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Motivation

> Initial steps of photo-chemistry
» UV DNA damage
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We need pump-probe techniques, capable of resolving hole
dynamics with sub-femtosecond temporal resolution.



HHG as a pump-probe process
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HHG as a pump-probe process
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HHG pump-probe spectroscopy

» Comparison with deuterated form

» Nuclear wavepacket motion in
+
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HHG pump-probe spectroscopy
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HHG pump-probe spectroscopy

» Comparison with deuterated form

» Nuclear wavepacket motion in e
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HHG pump-probe spectroscopy

» Comparison with deuterated form
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1.7 pm HHG spectroscopy in benzene & derivatives

» organic molecules
b~ 10eV
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Results

> Use benzene as reference
(analogous to deuterated
reference)

» Substituted benzenes harmonics
decrease faster versus order

> Effect is greater in m-xylene than
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Results

» Use benzene as reference

(analogous to deuterated
reference)

» Substituted benzenes harmonics
decrease faster versus order

> Effect is greater in m-xylene than
toluene and p-xylene

» Rapid nuclear motion of methyl
groups one possible explanation
» Contributions from multiple

electronic states are also being
considered
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Attosecond transient absorption spectroscopy

» More general than HHG spectroscopy? )
Wang H, et al. Phys. Rev. Lett. 105, 143002 (2010),Holler, et al. Phys. Rev. Up X I)\
Lett. 106, 123601 (2011),Goulielmakis E, et al. Nature 466, 739 (2010)
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Few-cycle, CEP-stable pulses at 1.7 pm
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» Anomalous dispersion of SiO, compensates self-phase modulation
> Gidler = Ppump — Psignal — passive” CEP stability
» Transmission: 55-60%

» Power output stability: ~ 3%

Schmidt BE, et al. Appl. Phys. Lett. 96, 121109 (2010),Li C, et al. Opt. Express 19, 6783 (2011)



Characterization with SEA-F-SPIDER
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Temporal profiles
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Spatially resolved temporal profiles
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Stability
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CEP monitoring and control
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CEP monitoring and control
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CEP monitoring and control

> f-to-2f interferometer,
piezo actuator in TOPAS

third stage, “slow loop”
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Pulse propagation simulation

» Mechanism questions: Self-steepening, higher-order Kerr effect,
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Pulse propagation simulation
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» Linear Kerr effect (An = nyl) with self-steepening, Drude plasma
phase and loss (PPT rate)
Geissler M, et al. Phys. Rev. Lett. 83, 2930 (1999)

» Free parameters for agreement

» Additional loss due to fiber imperfections
» np — 1.15x 1077 cm2/TW, within literature range

Wabhlstrand JK, et al. Phys. Rev. A 85, 043820 (2012)



Comparison of model with experiment

Experimental

0.8 bar

0.6 bar

0.4 bar

Intensity (area normalized)

& , theoretical intensity & phase

/ 5
5 4
0 2
2
5 )
&
(U
, @
=
0 ' o™
2
5
& i
0 -2
1200 1600 2000

A (nm)

Intensity (area normalized)

0.05

0.1

0.05 ‘J\‘
0
0



Model implications

Experiment, full simulation,
no self steepening, no plasma
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Model implications

> Self-steepening crucial

» Onset of plasma effects

» Kerr+Drude model
sufficient — inconsistent
with Kerr saturation at
~ 30 TW/cm?

Loriot V, et al. Opt. Express 17, 13429

(2009), Béjot P, et al. Phys. Rev. Lett. 110,

043902 (2013), Wahlstrand JK, et al. Phys.
Rev. Lett. 109, 113904 (2012), Brée, et al.

Phys. Rev. Lett. 106, 183902 (2011)
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HHG continua in argon effusive jet
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Summary & outlook

» HHG spectroscopy with long wavelength fields: substituted
benzene molecules

» Tentative evidence for < 6fs nuclear motion
» Theoretical work ongoing
» Spectral broadening of commercial OPA pulses in argon-filled
hollow fibre

» 650 pJ, 9fs (1.6 optical cycles), 1.7 pm pulses
» 880 mrad CEP shot-to-shot
» Consistent with Kerr+Drude model

We are commissioning a multi-stage differentially pumped HHG
target for water window HHG.

Thanks to workshop technicians: Andy Gregory and Peter Ruthven

EPSRC Imperial College
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Role of ionization potential

> lonization saturation doesn't fully
explain results

Molecule lonization potential (eV)
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toluene 8.83
m-xylene 8.56
p-xylene 8.44

» Ratio varies fastest in m-xylene
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