount of laser energpdfar to supra-thermal electrons. The effect
of these electrons on the hydrodynamic of the agréhock is not yet well understood, or well
simulated in hydro-radiation codes. Dedicated exrpants are required in order to quantify
the hot electrons source parameters in the regiimatensity and plasma gradient length
relevant for shock ignition.

An experiment will be conduct on LMJ in 2019 ar@P@, aiming to characterize the
hot electron population generated by a laser spik®nditions relevant to the shock ignition
scheme. As preparation, a smaller scale experiimantbeen realized on OmegaEP. In this
experiment, one or two beams have been used thateaof plastic target with a square pulse
at an intensity of 5.8, 10"°® W/cmz?, corresponding to a shock ignition spike.elia the
energy limitation of the installation, the plasnanditions of the shock ignition scheme were
not reproduced. The main diagnostics for this erpent were:

* Bremsstrahlung cannon and copper K-alpha speetrgnio determine the hot
electrons population.

» Side radiography to image the effect of the Hetteon energy deposition on the
hydrodynamic (both of the shock and of a buriedpenpayer).

Additionally, the effect of a ~20 T transversal matic field (generated with MIFED) have
been investigated. The magnetic field is expectedetviate the hot electrons, reducing the
preheat of the target.

We will present the set-up of the experiment dedgreliminary results.
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Laser-driven experiments shedding light on turbulen dynamo:
Platform design and numerical modeling with FLASH
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LMJ TDYNO

Cosmical magnetic fields are ubiquitous in the @née, with energy densities typically
comparable to that of the fluid motions of the piasin which they are embedded. This
makes magnetic fields essential players in the mycgof observable matter in the Universe.
The standard model behind the origin of interg&dachagnetic fields is through the
amplification of seed fields via turbulent dynamo the level consistent with current
observations. We have conceived and conductedies s&rhigh-power laser experiments at
Omega, NIF, and LMJ to study the dynamo amplifmatof magnetic fields in different
plasma regimes. The properties of the fluid and thagnetic field turbulence are
characterized using a comprehensive suite of plaamdamagnetic field diagnostics. In this
talk, we describe the large-scale 3D simulationspesdormed with the radiation-MHD code
FLASH on ANL's Mira to help design and interpreg ttixperiments. The simulations indicate
that magnetic Reynolds numbers above the expegtaahtb threshold are achieved and seed
magnetic fields, produced by the Biermann batteecmanism, are amplified by turbulent
dynamo.
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We propose to measure the energy loss of lightimaswarm dense plasma at low projectile
velocities. In this parameter range, significargaditetical uncertainties are reported on the
stopping power due to electron degeneracy and cwy@nd experimental data are missing.
The understanding of ion stopping in this regimefigreat interest both from a fundamental
scientific point of view and for the modeling ofemiial confinement fusion plasmas. The
considered projectiles are quasi-monoenergetid ligis created from a D3He “exploding
pusher” capsule imploded by 6 LMJ quads. The prokaan dense plasma is created by the
isochoric X-ray heating of a thin low Z materiat&ted inside a metal-coated plastic cavity
by X-rays driven by 6 other LMJ quads. Temperatulese to 30 eV at solid density are
expected, corresponding to a target electron cog@fI” ~ 0.3 and an electron degeneracy ~
2. The energy spectra of the ions that passed through the target arerded with the
SEPAGE charged-patrticle spectrometer. The targaditons are probed with the Thomson
scattering technique by using K-alpha radiatioruget! by the heating of a back-lighter foil
with the PETAL beam. The scattered X-ray specteraeasured with the HRXS (DP10)
spectrometer. Proton imaging of the target withiaelsfomic films (using CRACC) also
enables to diagnose the electron density as welh@aslectric and magnetic fields in the
target.

37



Oral

Observation of Collisions of Magnetized-Plasma Bulbs
Mediated by Anisotropic Pressure
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Magnetized plasma interactions are ubiquitous trophysical, space, and laboratory
plasmas. Various physical effects have been deempdrtant in supporting the magnetic
field dynamics within plasma flows, particularly likding plasma flows with opposing
magnetic fields. We discuss an Orion laser campthgh utlitises the long-pulse and short-
pulse beam capability to create two separate fgpats and probe the Biermann generated
magnetic fields generated at the laser focus antheénreconnection reconnection region
between the spots. Measurements are made in twotidins using both protons and optical
probe. The detailed measurements of magneticsfigdsma flows and temperatures of the
laser spots have enable detailed understandingxteriment and the opportunity to compare
measurement with simulation. The magnetic fieldsegated in the reconnection region reach
a steady maximum by 1 ns and detailed plasma kimetidels are needed to reproduce the
strength of the magnetic field, the field configima and dynamics
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Status of LMJ-PETAL plasma diagnostics
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Since the first experimental campaign conducte@0h4, the LMJ operational capability is
growing up. LMJ is now operating with 40 beams (X3, and a set of ten diagnostics are
now qualified. X-ray imaging capabilities are prded by two mid-field hard Gated X-ray
Imager (GXI) with respectively a spatial resolutioin30 um and 150 um and a field of view
of 3 mm and 15 mm. Hohlraum energetics performarares measured by the absolute
calibrated time resolved broad band spectrometeKDIMX is also equipped with an X-ray
laser entrance hole imaging system and a timewedof-ray spectrometer with gratings and
streak camera. DMX is set up on the target chamb#r a specific collimator inserter.
Initially installed on the D9 port, at an angle7d° to the north pole, DMX was moved at the
summer to the D8 port, at an angle of 24°, in atpomscompatible with the new symmetric
irradiation capabilities of the facility. To compdethe dynamics of hohlraum energetics
measurements, another broad band spectrometerDiiKi, used in an insertor, has been
developed. Recently, SSXI, a soft X-Ray spectrogimg system, has been also qualified.
SSXI records time-resolved 1D image or time resblgpectra in the soft X-ray spectral
region, to analyze radiative waves and target eams®\ set of five diagnostics were also
specifically designed for use with PETAL (Petal4oject). SPECTIX measures the hard X-
ray spectra in the 6.5 keV — 100 keV range. SESAME are two electron spectrometers,
installed on fixed location of the target chamlarQ° and 45° of PETAL axis. They measure
electron energies from 5 MeV to 150 Mev and praaergies from 1 to 15 MeV. SEPAGE
diagnostic records charge particles spectra (180-k200 MeV for ion / proton spectra, and
100 keV — 150 MeV for electron spectra). SEPAGREIs equipped of an imaging module
for proton radiography. The imaging module for protradiography can also be used in a
lighter way by mounting it alone on an arm (CRAGE&gmostic).

In the following years, LMJ will increase its capges with the completion of other beams
and the development of new diagnostics. We proposgive an overview of the plasma
diagnostics development status conducted at CEAXperimental purpose in the LMJ and
PETAL facilities.
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Utilizing multiple fusion reaction-histories, x-ray emission
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density-plasma (HEDP) transport properties at OMEGA
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We present a new technique that is used to evaldBi@P transport properties, including
stopping power and ion-electron equilibration, iBH2 thin-glass exploding pushers. This
technique is based on measurements of DD and D&atgion histories, and x-ray emission
histories in different energy bands from which timsolved ion and electron temperatures
are inferred. It is also based on measurementseigg loss of the low-velocity ions: DD-
3He, DD-triton and D3He-alpha, which is directlyated to ion-electron equilibration. From
these two complementary measurements, the ionketecequilibration rate can be
determined. Long term, this technique will be egshto more broadly explore transport
properties in HEDP at various conditions. The wwds supported by DOE, LLNL and LLE.
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The interaction of a Petawatt laser with a flagéarcan produce intense electric field [1]
which may exceed 1 MV/m. Such a field leads to popgint failures, may damage diagnostics
and produce spurious signals in detectors. Asqgfdaitie PETAL project, we have studied the
EMP generation mechanisms. A 3D, multi-physics,usation chain has been developed. An
EMP diagnostic has also been developed and semnsigei the LMJ experimental chamber.
Mitigation devices have been developed and testedifterent campaigns, in several facilities,
at low and high laser energy, in order to preplaedfitst PETAL experiments.

A mechanism of the EMP generation has been idedt{f2, 3]. The proof of concept of this
scheme is a major scientific breakthrough which &lé®sved us to develop a multi-physics
simulation chain. The simulation is performed irurfesubsequent steps with a suite of
numerical codes. First, the effect of the lasergrise on the solid target is simulated with a
hydrodynamic code developed at CEA/DIF. Second, nfan laser-plasma interaction is
simulated with a particle-in-cell (PIC) code deymd at CEA/DIF. The electrons are
propagated inside the target by a Monte-Carlo cbawlly the escape of electrons from the
target and their propagation to the laser chanssmulated by another PIC code developed
at CEA/CESTA. This simulation chain has been vatidaon different experimental
campaigns. Magnetic field measurements have baapa@d to numerical results.

New target holders have been designed by numesicallations. They are composed of a
glass capillary with inside resistive gel. One efidhis capillary is fixed to the target and the
other end is fixed on a conducting cylinder suraeohby a magnetic material which operates
as an inductance. The goal of this new holder imitigate the discharge current produced
and to limit the generation of the electromagneddiation. These devices have been tested,
first, at low laser energy (0.1 J), than, at higheergy (80 J) on the POPCORN campaign at
the LULI2000 facility and finally on the first PETAexperiments up to 400 J. For these last
campaigns, the results show a very good agreemethieoradiated magnetic field between
the simulations and the measurements. As expetitednew target holder with integrated
mitigation device, reduce the radiated electromagrield by a factor greater than 3 on the
frequency bandwidth of interest. The next step Wl to validate the performances of this
new target holder at higher laser energy closedikd.

[1] “Analysis of EMP measurements in the NIF’s chwari, Brown et al., EPJ 59 (2013).

[2] “Target charging in short-pulse-laser experitsgnDubois et al., Phys. Rev. E 89 (2014).
[3] “Physics of giant EMP generation in short-pullager experiments”, Poyé et al., Phys. Rev.
E 91, (2015).
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It has recently been demonstrated experimentallythen OMEGA Laser Facility that a
turbulent plasma created by the collision of twatdbilized (but initially unmagnetized)
plasma jets is capable of generating strong sttichasagnetic fields via the small-scale
turbulent dynamo mechanism, provided the magneggnBlds number of the plasma is
sufficiently high (Tzeferacost. al, Nat. Comm.vol. 9, 2018, 591). In this talk, we compare
such a plasma with one arising from two pre-mageedtiplasma jets, whose creation is
identical save for the presence of a 10 T extemagnetic field imposed by a pulsed
magnetic field generator. We investigate differenisetween the two turbulent systems using
Thomson scattering diagnostics, self-emitted X4ragging and proton radiography. While
the Thomson scattering spectra are broadly sirhéaveen the magnetized and unmagnetized
interactions, the proton radiographs are qualigdyidifferent. In addition, the self-emitted X-
rays in the magnetized interaction show a greaseration in relative magnitude between
adjacent structures, a possible indication thatekiernal field is capable of significantly
altering the dynamics of the turbulent plasma despinly possessing a finite fraction of the
initial plasma-jet kinetic energy.
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The Laser MégaJoule (LMJ) target bay systems is aquipped with a set of four
inserters that can be loaded with several targemdistics which are: a mid-field Gated X-ray
Imager (GXI), a large field 2D GXI and a StreakemftX-ray Imager (SSXI). Moreover, a
high resolution 2D GXI is also under developmemtdtudying target implosion. A Streaked
Hard X-ray Imager (SHXI) will be delivered soon foreasuring the laser beam-to-beam
synchronization and implosion velocities. A specset of two soft X-ray imagers for LEH
characterization is under manufacturing. We wilsatébe the design and the diagnostics
performances goal in terms of spatial, temporal gpettral resolutions. We will present the
plasma diagnostics development status conducté&Atfor experimental purpose.
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An experiment was performed at the National Ignitieacility to investigate the three-
dimensional ablative Rayleigh-Taylor Instability TR In this experiment, a 300 um thick
polystyrene disk was irradiated with 450 kJ of 351 nm) laser light over 30 ns. The initial
seeds of the instability were formed using an easyl-characterized imprinting laser beam
both with and without continuous phase plate smagth Growth of the optical depth
modulations and the acceleration of the foil welesesved using time-resolved x-ray
radiography. The results closely follow the claabself-similar bubble distribution until late
times when the bubble sizes approached the fakteiss. Due to the remarkably long laser
drive and travel distance, multiple generationsnefging were observed, and measurements
of the nonlinear saturation velocities have bedereded to unprecedented long wavelengths.
Smoothing of the imprint beam showed a large deeraa RTI modulations amplitude,
though its late-time evolution approached the ety distribution of the unsmoothed seed
measurements, suggesting the beginning of a losseohory of initial conditions. These
experiments are of crucial importance for turbukerstudies and for benchmarking 3D
radiation hydrodynamics codes used in Inertial @@mhent Fusion.
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Recent progress in high-power laser technologyspasred development of petawatt
and picosecond laser facilities, which raises tnestjon of the extension of some applications
developed for high intensity and short pulse Ig3el00 fs) to new regimes. This paper
concentrates on the possibility to generate artreleevakefiled accelerator and an associated
betatron X-ray source on the kilojoule and subpmcosd PETAL laser. We explore two
distinct scenarios through Particle-in-Cell simisias. A denser plasma (~fcm®) is first
used, such that the period of electron Langmuiillatons is much shorter than the pulse
duration, leading to longitudinal self-modulatiof the picosecond-scale laser pulse and
excitation of a rapidly evolving plasma wave. Ifasind that electron beams with a charge of
several tens of nC can be accelerated by the vetefivith a quasi-Maxwellian energy
distribution including a tail extending to a few-Géevel. In the second scenario, at lower
plasma densities (~ 2.8 *focmi®), the pulse blows out plasma electrons, creatirsingle
accelerating cavity, while the use of a density d@amp helps to inject a nC quasi-
monoenergetic electron bunch, which is then acatddrbeyond 1 GeV. In both case the X-
ray sources offer broad-band spectra with a slalelyaying amplitude extending on 10’s of
keV. A high number of photons (~ *Pis calculated in the self-modulated regime. Tovedr
value obtained in the blowout regime (>°Ithotons) is compensated by a smaller source
duration and transverse size, which increase theybrilliance by more than an order of
magnitude against the self-modulated case, alswifay high spatial and temporal resolution
in X-ray imaging. In all explored cases, accelatakectrons emit synchrotron x-rays of high
briliance, B > 16° photons/s/mAimrad/0.1%BW. Synchrotron sources driven by
picosecond kilojoule lasers may thus find an apilb in x-ray diagnostics on facilities such
as the LMJ or National Ignition Facility (NIF).
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Collisionless shocks, which are held responsibtegémerating nonthermal particles and
radiation in high-energy astrophysical objects, \aigely believed to originate from micro-
instabilities triggered in colliding flows. Recentrapid theoretical developments have gone
hand in hand with experimental efforts to genecatésionless shocks using powerful lasers.
We have investigated both theoretically and nunaélyiche possibility to use such lasers to
study plasma collisions in strong large volume edlsxternal magnetic fields. The presence
of an external magnetic field can speed up the Idpweent of a collisionless shock that
would otherwise be outside the reach of the lardgstr systems available. The external
magnetic field compression and the binary collisidretween charged particles can also
strongly affect the shock formation and the subsagparticle energization.
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SESAME is a component of the first set of diagrossfor the LMJ-PETAL LASER
facility, called the PETAL+ project.

This project was supported by the French ANR (NetidAgency for Research).

SESAME is a magnetic electron spectrometer. It ammosed of a 10 centimeter
tungsten radiative shielding, an adjustable eneasiit and of a 0.5 T NeFeB permanent
magnetic dipole. The recording media are imagiraggsl. In order to measure both spectrum
and angular distribution of the electrons produtgdPETAL, two identical vessels are
mounted directly on the wall of the LMJ chambergheaontaining a SESAME spectrometer.
They are located at 0° and 45° relative to the PE@&Is. No electronic nor active devices
are used in the signal pathway. This choice comas the huge electromagnetic pulse that
can be generated by experiments using PETAL. SESAWguipped with imaging plates on
both sides of the magnetic dipole and also in thectlline of sight. Then, SESAME is able,
in addition to the electron spectrum, to measuoctops—ions spectra and also hard X rays
spectra with a rudimentary bremsstrahlung cannon.

The electrons energy range is 5 to 150 MeV.
The protons-ions energy range is about 5 to 50 MeV.

The imaging plates have to be removed after eapkrearent for analysis. To comply with
the safety regulation of the LMJ facility, a spédaor has been developed and patented. It is
based on the double door principle and withstahdsacuum of the chamber.

Both SESAME spectrometers are under the contral néiclear ventilation system for
nuclear confinement concerns.
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The NIF experimental process for proposing, scheduplanning, and setting up an
experiment exists to ensure communication with biFa timeframe that supports successful
execution of an experiment. Fixed points in tinaedn been strategically placed throughout
the process where the experimental team providEgnation about the experiment to
support any reviews, subsequent work and fadiégback.
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Hydrodynamic instabilities occurring during the khienplosion prevent efficient target
compression and still constitute the principal heitdwards ignition by Inertial Confinement
Fusion (ICF). In this work, we concentrate on di@gve ICF where the seeds of the ablative
Rayleigh-Taylor Instability (RTI) originate mainfyom laser imprinted perturbations. Based
on experimental data acquired with a very long kecagon drive on the NIF [1], an
analytical study was conducted to increase our kewye of these phenomenons by using
numerical simulation parameters obtained from 2DICHomputations [2]. The case
considered is a CH-foil (300um thick and 2mm widiiadiated by 450 kJ of 3w laser
irradiation distributed over a 2-mm wide focal spbhe imprinted seeds come either for an
unsmoothed laser beam without any CPP, or a smdodine with regular CPP. Three
different theoretical models [3,4,5] which describ®rinting, ablative Richtmyer-Meshkov
and Rayleigh-Taylor phases are intended to be redttbgether in order to reproduce the
chronological profile of the foil surface. Modelgarameters can be adjusted thanks to
simulation’s outputs and tested to fit experimerdata measured in RTI phase. As a
benchmark, single mode pre-imposed modulations waresidered and compared to
experimental data. The final goal is to reproduste-time profiles from experimental data
with a multi-mode imprinted pattern.

[1] A. Casner and aL., Plasm a Phys. Control. 84002 (2018)

[2]

[3] V. A. Smalyuk, V. N. Goncharov, T. R. Boehly, A. Delettrez, D. Y. Li,J. A.
Marozas, A. V. Maximov, D. D. Meyerhofer, S. P. Reg T. C. Sangster, Physics of
Plasmas 12, 072703 (2005)

[4] V. N. Goncharov, O. V. Gotchev, E. Vianello,R. Boehly, J. P. Knauer, P. W. McKenty,
P.B. Radha, S. P. Regan, T. C. Sangster, S. Skugsky Smalyuk, R. Betti, R. L. McCrory,
D. D. Meyerhofer, C. Cherfils-Clérouin, PhysicsRidsmas 13, 012702 (2006)

[5] H. Takabe and K. Mima, The Physics of Fluids 2876 (1985)
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An accurate knowledge of the properties of iron amch alloys at high pressures and
temperatures is crucial for understanding and ntiodeplanetary interiors. While Earth-size
and Super-Earth Exoplanets are being discoveradcieasingly large numbers, access to
detailed information on liquid properties, meltingrves and even solid phases of iron and
iron at the pressures and temperatures of theirians is still strongly limited. In this context,
X-ray sources coupled with high-energy lasers dffanique opportunities to measure
microscopic structural properties at far extremedions.

Here we present recent studies devoted to invéstithee solid-solid [1] and solid-liquid

transition in laser-shocked iron and iron alloyg-&i, Fe-C and Fe-O alloys) using X-ray
diffraction, X-ray diffuse scattering and X-ray abstion spectroscopy. Experiment were
performed at XFEL facilities (LCLS at SLAC, USA aidH5 at SACLA, Japan). Detection of
the diffuse scattering allowed the identificatiohtbe first liquid peak position along the
Hugoniot, up to 4 Mbar. While the pressure and &g ranges were strongly limited to
several hundreds of GPa along the Hugoniot at XFEies time resolution shows ultrafast
(between several tens and several hundreds ofgmonds) solid-solid and solid-liquid phase
transitions. Access to X-ray sources coupled wiginér energy laser facility is of the utmost
importance to study solid and liquid structuresiroh and iron alloys at further extreme
pressure and at out-of-Hugoniot conditions, molevent to planet interiors.

We will also present the recent target developmepé&formed within the ERC
PLANETDIVE program.

[1] A. Krygier et al. subm. to Scientific Report 2%
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The interaction of lasers with plasmas very ofteadk to nonlocal transport conditions,
where the classical hydrodynamic model fails tocdbs physical phenomena related to
highly mobile particles. In this study the electaistribution in plasma is investigated for the
conditions relevant to ICF. In particular, we fo@rsthe transport of nonlocal (supra-thermal)
electrons streaming down the temperature gradretite ablating plasma. Nevertheless, the
nature of plasma (ionized gas) requires a coresgonse of background electrons too. This is
achieved by the action of an electric field, whishprovided self-consistently based on the
kinetic modeling. Our approach leans on the AlbntWilliams-Bernstein-Swartz collision
operator providing a simple, computationally e#iai, transport equation of electrons and is
further benchmarked against full Fokker-Planck eoltisional PIC codes Aladin and Calder.
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Experimental measurements using the OMEGA EP lasdity demonstrated Direct Laser
Acceleration (DLA) of electrons up to a record @@V using a high-energy, picosecond
pulse at an optimal plasma density. Two-dimensioRHl simulations with conditions
designed to match OMEGA EP were conducted usingelR®CH code to diagnose the
influence of plasma density on the generation ghfanergy, high-charge electron beams.
Particle tracking enables further investigatioroithe dynamic role of quasi-static channel
fields on electron energy enhancement, beam pginand divergence, elucidating the
mechanisms and action of DLA at different plasmasitees and pulse durations. Electron
beams generated by this scheme could be used amdbilliant, spatially coherent X-rays
with the capability to be accurately synchronizedhort pulse laser initiated events and for
experimental verification of the two-photon Breitdégler process.
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DT Kinetics

Inertial confinement fusion implosions are almostlesively modeled as hydrodynamic in
nature where the electrons are treated as a fhiddlae ions separately as a single average-ion
fluid. However, in the shock convergence phaseirtdally all inertial fusion implosions, the
mean-free path for ion-ion collisions becomes sidhtly long that both the shock front itself
and the resulting central plasma are inadequate$gritbed by hydrodynamic modeling. A
series of OMEGA experiments relevant to the shockivergence phase of ignition
implosions shows little to no species separatioa DT plasma, but they do implicate other
kinetic effects, like reactivity reduction, decredsshock energy coupling, and thermal
decoupling of the D and T ions, which may play k& fia ignition implosions. This work was
supported by DOE, NLUF, LLNL, and LLE.
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Magnetized turbulence and dynamo action are ulmgsitin the Universe and spa very
disparate scales: from the Earth and the Sun,nieestellar medium, t whole galaxies and
galaxy clusters. The compressibility of turbulelasma varies significantly within and across
these astrophysical environments, affectin theulerid properties and the behavior of the
dynamos they sustain. Extendin our previous workhneompressible turbulent dynamo at the
Omega laser facility and the National Ignition Hiagi we have conceived experiments for

the Lase Megajoule facility in France to study netged turbulence and turbulent dynam in
the compressible limit. Here, we describe the desigthese experiment through large-scale
3D FLASH simulations on the Mira supercomputer alLAan demonstrate that the proposed
experimental platform is capable of producing higaeh number turbulence that rapidly

amplifies seed fields to nea equipartition with thoulent fluid motions.

56



Poster

SPECT3D, Imaging and Spectral Analysis Package

Sudhir Kulkarni, Joseph MacFarlane

Prism Computational Sciences Inc
sudhir.kulkarni@prism-cs.com

SPECT3D is a collisional-radiative spectral assypackage designed to compute detailed
emission, absorption, or x-ray scattering spediti@red images, XRD signals, and other
synthetic diagnostics. The spectra and images @mgpuated for virtual detectors by post-
processing the results of hydrodynamics simulatiomslD, 2D, and 3D geometries.
SPECT3D can account for a variety of instrumentsponse effects so that direct
comparisons between simulations and experimentalsatements can be made. We will
present new features of SPECT3D and highlight thpplication to the analysis of HEDP
experiments. Recent additions to SPECT3D includei@aated version of Prism’s Atomic
Database that incorporates NIST atomic data verSiOnand improves the consistency for
modeling He- and Li-like satellite transitions. s Thompson scattering calculation times
have been improved for the RPA model, and muledding has been added for the short
characteristics method. Future development planSRECT3D will also be discussed.
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The SEPAGE spectrometer (Spectrométre Electron®®¥A Grandes Energies) was
realized within the PETAL+ project funded by thefkech ANR (French National Agency for
Research). This plasma diagnostic, installed onLti@-PETAL facility, is dedicated to the
measurement of charged particle energy spectrargfedeby experiments using PETAL
(PETawatt Aquitaine Laser) [1] [2].

SEPAGE in inserted inside the 10-meter diameter leWiderimental chamber with a
SID (Diagnostic Insertion System) in order to besel enough to the target. It is composed of
two Thomson Parabola measuring ion spectra and pemtecularly proton spectra ranging
from 0.1 to 20 MeV and from 8 to 200 MeV for thewlcand high energy channels
respectively. The electron spectrum is also medswith an energy range between 0.1 and
150 MeV.

At the entrance of each Thomson Parabola, chargetitlps are first selected by a
pinhole. They are then deviated by a magnetic fiehted by a magnetic dipole using two
permanent magnets and then by an electric fielérgéad between parallel plates on which
high voltages are applied. The front part of thagdbstic carries a film stack that can be
placed as close as 100 mm from the target centanlolr. This stack allows a spatial and
spectral characterization of the entire proton helintan also be used to record proton
radiographies.

SEPAGE was recently implemented on the LMJ-PETALIlifg and the first ion
spectra were measured with different targets asel leonditions.

References
[1] D. Batani et al., Phys. Scr., T161, 014016 @01
[2] A. Casner et al., High Energy Density Phys. 2711 (2015)
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Abstract: It is shown, that the use of two-sided coniceadess, irradiated by long plus
short laser pulses, enables to attain thermonugear in order to 1. It needs to create
powerful thermonuclear neutron source for the faidission reactor.

2D numerical simulations demonstrates the thin eldager acceleration up to 300-
400 km/s inside a conic channel with the use olValaser pulse with the energy of ~ 1 MJ
and a duration of 20-100 ns. As shown by our 2D enigal simulations, it is possible to
compress a liquid DT mixture by a factor of 30-30e whole compression proceeds under
the action of the incident and reflected shock waue these conditions one might expect that
mixing would not lead to a target breakdown. Thel fdensity ~ 10 g/cfhand temperature
~7-8 keV are achieved in the collision (near cenmmit).

The sequence of short pulses (a single pulse potv@\) with a total energy 50-60 kJ,
which injected into the target through the openilogsted near the cone summits, must fulfil
two functions: local confinement and additional theathe thermonuclear fuel. We have
proposed a peculiar target design to produce couneesure near the walls. A low-density
substance and corrugated layers in absorber oft daser pulses could be capable of
flattening of the counterpressure.

There is a possibility of carrying out a full-scabeperiments on NIF or LMJ facilities.
According to our estimates, the neutron yield feo-sided targets be equal to*iper pulse,
i.e. be comparable to the yield observed in indideive experiments at NIF.
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The ability to create and study high energy dengKfED) matter is improving our
understanding of inertial confinement fusion, gsiwsical systems, planetary interiors and
fundamental plasma physics. Photon beams in theGXihma ray range, produced by
relativistic electrons from intense laser-plasntariactions, are key tools in the exploration of
HED science. In this work, we utilize the high-aneelectron beam from a Self-Modulated
Laser Wakefield Accelerator (SM-LWFA) to generateraadband (0.01-1 MeV) X/Gamma-
ray source. SM-LWFA can generate relativistic etat$ for applications that require a high-
charge but low divergence electron beams. The Taser at Lawrence Livermore National
Laboratory is capable of providing high-energy,osecond laser pulses that can be focused
to give intensities approaching?/cn?, ideal for generating 10nC electron beams in the
10-400 MeV energy range via SM- LWFA. The electrgeserate X-rays via their betatron
motion (few-30 keV) [1,2] and hard X-rays to gammays through inverse Compton
scattering (10-300 keV) or Bremsstrahlung (up t0 MeV) radiation [3]. Due to its unique
characteristics, the source will be an ideal prabhd backlighter for future time-resolved
spectroscopy, imaging, Compton radiography and Idéffiaction experiments.

Work performed under the auspices of the U.S. Oepart of Energy by Lawrence Livermore
National Laboratory under contract DE-AC52-07NA2434upported by the LLNL LDRD
program under tracking code 16-ERD-041, and supabtty the DOE Office Science Early
Career Research Program under SCW 1575-1.

References
[1] F. Albert et al Physical Review Letterkl8, 134801 (2017)

[2] N. Lemos et alPlasma Phys. Controlled Fusid&8, 034018 (2016)
[3] N. Lemos et alPlasma Phys. Controlled Fusia@® (5), 054008 (2018)
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Here we present the simulations performed for tlopgsed experiment for the measurements
of the energy loss of light ions in a warm densaspila at low projectile velocities. This
experiment is aimed to investigate this parameserge, where significant theoretical
uncertainties are reported on the stopping powertdelectron degeneracy and coupling, and
experimental data are missing. The understandingrostopping in this regime is of great
interest both from a fundamental scientific poifitveew and for the modeling of inertial
confinement fusion plasmas. The considered prdégscire quasi-monoenergetic light ions
created from a D3He “exploding pusher” capsule odpt by 6 LMJ quads. The probed
warm dense plasma is created by the isochoric Xzeaging of a thin low Z material located
inside a metal-coated plastic cavity by X-rays énivy 6 other LMJ quads.

The temperature and density profiles of the isaadly x-ray heated target sample were
simulated with 2D hydrodynamic code. Temperatudesecto 30 eV at solid density are
expected, corresponding to a target electron cog@fI” ~ 0.3 and an electron degeneracy ~
2. The estimations of the ion energy loss in tlesmpla with such parameters were performed
by using various models such as T-Matrix, Li, Litf@eso etc.

In experiment , the energy spectra of the ionsphased through the target are recorded with
the SEPAGE charged-particle spectrometer. The ttacgaditions are probed with the
Thomson scattering technique by using K-alpha temtianduced by the heating of a back-
lighter foil with the PETAL beam. The scattered a§trspectra are measured with the HRXS
(DP10) spectrometer. Proton imaging of the targéh wadiochromic films (using CRACC)
also enables to diagnose the electron density Asasvéhe electric and magnetic fields in the
target.
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Recent High Energy Density plasma experiments ligreonstrated magnetic reconnection
between colliding plasma plumes, where the recaimgemagnetic fields were self-generated
in the plasma by the Biermann battery effect. Udully kinetic 3-D simulations, we show
the full evolution of the magnetic fields and plasim these experiments including self-
consistent magnetic field generation about the edipg plume. The collision of the two
plasmas drives the formation of a current sheegrevheconnection occurs in a strongly time-
and space-dependent manner, demonstrating new 8donmection mechanisms. In
particular, we observe fast, vertically-localizediefBhann-mediated reconnection, an
inherently 3-D process where the temperature grofilthe current sheet coupled with the
out-of-plane ablation density profile conspiredteak inflowing field lines, reconnecting the
field downstream. Fast reconnection is sustainebidbly the Biermann effect and the traceless
electron pressure tensor, where the developmenplafmoids appears to modulate the
contribution of the latter. We present a simple awmheral formulation to consider the
relevance of Biermann-mediated reconnection in ggrastrophysical scenarios. In addition,
we investigate particle energization due to reconoe within these highly 3-D systems and
compare our results with those of 2-D HED reconpeacitudies.
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End of 2017 and beginning of 2018, PETAL, a Petawader beam, was operated for
diagnostics qualification experiments on the LMdiliey at the CEA/ Cesta research center.
The PETAPhys project provides a support to the cmsioning phase of the PETAL laser
operation*. It is complementary to the Equipex podjPETAL+, which delivers the major
diagnostic equipment. Within the PETAPhys projeet have developed two simple and
robust diagnostics to characterize the focal sptite@ PETAL beam and to measure the hard
X-ray spectrum on each shot.

The first diagnostic (Twist) is the optical imagimg the PETAL beam focal spot in the
spectral range of the second and third harmoni@tiad emitted from the target. The second
diagnostic (CRACC X) is a hard X-ray spectromet@ngisting in a stack of imaging plates
(IP) and filters either held by SEPAGE or CRACCaeirisr.

Numerical simulations as well as experiments onlisscale facilities have been performed to
design these diagnostics and will be compareddoriesults from PETAL experiments.

*We acknowledge the financial support from the [EreiNational Research Agency (ANR) in

the framework of "the investments for the futurefogtfamme IdEx Bordeaux-LAPHIA
(ANR-10-IDEX-03-02)
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The aim of the EQUIPEX PETAL+ is to provide diaghos for the LMJ (Laser Mega Joule)
and PETAL (PETawat Aquitaine Laser) laser facildne of these diagnostics is dedicated to
record time integrated spectra, generated by tegaction of the PETAL laser pulse with a
target, in the hard X-ray range (8 — 100 keV). Taene of this spectrometer is SPECTIX
(Spectrometre PEtal a Cristal en Transmlission s based on two transmission crystals in
order to cover the whole spectral range. Detegtigrerformed by using imaging plates which
are insensitive to strong electro-magnetic pul#iesias built and used on the first PETAL
experiments.

The specifications of SPECTIX, its design, its khigg, its present performances as well as
the calibration results of its crystals and spectra@ined during the qualification campaign of
PETAL will be presented.

This work for diagnostic development takes placéhiwi the EQUIPEX PETAL+ funded
through the PIA by the French National Agency fasBarch (ANR) and coordinated by the
University of Bordeaux.

[1] C. Reverdin, SPECTIX, a PETAL+ X-ray spectroaretdesign, calibration and
preliminary tests, JINST 13 C01005 (2018)
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The Laser Megajoule facility started to operatéhi@ early 2014 with one bundle consisting
of two quadruplets (20 kJ at 351 nm) focused ogetiafor the first experimental campaign.
We present here the first set of gated x-ray in@g®XI) diagnostics implemented on LMJ
since mid-2014. This set consists of two imaginggdbstics with spatial, temporal, and
broadband spectral resolution. These diagnostitlsgivie basic measurements, during the
entire life of the facility, such as position, sttwre, and balance of beams, but they will also
be used to characterize gas filled target implosgmmetry and timing, to study x-ray
radiography and hydrodynamic instabilities. Theiglesequires a vulnerability approach,
because components will operate in a harsh envieohinduced by neutron fluxes, gamma
rays, debris, and shrapnel. Grazing incidence xam&yoscopes are fielded as far as possible
away from the target to minimize potential damagd aignal noise due to these sources.
These imaging diagnostics incorporate microscopi#is large source-to-optic distance and
large size gated microchannel plate detectors. ddompes include optics with grazing
incidence mirrors, pinholes, and refractive lens&patial, temporal, and spectral
performances have been measured on x-ray tubesUshdasers at CEA-DIF and at
Physikalisch-Technische Bundesanstalt BESSY Il lsgatcon prior to be set on LMJ.
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The first streaked soft X-ray imager, SSXI, hasrbeemmissioned on LMJ facility in 2018.

It has successfully recorded time-resolved 1D imegyé can measure a time / space-resolved
spectra in the soft X-ray spectral region. It islidated to the analysis of soft x-ray emission
(< 1 keV) and of phenomena driven by radiative ¢fanin the sub-keV domain (propagation
of radiative waves, radiation burnthrough ...).

It consists of the association of an optics assgrabtl a spectral selection device. As no filter
can be used due to soft X-ray bandwidth, the opsiciaeme of the diagnostic is entirely based
on grazing incidence optics.

The optics assembly is composed of a blast shigidhwis a large flat mirror, with grazing
incidence, that can be shifted shot after shot,san¥-ray microscope with two channels each
made of two toroidal mirrors for improving spatiakolution.

The spectral selection is provided by two low-passors combined with a reflective flat
field grating that can be substituted by a mirroribcrease the diagnostic sensitivity.
Depending on the orientation of the streak camerathe central channel, a temporally
resolved X-ray image with spectral selection oermaporally resolved X-ray spectrum can be
acquired, together with one time integrated imége the second channel) on a customized
CCD camera.
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PROJECT

Self-focusing of a laser beam in a stationary pksiniven by ponderomotive force is studied.
It is performed by using the radiative hydrodynasnoode CHIC in the context of Inertial
Confinement Fusion. In CHIC, the propagation of au§sian beam obeys the ray tracing
laws, extended to the framework of Paraxial CompBeometrical Optics (PCGO): The
Gaussian beam propagation is described by thectoayeand complex front curvature thus
providing access to the laser intensity in the mpasSo far, optical techniques, such as
Kinoform Phase Plate (KPP), have been implemenbedincident laser beams are split into a
group of elementary Gaussian beamlets whose ervel@ates a “pseudo-speckles” intensity
pattern in the plasma. In such a framework, it besn demonstrated that one can take into
account nonlinear processes, such as paramettiagbilittes and hot electron generation.
However, the beamlet size is much larger than &a¢ speckles’ size and PCGO beamlets
may suffer from premature self-focusing.

In this work, we present analysis of the self-faoggrocess in the PCGO approximation and
propose a method of its control, by choosing trentlet focusing pattern in the far field zone.
A definition of the critical power in plasma is isied for the case of multiple crossing
beamlets. The case of a mono-speckle beam compmsséveral elementary beamlets is
studied and the self-focusing is evaluated as atifum of the number of beamlets. The
conclusions of the PCGO model are compared with rfuimerical simulations, using the
paraxial code HARMONY, and appropriate parametigrabdf the beamlets is proposed. The
comparison will be extended to multi-speckled lds=mms and cross-beam energy transfer at
high laser powers, as well as application to ingest self-focusing in nonstationary plasma.

This work has been carried out within the framdwairthe EUROfusion Consortium and has
received funding from the Euratom research anditrgiprogramme

2014-2018 under grant agreement No 633053.
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The 3-D view factor code VISRAD is widely used inesthning HEDP
experiments at major laser and pulsed-power fasliincluding NIF, OMEGA, OMEGA-
EP, ORION, LMJ, Z, and PLX. It simulates targesides by generating a 3-D grid of
surface elements, utilizing a variety of 3-D prives and surface removal algorithms, and
can be used to compute the radiation flux througtimisurface element grid by computing
element-to-element view factors and solving powadalice equations. Target set-up and
beam pointing are facilitated by allowing users dpecify positions and angular
orientations using a variety of coordinates systéeng, that of any laser beam, target
component, or diagnostic port). Analytic modeliimg laser beam spatial profiles for
OMEGA DPPs and NIF CPPs is used to compute lasensity profiles throughout
the grid of surface elements. We will discuss mea@provements to the software package
and plans for future developments.
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We performed an experiment on ultrahigh pressunemgéion with hot electrons produced
by high-intensity laser plasma interactions. Heicglons with small temporal duration might
be ultra-high pressure source by absorption ofenatithin very thin layer that is comparable
to mean free path of hot electrons [1]. The ulghkpressure generation exceeding GBar
regime is very important for shock ignition schenfelCF targets, as well as fundamental
ultrahigh-pressure experiments.

Experiments were done on GEKKO-HIPER laser irradimtfacility at ILE, Osaka
University. We irradiated three-layered foils (CH-Quartz) in order to generate the
ultrahigh pressure with hot electrons, and obsehaek wave into the third quartz layer. The
pulse duration and the intensity were 300 ps arfd-100° W/cn?, respectively @, 2w or 3w
light). For some data shots, we applied pre-puseeshhancement of effects by hot electron
generation and pre-compression. We estimated ilatszrsity on the target with a static x-ray
pinhole camera. The absorption area by hot elestwas measured by a Cuwxkmager. The
shock wave parameters were taken by VISAR andkstceaptical pyrometer (SOP).

References

[1] S. Gus’kov, X. Ribeyre, M. Touati, J.L. FeugeBsNicolai, and V. Tikhonchuk, Phys. Rev.
Lett. 109, 1 (2012).
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PROJECT

Determining fuel areal-densityoR) asymmetries is vital to assessing the performanfce
inertial confinement fusion implosions. The Chargedrticle Spectrometers (CPS’s) on
OMEGA have been used to infer fygR asymmetries in cryogenic deuterium-tritium (DT)
implosions by measuring the spectrum of knock-amnet®ens emitted along different lines-of-
sight. These knock-on deuterons are produced Istielacattering between primary DT
neutrons and the deuterons in the fuel. The CR8igh are located along different lines-of-
sight, provide a complimentary measurement to tgron-base@R measurements. In this
work, we discuss the knock-on deuteron spectrarmman the 1-D cryogenic DT Campaign
at OMEGA. Preliminary data analysis suggests pRatvaries significantly along different
measurement lines-of-sights, indicatip® asymmetries and systematic 3-D effects in the
implosions.
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Time evolutions of ion and electron temperaturessimock-driven implosions are
separately assessed using simultaneously measwedanreaction and X-ray-emission
histories. In these DHe-gas-filled implosions, the Particle X-ray Temgdobiagnostic
(PXTD) on OMEGA is fielded to measure the DT antHPB reaction histories, as well as
several X-ray-emission histories in different eryetgands. A spatially-averaged Ti(t) is
inferred from the reaction histories using the afiéint temperature sensitivities of the DT and
D3He reactions. A spatially-averaged Te(t) is irddrfrom the ratios of the X-ray histories at
different energy bands. These measured Ti(t) aed) have been used to explore ion-
electron equilibration rates in different plasmaditions. Finally, the implementation and
use of PXTD, which represents a significant advatcd®MEGA, has laid the foundation for
the implementation of a Te(t) diagnostic in supprthe main cryogenic DT programs on
OMEGA. This work is supported in part by the UJ®OE, LLNL, LLE, and NNSA SSGF.
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We present recent progress in our developmentabiniques and algorithms used to
recover spatially-resolved magnetic field structufeom measurements made using the
proton radiography diagnostic. The nature of pratmtiography places severe limitations on
the angular resolution achievable by tomographiasueements, due to space constraints in
the target chamber as well as the difficulty of @i@neously producing many suitable proton
beams; we investigate the effectiveness of a “cesgwd sensing” real-space regularisation
approach as well as a Fourier-domain “sinogramimipe” technique to avoid the severe
artefacts usually associated with tomographic retaantion of sparse-view tomographic data.

Finally, we demonstrate a full run-through of tleeanstruction process, from particle-
in-cell simulation-generated magnetic fields to tegtic proton radiographs, then to line-
integrated magnetic fields recovered from raw rgdiphs using the Monge-Ampere
formalism and finally to a slice of spatially-regetl magnetic field, which can be compared
to the input field to assess the fidelity of thehi@iques used.
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A primordial diagnostic for indirect-drive physits an absolutely calibrated time-resolved
spectrometer for absolutely calibrated measuremttite photon flux in the photon energy
range from 0.05 keV to 20 keV. LMJ-DMX has beenessplly developed to match the

constraints of the Laser MegaJdoule facility. DMX-OIMs composed of a set of four
diagnostics: firstly, a time resolved broad-bandaX-spectrometer, equivalent to DANTE at
LLNL, made of 20 measurement channels (coveringstheeV — 20 keV range) combining

mirrors, filters, specially designed flat X-ray das and high bandwidth scopes (time
resolution of 100 ps), secondly, a time resolveitl Xaray spectrometer (100 eV — 1500 eV)
with gratings and streak camera (time resolutioalmfut 50 ps), thirdly, a time integrated X-
ray Laser Entrance Hole imaging with pinhole an® €amera and fourthly a time resolved
X-ray power measurement spectrally integrated. DM is now operating since winter

2015. Experimental set-up and first results arsqted.
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In addition to the primordial diagnostic for inditedrive physics on LMJ, DMX, an
absolutely calibrated broadband soft x-ray speattem we installed a smaller version, called
mini-DMX to provide a second measurement axis dmraom experiments.

Mini-DMX is composed of 16 measurement channelvgdog the 50 eV — 7 keV energy
range), one half combining mirrors, filters and edt¢drs, the other half without mirror.
Mirrors are used to improve hard x-ray rejection.

The x-ray coaxial diodes combined with high bandidscilloscopes allow a time resolution
of 100 ps.

Mini-DMX is positioned on the chamber with the dmgtic insertion device called SID
(Systéme d’Insertion des diagnostics). Two workiligfances, 1000 and 3500 mm from the
target, are available to extend the intensity rathgé can be measured . To change from one
configuration to the other, it is necessary tohexge the collimators and the filter holder and
realign the whole system on a bench in the préjpardiagnostic area.

Mini-DMX-LMJ is now operating since spring 2016. fietimental set-up and first results are
shown.
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Implosions of thin-shelled capsules filled withifus fuel are a source of charged particles for
probing experiments at MJ-scale laser facilitielse D'He backlighter, developed for use at
OMEGA and the NIF, allows for two separate radipipsato be recorded with the 14.7-MeV
and 3.0-MeV protons from the BHie and D+D reactions. Additionally, the 14.7 Me\6ian
has been used for stopping-power studies in warnselenatter. Monoenergetic charged
particle radiography with the 3Ble backlighter is a highly-utilized experimentaatiborm in
basic science experiments on both OMEGA and the NIF

To significantly advance this work, a new tri-pelegi mono-energetic backlighter based on a
DT3He gas-filled capsule implosion that provides 1&V and 3.0-MeV protons plus 9.5-
MeV deuterons from the PiHe reaction is being developed at OMEGA. Initigtseusing
860 um diameter, thin-glass capsules filled with420 DTHe (atomic ratios) fuel
produced 1el0, 1e9, and 8e8He-p, DD-p, and FHe-d vyields, respectively. Other
performance characteristics of the backlighterludiog source size, burn duration and line
widths are discussed. Radiographs of laser-drieda &nd measurements of stopping power
in cold beryllium were made with the backlightertmdes and the results are shown. This
work was supported by DOE, NLUF, LLNL, and LLE.
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The shock ignition scheme is an alternative apprdache classical direct drive inertial
confinement fusion. It uses an intense laser spikbe end of the compression phase in order
to drive a strong shock inside the target, ignitingrhe intensity required for such shock
(5.10° W/cm?2 to 18° W/cm?) is sufficient for the excitation of parameinstabilities leading
to a significant amount of laser energy transfesupra-thermal electrons. The effect of these
electrons on the hydrodynamic of the ignitor shagknot yet well understood, or well
simulated in hydro-radiation codes. Dedicated exrpants are required in order to quantify
the hot electrons source parameters in the regiimatensity and plasma gradient length
relevant for shock ignition.

An experiment will be conduct on LMJ in 2019 and®@Qaiming to characterize the hot
electron population generated by a laser spikeomditions relevant to the shock ignition
scheme. The planar geometry of this experimentvallthe side radiography of the shock
front propagating in the target and perturbated thg hot electrons. 2D radiation
hydrodynamic simulations, using the code CHIC, hbgen performed in order to evaluate
the optimal parameters for the radiography (suclithastarget transverse thickness or the
backlighter material). Yet, due to the lack of ngliical symmetry of the experiment, an Abel
inversion cannot be performed in order to evalufite expected radiography from the
simulations. A 3D tomographic post-processor hasnbéeveloped to extrapolate the 2D
planar symmetry simulations, allowing the calcwaatof synthetic radiographies.

We will present the model used in the tomograplostyprocessor and its validation
though the comparison with expected radiograph@s 2D axisymmetric CHIC simulations.
Finally, we will present CHIC simulations for thepaoming experiment with the
corresponding expected radiography.
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The Omega Laser Facility is a U.S. national usellifia operated by the University of
Rochester's Laboratory for Laser Energetics (LLB)y the National Nuclear Security
Administration (NNSA) of the Department of EnerdyQE). The facility houses two of the
most powerful laser systems in the world: OMEGA 60abeam Nd:glass laser system with a
total energy >30 kJ in ultraviolet (UV), and OMEGZP — a 4-beam Nd:glass laser system
capable of producing picosecond kJ-class high sitgnnfrared pulse or nanoseconds UV
pulse with total energy up to 30 kJ. The two lasgstems are routinely re-configured
overnight between shot days for a wide varietyanfét and beam configurations including
the joint OMEGA EP and OMEGA shots where the OMEBGR beams are propagated into
the OMEGA chamber. The facility delivers more thH2000 target shots per year for the
inertial confinement fusion and the high energysiggn(HED) campaigns in support of the
NNSA'’s stockpile stewardship program and for theerpeviewed fundamental science
program that uses ~25-30% of the facility time wettperiments mostly led by external users
from the U.S. academia, industry and national latuores. The facility also provides
opportunities for international research collabiorz.

The Omega Laser Facility’s unique combination ghhénergy and high intensity lasers
with a large number of diagnostics and mature @taié has facilitated a variety of
fundamental science experiments covering a widgearf topics on laboratory astrophysics,
magnetized HED, nonlinear laser plasma interactiordativistic HED and particle
acceleration, fast and shock ignition, and newestaif matter under extreme conditions
pertinent to planetary and stellar interiors, éicselection of examples highlighting the
fundamental science programs on Omega will be ptede

This material is based upon work supported by tlepddtment of Energy National
Nuclear Security Administration under Award NumHiE-NA0001944, the University of
Rochester, and the New York State Energy Reseanch Development Authority. The
support of DOE does not constitute an endorsemegm®E of the views expressed in this
article.
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