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Quantum wave-guides in a




Cold atoms in 1D

* Bosons

J. Schmiedmayer (Vienna), |. Bouchoule (I0GS), D. Weiss (PennState),
H.C. Nagerl (Innsbruck)...

e Fermions

T. Esslinger (ETH), R. Hulet (Rice)...
l. Bloch (Munich), M. Greiner (Harvard) — lattice.



THERMOMETRY OF A 1D FERMI GAS

C. De Daniloff, M. Tharrault, C. Enesa, T. Reimann, J. Struck, C. Salomon
De Daniloff et al., PRL 127, 113602 (2021)



FERMI GASES IN OPTICAL LATTICES



1D Fermi gas@ENS
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Loading a single layer

Goal: load a single layer of tube
in order to get rid of line of
signt integration.

Compression using a TEM(O,1)
green laser beam.
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Imaging an array of one dimensional
40K atoms

Initial condition before loading: N = 2 x 104, T)r. = 0.15
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Optical resolution =1um

Approximately harmonic confinement in all three directions @, = 21 X 100 Hz
w, = 21 X 20 kHz



THE IDEAL FERMI GAS



Global thermodynamics

In a box, thermodynamic quantity:
(T,N,V)

In a harmonic potential: (7', N, (ZZ))

0 =

(Trapping spring constant = pressure)
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Local density approximation

For an arbitrary potential V(2): n,p(z) = — %z Lil/z(—(e‘ﬁV(Z))
th n=0

Tube trap index
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Ramping up interaction

Reconstructing the equation of state
of a strongly correlated system using
LDA (J. Ho 2004, ENS 2010, MIT 2012,
Swinburen 2015...)

Experimental data: n(z),V (2)
LDA: u(z) = uo — V(z)

ey, 1 dn o 1dn
Compressibility: k = — - mav

Gibbs-Duhem: dF = ndu = —ndV

Tr

Equation of state: L= (l> exp [
0

K = K/Kq

B = 2056, azp = _270a0

B=205G

Wings fit extrapolated
—— 1D, Non interacting




WHEN IS 1D REALLY 1D ?



1D, quasi-1D and universality

4 )
1= z m(UJ_ p? + zi’j V(rl- — rj)

Characterized by a two dimensionless numbers 1/kr asp, Er/h w,

4 )

Yang-Gaudin’s Hamiltonian Hy; = 2 om + 9d1p Z ,5(21' - Zj)

L]

Characterized by a single dimensionless parameter y = T J1b

N i

s it sufficient to have kgT < fiw and Er < hw  to be able to
describe the system using Yang-Gaudin’s Hamiltonian?




The 2-body problem in a quantum
wire

4 )
In 1D (2-body Yang-Gaudin): g;p=- 1 %/ma,p
* Scattering amplitude: f = 1/(1 + ikaqp),.

* There is a bound state of energy —# Z/mazD when aqp is positive (g1p<0).
\_ - ),

m\ guantum wire (Olshanii, PRL 1998):

* Low energy scattering f =

a
1+ika1D !
(confinement induced resonance).

—_—
o
T

* There is always a bound state: 05
Breakdown of 2-body universality oo
relating the energy of the bound state <= o5
m
L

and the low-energy scattering
amplitude in the strongly attractive
regime.
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Transverse radius

A many-body system is 1D if its transverse degrees of freedom are frozen and
the transverse wavefunction is that on the ground state of the confining

potential = E = Naw, + E;p

,. 2 OE , n Cdaj} 1
(RJ_>:_ 2:al 1+ — —3 y = —
N omw? 2y 2daj na,p
dE : :
C=—r D__dimensionless Tan’s 3.0 v o S S
Nh2k, d1/aip A\ \
contact for the 1D system. 25- ‘l\\\Ew ~ {V i /2 —  Bosons
I N \
Repulsive system: C bounded, 1D 2-Of \?\\\ \ k=l
can be achieved at low density. . N e
& i \

Attractive system: C is not bounded. m;
At unitarity the correction is density ‘
independent. It’s impossible to freeze

the transverse motion even at low T Y — S o
-2 0 2 4

and low Eg ,
Guan et al. RMP 2013



Beyond Yang-Gaudin?

Perturbative expansion for a weakly interacting 1D gas:

In a quantum wire:

2 > 2 2
ye .3 [ Er \? . (1\v* [ EF
E=E 1—-—4—{(= —4Li, | = | — + -
o 3 ((2) (ha)l> 2 <4 m? \hw,

Finite range correction Three-body effective interaction
(Mazets et al. 2008, Pricoupenko 2019)

w




Origin of the three-body interactions

Olshanii revisited

kn=20 k'n'=0 k,n=0 ki, n; kK'n'=0

9ip =Z 93D§

Three body scattering

True 1D

9gip Quantum wire

9dip

93b
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Conclusion and outlook
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Open question:

* Is there an effective 1D hamiltonian
describing a quasi-1D system for
arbitrary interaction?

 How do additional terms in the
Hamiltonian affect the dynamical
properties of the system (integrability,
dissipation...)



Thanks for your attention!

Trafflc Jam wnthout Bottlel{eck

Experimental evidence
for the physical mechanism of forming a jam

_Yuki Sugiyama, Minoru Fukul, Macoto Kikuchi,
Katsuya Hasebe, Akihiro Nakayama, Katsuhiro Nishinan
shin-ichl Tadakt and Satoshi Yukawa

Movie 1




