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1. 3-body force naturally arises in 1D

e Thermal conductivity

T. Tanaka & Y. Nishida, Phys. Rev. E 106, 064104 (2022)
“Thermal conductivity of a weakly interacting Bose gas in quasi-one-dimension”

e Cluster formation

Y. Nishida, Phys. Rev. A 97, 061603(R) (2018)
“Universal bound states of 1-dimensional bosons with 2- and 3-body attractions”

2. Artificial control of 3-body force & beyond

e Quantum droplet

Y. Sekino & Y. Nishida, Phys. Rev. A 97, 011602(R) (2018)
“Quantum droplet of one-dimensional bosons with a three-body attraction”

e Efimov effect

Y. Nishida & D. T. Son, Phys. Rev. A 82, 043606 (2010)
“Universal four-component Fermi gas in one dimension”






Confining 3D bosons into a tight 1D waveguide
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effective 3-body interaction
l. E. Mazets & J. Schmiedmayer, NJP (2010)



Confining 3D bosons into a tight 1D waveguide
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Confining 3D bosons into a tight 1D waveguide
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Bosonsinquasi-iD =~

Hip = ' -2 4 22(d10)? 4 =2 (B1)*

2-body scattering = {p1,p2} = {91,092}
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cannot change momentum distribution
due to energy and momentum conservations

3-body scattering = {p1,p2,p3} # {91,92,093}
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can change momentum distribution



_Thermalconductivity
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Thermal conductivity at weak coupling is evaluated
by Kubo formula + resummation
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2-body coupling cancels out Feln e o
and 3-body coupling dominates PRE (2022)



N bosons with attractive g2 form a cluster
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J. B. McGuire, J. Math. Phys. (1964)

N-body cluster + extra boson
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Interaction between cluster & boson is
also dominated by 3-body coupling



Cluster-boson coupling gn-1,1 induced by g3
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Y. N., PRA (2018)

e Coupling is repulsive for N=4,5,...,38
e Coupling is attractive for N=3 & 39,40,...

New N-body cluster formation by 3-body force




Artificial control \
of 3-body force



Tunable 2-body & 3-body force

Coupled 2-component bosons in an optical lattice
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_Tunable 2-b

Coupled 2-component bosons in an optical lattice
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Effective N-body coupling depends on A, (2, g,



Independent control of 2-body & 3-body coupling
Is possible by tuning A, Q
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Line of U2=0 for 3°K @ B=58G



1D bosons with N-body interaction ONLY
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N-body problem with N-body interaction in 1D
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. h? [ 62 0?2
H Pii) I e o o I 5N_1 g
t o 2m ((‘97“% (’97“12\,_1) TIN ()

2-body problem with 2-body interaction in D dimensions

= D relative coordinates z @

N-body interaction in 1D “realizes”
2-body interaction in (N-1) dimensions




‘Quantum droplet

N>1 bosons with 2- body attraction in 2D
form a quantum droplet with Exn ~ exp (2.15N)

C W H.-W. Hammer & D. T. Son, PRL (2004)
®q @

N>1 bosons with 3-body attraction in 1D
form a quantum droplet with En ~ exp (1.47N?)

Y. Sekino & Y. N., PRA (2018)
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3 bosons at 2-body resonance in 3D
show Efimov effect with E,, ~ (22.7)*"

V. Efimov, PLB (1970)

E. Nielsen, et al., Phys. Rep. (2001)

‘ Efimov effect is usually possible only in 3D

5 bosons at 4-body resonance in 1D
show Efimov effect with E,, ~ (12.4) 2"

D. T. Son & Y. N., PRA (2010)
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Unusual realization of Efimov effectin 1D !
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