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Research interests

PhotoInduced Quantum Dynamics Unit

b)a)

Molecular plasmonics

Enhanced CD Photocatalysis

1) Ionisation

2) Acceleration

3) Recombination

HHG

Smirnova, Mairesse, Patchkovskii et al. Nature (2009) 

Vozzi, Negro, Calegari et al. Nature Physics (2011)

Wörner, Bertrand, Hockett, Corkum and Villeneuve PRL (2010)

…
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Theoretical modelling of plasmon-assisted
photocatalysis

Collaboration with Università di Padova, Bologna, King’s College in London (UK), Lorraine University in Metz (France)

1 Hot-carrier generation and dynamics
2 Novel reaction pathways
3 Enhanced production rate
4 Enhanced product selectivity

a)

b)

c)
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Time-domain QM/continuum approach

Time-dependent Schrödinger
equation

i
∂|Ψ(t)〉
∂t

= Ĥ(t)|Ψ(t)〉

Ĥ(t) = Ĥ0 − ~̂µ · ~Eext (t) + q(t)V

|Ψ(t)〉 =
∑
λ

Cλ(t)|λ〉

|λ〉 =
∑

i

∑
a

da
i,λ|Φ

a
i 〉

EOM for surface charges

q(ω) =
1

2π
f (ω)F(ω)

f (ω) =
ε(ω)− 1
ε(ω) + 1

F(ω) = −[AD∗q(ω)

+ S−1(2πI + DA)V(ω)]

q̈(t) = −γq̇(t)−Qωq(t) + Qf q(t)

Real-time simulations with polarizable continuum model (RT-PCM-NP)
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Theory of open quantum systems
Collaboration with Sorbonne University in Paris and Lorraine University in Metz (France)
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Stochastic Schrödinger equation (SSE)

i
∂

∂t
|Ψ(t)〉 = Ĥ(t)|Ψ(t)〉+

∑
q

lq(t)Ŝq|Ψ(t)〉 − i
2

∑
q

Ŝ†q Ŝq|Ψ(t)〉

|Ψ(t)〉 =
∑
λ

Cλ(t)|λ〉

t

lq(t)

SSE in Markovian limit

Why SSE?

Studying decoherence (2DES)

Effective dynamics in complex systems
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Strong-field electron dynamics in molecules
under the influence of intense laser pulses:

high-harmonic generation (HHG) spectroscopy
Collaboration with Sorbonne Universitè (Paris), University of Nova Gorica, CNR in Milan, MPI in Berlin (Germany) and

King’s College in London (UK)

Pierre Agostini Ferenc Krausz Anne L’Huillier

• IR, mid IR

• 

• Linear, elliptical,…

1014W/cm2
Highly nonlinear optical process

P. Agostini, F. Krausz and A. L’Huillier, Nobel Prize in Physics, 2023
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Theoretical framework

QUANTUM CHEMISTRY

Ψ(q1, q2, . . . , qN)
Ĥ = ̂Te + ̂TN + ̂VeN + ̂Vee + ̂VNN

TIME PROPAGATION HHG SPECTRUM

i
∂Ψ(t)

∂t
= Ĥ(t)Ψ(t)

Ĥ(t) = Ĥ + ̂V(t) + ̂I

⃗μ (t) = ⟨Ψ(t) | ⃗̂μ |Ψ(t)⟩
⃗μ (t) ⋅ ⃗n α′ 

FT( )
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X-ray spectroscopies using time-domain
quantum chemistry

Collaboration with Elettra and EPFL in Lausanne (Switzerland)

1 Spin-orbit coupling for thiouracil (X-ray absorption)
2 X-ray circular dichroism

XAS XCD
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Multiscale simulations for enzymatic reactions
Collaboration with Rita De Zorzi

EaEaEaEaEaEaEaEaEaEaEaEaEaEaEaEaEaEaEa

RC

TI1

AI

0

10

20

30

40

50

60

70

Reaction coordinate

Δ
G

 (k
J/

m
ol

)

2PA6 with solvent

O-

O H
N

N

NH O

O
H

Ser

C
OX

XH

O

HO

H
N

H N Met

Tyr

Asp

His

QM1

QM2

O
H

H

X=O

X=NH

:  2PCL

:  2PA6

E. Coccia (DSCF) 9 / 11



Experimental group ”DNA nanostructures and
nanotechnologies” at the DSV

Computing Raman spectra & molecular dynamics

Elena Ambrosetti (DSV), Luca Grisanti (CNR)

Giant Unilamellar Vesicles (GUVs)
Artificial models of cell membranes

Simulating Raman spectra 
Sampling conformational space
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Quantum Monte Carlo methods
Collaboration with University of Twente (The Netherlands)
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