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06bemMHO Harpesaemblie MUKPO-
CTPYKTYPUPOBaHHbIE MULUECHU

BbiCOKaa cpeaHAan
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3dPeKTnBHbIE 0OBEMHDbIN

HarpeBs (NOYTK NonHoe
NOr/OLLEHNE Na3epPHOM

3Hepruu)

NpnmeHeHnA

Uropstane 351eKTpoHbI, pEHTICH, YCKOPEHHBIC HOHBI, TO3UTPOHBI, TI I,
BO3MOKHOCTb HCITOJIb30BaHUS KOMIAKTHBIX JIa3€pOB C sHeprueu ~20-
o0m/x, ¢ yactoroit moBroperus 0.1-1kI

U saeprble peakiuu «Ha cToje» , high energy density research, munuu
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Laser Fabrlcatlon ~of Nano Sheet (Wire) Arrays

laser ps-laser excitation of surface plasmons,  ablation in interference maxima,
formation of interference pattern - formation of vapor/plume bubble
laser | with decomposition of CS, molecules
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PIC mogenupoBaHMe Harpesa MULUEHKU

T PM EM
Setup Tt,(fs) 1.(10'® W/cm?) focal spot (A) @, h (keV) &p (keV)

I 30 1 4 0.85 85 185

I 60 2 2 1.2 160 370

T.™ =lmiEs (\/1+ az /2 —1)

EM 2
g, =myca; /2

Mandor code : 3D3V PIC parallel simulations,8 particles per cell, immobile ions
Box size: 7 A, x10 A X210 A ,0.005 A, x 0.02 A, x 0.02 A,

Linearly polarized laser pulse



NpoHukHoBeHUEe M nons B MULLEHb
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OnNTMMM3aLMUA BbiXO4a FOPAYUX 31EKTPOHOB
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ORTUMU3ALMA : TeMNepaTypa ropauMX sNeKTpoHoB

I=2 =10 W/c?, D=2 A (FWHM), 7=60 fs, d=0.4 A,
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High average

density

Optimal conditions for electron heating

Absorption =60%

flat surface =10%
T,~ 50 keV
(a, =1.2)

presence of
wave reflected
favors stochastic

S 2>2r. ~d,
. =a,A 2x

h~h, =cz /2

heating




MexaHuambl YCKOPEeHUA MeKTPOHOB
B 06beMHO-HarpeBaeMbIX MULLEHAX

\

JxB, Brunel, vacuum heating/direct laser

acceleration (DLA) \

spectra of electrons from micro-wire targets:
two temperature

stochastic electron
acceleration/heating

Laser pulse field +

How to explain arbitrary additional field
generation of super — (e.m. field,
ponderomotive electrostatic field,
particles? Coulomb, magnetic

field)



3D Test particle simulation

OUNHaMUKa TeCTOBbIX YaCTULL B C/IOMKHBIX MNOAAX
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OnucaHue KBa3uCTaTUYECKMUX NoNe B MUKPO
CTPYKTYypax

E, =E,f(r)cos(g), Ej=FE,f(r)cos(¢, +x), B,=E,f(r)cos(s), B;=FrE,f(r)cos(4,),
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MeTton nokasaTeneu JisnyHoBa

O Definition 1 d(x1
g : X

A = lim lim —In@,
t—o0 d(0)—0 t d(xo’O)

d = exp(4,..t)

d = X (%,,t) = X (X, + 0%,,1) .

O Method for calculation of the largest Lyapunov exponent

1 <
Ao = — . In=2, NS
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Trajectory
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Yrnosoe pacnpegeneHue yCKOPEeHHbIX 3/1eKTPOHOB

Angular distribution
inside heated domain
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Conversion (energy > 100 keV) reaches
~ 10%.

MA beam current of hot electrons is
formed,

return current heats target to the
temperature of

~ 5 eV in the volume of 30 x 30 x 10 ym3
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Angular distribution
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a7AY

3D MogenupoBaHue : pa3reT MNnasMbl

deuterated titanium wires 40% of deuterium 20% D and 20% T.
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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.

14



CneKTpbl YCKOPEHHbIX AEUTPOHOB

We consider acceleration of deuterium and tritium ions implanted into pure metal
sub-micro-sized surface structures

t=0 d=0.4A,h=2\_t=200fs

S 12240 fs |
t=110fs | F170fs |

qﬁMeV{

00 02 04 06 08 10 12
t=0 t=200 fs Conversion of energy into ions is about 6 (d=0.4 A
L to 10 % (d=0.3 A)

Approximation for spectrum

dN —E -

— =0(c. —£.)Cn.. ex 2 +0(g,—¢..)Cn . €X 2,
dgz ( ch 2) c0 p(ZZTC} ( 2 ch) ho p(ZZThj
Eqn = L,yT, In(nco/nho)’

V.F.Kovalev, S.G.Bochkarev and V.Yu.Bychenkov,
Quantum Electron., 47, 1023 (2017).
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dN/dE, a.u.
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CneKTpbl YCKOPEHHbIX A€UTPOHOB OT E,

10%}

D, =4 A (FMHW) duration — 30 fs

2

— Emax = 2Th (ln(\/itacc th/\/E))

E, [MeV]

E,=27 mJ - red, 54 mJ - blue, 108 mJ —green
line n 270 mJ — black line

16



Multi sheet target

300+ T, keV -
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T, =270 keV forh =3\, s = 1A,
d= 0.4 A_that is 20% less than for microwire
target

sheet wire
Tt /T =~ 7 /(1+s/d)
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Pacuet Bbixoga DD u DT peakuyuu

\T : 00 AT - -1
. N 1 > dN; ‘ d t'_:‘r
Y = - = / de—"n, / de'o (') |-
;\ i0 ;\ 10 JO ( / € 0 ( [ T
The target consist from
D+D—>3He + n +3.27 MeV, E = 2.45 MeV
titanium and 40% of K " SO "%
deuterium or D+T—>%He + n +17.6 MeV, E_= 14.1 MeV,

20% D and 20% T.

Cross-sections D(d,n)*He, T(d,n)*He Stopping length of Deutrons in Titanium
from NRS book (experimental data)

DT: Max of cross-section
at Ex100keV

lot, pim
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DD : E=3500keV
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Pe3ynbrarel ontuMmusanuu mist £, = 5 mJIx

T™nN cpeaHAAa | BbicOTa, | Anamertp, | abcontoTH | Bbixoa DD
muweHb/na | nnotHo | h/A. d/\, bIA Ha 1 [
3ep CTb, Bbixog DD
i nav/no
nposonoku/l 0,07 1,5 0,3 5x103 108
W nposonokn/l 0,13 1,5 0,4 5x103 108
=1 nposonoku/ll 0,28 3 0,6 10 2x10°
BN nposonoku/Il 0,04 7,5 0,4 5x103 106
N cnow/lp 0,2 3 0,2 4x103 8x10°
BN cron/ip 0,4 3 0,4 2x103 4x105
cnon/l,s 0,4 3 0,4 5x10? 105
N,~3*1010
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N neutrons

Bbixoa HEUTPOHOB (MUKPO-LUAUHAPDI)

N =Vogvptingnp, t,= l?t/vD

—a
105} 5
= 10%}
X D-D
104
10" 10" 2x10" sx1o? 107 50 100 50 a0 280
laser intensity Er. [m]]

D, =4 A, (FMHW), 7=30 fs

N,~3*1010 (E >50keV, |, 1018 Wcm2), dNg/Np, =30-60 %

Neutron yield (25 mJ, 0.1 kHz)
5*107 neutrons/s (DD) and 10° neutrons/s (DT)
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[eHepaLus HEUTPOHOB U3 MUKPO-KIaCcTepoB
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3D3V PIC particles per cell,
deuterium clusters,
Box size: 12 A, X6 A\, X6 A,
Resolution 0.01 A, x 0.01 A, x 0.01 A,

Linearly polarized laser pulse,

I=2 «10'® W/cm?,T=30 fs, wide laser

pulse

AR~ ~d° /65

n, =0.12n

Maximum conversion coefficient
corresponds to the maximum

neutron yield
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BblBOoAbI

JOObEMHBIN  CTOXaCTUYECKUW  HarpeB  MUKPO-
CTPYKTPUPOBAHHOU MULLEHWN, TreHepaunusa Ccynep-
NOHOEPOMOTOHbIX 3NEKTPOHOB

d3dpPekTnBHOE YyCKOPEHUE OEUTPOHOB, MOBbLILLIEHNE
9PPEKTUBHOCTN TEPMOAAEPHLIX peaKunmn

Bbixoa HenTpoHoB Ans nasepa 25m0x, 1klu 5-107
(DD) n -10° (DT) HenTpoHOB/cekK

QdlMNpumeHeHne MUKPO-cnoeB Ooree nepcrneKkTUBHO,
TK TEXHOJTOMMYECKUX CrOoU nerye nponsBecTu
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