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Matter - strong field laser interaction
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Why are these phenomena important?

 Contain target’s signature

* |nteraction takes place in atto - femto second
scale -> Iinformation with high temporal resolution

Suitable tool to study ultra-fast
atomic or molecular physics




High-energy above threshold ionization
Zhangjin Chen, Anh-Thu Le, Toru Morishita, and C. D. Lin, Phys. Rev. A, 79, 033409
(2009)
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Quantitative rescattering theory
Zhangjin Chen, Anh-Thu Le, Toru Morishita, and C. D. Lin, Phys. Rev. A, 79, 033409 (2009)
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Quantitative rescattering theory
Zhangjin Chen, Anh-Thu Le, Toru Morishita, and C. D. Lin, Phys. Rev. A, 79, 033409 (2009)
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Laser-induced electron
diffraction (LIED)

Differential cross section

Desired information




Retrieve structure from cross section
Cosmin |. Blaga et al, Nature 483 (2012)
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Retrieve structure from cross section
Cosmin |. Blaga et al, Nature 483 (2012)

* Independent Atoms Model (IAM) to generate theoretical
DCS

 Molecule = collection of free atoms, omitting multiple

FAFTIPdxp(iqR,)

Incomin Scatterin
_ g wave gwave
cattering
amplitude of \‘/
free component

ar
structur
e

1(6) = <| F |2> = Zl f.(0)] +Z f.(0)f(6) Si Molecul

Molecular
Interference
Factor (MIT)

|A: background
term




Retrieve structure from cross section
Cosmin |. Blaga et al, Nature 483 (2012)
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 Each point at different time is obtained by changing laser parameters
(long wavelength -> long time)

* Problems
- 1AM does not describe collision at low impact energy

- Experiments are confined to long wavelength laser (mid-infrared
laser)

— cannot probe at short time after ionization



Our solution: multiple scattering
Hayashi Shigeo and Kuchitsu Kozo, J. Phys. Soc. Jpn
41, 5, (1976)

* Multiple scattering (MS) theory:
Including higher-orders scattering inside molecule
analytically
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Multiple scattering theory
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Differential cross section (log scale)
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Experimental DCS:

T W Shyn, and G R Carignan, Phys.
Rev. A 22, 3 (1980)

T W Shyn, W E Sharp, and GR
Carignan, Phys. Rev. A 17, 6
(1978)
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Test on gas phase electron diffraction
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Structural retrieval from LIED data
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Structural retrieval from LIED data

« Compared to gas phase electron diffraction, LIED
differs in two points

- the collision is e - ion -> require long-ranged
Coulomb potential

- Incoming electron flux depends on molecule
orientation through ionization r
average (c)
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Differential cross section (arb. unit)
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