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Attosecond Streak Camera [Itatani et al. 2002]

U. Keller, “Attosecond ionization time delays”, April 2016, Canberra Physics Colloquium

Delay in photoemission
“A delay in photoemission (. . .) would
compromise the accuracy of setting the
zero of time for clocking microscopic
processes on the atomic time scale.”

[Schultze et al. 2010]
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Photoemission of a two electron target
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n = 0, l = 0

ε, l = 0

k, L = 1

H− HHe He+

Associated elastic scattering event

n = 0, l = 0 n = 0, l = 0

k, L = 1 k, L = 1

H HHe+ He+
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Cross section

σfi ∝ |〈kfφf |V |Ψ
(+)
i 〉|

2

≡ |〈kfφf |T |φiki〉|2

index i initial
index f final

σfi cross section from state i→ f

Ψ(+) (Ha + V )|Ψ(+)〉 = E|Ψ(+)〉
k projectile state
φ target (pseudo)state
V interaction potentials

Convergent close-coupling

〈kfφf |T |φiki〉 = 〈kfφf |V |φiki〉

+
N∑

n=1

∫
d3k
〈kfφf |V |φnk〉〈kφn|T |φiki〉

E + i0− εn − k2/2
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Dipole Matrix

〈Lkln‖D‖Ψ0〉 = 〈Lk ln‖d‖Ψ0〉

+
∑
ljnj

∑
L′

∑∫
k′

〈
Lk ln

∥∥T ∥∥njlj k
′L′
〉

E + i0− εj − k′2/2
〈L′k′ ljnj‖d‖Ψ0〉

Diagrammatically:

Ψ0

n, l

k, L

+
Ψ0

nj , lj

k′, l′

n, l

k, L

T
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+0.1cm
“Delay in atomic photoionisation” [Kheifets and Ivanov 2010]

Wavepacket of angular momentum L
centred about k0 for r →∞, t > T

r = k0(t− τL) + r0

τL = dδL(k)
dE

∣∣∣∣
k=k0

δL phase shift in L-th partial wave

∫
A(k) exp{i(kx− ω(k)t)} dk

k

|A
(k

)|2

k0

Elastic Scattering
δel

L(k) ∝ arg (〈Lkln‖S‖nlkL〉) /2

〈Lkln‖S‖nlkL〉 = exp {2iδL(k)}

Photoemission
δph

L (k) ∝ arg (〈Lkln‖D‖Ψ0〉)

(not quite the whole story)
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+0.1cm
Summary

CCC approach to photoionisation applied to the Wigner time
delay of two electron systems (H− and He)
Photoionsation and elastic scattering delay contrasted
Large delay (' 40 as) found for H− across the n = 2
excitation threshold
Attributed to the effect of the targets ground state electron
correlation

What’s next:

Apply formalism to other targets
Develop a TDSE based approach in combination with CCC
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