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[eHepaLms BbICOKUX FAPMOHUK NPy B3aMMOAENCTBUM MHTEHCUBHOIO
nasepHoro nany4yeHus c rasamu. CoBpeMeHHble AOCTUKEHUS B 006nacTu
Nnony4yeHns aTToCEKYHAHbIX UMMYJbCOB.

Pe3oHaHCcHas reHepaunst BbICOKMX rapMOHUK: NYTb NOBbILLIEHUS
9P PEKTUBHOCTU reHepaLnn.

[eHepaLunsa KOrepeHTHOro ynbTpadmoneToBoro U PEHTTEHOBCKOIro
N3Ny4YeHns Npu B3anMOAENCTBUN CBEPXMHTEHCUBHOMO NTa3epHOro
N3Ny4YeHNs C MOBEPXHOCTbIO
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d (t+m/Q) =

Interference of recolliding wave packet with
the ground state part of the same electron wave function, at
two adjacent moments of time (left and right set of panels).
Top and bottom panels show real part of the total wave func-
tion and the electron density, respectively. Interference leads
to oscillations of electron density and hence of the induced
dipole moment.
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WAYS OF A SINGLE ATTOPULSE GENERATION:

T Very short (less than 5fs) fundamental pulse
Hentschel et. al.: Nature 414, 509 (2001)
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theory: V. Strelkov, PRA, 2006

experiment+simulation:
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Kr Xe Theoretical prediction: Frolov, Manakov, et. al., PRA 2010
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Experiment A. D. Shiner, B. E. Schmidt, C. Trallero-Herrero, H. J. Worner, S.
Patchkovskii, P. B.Corkum, J-C. Kieffer, F. Légaré and D. M. Villeneuve, Nature

Phys., March 6, 2011
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Figure 3 | Results for xenon. Top, the raw HHG spectrum from xenon at an
intensity of 1.9 x10™ W cem™2. The horizontal scale has been stretched to
be linearin frequency rather than wavelength. Bottom, experimental HHG
spectrum divided by the krypton wave packet (blue) and the relativistic
random-phase approximation (RRPA) calculation of the xenon
photoionization cross-section (PICS) from ref. 25 (green). The red and
green symbols are PICS measurements from refs 31 and 24 respectively,
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Figure 2 | Results for krypton. Top, raw HHG spectrum from krypton at
1.8 10" W cem~2 in an image taken from a CCD (charge-coupled device)
camera. The horizontal scale has been stretched to be linear in frequency
rather than wavelength. Bottom, experimental spectrum (blue) from
integrating the CCD image vertically, including the Jacobian of the
transformation from wavelength to frequency; published photoionization
cross-section?' (PICS; green).
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Resonant harmonic enhancement: comparison of the experimental, numerical
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FIG. 2. Harmonic spectrum from an aluminum film. The vertical
arrows indicate the order of the harmonics.

D. von der Linde,1995

Figure 7. Scheme showing the proposed experimental configuration for the
generation of attosecond pulses using harmonics from overdense plasmas.
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Figure 1. Scheme showing the basic idea of the oscillating mirror model. An
E-M wave i1s incident on an electron surface oscillating around an immovable
ion background. The phase of the reflected E-M wave as seen by the observer
depends on the position of the electron surface at the moment of the reflection.
This retardation effect gives rise to a distorted waveform rich in harmonics of the
fundamental frequency.
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Figure 2. Predictions of the oscillating mirror model for a; = 10. (a) Motion of
the mirror in its own frame ( ) and as seen by the incident wave (— ——-).
(b) The incident ( ) and the reflected (— — — —) E-M field as seen by the
observer. (c) The power spectrum is obtained by Fourier transforming the reflected
field. The roll-off follows closely the predicted power law 1/w? with g ~ 5/2.
The value for the cut-off harmonic n, is calculated using equation (3).
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BbiBoAbI:

[Tpn reHepaunm BbICOKMX rAPMOHUK MHTEHCUBHOIO Nas3epHOro
N3ry4YeHns B rasdax norly4yeHbl aTToCeKyHOHble yrbTpadnosieToBbIe
NMNYynNbCbl AnnTenbHOCTb0 okosio 100 ac. MHorne ocobeHHoCTH
npouecca MOoryT 6bITb NOHATLI B paMKax TPEXCTYNEeHYaTon Modenn 1
OCHOBaHHbIX Ha HEN KBAHTOBOMEXAHNYECKUX TEOPUSIX.

Pe3oHaHCHaga reHepauunsa BbICOKMX rapMOHUK MO3BOSMAET CYLLECTBEHHO
yBENUUUTL 3PPEKTUBHOCTL NpoLecca.

Pac4yeTbl nokasbiBatoT, YTO Nnpwv B3aMMOOENCTBUN J1a3epHOro na3nyyeHuns
peﬂFITMBMCTCKOVI U yﬂprapeﬂFlTMBMCTCKOIZ MHTEHCUBHOCTU C
NOBEPXHOCTbO BO3MOXHaA reHepaund attoCekKyHaHblIX NMMyrbCcoOB
ONMNTENBHOCTBLIO OKOSMO 1 ac U UHTEHCUBHOCTbIO, CyLieCTBeHHO
I'IpGBbILLI8I-OLLI,€VI MHTEHCNBHOCTb N’eHEPUpPyroLero N3rnyvyeHns.



