


A osecond streaking

Relative delay between 4f and VB
 = 110 ± 70 as

Relative delays in photoemission from W(110)



Relative delay  = 21 ± 5 as
between 2s and 2p in Ne

Delays in photoemission from atoms

RABBITT with APT in ArStreaking with SAP in Ne

Relative delay  = 30…120 as
between 3s and 3p in Ar

 Single a osecond pulses (SAP) 
with a delayed few-cycle IR field

lead to a time-dependent variation
of a photoelectron momentum

 A osecond pulse trains (APT) 
with a delayed few-cycle IR field
lead to a formation of sidebands

due to quantum path interference



Extension of RABBITT technique 
to solid-state targets
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Integration over the energy range of SB reveals oscillation 

Simultaneous acquisition in gas and on the surface 

3p 4d



Typical RABBITT traces 
from Ag(111) and Au(111)

Extracted raw phases from respective
surface and argon traces
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Wigner and continuum-continuum delays for Ar 
are taken from literature (J.M. Dahlström et al. Chem. Phys. 414, 53-64 (2013), 
J. Mauri son et al. Phys. Rev. A 72, 013401 (2005).)

Propagation phase is determined experimentally by performing
a simultaneous RABBITT measurement with Ar in both foci:

 = -0.62 ± 0.14 rad, corresponds to -136±30 as

There is an additional contribution from IR transient grating
due to the interference between incident and reflected IR beams.
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Interference between incident and reflected IR beams outside the sample
 leads to a formation of an angular dependent transient grating

Electric field inside the solid is a strongly damped evanescent wave



How do we obtain a phase induced by the transient grating?
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Good agreement for 28 eV and 34 eV for Ag

Delay is dominated by transport due to interband transitions 
in case of available bulk final states

In the absence of such resonances, the delay is dominated by surface emission: 25 eV ans 31 eV for Ag
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Can we apply Fresnel equations for the description of the
electromagnetic fields at atomic length- and a osecond
time scales relevant to the RABBITT process?

What is the true contribution of the IR transient grating
induced phase on the photoemission delays?

Accurate determination of photoemission delays requires 
through disentangling of all contributions.
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