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Nature Physics 18, 423–428 (2022)
Rebecca Boll, …. Till Jahnke 

https://www.nature.com/nphys
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Nature Physics 18, 423–428 (2022)
Rebecca Boll, …. Till Jahnke 
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H+ ions in the I+ / N+ frame

https://www.nature.com/nphys
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Lothar Schmidt

„Spatial Imaging at 
the quantum limit“
L. Schmidt et al 
PRL 108, 73202 (2012) 
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Quantum delocalization
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He2

Zeller et al. PNAS 113 (2016) 14651



He2

Zeller et al. PNAS 113 (2016) 14651

<R> = 52A 
Ebind= 50…164 neV

0.9 10-3 cm-1

1,3mK 
10-9 kJ/mol
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He2

Zeller et al. PNAS 113 (2016) 14651

<R> = 52A 
Ebind= 50…164 neV

0.9 10-3 cm-1

1,3mK 
10-9 kJ/mol

• Non Born Oppenheimer 
• Relativistic corrections (α2)
• Retardation 
• QED (α3)



He3
Trimer

Efimov State

Vitali Efimov (1970). 
Physics Lett. B 33: 563 (1970).
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Efimov State of He3

Kunitski et al. Science, 
348 (2015) 551

Parvoviruse
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Coulomb Explosion Imaging of C5H4NI

B. Richard et al., Science 389, 650-654 (2025) 
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Grundmann et al. Science 370 339 (2020)
H. D. Cohen and U. Fano,
Phys.Rev.150, 30 (1966)

800eV  γ + H2 →  p + p + 2e-



Grundmann et al. Science 370 339 (2020)
H. D. Cohen and U. Fano,
Phys.Rev.150, 30 (1966)

800eV  γ + H2 →  p + p + 2e-
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Grundmann et al. Science 370 339 (2020)

800eV  γ + H2 →  p + p + 2e-



Grundmann et al. Science 370 339 (2020)
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Eγ= ℏω

400eV γ + H2 → p+ + H + e-
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H.D. Cohen, U. Fano, Phys. Rev. 150 30 (1966)
M. Walter and J. S. Briggs, J. Phys. B 32 , 2487 (1999)
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F. Morales, F. Martin et al.

M. Waitz, et al. PRL: 117, 083002 (2016) 

Electron pairs from H2 double ionization

PRA 86, 032332 (2012)
M. A. D. Carvalho et al.

photon pairs two-particle interference
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Arthur Compton Pyotr Kapitsa Paul Dirac
P.L. Kapitza and P.A.M. Dirac Proc. Camb. Phil. Soc. 29 (2): 297 (1933)A.H. Compton Bulletin of the NRC

No. 20 Vol. 4, Pt. 2 (1922)

𝝀𝝀 = 𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎
𝑬𝑬𝜸𝜸 = 𝟒𝟒𝟒𝟒 𝐤𝐤𝐤𝐤𝐤𝐤
𝒌𝒌𝜸𝜸 = 𝟏𝟏𝟏𝟏 𝒂𝒂. 𝒖𝒖.

𝝀𝝀 = 𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖
𝑬𝑬𝜸𝜸 = 𝟏𝟏. 𝟓𝟓 𝐞𝐞𝐞𝐞

𝒌𝒌𝜸𝜸 = 𝟒𝟒 𝟏𝟏𝟏𝟏−𝟒𝟒𝒂𝒂. 𝒖𝒖.

Compton
Scattering

Stimulated
Compton
Scattering

𝐤𝐤𝜸𝜸 =
𝑬𝑬𝜸𝜸

𝒄𝒄



𝐤𝐤𝜸𝜸 =
𝑬𝑬𝜸𝜸

𝒄𝒄

Stimulated 
Compton Scattering 
Kapitza Dirac Effect 2kγ
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𝐤𝐤𝜸𝜸 =
𝑬𝑬𝜸𝜸

𝒄𝒄

Stimulated 
Compton Scattering 
Kapitza Dirac Effect

2k
γ

2kγ= 8 10-4 a.u.

Freimund, D. L., K. Aflatooni, and H. Batelaan, Nature 413, 142 (2001).
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Pump:

Ionization of Xe 
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standing wave
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Delay (0-100 ps)

Alexander
Hartung
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Theory:
Hao Liang Dresden

Kang Lin

K. Lin et al Science 6690, 1467 (2024)
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• Position:        Plane wave
• Momentum:  δ



±2𝑘𝑘𝛾𝛾
No 

interference
−𝟐𝟐𝟐𝟐𝜸𝜸

−𝟐𝟐𝟐𝟐𝜸𝜸



−𝟐𝟐𝟐𝟐𝜸𝜸

−𝟐𝟐𝟐𝟐𝜸𝜸

Ψ1 𝑘𝑘, 𝑡𝑡 ∝ 𝑒𝑒
𝑖𝑖𝑘𝑘2

2 𝑡𝑡

Ψ2 𝑘𝑘, 𝑡𝑡 ∝ 𝑒𝑒
𝑖𝑖(𝑘𝑘−2𝑘𝑘𝛾𝛾)2

2 𝑡𝑡

Ψ3 𝑘𝑘, 𝑡𝑡 ∝ 𝑒𝑒
𝑖𝑖(𝑘𝑘+2𝑘𝑘𝛾𝛾)2

2 𝑡𝑡

Ψ1 𝑘𝑘, 𝑡𝑡 + Ψ2 𝑘𝑘, 𝑡𝑡 + Ψ3 𝑘𝑘, 𝑡𝑡 2

∝ cos2(𝒌𝒌 𝑘𝑘𝛾𝛾 t) + …

Fringe spacing  1/t



Phase of a freely
propagating electron



Phase of a freely
propagating electron



Phase of a freely
propagating electron

Phase of an electron
climbing up a Potential
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