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{ Radiation-matter interaction}
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{ Radiation-matter interaction}

Quantum picture

HMOl—rad — HMOZ + Hccw
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*Radiation-molecule yiteraction

*Dipole self-energy term: correction to the

molecular structure

Quantum Optics

Quantum radiation as a set of harmonic
oscillators for each quantized mode
H field = hew, (de + %)
The electric field is an operator
E.(q)=FEy(a+a)e,

hw,

FEn =
: V€0

Jaynes-Cummings Hamiltonian

H = Hyiol + Hrield + Hiorpieid
Hyiol = 2hw00 3
Hriaq = hw, (a'a + 1/2)
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[ Diatomic polar molecules ]
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LiF

*LiF is a polar molecule: it has
diagonal dipole moments

*The two lowest X states are
coupled radiatively and with a
non-adiabatic coupling.

*One can use an adiabatic
picture or a diabatic one

Computed with MOLPRO
(MCSCF + MRCI)
Basis Set: Aug-cc-pVQZ




{ Molecular Polaritonic States }

Vi = hdo(@ + a')(6s +6-) No = figes: Eo /T
Representation of the cavity radiation in coordinate space
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2 degrees of freedom for propagation

* Internuclear distance R

* Harmonic oscillator coordinate x
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Entangled polaritonic state!!! M
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[Polaritonic photodynamics in cavities }

Solving the Time-dependent Schrodinger equation:
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Including non-adiabatic couplings (NAC)
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All dynamic calculations performed with Ab Initio MCTDH method

J.F. Triana, D. Peldez and J.L. Sanz-Vicario
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Light induced crossings

QUANTUM PICTURE

Light Induced potentials by the cavity

_ E(R)+E(R) #

E=———— *-Q,(R) Q,(R) = J4[AR) (n + 1) + A(R)

The crossing appears when the detuning is zero (for M(R) and n_ small enough)

Ac = [Ee <R> o Eg <R>] — hwe =0 Table 1. Set of Cavity Mode Wavelengths 4_ and Frequencies

@, Used in This Work”

— w,=247eV. = w,=124eV A [nm] 400 500 600 700 1000 2250
, [eV] 301 247 209 1.76 124 0.54
Ryclw] 58 65 70 75 85 105

“The cavity frequency determines the position of the light-induced

crossing (LIC) at the internuclear distance Ry, where the detuning

A, = [E(R) = E,(R)]/h = @, is zero.

J.F. Triana, D. Peldez and J.L. Sanz-Vicario

J. Phys. Chem. A 2018, 122, 2266




The position of LIC depends on

the cavity mode frequency ().

Polaritonic dynamics

Rnac

Ryac =13 a.u.

RLIC =6 a.u.

1 12 Ground state population
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R a.u]
Vi = flgexweV2hE (64 + - )

Dissociation yield LiF -> Li+F
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Initial state ‘\IJ( — O)>

Polaritonic wavepacket dynamics
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Vacuum state
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Dynamic Casimir effect
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Polaritons with coherent states of radiation
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Revealing the fingerprints of cavity LIC

Pump-Probe Scheme
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J.F. Triana and J.L. Sanz-Vicario, Physical Review Letters 122, 063603 (2019)
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Revealing the fingerprints of cavity LIC

Pump-Probe Scheme
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Experimental setup
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Two-channel KER spectrum

KER I

Dissociation via 'TI state against Pump-probe time delay
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Fragment yield Li+F
enhancement at maxima
are related to the passage
across the LIC!!!



Revealing the fingerprints of cavity LIC
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Detector

Conclusions: )

*New effects in the photodynamics of molecules in quantum optical cavities

to be explored. Mirror

*Quantum effects of radiation cannot be modelled withgsemiclassical
methods (different photodynamics for different qua tates: Fock,
coherent or squeezed states).

*A proposal ot unvelil the presen ficavity LICs 1s outlined,
to bring together theory and
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