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1) Ultrafast dynamics and attosecond light tools

3) Attosecond photoionization spectroscopy

Outline

2) Attosecond facility at Paris-Saclay University: ATTOLab-Orme

=> Shooting the attosecond movie of photoemission







Attosecond imaging
of electronic wavepackets

[ Haessler et al. Nature Phys. (2010) ]

Time-resolved
few-fs Auger decay

[ Drescher et al. Nature (2002) ]

Direct measurement
of light waveforms

[ Goulielmakis et al, Science (2004) ]

Attosecond-resolved
proton dynamics

[ Baker et al. Science (2006) ]

Coherent control 
of attosecond emission

[ Boutu et al. Nature Phys. (2008) ]

Attosecond dynamics
of photoemission

[ Gruson et al, Science (2016) ]

2001-2021: 20 years of attosecond science
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Light tools: lasers are limited by the femtosecond barrier
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Breaking the femtosecond barrier

Mourou&Strickland



High-order Harmonic Generation (Saclay and Chicago, 1988)

Grating

30 40 50 60 70 80105

106

107

  

 

Harmonic order

Si
gn

al
 (p

ho
to

ns
/s

ho
t)

- Strong field regime:

Non-perturbative behavior

Spectrum: plateau / cutoff

A broadband coherent source in the XUV









T. Popmintchev et al. Science 336, 1287 (2012)

Attosecond light sources: state of the art
Shortest duration for isolated pulses of ~50 as

Photon energies extending to 1.6 keV

J. Li et al., Nature Comm. 8, 186 (2017)

T. Gaumnitz et al., Optics Express 25, 27506 (2017)

700 eV bandwidth => Fourier limit: 2.5 as

BUT: intrinsic atto-chirp => actual duration far from FT limit
Y. Mairesse et al. Science 302, 1540 (2003)



A consortium of 9 laboratories
in Saclay

http://attolab.fr/

fs lasers + as XUV 
sources

Solid state physics

Fs laser and XUV 
sources with

plasmas

XUV optics

Gas phase

ATTOLab consortium

http://attolab.fr/




2 (3) attosecond beamlines

T. Ruchon, D. Bresteau, P. Salières et al.

SE 10

SE 1 

XUV10

XUV1

(10kHz)

Laser
FAB1-FAB10

(1kHz)



16

Transport, control and characterize ultrashort (0.1 - 100 fs) XUV 
(10 - 100 eV) pulses and  carry out time resolved pump-probe 
applications with sub-fs resolution

SE10 high-reprate attosecond beamline
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HHG light source:
Ti:Sapph

+
Gas jet/cell

Transport, control and characterize ultrashort (0.1 - 100 fs) XUV 
(10 - 100 eV) pulses and  carry out time resolved pump-probe 
applications with sub-fs resolution

SE10 high-reprate attosecond beamline
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XUV Spectrometer

Transport, control and characterize ultrashort (0.1 - 100 fs) XUV 
(10 - 100 eV) pulses and  carry out time resolved pump-probe 
applications with sub-fs resolution

SE10 high-reprate attosecond beamline



19

Transport, control and characterize ultrashort (0.1 - 100 fs) XUV 
(10 - 100 eV) pulses and  carry out time resolved pump-probe 
applications with sub-fs resolution

IR secondary beam
synchronized

and recombined 
with XUV

SE10 high-reprate attosecond beamline



20

XUV + IR focusing 
in MBES 

for on-line XUV 
characterization

Transport, control and characterize ultrashort (0.1 - 100 fs) XUV 
(10 - 100 eV) pulses and  carry out time resolved pump-probe 
applications with sub-fs resolution

SE10 high-reprate attosecond beamline
LIZARD in-situ stabilization

M. Luttmann et al. Phys. Rev. Applied (2021)
Stability = 28 as RMS



21

Differential 
pumping stages for 
UHV applications

Transport, control and characterize ultrashort (0.1 - 100 fs) XUV 
(10 - 100 eV) pulses and  carry out time resolved pump-probe 
applications with sub-fs resolution

SE10 high-reprate attosecond beamline



22

XUV/IR refocusing 
and recombination

at the user 
end-station

Transport, control and characterize ultrashort (0.1 - 100 fs) XUV 
(10 - 100 eV) pulses and  carry out time resolved pump-probe 
applications with sub-fs resolution

Three-way 
spectro-temporal

selector

SE10 high-reprate attosecond beamline





SE10 high-reprate attosecond beamline



SE1 high-energy attosecond beamline



Spectro-temporal
Laser shaping

Generation of 
XUV attosecond

radiation

Application
in the user endstation:

VMIS

Characterization
of the attosecond radiation: 

2m-long MBES 

SE1 high-energy attosecond beamline



Input max energy: 5mJ
Fiber coupling (with gas): 68%
Output optics transmission
including chirped mirror
compressor: 79%
Max output Energy: 2.7mJ

©CEA

Output gas pressurized
chamber with
magnification telescope

Chirped
mirror
setup
+ wedges
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Input chamber
with aberration 
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F. Réau, F. Lepetit, O. Tcherbakoff & JF Hergott

Stretched hollow-core fiber postcompression



©CEA

FEMTOEASY FROG-FC measurement

ex
pe

rim
en

ta
l

re
tr

ie
ve

d

-50 -40 -30 -20 -10 0 10 20 30 40 50
0,0

0,2

0,4

0,6

0,8

1,0

-40

-20

0

20

40

in
te

ns
ity

time (fs)

 p
ha

se
 (r

ad
)

3.8fs@2.3mJ

Input max energy: 5mJ
Fiber coupling (with gas): 68%
Output optics transmission
including chirped mirror
compressor: 79%
Max output Energy: 2.7mJ

F. Réau, F. Lepetit, O. Tcherbakoff & JF Hergott

Stretched hollow-core fiber postcompression



The photoelectric effect

The absorption of a quantum of energy (photon)  is accompanied by 
the quasi-simultaneous emission of an electron

A. Einstein, 1905H. Hertz, 1887

Experimental 
evidence

Interpretation with 
the photon concept

Nobel prize 1921

Attosecond photoionization spectroscopy











Experimental setup

Angularly-integrated RABBIT spectrogram













Angularly-resolved photoemission dynamics

gas

=> Combining phase spectroscopy with momentum imaging

Velocity Map Imaging Spectrometer (VMIS)



Experimental setup

Angularly-integrated RABBIT spectrogram

Angularly-resolved RABBIT spectrogram



Two-photon resonant ionization of Helium

Momentum map of Sideband 16 
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