X-ray and THz generation
from
metal foil irradiated by
laser pulses.



Strong THz fields are requested for
matter manipulation. We obtain THz
pulses by conversion of TW laser
pulses.

For relativistic laser intensities THz
generation from thin metal foil can be
more efficient than from other media..

We observed THz generation from
metal at §ubrelativistic Intensity with
efficiency higher than expected.

Synchronized femtosecond x-ray
pulses are required for lattice

diagnostics, they are generated on the

same matal.
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Experimental schemes
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Experimet-1. THz and x-ray optimization in filament

THz energy (open triangles) and X-ray
energy (square) versus chirped pulse
duration induced at laser energy 60 mJ
39090 as pressure 10 rlnbar.l

THz energy (open circles) and X-ray
yield (triangle) versus laser energy at
nitrogen pressure P=10 mbar
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Maximal THz energy in gas - 2 WJ - is obtained

at: Let us go to vacuum
Intensity is 2.5*10W/cm?, Pressure 20 mbar,

P=1 TW, Efficiency <10*



Experiment-2

We decrease focal length from 250 to 30 cm, decrease pressure below 0.2 mbar,
increased X-ray yield two orders

THz detecto
. parabolic (a)
2O\ mirror 15 cm 2 1.0 -
= Al
bolic 4 spectrometer Q Ti
parabolic 4 = — 1
mirror = . Cu
arabolic S
X-ray Scm P< 5
mirror 10 cm =
spectrometer es
@ N = 0.5 -
- - 5, \ —,‘ §
. 1 A/ THzlens T
X-ray PMT WV . 2
m g 0,0 - ‘l I l W il ”x"l.l‘ﬂl]ﬂwm N lu h' | | li “ ”“ n' ‘}u J

THz detector 4

DHEpPrus d)OTOHa, K>B

parabolic
mirror
30 cm 45°

|1=0.5*10"17 Bt/lcm”2
[ToToK K_anbda poToHOB
1078 doot/(2*Tn*cTepaanaH*cek)



For relativistic intensities
there are two known mechanisms of THz emission

vacuum

Plasma
Target Target sfieath

d
[na [openaTMBUCTKUX MHTEHCMBHOCTEM 3ddeKTUBHOCTb NpeobpasoBaHma B Tl Ha HECKO/IbKO NOPAAKOB HUXKe. B paboTe
[2] nonyumnm 0.2 v B Ty, oT 2.5 M Ti:Sapphire (3dpdekTnBHocTb 107),

a)—CTR (C(iherent transition), b) SR (sheath acceleraH())n of ions) [i].
)

lil Herzer S, Woldegeorgis A, Polz J, Reinhard A, Almassarani M, Beleites B, Ronneberger F, Grosse R, Paulus GG,
Hibner U, May T. An investigation on THz yield from laser-produced solid density plasmas at relativistic laser
intensities. New Journal of Physics. (2018);20(6) p.063019.

[2] Akhmedzhanov, R. A,, et. al. “Generation of Terahertz Radiation by Interaction of Intense Femtosecond Laser
Pulses with a Metal Surface” Radiophysics and Quantum Electronics, 57(11), 807-820. (2015)



Spectra of THz radiation from metal
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Power dependence
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[MoxoXune Ha HalK NapameTpbl
ncnonb3osanu B pabore [1],
nHTeHcusHocTb >1017 Bt/cm?, Ti:Sa
cuctema, 3 TB, 35 ¢c, 5 mKm TUTaHOBaA
donbra, oTparkeHue, 45 rpag. nageHus.
MexaHusm Ty reHepaunn— nakeTr
PEeNATUBUCTCKUX INEKTPOHOB U €ro
ANMONbHBbIA MOMEHT.

[1] — “Radially polarized terahertz
radiation from relativistic laser plasma of
metal foil target” (2010)



Foil thickness influence
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I FIG. 2. Terahertz radiated energy versus target thickness for
100 different electron temperatures. The solid curves are from the
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THz spectra from three methods
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A scheme for THz pump - x-ray probe
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Conclusions:

Intensity of 1016 W/cm? and 20 mJ energy is enough to observe THz
emission from rear side of metal foll.

Observed efficiency of THz generation from metal is higher than
predicted by known theories for sub-relativistic intensities.

Dependence of film thickness and on pulse energy do not confirm
relativistic processes of CTR or SR. The main mechanism of THz
generation should still be discovered for this energy range

The advantage THz generation in metal — is the absence of
saturation at energy increase above TW level. We expect 10 THz
efficiency at 10 TW in this scheme

Simultaneously fs x-ray pulses are generated for diagnostics.

Each of three methods of THz generation provides its own spectra.
Saturation threshold is different.

We acknowledge RFBR grants Ne 18-02-40032, 18-52-16024 for support
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