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Attosecond chemistry

Attosecond

m X/UV pulse trains at At ~ 1071
m Within Born-Oppenheimer

E. P. Manson et. al. (2014), Nat. Phys. 10, 207
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J. Mauritsson (2008), Phys. Rev. Lett. 100, 073003
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Time Dependent Schrodinger equation

m Time-dependent expansion

[Wb(t)) = Z ca(t)|Va)

a€PES

m ground + excited states
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Free particle

m Exact Gaussian

(x—vt)?
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m Approximate in finite basis
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Time Dependent Variational Principe (TDVP)

Stationary Action

tr
— )
S= /t (Yldllihg: — Hlyla))dt m Euler-Lagrange equations
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. . O(H)
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m Dynamical system
m Exact in full Hilbert space

— Approximations
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m Nuclear structure physics
m Slater Determinant of Gaussians
m Semi-classical interpretation

u() = (2(2)) — 7D ()

H Feldmeier & T. Neff (2017) Nuclear Particle Correlations and Cluster Physics
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Electronic Structure theory

project timeline

m Heisenberg (1le™)
m Pauli (Ne™)
m t-dependent interactions

m Correlation
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Electronic Structure theory

project timeline

m Heisenberg (1e7)
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Test case 1: H

hydrogen

m “Kepler" orbits
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(1)) = (1)l F1(2))
E(t) = (T(1)) + (V(1))
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Test case 1: H

hydrogen ' B
m lonization & 0 <9> ()
Observables B 15
(F(t)) = (¥(B)|Ap(t)) 10 P’ 0 5 10"
E(t) = (T(t)) +(V(t) e
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Test case 1: H

hydrogen

m lonization

Observables

(1)) = (1) F1(2))
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Test case 1: H

hydrogen

m Add damping
Observables

(F(t)) = ((t)|p(t))
E(t) = (T (1)) + (V(t))

sdb (unb)

eFMD

watoc2022

9/11



Test case 1: H

hydrogen

m Add damping

Observables

(1)) = (@(8)]Fl(2))
E(t) = (T(1)) + (V(1))
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Test case 2: HJ

di-hydrogen cation T ] :
m Bonding orbitals | | i
& C%_\ 0 <9> ()
L 41
Observables i 172
(M(t)) = (@(8)]F1e(t)) 4 3 2 1 o 1 2 3 a4
E(t) = (T(1)) + V(1)) e
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Test case 2: HJ

di-hydrogen cation

m Symmetry breaking

Observables

(1)) = (@(8)]F1(2))
E(t) = (T(1)) + (V(1))
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Test case 2: HJ

di-hydrogen cation

m others ...

Observables

(1)) = (1) F1(2))
E(t) = (T(1)) + (V(1))
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conclusions
[

Conclusions & Outlook
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