Attosecond pulse shaping using quasi-phase
matching

Dane R. Austin, Jens Biegert

15 November 2013

ICFO?

Institut °

:e Ciéncies ‘ Imperial CO"ege
‘'otoniques

tne o e s s London



Outline

» Applications of attosecond pulses



Outline

» Applications of attosecond pulses

» Generation via high-order harmonic generation



Outline

» Applications of attosecond pulses
» Generation via high-order harmonic generation

» Spectral phase control is necessary and difficult, especially
above 150 eV



Outline

v

Applications of attosecond pulses

v

Generation via high-order harmonic generation

v

Spectral phase control is necessary and difficult, especially
above 150 eV

» Propose new method: chirped quasi-phase matching



Outline

v

Applications of attosecond pulses

v

Generation via high-order harmonic generation

v

Spectral phase control is necessary and difficult, especially
above 150 eV

» Propose new method: chirped quasi-phase matching

v

Simulations: transform-limited pulses and chirp control



Outline

» Applications of attosecond pulses
» Generation via high-order harmonic generation

» Spectral phase control is necessary and difficult, especially
above 150 eV

» Propose new method: chirped quasi-phase matching
» Simulations: transform-limited pulses and chirp control

» Simulations: shaping of attosecond pulse sequences



Outline

» Applications of attosecond pulses
» Generation via high-order harmonic generation

» Spectral phase control is necessary and difficult, especially
above 150 eV

» Propose new method: chirped quasi-phase matching
» Simulations: transform-limited pulses and chirp control
» Simulations: shaping of attosecond pulse sequences

» Conclusion



Transient absorption — probe of valence electron motion
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Transient absorption — probe of ultrafast change of
material properties
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Creation of excited ionic states

Probed with optical field ionization
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Launching electron motion in a solid

Probed with photoelectron streaking
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Production with HHG

w=KE+Ip
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Production with HHG
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Structure of an attosecond burst

A
LuL“
A AN KE = (slope)?/2
X - N

A max. KE =3.17U,,

KE

¢2 = (slope)™*

/ 1

-1 —-0.5 0 0.5 1
Glaser (units of )
Up = EL? Jwl?



Classical versus quantum
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Attosecond dispersion control
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Attosecond dispersion control
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Attosecond dispersion control
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Attosecond dispersion control
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Quasi-phase matching with a chirped counterpropagating pulse
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» No spectral range limitations

» Maps XUV pulse shaping onto optical pulse shaping —
programmable



Quasi-phase matching
Single frequency picture:
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Quasi-phase matching
Single frequency picture:

E(w)

— = eiAkzD(w)
mispnr'n.l:tscied - __) j j /‘j O O :;‘: H; 'j
wepee 33333355

K = Ak

Refractive index mismatch: Ak = Anw/c

Eit) = D(t — Anz/c)

_cK
CL)7An



Dynamic quasi-phase matching

chirped source D, generated field E, quasi-phase matching K

A




Dynamic quasi-phase matching

chirped source D, generated field E, quasi-phase matching K

A




Dynamic quasi-phase matching

chirped source D, generated field E, quasi-phase matching K

A




Dynamic quasi-phase matching

chirped source D, generated field E, quasi-phase matching K

A




Dynamic quasi-phase matching

chirped source D, generated field E, quasi-phase matching K

A




Dynamic quasi-phase matching

chirped source D, generated field E, quasi-phase matching K

A




Dynamic quasi-phase matching

chirped source D, generated field E, quasi-phase matching K

A




Dynamic quasi-phase matching

chirped source D, generated field E, quasi-phase matching K

A




Dynamic quasi-phase matching

chirped source D, generated field E, quasi-phase matching K

A




Quasi-phase matching in HHG

» Modulated waveguide
Gibson et al. (2003)




Quasi-phase matching in HHG

» Modulated waveguide a) b)
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Quasi-phase matching in HHG

» Modulated waveguide e aing
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Counterpropagating pulse train




Transform-limited pulse generation

Drive pulse Counterpropagating pulse train (CPT)
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Simulation details

Laser pulse propagation: 3D with cylindrical symmetry, neutral dispersion, diffraction, Kerr, ADK ionization rate,
plasma absorption and loss.

Single-atom response: strong-field approximation with stationary-phase approximation over momentum and birth
time, ADK ionization rate, photorecombination cross sections: Austin & Biegert (2012); Gordon & Kartner (2005).
XUV propagation: diffraction, dispersion, absorption, spectral and spatial filtering.



Dynamic spectrogram
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Tunability

Linearly varying QPM spatial frequency: K(z)
Applied quadratic spectral phase: ¢, = (7”)2
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Tunability

Linearly varying QPM spatial frequency: K(z
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Tunability

Linearly varying QPM spatial frequency: K(z) = Ko + Ki.
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Tunability
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Third-order phase

Quadratic variation in K gives cubic spectral phase
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Third-order phase

Quadratic variation in K gives cubic spectral phase
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Third-order phase

Quadratic variation in K gives cubic spectral phase
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Third-order phase

Quadratic variation in K gives cubic spectral phase
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Third-order phase

Quadratic variation in K gives cubic spectral phase
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Attosecond pulse shaper

» One-to-one relation: z <& w

v

Given transfer function H(w), set modulation phase
®(z) = [ K(2)z + LH [w(2)]
Modulate counterpropagating pulse train by |H [w(z)] |

v

>

Analogous to acousto-optic programmable dispersive filter

RF driverI



Double attosecond pulse
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Delay and relative phase control
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