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Introduction

o ['fimov states: An infinite progression of trimer states even when all two-
body subsystems are barely bound.

o Last two decades there is a tremendous experimental and theoretical
progress exploring for example
— the discrete scaling invariance between successive Efimov states

— universal aspects of the ground Efimovian state h
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Homo-vs-heteronuclear Physics

Motivation

e Investigate the role of Efimov physics in collisions in systems with two
heavy - one light particle

e Identify novel phenomena which govern the physics of a mass-imbalanced
gas

Why mass-imbalanced systems?

e Three-body collisions in these systems possess far richer physics than in
the case of equal mass particles

e Experimentally are more favorable than in the case of equal mass atoms

— In the case the Efimov states scale by ~ 22.7
— In collisions the scaling factor is reduced
However...
e For systems the parameter space is
— Intraspecies ( ) scattering length,
— Interspecies ( ) scattering length,

\

e Both scattering lengths may vary in

e mass-ratio is an additional parameter



Homo-vs-heteronuclear Efimov Physics

e Recent experimental evidences suggest much richer Efimov physics
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A system of mass-imbalanced atoms

e Consider a system of two heavy and one light particle

N

o The mutual two-body interactions are approximated via zero-range pseu-
dopotentials

o Theoretical approach: The adiabatic hyperspherical representation



Adiabatic Representation

e Hyperspherical coordinates:

pgk) — RSiH a(k)v pgk):RCOS Oé(k) & Q(k) — {wgk)awék)7a(k)}

e The total wavefunction reads:

e The Equation for

Had(R§ Q>(I)n(R7 Q) — Un(R)(I)n(Ra Q)

e 1D hyper-radial equations:
h? d? h? d
—————=F,(R)+(U,(R)—E)F,(R) = — 2P —4+Qnm|Em(R),
5 PR R =E)F(R) = 5> [2Pars o Qunl il )

m

2
where P, = <(I)n‘%‘q)m>g and Qnm — <(I)n‘%|q)m>g

E. Nielsen et al, Physics Reports 347, 373 (2001)
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S.T. Rittenhouse et al, PRA 82, 022706 (2010)



Adiabatic

e Adiabatic potential curves
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Three-body recombination into shallow dimers

e Rich topology: Efimov resonances + Stiickelberg minima

o A_ unique property Of HHL Systems PHYSICAL REVIEW LETTERS 120, 023401 (2018)

Ultracold Heteronuclear Three-Body Systems: How Diabaticity Limits
the Universality of Recombination into Shallow Dimers

P. Giannakeas'”" and Chris H. Greene""'
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Three-body recombination into shallow dimers

e How the “diabaticity” affects the resonant structure?
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Atom-dimer collisions in mass-imbalanced gases

Physical system

o Consider a heavy-heavy dimer colliding with a light atom

o The energy regime of interest lies below the break-up threshold
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Atom-dimer collisions in mass-imbalanced gases

o Atom-dimer collisions are treated with Faddeev equations
e The pairwise interactions are modeled via Yamaguchi potentials

e Naidon’s type of Yamaguchi potential — successfully captures
the physics of Van der Waals interactions (~ 1/r")

PRL 112, 105301 (2014) PHYSICAL REVIEW LETTERS 14 MARCH 214
PHYSICAL REVIEW A 90, 022106 (2014)
Physical origin of the universal three-body parameter in atomic Efimov physics Microscopic Origin and Universality Classes of the Efimov Three-Body Parameter
Pascal Naidon,'-* Shimpei Endo,>"' and Masahito Ueda® Pascal Naidon,"" Shimpei Endo, and Masahito Ueda®
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Atom-dimer collisions in mass-imbalanced gases

o Atom-dimer collisions near unitarity |agp| — oo
e C(Collisions are more diabatic close to the unitarity limit

e Emerging Stiickelberg physics in the atom-dimer spectra
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Atom-dimer collisions in mass-imbalanced gases

o Atom-dimer collisions near unitarity |agr| — oo
e C(Collisions are more diabatic close to the unitarity limit
e Emerging Stiickelberg physics in the atom-dimer spectra

Intuitive Picture: Diabatized
Hyperspherical potential curves
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Atom-dimer collisions in mass-imbalanced gases

o Atom-dimer collisions near unitarity |agr| — oo
e C(Collisions are more diabatic close to the unitarity limit

e Emerging Stiickelberg physics in the atom-dimer spectra

Intuitive Picture: Diabatized
Hyperspherical potential curves
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— Fano-Feshbach mechanism



Atom-dimer collisions in mass-imbalanced gases

e Probing the regime of univerality at near break-up threshold energies

o Comparing zero-range Hyperspherical coordinates treatment with

Faddeev approach

e Van der Waals physics is important for acscs < 10% ag
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Atom-dimer collisions in mass-imbalanced gases

o Considering inelastic processes, i.e. atom-dimer relaxation
e Atom-dimer collisions can go to a deeply dimer+ a recoiling atom

e Quantity of interest: Thermally averaged atom-dimer relaxation

coefficient

For 61i-133Cs-133(Cs:
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1075 4 107" 4
:‘?\
§ 1079 4 1079 4
e~
A
V1010 1010
Acses = 433.5 ag —_— Aeses = 4335 ag
acses = 387 ag acsos = 38T ag
acscs = 285.4 ag acscs = 285.4 ag
10~ 10711 L,

H+H+L

0 50 100

0

50 100

ALiCs

Acscs

Deep HH +L

J




Atom-dimer collisions in mass-imbalanced gases

o Large mass ratio are more favorable to observe
the Fano-Feshbach atom-dimer resonances via deep dimer relaxation pro-

CEesSeES

o Available ranges of heavy-heavy scattering lengths is a nessecity

For °Li-1"4YDb-17Yh:
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Conclusions

o Efimov physics possesses unique
feautures in mass-imbalanced ultracold gases

o Three-body recombination processes to shallow dimers
exhibit intertwined Ffimov resonances + Stiickelberg minima

o Atom-dimer resonances fulfill Fano-Feshbach scenario due to Efimov
trimer states




