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Cutline

. A Few reminders of HHG spchrr'oscoPy

e the <5+udy of electron correlation in xenoh:
experiments and interpretation

o Pcrspccﬁvc:
dcvc\opmcm of the molecular imaaina lab

& IFN-CNR
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Hi@h order harmonic generation

E(t)

| lonization: the laser Field detaches an electron from the
valence shell via tunnel ionization

Il. Propagation: the Freed electron is accelerated by the
laser é’lcld

ll. Recombination: the energy aaincd by the electron is
released thirough the emission of a Xuv photon
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HHG driven Iay longer wavelength

hV_ tofe = 317U, where u, ~E*\

intensity

o wcll—dcvclopcd plateau in Praﬂilc molecules

o nca\iaib\c contribution of multielectron effects

but.. k. acncra’rior\ yiclcl VX with  o~5-6
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Lewenstein quantum model
- Strong Field Approximation

- Single Active Electron From the outermost

valence shell

. ilohization I. Pr‘opaaaﬂon
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) ll. recombination
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orbital structure and symmetry are encoded
in the harmonic spchrr‘um!
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Saddle point approximation
Y, quantum trajectories

l. ionization 1. Propaﬁaﬁor\

Exuv] x —(Q)? / / / C“Bt-1)-d [E(ﬁ,t—r)] d [E(;ﬁ',t)] e~ RSB 450 1/ !
RJRT JR3 h4

I11. recombination
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thirough the saddle point approximation

- we Find a coupling between:

ionization time t.- T, 05(uter) _  _ [Predtiom]
d(—) - 24 P
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Attosecond dynamics Pr'olocd
on HHG

Eoch saddle point solution defines a quantum
Jrr‘ajcdror‘y

onization Recollision
S

Electron displacement

Shafir et al. Nature
485, 343 (2012)
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The attosecond nature of the process is
maPPcd into the HHG spchrr‘um!
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V\/hy xenon?

it is hot a complex c;ys’rcm...loqu:

+ it shows a high harmonic yic\cl

. it can be modeled ‘easily’

¢ it shows electronic correlation

week ending
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Electron correlation in xenon

first channel: the returning
o ‘ electron recombines
onizafon ecombinafon e ecombination  directly with the 5p
fo4d electron vacancy

T ‘ second channel: the

e
‘ l rc+urnina electron
O a9, < promotes an electron of

(]

h
on
el

the 4d inner shell to the 5 p
valence shell via inelastic
scattering ond then it
recombines with the 4d
electron vacancy
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giant resonance around 100 eV
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Xenoh @ianJr resonance in HHG

A Shiner et dl, Nat. Physics 7, 404 (201
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how can we extract infFormation
about electron correlation

From HHG measurement? .

loy two-color HHg!
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Two-color HHG spccﬂroscopy

driving laser
calcite
plate
BBO
crystal

focusing mirror

gas jet

fused silica

wedges grating

Two possible polarization conPiauraJrions:

Pcrpcndicular: Parallel:

micro-channel
plate

half-wave plate
@ 1500 NmM
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Parallel conqciaura-ﬁon:
method

the «;ymchrr‘y between the
two half cycles is broken

cutoff |
—
cutoff 2
rd
e

this results in two classes ofF trajectories with
two different cutoffs and ionization probobilities
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Parallel conqciaura-ﬁon:

lonization lonization
cutolbf rote | rote 2
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Frolov et al, PRA 8|
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Parallel conqciauraﬂon:
results
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interaction singles
sp+5s+4d Mos (TDCIS) calculations

os by Stefan

., Pabst
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Qualitative and guantitative agreement with TDCIS calculations when all
5p, 55 ond 4d orbitals are in eracting

@)UJ\{\I + D. Foccidla et dl, Phys. Rev. Lett. I7, 093902 (2010). 15



Parallel conqciaura-ﬁon:
inJrchchraJrion

the upper branch becomes visible in the HHG
spectrum only when all 5p, 55 and 4d orbitals
are ir\+cr‘ac+iha

the GIANT RESONANCE counteracts the
reduced ionization Pr‘olaabi\ier of the upper
branch

Can we extract information on the electron-
electron correlation from HHG spectra?

IN Par'allcl Po\ar‘iza+ion we cahhot cac;'ny
olic;anranalc 15,15, Q
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Pcrpendicular cor\l:iauraﬁon:
method

r The second harmonic displaces the
o electron in the or‘JrInogonal direction, it
octs as a gating which selects spcciﬁic

+r‘ajcc+or'icc:~ with a ﬂivcn energy

There is an optimal phase dc\ay ©
between the two Fields that maximizes
the Proloalaili’ry oF recombination fFor
each harmonic Pho+on energy.

' H
N

~
%

w phase difference: ¢(rad)
=
L

o(Q) is a measure of the recombination’ T
time of the electron t- photon eneroy (e

.t is a clock to Erobc dxnamics!
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Conclusions

() The xenon giont resonance gives access
to the observation of unrevealed features:

e In Par'allcl Polarizaﬁor\
it counteracts the reduced ionization
Pr*olaaloili’ry of the upper branch

e N Pcrpcndicular polarization
it enhances the contribution

of trajectories that are classically Forbidden

(2) We measured the dc\ay induced by the process in the
energy rcaion of the cutofbf +r'ajcc+or'ics

. the electron is accelerated olurinﬁ the recombination due to
the coulomla—cxchanﬂc process.

(3) Two-color HHG spectroscopy is sensitive to the phase ok
the dipolc.
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Pers Pcc’rivcc):
tHhe nhew lab
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A new lab & CNR-FN
the laser source %

Big Scary Laser
""""" Do not look into beam
| r - L European Research Council with rgmai“ing eye

g Established by the European Commission

litu - :
TE-:HNGLnles'I

Dr'iving laser
source:

<22 Fs pulses
5 md energy

| kHz repetition

rote  woRLD




The Udynl lala G CNK IFN

Hiah energy OPA
e 12 -3 um

. <20 Fs pulses

c 2 mdJ energy

. CEP stable

. + hollow Fiber
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The ualyni lab & CNR-IFN

xuv sp ectrometer VMI spcc+r'omc+cr'
r'a+|n A 10 hm and | nm  For electrons up to 200 eV
o 9+|ama |c/as+| matic
« harmonic PO|GY‘IZG+IOI’I
detection
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