Vibrational coupling: most important, often ignored,
and a challenge for ab-initio theory
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Program - Session |: Non-adiabaticity

Definition of "non-adiabatic”: When the adiabatic approximation fails ...

— purely theoretical concept

In nature/experiment vibronic and vibrational coupling is always present at full stregth -
cannot be switched off
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NO scattering from a gold surface
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Jason D. White et. al. JCP 124, 064702 (2006).
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NO scattering from a gold surface

Region I Region I1 Region III
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> Supersonic NO beam from pulsed valve is collimated by an electroformed skimmer S
» Two-laser optical pumping at (P-D)

> Scattering of NO beam with Cs/Au surfaces, detection of electron emission

Jason D. White et. al. JCP 124, 064702 (2006).
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NO scattering from a gold surface - Newns-Anderson model

Newns-Anderson Hamiltonian
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NO scattering from a gold surface
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Neil Shenvi et al. Science 326, 829 (2009). Jason D. White et. al. JCP 124, 064702 (2006).
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NO scattering from a gold surface

Trapping probabilities - adiabatic MD

Trapping probabilities - non-adiabatic IESH
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NO scattering from a gold surface
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Neil Shenvi et al. Science 326, 829 (2009). Jason D. White et. al. JCP 124, 064702 (2006).
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NO scattering from a gold surface

What is still missing?

> non-interacting electrons in the Newns-Anderson Hamiltonian

> no electronic thermalization in the surface after transfer of impact and vibrational
energy (cf. talk of Karsten Reuter)

» difficult to extend approach if more than two molecular states play a role
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Dynamical Stark Control of Photochemical Processes
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Benjamin J. Sussman et al., Science 314, 278 (2006).

Heiko Appel (FHI-Berlin) CECAM workshop: Vibrational coupling November 6, 2012 11 /15



Dynamical Stark Control of Photochemical Processes

#,:304.5 nm (PROBE)
P,

» 100fs pump pulse at 520nm

g 0w (GONTROL above dissociation limit for both channels

; &, : 520 nm (PUMP)
/IEr
[
MCP/ Phosphor screen
Focusing mirror

CCD camera lon optics

0

Raw image

[ S e

2 Jreer {

= :'> Sos H 1
f':; “\ fli+er |
"'004_\-_.;‘

| atom recull speed (pmeis)

Reconstruction z

Benjamin J. Sussman et al., Science 314, 278 (2006).

Heiko Appel (FHI-Berlin) CECAM workshop: Vibrational coupling November 6, 2012 11 /15



Dynamical Stark Control of Photochemical Processes

% : 304.5 nm (PROBE)

72 1730 nm (CONTROL)
&

; &, : 520 nm (PUMP)
/IEr
[

MCP/ Phosphor screen
Focusing mirror

CCD camera

0

Raw image Reconstruction 2

Eor—
Zos e |

~ ~ Sos I {

ﬁ:; “\ fieer |

gao#—ﬁ;—

00 a0 w0 aw
| atom recoil speed (pixels)

Benjamin J. Sussman et al., Science 314, 278 (2006).

Heiko Appel (FHI-Berlin)

CECAM workshop: Vibrational coupling

» 100fs pump pulse at 520nm

above dissociation limit for both channels

» 150fs control pulse at 1730nm
just below threshold for ionization (10**

W /cm?) but non-resonant

November 6, 2012

11/ 15



Dynamical Stark Control of Photochemical Processes

% : 304.5 nm (PROBE)

%, » 100fs pump pulse at 520nm

W (CONTRED above dissociation limit for both channels

; &, : 520 nm (PUMP)

L » 150fs control pulse at 1730nm
just below threshold for ionization (10**
W /cm?) but non-resonant

MCP/ Phosphor screen

CCD camera
» after 60ps probe pulse at 304.5nm
@ (2+1) resonance-enhanced multi-photon
e B fo ionization (REMPI) produces I ions.
£00 \ |
g =2 |
E:: “\k—_“"\‘l*Er {

o f0 20 w0 4w
| atom recoil speed (pixels)

Benjamin J. Sussman et al., Science 314, 278 (2006).

Heiko Appel (FHI-Berlin) CECAM workshop: Vibrational coupling November 6, 2012 11 /15



Dynamical Stark Control of Photochemical Processes
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Dynamical Stark Control of Photochemical Processes
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Dynamical Stark Control of Photochemical Processes
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Dynamical Stark Control of Photochemical Processes
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Dynamical Stark Control of Photochemical Processes
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Session I: Non-adiabaticity - Challenges posed by the speakers

Eberhard K.U. Gross
> tha 1l
> tha 2

lvano Tavernelli
» What methods do we have available for the calculation of el-ph couplings?
> Accuracy of DFT/TDDFT vs. GW (BSE) for the calculation ph-el
couplings?
Andrew Horsfield
How do you construct a Hamiltonian matrix that
» You can compute?
> Incorporates many electron effects?
» Incorporates electron-phonon interactions?
> |s robust?

» Makes the resulting equations of motion as simple as possible?
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	Motivation: electron-ion correlation and decoherence dynamics in trans-polyacetylene oligomers



