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2overview

✦ Introduction to coherent control 

✦ Some early developments related to coherent control in solids 

✦ Perturbative coherent control with structured light 

✦ Magnetic field transients 

✦ Strong-field coherent control with single-cycle pulses 

✦ PHz-bandwidth waveform sampling



3Simon Fraser University

✦ Since 2021, I’ve been an Assistant Professor 

at Simon Fraser University 

✦ Located in Metro Vancouver, BC, Canada 

✦ Founded in 1965 

✦ ~30k students 



4our link to Theodore Maiman

✦ Theodore Maiman spent his later years in Vancouver and was an Adjunct 

Professor at SFU  

✦ His laser spent some time in our department and is currently on loan to the 

Max Planck Institute of Quantum Optics



5Sederberg Photonics Lab

✦ We are in the process of developing our lab 

infrastructure in a >200 m2  facility featuring 

vibrational isolation and air conditioning 

✦ Our current research efforts are focused on: 

✦ Generation and field-resolved measurement 

of single-cycle structured light pulses 

✦ Quantum control in emerging materials and 

devices, with an emphasis on magnetic 

systems 

✦ We are looking for a postdoc to join us!



6ultrafast spectroscopy

✦ Steering and recording fast electronic processes is a central 

pursuit in ultrafast optics 

✦ Example: exciting electron-hole pairs in a semiconductor 

and recording their subsequent thermalization and 

recombination 

✦ Ultrafast spectroscopy has revealed that electron dephasing 

in solids occurs on 10 - 100 fs timescales 



7coherent control

✦ Coherent control or quantum control requires an extra degree of 

precision. The outcome of the interaction between the laser pulse 

and the target system is sensitive to the phase of the laser light. The 

laser pulse imparts coherence of some sort to electrons in the target 

system that persists for some time after the laser pulse has left 

✦ Examples:  

✦ controlling momentum asymmetry of charge carriers in a 

semiconductor 

✦ sorting electron spins in momentum space 

✦ controlling molecular interactions 

✦ creating exotic molecular states



8strong-field versus perturbative coherent control

✦ Target system: atomic rubidium (Ip = 4.18 eV) 

✦ 280 nm: single-photon ionization 

✦ 560 nm: two-photon ionization 

✦ Interference between even- and odd-parity 

wave functions depends sinusoidally on the 

relative phase between the two colors of 

light 

✦ Asymmetry in photoelectron momentum is 

controlled
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✦ GaAs/AlGaAs quantum wells (@ 82 K)  

irradiated by 10.6-µm + 5.3-µm pulses 

✦ Quantum interference currents detected 

with integrated electrodes 

✦ Sinusoidal dependence on relative 

phase |1i
<latexit sha1_base64="ziF+AOY1gJGBJzxGRtTDJshHnWI=">AAACKnicdZDPSkJBFMbn2j/7Y1kt2wxJ0EquImmLQGjT0iAz0IvMHY86OHPnMnNuJRcfom29Qk/TLtr2II1aUFYHBj6+7wx85xfGUlj0/Vcvs7S8srqWXd/Y3Mpt7+R3966tTgyHJtdSm5uQWZAigiYKlHATG2AqlNAKR+fTvHULxgodXeE4hkCxQST6gjN0VqszAkxLk26+4BdPT0/8ao3+FqWiP5sC+ZxGd9fLdXqaJwoi5JJZ267UYgxSZlBwCZONTmIhZnzEBtB2MmIKbJDO+k7okXN6tK+NexHSmfv9R8qUtWMVuk3FcGgXs6n5V9ZGuMc70cPhWdmnlKsgHYBWgGa80Aj7tSAVUZwgRHxeqJ9IippOIdGeMMBRjp1g3Ah3E+VDZhhHh/JHm9Awh3AK8IsS/V9cl4slpy8rhbquz1FmyQE5JMekRKqkTi5IgzQJJyPyQB7Jk/fsvXiv3tt8NeN94t8nP8Z7/wCFxqf0</latexit><latexit sha1_base64="ziF+AOY1gJGBJzxGRtTDJshHnWI=">AAACKnicdZDPSkJBFMbn2j/7Y1kt2wxJ0EquImmLQGjT0iAz0IvMHY86OHPnMnNuJRcfom29Qk/TLtr2II1aUFYHBj6+7wx85xfGUlj0/Vcvs7S8srqWXd/Y3Mpt7+R3966tTgyHJtdSm5uQWZAigiYKlHATG2AqlNAKR+fTvHULxgodXeE4hkCxQST6gjN0VqszAkxLk26+4BdPT0/8ao3+FqWiP5sC+ZxGd9fLdXqaJwoi5JJZ267UYgxSZlBwCZONTmIhZnzEBtB2MmIKbJDO+k7okXN6tK+NexHSmfv9R8qUtWMVuk3FcGgXs6n5V9ZGuMc70cPhWdmnlKsgHYBWgGa80Aj7tSAVUZwgRHxeqJ9IippOIdGeMMBRjp1g3Ah3E+VDZhhHh/JHm9Awh3AK8IsS/V9cl4slpy8rhbquz1FmyQE5JMekRKqkTi5IgzQJJyPyQB7Jk/fsvXiv3tt8NeN94t8nP8Z7/wCFxqf0</latexit><latexit sha1_base64="ziF+AOY1gJGBJzxGRtTDJshHnWI=">AAACKnicdZDPSkJBFMbn2j/7Y1kt2wxJ0EquImmLQGjT0iAz0IvMHY86OHPnMnNuJRcfom29Qk/TLtr2II1aUFYHBj6+7wx85xfGUlj0/Vcvs7S8srqWXd/Y3Mpt7+R3966tTgyHJtdSm5uQWZAigiYKlHATG2AqlNAKR+fTvHULxgodXeE4hkCxQST6gjN0VqszAkxLk26+4BdPT0/8ao3+FqWiP5sC+ZxGd9fLdXqaJwoi5JJZ267UYgxSZlBwCZONTmIhZnzEBtB2MmIKbJDO+k7okXN6tK+NexHSmfv9R8qUtWMVuk3FcGgXs6n5V9ZGuMc70cPhWdmnlKsgHYBWgGa80Aj7tSAVUZwgRHxeqJ9IippOIdGeMMBRjp1g3Ah3E+VDZhhHh/JHm9Awh3AK8IsS/V9cl4slpy8rhbquz1FmyQE5JMekRKqkTi5IgzQJJyPyQB7Jk/fsvXiv3tt8NeN94t8nP8Z7/wCFxqf0</latexit><latexit sha1_base64="ziF+AOY1gJGBJzxGRtTDJshHnWI=">AAACKnicdZDPSkJBFMbn2j/7Y1kt2wxJ0EquImmLQGjT0iAz0IvMHY86OHPnMnNuJRcfom29Qk/TLtr2II1aUFYHBj6+7wx85xfGUlj0/Vcvs7S8srqWXd/Y3Mpt7+R3966tTgyHJtdSm5uQWZAigiYKlHATG2AqlNAKR+fTvHULxgodXeE4hkCxQST6gjN0VqszAkxLk26+4BdPT0/8ao3+FqWiP5sC+ZxGd9fLdXqaJwoi5JJZ267UYgxSZlBwCZONTmIhZnzEBtB2MmIKbJDO+k7okXN6tK+NexHSmfv9R8qUtWMVuk3FcGgXs6n5V9ZGuMc70cPhWdmnlKsgHYBWgGa80Aj7tSAVUZwgRHxeqJ9IippOIdGeMMBRjp1g3Ah3E+VDZhhHh/JHm9Awh3AK8IsS/V9cl4slpy8rhbquz1FmyQE5JMekRKqkTi5IgzQJJyPyQB7Jk/fsvXiv3tt8NeN94t8nP8Z7/wCFxqf0</latexit>
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<latexit sha1_base64="KaRXCeqrazJOgJ3B1eLpR79T5po=">AAACKnicbZDNSgMxFIUz/tafqtWlm2ARXJVprVQXQsGNywrWCu0gmfS2DU0mQ3JHLUMfwq2+gk/jrrj1QUx/KFa9EDiccwPnfmEshUXfH3lLyyura+uZjc2t7ezO7l5u/87qxHCocy21uQ+ZBSkiqKNACfexAaZCCY2wfzXOG49grNDRLQ5iCBTrRqIjOENnNUotraDLHvbyfuH0olQ8q9C5KBb8ycxFnsym9pDzsq225omCCLlk1jbL5zEGKTMouIThZiuxEDPeZ11oOhkxBTZIJ32H9Ng5bdrRxr0I6cT9+SNlytqBCt2mYtizv7Ox+V/WRHjGJ9HG3mXJp5SrIO2COxDN4Fcj7JwHqYjiBCHi00KdRFLUdAyJtoUBjnLgBONGuJso7zHDODqUC21Cw/qAQwfwD66/4q5UKDp9U85XdXWKMkMOyRE5IUVSIVVyTWqkTjjpkxfySt68d+/DG3mf09Ulb4b/gCyM9/UNxZinhA==</latexit><latexit sha1_base64="KaRXCeqrazJOgJ3B1eLpR79T5po=">AAACKnicbZDNSgMxFIUz/tafqtWlm2ARXJVprVQXQsGNywrWCu0gmfS2DU0mQ3JHLUMfwq2+gk/jrrj1QUx/KFa9EDiccwPnfmEshUXfH3lLyyura+uZjc2t7ezO7l5u/87qxHCocy21uQ+ZBSkiqKNACfexAaZCCY2wfzXOG49grNDRLQ5iCBTrRqIjOENnNUotraDLHvbyfuH0olQ8q9C5KBb8ycxFnsym9pDzsq225omCCLlk1jbL5zEGKTMouIThZiuxEDPeZ11oOhkxBTZIJ32H9Ng5bdrRxr0I6cT9+SNlytqBCt2mYtizv7Ox+V/WRHjGJ9HG3mXJp5SrIO2COxDN4Fcj7JwHqYjiBCHi00KdRFLUdAyJtoUBjnLgBONGuJso7zHDODqUC21Cw/qAQwfwD66/4q5UKDp9U85XdXWKMkMOyRE5IUVSIVVyTWqkTjjpkxfySt68d+/DG3mf09Ulb4b/gCyM9/UNxZinhA==</latexit><latexit sha1_base64="KaRXCeqrazJOgJ3B1eLpR79T5po=">AAACKnicbZDNSgMxFIUz/tafqtWlm2ARXJVprVQXQsGNywrWCu0gmfS2DU0mQ3JHLUMfwq2+gk/jrrj1QUx/KFa9EDiccwPnfmEshUXfH3lLyyura+uZjc2t7ezO7l5u/87qxHCocy21uQ+ZBSkiqKNACfexAaZCCY2wfzXOG49grNDRLQ5iCBTrRqIjOENnNUotraDLHvbyfuH0olQ8q9C5KBb8ycxFnsym9pDzsq225omCCLlk1jbL5zEGKTMouIThZiuxEDPeZ11oOhkxBTZIJ32H9Ng5bdrRxr0I6cT9+SNlytqBCt2mYtizv7Ox+V/WRHjGJ9HG3mXJp5SrIO2COxDN4Fcj7JwHqYjiBCHi00KdRFLUdAyJtoUBjnLgBONGuJso7zHDODqUC21Cw/qAQwfwD66/4q5UKDp9U85XdXWKMkMOyRE5IUVSIVVyTWqkTjjpkxfySt68d+/DG3mf09Ulb4b/gCyM9/UNxZinhA==</latexit><latexit sha1_base64="KaRXCeqrazJOgJ3B1eLpR79T5po=">AAACKnicbZDNSgMxFIUz/tafqtWlm2ARXJVprVQXQsGNywrWCu0gmfS2DU0mQ3JHLUMfwq2+gk/jrrj1QUx/KFa9EDiccwPnfmEshUXfH3lLyyura+uZjc2t7ezO7l5u/87qxHCocy21uQ+ZBSkiqKNACfexAaZCCY2wfzXOG49grNDRLQ5iCBTrRqIjOENnNUotraDLHvbyfuH0olQ8q9C5KBb8ycxFnsym9pDzsq225omCCLlk1jbL5zEGKTMouIThZiuxEDPeZ11oOhkxBTZIJ32H9Ng5bdrRxr0I6cT9+SNlytqBCt2mYtizv7Ox+V/WRHjGJ9HG3mXJp5SrIO2COxDN4Fcj7JwHqYjiBCHi00KdRFLUdAyJtoUBjnLgBONGuJso7zHDODqUC21Cw/qAQwfwD66/4q5UKDp9U85XdXWKMkMOyRE5IUVSIVVyTWqkTjjpkxfySt68d+/DG3mf09Ulb4b/gCyM9/UNxZinhA==</latexit>
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<latexit sha1_base64="xBRgKiWd5nwHi3Vaa7n9ayNapDc=">AAACKXicdVBNS0JBFJ3Xd5altWwzJEEreUqQm0Bo09IgLdCHzBuvOjnz5jFzXyUP/0Pb+gv9mnbVtj/SqAVqdeDC4Zx74dwTxlJY9P13b2l5ZXVtfWMzs7Wd3dnN5fcaVieGQ51rqc1NyCxIEUEdBUq4iQ0wFUq4DgfnY//6DowVOrrCYQyBYr1IdAVn6KRGSyvosXauUCr6E1D/F/mxCuQbtXbey7Y6micKIuSSWds8qcQYpMyg4BJGmVZiIWZ8wHrQdDRiCmyQTuKO6JFTOrSrjZsI6USdvUiZsnaoQrepGPbtojcW//KaCA94LzrYPyv7lHIVpD1wD6IZLiTCbiVIRRQnCBGfBuomkqKm445oRxjgKIeOMG6E+4nyPjOMo2tyLk1o2ABwNFvg/6RRLpYcvzwpVHV1WuUGOSCH5JiUyCmpkgtSI3XCyS15JE/k2XvxXr0372O6uuR9179P5uB9fgHsCqcS</latexit><latexit sha1_base64="xBRgKiWd5nwHi3Vaa7n9ayNapDc=">AAACKXicdVBNS0JBFJ3Xd5altWwzJEEreUqQm0Bo09IgLdCHzBuvOjnz5jFzXyUP/0Pb+gv9mnbVtj/SqAVqdeDC4Zx74dwTxlJY9P13b2l5ZXVtfWMzs7Wd3dnN5fcaVieGQ51rqc1NyCxIEUEdBUq4iQ0wFUq4DgfnY//6DowVOrrCYQyBYr1IdAVn6KRGSyvosXauUCr6E1D/F/mxCuQbtXbey7Y6micKIuSSWds8qcQYpMyg4BJGmVZiIWZ8wHrQdDRiCmyQTuKO6JFTOrSrjZsI6USdvUiZsnaoQrepGPbtojcW//KaCA94LzrYPyv7lHIVpD1wD6IZLiTCbiVIRRQnCBGfBuomkqKm445oRxjgKIeOMG6E+4nyPjOMo2tyLk1o2ABwNFvg/6RRLpYcvzwpVHV1WuUGOSCH5JiUyCmpkgtSI3XCyS15JE/k2XvxXr0372O6uuR9179P5uB9fgHsCqcS</latexit><latexit sha1_base64="xBRgKiWd5nwHi3Vaa7n9ayNapDc=">AAACKXicdVBNS0JBFJ3Xd5altWwzJEEreUqQm0Bo09IgLdCHzBuvOjnz5jFzXyUP/0Pb+gv9mnbVtj/SqAVqdeDC4Zx74dwTxlJY9P13b2l5ZXVtfWMzs7Wd3dnN5fcaVieGQ51rqc1NyCxIEUEdBUq4iQ0wFUq4DgfnY//6DowVOrrCYQyBYr1IdAVn6KRGSyvosXauUCr6E1D/F/mxCuQbtXbey7Y6micKIuSSWds8qcQYpMyg4BJGmVZiIWZ8wHrQdDRiCmyQTuKO6JFTOrSrjZsI6USdvUiZsnaoQrepGPbtojcW//KaCA94LzrYPyv7lHIVpD1wD6IZLiTCbiVIRRQnCBGfBuomkqKm445oRxjgKIeOMG6E+4nyPjOMo2tyLk1o2ABwNFvg/6RRLpYcvzwpVHV1WuUGOSCH5JiUyCmpkgtSI3XCyS15JE/k2XvxXr0372O6uuR9179P5uB9fgHsCqcS</latexit><latexit sha1_base64="xBRgKiWd5nwHi3Vaa7n9ayNapDc=">AAACKXicdVBNS0JBFJ3Xd5altWwzJEEreUqQm0Bo09IgLdCHzBuvOjnz5jFzXyUP/0Pb+gv9mnbVtj/SqAVqdeDC4Zx74dwTxlJY9P13b2l5ZXVtfWMzs7Wd3dnN5fcaVieGQ51rqc1NyCxIEUEdBUq4iQ0wFUq4DgfnY//6DowVOrrCYQyBYr1IdAVn6KRGSyvosXauUCr6E1D/F/mxCuQbtXbey7Y6micKIuSSWds8qcQYpMyg4BJGmVZiIWZ8wHrQdDRiCmyQTuKO6JFTOrSrjZsI6USdvUiZsnaoQrepGPbtojcW//KaCA94LzrYPyv7lHIVpD1wD6IZLiTCbiVIRRQnCBGfBuomkqKm445oRxjgKIeOMG6E+4nyPjOMo2tyLk1o2ABwNFvg/6RRLpYcvzwpVHV1WuUGOSCH5JiUyCmpkgtSI3XCyS15JE/k2XvxXr0372O6uuR9179P5uB9fgHsCqcS</latexit>
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from atoms to solids 9



10and to conventional semiconductors

✦ The previous measurements 

involved continuum states 

✦ Subsequent experiments 

extended this to electrons excited 

from the valence band into the 

conduction band of a 

conventional semiconductor (low-

temperature-grown GaAs)



11Current dynamics and THz radiation

✦ Current is turned on within the timescale of the laser pulse duration 

✦ It relaxes on a ~100 fs timescale 

✦ This current transient radiates a broadband terahertz pulse 

✦ The waveform of this pulse can be controlled using the relative phase 

✦ The equilibrium charge carriers have sufficient density in many 

materials to shield this THz!

<latexit sha1_base64="XNlVRO6drQOOR1xusrWyGk+sufA="></latexit>
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12spin currents

✦ Beyond charge currents, the possibility to control spin 

currents has also been explored using both cross-

polarized bichromatic fields and bichromatic fields with 

circular polarization 

✦ Detection: Spatial separation of circularly-polarized 

photoluminescence with opposite handedness



13coherent control with precision light sources

✦ Some of the key results: 

✦ Quantum pathway interference was observed in solids 

✦ It was used to control charge currents, spin currents, and THz waveforms 

✦ As laser and optical technology advance, new degrees of freedom for coherent 

control become available. 

✦ Today I will discuss: 

✦ Perturbative coherent control using bichromatic structured light pulses 

✦ I will show that structure is transferred from light to currents and place a 

particular emphasis on driving ring currents for the purpose of 

introducing magnetic fields within femtoseconds 

✦ Strong-field coherent control in large bandgap solids using single-cycle 

pulses 

✦ I will show how this can be harnessed for the purpose of PHz-bandwidth 

electric field waveform sampling



structured light 14

✦ Structured light beams have tailored spatial properties. 

✦ We can consider higher-order Hermite-Gaussian or 

Laguerre-Gaussian modes to be structured light 

✦ Most often, structured light beams are generated using a 

component that modifies the amplitude, direction, and/or 

phase of the incident optical fields in a pixel-by-pixel manner 

in the transverse plane.  

✦ Examples of these components are: 

✦ Spatial light modulators 

✦ q-plates, s-plates 

✦ Metasurfaces



q-plate technology

Prof. E. Karimi F. Hufnagel A. D’Errico

✦ We can think of a q-plate as being a pixelated half-

wave plate. 

✦ It rotates the polarization of each pixel of the incident 

light by a predetermined, fixed angle. 

✦ Depending on the polarization of incident light, the 

transmitted light can be imparted with radial 

polarization, azimuthal polarization, or orbital angular 

momentum.

15



q-plate technology

✦ The figures below show the electric field vectors of a laser beam. The local field amplitude is 

encoded onto the size and color of the triangles. 

✦ If a Gaussian laser beam (left) is transmitted through a q-plate, it can be transformed into a 

cylindrical vector beam with azimuthal polarization (right)

q-plate

16



spatial light modulator technology

glass  
substrate

silicon

transparent electrode

circuitry

pixel electrodes

liquid crystal 
layer

✦ Liquid crystal on silicon architecture 

✦ The incident beam goes through the front 

window and reflects from the electrode array 

✦ Electrode array enables local tilting of liquid 

crystal molecules, controlling the local refractive 

index 

✦ The phase front of the reflected beam is 

sculpted by the SLM pattern 

✦ This is a programmable megapixel array, so 

there is vast flexibility

17



spatial light modulator technology

✦ Applying the phase pattern shown here 

introduces one unit of orbital angular 

momentum to the laser beam

SLM

18
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driving ring currents with vector beams

B

I

✦ We are particularly interested in generating ring currents and spatially-

tailored THz pulses

0 1

E  (norm.)

20



experimental configuration

λω = 1480nm
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<latexit sha1_base64="0hGxFRZxEwZzIuqzCUX16WEq2nc="></latexit><latexit sha1_base64="0hGxFRZxEwZzIuqzCUX16WEq2nc="></latexit><latexit sha1_base64="0hGxFRZxEwZzIuqzCUX16WEq2nc="></latexit><latexit sha1_base64="0hGxFRZxEwZzIuqzCUX16WEq2nc="></latexit>

τp = 42fs
<latexit sha1_base64="humPazChDGjZJXfHzNjFGX87twY="></latexit><latexit sha1_base64="humPazChDGjZJXfHzNjFGX87twY="></latexit><latexit sha1_base64="humPazChDGjZJXfHzNjFGX87twY="></latexit><latexit sha1_base64="humPazChDGjZJXfHzNjFGX87twY="></latexit>

Ep = 1.5µJ
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I0,ω = 6.7 GW/cm
2
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λ2ω = 740nm
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driving ring currents

Bz
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✦ Indpendent raster scans for the x- and y-component of current 

✦ Retarded magnetic potentials are used to calculate magnetic field 

snapshots  

✦ 50-fs rise-time magnetic field

Ix
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✦ Circular polarization can be used to steer the current direction 

✦ x- and y-current components oscillate 90 deg. out of phase 

✦ Plotting parametrically, we see that current can be directed in any transverse direction 

✦ If we can control the phase of pixels within our beam, we can create arbitrary 

optoelectronic circuits! 

✦ Programmable, pixelated phase control is achieved with an SLM

coherent control using circular polarization

circular  
polarization

ω
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magnetic field lattices

Jana et al., Nature Photon. 15, 622 (2021)
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27temporal structure

✦ Controlling the spatial structure of currents opens up new tools for studying 

magnetization dynamics, among other things 

✦ We can also consider the temporal structure of our laser pulses 

✦ Over the last 25 years, the attosecond community has devoted considerable 

effort to nonlinear compression of ~mJ-scale laser pulses 

✦ These are used to drive high-harmonic generation and, 

subsequently, to obtain isolated attosecond-duration XUV bursts 



28attosecond pulse islolation
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Emax = Ip + 3.17Up
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✦ Each of the main half-cycles of the pulse generates an 

XUV burst, producing a train of attosecond pulses 

✦ There are different schemes for isolating just 

one of them 

✦ Amplitude gating: if a short enough pulse is used to 

drive HHG, the highest frequencies will only be 

generated during one half-cycle of the pulse

Paul Corkum


University of Ottawa



29attosecond streaking

✦ The instant of ionization and the optical waveform determine the final momentum 

of the electron

TOF
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v(t) ∝

Z
1

t

dt0E(t0)

✦ The streaking spectrogram captures the vector 

potential of the laser pulse 

✦ A retrieval is performed to obtain the electric 

field 

✦ The conceptual simplicity of this technique has 

made it the “gold standard” of optical waveform 

sampling

attosecond streaking Goulielmakis et al., Science 320:1614 (2008) 30
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✦ The separation between energy bands in solids can be comparable to that between 

energy levels in atoms 

✦ For a sufficiently short pulse, the transition rate from the valence band into the conduction 

band can be predominantly confined in time to a sub-femtosecond burst

λ = 750 nm
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Ephot = 1.65 eV

strong-field transitions in solids 31



Sederberg et al., Nature Comm. 11:430 (2020)streaking in  a solid

*calculation by Nick Karpowicz

✦ In a similar manner as 

attosecond streaking, the instant 

of the electronic transition and 

the optical waveform determine 

the final crystal momentum of 

the electron 

✦ This is valid for measuring 

optical waveforms that are weak 

relative to the injection pulse

32
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✦ The NPS signal was benchmarked against attosecond streaking and electro-optic sampling 

benchmarking Sederberg et al., Nature Comm. 11:430 (2020) 33
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✦ Detection over more than 1 PHz of continuous bandwidth 

34exploring parameters 
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✦ nJ sensitivity 

✦ dynamic range >1000 

✦ SNR > 8000 

✦ could be scaled further
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36time delays (in solids) Sederberg et al., Nature Comm. 11:430 (2020)

✦ Measuring time delays in photoemission has been one application of attosecond 

spectroscopy 

✦ Doing so requires a precise timing reference with which to compare the delayed signal 

✦ In our case, we chose to use a complementary waveform sampling technique called 

electro-optic sampling 

✦ The detection process is based on perturbative nonlinear optics and is 

therefore near-instantaneous 

✦ However, the detection process for nonlinear photoconductive sampling involves an 

electronic transition 

✦ In our first application of this new technique, we chose to measure the time delay in the 

arrival of an electron in the conduction band after being excited by an optical pulse
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 TDDFT
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(t−75as)

calculation courtesy of Isabella Floss, 

Prof. Dr. Joachim Burgdörfer, TUWien

✦ Attosecond spectroscopy in ambient conditions

time delays (in solids)



summary

✦ Finer control over light enables finer control over the state of electrons 

✦ It provides direct insight into electron coherence in solids and enables the 

development of new experimental tools 

✦ Applying few-cycle pulses to large-bandgap solids enables waveform sampling 

with performance metrics that surpass those of conventional XUV techniques  

✦ Developing attosecond techniques that operate in ambient conditions will 

broaden its scope of applications 

✦ Spatial structure can be transferred from light to currents 

✦ We used this to develop a new magnetic field source for “pumping” 

magnetization dynamics (still in progress) 

✦ Can we also use it to control quantum systems and quasiparticles? 
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thank you!
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