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Radiation in the THz domain: applications
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Sources of high-intensity short THz pulses
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High field phenomena

in the presence of strong
quasi-static electric and
magnetic fields

[M. Q. Bao & A.F. Starace, Static
electric field effects on HHG, Phys. Rev
A, 53, R3723, 1996]
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Monocromatic field (long pulse)
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Non-monochromatic field

[ ]
|
T TE(t) A(t)
051 / / \
0 il % Sy Py
-o.:: Ay (t) 51
" H - -1 Pz
- -2 0 w2 n -n -2 w2 T

[SFA - modeling (V. Tulsky, S. Popruzhenko, D. Bauer)|



Emission from gas a target
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Emission from gas a target
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LANL - K. Y. Kim et al. Nat. Phot. (2008)
Maryland — T.I. Oh et al, APL (2014)

IFSA — C. Meng et al., APL (2016)

N.Novgorod — N. V. Vvedenskii et al. PRL (2014)

IESL — A. D. Koulouklidis et al., Nature Comm. (2020) 20

Experimental confirmations:




Modeling of the collective interaction
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Vlasov equations for the particles distribution functions
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Particle-in-Cell method for the Vlasov equation

Immobile electron is "born"if ionization occurs

Energy spent for ionization is accounted for by _};;O,LHE'ZOC

Energy conservation is controlled

LASER PULSE

Argon gas

target

I, = 10" + 10" W/cm?

Tpulse ~ 250 fs
focalspot ~ 30 pum
Ao = 800 + 4000 nm
Es, =0.2E,

nar = 1017 = 10" ¢cm =3
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Fields: staggered grids (Yee, Langdon& Lasinski)

e Computational domain [Zmin, Tmax] X [—¥52, o] x [ Zuax  Zmax]

e Regular Cartesian grid with spatial steps hy, hy, h.
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e Explicit finite-difference scheme on staggered grids 17 15 :
[A. B. Langdon, B.F. Lasinski. Meth. Comput. Phys. (1976) -
K. Yee. IEEE Trans. Antennas Propag (1966)]
field component are calculated on staggered in time and space grids
central differences for the derivatives = O(hZ, h2, h2,7°)
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Particle distribution functions: Particle-in-Cell method

e plasma species are represented by a set of a large number of (macro)particles whose
trajectories are characteristics of the Vlasov equations
[Hockney, R.W & Eastwood, J.W, Computer simulation using particles. CRC Press. (2021)]

dp; = dr; . . _
TRl 5 = pj = ym;j, y= -0}/
e Lorentz force: linear interpolation between the field values in the eight (3D) or 4(2D) grid

nodes nearest to the particle position 7

e Boris pusher for the equations of motion
[J.P. Boris in: 4" Conference on Numerical Simulation of Plasmas. Washington (1970)]
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Parallelization scheme

y a a boundary cells for b Ay
I are internal cells for a
)
b boundary cells for b
c C are internal cells for c
— e
X y
X
e subdomains are rectangular cuboids (3D) or rectangles stretched in the x direction (2D)
e one subdomain is assigned to one processor
e transverse sizes of the subdomains are chosen such that the load of processors is balanced
e processor stores only a part of the grid: the values of the boundary elements are passed by

the processors to each other before each new time step

e at each time step, the particles that move to a cell assigned to a neighboring processor are
collected and sent/received in a single block using a single MPI-SEND /MPI-RECV
operation

e partial particle sorting by coordinate at each time step to achieve an efficient data exchange
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LASER PULSE
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2D3V Particle-in-Cell modeling

Ar
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Y 800nm
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T = 250fs
- computationally expensive + self-consistent
- binary collisions are not included + full Maxwell solver

-4 tunnel ionization
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Averaged electric field d bution - [
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Averaged electric field d bution - [
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Averaged electric field d bution - [




Averaged electric field distribution - I




Averaged electric field distribution - I
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Averaged electric field distribution - I




Averaged electric field distribution - I




Averaged electric field distribution - I
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Averaged electric field distribution - I
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Averaged electric field distribution - I
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Averaged electric field d bution - [
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Averaged electric field distribution - II
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Conclusions and outlooks

e the problem of the macroscopic THz response of laser-driven plasma is address is a
complimentary way by employing a particle-in-cell simulation of the plasma dynamics
during and after the interaction with a non-monochromatic ionizing laser pulse

e simulation includes the ionization step and allows for a fully self-consistent calculation of
the electron current including the back reaction of the coherently emitted radiation on the
plasma dynamics

e high numerical costs restrict the interaction volume in all dimensions by ~ 100um, so that
the radiation emitted from a spatially restricted target is examined
such targets can be realized with thin gas jets or small gas-filled cells [Ch. Meng et al. APL
(2016)]

e the plasma dynamics is analyzed
distributions of the quasi-static electric field inside the plasma and the radiation spectra
emitted in the forward direction are calculated
the efficiency of the electron energy conversion into that of THz radiation is estimated

e spectra in the far-field zone

e study of the dynamical non-radiation configurations
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Conclusions ans outlooks

HECUMMEeTPUYIHAS MOHU3aIns " IByXIBETHBIM " TA3EPHBIM TOJIEM — KOJLJICKTHUBHBIE
KoJieOaHud B HEOOJILIINX MUIICHAX

KBa3U-1I0CTOAHHOE dJIeKTpudeckoe noje £ > 40 MV /ecm BHyTpu muieHu u B GJuzKHel
BOJIHOBOI 30HE

ObICTPOE 3aTyXaHNe IJIASMEHHBIX KOJIe0aHnil —> KOpPOTKas JymTeabHOCTh 11 nMmirysibca
COXPAHSIOIIIECS JIOJTOe BPEMsl KOJIEOAHMsT BHYTPH MUIIEHU

Epn ~ \/ncA Masio 3aBUCHT OT pazMepa sHieiiku

CJIOYKHAST 3aBUCUMOCTD PACIIPEJIE/IEHUs] IIOJIsi OT pa3Mepa siIeiiku

sTgeiika MEHBIIIEHO pa3dMepa u3jaydaer B 2.7-4.7 pa3 OoJiblile sHEprun B mepecuére Ha 1
JIEKTPOH

HU3JIydeHne Ha3a/l

3D moesmmpoBanue Jijisi CpaBHEHMs] M BepUMDUKAINN BBIBOIOB U3 pe3ysbraros 2D pacuéror
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Saksouenne — 1

e Kpyrosas mosisipusariust MpeioaTuTe/IbHee JTUHETHONT
Cpemanit nHGPAKPACHBIN JUHATA30H IPEANOITATEIbHEE NHMPAKPACHOTO

o {ueitku HEOOIBITOrO 00BEMA IDDEKTUBHEE, T€M MTPOTAZKEHHBIE
Ucrosib3oBanue ra3oBoii cTpyn TOJMIHON 20 (M TEXHUIECKH BO3MOYKHO!

[ CyLU,eCTBeHHOG BJIMAHNE U3JIyYCHUA Ha JUHAMUKY I1IJIa3MbI
q)OpI\/II/IpOBaHI/Ie HEU3/IyIaomnx JUHAMUICCKUX KOHCbI/II‘ypaL[I/Iﬁ
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