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Experimental and theoretical investigation of femtosecond laser plasma
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V.E. Fortov, P.R. Levashov, A.V. Ovchinnikov, D.S. Sitnikov
Joint Institute for High Temperatures, Russian Academy of Sciences, Moscow, Russia

We present a new experimental-theoretical method, whilchivalone to determine on the
femtosecond time scale the parameters of plasma generatad dnd after an action of subpi-
cosecond laser pulses on solid targets [1].

The experimental part of the proposed method consists dethéosecond optical interfer-
ometry, which makes one possible to determine not only theuteo but also the phase of the
complex index of reflection of the weak probe laser pulse ftbenplasma generated on the
surface of a solid target irradiated by the powerful pumprlasése,~ 1013+ 1014 W cm~2, at
different delays between the pump and probe pulsel)y + 10° fs.

The source of irradiation is a Cr:forsterite laser systemegaimg femtosecond pulses at a
wavelength ofA; = 1240 nm [2]. The full width at half maximum of the pulses is m@ad
using an autocorrelator of the noncollinear second haremand is equal ta; ~ 110 fs in
present experiment for the séamvelope shape.

The measurements use a Michelson interferometer with amsfer of an image of the sur-
face of the sample under investigation to the plane of the CCDixn&iuminum films with
thickness ok 1 um deposited on a glass substrate are used in the experiments.

The target is heated bympolarized laser pulse at the main laser waveleAgttor the angle
of incidence 45. The spatial distribution of the pumping irradiation indéy on the target
corresponds to the Gaussian with a focus beam diameter & um at a level ofe 2. The
probe pulsegpolarized, the second harmonkig= 620 nm) with varying time delay is incident
perpendicularly to the sample surface.

A probe beam (object) reflected from the sample interferéh tie reference beam and
forms an interference ring fringe in the CCD matrix plane [1]frAme detected by the CCD
matrix is a spatial intensity distributior{x,y) = |Eobj|2 + |Eref|*> + 2Re{EoniE5}, as a result of
the interference of the objeBLpi(X,y) =T(X,y)A1(X,y) expli¢1(X,y)] and referenc&.q(X,y) =
Ax(X,y)expiga(x,y)] waves, whered; and ¢i, i = 1, 2, are the amplitudes and phases of the
interfering waves, respectively. In this case, the objemtencarries information on the complex
reflection coefficient of the sample, which can be represkasg(x,y) = r(x,y) expi¥(x,y)],
wherer andW are the absolute value and phase of the complex reflectidficiest, respec-

tively.
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Figure 1: Experimental points and calculated curves foriggand (b)Wi,q VS. the intensitylg
of the heating laser pulse for delay timsts= ((J and solid line) 130,4 and dash-dotted line)
530 and (O and dashed line) 930 fs.

When processing the interference patterns by the Fouriesfoenm algorithm [3, 4], laser-
induced changes inandW¥ are determined;ng(X,y) = r«(X,y)/ri(X,y), Wina(X,y) = Wi(X,y) —
Wi(x,y). Here,r and¥; are the absolute value and phase of the complex reflectidficiests
of the target before the action of the heating laser pulspedively,r; and¥, are the corre-
sponding parameters of the irradiated target.

Figure 1 shows;,q andW;,q as functions of the maximum intensigyof a heating laser pulse
for various delay timesAt = 130, 530 and 930 fs) of the probe pulse with respect to therfgeat
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pulse. Each experimental point is a result of averaging bveit0 measurements.

A hybrid two-temperature hydro-electro-ionization nuroar code [5, 6] with a new two-
temperature equation of state is elaborated and used foemtahsimulation of processes of
the pump-probe measurements [1]. Values of parametersgressions for the kinetic coeffi-
cients of plasma, which are used in the code, are chosen soexstire the best agreement
between results of experimental measurements and thesdrediculations of,g andW;,q over
the investigated range of pump-pulse characteristics-gpd..

After such a choice of the numerical parameters, we can eseléivorated code as a reliable
tool for calculation of properties of the plasma generatedhe surface of a solid target under
an action of powerful femtosecond laser pulses.

This work was supported in part by the Russian Foundation foicBResearch (project
No. 06-02-17464) and the Council of the President of the Rudsaleration for Support of
Young Russian Scientists and Leading Scientific Schoolgggrdlo. NSh-3683.2006.2).

References

[1] M.B. Agranat, N.E. Andreev, S.l. Ashitkov, M.E. Y&aman, P.R. Levashov, A.V. Ovchin-
nikov, D.S. Sitnikov, V.E. Fortov and K.V. Khishchenko, JETLett.85, 271 (2007)

[2] M.B. Agranat, S.I. Ashitkov, A.A. lvanov, A.V. Konyashehko, A.V. Ovchinnikov and
V.E. Fortov, Quantum Electronicl, 506 (2004)

[3] M. Takeda, H. Ina and S. Kobayashi, J. Opt. Soc. A&).156 (1982)

[4] V.V. Temnov, K. Sokolowski-Tinten, P. Zhou and D. von dende, J. Opt. Soc. Am. B3,
1954 (2006)

[5] N.E. Andreev, M.E. VEsman, V.P. Efremov and V.E. Fortov, High Terdg, 594 (2003)

[6] M. Veysman, B. Cros, N.E. Andreev and G. Maynard, Phys.iRéd3, 053114 (2006)



