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e Problem: non-separable two-body scattering problem

e Approach: time-dependent wave-packet method

e Applications: nltracold atom-atom collisions in trap

(conlinement induced resonances,

suppression of quantum scattering in trap)

laser-stimulated antibhvdrozen formation:

p+et +fiw— Hy+ 2hw

e Clonclusion



nltracold atom-atoim collisions

3D free space confined geometry
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Why wave-packet propagation method
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bound — bound

hound — continuum 3D problem: {r. 0,6}



bound — bound

hound — continuum 3D problem: {r. 0,6}

continuum — continuum 5D problem: {r,#.¢ pp, ép}
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RESULTS
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confinement induced resonance (CIR)
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A. General scheme
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confinement induced resonance (CIR)
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confinement induced resonance (CIR)

s- and p-wave considerable in atom-atom scattering in free (3D)
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Suppression of Quantum Scattering in Strongly Confined Systems

is qualitatively confirmed in simpler though solvable model:

square-well potential (depth Vg

and radius ro)
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Suppression of Quantum Scattering in Strongly Confined Syvstems

is qualitatively confirmed in simpler though solvable model; Kim, Melezhik & Sclimelcher (in press)

Kitn. Schimiedmayer & Schmelcher, PR AT2. 042711 (2005)
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Conclusion

e new approach for treating few-body processes

suppression of quantum scattering in

strongly confined systerms

e might be useful in "interacting” quasi-1D ultracold atomic gases

e guided atom interferometry

e clectron scattering by impurities of quantum wires



Conclusion

wave-packet propagation method for atom-atom collisions
in harmonic traps  (bevond zero-range potential,
confinemnent induced CA nonseparability)

confinement induced snppression of quantiin scattering

next step:

inelastic collisions (transverse excitations)
anharmonic effects

. 9 9 9 9
anisotropy: %,u.{a;fﬂ:‘ + way” |



laser-stimulated formation of H

two-body radiative capture (spontaneous)

ﬁ | €+ _>F” | Jrlf..l..-"

laser-induced capture A.Wolf (1983-1997)

enhancement factor

rind
Gu Fffr_n
o™ _ laser-induced transition to a specific level n of H,

g“Pt - spontancous transitions summed over all possible n



experiments

< proton-electron recombination

Heidelbere (1991) (heavy ion storage ring) 5 .| | 5 E[ :[
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< laser-induced formation of H
ATHENA-collaboration (PRL 97 (2()()6\))

C'O5 continuously operating laser [ ~ 1kW /em?

A =~ 10.5pm = continuum — bound (n=11)

small laser effect on H formation  likely the three-body capture is
the dominant mechanism (7)



dependence of H formation on laser polarization?
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Conclusion

¢ dependence of I, formation on ~
e Rydberg levels n = 10 ~ 20 (7)

e pulse shape (7)



