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THE YUKAWA POTENTIAL

* In the 1930s, Hideki Yukawa showed
that the exchange of a massive boson
field between two particles induces a
Coulomb potential exponentially
screened by the boson mass.
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THE YUKAWA POTENTIAL
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* Tail of the nuclear force: exchange of mesons (135 MeV) between
* AeibpbEhsgnuclear force: exchange of mesons (m = 135 MeV) between nucleons



THE EFIMOV POTENTIAL

* In the 1970s, Vitaly Efimov showed
that a universal three-body force
arises between three resonantly-
interacting particles.
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RESONANT INTERACTION

Diagrammatic point of view
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RESONANT INTERACTION

Diagrammatic point of view “Potential” point of view
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RESONANT INTERACTION
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RESONANT INTERACTION
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SYSTEMS EXHIBITING THE EFIMOV
ATTRACTION
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MOTIVATION

Connection between Yukawa and Efimov mediated potentials?

Yukawa Efimov
...... o
@ . "
——————— ¥
g /
Many-body Three-body
Bosons are Boson always

created/absorbed there



IMPURITIES IN A BOSE-EINSTEIN
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IMPURITIES IN A BOSE-EINSTEIN
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IMPURITIES IN A BOSE-EINSTEIN
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IMPURITIES IN A BOSE-EINSTEIN

y N
small resonant

Energy




IMPURITIES IN A BOSE-EINSTEIN
CONDENSATE
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IMPURITIES IN A BOSE-EINSTEIN

CONDENSATE

Bose polaron recently
observed
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POLARONIC INTERACTION
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POLARONIC INTERACTION
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POLARONIC INTERACTION
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POLARONIC INTERACTION




POLARONIC INTERACTION

The (Bogoliubov) quasﬂl,
excitations of the BEC can mr
a Yukawa interaction
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POLARONIC INTERACTION

The (Bogoliubov) quasﬂl, arti
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NON-PERTURBATIVE METHOD:
TRUNCATED BASIS
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NON-PERTURBATIVE METHOD:
TRUNCATED BASIS

[ ) o o
[ ] [ ) [ ]
[ ) [ ) [ )
[ ) [ ) [ )
[ ] e [ ) = ( ] -
[ ) [ ) o
( } (] ( ] ( ] [ ] ( }
| o | T e . e ST pT
) (Z %4 =q +Zaq’q' aCq'Bog-q' Z Xqq'q" CaCqByB g-qi-q" + )|q))
q 4.9’ a.q9",q" I
Excitatio BEC
n groun
creation d

operator state



EQUATIONS
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RESULT: POLARONIC POTENTIAL

Effective potential (Born-Oppenheimer) between
polarons:
h2K? 1 1 8mn,

——Kk+-—-e ¥+ > =0 (ag — 0)
2 a r K

V=

For smbH < O

V(r)

Efimov

h20.562

2u 12

50 0



ENERGY SPECTRUM
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RESULT: ENERGY SPECTRUM
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RESULT: ENERGY SPECTRUM
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ENERGY SPECTRUM
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ENERGY SPECTRUM
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CONCLUSIONS arXiv:1607.04507

 The interaction between two impurities in a Bose-Einstein goes
from a Yukawa attraction to an Efimov attraction.

 This attraction can bind the two impurities into one or several
bipolarons, that asymptote to Efimov trimers of two
impurities and a boson.

 The crossover region where bipolarons appear constitutes is an
interesting few-to-many-body problem.
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