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lonisation of atoms
i within TDDFT I

Time-Dependent Density-Functional Theory of Strong-Field lonization of Atoms under Soft X-Rays

A. Crawford-Uranga et al
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Outline

Motivation
Introduction to soft X-ray ionisation
- Test atoms: neon and argon
Theory: LOPT vs TDDFT
Results
- Neon
- Argon
Conclusions



Motivation

e lonisation of atoms with FEL

IONISATION

 LOPT accurate vs experiment Ne and Ar atoms
- Perturbative: It fails when FEL M [ ™

* Non-perturbative approach — TDDFT
- Previously thought to fail (He “knee”)



Introduction to soft X-ray ionisation

Vo (r,t)=Af(t)sin(wt)ro

» Soft X-rays: laser I~10"—10""W/cm" )
I(t)=I,e " =I,f(t)

FWHM =2+ In2x,

Argon
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* Freeze 1s® (Neon) and 1s?, 2s?, 2p° (Argon)



Theory: LOPT

e Rate equations Neon
G. M. Nikolopoulos and P. Lambropoulos, J. Phys. B: At. Mol. Opt. Phys. 47, 115001 (2014)

dNO 8 11 ° n le
n=2
- Rate equations Argon Cross sections O
Photon flux F'

M. lichen et al, (2014), private communication to be published
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Theory: TDDFT

4
e
N

OCTOPUS

* TDDEFT: Describe many-electron systems with KS non-interacting evolution

e DFT functionals
LDA, CXD-LDA, PBE, LB94 a4l

» Absorbing Boundary
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Results: Neon

Total yields

Intensity [W/cmz]

lon Yields
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Individual yields
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Results: Neon

Frozen vs Non frozen yields
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Results: Argon

Ar’* self-interaction

Ar®* TDDFT correlation
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Conclusions

« LOPT vs TDDFT agreement (different methods) 4 I 4 m

* Predictive power of TDDFT

- Stabler xc-long ranged potentials
- Sources of error (to check / improve)

* Transferablility pseudopotential
 Adiabatic functionals
e Self Interaction and correlation

* Non-perturbative photoionisation Exp. with TDDFT ?
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Outline

Motivation
Test case: ethylene
Introduction to TRPES (pump + probe)

- TDDFT + Ehrenfest
Results

Conclusions
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B A

‘Test case: ethylene

% 71;2 C-C antibonding
8- T, C-C bonding
wn)’; C-C antibonding
% ¢, C-C bonding
@ ny C-C bonding
% o0* C-C antibonding
@ O all bonding
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. Test case: ethylene
| Pump ~ 1~10"'W/cm’;w,=0.326 Ha| “tuned”

Probe ~ I~10"W/cm’: o, =1.8Ha
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Introduction to TRPES

e Coupled electron-nuclear motion

- TDDFT: KS system electron evolution

0g,(r.t) : v oz n(r,t)
ot (__V +Vigs (1 ; \R,.(t vfdr ] Vo lnl(rt)) o:(r¢)
N/2 ,
n(r’t>:;2|q)i(r,t)
_aELDA+ADSIC_ a DA -
Ve on(r,t) _6n(r,t)(E n(r,t)]=N(Ey+E,)[n(r,t)/N])

— Ehrenfest: nuclear evolution
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: - Region A (interacting) — r - space
I - TDKS (electrons) + EHRENFEST (nuclei)
- Region B (ionized out A +in B) - p - space

- Absorbing M(r) — separation only outgoing

OCTOPUS




Pump/Probe

E,=2hw,—1,
E,=hw,—1I,
E;=hwp+hw,—1,

TRPES P(ET)

Ip: Evac_ € Homo

PES/PAD P(E, T )

—_— froze_n iqns
- moving ions

PAD .
frozen moving
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. U. De Giovannini et al, Chemphyschem 14, 1363 - 1376 (2013)




Artificial Pump/Probe

Artificial pump HOMO - LUMO half-occupied during time evolution

00
Equilibrium configuration destabilized (1) C=C to C-C (2) Torsion
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Artificial Pump/Probe

TRPES E,=hw,—I, PES/PAD

— frozen ions
- moving ions PAD .
' frozen moving
10_2 Gxny:nz
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=107
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Conclusions

* Nuclear motion pump — occupation nz
* Understood in terms of PADs and orbitals
» See photochemical dissociation

- Elongation
— Torsion
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TDDFT

||I"'I Po(t):Nl(t)"-Ns(t)

| individual | P*"(¢) P'(t) :Z N ()., (€).c. Ny ) j;i:;::;;;i:ff::ff;:
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Theory: LOPT neon

» Rate equations for each species (0 — 8)

dNO 8 11 ° n le
=00 F Ny =00 F'Ny =0, F No—D. 6,,F No;—= =00, FNy=0,FN,
n=2
dN dN
2200’2F2N0+01’2FN1—O2’3FN2;—3200’3F3N0+02’3FN2—03’4F2N3
dt dt
dN, _ F*N +0.,F°N.—0,.F°N (N5 _ F°N.+0,.F°N,—o.. F°N
dt _00,4 0 O-3,4 3 0'4,5 4> dl. _00,5 0 O-4,5 4 0'5,6 5
AN _ F°N F°N F°N AN _ F°N F°N F°N
dt _00,6 0+05,6 5_06,7 62" dt _00,7 0+06,7 6_07,8 7
dN
82008F11N0+078F3N7
Cross sections O dt ’ 3 ’ 11 _
Photon flux F 8
5 SR
2 6
6
Dominant 2424 4 i’ 4 5
sequential and direct 1A 3h 4
photoionisation processes 14 oA | 3
1A i :
A | .
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Theory: LOPT argon

» Rate equations for each species (0 — 8)

dN, dN ,

it :_00,1FNO;TZOO,lFNO_O—l,ZFNl

dN, dN,

it :(51,2FN1_02,3FN2?—dt =0,;FN,-0,,F N,

dN , dN.

it :03’4FN3—04,5FN4;—dt =0,;FN,~0,,F N;

dNg 2 7 2 2 2e- (correlation) up to Ar*®
d =056 Ny—0g, F" Ng; d =04, F"Ng—0,3, F" N, 'part ionised specie excited 3d

Ar*® excited 3d large effect

dN,

+7 +8 R—A

:G78F2 1\[74_0681:31\[6 Ar*” and Ar* ions negligible
dt ’ ’ -
3 2 3
2 A A 7
L 6
14 c
14 i
14 -
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