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« Electron motion is responsible for all chemistry
* Our goal is to track the evolution of electrons on their natural time

scales

We want to determine what role attosecond scale electronic
coherence has on longer timescale, femtosecond motion (Chemistry).

o (&

Zinc porphyrin

Environmental Molecular Sciences
Laboratory (EMSL) @ PNNL:
https://www.youtube.com/watch?
v=ZYsktRIhMOqg

J. Chem. Theory Comput. 7, 1344—
1355 (2011) 2
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« Ultrafast X-rays are the ideal tool to create and probe coherent
electronic phenomena

 Sub-femtosecond duration
- Atomic site-specificity.
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Measurements of Electron Dynamics @LCLS

 The attosecond scale is the timescale for electronic
motion on the atomic length scale.
- Coherent charge motion (Charge Migration)

« Superpositions of electronic states will evolve on the sub-
femtosecond timescale

« Could offer the possibility to control the charge localization
in molecules.

- Time-resolving electron correlation.

 The exchange—correlation term in the many-body
Hamiltonian can have large effects on electronic
configuration of a molecule, and thus the chemical
bonding.

* Non-sequential ionization
« Auto-ionization, Auger Decay

European XFEL Workshop 5
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Superpositions of electronic states
will evolve on the sub-
femtosecond timescale.

Nuclear motion will alter the
coherence

We want to determine what role
attosecond scale electronic

coherence has on longer t=4fs
timescale, femtosecond motion Kuleff Chem. Phys. 414 100 2013
(Chemistry).

Attosecond-pump/attosecond-
probe

t=6f1fs

f}Lunnemann CPL 450 232-235 (2008)
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Probing ultrafast zz*/nz* internal conversion in
organic chromophores via K-edge resonant

« X-ray
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absorption probes overlap of

valence orbitals with core electrons

* Very useful for ultrafast
photochemistry

n(1) C0).C05) -
O(7) C(2) Li C4) : 524 5?6 5?8 5;?0 5?2 5?4

Spectrum

|| F 2 ps after
UV excitation

Ground-state
H spectrum




Molecular Effects on Electronic
Coherence

hole density Q(z,{)
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Can coherent electronic excitations provide
a route to by-pass IVR in controlling
molecular reactions?

* Chem. Phys. Lett. 285, 25-33 (1998) H,N
* Nat. Photonics 8 195-204 (2014)

Measure coherence lifetime

Effect of structure on charge migration.
 Amino-phenol derivative chromophores.
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« We see an increase of NO* ions when x-ray pulse precedes
probe laser compared to the opposite.

* lon Signal Consistent with excited state neutral production by X-
rays (Electronic Raman Scattering)
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Electron Correlations in Photoionization

CHEMICAL PHYSICS

Attosecond dynamics through

a Fano resonance: Monitoring the
birth of a photoelectron

V. Gruson,'* L. Barreau,"* A. Jiménez-Galan,” F. Risoud,? J. Caillat,” A. Maquet,®

B. Carré,' F. Lepetit," J.-F. Hergott,' T. Ruchon,’ L. Argenti,>+ R. Taieb,>
F. Martin,>*®} P. Saliéres't

nature

physics

ARTICLES
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Attosecond correlation dynamics
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Inter-Channel Coupling in Molecular Systems in the Time Domain

Photon energy (eV)

A. Kamalov and J. P. Cryan in prep
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Nonsequential lonization

- Early LCLS experiments
observed sequential ionization

week ending

PHYSICAL REVIEW LETTERS 20 AUGUST 2010

PRL 105, 083004 (2010)

Auger Electron Angular Distribution of Double Core-Hole States
in the Molecular Reference Frame
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Nonsequential two-photon absorption from the K shell in solid zirconium

Shambhu Ghimire,":* Matthias Fuchs,? Jerry Hastings,® Sven C. Herrmann,* Yuichi Inubushi,’
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Nonsequential Double
lonization
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Molecules in Strong-Laser Fields

ATTOSECOND DYNAMICS

Measurement and laser control of
attosecond charge migration in
ionized iodoacetylene
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Laser-driven nonadiabatic electron dynamics in
molecules 4 2
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- Another route to in strong-fields

studying ultrafast

charge motion European XFEL Workshop 14
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« Sub-femtosecond X-ray pulses provide a unique opportunity to study
the motion of electrons on the atomic length scale.

* This is critical for understanding the role of electronic coherence in
photochemical reactions

« Such technology would also allow for time-resolving electron-electron
interactions (or correlations)

 Requirements:

10-200 uJ pulse energies

Sub-femtosecond pulse duration
* Within factor 3 of transform limit would be most useful.

Soft X-ray (< 1keV)

Two-color pulses,
* 100’s eV separations between colors.
« Tunable delay (nice to scan through zero)

1 um? focus
Synchronized NIR laser field

European XFEL Workshop 15



