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O6nacTv ANWH BOMH U ANUTENBHOCTEN MMMNYNbCA, NOKPbIBAEMbIE Pa3NUYHbIMU
NCTOYHUKAMU KOTF€PEHTHOrO SNeKTPOMArHUTHOrO u3nydenusi. [lyHKTUpHas
NMUHNA — MPederibHO-KOPOTKUA UMMYNbC (ONMTENBbHOCTL MMMNYNbCa paBHa
nepunogy nons). BuaHo, 4tO B ynNbTPpadMONETOBOM W PEHTIEHOBCKOM
ananasoHe npubnmuanTbCAa K ITOMY nepedeny MNo3BONAKT  UCTOYHUKM,
OCHOBaHHbIe Ha reHepaL M rapMOHUK BbICOKOrO nopsiaka.



MexaHuam reHepaumm rapMmoHuK BbICOKOIro nopsigka

I'Ionyqel-me Hyra atTtoCeKyHAHbIX MNyNbCOB NP reHepaumnn BbICOKUX NTAPMOHUK
I'Ionyqel-me OANHOYHOIO aTTOCeKyHAHOIro nmMmnyribca B Jia3epHOM nMmnynbce
ANMNTeNIbHOCTbLIO B HECKOJTIbKO nepnoaoB U B J1la3epHOM mmMmnynbce

nepemel-u-loﬁ QJIUITMNTUYHOCTU

Pe3oHaHCcHasn reHepauna rapMmoHuUK BbICOKOIo nopsaaka

,D,pyme HEeNMMHEeNHOo-oONTU4YecKune npoLueccChbl BbICOKOIo nopsaakKka. cMmeweHume 4actotT U
napamMmeTpuyecKkas reHepauus

3akKknro4yeHue
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P. M. Paul, ..., P. Agostini, “Observation of a train of attosecond pulses from high
harmonic generation,” Science 292(5522), 1689 (2001).
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Calculated far-field, near-axis temporal intensity profile of a soft-X-ray pulse.
The X-ray pulse is produced in a 3-mm-long 200-mbar neon gas volume by a 7-fs, 750-
nm gaussian laser pulse with an on-axis peak intensity of 8= 10™W cm™. For the
electric field of the laser pulse, A1) e exp(—t*/7)c0s{wyt + ) with ¢ = 0 (cosine pulse),
where 7, is the pulse duration, wy is the angular carrier frequency and ¢ is the ‘absolute’
phase. The dashed line shows the on-axis electric field of the laser pulse leaving the
interaction region. The calculated X-ray radiation is selected within a 5-6V spectral range
near 90 eV. Inset, calculated (full line) and measured (dotted line) X-ray pulse spectrum
selected by the Ma/Si reflector, showing that about 90% of the total fluence is within a
5-eVrange around 90 V.
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experiment+simulation:

l. Sola, et al. Nature Phys.2, 281(2006)
G.Sansone, et al., Science 314, 443 (2006)
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Non-resonant HHG

3-step model
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Schafer et al., PRL, 70, 1599 (1993)
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Resonant HHG

4-step model
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Strelkov, PRL, 104, 123901 (2010)

Tudorovskaya and Lein, PRA 84, 013430
(2011)

Strelkov, Khokhlova, Shubin, PRA 89,
053833 (2014)
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The slope of the phase at the
resonance for high |Q]
corresponds to the delay in the
emission of the resonant
harmonic. This delay is
approximately the doubled
lifetime of the quasi-stable
state.

Phase advance: ~ nt (or less) in
the vicinity of the resonance,
another ~ t or ~ - &t either near
minimum of |F|?, or distributed
at the wings in the case of the
symmetric line.

The phase behavior can be
very sensitive to arg(Q), unlike
the line-shape.
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curves with symbols: numerical
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an intense laser field
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- Strong enhancement of the HHG
efficiency near resonance

- Line asymmetry

- phase modification

Note that modification of the resonance
by the laser field is not taken into account
in the analytical theory but is present in
TDSE.



Theoretical prediction: Frolov, et. al., PRL 102, 243901 (2009).
Experiment Shiner, et al., Nature Phys., 07, 464 (2011)
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Figure 3 | Results for xenon. Top, the raw HHG spectrum from xenaon at an
intensity of 1.9 10" Wem ™2, The horizontal scale has been stretched to
belinearin 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 FICS measurements from refs 31 and 24 respectively,
each weighted using the anisctropy parameter calculated in ref. 25,

wide resonance — short attosecond pulse from the group of
resonantly enhanced harmonics



Strelkov, PRA 94, 063420 (2016)
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Opyrvue HeNMHeMHO-ONTUYECKNe NpoLeccChl
BbICOKOro nopsiaka:

CMelleHune 4acToT U NnapamMmeTpunyeckKkasa reHepauums
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K. Tran, et al., Appl. Opt. 58, 2540 (2019)



[eHepaunsa rapMOHUK BbICOKOIO nopsiaka
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Kak n ona npoueccos HU3KOro nopsigka, oauH
MWUKPOCKOMUYECKUN MEeXaHN3M HENTMHENHOCTH
MOXET NPUBOAUTL K pasnmnyHbIM HENMMHEUHO-
ONTUYECKUM MnpoLeccam

V. V. Strelkov, Phys. Rev. A 93, 053812 (2016)
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3akKknro4yeHue

OOMHOYHBLIN  aTTOCEKYHAHbIA  UMMYNbC MOXET ObITb
nony4YeH C  WCMOMb30oBaHMEM  NpeaenbHO-KOPOTKOro
nasepHoro uMnynbca WM WUMMNynbca C MEHSIHLENCs
3NNUNTUYHOCTLIO.

[eHepauna pPe3oHaHCHbLIX TFapMOHWK BbICOKOrO mnopsaaka
MOXeT ObITb OObSICHEHA B paMKax «4eTblpexLiaroBom»
mMoaenun. pdekTUBHOCTL TakOM reHepaunmn Moxet boree
YyeM Ha ABa nopsgka npeBocxoauTb  APPPEKTUBHOCTb
reHepaumMm Hepe3oHaHCHbIX  FapMOHUK. Pe3oHaHCHbIN
BKNag B ady rapmMOHWKM  MNO3BOMAET  MONy4vnTb
crneKkTpasibHO-OrpaHNYeHHbIN aTTOMMMNYIbC.

Mpoueccbl CMeLWleHust 4YacToT U napamMeTpuyeckomn
reHepaLuun BbICOKOIO Nopsiika MOryT UATU C BbINONTHEHMEM
ycrnoBusi oasoBoro CUMHXpoHM3Ma. Habniogancs npouecc
napameTpuyecko reHepaLum BbICOKOro nopsaka C
MHTEHCUBHOCTbIO, NpeBbILLAOLLEN MHTEHCUBHOCTb
BbICOKMX rapMOHUIK.
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