[ eHepaLuna BbICOKMX rAPMOHUK Ha
NOBEPXHOCTU MULLIEHU

OcobeHHOoCTHU:

1. CwunbHas moaynauna gasbl OTpaXXeHHOW BOSHbI, BbICOKas
9P EKTUBHOCTb Npeobpa3oBaHUS.

2. Heobxoauma peskasi rpaHuua MULLIEHN.

3. ®dopma NnoBEpPXHOCTU OCUUNIIMPYIOLLIEro 3epKana
(ycpenoHeHHas 3a nepuoa) onpenensaeTr pacXxoguMocCTb
nyJka.

4. dasbl BCEX rAPMOHNK CUHXPOHMN30BaHbI, HET Npobnem,
XapaKTepHbIX ANd reHepaunm B gucneprmpytollen cpeae.

ITOT MEXaHN3M — uaearnbHbIW KaHOWAaT ansa reHepauum
aTTOCEKYHOHbIX UMMYNbCOB C BbICOKON 3p(PEKTUBHOCTLIO
npeobpasoBaHus.
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[1Ba BO3MOXXHbIX UICTOYHMKA, DOPMUPYIOLLUX OBUMXKEHME
NMOBEPXHOCTW OCLIMINUPYIOLLIErO 3epKkana:

1. [lone nasepa (4acTtoTta w) — HaKMNOHHOE NageHue
BOSIHbl HA MULLEHb. [[eHepupyroTCs YETHbIE U
He4yeTHble rapMOHUKMN.

2. [loHpepomoTopHasa cuna gaBneHust cBeTa (YactoTta
2W) — HOpManbHOe nageHne BOMHbl Ha MULLIEHB.
[eHepupyOTCS HEYETHbIE FTAPMOHUKMN.
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Figure 1. Scheme showing the basic idea of the oscillating mirror model. An
E-M wave is 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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FIG. 8. Electron density for oblique incidence of s-polarized light with FIG. 10. Electron density for oblique incidence of p-polarized light with

parameters: ay,=0.5, ny/n. =4, a =30,
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When v, reaches its maximum and <y, has a sharp peak,
high-order harmonics of the incident wave are generated and
can be seen in the reflected radiation. Physically this means
that the high-order harmonics are due to the collective mo-
tion of bunches of fast electrons moving towards the laser
pulse [19].

FIG. 2. (a) Electron momentum component parallel to the sur-
face as a function of time. (b) The velocity of the plasma surface vy
is a smooth function of time, unlike the y factor of the surface (c).
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[eHepauusi rapMOHMK Ha OCLMNITNPYIOLLEM
3epkane
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Figure 1 Schematic diagram of the experimental setup. The 600-fs laser pulses
were focused using an f/3 off-axis parabolic mirror, and delivered peak intensities
=102 Wcm~2 onto the target. The reflected harmonic emission is detected using
an extreme-ultraviolet spectrometer consisting of a calibrated, cylindrical

1,200 lines mm~" Hitachi flatfield grating imaging the source in the spectral
dimension, and a cylindrical mirror to image the source in the transverse dimension.
A 0.2-pum aluminium filter was used to block optical emission and a block was
inserted after the grating to prevent scattered zero-order diffraction light from
reducing the quality of the observed spectra. The PMs could either be inserted or
removed to vary the pulse contrast conditions. Using a double PM configuration
enhances the intrinsic pulse contrast by > 10* and results in a reduced pulse rise

time'®'°, Approximately 40% of the laser energy incident of the first PM is incident
on the target.
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Experiments were performed at the Vulcan petawatt
laser at the Rutherford Appleton Laboratories [ 18] which
reaches peak intensities of ~10?! Wcem™2 (up to 600 J on
target in ~500 fs). However, with an intrinsic prepulse
pedestal that extends for ~5 ns at a contrast of 107:1, it
is unsuitable for the formation of the short plasma scale
length L ~0.1A required for efficient harmonic generation
[14], where A is the laser wavelength. As a result the
contrast of the incident pulse was increased to >10'0:1 at
~10 ps from the peak of the pulse by the use of a double
plasma mirror setup [19-21] to achieve the required sharp
plasma-vacuum interface.
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FIG. I (color online). The relative intensity of the harmonic
spectra for two intensities: (a) (1.5 = 0.3) X 10** W em™2 [gray
(red) trace] and (b) (2.5 = 0.5) X 102 Wem™2 [black (blue)
trace]|. Spectra are integrated along the spatial dimension and
normalized at the 1200th harmonic ( ~ 1.4 keV, 8.8 /1). The
lines are fits to the data such that /(n)/1(1200) = n=? /120077,
where p is the fitting parameter. The best fit (solid line) is for a
value of Prel = 2.55 for (a) in the range 1.2—-3 keVand (b) in the

range 1.2-3.5 keV, and is consistent with that expected for

2500
Harmonic order, n

3000

harmonic generation in the relativistic limit. The dashed lines
represent p = 2.4 and p = 2.8 scaling, as labeled. Error bars
[gray (red) ends for red trace, black (blue) ends for blue trace)]
represent the uncertainty in the relative signal strength arising
from the detector and filter transmission, taking into account the
individual uncertainty in each of the relevant quantities. The
absence of strong modulation in the spectra is due to the limited

resolution of the crystal spectrometer used.
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FIG. 3. Angular distribution of >1 keV x-ray signal under
high contrast conditions. The signal is emitted into a narrow
cone peaked in the specular direction at 45° (the laser incidence
angle is —45°). The inset shows a 13° full width at half
maximum (FWHM) Gaussian fit to the scattered x-ray halo
(black dotted line) and the 4° fit to the strongly peaked
HOHG signal (black dashed line). The full width at half maxi-
mum of the summed double Gaussian fit to the signal is ~4°
(solid black line), which is considerably less than the f/3 laser
cone angle. The specular emission of the harmonics is clear
indication of the coherent nature of the process. It also demon-
strates the absence of significant laser induced surface modula-
tion present on previous, lower contrast experiments [26].
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