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Self-adjoint operator H
Schrodinger equation: iedypp = Hqp

Unitary propagator U; = e—tHt/e

O<exk1l



Energy function H smooth, subquadratic
Hamilton equation: z; = QVH ()

Symplectic flow ®; : R24 — R2d



Herman—Kluk propagator

cf. Herman/Kluk '81, Kay '06,

Swart/Rousse '09,

L /Sattlegger '16



b= (2r) " [ (g2 )9 dz
R2d

g:(x) = (7e)"¥* exp(— 5|z — > + ip- (z — q))



Unp = (2re)™ [ (g:0) Usg: d
RQd

L (2me)d / up(2){gz, ) /g dz

w(2) = V24 det (9gq1(2) + Oppr (2) + i[0par(2) — Bgpr(2)])



I; = (2me) @ / ut(2){gz,e) eist(z)/gg%(z) dz
RQd

satisfies |[[I; — Uil < Cy pe.

If |7 — &T| < c77 is symplectic, then ||[Ir — Ir|| < C. gy 77 /.
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computing time on a desktop computer: 5 resp. 30 minutes



LSC-IVR

cf. Miller '74, Lee & Scully '80, Heller '81,
..., L & RODblitz ‘10



Egorov’s theorem,

Ui AU; — mt” < Ciame’,

implies

(Unp, AUp) = (1, Ao Dyip).
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Surface hopping

cf. Bjerre/Nikitin '67, Tully/Preston '71,
Voronin/Marques/Varandas '98,

L /Teufel/Fermanian '03 —'16






If A=NTAMN* and (...), then

|/T(<Ut¢’ﬁUtw>_ /<£tA)(Z)W¢(Z)dZ>dt' < Crame'/®
0 R2d



The semigroup £; combines
¢ classical transport along AT and 2\,

® hops between the surfaces, when t — (AT — A7) (z¢) is minimal.

The hopping probability comes from a Landau—Zener formula.
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Computational semiclassics
(Summary)

1. Herman—Kluk propagator

2. LSC-IVR (Egorov’s theorem)

3. Surface hopping



