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» Linearis THz-es spektroszkopia (E,, ., = 100 V/icm — 10 fJ energia)
= Nagyenergiaju THz-es impulzusok (E, ., = 100 kV/cm — pJ energia)

= Extrém nagy energiaju THz-es impulzusok
E .= 100 MV/cm — 10 mJ pulse energy)
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PTE Nagyenergiaju Terahertzes Laboratorium

NIR femtoszekundumos = hullamhossz 1.03 um
Yb:KGW lezer = impulzushossz 180 fs
er0sito rendszer . .

= impulzusenergia 1mJ
(beszerzes alatt) = ismétlési frekvencia 1 kHz
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THz impulzus energia (nJ)
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Pumpaloé impulzus energia (ud)

Maximalis fokuszalt térer6sseg: 0.2 — 1 MV/cm 4



- Nemlinearis THz-es optika (on-fazismodulacio, Kerr-effektus)
* Nemlinearis THz-es spektroszkopia (THz pumpa — proba)
 Egylovéses” THz-es képalkotas

 ,Egylovéses” THz-es spektralisan bontott képalkotas




Electric Field (a. u.)

04

o
N
T

o
o

£ ()]
' 1 1

Ampl. spectr., Ratio
w

N
— T T T

1 2
Frequency (THz)

3 6 9 12
Time (ps)

Hebling et al.: IEEE J. QE 14, 345 (2008)
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pump-probe THz pulses

Y. delay stage
10% refl. |
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readout pulse &\
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THz readout
800 nm delay stage
5mdJ, 100 fs

Hoffmann et al.: Phys. Rev. B 79, 161201R (2009)
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Germanium

Blue: GaAs
Red: Ge
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Electric field (arb. u.)
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Similar observed in GaAs, Si

Mayer & Keilmann: PRB 1986

Saturation coused by scattering
of electrons into valleys with
larger effective mass

Back relaxation observed by
THZ pump —probe meas.

Increased absorption for Ge at
intermediate THz intensity!

Hebling et al.: Phys. Rev. B 81,
035201 (2010) 9



InSb, 450 um, Eg=0.24 eV at 77 K

Doped sample, N=2x101% cm-3
at T=80 K

Hoffmann et al.: Phys.
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Undoped sample, N=5x1013 cm-3 |, T=80 K
Used model (avalanche ionization): Appl. Phys. A 29, 125 (1982), t,=7 ps, ¢,=1.3 eV
Zener effect (tunneling) plays any role?

Accordings to Phys. Rev. B 82, 075204 (2010), YES it does
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Hirori et al.: Phys. Rev. B 81, 081305R (2010) Oe @
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Targyakon torténo athaladason, vagy visszaverodésen
alapul
Fémek reflektaljak, papir, mianyagok, ruhazat
nagymeértéekben atengedi a T-sugarakat

transzmisszio reflexio optikai optikai THz-es

Képek taskaban, ciposarokban elrejtett
targyakrol
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K. Kawase et al: Opt. Express 11, 2549 (2003)
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CCD
ZnTe PE Lens nie Camera

Usami et al.: Appl. Phys. Lett. 86, 141109 (2005)
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- THz-es impulzussal kvazi-fazisillesztett as impulzuskeltés

* HHG levagasi frekvenciajanak novelése
 THz-es undulator UV — EUV szabadelektron |ézerhez

» Egyciklusu impulzusok elGallitasa a kozepes IR — EUV

tartomanyon

 Lézerrel keltett protonnyalab energiajanak novelése

hadronterapias célra




C. Serrat, J. Biegert: Phys. Rev. Lett. 104, 073901 (2010)
K. Kovacs et al.: Phys. Rev. Lett. bekuldve
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spectral power (J/eV)
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HHG THz-es tér jelenlétében
Varju K. (SzTE), Farkas Gy. (SZFKI)

= Kombinalt THz + IR terek

E(t) = E, cos(@,qt )+ E, cos(ay,,t)

= Megbontja az IR tér szimmetrigjat
Hong et al., Opt. Expr. 2009

= Modositja a HHG spektrumot

= Modell szamitasok

Lewenstein, PRA 1994

E. Balogh et al.:
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Phys. Rev. A (2011)
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Spectral intensity (arb. u.)
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F. Junginger et al., Opt. Lett. 35, 2645
(2010): Eqyy,= 12 MV/cm @ 20 THz

by OPA in GaSe, birefrigent PM 20
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cylindrical vacuum cylindrical

lens channel s

top view
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Plettner et al.: Phys. Rev. Spec. Top. — Accel. and Beams 9, 111301 (2006)

undulator 11, 030704 (2008)
elterités, fokuszalas 12, 101302 (2009)

1 GV/m = 10 MV/cm csucs térer6sséget igényel! 1




(320m)
LZ-linac

(540 m)
L3-linac

Undulator
135MeV 250 MeV 43GeV S e ey

Incident
FEL pulse

583 mm

Bekerulési koltség:
LCLS: 380 M$
Euro-XFEL: 850 MEUR 22




135MeV

Projects Euro-XFEL LCLS (SLAC)
Wavelength 6 —0.085 nm 1.5-0.15 nm
Beam Energy 10 - 20 GeV 14.3 GeV
Main Accelerator Super Conducting S-band Normal Conducting
Accelerator Length 2.1 km I km
|Gradient x Active Length 23.5 MV/m x 900 m 19 MV/m x 800 m
Undulator Period 26 mm 30 mm
Total undulator Length 133 m 113 m

Total Length 3.4 km 1.6 km
Undulator Lines (X-ray) 3(5) 1 (5)
IConstruction Cost 850 M-Euro 380 M$

250 MeV

Proc. PAC07, MOZBABO1 (2007), N Phot. 4, 641 (2010), Nature 466, 56 (2010)

BC2

'
43Gev ~ CAV3

(540 m)
L3-linac

hy = 200 pm, E = 20 MV/cm, Az = 1.5 A, Ly = 6 cm, Eq,,, = 500 mJ

Undulator
3.5-14GeV
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Elektron energia (MeV)
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A. E. Kaplan, A. L. Pokrovsky: Optics Express 17, 6194 (2009)
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t=3.228m, Yrqin=19.93, Y14, =20.059
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(t=3.238m, ¥qin=19.93, V14, =20.059
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X (mm)

Elektroncsomag idobeli fokuszalasa
Inverz-szabadelektron Iézerrel
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Focused electron bunch

<—N -—wf—»

Thomson backscattered
THz pulse coherent MIR - XUV
radiation

Legrévidebb: A =20 nm, t =066 as
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Gyorsitas 40 MeV-r6l 70 MeV-re 60 cm-en 1mJ THz energiaval

Szabadalmi bejelentés el6készités alatt
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= THz pumpa — proba meérések, nemlinearis optika, ,,egyloveses” leképezés,
stb. 1 uJ THz energiaval

* 1-10 mJ THz energia: attoszekundumos impulzusok idétartamanak
csOkkentése, intenzitasanak novelese

= 1-10 mJ THz energia t6lt6tt reszecskék manipulalasara: undulator
sugarzas, ,,asztali” UV — EUV szabadelektron lézer, egyciklusu
(tetsz6leges idBbeli lefutast) IR — EUV impulzusok eléallitasa, proton
gyorsitas

= Reszletesebb numerikus modellezés sziikseges
= Kisérleti megvalositas

= Ez csak a kezdet (molekulak orientalase, stb.)
R
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