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More than a decade of angular momentum transfer in HHG
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EUV harmonic vortices
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Theory: C. Hernández-García et al. , Phys. Rev. Lett. 111, 083602 (2013).

Experiment: R. Géneaux, et al.  Nature Comm. 7, 12583 (2016).

Attosecond light spring



Harmonic order (ω/ω0)

ℓ17 = ℓ19 = ℓ21 = ℓ23 = ℓ25 = 1

y 
(a

rb
. u

.)

0

1

1

-1

0
x (arb. u.)

Electric field~102as

In
te

gr
at

ed
 in

te
n

si
ty

  
(a

rb
. u

.)

0

1

0

-0.25

-0.50

-0.75

-0.25

-0.50

-0.75

1

Time (cycles of )ω0

Attosecond vortex pulse train



  

EUV harmonic vortices
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Time-varying OAM or self-torque
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Attosecond vortex pulse train
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Spatiotemporal optical vortices (STOVs)

x

y
t →

𝐿 𝑧

Longitudinal vortex

x

y t→
𝐿 𝑦

Spatiotemporal vortex (STOV)
Fundamentals:  
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N. Jhajj, et al. Phys. Rev. X 6, 031037, (2016) 
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M. A. Porras, Opt. Lett. 48, 367-370 (2023) 
M. A. Porras, et al, Phys. Rev. A 109, 033514 (2024) 
Applications: 
J. Huang, et al. . Laser & Photonics Reviews 16, 2100357. (2022) 
C. Wan, et al.  eLight 2, 22 (2022). 
Y. Chen, et al. Phys. Rev. A 107, 033112 (2023) 
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▪ Twisted phase profile in the 
spatiotemporal domain 

▪ Topological charge defined as 
the number of  phase jumps 

▪ Non propagating eigenmodes
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Far-field emission 

ℓ13 = 13

ℓ17 = 17

ℓ21 = 21

EUV focusing

Numerical simulation results

ℓq = qℓIR
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Experimental generation of EUV harmonic STOVs
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Inhomogeneity of the driving field
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Theory-experiment comparison

𝑧 = 𝑓

Numerical Simulations Experiment

𝑙𝑞 = 13

𝑙𝑞 = 15

η = 2

11 13 15 11 13 15

𝑧 = 𝑓 − 1.5 𝑚𝑚

𝑙𝑞 = 15

𝑙𝑞 = 13

11 13 1511 13 15

𝑧 = 𝑓 + 1.5 𝑚𝑚
𝑙𝑞 = 13

𝑙𝑞 = 15

11 13 1511 13 15

R. Martín-Hernández, G. Gui, L. Plaja, 
H. K. Kapteyn, M. Murnane, C.-T. Liao, 
 M. A. Porras, C. Hernández-García, 
Nature Photonics, in press (2025) 



x

t

ℓ3 = 3

ℓ5 = 5

ℓ7 = 7

ℓ9 = 9

ℓ11 = 11

ℓ1 = 1

x

t

ℓq = qℓIR

High-harmonic 
STOVs

focused STOV at gas jet STOV at focusing lens

t

ℓ3 = 1

ℓ5 = 1

ℓ7 = 1

ℓ9 = 1

ℓ11 = 1

ℓ1 = 1

x

t

ℓq = ℓIR

Attosecond 
STOV?

x



Attosecond STOV!

|ℓ13 | = 1

|ℓ15 | = 1 ℓq = ℓIR

R. Martín-Hernández, L. Plaja, C. Hernández-García, M. A. Porras 
arXiv:2506.07465 

Attosecond STOVs



Topological charge scaling vs OAM conservation
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Generation of intense, ultrafast magnetic fields
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L. Plaja, C. Hernández-García, S. Mai.  Photonics Research 12(5), 1078 (2024).



Magnetization dynamics
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L. Sánchez-Tejerina, R. Hernández-Martín, R. Yanes, L. 
Plaja, L. López-Díaz and C. Hernández-García,  
High Power Laser Science and Engineering 11, e82 
(2023). 

Simulations: CoFeB, micromagnetic, MuMax3
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Isolated circularly-polarized B fields
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Our first approach:



We can generate many kinds of 
structured light beams at the 

attosecond timescale 

Exciting future prospects in 
HHG interacting with solids & 
generation of isolated B-fields  

Figure credit: Steven Burrows and KM group, JILA
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