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Outline:  Quantum Electrodynamics of Intense Laser-Matter Interactions: 
A Tool for Quantum State Engineering

Part I: “Standard” Super-Intense Laser-Matter Physics

0. General introduction
1. Strong field approximation (SFA)  (on example of HHG)

2. Landau-Dykhne formula for HHG 
3. Generalizations

Part II: Toward QED of Super-Intense Laser-Matter Physics

4. General introduction
5. Conditioning  (on example of HHG)
6. Generalizations



Outline - Part I: “Standard Super-Intense Laser-Matter Physics

2. Landau-Dykhne formula for HHG (a.k.a. Lewenstein’s model)
2.1 Derivation
2.2 Final expression

2.3 Saddle point/stationary phase analysis
2.4 Recovering simple man’s model

0. General introduction: QED of Super-Intense Laser-Matter Physics
0.1 Generalities
0.2 Processes
0.3 Targets

3. Generalizations
3.1 ATI (direct tunneling, re-scattering)
3.2 NSDI – Electron Impact Ionization (EII)
3.3 NSDI – Resonant Excitation Subsequent Ionization (RESI)
3.4 Solids  3.5? Strongly correlated materials

1. Strong field approximation (SFA)  (on example of HHG)
1.1 Preliminaries
1.2 Three step (simple man’s) model

1.3 Assumptions of SFA!!!

K. Amini et al., Symphony on Strong Field Approximation, Rep. Prog. Phys. 82 116001 (2019) 





Feature
50 Years of Physical Review A: The Legacy of Three Classics
March 2, 2020• Physics 13, 24
Physicists working in optics, atomic and molecular physics, and 
quantum information reflect on landmark papers and how they 
influence research today.



0. General introduction



0.1 General introduction: Generalities 



0.2 - General introduction: Processes 

ATI

HHG



0.2 - General introduction: Processes 

LIED



0.2 - General introduction: Processes 

MEI (SDI, NSDI: EII, RESI)



0.3 - General introduction: Targets 

Targets
Atoms in a jet
Atoms in a cell
Simple molecules
Large, complex molecules
Atomic clusters
Fullerens

Liquids
“Standard” solids
Topological materials
Strongly correlated materials
2D materials
1D quantum wires …



1. Strong Field Approximation



1.1 – Strong field approximation: Preliminaries

Single active electron approximation 
(SAE), dipole approximation

Stro
ng EM field is t

reated classic
ally!!!



1.2 – Strong field approximation: Simple man’s model



1.3 – Strong field approximation: Assumptions!!!



1.3 – Strong field approximation: Assumptions!!!



1.3 – Strong field approximation: Assumptions!!!

• Using TDSE
• Using phase space averaging/truncated Wigner
• Using ADK rates
• Setting a(t) ~ 1
• Using SFA itself
• …



1.3 – Strong field approximation: Assumptions!!!



2. Landau-Dykhne formula for HHG



2.1 – Landau-Dykhne formula for HHG: Derivation



2.1 – Landau-Dykhne formula for HHG: Derivation



2.1 – Landau-Dykhne formula for HHG: Derivation

Where the quasi-classical action is:



2.2 – Landau-Dykhne formula for HHG: Final expression



2.2 – Landau-Dykhne formula for HHG: Final expression



2.3 – Landau-Dykhne formula for HHG: Saddle point analysis



2.3 – Landau-Dykhne formula for HHG: Recovering simple man’s model



τ = t - t’, return time



τ



3.1 – Generalizations: ATI (direct tunelling)



3.1 – Generalizations: ATI (re-scattering)



3.2 – Generalizations: NSDI (EII)

( )2



3.3 – Generalizations: NSDI (RESI)



3.3 – Generalizations: NSDI (RESI)



3.3 – Generalizations: NSDI (RESI)



3.4 – Generalizations: Solids



3.4 – Generalizations: Solids



3.4 – Generalizations: Solids



3.4 – Generalizations: Solids



3.4 – Generalizations: Solids



3.4 – Generalizations: Solids



3.4 – Generalizations: Solids



3.5 – Generalizations?: Strongly correlated materials
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3.5 – Generalizations?: Strongly correlated materials



3.5 – Generalizations?: Strongly correlated materials



3.5 – Generalizations?: Strongly correlated materials



Conclusions

Enjoy physics and beyond!!!

Conclusions?





Outline - Part II: Toward QED of Super-Intense Laser-Matter Physics

4. General introduction: QED of Super-Intense Laser-Matter Physics
4.1 TDSE
4.2 Unitaries

6. Generalizations: Conditioning on
3.1 ATI (direct tunneling, re-scattering)
3.2 NSDI – Electron Impact Ionization (EII)
3.3 NSDI – Resonant Excitation Subsequent Ionization (RESI)
3.4 Solids

5. Conditioning (on example of HHG)
1.1 Final equation conditioned on the ground state
1.2 Final state of the EM field

1.3 Final conditioned state

Maciej Lewenstein et al. Generation of optical Schrödinger cat states in intense laser matter 
interactions (Nature Phys. 17, 1104–1108, (2021),

https://arxiv.org/search/physics?searchtype=author&query=Lewenstein%2C+M




4. QED of Super-Intense Laser-

Matter Physics



4.1 General introduction: TDSE

where 



4.1 General introduction: TDSE (EM field)



4.2 General introduction: Unitaries



4.2 General introduction: Unitaries



5. Conditioning on HHG



5.1 Conditioning on the ground state 



5.2 Final state of the EM field



5.2 Final state of the EM field



5.3 Final conditioned state



Quantum state 
characterization 

Xenon gas jet OFF
coherent state

Xenon gas jet ON
“cat” state

W(a)

Im[a
]Re[a] Re[a]

Im
[a
]

M. Lewenstein et. al., arXiv/2008.10221 (2020), Nature Phys.17, 1104{1108 (2021).



Quantum state 
characterization 

M. Lewenstein et. al., arXiv/2008.10221 (2020), Nature Phys.17, 1104{1108 (2021).



Quantum state 
characterization 

M. Lewenstein et. al., arXiv/2008.10221 (2020), Nature Phys.17, 1104{1108 (2021).
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5. Generalizations: Conditioning on…



6.1 – Conditioning on ATI (direct tunelling)



6.1 – Conditioning on ATI (direct tunelling)



6.1 – Conditioning on ATI (direct tunelling)





6.3 – Light-matter entanglement in solids



6.3  Unitaries for solids



6.3  Unitaries for solids



6.3  Unitaries for solids



6.3 – Light-matter entanglement in solids



6.4 – Detection of cat/kitten states

From: Superiority of heterodyning over homodyning: An assessment with 
quadrature moments, Y.S. Teo, et al., PRA (2017).



OUR CAT HOMODYNED 
WITH BETA

alpha = 3.0, 
delta alpha = 0.5, 
beta = 2.0, 

OUR CAT HOMODYNED 
WITH BETA AND BEAM 

SPLITTED

alpha = 3.0, 
delta alpha = 0.5, 
beta = 2.0, 
theta = pi/4, 
phi = pi/2





Moon-shot research projects

Attophysics for GENERATION and APPLICATIONS of massively 
quantum correlated states etc. (13 papers, 4 in pipeline)
1) Theocharis Lamprou, Rodrigo Lopez-Martens Rodrigo, Stefan Haessler, Ioannis Liontos, Subhendu Kahaly, Javier Rivera-Dean, Philipp Stammer, Emilio Pisanty, 
Marcelo Ciappina, Maciej Lewenstein, Paraskevas Tzallas, Quantum-optical spectrometry in relativistic laser-plasma interactions using the high-harmonic 
generation process: A proposal, Photonics 8(6), 192 (2021), arXiv:2106.00372, https://doi.org/10.3390/photonics8060192.
2) Maciej Lewenstein, Marcelo F. Ciappina, Emilio Pisanty, Javier Rivera-Dean, Theocharis Lamprou, and Paraskevas Tzallas, Generation of optical Schrödinger cat 
states in intense laser–matter interactions (title in arXiv:The quantum nature of light in high harmonic generation), Nature Phys. 17, 1104–1108, (2021), 
https://doi.org/10.1038/s41567-021-01317-w, arXiv:2008.10221.
3) Javier Rivera-Dean, Philipp Stammer, Emilio Pisanty, Theocharis Lamprou, Paraskevas Tzallas, Maciej Lewenstein, and Marcelo F. Ciappina, New schemes for 
creating large optical Schrodinger cat states using strong laser fields, arXiv:2107.12811,  J. Comp. Elec. 20, 2111 (2021), https://doi.org/10.1007/s10825-021-
01789-2.
4) Philipp Stammer, Javier Rivera-Dean, Theocharis Lamprou, Emilio Pisanty, Marcelo F. Ciappina, Paraskevas Tzallas, and Maciej Lewenstein, High photon number 
entangled states and coherent state superposition from the extreme-ultraviolet to the far infrared, Phys. Rev. Lett. 128, 123603 (2022), arXiv:2107.12887.
5) Javier Rivera-Dean, Theocharis Lamprou, Emilio Pisanty, Philipp Stammer, Andrés F. Ordóñez, Marcelo F. Ciappina, Maciej Lewenstein, and Paraskevas Tzallas, 
Quantum optics of strongly laser--driven atoms and generation of high photon number optical cat states, Phys. Rev. A 105, 033714 (2022). 
6) Philipp Stammer, Javier Rivera-Dean, Andrew Maxwell, Theocharis Lamprou, Andres Ordóñez, Marcelo F. Ciappina, Paraskevas Tzallas, and Maciej Lewenstein, 
Quantum electrodynamics of ultra-intense laser-matter interactions, invited tutorial for Phys. Rev. X 4, 010201 (2023),  arXiv:2206.04308.
6) Philipp Stammer, Theory of entanglement and measurement in high harmonic generation, Phys. Rev. A 106, L050402 (2022), arXiv:2203.04354
7) Javier Rivera-Dean, Philipp Stammer, Andrew S. Maxwell, Theocharis Lamprou, Paraskevas Tzallas, Maciej Lewenstein, and Marcelo F. Ciappina, Light-matter 
entanglement after above-threshold ionization processes in atoms, arXiv:2208.05245v1, Phys. Rev. A 106, 063705 (2022).
8) M. Lewenstein, N. Baldelli, U. Bhattacharya, J. Biegert, M. F. Ciappina, U. Elu, T. Grass, P. T. Grochowski, A. Johnson, Th. Lamprou, A. S. Maxwell, A. Ordóñez, E. 
Pisanty, J. Rivera-Dean, P. Stammer, I. Tyulnev, and P. Tzallas, Attosecond Physics and Quantum Information Science, Proceeding of ATTOVIII, Eds. L. Argenti, 
M. Chini, and L. Fang, arXiv:2208.14769v1.
9) Javier Rivera-Dean, Philipp Stammer, Andrew S. Maxwell, Theocharis Lamprou, Andrés F. Ordóñez, Emilio Pisanty, Paraskevas Tzallas, Maciej Lewenstein, and 
Marcelo F. Ciappina, Quantum optical engineering in strong-laser driven semiconductors: A protocol for developing non-classical light sources, with referees in 
Phys. Rev. Lett., arXiv:2211.00033.
10) Utso Bhattacharya, Theocharis Lamprou, Andrew S. Maxwell, Andrés F. Ordóñez, Emilio Pisanty, Javier Rivera-Dean, Philipp Stammer, Marcelo F. Ciappina, 
Maciej Lewenstein, and Paraskevas Tzallas, Strong laser physics, non-classical light states and quantum information science, submitted to ROPP, 
arXiv:2302.04692.
11) Philipp Stammer and Maciej Lewenstein. Quantum Optics as Applied Quantum Electrodynamics is back in town, submitted to Acta Phys. Polon., special issue 
celebrating 90th birthday of I. Birula-Białynicki, Ed. Tomasz Sowiński,  arXiv:2306.07854, Acta Phys. Pol. A 143, S42 (2023).
12) Theocharis Lamprou, Javier Rivera-Dean, Philipp Stammer, Maciej Lewenstein, and Paraskevas Tzallas, Nonlinear optics using intense optical Schrödinger "cat" 
states, arXiv:2306.14480.
13) J. Rivera-Dean, P. Stammer, A. S. Maxwell, Th. Lamprou, E. Pisanty, P. Tzallas, M. Lewenstein, and M.F. Ciappina, Quantum optical analysis of high-order 
harmonic generation in H+ molecular ions (preprint in arxivs next week)
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Moon-shot research projects

Attophysics for GENERATION and APPLICATIONS of massively 
quantum correlated states etc.

Significant others: 

FORTH/ICFO  collaboration

Technion group (Oren Cohen, Ido Kaminer) - “using quantim 
light to generate more quantum light”

Jena group (Stefanie Gräfe) “looking at semiconductor 
intraband excitations”

ICFO group (Jens Biegert) ???

MBI group



Moon-shot research projects

Attophysics for DETECTION of topology, strongly correlated 
systems, chirality etc. (5 papers, 2 in pipeline)

1) Alexis Chacón, Wei Zhu, Shane P. Kelly, Alexandre Dauphin, Emilio Pisanty, Antonio Picón, 
Christopher Ticknor, Marcelo F. Ciappina, Avadh Saxena, Maciej Lewenstein, Circular dichroism in 
higher-order harmonic generation: Heralding topological phases and transitions in Chern insulators, 
Phys. Rev. B 102, 134115 (2020), arXiv:1807.01616. 

2) Jordi Alcalà, Utso Bhattacharya, Jens Biegert, Marcelo Ciappina, Ugaitz Elu, Tobias Graß, Piotr T. 
Grochowski, Maciej Lewenstein, Anna Palau, Themistoklis P. H. Sidiropoulos, Tobias Steinle, and 
Igor Tyulnev, High harmonic spectroscopy of quantum phase transitions in a high-T_c
superconductor, PNAS 119 (40) e2207766119 (2022), arXiv:2201.09515.

3) Niccolò Baldelli, Utso Bhattacharya, Daniel González-Cuadra, Maciej Lewenstein, and Tobias Graß, 
Detecting Majorana Zero Modes via Strong Field Dynamics, ACS Omega 7 (50), 47424–47430 
(2022), arXiv:2202.03547v1.

4) Xavier Barcons Planas, Andrés Ordóñez, Maciej Lewenstein, and Andrew Stephen Maxwell, 
Strong-field chiral imaging with twisted photoelectrons, Phys. Rev. Lett. 129, 233201 (2022), 
arXiv:2202.07289. 

• 5) Mohit Lal Bera, Jessica O. de Almeida, Marlena Dziurawiec, Marcin Płodzień, Maciej M. Maśka, 
Maciej Lewenstein, Tobias Grass, and Utso Bhattacharya, Topological phase detection through 
high-harmonic spectroscopy in extended Su-Schrieffer-Heeger chains,

• arXiv:2305.02025.

• Two more papers with MARLENA DZIURAWIEC - Talk to her!

https://arxiv.org/search?searchtype=author&query=Chac%C3%B3n%2C+A
https://arxiv.org/search?searchtype=author&query=Zhu%2C+W
https://arxiv.org/search?searchtype=author&query=Kelly%2C+S+P
https://arxiv.org/search?searchtype=author&query=Dauphin%2C+A
https://arxiv.org/search?searchtype=author&query=Pisanty%2C+E
https://arxiv.org/search?searchtype=author&query=Pic%C3%B3n%2C+A
https://arxiv.org/search?searchtype=author&query=Ticknor%2C+C
https://arxiv.org/search?searchtype=author&query=Ciappina%2C+M+F
https://arxiv.org/search?searchtype=author&query=Saxena%2C+A
https://arxiv.org/abs/1807.01616
https://arxiv.org/search/cond-mat?searchtype=author&query=Alcal%C3%A0%2C+J
https://arxiv.org/search/cond-mat?searchtype=author&query=Bhattacharya%2C+U
https://arxiv.org/search/cond-mat?searchtype=author&query=Biegert%2C+J
https://arxiv.org/search/cond-mat?searchtype=author&query=Ciappina%2C+M
https://arxiv.org/search/cond-mat?searchtype=author&query=Elu%2C+U
https://arxiv.org/search/cond-mat?searchtype=author&query=Gra%C3%9F%2C+T
https://arxiv.org/search/cond-mat?searchtype=author&query=Grochowski%2C+P+T
https://arxiv.org/search/cond-mat?searchtype=author&query=Lewenstein%2C+M
https://arxiv.org/search/cond-mat?searchtype=author&query=Palau%2C+A
https://arxiv.org/search/cond-mat?searchtype=author&query=Sidiropoulos%2C+T+P+H
https://arxiv.org/search/cond-mat?searchtype=author&query=Steinle%2C+T
https://arxiv.org/search/cond-mat?searchtype=author&query=Tyulnev%2C+I
https://arxiv.org/abs/2201.09515
https://arxiv.org/search/?searchtype=author&query=Baldelli%2C+N
https://arxiv.org/search/?searchtype=author&query=Bhattacharya%2C+U
https://arxiv.org/search/?searchtype=author&query=Gonz%C3%A1lez-Cuadra%2C+D
https://arxiv.org/search/?searchtype=author&query=Lewenstein%2C+M
https://arxiv.org/search/?searchtype=author&query=Gra%C3%9F%2C+T
https://arxiv.org/abs/2202.03547v1
https://arxiv.org/search/?searchtype=author&query=Planas%2C+X+B
https://arxiv.org/search/?searchtype=author&query=Ord%C3%B3%C3%B1ez%2C+A
https://arxiv.org/search/?searchtype=author&query=Lewenstein%2C+M
https://arxiv.org/search/?searchtype=author&query=Maxwell%2C+A+S
https://arxiv.org/abs/2202.07289
https://arxiv.org/search/cond-mat?searchtype=author&query=Bera%2C+M+L
https://arxiv.org/search/cond-mat?searchtype=author&query=de+Almeida%2C+J+O
https://arxiv.org/search/cond-mat?searchtype=author&query=Dziurawiec%2C+M
https://arxiv.org/search/cond-mat?searchtype=author&query=P%C5%82odzie%C5%84%2C+M
https://arxiv.org/search/cond-mat?searchtype=author&query=Ma%C5%9Bka%2C+M+M
https://arxiv.org/search/cond-mat?searchtype=author&query=Lewenstein%2C+M
https://arxiv.org/search/cond-mat?searchtype=author&query=Grass%2C+T
https://arxiv.org/search/cond-mat?searchtype=author&query=Bhattacharya%2C+U
https://arxiv.org/abs/2305.02025


Moon-shot research projects

Attophysics for DETECTION of topology, strongly correlated 
systems, chirality etc.

Significant others: 

FORTH/ICFO  collaboration

MBI group (Olga Smirnova, Misha Ivanov) 

Dieter Bauer

ICFO groups (Jens Biegert, Maciej Lewenstein)



Moon-shot research projects

Attophysics for GENERATION of topology, strongly correlated 
systems, chirality etc. (6 papers, 2 in pipeline)

1) Utso Bhattacharya, Swati Chaudhary, Tobias Graß, A. Johnson, S. Wall, and Maciej Lewenstein, 
arXiv:2006.10688, Fermionic Chern insulator from twisted light with linear polarization, Phys. Rev. B 
105, L081406 (2022).
2) T.A. Miller, R. W. Chhajlany, L. Tagliacozzo, B. Green, S. Kovalev, D. Prabhakaran, M. Lewenstein, M. 
Gensch, and S. Wall, Terahertz field control of in-plane orbital order in La0.5Sr1.5MnO4, Nature Commun. 
6, 8175 (2015), arXiv:1506.01546. 
3) Sergi Julià-Farré, Alexandre Dauphin, Ravindra W. Chhajlany, Piotr T. Grochowski, Simon Wall, 
Maciej Lewenstein, and Przemysław R. Grzybowski, Nanoscale phase separation and pseudogap in the 
hole-doped cuprates from fluctuating Cu-O-Cu bonds,   Phys. Rev. B 101, 125107 (2020), 
arXiv:1909.02482.
4) Emilio Pisanty, Gerard Jiménez, Verónica Vicuña-Hernández, Antonio Picón, Alessio Celi, Juan P. 
Torres, Maciej Lewenstein, Knotting fractional-order knots with the polarization state of light, 
arXiv:1808.05193, Nature Photonics 13, 569 (2019), doi:10.1038/s41566-019-0450-2 (2019).
5) Emilio Pisanty, Laura Rego, Julio San Román, Antonio Picón, Kevin M. Dorney, Henry C. Kapteyn, 
Margaret M. Murnane, Luis Plaja, Maciej Lewenstein, and Carlos Hernández-García, Conservation of 
torus-knot angular momentum in high-order harmonic generation, Phys. Rev. Lett. 122, 203201 (2019), 
arXiv:1810.06503.
6) Laura Rego, Kevin M. Dorney, Nathan J. Brooks, Quynh Nguyen, Chen-Ting Liao, Julio San Román, 
David E. Couch, Allison Liu, Emilio Pisanty, Maciej Lewenstein, Luis Plaja, Henry C. Kapteyn, Margaret M. 
Murnane, Carlos Hernández-García, Light with a self-torque: extreme-ultraviolet beams with time-
varying orbital angular momentum,  Science 364, eaaw9486 (2019), 
https://doi.org/10.1126/science.aaw9486, arXiv:1901.10942.

https://arxiv.org/search/?searchtype=author&query=Bhattacharya%2C+U
https://arxiv.org/search/?searchtype=author&query=Chaudhary%2C+S
https://arxiv.org/search/?searchtype=author&query=Grass%2C+T
https://arxiv.org/search/?searchtype=author&query=Lewenstein%2C+M
https://arxiv.org/abs/2006.10688
https://arxiv.org/search/?searchtype=author&query=Juli%C3%A0-Farr%C3%A9%2C+S
https://arxiv.org/search/?searchtype=author&query=Dauphin%2C+A
https://arxiv.org/search/?searchtype=author&query=Chhajlany%2C+R+W
https://arxiv.org/search/?searchtype=author&query=Grochowski%2C+P+T
https://arxiv.org/search/?searchtype=author&query=Wall%2C+S
https://arxiv.org/search/?searchtype=author&query=Lewenstein%2C+M
https://arxiv.org/search/?searchtype=author&query=Grzybowski%2C+P+R
https://arxiv.org/abs/1909.02482
https://arxiv.org/search/physics?searchtype=author&query=Pisanty%2C+E
https://arxiv.org/search/physics?searchtype=author&query=Jim%C3%A9nez%2C+G
https://arxiv.org/search/physics?searchtype=author&query=Vicu%C3%B1a-Hern%C3%A1ndez%2C+V
https://arxiv.org/search/physics?searchtype=author&query=Pic%C3%B3n%2C+A
https://arxiv.org/search/physics?searchtype=author&query=Celi%2C+A
https://arxiv.org/search/physics?searchtype=author&query=Torres%2C+J+P
https://arxiv.org/search/physics?searchtype=author&query=Torres%2C+J+P
https://arxiv.org/search/physics?searchtype=author&query=Lewenstein%2C+M
https://arxiv.org/abs/1808.05193
https://arxiv.org/search/quant-ph?searchtype=author&query=Pisanty%2C+E
https://arxiv.org/search/quant-ph?searchtype=author&query=Rego%2C+L
https://arxiv.org/search/quant-ph?searchtype=author&query=Rom%C3%A1n%2C+J+S
https://arxiv.org/search/quant-ph?searchtype=author&query=Pic%C3%B3n%2C+A
https://arxiv.org/search/quant-ph?searchtype=author&query=Dorney%2C+K+M
https://arxiv.org/search/quant-ph?searchtype=author&query=Kapteyn%2C+H+C
https://arxiv.org/search/quant-ph?searchtype=author&query=Murnane%2C+M+M
https://arxiv.org/search/quant-ph?searchtype=author&query=Plaja%2C+L
https://arxiv.org/search/quant-ph?searchtype=author&query=Lewenstein%2C+M
https://arxiv.org/search/quant-ph?searchtype=author&query=Hern%C3%A1ndez-Garc%C3%ADa%2C+C
https://arxiv.org/abs/1810.06503
https://arxiv.org/search/physics?searchtype=author&query=Rego%2C+L
https://arxiv.org/search/physics?searchtype=author&query=Dorney%2C+K+M
https://arxiv.org/search/physics?searchtype=author&query=Brooks%2C+N+J
https://arxiv.org/search/physics?searchtype=author&query=Nguyen%2C+Q
https://arxiv.org/search/physics?searchtype=author&query=Liao%2C+C
https://arxiv.org/search/physics?searchtype=author&query=Rom%C3%A1n%2C+J+S
https://arxiv.org/search/physics?searchtype=author&query=Couch%2C+D+E
https://arxiv.org/search/physics?searchtype=author&query=Liu%2C+A
https://arxiv.org/search/physics?searchtype=author&query=Pisanty%2C+E
https://arxiv.org/search/physics?searchtype=author&query=Lewenstein%2C+M
https://arxiv.org/search/physics?searchtype=author&query=Plaja%2C+L
https://arxiv.org/search/physics?searchtype=author&query=Kapteyn%2C+H+C
https://arxiv.org/search/physics?searchtype=author&query=Murnane%2C+M+M
https://arxiv.org/search/physics?searchtype=author&query=Murnane%2C+M+M
https://arxiv.org/search/physics?searchtype=author&query=Hern%C3%A1ndez-Garc%C3%ADa%2C+C
https://doi.org/10.1126/science.aaw9486
https://arxiv.org/abs/1901.10942


Moon-shot research projects

Attophysics for GENERATION of topology, strongly correlated 
systems, chirality

Significant others: 

ICFO/IMDEA collaboration

MBI group (Olga Smirnova, Misha Ivanov) 

Standard THz suspects (A. Cavalleri, …)



Moon-shot research projects

Attophysics for GENERATION and APPLICATIONS of entangled 
states in Zerfall processes etc. (2 papers, 2 in pipeline)

1) Andrew S. Maxwell, Lars Bojer Madsen, and Maciej Lewenstein, Entanglement of Orbital Angular 
Momentum in Non-Sequential Double Ionization, Nature Comm. 13, 4706 (2022),  arXiv:2111.10148
2) A. S. Maxwell, G. S. J. Armstrong, M. F. Ciappina, E. Pisanty, Y. Kang, A. C.  Brown, M. Lewenstein, and 
C. Figueira de Morisson Faria, Manipulating Twisted  Electrons in Strong-Field Ionization, 
arXiv:2010.08355, Faraday Discussions 228, 394-412, DOI: 10.1039/D0FD00105H  (2021). 

An absolute pioneer is Mark Vrakking, as we heard on Monday

Pascal Salières and Charles Bourassin-Bouchet

Anne L´Huillier’s group 

https://arxiv.org/search/physics?searchtype=author&query=Maxwell%2C+A+S
https://arxiv.org/search/physics?searchtype=author&query=Madsen%2C+L+B
https://arxiv.org/search/physics?searchtype=author&query=Lewenstein%2C+M
https://arxiv.org/abs/2111.10148
https://arxiv.org/search/?searchtype=author&query=Maxwell%2C+A+S
https://arxiv.org/search/?searchtype=author&query=Armstrong%2C+G+S+J
https://arxiv.org/search/?searchtype=author&query=Ciappina%2C+M+F
https://arxiv.org/search/?searchtype=author&query=Pisanty%2C+E
https://arxiv.org/search/?searchtype=author&query=Kang%2C+Y
https://arxiv.org/search/?searchtype=author&query=Brown%2C+A+C
https://arxiv.org/search/?searchtype=author&query=Lewenstein%2C+M
https://arxiv.org/search/?searchtype=author&query=Faria%2C+C+F+d+M
https://arxiv.org/abs/2010.08355


Tomasz Szołdra, Andrew Maxwell, Marcelo Ciappina, Nick Werby, Philip H. Bucksbaum, ML, Jakub Zakrzewski





Conclusions

Enjoy physics and beyond!!!

Conclusions?
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