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When light is stronger than matter

Marta Fajardo
Instituto de Plasmas e Fusão Nuclear
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Today’s lasers can drive
matter into extreme conditions
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Phys today DOI:10.1063/PT.6.2.20221213a

A disruptive result
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Phys today DOI:10.1063/PT.6.2.20221213a

A disruptive result
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A disruptive result
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Hatfield et al, Nature 2021
The data-driven future of high-energy-density physics 

Recommendations 
(1) Researchers should think carefully about how best to use their data: what 
methods and diagnostics they can use to take the best data, get sensible 
uncertainties, and coherently combine with other datasets. 



A challenge for AI

1. Build surrogate model of complex “high fidelity” hydrodynamic simulations with smaller set of inputs
2. Do uncertainty quantification to find best fit to calibration shots via Bayesian Inference P(x i|yexp,i) > what inputs 

are consistent with the data?
3. Use input parameters as priors for new design
4. Update inputs with new results

• Multiple unknown and correlated sources;  
• Highly nonlinear response to perturbations; 
• Sparse incompletely diagnosed data
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ESTHER - European 
Shock-Tube for High-
Enthalpy Research

EPP - Computational 
facility ISTCluster

MotLab - Laboratory for 
Ultracold

PEL - Plasma Engineering 
Laboratory 

LATR - Laboratory of 
Accelerators and 

Radiation Technologies

ISTTOK - IST Tokamak

PL - Plasma Laboratory
Madeira University
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operates two high power laser laboratories

Dense plasmas

X-rays, Machine learning

L2I New lasers
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Energy density ≥ 10¹¹ J/m³, equivalent to pressure ≥ 1 Mbar (10¹¹ Pa)

Core of the Sun: 1016 J/m³ ; NIF peak compression: ~2 1016 J/m³ 

L2I VOXEL



Marta Fajardo | Provas de Agregação, Instituto Superior Técnico | March 27 2025

Paradigm Shift – High-Repetition-Rate Experiments

12

S. Vinko et al, Phys. Rev. Lett. (2020)

Functional optimization approach used to extract the opacity as a function of 
electron temperature and density by constraining it to the dataset of integrated 
transmission measurements

Machine learning for source optimizationInferring  free free opacities from functional optimisation at VUV FEL

Shalloo, R.J., et al. Nat Commun 11, 6355 (2020)
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Recovering time-dependent opacity in 
the EUV from large  datasets

∆𝜏

13

Max fluence:
7.5 J/cm^2

~2 1014 W/cm2
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Main vacuum 

chamber

Vacuum chamber 

with Gas cell 
Energy attenuator

in vacuum

Ti:Saphire, 800 nm, 

1kHz, 3W, 35fs, 

13 mm

CCD 

Iris

How to optimize High Harmonic
Generation in the lab?

Laser Intensity affects HH energy (cutoff) and HH signal (ionization) 

pulse energy

type of gas 

focal distance

beam diameter 

pulse duration

Laser Intensity  
HH signal 

Laser Intensity  

HH signal 

gas pressure

medium length 
focal spot position

Laser Intensity
HH signal 

Laser Intensity
HH signal 

HH signal 

HH energy (cutoff)
HH signal 

HH signal 

Lens f=75 cm 

Aluminum filters

2 x 150 nm
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Prix Tremplin Mariano Gago
Académie des Sciences Automated source optimization
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X-ray optimization
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IST FlagshipsWhat’s next?



L2I

MOT

VOXE
L

EPA Plasma acceleration lab

IR laser-plasma interaction

Novel lasers at 3 µm and applications

Cold atom facility

HPC Accelerates HPC Cluster

https://golp.tecnico.ulisboa.pt/

IVOA Industrial & Vision Optics Applications



GoLP-IN (Grupo de Lasers e Plasmas’ Internship Program)
6 months duration, every semester, open to all degrees & all years

-Started in 2022/2023, now on its 7th edition 
(calls for 8th will open mid P1)

-Recognized by the Scientific Council of IST 
(01/06/23) for 3 ECTS credits.

-So far: 142 applicants, 76 research topics, 49 
concluded (certificates issued)

GoLP_IN website:
golp.tecnico.ulisboa.pt/wp/opportunities/golp-internship/

See previous work at:
golp.ist.utl.pt/wp/opportunities/golp-internship/
golp_in-alumni/

Onboarding presentation (5th edition) Interns and supervisors (5th edition) Certificate award (3rd edition)
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Manipulamos as nossas fontes e desenvolvemos novos diagnósticos

P. Estrela: Fuzilli de 

Raios-X

M. Silva: Impulsos de 3.8 

fs
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A equipa X-GoLP opera dois laboratórios laser de alta potência

Plasmas Densos, 
Raios-X, Machine 
learning

L2I Novos lasers
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