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Bart Simpson, “Skinner’s Sense of Snow” (2000)Bart Simpson, “Skinner’s Sense of Snow” (2000)



StrongStrong--field processes in (almost) real moleculesfield processes in (almost) real molecules KITP Aug 27, 2010                             p.KITP Aug 27, 2010                             p.33

IR: 10IR: 101313 W/cmW/cm22, 800 nm , 800 nm 
(1.55 (1.55 eVeV), CW), CW

XUV: 10XUV: 101212 W/cmW/cm22, 8.3 nm , 8.3 nm 
(150 (150 eVeV), 500 as FWHM), 500 as FWHM

13 13 fsfs time evolutiontime evolution
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Strong field example: HStrong field example: H22 
++ in a twoin a two--colourcolour fieldfield
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Watching manyWatching many--electron molecules in electron molecules in 
strong fields: strong fields: 

The Spanner ApproachThe Spanner Approach
•• The “active” electron undergoes largeThe “active” electron undergoes large--amplitude motionamplitude motion

–– gridgrid--based techniques are indicatedbased techniques are indicated

•• Remaining (nRemaining (n--1)1)--electrons remain in the vicinity of the electrons remain in the vicinity of the 
nucleinuclei
–– Localized basis sets are bestLocalized basis sets are best

•• Correlations are:Correlations are:
–– important for the bound electronsimportant for the bound electrons
–– may be important between bound and continuum electronsmay be important between bound and continuum electrons
–– Unimportant (?) between the continuum electronsUnimportant (?) between the continuum electrons
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AntiAnti--symmetry is overratedsymmetry is overrated
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Dealing with the Dealing with the antisymmetryantisymmetry
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Spanner Spanner wavefunctionwavefunction AnsatzAnsatz

Spanner & Spanner & PatchkovskiiPatchkovskii, PRA 80, 083411 (2009); Note similarities to the R, PRA 80, 083411 (2009); Note similarities to the R--matrix matrix AnsatzAnsatz

Represented Represented 
on gridon grid

AntiAnti--symmetricsymmetric NOT antiNOT anti--symmetricsymmetric
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Spanner propagator: MultiSpanner propagator: Multi--channelchannel

Source: Spanner & Source: Spanner & PatchkovskiiPatchkovskii, PRA 80, 083411 (2009), PRA 80, 083411 (2009)
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Ingredients of the Spanner propagatorIngredients of the Spanner propagator

•• State energies (neutral & ions)State energies (neutral & ions)
•• Dipole and transition momentsDipole and transition moments
•• Dyson and “Dyson and “craddlecraddle” ” orbitalsorbitals
•• Multiplicative ion core potentialsMultiplicative ion core potentials
•• Transition potentialsTransition potentials

SingularSingular--value decomposition of transition value decomposition of transition 
11--rdm of Srdm of S11 <<--SS00 in in bisbis--thiophenethiophene

Directly from MCSCF/MCQDPT2Directly from MCSCF/MCQDPT2

PostprocessingPostprocessing of MCSCF of MCSCF wavefunctionswavefunctions

From 1From 1--RDMs; postRDMs; post--processing of MCSCF processing of MCSCF wfswfs..
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The Strong Field Approximation has so many The Strong Field Approximation has so many 
drawbacks and “wrongs” that fly into the drawbacks and “wrongs” that fly into the 

face of any rigorous quantum theory that it face of any rigorous quantum theory that it 
is amazing it was published …is amazing it was published …

M. Yu M. Yu IvanovIvanov, Lecture notes on Strong Field Approximation, Lecture notes on Strong Field Approximation
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ALL RESULTS ARE PRELIMINARY

ALL RESULTS ARE PRELIMINARY

Some numerical examplesSome numerical examples
•• Ionization in strong fieldsIonization in strong fields

–– Small molecules: COSmall molecules: CO22 ; CO; ; CO; HClHCl
–– NN22 OO44

–– nn--CC44 HH1010 , 1, 1--CC44 HH88 , C, C44 HH66

•• High harmonics in moleculesHigh harmonics in molecules
–– Structural minimum: The case of peripatetic immovable Structural minimum: The case of peripatetic immovable 

objectobject
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Single-cycle pulse
800 nm

1.5*1014 W/cm2

COCO22 IonizationIonization

Ionization rosettes are: Ionization rosettes are: 
Total ionization yield for Total ionization yield for 
laser polarization at angle laser polarization at angle 
θθ

 

from the molecular from the molecular 
axisaxis
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CO2

Present method

MO-ADK

CO2 Ionization
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Our ionization yields dependent on wavelength and intensity and pulse duration

CO2 Ionization

Total ionization yield for laser polarization at angle Total ionization yield for laser polarization at angle θθ

 

from the molecular axisfrom the molecular axis
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C O

F(t)
Present method

MO-ADK

Used a half-cycle pulse (800 nm) to 
see asymmetry in ionization yield

CO Ionization

Total ionization yield for laser polarization at angle Total ionization yield for laser polarization at angle θθ

 

from the molecular axisfrom the molecular axis Unpublished resultsUnpublished results
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HOMO

HOMO-1

H Cl

F(t)
Present method

MO-ADK

HCl Ionization

Total ionization yield for laser polarization at angle Total ionization yield for laser polarization at angle θθ

 

from the molecular axisfrom the molecular axis Unpublished resultsUnpublished results
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N2 O4
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R=1.4 Å R=3.0 Å

N2 O4 : Ag ionization channel

R=3.0 Å

R=2.6 ÅR=2.2 ÅR=1.8 Å

R=1.4 Å

Total ionization Total ionization 
yield for laser yield for laser 
polarization at polarization at 

angles angles φφ,,θθ

 

from from 
the molecular the molecular 

axisaxis

800 nm, 10800 nm, 101414 W/cmW/cm22, , 
1 cycle1 cycle

Total yield: 0.008Total yield: 0.008-- 
0.0120.012

Unpublished resultsUnpublished results
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R=1.4 Å R=3.0 Å

N2 O4 : B2g ionization channel

800 nm, 10800 nm, 101414 W/cmW/cm22, , 
1 cycle1 cycle

Total yield: < 0.001Total yield: < 0.001

Unpublished resultsUnpublished results

R=3.0 Å

R=2.6 ÅR=2.2 ÅR=1.8 Å

R=1.4 Å

Total ionization Total ionization 
yield for laser yield for laser 
polarization at polarization at 

angles angles φφ,,θθ

 

from from 
the molecular the molecular 

axisaxis
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C4 H6 : 1,3-Butadiene

C4 H8 : 1-Butene

C4 H10 : Butane

HydrocarbonsHydrocarbons
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CC44 HH1010 : Ionization channels: Ionization channels

IP=10.3 IP=10.3 eVeV IP=10.6 IP=10.6 eVeV IP=10.7 IP=10.7 eVeV IP=11.7 IP=11.7 eVeV

IP=12.5 IP=12.5 eVeV IP=13.5 IP=13.5 eVeV IP=15.2 IP=15.2 eVeV IP=19.5 IP=19.5 eVeV

DD00 DD11

DD77DD55DD44 DD66

DD22 DD33
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Dyson 0

Dyson 1

Unpublished resultsUnpublished results

ButaneButane
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Dyson 2

Dyson 3

Unpublished resultsUnpublished results

ButaneButane
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Unpublished resultsUnpublished results

ButaneButane--ButeneButene--ButadieneButadiene
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11--Butene: Conformations matterButene: Conformations matter
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Structural minima in HighStructural minima in High--Harmonics spectraHarmonics spectra
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The case of peripatetic immovable objectThe case of peripatetic immovable object

(Simplified) moral of (Simplified) moral of 
the story: dynamical the story: dynamical 
minima move with minima move with 

field intensity; field intensity; 
structural minima structural minima 

don’tdon’t
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NN22 (R(Ree =1.098Å), CW, 800 nm, =1.098Å), CW, 800 nm, E || Z, E || Z, E E ⊥⊥
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Unpublished resultsUnpublished results
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What about larger molecules?What about larger molecules?

Also see: Chen, Liu, and Also see: Chen, Liu, and HuHu, PRA 79, 033405 (2009), PRA 79, 033405 (2009)
FigueroFiguero de de MorissonMorisson FariaFaria, Laser Phys. 19, 797 (2009), Laser Phys. 19, 797 (2009)
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KK22 (R(Ree =3.905Å), CW, 800 nm=3.905Å), CW, 800 nm
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OO22 harmonicsharmonics
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COCO22 harmonicsharmonics

Unpublished resultsUnpublished results800 nm, 1.5x10800 nm, 1.5x101414 W/cmW/cm22, 5.5 , 5.5 fsfs FWHM, sinFWHM, sin22 envelopeenvelope

1e-10

1e-09

1e-08

1e-07

1e-06

1e-05

0.0001

0.001

0.01

1 7 13 19 25 31 37 43 49

All 000
All 015
All 030
All 045
All 060
All 075
All 090



StrongStrong--field processes in (almost) real moleculesfield processes in (almost) real molecules KITP Aug 27, 2010                             p.KITP Aug 27, 2010                             p.3535

Thank you for listening!Thank you for listening!
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