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Ionisation and photoelectron scattering in water

Transport contributions:

Ballistic transport.

Elastic and inelastic electron scattering events.

Scattering probabilities given by the cross section.

T. Fransson et al. (2016), Chem. Rev., 116(13), 7551-7569

S. Hartweg, ETH Diss No.: 26008

Ionisation potential

Fundamental mechanism in radiation damage, atmospheric (aerosol) chemistry, etc.
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�(E) = 0.16± 0.016 rad/H



RABBITT: Reconstruction of Attosecond Beating By Interference of Two-photon Transitions
A power tool to study the phase of photoelectron wave packets

High-harmonic generation XUV spectrum

Photoelectron spectrum

Target

P. M. Paul, et al., Science 292, 1689 (2001)

Trabattoni A., et al, J. Phys. Photonics 2 035007 (2020)


J.M.Dahlström et al. , J. Phys. B: At. Mol. Opt. Phys. 45, 183001 (2012)

L. Argenti, et al., Phys. Rev. A. 95, 043426 (2017)    
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The XUV comb induces photoionisation in the target.

A photoelectron spectrum is produced.

The interaction with the fundamental field (      ) creates sidebands.
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Scattering delays of large water clusters

K. Horn et al., Phys. Rev. Research 7, 013212 (2025)

Jordan et al., Science 369, 974–979 (2020)

X. Gong et al., Nature 609, 507–511 (2022)

Nanoconfined water as in clusters shows different properties than 
in bulk or gas phase. 


The difference between monomer and liquid emission times has 
been measured to be ~ 50 as between 20-30 eV.


In small water clusters: up to 200 as between 18-20 eV.


Large water clusters?



Experiment @ ELI
HR XUV beamline at ELI-ALPS


Rabbitt measurements at 100 KHz rep. rate. 

Detection: electron time-of-flight (eTOF) spectrometer.

A monochromator enabled selection of 

individual harmonic orders for spectral reference.


M. Shirozhan, et al. Ultrafast Sci. 4, 0067 (2024)



Experiment @ ELI
HR XUV beamline at ELI-ALPS


Rabbitt measurements at 100 KHz rep. rate. 

Detection: electron time-of-flight (eTOF) spectrometer.

A monochromator enabled selection of 

individual harmonic orders for spectral reference.


M. Shirozhan, et al. Ultrafast Sci. 4, 0067 (2024)
Katinka Horn (DESY, ETH)
In collaboration with the group of Ruth Signorell (ETH, Zurich)

Water cluster source


Continuous source of water clusters.

Supersonic expansion in a He-seeded molecular beam.

~500 water molecules/cluster.



Rabbitt in Helium
Benchmark measurement in He.

Also He shows a nonzero phase:

Attochirp + He Wigner delay ~ Attochirp
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H = harmonic order
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�(E) = 43± 5 as/H

Y. Mairesse et al., Science 302,1540-1543(2003)

J. Mauritsson et al., Phys. Rev. A 72, 013401(2005)


S. Heuser et al., Phys. Rev. A 94, 063409(2016)



Rabbitt in water clusters
Challenging S/N.

High repetition rate is crucial here.

Limited target density.


Y. Mairesse et al., Science 302,1540-1543(2003)

J. Mauritsson et al., Phys. Rev. A 72, 013401(2005)


S. Heuser et al., Phys. Rev. A 94, 063409(2016)
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Complex ionisation spectrum.


Trabattoni A., et al, J. Phys. Photonics 2 035007 (2020)




Scattering phase in water clusters
The energy-dependent phase was measured in He, water monomers and clusters.

We measured relative phases. No absolute values. 

Clusters show a positive (linear?) trend deviating from He and water monomers. 


The origin of the trend is under investigation. 


Y. Mairesse et al., Science 302,1540-1543(2003)

J. Mauritsson et al., Phys. Rev. A 72, 013401(2005)


S. Heuser et al., Phys. Rev. A 94, 063409(2016)

X. Gong et al., Nature 609, 507–511 (2022)   


I. Jordan et al., Science 369, 974–979 (2020)

Arbitrary offset set to zero.
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The energy-dependent phase was measured in He, water monomers and clusters.

We measured relative phases. No absolute values. 

Clusters show a positive (linear?) trend deviating from He and water monomers. 


The origin of the trend is under investigation. 


Y. Mairesse et al., Science 302,1540-1543(2003)
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S. Heuser et al., Phys. Rev. A 94, 063409(2016)

X. Gong et al., Nature 609, 507–511 (2022)   
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Conclusions


New understanding on the effect of transport scattering in water clusters on 
the photoelectron emission times.

comparison with smaller clusters and liquid water.


<latexit sha1_base64="hqvcsjNg6TbOWoj+hP4/x/IT4rU=">AAACGHicbVDLSgNBEJz1GeMr6tHLYBD0kuz6ikdRBI8KJgrZGGYnHTNkZneZ6VXDsp/hxV/x4kERr978GyePgxoLGoqqbrq7glgKg6775UxMTk3PzObm8vMLi0vLhZXVmokSzaHKIxnp64AZkCKEKgqUcB1rYCqQcBV0T/r+1R1oI6LwEnsxNBS7DUVbcIZWahbKftwRN6mP8IDpPc+yrdNt6huhaMWlfqzorjv0KDNlqGXNQtEtuQPQceKNSJGMcN4sfPqtiCcKQuSSGVP33BgbKdMouIQs7ycGYsa77BbqloZMgWmkg8cyummVFm1H2laIdKD+nEiZMqanAtupGHbMX68v/ufVE2wfNlIRxglCyIeL2omkGNF+SrQlNHCUPUsY18LeSnmHacbRZpm3IXh/Xx4ntZ2Sd1Dav9grHh2P4siRdbJBtohHKuSInJFzUiWcPJJn8krenCfnxXl3PoatE85oZo38gvP5DREwnyY=</latexit>

�wc(E) ⇠ 70± 30 as/eV



Upcoming collaboration: two-color laser-induced electron diffraction 

http://atto.icfo.es/

Blaga et al., Nature (London) 483, 194 (2012)

Pullen, M., et al, Nat Commun 6, 7262 (2015)


U. De Giovannini et al 2023 J. Phys. B: At. Mol. Opt. Phys. 56 054002

Ultrafast imaging of molecular structures.

http://atto.icfo.es/
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http://atto.icfo.es/

Blaga et al., Nature (London) 483, 194 (2012)

Pullen, M., et al, Nat Commun 6, 7262 (2015)


U. De Giovannini et al 2023 J. Phys. B: At. Mol. Opt. Phys. 56 054002

Ultrafast imaging of molecular structures.

Towards weak-field

electron self diffraction
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Upcoming collaboration: two-color laser-induced electron diffraction 

http://atto.icfo.es/

Blaga et al., Nature (London) 483, 194 (2012)

Pullen, M., et al, Nat Commun 6, 7262 (2015)


U. De Giovannini et al 2023 J. Phys. B: At. Mol. Opt. Phys. 56 054002
Fatemehsadat Ghaffari (DESY)

Towards weak-field

electron self diffraction
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Up / I · �2

Two-color-driven

Experiment at 


Two-color photoelectron re-scattering.

The experiment will be performed at Nanoplasmonics and Low-
Temperature Solid-State Physics Facility (NLTSF).

Ultra-intense THz pulses, field strength ~ 0.5 MV/cm.

        values larger than 10 eV are achievable, while


<latexit sha1_base64="gahltozpPqz1YxM2WOohCQEoJp0=">AAACD3icbVC5TgMxFPSGK4QrQEljEYGoot2Iq4yggS5I5JCyIfJ6ncSKd23ZbxHRKn9Aw6/QUIAQLS0df4NzFJAwkqXRzHu2ZwIluAHX/XYyC4tLyyvZ1dza+sbmVn57p2ZkoimrUimkbgTEMMFjVgUOgjWUZiQKBKsH/cuRX79n2nAZ38JAsVZEujHvcErASu38YbWd+sAeIFXDIfaVlgokvsY+DSVgX9ibQnJXaucLbtEdA88Tb0oKaIpKO//lh5ImEYuBCmJM03MVtFKigVPBhjk/MUwR2idd1rQ0JhEzrXScZ4gPrBLijtT2xIDH6u+NlETGDKLATkYEembWG4n/ec0EOuetlMcqARbTyUOdRGAbeVQODrlmFMTAEkI1t3/FtEc0oWArzNkSvNnI86RWKnqnxZOb40L5YlpHFu2hfXSEPHSGyugKVVAVUfSIntErenOenBfn3fmYjGac6c4u+gPn8wfQxZyC</latexit>

Up / I · �2
<latexit sha1_base64="fh65DR8TVWwfnVGsLob+TVgAzXo=">AAACBXicbVC5TsNAEF2HK4TLQAnFigiJKtgRVxlBA12QyCHFSbTebJJVdm1rd4yILDc0/AoNBQjR8g90/A2bo4CEJ4309N6MZub5keAaHOfbyiwsLi2vZFdza+sbm1v29k5Vh7GirEJDEaq6TzQTPGAV4CBYPVKMSF+wmj+4Gvm1e6Y0D4M7GEasKUkv4F1OCRipbe/fYE9ziV2nlbhO6gF7gATXjqlMW8W2nXcKzhh4nrhTkkdTlNv2l9cJaSxZAFQQrRuuE0EzIQo4FSzNebFmEaED0mMNQwMimW4m4y9SfGiUDu6GylQAeKz+nkiI1HoofdMpCfT1rDcS//MaMXQvmgkPohhYQCeLurHAEOJRJLjDFaMghoYQqri5FdM+UYSCCS5nQnBnX54n1WLBPSuc3p7kS5fTOLJoDx2gI+Sic1RC16iMKoiiR/SMXtGb9WS9WO/Wx6Q1Y01ndtEfWJ8/S/CXMg==</latexit>

I ⇠ 1010 W/cm2

http://atto.icfo.es/
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