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STUDY, MAKE AND MEASURE LASER TARGETS:
CONDENSED TO GASEOUS, SOLID TO AIR-GEL,
DIRECT TO INDIRECT, CRYO- TO SURROGATE,
AND MICRO- TO NANOSTRUCTURES

* WHAT IS TARGET MISSION AFTER 60 YEARS OF ICF IDEA AND IN THE ERA OF Al?
e HOW DO WE FEEL AFTER THE NIF RECORDS?

* WHAT ARE OUR TARGET ACHIEVEMENTS?

* LASER SHOT RESULTS WITH OUR SAMPLES?

* OUTSIDE LPI WE MOSTLY STRESS NOW ON THE LASER DRIVEN SOURCES OF MEV PHOTONS AND
PARTICLES

* SEPARATE TARGET PARTS ARE DEVELOPED FOR APPLICATIONS BEYOND IFE
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Targets to shoot

Micro and nanostructured targets, samples with 3 open surfaces.

Air-gels for accelerator-on-the-table.
"’

30-MKM pores >

350-HMm pores

No-neutrons thermonuclear reaction/
Metal foams in hohl-raum of indirect ICF, slow ions, converter to X-rays

Surrogate targets (D)
Fuel containers and (sacrificed)

Ag in CHO (SEM)
40-HM pores

All these were in the laser experiments, in particular: of HIPER, FAIR, LaserLab, RFBR, DST-
RAS programs, NC of Phisics and Math and others. The targets demonstrate new phenomena
and stability of characteristics






FURNACES FOR POLYSTYRENE MICROSHELLS PRODUCGHON
First shé’ﬁs from pol)7s/tyrene, 1974
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LPI-MADE DROP GENERATOR, A BATCH OF
MICROSHELLS BY ENCAPSULATION AND X-RAY“
MICROTOMOGRAPHY SHELL RECONSTRUCTION

A.B. lMTacmyxoe, u 0p., YcmaHoBKa 011 nosy4yeHus noaumMepHbIX
MUKpoOKancyn cgpepu4vecKkoli hpopmel, bronnemeHb usobpemeHruli,
Slide5 13, RU 203 963 U1 (2021) Russian Bulletine of Inventions ./



SEM MEASUREMENT AND ELEMENTAL ANALYSIS OF THE SHELL

SHELL BATCH 28-1; GOLD
DECORATED ~100 A

10pm JEOL 11/3/2015 ] ) IR—————— 10pm JEOL 11/3/2015
2.00kV SEI SEM WD 10.8mm 12:42:43 2.00kV SEI SEM WD 11.0mm 12:04:56

R0 Shell cross-section. Left: inner material structure typical for polymers. Right: bubbles in the

depth of polymer. No bubbles on the surface, solid layer of 2-5 micron there. NO GOLD



h +0.15000
Up: Scanned directly shell surface.

Right: same surface with sphere subtracted. §+°'°8?5°

RMS = 37 nm, PV (vertical spread) = 0.2 micron = Uegon0

Bottom: SEM of the outer surface, no gold 2003750
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- N 4
| \/ / CRYO |
LPI DEVELOPED CRYOGENIC | A

~ FUEL TARGET FORMATION AND
EXPOSURE MODULE FOR MJ -
CLASS LASER FACILITY

et

PROTECTIVE SHROUD IS SHOWN OPEN ON
THE MODULE AS WHEN DT-FUEL IS FILLED IN
THE TARGET, DELIVERED IN THE CENTER OF THE
CHAMBER, KEPT COLD AND STABILIZED
DURING THE BEAM FOCUSING AND FINALLY
OPENED FOR EXPOSURE.
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to compessor ]
1|1 Experimental Setup:

ogenic setup for MJ class laser targets

E— S 05 : - Heater and controller to
: ' maintain the target’s temperature

:_—Pulse tube cooler
/ -Total weight of cryostat <70 kg

-operation mode is 3 minutes off and

1st stage 40 K :
pressure 5 / g 15 min on

Feguialor Thermal shield
2nd stage 1TW@ 4K~ 0.25 W of cooling on the target

assembly

5 Neutron shield

Lhe vessel - Cooling / heating rate

1 mK — 3 K per minute

thermal resistance

helium
gas openable shroud - Temperature stability ~1 mK

. ~
cryogenic target
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ow:= enfjty supercrosslinked polymers and their pore structure
studies

A range of synthesized and commercial polymers were tested and demonstrated the possibility to form polymer networks
by“crosslinking with the help of bischloromethyl benzene and diphenyl derivatives. Low-density air-gels could be formed
then.

The initial polymer Pore surface, Pore volume
mM2/r (P/P0=0.98),
cm3/r
PS 1340 2.5 100
PAMS 1400 33 100
oliegomethylfenylsilocsan 900 3.0 150
poly-9-vinilcarbazol 670 1.2 60
poly-2-vinilnaftalene 1140 2.0 90
polyacenaftlene 1770 5'5 170 Cyhnder blOCkS (11’1 PE el’lvelope)
In acetone, D=4 u 7mm, =11 u 17 mm
) ot
—»— PSBs H, z
faRd ] ~ T RoNBe v
e i .
e 0.3 k! —-— PANBs-2 Pore size
S 02| A distribution e~
% r Z "‘. ' o'd % . O\Qo i
0.1 £ ; ? ot 2
[ R = PAMS structure
0.0 ] e u &
. 1 10
Slide 10 Pore diameter (nm) \J



ETALS AS A MODEL TO WORK WITH HEAVY ADMIXTURES o

JA\GN/ETIC CARBON COMPOSITES WITH NANODISPERSED”™
M
~ IN HYPER-CROSSLINKED POLYMERS AND AS POTENTIAL

Rbuik | TARGETS
(Ferged)
(Co*?) \/ { Fe,0, )1

(COO(OH))F

y en [
Nanoporous => /ﬁ’ . s |
hypercrosslinked 1000 °C 28 i ~
polystyrenes _ : < |
Nanocompeosites ) < |
Magnetic carbonaceous 2 |
adsorbents 0.1
Co 11-18% mass in carbon, metal clusters enveloped in grafen layers. Pore sizeU 50 — 200 m2/g

Saturation magnetization is15 - 23 Ga cc/g '



MATERIALS AND SAMPLES:
CROSSLINKED CHITOZANE WITH RECOVERED
SILVER IN THE POLYMER NETWORK. PORES ARE 200
MICRON LARGE. NEOSCAN N8O
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NEOSCAN N8O

NEOSCAN

* PIXEL SIZE — SMALLER THAN 0.5 MM (CCD) / 1 MM (FLAT-PANEL), LOW-CONTRAST RESOLUTION (>10% MTF) -2 MM
e SCANNING VOLUME - UP TO 100 MM IN DIAMETER

e MAXIMUM SCANNING LENGTH — 130 MM (CCD) / 150 MM (FLAT-PANEL)

e X-RAY SOURCE - 20...110 KV, 16W, W TARGET

e AUTOMATIC FILTER CHANGER — 20 POSITIONS: NO FILTER, AL 0.25 MM, AL 0.5 MM, AL 1.0 MM, CU 0.1MM, CU 0.25MM, CU 0.5MM, CU
1MM AND 12 POSITIONS FOR USER DEFINED FILTERS

e X-RAY DETECTOR — COOLED 16 MP CCD OR 7MP ACTIVE CMOS FLAT-PANEL
e SOFTWARE PACKAGE — SCANNER CONTROL, RECONSTRUCTION, VISUALIZATION

e RADIATION SAFETY - < 1 MSV/H AT ANY PLACE OF INSTRUMENT SURFACE slliez 112



3D SCANNING AND RECONSTRUCTION OF THE
PREHISTORICAL FRAGMENT IN THE TUBE, NO CONTRAST Neoscan N80

Source Voltage (kV)=25

Source Current (UA)=70

Camera Exposure (ms)=210
Filter=no filter

Image Pixel Size (um)=2.200028
Rotation Step (deg)=0.800
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3D VISUALIZATION WITH A FRAGMENT OF STANDARD EPENDORF TUBE
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SYNCROTRON MICROTOMOGRAPHY

Experiment: chanal PO15, synchrotron radiation (PETRA lll, Germany), photon energy 12 KeV, pixel 0,325 micron
Sample: CHO-airgel (Nazarov) with Au recovered from AuCl3 (Borisenko)

Artyukov, I.; Borisenko, N.; Burenkov, G.; Eriskin, A.; Polikarpov, M.; Vinogradov, A. X-ray 3D Imaging of Low-Density Laser-Target
Materials. Photonics 2023, 10, 87 5.
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MICROTOMOGRAPHY PETRA Il
(COLORED)

DataViewer
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CHITOSAN 138-2 WC (+AG) - FLAT LAYERS,
LARGE PORES (1-10 MICRON), COMPOSITE OF
CROSS-LINKED CHITOSAN WITH SUBMICRON
AG-PARTICLES (8 - 18 MASS. %)

Source Voltage (kV)=30
Source Current (UA)=45
Camera Exposure (ms)=210
Filter=no filter

Image Pixel Size (um)=1.2500
Rotation Step (deg)=0.200

1.VOLUME UNIFORMITY
2.PORE STRUCTURE
3. HEAVY METAL DISTRIBUTION

DIFFERENT VISUALIZATIONS NEOSCAN N8O, LPI.
Slide 17



Particle analysis in chitosan foam with Ag-clusters (cub.mm)
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METAL FOAMS FOR LASER IRRADIATION EXPERIMENTS

pl21 12KV sc.288 1@rm WD14
scale — 10 pm

3 <

BeH

12KV ¥2,588 18Km WD13 k. . s e
Slide 20 Au scale — 10 pym Sn  scales —20 and 10 ym




UDP AU-ANNEALING

: &
— 10pm JEOL 4/6/2023
5.0kVv SEI SEM WD 9mm 17:27:53

lpm JEOL 4/6/2023
5.0kV SEI SEM WD 9mm 17:15:09

Chanprint Kaur, S. Chaurasia, N.G. Borisenko, A.l. Gromoyv, A.A.
Akunets, G.V.Sklizkov, G.A. Vergunova and S.Y.
L N i A&r/’ﬁ Gus’kov.”Demonstration of gold plasma as bright x-ray source

Slide 21 and slow ion emitters”.Plasma physics and controlled Fusion.
Vol 61. issue 8, 084001, ( 2019)

5.0kVv SEI SEM WD 9mm 17:25:00



LASER SHOTS WITH
- TARGETS FOR THE SAKE
- OF ICF/IFE AND PLASMA
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4 SN m

IC1

16X J/ 300 ps-
Ins
1064 nm

Energy \ =
meter 1

5 units of XRD covered with
Xx-ray transmission filter to
cover x-ray range from 0.8 —
8.3 keV.

Measurements BARC (PI - S. Chaurasia)

1. Energy balance 2. Effect of foam on temporal profile of the laser pulse
3. Laser transmission through low density and other 4. Shock transit time in foam

5. SHG, SBS, SRS in foam under intense laser 6. Effect of foam on foil acceleration

7. Ion emission characteristics from foams 7. Thomson parabolas

8. X-ray enhancement in low density M (Bi) foams 9.Streak-cameras

Slide 22



LASER THERMONUCLEAR TARGETS FROM LPI RAS IN 2016

OMEGA EXPERIMENT ON AIRGEL ASSISTED PLASMA STABILITY, TURBULENCE & ENERGY TRANSFER EFFECTS

1.2 ns 1.5ns 1.8 ns

CH only

wrl 0gg

CH

7 mg/cm?3

CH

5 mg/cm?3

Mass variations 3D structures in plasmas
with different foams or no foam

A(um) 7 mg.cm-=3 /500 um

- N W b

Bare CH

0.0 1.0 2.0
Time (ns)

X-ray streak-camera register the
changed radiation front movement
with /without foam

Laser imprint mitigation caused by foam under
laser irradiation

- Bare CH >

CH + 7 mg/cm?3

107 |

10-2

Areal density modulation (mg/cm?)

0 0.I5 1:0 1..5
Time (ns)

Joint French-US-Russian-UK experiment (OMEGA, 500J

2ns LLE, demonstrated

experimentally twice as Iva PT-instability on the abla

front of CH-foil with nano foam CHO, compared to bare

CH. The effect is critically’important to ICF.

Rochester University)

B. Delorme, M. Olazabal-Loumé, A. Casner, Ph. Nicolat, D. T. Michel, G. Riazuelo, N. Borisenko, J. Breil, S. Fujioka, M. Grech, A. Orekhov, W. Seka, A. Sunahara, D. H. Froula, V. Goncharov, and V. T. Tikhonchukl.

Experimental demonstration of laser imprint reduction using underdense foams. Physics of Plasmas 23, 042701 (2016); doi: 10.1063/1.4945619




1000-fold higher Y-rays and electrons E>30 MeV (by10-chanel TLD-spectrometer) from preheated CHO-airgel /
Jf near critical density as compared to metal foil, irradiated by the laser beam with good contrast.

Thot for hot e when heated by relativistic beam shifted from 1.5+2 MeV of Cu-foils with high Laser light contrast up
to 13 MeV of laser irradiated preionized foams (red and blue curves). Electrons escaping charge of E > 12 MeV
reached 0.4 uC.

Cy2H,Og —
2 mg/cc %‘%‘%
d=300,500um  ec

Nd:glass : up to 100 J, 750 fs, 2-5X 10'? W/cm?

10°

dNAdE

10‘:

107

10 20 30 40 &0 G0 F0 a0

Energy f MeV
O. N. Rosmej, N. Andreey, L. Pugacheyv, S Zdhter, N. Zahn, D. Khaghani, N. Borisenko, G.Sklizkov et al. Interaction of relativistically intens

laser pulses with long-scale near critical plasmas for laser based sources of MeV eIe@onszma-(rays, New J.Phys. 21, 043044 (2019). )
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Forward accelerated protons (RCF-stack)
\_/ well collimated proton beam with sharp borders and high cut-off in case of foam + thin foil

-

sh23 65 9J (17J 1.7x10*° W/cm?); 3 ns, ~ 0.3%, delay 1,5 ns CHO 430 um + Au 10 pum (-10°)

13.9 MeV 16.9 MeV 19.2 MeV 21.9 MeV 24.6 MeV
EBT3
7.0 MeV 9.0 MeV 12.7 MeV 15.0 MeV 17.3 MeV 20.3 MeV

sh7:79.9J(17.2 J, 1.3x10%° W/cm?2); Au 10 um (-10°)

proton beam size at 8 cm from TCC spectra from magnetic spectrometer (-10°)

70 4 1013
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T
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1011 .\w—

101 foil

w
o
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n
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1

Spot Size FWHM (mm)
d’N/dE*dQ [MeV'sr]

o
1 L
L.

i foam+foil

—m— Shot 07 - Au 10 pm * CHO430 pm + Au 10 um, -10° (sh.23)
\ = Shot 23 -CHO 430 um + Au 10 um - Au10 um,-10° (sh.7)
1012

Rl 10 15 20 25 30 Y. OI - ISI - I10I - I15' - 'ZOI - '25I B '30I -

[4)]

Energy (MeV) Ep [MeV]






Interdisciplinary research with sub-kJ, sub-PW lasers (Pl O.Rosmej)

By using low density polymer foams for production of long-scale NCD plasmas,

one can strongly boost parameters of laser driven sources of particles and radiation

Universal character of foam targets:

No high laser contrast, no ultra-high laser intensity, no pointing stability,

no changes in the experimental set-up are required.

Plasma Physics, HED-research:

foam and foam stacked with thin foil:

* Ultra-intense betatron and THz radiation,

* Well-directed beam of super-ponderomotive electrons
*  Well-collimated proton beams with high cut-off energy

Nuclear Physics:
foam stacked with thick high Z convertor or thin foil:

* High yield nuclear reactions in GDR region
* High fluence/ flux gamma and gamma-driven neutron sources / proton-driven
neutron sources

Biophysics:
* Ultra-high dose-rate (10ns of TGy /s) of ionizing radiation for investigation of the
FLASH-effect

Slide 26



CONCLUSION

LASER THERMONUCLEAR TARGET IS A UNIVERSAL INSTRUMENT OF SCIENTIFIC RESEARCH: FOR
ICF/IFE, FOR ASTROMODELLING, IT ALSO ALLOWS FOR ALMOST ARBITRARY SCALING FOR
NATURAL AND ARTIFICIAL PHENOMENA WITH HIGH ENERGY DENSITY IN THE MATTER.

INDEPENDENT OF ENERGY PROSPECTS TARGETS PROVIDE AN INTERESTING RESEARCH
OPPORTUNITY WITH ALMOST EVERY LASER ALREADY EXISTING.

MATERIAL ASPECTS ARE OF SPECIAL INTEREST AND DIFFICULTY FOR THE RESEARCHERS
INVOLVED. THE SUCCESSFUL TARGET GIVES RISE TO SEVERAL SCIENTIFIC SCHOOLS AT ONCE.
IT BECOMES NECESSARY WORLDWIDE.

LASER TARGETS DEMONSTRATED STIMULATING ROLE IN THE LASER AND PARTICLE BEAMS
INTERACTION WITH MATTER.
Slide 27 e \/
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Thank you for your attention!
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