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The system under consideration

« Two identical, heavy particles and one light particle
* One dimension

* No heavy-heavy interaction

« Contact heavy-light interaction

« Scaling in units of the two-body binding energy

_________

Three-body Schrddinger equation ; — .

2 2
{—%% - Oéy;—y2 —2|6(z+y/2) +5(x — :y/2)] } (z,y) = e(z,y)

Ay = Qg y (Mn /1)
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Goals and Outline

« Accuracy of the Born-Oppenheimer approximation for three-
body systems
- Extend previous studies, e.g. Mehta, PRA 89, 52706 (2014),
Kartavtsev et al., JETP 108, 365 (2009)

« Universality of three-body systems for short-range two-body
Interactions
—> Put universality on a more solid foundation
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Born, Oppenheimer (BO): Adiabatic approximation

Separation ansatz; relying on large mass ratios
vBo(z,y) = ¢(zy)x(y)

Equation for the light particle

{_%88_; ) [5(33 +y/2)+ 6(x — y/2)] } p=u(y)e

Equation for the heavy particles

82
[—%a—yg T Uy (y)] x =eB%
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Skorniakov, Ter-Martirosian (STM): Exact Method

Solution of the Schrodinger equation in terms of the Green function
vlay) =2 | / da'dy G (v — ',y — ' )ola ) [6 (@ +4//2)+ 5y /2

Equation for the total wave function

Y(x,y) = —4/d$' |:GE(CU —2y—22" )+ G (x — 2",y + 2$')] (', 22")

One-dimensional integral equation to obtain ¥ (z,2z) and ¢

Vel w(z, 2z) = —4/dzc’ [Gl(:c — 2,2z —22") £ Gi(x — o', 22 + 2::3')] (2, 22")

Note: Equivalent equation can be derived using Bethe-Peierls boundary condition



Slide 6 Lucas Happ | 09.02.2019

BO vs. STM: Energy spectrum
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BO vs. STM: Wave function
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BO vs. STM: Number of bound states

Numerical results (BO, STM)

nmaX
—_ [\ W ~ W N ~J
T T T T T
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M/m
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Semiclassical estimation  npyax ~ — /dy\/|u+(y) +1/ay| — 5
Y

Namax =~ 0.8781 X /1 + 2my, /my — 1/2

BO allows for a good and analytical estimation of the number of
three-body bound states

25
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Three-body wave functions (STM)

Lines of interaction y = +2x mh o

y-symmetry: bosons (even), fermions (odd)
X-symmetry: always even
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Universality

Energy of a weakly bound two-body ground state

2
5;2) ~ % [/d:cvgf(m)]

Three-body energies (contact interaction)

€n = € (mn/m)

atomic mixture (M /m)

Rb K (2.2) %"Rb "Li (12.4)

133Cs OLi (22.2)

€ -2.1966
Independent of vy €l ~1.0520

€5 -

€3 -

€1 -

-2.5963
-1.4818
-1.1970
-1.0377
-1.0002

-2.7515
-1.6904
-1.3604
-1.1479
-1.0525
-1.0040

How universal are these ,constants“?
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Universality -Lof

Two finite-range potentials

2 1

Toup(x) = fuo(

va(x) = voe™

*0

[ 1s]

1+ x22)3 -25f n=0

Universal three-body enzergies T — .
1 S
EB) ~ Ze* [/ dax vof(az)] 2 *r D
2 08 o

ve(x) = vod(x)

Proof for any short-range potential *
(including wave functions)

Only valid close to the two-body ground-state resonance!
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Conclusion and Outlook

« Accuracy of the BO approximation for three-body systems:

>

A\

Deviation in the energy spectrum drops from around 20% to below
2% with increasing mass ratio

Wave functions are closely matched with fidelities up to 0.999
Diagonal correction further reduces energy deviation

Analytical estimation of the number trimers

* Universality:
» Proof of universal three-body behavior in energies and wave

functions close to the two-body ground-state resonance
L. Happ, et al. PRA 100, 012709 (2019)

« Qutlook:
» Analyze universality for other two-body resonances
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Collaboration
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Thank you for your attention.



