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Angularly resolved RABBITT experiments in the gas phase 
on FAB 10
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(VA+, Ve, P)

Photoionization of molecules: Electron-ion coincidence 3D momentum Spectroscopy

ABC(X) + hν (XUV, P)  → ABC+* + e (Ve) → A+*(Ve) + BC + e (Ve)

Dissociative photoionization of simple molecules

 Molecular Frame Photoelectron Angular Distribution
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(VA+, Ve, P)

Photoionization of molecules: Electron-ion coincidence 3D momentum Spectroscopy

Energy and angular observables (laboratory and Molecular Frame)

ABC(X) + hν (XUV, P)  → ABC+* + e (Ve) → A+*(Ve) + BC + e (Ve)

Dissociative photoionization of simple molecules

Complete experiments: access to the complex
dipole matrix elements
Valence and inner shell photoionization
Photoionization and photo dissociation dynamics

n events/pulse << 1 

Kinetic energy correlation diagram
(e,A+) KECD resolving power

MFPAD
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Motivation: Time delays in molecular photoionization, angularly resolved in the MF

Hockett et al., J.Phys.B 49 095602 (2016)

CO : 5s  ks

V(r, θ, )

Vos et al., Science 360 1326 (2018)

D. Baykusheva and H.J. Wörner., JCP. 146, 124306 (2017)
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Time delay

Electron wave packet: Yg = Sl,m Yl,m

≈ dlmµ exp(-hlmµ)

-500

-400

-300

-200

-100

0

100

200

300

25 30 35 40

0°

15°

30°

45°

60°

75°

90°

D
e
la

y
 (

a
s
)

Photon energy (eV)

delays

R.R. Lucchese private com.

NO (X2P) + h (APT) NO+(c3P 4s -1) Résonance de forme : 4s  ks

Veyrinas et al., Faraday Discussions, 2016, 194, 161 - 183
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𝐼𝑆𝐵 𝜏 = 𝐴 + 𝐵𝑐𝑜𝑠(2𝜔𝜏 + 𝐶)

Two-photon XUV-IR photoionization in the RABBITT scheme

Reconstruction of Attosecond Beating by Two-photon Transition: XUV APT (comb of HHs) and IR

delay (1/2 per IR)
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C = ΔϕHH + ΔϕA

ΔϕA =ΔϕW + Δϕcc

W = ΔϕW/2ω

ES Toma HG Muller J. Phys.B (2002) 35, 3435

Haessler et al., PRA 80, 011404 (2009)
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• XUV spectrometer
• spectral/spatial control
• XUV/IR delay line 

Harmonic source (gas)

• TOF-MBS electron spectrometer
• Spectral phase diagnostic (RABBIT)

Differential pumping
HV→UHV 

Refocusing unit
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Angle resolved RABBITT scheme: Photoemission time delays & XUV-IR photoionization

SB 16

XUV-IR photoionization of Ar(3p) 

1 2 3 4 5 6 7 8 9 10

40

50

60

retard (1/2 per IR)

S16  elec etal jf7   paq-ret:0.05
   moy:48.3  ond:11.10  ph:-0.32 (pi)

Ar (3p6) +  APT (+IR, ) → Ar+(3p5) + e-
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ISB(θ,) PAD: formal expansion in state-to-state transition matrix elements

Ar (3p6) +  APT (+IR) → Ar+(3p5) + e-
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Access to the complex matrix elements in a RABBITT experiment

Example: d intermediate state
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J. Joseph et al (in preparation)
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h0 = 1 + 0.21cos(2ω)

h 2 = 1.31 + 0.52 cos(2ω + 0.134) 

h 4 = 0.074 + 0.038 cos(2ω -0.626)

Ar(3p)

Example of comparison with calculations or experiments
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h 4 = 1.131 + 0.993 cos(2ω + 0.006)

Ar(3p) (Toma)

ES Toma HG Muller J. Phys.B 2002
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Preliminary results : XUV-IR RABBITT interference: PI NO, O2
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