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Photoionization: introduction

Aim: g 40
Pump-probe experiments in photochemistry ]
SimUIatiOn tOO]. fOI' %0 oﬁum&u&amﬁuﬂ“ 30
time-dependent photoionization! A
Outline:
Scattering
Chamber

v What is the photoionization rate?
v Methods

v' CHD: channel-resolved photoionization j\ /
v CS,: “average trajectory” approach /
v Next steps UV Pump Pulse

Probe Pulse
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Photoionization regimes
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Photoionization regimes
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Photoionization regimes
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Photoionization regimes

il Vel = e = 1
Y F/V2Eien
2Eion A £
Over—the-barrier _ X%
N
K
SN oo
Tunneling
F - [hw
\/m X Eic:n
LOPT
— i —— N
0 0.125 025 0.5 1 E
L A. Saenz: Atoms and Molecules in
3 : : : : B. Intense Laser Fields, Berlin 2014
© 8 4 2 1 Photon number

(s [DIP,) (0, DI F,) - - (T[ D] i)
Prorr < I D [~ Fr (N1l By Bi (V2] - e~ Bl

ScotCHEM Computational Chemistry Symposium, Glasgo
6 16/06/2017 0 o oymResE on
M. Tudorovskaya



Theoretical assumptions

* M(i) ’ M*(j) , no inter-channel interaction

e No resonances

* Upon ionization: Coulomb field of the core only

field is neglected;

no e — e interaction;

* Wave functions: M(i) orthogonal to e

 Photoionzation threshold law:

,=1,1+k?/2 (one photon)

vs. strong-field regime: peaks at nE_ =I +k?*/2
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Dyson orbitals: the concept

Rate of n-photon ionization: r,=1I1"o

Electron Photon
momentum energy

OIF — 47 @d |2

IF = U<Gf’ﬂ? I'|\I’ )

o7 () (r)= v /‘PN n)UN2,...n)d2...dn
Final state
Initial state

Free e w.f. expansion truncated numerically:
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Implementation: QCHEM + ezDyson
TIME-DEPENDENT INPUT!

QCHEM Input: EZDYSON Input:
v Geometry (QMD)
v method com-cesd v'Free e parameters (1, Q)

v’ basis v'Rotational average + /-
v' M/M* number of states

T o 5 1 15 20 25 30
r (bohr)

EZDYSON Output: ‘

QCHEM Output: l

v" Dyson orbitals (r) (+plots)

(Ab initio) v" Cross section expansion coefficients C,,
v" Tonization/excitation energies ‘ v" Cross sections (on the photon energy)
v' Asymmetry parameters

ScotCHEM Computational Chemistry Symposium, Glasgow

9 16/06/2017 M. Tudorovskaya



Photoiniozation of 1,3-Cyclohexadiene (CHD)

10

Ring-opening reaction:

\\ 1
v, ‘hv _n
i ﬂ - o

; 4 CHD*

CHD

4 Dyson orbitals

Free electron: [ . =5
Orientation-averaged
Linearly polarized field

Ground-state phofoionzation

LI L L]

Near-threshold absolute photoionization cross-sections of some reaction
intermediates in combustion

ionization to the 1st
CHD ' excited state

Juan Wang?, Bin Yang ", Temill A. Cool*®,
Nils Hansen "_ Tina Kaspc:“
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CHD: Time-dependent photoionization cross section

QMD:

Trajectory | Weight (%) |[Comment
Direct to .
1 19 Closed
2 18 Rapid open
<03 14 Closed gt
ARA 1N .l"‘1nr-nrll
PRL 104, 355501 (20150 PHYSICAL REVIEW LETTERSX T T

T

Imaging Molecular Motion: Femtosecond X-Ray Scaticring
of an Electrocyclic Chemical Rewction

ML M FML Badare,' S AL Rimarder,” LS, Bobimen,' . Ratser.' T.J, Lage* D 2B
Lad, Glownia" M. Kozina," HLT. Lemke," M. Sikonki,' ¥ Feng.' 5 Neban,' B Saine” B, Soeius,

11

T, Momhey," 1, B, Hasalngs,"" aead 18 M Weber™

9 Dyson orbitals
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Intensity oscillations reflect the geometry changes!
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CS2: dynamics upon excitation

(Credit: Darren Bellshaw)
“average trajectory” concept

100 classical trajectories
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Geometry oscillations along
the “average’ trajectory:

energy, eV Bond length, A
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CS,: channel-resolved photoelectron spectrum

E,=I +k2/2

photoelectron count, a.u. photoionization rate, a.u.
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CS,. free e angular momentum distribution ;&%
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CS,: anisotropy parameter &
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Conclusions + Next steps:

Photoionization:

v'Tool to analyse pump-probe experiments
v' Photoionization signal reflects structural changes!
* C8S, : photoelectron spectra vs. experiment

« CHD: full ring opening reaction of 1,3-cyclohexadiene

High-harmonic generation (HHG)

3, Recombination W eak-field regime! |:> Envelope «
o e Recomb. « Photoion. photoionization cross section
i -,
L -
“ .(\/\/\/\;{UV “\ High han‘ninic plateau
~~ 4 \-‘A _H:-Iatii:; R
t 1 imtens
p1n§TEi§| N ) " 2. Acceleration
‘- ' . .
L et Strong-field regime
clectron 1+ Tunneling
StrOﬂg—field I‘egime = 70 a5 25 . 35
Harmonic number
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CS,: photoioniozation from the ground state

*Cooper minimum — due to the shape of the orbital and the continuum state;
*Should be visible in the HHG spectrum

CS, vs. OCS
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Next steps: Photoionization and HHG

 Saddle-point approximation:

High-Harmonic Generation: Ionization + Free electron acceleration +  Electron Photorecombination

Ip (R(1)) F(t) Ip (R(t)) ; Energy (R(t))
(O o(w,0)|
Quantitative Rescattering Theory (Le et. al): \) QRS( w,0) = el | el () S'd( ) o’ ®

=

* Photorecombination at the low field intensity: multiphoton regime DO approach!
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Radial part of atomic orbitals
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