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Magnetic 
Nano-memory

Topo/Quantum 
Matter/Phases

Valley/Spintronics

Future is Fast, Small, and Highly Structured! 

➢ Many next-gen technologies are based on 
chiral/topological materials. 

➢ Demands a need for ultrafast, structured/
chiral, short-wavelength light!
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HHG in the Lab: Tailored EUV and Soft X-ray Beams with  
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Light and Materials Science in the KM Group: 
AMO Dynamics at Extreme Spatial and Temporal Scales

New Paradigms in Attosecond Nonlinear Optics

Uncovering New Ultrafast Materials Science Nanoscale Charge, Spin, Energy Transport

Ultrafast Coherent X-ray Imaging
CDI

SEM

Popmintchev, et al. Science 6265, 2015 
Dorney, et al. PRL 119, 2017 
Ellis, et al. Optica 5, 2018  
Rego and Dorney, et al. Science, 364, 2019

Gardener, et al. Nat. Photon. 11, 2017 
Shanblatt, et al. Nano Lett. 16, 2016 
Karl, et al. Sci. Adv. 4, 2018

Hernandez-Charapak, et al. Nano Lett. 17, 2017 
Tao, et al. Science 353, 2016 
Chen, et al. PNAS 114, 2017 
Tengdin, et al. Sci. Adv. 4, 2018

Hoogeboom-Pot, et al. PNAS 112, 2015. 
Ellis, et al. JACS 11, 2015 
Turgut, et al. PRL 110, 2013

Ni ferromagnet
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SAM-OAM HHG with Degenerate OAM Drivers: 
EUV Doughnuts with Same Twist, Opposite Helicity

Dorney, et. al. Nat. Photon. 1,  2019

➢Driving the HHG process with a bicircular field with degenerate OAM yields pairs of 
EUV ”doughnuts” with opposite helicity.
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Controlling Divergence and Polarization in SAM-OAM HHG: 
Spatially Isolated, Circularly Polarized, Attosecond Vortices

➢ The presence of SAM constrains the allowed OAM values of the high-harmonics, and the 
OAM determines the divergence of the EUV vortices… Can we break the degeneracy?
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Divergence of HHG is maximized when: 

1) OAM of drivers are opposite in sign 

2) OAM of drivers differs by 1

9



Controlling Divergence and Polarization in SAM-OAM HHG: 
Spatially Isolated, Circularly Polarized, Attosecond Vortices

➢ The presence of SAM constrains the allowed OAM values of the high-harmonics, and the 
OAM determines the divergence of the EUV vortices… Can we break the degeneracy?

Dorney, et. al. Nat. Photon. 1,  2019 9



Controlling Divergence and Polarization in SAM-OAM HHG: 
Spatially Isolated, Circularly Polarized, Attosecond Vortices

➢ The presence of SAM constrains the allowed OAM values of the high-harmonics, and the 
OAM determines the divergence of the EUV vortices… Can we break the degeneracy?

Dorney, et. al. Nat. Photon. 1,  2019 9



Controlling Divergence and Polarization in SAM-OAM HHG: 
Spatially Isolated, Circularly Polarized, Attosecond Vortices

➢ The presence of SAM constrains the allowed OAM values of the high-harmonics, and the 
OAM determines the divergence of the EUV vortices… Can we break the degeneracy?

Dorney, et. al. Nat. Photon. 1,  2019 9



Controlling Divergence and Polarization in SAM-OAM HHG: 
Spatially Isolated, Circularly Polarized, Attosecond Vortices

➢ The presence of SAM constrains the allowed OAM values of the high-harmonics, and the 
OAM determines the divergence of the EUV vortices… Can we break the degeneracy?

Dorney, et. al. Nat. Photon. 1,  2019 9

LCP Atto Pulses

RCP Atto Pulses



Entwined SAM-OAM Conservation in HHG: 
Attosecond Pulses from RCP to Linear to LCP

EUV Vortices with Same OAM,  
Opposite SAM (but overlapped)

EUV Vortices with Large OAM Difference,  
Opposite SAM

Dorney, et. al. Nat. Photon. 1,  2019 10



Dorney, et. al. Nat. Photon. 1,  2019 
Pisanty, et al. PRL 122, 2019

Controlling the OAM in SAM-OAM HHG: 
High-Energy, Low-OAM Attosecond Vortices

➢ For most practical applications, we actually want low OAM high harmonics, but the 
physics of OAM HHG makes this difficult…

OAM Conservation w/  
Single-Color Drivers
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HHG with Simultaneous SAM-OAM Conservation: 
Structured EUV Light with Designer SAM, OAM, Divergence
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Excellent Group of Students, Collaborators and Advisors: 
Both at Home and Abroad!
JILA/NIST/CU Boulder (USA) University of Salamanca (ESP)

ICFO (ESP)

➢ Laura Rego 
➢ Dr. Julio San Román 
➢ Dr. Antonio Picón

➢ Dr. Carlos Hernández-García 
➢ Prof. Luis Plaja

➢ Nathan Brooks 
➢ Dr. Chen-Ting Liao 
➢ Dr. Jennifer L. Ellis 
➢ Dr. Dmitriy Zusin 
➢ Christian Gentry

➢ Quynh L. Nguyen 
➢ Justin M. Shaw (NIST) 
➢ Prof. Henry Kapteyn 
➢ Prof. Margaret Murnane

➢ Dr. Emilio Pisanty 
➢ Prof. Maciej 

Lewenstein
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Generating and Quantifying  
High-Quality, Intense, Femtosecond Vortex Beams

Cylindrical Lens Analyzer1 Gerchberg-Saxton Phase Retrieval2-4 Ptychography5,6

2Fu, et al. Opt. Lett. 41, 2016 

3Chang, et al. Opt. Commun. 405, 2017 

4Rego and Dorney, et al. Science, 364, 2019

1Alperin, et al. Opt. Lett. 41, 2016
5Saito, et al. Jpn. J. Appl. Phys. 56, 2017 

6Esashi, et al. Opt. Exp. 26, 2018
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