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®u3unkKa BbICOKUX NnnoTHOCTEU IHeprun 8 PUAH n BHUUA

ICF related

Kinetic effects of laser-plasma interaction in:

mode coupling
parametric instabilities
self-focusing

ion-acoustic instability, anomalous absorption

Kinetic transport phenomena:

Nonlocal heat wave propagation

Hot spot or temperature profile relaxation
Waves in heat carrying plasma

lon separation in shock wave

Radiative heat transport instability

Extreme light related

Laser-target design for maximization of:
electron energy
electron number

ion energy
ion number

gamma quanta energy

gamma quanta number
yield of nuclear reactions

collision of relativistic plasmas
X-ray pulse interaction with matter
Relativistic self-focusing

Magnetic field generation

Relativistic plasma resonance and
harmonics



Parametric instabilities in a corona
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PRL 120, 055001 (2018)

Origins and Scaling of Hot-Electron Preheat 1 ’
in Ignition-Scale Direct-Drive ICF Experiments, 05 5
M. J. Rosenberg et al. P 14 2
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20 from laser-produced plasma
1976 — 1977, Lebedev Institute
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Near critical density. Renaissance i

Anomalous absorption? Hot electrons?

Gold hohlraum wall simulation for incident
laser with I=10°W/cm? and A=(1/3) um
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C. Thoma, D. R. Welch, R. E. Clark, D. V. Rose, I. E. Golovkin, PoP 24, 062707 (2017)
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FIG. 1. (a) Interferogram at peak irradiation of a
41-pm-diam ball, I=3x10'" W/em?. (b) Transverse
electron density profile at an axial position 4 pym from
the initial target wall. (¢) Density profile on axis, dem-
onstrating steepening due to radiation pressure. Solid
lines are best fit; e-folding scale lengths I, I, and [;
are indicated for the upper, critical, and lower density
regions. Typical error bars are shown in (b) and (c);
n,= 10 e/em®.
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Bcnneck uHTepeca K NOrnoweHuio
Ha MOHHO-3BYKOBOMU TYPOYNEeHTHOCTHU

Re-examining our inhibitions: A speculative re-analysis of data from Au spheres
illuminated by the URLLE Q laser Presented to: APS/DPP Savannah, GA, Paper #
UO7.00003 M. D. (“Mordy”) Rosen, J. S. Ross, C. A. Thomas LLNL, 11/20/15

“... ion acoustic turbulence ... also increase absorption. This increase in absorption,
applied (speculatively) close by the critical surface, can begin to match the Au sphere x-
ray emission, as well as a preponderance of the ZTe data.”

46th Annual Anomalous Absorption Conference, Old Saybrook, CT, USA, May 1-6, 2016,
Thomson scattering characterization of a 1D Hohlraum wall surrogate (a Au sphere) for
improved understanding of hohlraum physics, J. S. Ross, G. Swadling, M. D. Rosen, K.
Widmann, B. Heeter, J. Moody

“An experimental campaign was completed at the Omega laser facility .... ad-hoc
anomalous absorption (presumably due to the same ion acoustic turbulence that leads to
the flux limitation) near the critical surface, is considered.”

Some speculations relating to experiments aimed at IAT and its effects
R. Paul Drake, University of Michigan, March 18, 2016
“An ideal experiment would observe consequences of turning IAT on and off.”



O6paTtHOEe TOpMO3HOE NOorNnoLeHue.
MornoweHue Ha YCUNEHHbIX GAYKTYaUUAX
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MornouweHue Ha HEeTeNN0BbIX GPAYKTYaUUAX
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THE PHYSICS OF FLUIDS VOLUME 6, NUMBER 3 MARCH 1963

Effect of Ion Correlations on High-Frequency Plasma Conductivity

JorN DawsoN aND CArRL OBERMAN

Plasma Physics Laboratory, Princeton University, Princeion, New Jersey
(Received 13 August 1962)

. . N Cratnyeckue
In an earlier work the ac conductivity of a plasma was investigated by means of an elementary
model. The validity of this model has been borne out by a rigorous treatment of plasma at thermal (I) NYKTyauuu,
equilibrium. The elementary model is now extended to include the effects of ion correlations for ,
arbitrary fixed ion distributions. For thermal equilibrium correlations it is found that the ion shielding ®’'=0
reduces the maximum effective impact parameter by the factor (1 -+ Z)} (i.e., both ions and electrons
contribute to the shielding) for frequencies low compared to the plasma frequency wp. For frequencies
high compared to wy, the previous results obtain. The resistance due to the excitation of longitudinal
waves at frequencies just in excess of w, is reduced by the factor (1 4+ Z)~. However, if large-amplitude
(nonthermal) ion fluctuations are present, the longitudinal wave contribution to the resistance may
be greatly enhanced.
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In addition to increasing the wave resistance,
the coefficient of absorption from transverse to P — —a
longitudinal wave and the conversion of longitudinal 6 ~ 5 n; / 47:']6
waves to transverse waves 1s increased by the factor p



Pe3oHaHCHOe TypOyneHTHOE NnornoweHue

Anomalous heating of plasma by laser irradiation

P Kaw, J Dawson, W Kruer, C Oberman and E Valeo Sov. J. Quantum Electron. 1, 205 (1971)
When an intense electric field oscillating near the electron plasma frequency is
applied to a plasma, it excites parametric instabilities which drive up the ion density
fluctuations. The presence of moderate ion density fluctuations leads to a strong
enhancement of the high-frequency resistivity around the plasma frequency and
hence to anomalous plasma heating. The enhancement of the resistivity, which can
be physically attributed to a collective process involving the conversion of the
electromagnetic wave energy into longitudinal plasma waves by a resonant mode
coupling process involving the ion waves, can typically be many orders of
magnitude. An account is given of evidence based on computer simulations,
laboratory experiments with microwaves done elsewhere and in Princeton, and on
experiments involving the radio wave propagation in ionosphere, which establishes
the existence of such an effect beyond doubt. A semiquantitative theory to explain

the laboratory and computer experiments is also presented.

Laser light absorption by short wavelength ion turbulence
R. J. Faehl* and W. L. Kruer

Lawrence Livermore Laboratory, University of California, Livermore, California 94550
(Recetved 3 November 1975; final manuscript received 13 September 1976)

The absorption of laser light due to short wavelength ion fluctuations (A~ 10 electron Debye lengths) is
considered. The effective collision frequencies and heated electron distributions are compuied as a function
of plasma density and compared with theory. A simple upper bound to the level of ion turbulence is given,
and several sources for the turbulence are discussed briefly. Finally, the absorption due to this mechanism
in an inhomogeneous, expanding plasma is calculated by putting the estimate into a fluid code including
wave propagation and density profile steepening by laser light pressure. The results are related to some

recent experiments with short-pulse-length Nd laser light.
Phys. Fluids 20, 55 (1977)
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U3T o6paTHOro ToKa B IKCNepuUMeHTax

Plasma Physics, Vol. 22, pp. 81 10 111 0032-1028/80/0201-0081502.00
@ Tnstitute of Physics and Pergamon Press Ltd., 1980.
Printed in Northern Ireland

THE MEASUREMENT OF ION ACOUSTIC TURBULENCE *  3KcnepuvMeHTanbHasA NPOBEPKa
AND REDUCED THERMAL CONDUCTIVITY CAUSED .
BY A LARGE TEMPERATURE GRADIENT IN nopora HeEyCTon4nBoCTH,
A LASER HEATED PLASMA * Ob6HapyeHUe MOHUMKEHHOM
D. R. Gray and J. D. Kngenny TenNonpoBOAHOCTH;
Blackett Laboratory, Imperial College, London SW7, UK.
(Received 28 June 1979) * Perucrtpauma cyuecTBeHHO

Abstract—An extensive account is given of experiments in which an homogeneous preformed plasma HETENNOBOrO ypo BHA d)nyKTya Lnm

of density 6x10" cm™ was heated by 10.6 um radiation focussed to 10'' Wem™2. Ruby laser
scattering gave space and time resoived measurements of the resultant density and temperature,

showing large temperature gradients up to A, [VT}/T=0.5. Enhanced low frequency turbulence was
observed.

lon-Acoustic Wave Instability Driven by Laser-Driven Return Currents, BAPS.2010.DPP.J0O8.2

D.H. Froula, S.X. Hu and, J.F. Myatt (Rochester), J.S. Ross, L. Divol, S. H. Glenzer (LLNL)
Thomson-scattering measurements of the amplitude and frequency of ion-acoustic waves show an instability when the ion-wave damping is
reduced. Experimental results from the OMEGA Laser use simultaneous measurements of the electron-plasma wave and ion-acoustic wave
features to characterize the plasma (Te, Ti, Z, Ne) and to directly probe the amplitude of the ion-acoustic waves. The ion Landau damping
was varied by changing the target material: CH, V, Ag, Au. The amplitude of the plasma wave increased as the ion Landau damping was
reduced and became unstable for ZTe/Ti > 50. As the waves grow to wave-breaking amplitudes, their frequency shifts, and turbulence is
expected. These results confirm the speculation that heat-flux--driven ion-acoustic fluctuations exist in laser-produced plasmas.

VOLUME 88, NUMBER 23 PHYSICAL REVIEW LETTERS 10 JUNE 2002

Anomalous Absorption of High-Energy Green Laser Light in High-Z Plasmas

S. H. Glenzer, W. Rozmus, V. Yu. Bychenkov, J. D. Moody, J. Albritton, R. L. Berger, A. Brantov, M. E. Foord, B. J. MacGowan, R. K. Kirkwood,
H. A. Baldis, and E. A. Williams

We observe strong anomalous absorption of green laser light in mm-scale high-temperature gold plasmas. Both the laser light

absorption and the resulting increase of the electron temperature, which was measured independently with Thomson scattering, have

been successfully modeled by including enhanced collisions due to heat-flux driven ion acoustic fluctuations. Calculations that include

only inverse bremsstrahlung significantly underestimate the experimental laser absorption and the electron temperature.
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HOT ELECTRON GENERATION BY RESONANT ANOMALOUS ABSORPTION

Wi(k, t), generated due to conversion of laser light on ion-acoustic fluctuations in a plasma
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MTorM : T ‘ NIF, Direct drive
VTI. > (VT)y, =0.015-54/= , Z>1 PRL 120, 055001 (2018)

AaV A 7, = 45+0.2 keV|
hohlraum gold wall plasma or direct ablated plasma from gold target

T. ~ 1 keV, Z ~ 50, and n, ~ 10" em™* the threshold gradient length, L =| VInT, |! is L ~ 100 um

it is likely that in a gold plasma corona, IAT is in regime of considerable anisotropy., Ky < 1

A= 1—exp(—d)

> (n\"" |Z3T. L cos’q i . .
d~12x 10_2 (;) T?X [1 n In 1@/3{\; + O.GIiJNTS'i'ng@O 3 (BLN < 1)

L [ cos*dg

d~ 10722
Al+Inl/Ky

- U.GKNS?'-?I?@U] Nd:Yag laser (A =355 nm):d~ 1, L~ 100 um
JKcnepumeHTanbHaa naeHTuduKayma .

[IpoBepka noporoporo yciaoBus (ToMCcOHOBCKast AMarHOCTUKA)

bosnee cuibHOE MOMIOIIEHUE P-TIOISIPU30BAHHOTO CBETA IO CPABHEHHUIO C S-TIOJISIPU30BAHHBIM
[Tpu pe3oHaHCHOM TOTIOMICHUH TOSIBIISIIOTCS OBICTPBIC AIEKTPOHBI (KaK IIPH JIMH. TPpaHC).)
Koppensitus Mexay aHOMaJIbHbIM MOMIOIIEHUEM U TTOIaBJICHUEM TEIIONEPEHOCa

[IpsiMoe n3MepeHne YCHICHHBIX IITYMOB TOMCOHOBCKUM paccessHueM (cp. Gray, Kilkenny, 1980)
Peructpanus 3Ha4uTEeNHHOTO TU(P(HY3HOTO pacCesTHUS

7. Ilpsimoe n3MepeHue MOrIOIECHUS, HAIPUMED, B SKCIIEPUMEHTE
C JIa3€pHBIM ITyYKOM MOIMEPEK IpaJueHTa HEOJHOPOJHOCTH.
N3MeHeHre NOmIOIIEHUs MPYU TOBOPOTE BEKTOPA MOJISIPU3AIUU.

8. KOppGJ'IHHI/IH ropa4ux 3JCKTPOHOB KU aHOMAJIbHOI'O IIOITIOIICHMA.

SO0k windE




SNEKTPOHHbIU TENJIONEPEHOC B TOPAYEN N/IASME
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SNEKTPOHHbIW TEN/IONEPEHOC B FOPAYEN NNA3ME

MomeHT BpemMeHu t=5 ps CpaBHeHMe Tena0B0ro NOoToKa
T,.keV ¢ opmynoir Cnutuepa-Xapma:
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3NEKTPOHHbIU TENJIONEPEHOC B TOPAYEN N/IASME

MomeHT BpemeHu t =100ps CpaBHeHMe Ten10BOro NOToKa
T,.keV ¢ opmynoir Cnutuepa-Xapma:
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3NEKTPOHHbIW TENJIONEPEHOC B NZIASME NTC

MomeHT Bpemenu t =100ps
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SNEKTPOHHbIU TENJIONEPEHOC B TOPAYEN N/IASME

MomeHT BpemeHu t =100ps CpaBHeHMe Ten10BOro NOToKa
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3NIEKTPOHHbIU TENJIONEPEHOC. FOPAYEE NATHO

HauyanbHbi npoduab Temnepartypbi:
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model

Effect of Nonlocal Transport on Heat-Wave Propagation
G.Gregori, S.Glenzer, J.Knight, C.Niemann, D.Price, D.Froula,

M.Edwards, R.Town, A. Brantov, W. Rozmus, and V.Bychenkov

Phys. Rev. Lett. 92, 205006 (2004).



BbiBOADbI

NITC npoeKT Bctynuna B ¢pasy «ropaumnx» (Te 3-5 keV)
uccneaoBaHum

be3 KMHeTUKU YacTuL, U BOJIH He 06oinTUCb

Hy)XHbl HOBble pusnueckne (teopetTnyeckme) moaenm, Koabl u
mopaenupoBaHue

Hy)KHbI NMOCTAHOBKU HOBbLIX NepBONPUHUUNHDIX IKCNepumeHTOoB

JKCNepUMEHTbI A0NXKHbl HAUMHATbCA YrKe cenuac

(npumep: The experiment on IAT and RCl is going to happen in Rochester at the

beginning of April. It is designed in such a way that first it will repeat Glenzer's
measurement on absorption and next they will look directly at IAT with Thomson

scattering. Sylvie Deppiereux is going to perform this experiment.)



Mpumepbl uccheposaHum (PUAH, BHUUA)
No nasepHou GU3UKU
cBepXBbICOKUX aHepruu (dc)

* Jla3epHO-YCKOpPEHHbIE NYYKU INEKTPOHOB ANA
CO3haHMA NNIOTHOrO HarpeToro BeliecTsa

* Jla3epHO-YCKOPEHHbIE NMYYKU IIeKTPOHOB ANA
rnybokoi ramma-paguorpadpum

* UctouHuK ana ¢a3oBO-KOHTPACTHOU MUKPOCKONUU
nc pa3pelleHuUn

» JlazepHoe yCKOpeHMue MOHOB ANA MHULUUPOBAHUA
AAEPHbIX peaKkuni



J1a3epHO-YCKOpPEHHbIE NYYKKU INEKTPOHOB ANA CO3AaHUA
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Electron acceleration from low-density targets

[=1+2x10*"W/cm?

tewum = 50fs
@ =4um
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l
Hot electron spectrum (1 = 1x10?" W/icm?)
100000 n/n_= 2 with foil, T, = 26 MeV
n/n_= 1 with foil, T, = 38 MeV
n/n_= 0.5 with foil, T, = 64 MeV.
10000
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Electrons for deep radiography

—a—| = 1x10" Wiem* - Q= 3,5nC
—e—|=2x10" Wiem’ > Q=5,5nC




Electron acceleration and gamma emission
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few MeV . .
Single shot radiography:

MULLEHb KOHBepTep 150 nQ ‘

PW lasers



<Da3OBO-KOHTpaCTHaﬂ MUKPOCKONMUA OT N1a3€PHO-YCKOPEHHDbIX IN1eKTPOHOB

Experimental results supported by 2D3V Particle-In-Cell simulations of laser—plasma
interaction show that a laser-based plasma source, formed onto the surface of a solid
target may be utilized for phase contrast X-ray imaging in a wide energy range of
photons. K. A. lvanov et al., Appl. Phys. B 123, 252 (2017)
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2)

3)

4)

5)

Hawwu nccheposaHmMa No na3epHoO-NN1asmeHHOU GU3nku
BbICOKUX 3HEPr1un ANA Na3epHOU aKTuBaLUu

1998-1999 rr. B.}O. bbiueHKOBBIM copMyIUpOBaHa Ues O JIa3epHOM
WHHUITUMPOBAHUU SIACPHBIX PEAKIUi C UCIIOJIb30BaHUEM (PC J1a3€PHBIX UMITYJIbCOB U
JIaHbI IepBEIe TeopeTnueckue oneHkn QKOTO 115, 2080, 1999);

1999-2001 rr. Komnmabopanust ¢ YHuBepcuteToM MU4MraHa 1o Jia3epHoMY MOJYyUYEHHUIO

MEIUIIMHCKUX U30TOIOB. DKCIEPUMEHTHI 110 MOIy4YeHuIo paanoakrusuoro 1C (Appl.
Phys. Lett. 78, 595, 2001, SPIE Proc. 4424, 553, 2001);

2001 r. B xomnaboparuu ¢ YauepcutetroM Ocaku, MPpeIoKeHNEe U pacyeT JIa3epHOTro
MIOJTyYeHHUS MMOHOB Mpu TeHeparnuu npoToHoB (ITucema B XKOTD 74, 664, 2001);

2014-2015 rr. OnTUMHU3AIUOHHBIEC PACUETHI IO JIA3€pHON HApaOOTKE U30TOIOB JIJIsl

[I9T, OOIKT u1 HEUTPOHOB MEAUIIMHCKOTO MTPUMEHEHHUS U3 TOHKKUX MulieHen (Laser
& Particle Beams 32, 605, 2014, Y®H 185, 77, 2015, Eur. Phys. J. 224, 2621, 2015);

H/P Pacuer na3epHbIX HCTOYHUKOB HEUTPOHOB U pa3HOOOPA3HBIX U30TOMOB HA OCHOBE
naketa 3D Vsim - GEANT 4 u3 pa3nnyHbIX MUIICHEH, BKIIOYass HU3KOIJIOTHBIE U
MUKPO-CTPYKTYPHUPOBAHHBIE C OOJIbIINM 00BEMHBIM HarpeBoM. HampaBieHHbIH
MCTOYHUK HEUTPOHOB (P-N peakiuy HAJIETY ) U HICTOYHUK TEPMOSIAEPHBIX HEUTPOHOB

(dd, dt).
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Plasma expands with velocity =2um/ps, The cross section of DT reaction is large for deuterium energy of
order of 100-500 keV. Deuterons obtain such energy during laser heated cylinder expansion
on characteristic scale equal to inter-wire spacing.



MNumber of newtrons /J

Bbixog HelTpoHoB (Ha 1 J)
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1PW laser pulse, 1, =10 W/cm? A, = 0.8 pm, L =5 pm (length of wires)

Number of pins in focal spot =10°, yield from
one pin Y,=10* —»Ny = N, Y, =10%

Yield DD\Power 1PW 10PW
up to 10° up to 101
(3*107/)) (3*107/))

BeayTca pacyeTbl peakuuit Hanety (p,n) AN NOAYYEHUS HanpaBAEHHbIX NOTOKOB HEMTPOHOB



BbiBOAbI

e B03MOKHa NpaKkTUYecKasa peannsaumna ¢asoBo-KOHTPACTHOrO UMUIMKMUHTA
C paspellaroLLen CnoCOBHOCTbIO MUKPOHHOIO MNPOCTPAHCTBEHHOIO U
Cy6-NUKOCEKYHAHOro BpeMeHHOro MaclluTabos Ha 1azepax MyabTU-TBT ypoBHSA

* [lepexopn K MNBT nazepam MOKeT NO3BO/INTb CO3A4aTb NPAKTUYECKUN UCTOYHUK ANA
rnybokon ramma-pagaunorpadum

* [lpn oNTUMMU3MPOBAHHOM cxeme 0bay4yeHUnn, nasepbl B COTHU TBT cnocobHbI
obecneynTb [Mra-6apHble AaBAeHUA

* MmetoTca nepcneKkTUBbI NOJIYYEHMA HAMNPAB/IEHHbIX MOTOKOB HEMTPOHOB
NPaKTUYeCKOro nHTepeca Ha INBT ypoBHe MOLWHOCTHM sla3epa



