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Motivation

Key Goals of Attosecond Physics: Understand and control ultrafast atomic
and molecular processes.

Key requirements:

M Laser pulses must be ultrashort, i.e., shorter than thestiaie of atomic
and molecular processes

W Partial Solution: optically compress the laser pulses
W Key Limitation: Ti:sapphire lasers (800 nm) have a period of 2.7 fs
M Laser electric fields must be comparable in strength to thaken
atoms and molecules, i.e., so that such processes can nelleaht
M Key problem: intense laser fields can destroy optical components!
W Solution: chirped pulse amplification (CPA)
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Background

Historical Overview of Increases in Laser Intensities
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Intense Laser Production of GeV Electrons Neﬁ"raslh

Lincoln

Geometry of Intense Laser lonization of a Highly Charged lonTarget
[S.X. Hu and A.F. Starace, Phys. Rev. L&8 245003 (2002)]
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Super-intense laser pulse \ lon

J.D. Gillaspy, JPBEB4, R93 (2001): “Any charge state of any ion can be produced.”
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Intense Laser Production of GeV Electrons Nebiadka
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lllustration of Electron Energy Gain Following lonization of 22+
[S.X. Hu and A.F. Starace, Phys. Rev. L&8 245003 (2002)]
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3 Step Scenario
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Possible consequences
of recollision (i-iv)

(i) energetic electron emission
by elastic backscattering
of the electron

Free electrons
(i) energetic photon emission w_rith non-zero
upon the electron recombining kinetic energy:

into its ground state ol V1 |~ above-threshold

ionization (ATI)
0 WWW @i ioniza

(iif) detachment of another

electron: non-sequential — .
double ionization (NSDI)

x(t), electron trajectory

o

(iv) excitation of bound
electrons upon inelastic collision
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A

Non-Perturbative Plateau Features

m Key laseratom processes. above threshold ionization
(ATI) and high-order har monic generation (HHG)

[M.V. Frolov, A.V. Flegel, N.L. Manakov, and A.F. Starace Rhys. B38, L375 (2005)]
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Ultrafast Processes. The Realm of
Attosecond Physics
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Generation of a Single Atto Pulse Nebizln Ml

Lincoln \gg

L\

- a .
5 |@ L 1.5
5, Py
20~ L 1.0 2
2 /\ r 05 ¢
oo \/\V Vf\, 0.0 é
o U L -0.5
° e EE ’\_0.2 (b) } } t ! t -1.0
[} 3 i
2 ‘ - g - 1.5 _
c_u i | *v |‘I'I{ = [ =
E :, r:\ [\ \ % 01 g
\ \ 2 S
& g 0o >
S 0] e <
< -1, S o
E N SETTE ’ - AO.Q
o 1.0 _ . = IT5)
| To - = >
| S S 2014 iz
EE 0.0 e | 2
§5 | g >
E-O J (0] >
&-1.09(b) £
iy . . ; -0.1 .
0 1 2 3 4 -40 20 0 20 40
optical cycle time (fs)

T. Pfeifer et al Optics Letters 31, 975 (2006)

Voronezh State University, Russia, 25 June 2010 — p.21/??



Polarization Gating Technique Nebiaska @i
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Two counter-propagating, circularly-polarized laser pulses
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Pump-Probe Control of Molecular \ joe.
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Electronic Excitation Transport in a
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Atomic Scale Transport in Solids
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D. M. Villeneuve,Nature 449, 997 (2007)
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Temporal Development of an Auger

Process
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Few-Cycle, | ntense Attosecond
Pulses. Nonlinear Attosecond
Physics



Ultrafast Science
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U(OO) — ?}(t()) + AL(OO) — AL(tO) — Vpy — AL(to),
A?} — —AL(tQ),
W(t) = 5v*(t).



Mo/Si mirror

Attosecond streaking
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G. Sansone et alscience 314, 443 (2006).
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“The availability of single-
cycle isolated attosecond
pulses opens the way to
a new regime in ultrafast
physics , In which the strong-
fleld electron dynamics In
atoms and moleculésdriven
by the electric field  of the
attosecond pulses rather than
by their intensity profile.”

The CEP of the Attosecond

Pulse Matters!
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Few-Cycle Attosecond Pulses
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E. Goulielmakis et al.Science 320, 1614 (2008).
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Dependence of Asymmetry on CEP  Nebiaska g

lonization probability for the H atom by a linearly polarize d pulse.
[E. A. Pronin, A. F. Starace, M. V. Frolov and N. L. ManakovyBhRev. A80, 063403 (2009)]
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Results for a Single Attosecond Pulse Nebidsk £\
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|ntensity Dependence of the CEP-Induced Asymmetries
[L.Y. Peng, E.A. Pronin, and A.F.Starace, New J. Piy3.025030 (2008)]
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Summary and Conclusions

m The capabillity of intense laser physics to produce
high-order harmonics has led to the ability to
producesingle, few cycle pulses of attosecond
duration.

= Thedetermination of the time scalesf atomic,
molecular, and condensed matter processes has
been achieved.

m Control of such processess just beginning.

= Production ofintense attosecond pulseis the
future will open up a new regimeton-linear
attosecond physics.
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