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▪ HHG & attosecond pulses

Strong-field physics at long wavelengths

𝑼𝑷 ∝ 𝑰𝝀𝟐

▪ Molecular imaging (LIED)

▪ HHG from solids (semiconductors)

e.g. T. Gaumnitz, et al., 
Opt. Express 25(22), 27506 (2017).

e.g., B. Wolter, et al., 
Science 354, 308 (2016).

e.g., S. Ghimire, et al., Nat. Phys. 7, 138 (2011)
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Wavepacket size at the tunnel exit Wavepacket size at the rescattering instance
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Laser-driven electron scattering from 
C60 – “big atom” or molecule?

S. Skruszewicz et al.

in preparation (2026)



Matthias Kübel – ELI MIR experiments

LIED of electron dynamics in Xe

H.J. Wörner & P.B. Corkum,

J. Phys. B 44, 041001 (2011)

Xe

Xe+

Xe2+

F. Lui, et al, PRA (2024)

~3 fs

~10 fs

Results for Kr

𝒌 ⋅ 𝒓
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Stereo-ATI measurements at 3.1 µm using Xe

Electron spectra – mark ranges

Animation – asymmetry map

Lissajous figure - potato
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Stereo ATI spectrometer

Asymmetry:
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Xe C60

Forward scattered electrons perturbed by the C60 cage

Rescattering from C60

Laser parameters:

3.1 𝜇m, 17 fs (1.7 cycles)

I = 8.1013 W/cm2

S. Skruszewicz et al.

in preparation (2026)
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CEP dependence, Cesium, 3.1 µm, 30 fs
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CEP measurements using HHG from solids

Focussing mirror
Laser: 

3.1 µm, 25 fs, 10 µJ, 100 kHz

ZnO 

sample

Fused silica

window

lens

UV / VIS 

spectrometer

Hollinger, R. et al. Opt Express 28, 7314 (2020)
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CEP dependent HHG spectrum

Relative phase of 7th and 9th harmonic

→ Δ𝜙 = 𝜙9  − 𝜙7 = 2 × CEP

Δ𝜙 = 𝜙5  − 𝜙3

Δ𝜙 = 𝜙7  − 𝜙5

Δ𝜙 = 𝜙9  − 𝜙7

…

Δ𝜙 = 𝜙𝑛  − 𝜙𝑛−2

Hollinger, R. et al. Opt Express 28, 7314 (2020)
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On-target pulse characterization in solid-HHG
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Work in progress: HHG interometery

M. Awad, et al. in preparation
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Thank you for your 
attention!
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CEP-resolved HHG spectra

Logarithmic signal Normalized signal
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Scaling strong-field interactions: from Xe to Cs

Xe, 800 nm, 
1 × 1014 W/cm²

Cs, 3100 nm
 2 × 1012 W/cm²

UP / eV 6 2

IP / eV 12.1 3.9

𝛾 =
𝐼𝑃

2𝑈𝑃

1 1

IBS / W/cm² 8.6 × 1013 9.2 x 1011

I / IBS ~1 ~2
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Time-domain holography of short and long trajectories
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Overview

Overview: 

▪ Photoelectron spectroscopy:

➢Stereo-ATI CEP meter experiments D. Hoff, et al., unpublished

➢CEP-dependent photoionization of C60 S. Skruczewicz, et al., to be published

➢LIED in Xenon F. Lui, et al, PRA (2024)

➢High-order CEP-dependent asymmetry in ATI of Cs MK, et al., PRL (2021)

▪ HHG from solids

➢CEP measurements using HHG from ZnO R. Hollinger, et al., Opt. Exp (2020)

➢HHG-TOE: Pulse characterization using HHG M. Awad, et al., Opt. Exp (2024)

➢HHG interferometry M. Awad. et al., in preparation

▪ Coincidence experiments using RABBITT S. Hell, work in progress
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