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Two-center resonant photoionization:

Introduction



Scheme of the process

£
A P

LAl
external field
AUAVAVAY o £
AUAVAVAY o ’
AVAVAVAY o
@

center A



Scheme of the process

£
A P

LN

€,
. - Efecﬁ'g
external field e ‘Z:e]ectrﬂ
AVUASAVAY o Taction = -
NN k o
AVAVAVAV o °
0,
€9

center A center B



Scheme of the process
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Probability of the process
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Theory by Najjari et al., PRL (2010)



Probability of the process
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Two-center resonant photoionization

INn slow atomic collisions



Scheme of the process

atom B

At target density n_~ 10'°—10%cm=: mean interatomic distance R ~10°-10° A

- Does the two-center channel become irrelevant ?



Theoretical description

Classical trajectory:  R.(t) = b+ vt
50eV/u s E_ S 1keV/u

Adiabatic condition: o, aolv > 1
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Theoretical description

Classical trajectory:  R.(t) = b+ vt
50eV/u s E_ < 1keV/u
Adiabatic condition: ®,a,/v > 1

+ o0
Transition amplitude: ag™5 = z/ dt exp(i(ep — €0)t) (Ypd™ |[Vap|tbod™)
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Numerical examples

« HandHe: o,=21.2eV for 1s*- 1s2p transition in helium
n, ~ 10% cm=, target size and photon mean free path ~ 0.1 mm,

n=>1 (takingb_=5A)

« Liand Mg: w,=6.1eV for 3s*- 3s4p transition in magnesium
n, ~ 10'° cm=, target size and photon mean free path ~ 5 mm,

n=>1 (takingb_=5A)

 H and Rb: w,=1.59 eV for 5s ,—5p,, transition in rubidium
n, ~ 10'° cm=, target size and photon mean free path ~ 1 mm,

n~10° (takingb =5A)
corresponding experiment planned at IMP, Lanzhou

Voitkiv et al., arXiv:1809.06526



Two-center resonant photoionization

In strong laser fields



Scheme of the process
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Theoretical description

Bichromatic laser field: A= A,1) + A (1)

/ N
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Photoionization in a “He-Ne” system

bichromatic 2CPI
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Fedyk et al., PRA 98, 033418 (2018)



Photoionization in a “He-Ne” system
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Conclusion

* Two-center resonant photoionization was generalized to
(slow) atomic collisions and relatively strong laser fields.

e Despite the R scaling, 2CPI can lead to substantial
enhancement of ionization also in collisions;
experimental verification planned in H - Rb collisions.

» Enhanced ionization occurs in bichromatic fields as well;

might be tested with He-Ne dimers in weak soft-xuv beam
(resonant) + moderately strong near-optical laser field.

Thank you for your attention!



Semiclassical approximation

Applicability conditions:

 Large incident momentum P. > 1 a.u.
« P = P > (2uAE)" with reduced mass p and inelasticity AE

« Small scattering angle 6. < 1

In our case:

« P ~100a.u., AE = 0 due to resonant character of the process
« 0 ~P, /P <1 with P, ~1/(bv) ~1a.u

sinceb  ~10a.u. and v~0.1a.u.

See, e.g., McDowell & Colemann, Introduction to the Theory of lon-Atom Collisions



Photoionization in a “He-Ne” system
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