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Motivation

» Strong Field Ionization

— New XUV sources
 FEL's (FLASH, SCSS, LCLS etc)
« High harmonic generation

— Fundamental importance
* Interplay of correlations and strong field

» High harmonic generation

— Race for the “table-top synchrotron”
» Coherent, compact, intense, tunable, source of XUV radiation
 Neutral gases or ionized plasmas of noble gas-atoms

» Attosecond control
— Steering of coherent wave packets.
— Time-resolved atomic physics .
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- Theoretical model

— Time-dependent Schrodinger equation
* Basis based integration vs coordinate space integration

— Field-free atomic states
 One-electron HF states
 Two-electron CCC states

— Discretization of continuum
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» Two-photon double ionization of He
» Four-photon ionization of Li

— High harmonics generation

* Ground state vs excited state
 Resonant enhancement of HG
» Polarization gating & wavelet analysis
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Harmonics Generation:
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Theoretical Model

Harmonics Generation:

o

Harmonics spectrum

9 ] >
d(w)|* = /( Wt d(t) dt
to — tq

Expectation value of dipole operator

dit) = (P(1)|z|¥(t)) = /dr dt ¥(r,t) (r-e)¥(r,t)
= Z Zmn €Xp[—i(m — n)wt] = Z zn exp[—i(2M + 1)wt]
n.m N
Parity conservation II = —1 = (—1)?¥*!
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Integrated TPDI Cross-section of He

Theory vs. experiment:

TICS (10'52 cm4s)

FEL @ 42.8 eV
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Integrated TPDI Cross-section of He

Theory vs. experiment:

TICS (10'52 cm4s)

FEL @ 42.8 eV
HHG @ 41.8 eV
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Lithium atom in intense laser field

st IP [eV] lopi (W/em?] ~~ U, [eV]
Li(2s) 5.39 33810121 |[5.20 0.20
Li(2p) 3.54 6.28-10" 9.76 | 0.037
He 24.59 1.46-10'° 0.53  86.1
Ne 21.57 \ 8.65.10M 0.65 H0.5
Ar 15.76 2.47-10M 1.0 14.6
Xe 12.13 8.66-10% 1.5 5.11

Michael Schurike, Max-Planck-Institut fir
KITP 2009 Kernphysik, Heidelberg, ICPEAC 2009
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Lithium atom in intense laser field

Low over-the-barrier intensities as
compared to noble gases,
absence of ponderomotive effects.

.

Ist IP [eV] Iopt [W/em?] ~~ U, [eV]
Li(2s) 5.39 3.38.10"2F [5.20] 0.20
Li(2p) 3.54 6.28-10" 9.76 | 0.037
He 24.59 1.46-10" 0.53  86.1
Ne 21.57 8.65.-10M 0.65  50.5
Ar 15.76 2.47-10M 1.0 14.6
Xe 12.13 8.66-10'3 1.5 5.11

KITP 2009

Michael Schurike, Max-Planck-Institut fir
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Lithium atom in intense laser field

Low over-the-barrier intensities as
compared to noble gases,

Ist IP [eV] Iopr [W/cm? ]/ U, [eV]

absence of ponderomotive effects.

Li(2s)
Li(2p)

9.99 3.38-101 5.29 0.20 High Keldysh-parameter v, i.e.
3.54 6.28-10" 9.76 | 0.037 deep within multiphoton regime,
24.59 1.46-10" 053  86.1 [out not perturbative.

21.57 8.65-10" 0.65  50.5

15.76 2.47-101 1.0 14.6

12.13 8.66-10'% 1.5 5.11

Michael Schurike, Max-Planck-Institut fir
KITP 2009 Kernphysik, Heidelberg, ICPEAC 2009
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Lithium atom in intense laser field

Low over-the-barrier intensities as
compared to noble gases,

Ist IP [eV] Iopr [W/cm? ]/ U, [eV]

absence of ponderomotive effects.

Li(2s)
Li(2p)

009 3.38-10 9.29 0.20 High Keldysh-parameter v, i.e.

3.54 6.28-10" 9.76 | 0.037 deep within multiphoton regime,
24.59 1.46-10  0.53  86.1 utnotperishatve:

21.57 8.65.10" 0.65  50.5 'Only 4 (2s) / 3 (2p) Ti:Sa-Photons
15.76 9 47.10M 1.0 14.6 'requir\ed to ionize. Low non-linearity
12.13 8.66-1013 1.5  5.11 ecld

Michael Schurike, Max-Planck-Institut fir
KITP 2009 Kernphysik, Heidelberg, ICPEAC 2009
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Photoelectron momentum distribution

Experiment:
Li(2s), 30 fs, 775 nm, 150 mW

transversalal momentum

longitudinal momentum [a.u.]
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longitudinal momentum [a.u.]

Momentum space multi-photon rings:
P.2+P,>=Nw — IP, N=4 for Li 2s
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Photoelectron momentum distribution

Experiment:
Li(2s), 30 fs, 775 nm, 150 mW

transversalal momentum

longitudinal momentum [a.u.]

Calculation:
Li(2s), 25 fs, 800 nm, 3x10" W/cm?2

longitudinal momentum [a.u.]

Momentum space multi-photon rings:
P.2+P,>=Nw — IP, N=4 for Li 2s

KITP 2009
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PRL 94, 113906 (2005) PHYSICAL REVIEW LETTERS ZS\M.-\R(I'lH IS:N)S

Enhanced High Harmonic Generation from an Optically Prepared Excited Medium

We investigate high harmonics generated from rubidium atoms irradiated simultancously by an intense
3.5 pm fundamental field and a weak cw diode laser. When 5p., 5d. and 4d excited states are populated
through cascade excitation or deexcitation, orders-of-magnitude increases in harmonic vield as compared
with the ground state are observed.
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Enhanced High Harmonic Generation from an Optically Prepared Excited Medium

We investigate high harmonics generated from rubidium atoms irradiated simultancously by an intense
3.5 pm fundamental field and a weak cw diode laser. When 5p., 5d. and 4d excited states are populated
through cascade excitation or deexcitation, orders-of-magnitude increases in harmonic vield as compared
with the ground state are observed.
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Enhanced High Harmonic Generation from an Optically Prepared Excited Medium

We investigate high harmonics generated from rubidium atoms irradiated simultancously by an intense
3.5 pm fundamental field and a weak cw diode laser. When 5p., 5d. and 4d excited states are populated
through cascade excitation or deexcitation, orders-of-magnitude increases in harmonic vield as compared
with the ground state are observed.
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e, PHYSICAL REVIEW LETTERS 25 MARCH 2008

Enhanced High Harmonic Generation from an Optically Prepared Excited Medium

We investigate high harmonics generated from rubidium atoms irradiated simultancously by an intense
3.5 pm fundamental field and a weak cw diode laser. When 5p., 5d. and 4d excited states are populated
through cascade excitation or deexcitation, orders-of-magnitude increases in harmonic vield as compared
with the ground state are observed.
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Scaled approach to HHG:
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From noble gases in NIR

To alkaline metals in MIR
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Harmonic spectrum of Li @ 330 fs, 3500 nm
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Harmonic spectrum of Li @ 330 fs, 3500 nm
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Harmonic spectrum of Li @ 330 fs, 3500 nm
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Harmonic spectrum of Li @ 330 fs, 3500 nm
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Harmonic spectrum of Li @ 330 fs, 3500 nm
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Harmonic spectrum of Li @ 330 fs,
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Harmonic spectrum of Li @ 330 fs, 3500 nm
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Harmonics spectrum: effect of polarization
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Harmonics spectrum: effect of polarization
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Polarization gating: Morlet wavelet analysis
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Polarization gating: Morlet wavelet analysis
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Polarization gating: Morlet wavelet analysis
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Polarization gating: Morlet wavelet analysis
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Harmonics spectrum: wavelet-trajectory analysis
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Harmonics spectrum: wavelet-trajectory analysis
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Harmonics spectrum: wavelet-trajectory analysis
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Harmonics spectrum: wavelet-trajectory analysis
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Harmonics spectrum: wavelet-trajectory analysis
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Harmonic spectrum: Effect of Chirp
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Harmonic spectrum: Effect of Chirp
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Harmonic spectrum: Effect of Chirp
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Harmonic spectrum: Effect of Chirp
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Harmonic spectrum: Effect of Chirp
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Conclusion

* Basis-based solution of TDSE applied to
* |onization
— (2y,2e) on He
— (4y,e) on Li
« HHG
— Li N,,.+=10 optical regime
— Li, RbN =100 XUV regime
— Resonant enhancement
— Polarization gating
— Optimal control

cut-off

* Further directions
« Multi-photon many-electron processes on complex targets
* More HHG control
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