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HHG in the condensed phase:

HHG spectroscopy on organic solids, PetaHertz currents in 

dielectrics, low energy scattering in liquids



Why are ultrafast electonic and nuclear dynamics
useful? 

Basis of life:
o Ultrafast charge migration in organic systems

Photon therapies important part of health:
o Photo-activation of drugs
o Photo fragmentation and ionisation of large 

biomolecules:
• Damage to  DNA, ultrafast electron dynamics of 

primary and secondary radiation
• Effects of laser mediated surgery with ultrafast

lasers

Photochemical reactions are essential for industries:
o Photolithography – basis of chip manufacture
o Photo-sensitive catalysts - plastic production



Ultrafast electronic and structural dynamics

Electronic 
coherence



EUV as a spectroscopic tool

• Element specific:

Core shells to valance band 
transitions, act like a fingerprint

• Sensitive to local geometry, bonding
and molecular structure



EUV for time resolved spectroscopy

ħωcutoff =  Ip + 3.17Up
Carbon, Nitrogen and Oxygen K edges at 285eV, 410eV 

and 555eV 

Long wavelength drivers  and  Higher field strengths
Gives access to  ‘water window’ photons

Input Laser 
pulse

Attosecond 
duration XUV

Gas Jet



Time resolved transient absorption on organic P3HT: 



Direct probe of the initial localisation and cooling of the hot exciton 
formed by the pump

Edge shift following 
exciton creation

Transient feature – formation of hole state 
associated with exciton
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Summary 

Ultrashort, long 
wavelength HHG emission 

can reach Nitrogen K 
edge

Tool to probe ultrafast 
electronic and structural 

changes

Provides insight into 
delocalisation of 

electrons in polymers

Sensitive to local 
geometry, bonding and 

molecular structure 

Extreme UV 
light

~10-18 seconds

IR pulse
High 
Intensity

Gas Jet



Can attosecond 
pulses be 

generated in 
different phases 

of matter? 



Attoseconds from solids? 

~10-18 seconds

XUV 

light

IR pulse

High 

Intensity

High harmonic emission in gases

GasJet

Strong field Physics in 
solids



Why do we need solid state attosecond sources? 

Next Generation PhotolithographyCompact, robust, extreme 
ultra-violet light source

Space and non-line of sight
communications

Nanoscale imaging of 
biomedical samples



Attosecond Nanophotonics

High harmonic emission in solids

PetaHertz electronics
Driven by light fields

Strongly driven 
electron dynamics = 

deep insight into 
material band 

structure 

Compact, robust, solid state 
extreme ultra-violet light 

source

Strong field Physics

ZnO or SiO2

Mid IR 
pulse

XUV pulse, 
11eV

~10-18 

seconds



Three steps generate 
currents

Each current term is 
petaHertz rate

PetaHertz currents inside solids



• Always Require Eg > ħω

• No resonance is required!! 

• Highly flexible medium

New source of EUV and attoseconds



Probing the bandstructure out of equilibrium:  MgO



Probing the bandstructure out of equilibrium:  MgO



Probing the bandstructure out of equilibrium:  MgO





• Intermolecular/inter-atomic 
distances are much less than the 
electron excursion length

Attoscience in the liquid phase 



CEP dependent HHG in liquid Isopropanol



Simulations of HHG in liquid Isopropanol

• Introduce macroscopic 

parameter ‘k’ 

• This accounts for screening, 
correlation potential and 

exchange 

• Low energy ultrafast 

scattering captured
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