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Ce Two-Photon

Double lonisation

Symmetry of the final state

1-photon 2-photon
He+ hv, + hv, -> He?* +2e-(1S¢,'D¢)

He+ hv, -> He?* +2e-(1P?)
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g, Two-Photon

Double lonisation

2 colors 1 color
Sources HHG + IR FEL
(available) (near futur)
Atomic Species Xe He
Ne, Ar, Kr, Xe
Field regime Middle to Strong field Strong field
(W/cm?) 1011-1076 1012-1075
Ponderomotive meV - eV < meV
Energy (U,)
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Towards 2-Photon Double lonisation of Xe
HHG + IR

Laser IR~ -
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(2) Photoelectron spectrum
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Towards 2-Photon Double lonisation of Xe
HHG + IR
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Two developments in progress:
- HHG source filtered
- 41t Collection & Detection for all particles (momentum imaging)




m!
el

\ e

2-Photon Double lonisation
FEL+FEL Complete Experiment

’// ) e - \\\\‘ R . .
< 2 * Two Photon Direct Double Ionisation
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79 5 Epo He?* (1S¢) E..(eV) | hve (eV) Laser Undulator
Harmonic | Harmonic
4,7 41,84 9 3
23,3 51,14 11 3
AVeg,
29,5 54,24 7 5
A
24.6 He* (2S°)
NVee, Selecting different harmonics (laser,undulator)
== access to different kinematics of the
2-Photon Double Ionisation
0 He ('S9)
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2-Photon Double lonisation
FEL+FEL Complete Experiment

* Two Photon Direct Double [onisation

* Sequential Double Ionisation

E..(€Y) | hve (eV) Laser Undulator
Harmonic | Harmonic
6 60,44 13 3
15,32 69,74 15 3
9 5

Changing the intensity from 10'% to 101> W/cm?
==pprobe the orbitals relaxation time
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A
79 He2+ (ISG)
NVeg
Y He""(ns2p)

24,6 He™ (°S°)
NVeg

0 He ('S¢

2-Photon Double lonisation
FEL+FEL Complete Experiment

* Two Photon Direct Double [onisation

» Sequential Double Ionisation

* Resonant Double Ionisation

E...(eV) hvyov Laser Undulator
Harmonic Harmonic
42 60,14 13 3
"2s82p”
60 69,87 15 3
”3s2p” 9 5

Tuning A, by a few nm
== Select Direct Resonant Double Ionisation




The end...



G, Two-Photon

Double lonisation

Physical processes

Direct (1 or 2 colors)
A AL
e+ il @ => @

Sequential (dynamic depending on the field strength)
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Re-scattering (strong laser field)
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