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Topical Group on Few-Body Systems &
Multiparticle Dynamics

physics

Topical Group on Few-Body Systems & Multiparticle
Dynamics

The APS Topical Group on Few-Body Systems and Multiparticle Dynamics was formed in January,
1985. We are an umbrella organization of atomic, molecular, nuclear, particle, and mathematical
physicists, as well as quantum chemists, who are interested in the dynamics of “simple” systems.
Such systems have relatively few degrees of freedom at some energy scale, and their study provides
significant information about the dynamics of systems in a given area of physics, as well as identifies
features common to systems in a variety of different sub-disciplines. Because we are an
interdisciplinary group, many of our sessions at APS meetings are held jointly with other Groups and
Divisions and feature specific “themes” from different fields.
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A single ion in a bath of ultracold atoms

lon-atom-atom three-body recombination

Three-body recombination

AT +A+A AT +A
—)AQ—I—A_I_

Only efficient at high densities
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lon-atom-atom three-body recombination

Validity of a classical treatment
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1073

Cold collision between charged and neutral
particles can be treated classically

J. Pérez-Rios, PRA 99, 022707 (2019)
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A single ion In a bath of ultracold atoms

lon-atom-atom three-body recombination

A+ Classical trajectory calculations

p /' N particles

1 particle

3-d space

(3N-3)-d space

11
C. H. Greene et al., Rev. Mod. Phys. 89, 035006 (2017)
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lon-atom-atom three-body recombination

A+ Classical trajectory calculations
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C. H. Greene et al., Rev. Mod. Phys. 89, 035006 (2017)
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A single ion In a bath of ultracold atoms

lon-atom-atom three-body recombination

Classical trajectory calculations
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lon-atom-atom three-body recombination
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Classical trajectory calculations versus experimental results

A. Krikow et al., PRL 116, 193201 (2016)
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A single ion In a bath of ultracold atoms

lon-atom-atom three-body recombination Ba+ + Rb +Rb

Classical trajectory calculations versus experimental results
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lon-atom-atom three-body recombination Ba+ + Rb +Rb

Classical trajectory calculations versus experimental results
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A single ion In a bath of ultracold atoms

lon-atom-atom three-body recombination

PHYSICAL REVIEW RESEARCH 3, 013196 (2021)

Ba+ + Rb +Rb

Life and death of a cold BaRb™ molecule inside an ultracold cloud of Rb atoms

Amir Mohammadi
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A single ion In a bath of ultracold atoms

lon-atom-atom three-body recombination

Threshold behaviour

J. Pérez-Rios and C. H. Greene, JCP 143, 041105 (2015). 15
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A single ion In a bath of ultracold atoms

lon-atom-atom three-body recombination

Threshold behaviour
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A single ion In a bath of ultracold atoms

lon-atom-atom three-body recombination

Threshold behaviour
PHYSICAL REVIEW A 98, 062707 (2018)
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A single ion In a bath of ultracold atoms

lon-atom-atom three-body recombination
Threshold behaviour

PHYSICAL REVIEW A 98, 062707 (2018)
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PHYSICAL REVIEW RESEARCH 2, 033232 (2020)

Controlling the nature of a charged impurity in a bath of Feshbach dimers
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A single ion in a bath of ultracold molecules

PHYSICAL REVIEW RESEARCH 2, 033232 (2020)

Controlling the nature of a charged impurity in a bath of Feshbach dimers
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A single ion in a bath of ultracold molecules (.

Reactive and inelastic processes

PHYSICAL REVIEW RESEARCH 2, 033232 (2020) (a) O

Controlling the nature of a charged impurity in a bath of Feshbach dimers O % Om
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18
H. Hirzler et al., PRR 2, 033232 (2020).
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Reactive and inelastic processes

Quasi-classical trajectory calculations

PP

H =
2my, 2””3,12

T V(pl’pZ)'

H. Hirzler et al., PRR 2, 033232 (2020).
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Reactive and inelastic processes

Quasi-classical trajectory calculations

Interartomic potentials
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H. Hirzler et al., PRR 2, 033232 (2020).
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A single ion In a bath of ultracold molecules

Reactive and inelastic processes

Quasi-classical trajectory calculations
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Interartomic potentials Time-dependent trapping potential
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Reactive and inelastic processes

Interartomic potentials
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Quasi-classical trajectory calculations
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Reactive and inelastic processes
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A single ion in a bath of ultracold atoms

A weakly bound molecular ion in a bath of ultracold atoms

Quasi-classical trajectory calculations

’ o, P
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Final states: from classical phase-space to quantum states through WKB
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J. Pérez-Rios, PRA 99, 022707 (2019) 20




A single ion in a bath of ultracold molecules () <=y

Reactive and inelastic processes

The “phase-diagram” of a charged impurity in a molecular bath

650 700 750 800

H. Hirzler et al., PRR 2, 033232 (2020). 21
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Formation of van der Waals molecules

What are van der Waals molecules?

“Van der Waals molecules are weakly bound complexes of small atoms or
molecules held together, not by chemical bonds, but by intermolecular attractions”.

Binding energy ~10cm-1

R

o- »

B. L. Blaney and G. E. Erwing, Annu. Rev. Phys. Chem. 27, 553 (1976)
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Binding energy ~10cm-1
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Formation of van der Waals molecules

What are van der Waals molecules?

“Van der Waals molecules are weakly bound complexes of small atoms or
molecules held together, not by chemical bonds, but by intermolecular attractions”.

Binding energy ~10cm-1
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Formation of van der Waals molecules

What are van der Waals molecules?

“Van der Waals molecules are weakly bound complexes of small atoms or
molecules held together, not by chemical bonds, but by intermolecular attractions”.
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Formation of van der Waals molecules

Three-body recombination
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M. Mirahmadi and J. Pérez-Rios JCP 154, 034305 (2021).
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Formation of van der Waals molecules

Three-body recombination
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Formation of van der Waals molecules
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Formation of van der Waals molecules

What are van der Waals molecules?
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Every atom in a buffer gas will lead to the
formation of van der Waals molecules

M. Mirahmadi and J. Pérez-Rios JCP 154, 034305 (2021).
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Formation of van der Waals molecules

The role of short-range physics
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Concluding remarks &)

Few-body processes (cold chemistry) play a
relevant role on impurity physics

A single ion evolves into a molecular ion in an
atomic or molecular gas
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Van der Waals molecules emerge as a
consequence of three-body recombination

Any atom in a buffer gas source may form a van
der Waals molecule
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More information

If you are interested in learning more please contact me @ jperezri@fhi-berlin.mpg.de
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